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INTRODUCTION 

In recent years, agriculture is facing two major challenges that 

include enhancement of food production sustainably to feed a 

growing world population and this increment needs to be  

accomplished under conditions of increasing scarcity of water 

resources (Bouman, 2007). Rice (Oryza sativa L.) is the prin-

cipal staple food for more than 50% of the world’s population 

(Jahan et al., 2017). The world’s farmers have to produce  

about 60% more rice than at present to meet up the food  

demands of the expected world population by 2025 (Fageria, 

2007). Rice production under irrigated condition is the leading 

consumer of water in the agricultural sector, and its sustaina-

bility is intimidated by increasing water scarcity. In conse-

quence, rice production in  Asia is increasingly constrained by 

water limitation (Arora, 2006) and increasing pressure to  

reduce water use in irrigated production as a consequence of 

global water crisis (Tuong and  Bouman, 2002). Irrigated low-

land rice consumes more than 50% of total freshwater, and 

irrigated flooded rice requires two or three times more water 

than other cereal crops, such as wheat and maize (Barker et 

al., 1998; Sarkar et al., 2017). For 1 kg of rice, it is estimated 

that farmers use 3 to 4 thousand litres of water whereas it ac-

tually needs 1.0 to 1.5 thousand litres only. Thus, for irrigation 

farmers have to pay about 30-40% of the extra cost. This 

might be due to their ignorance about the need of water for 

rice cultivation as well as consequence of misuse of water. In 

addition, rice production is facing increasing competition with 

rapid urban and industrial development in terms of freshwater 

resource (Bouman and Tuong, 2001). The need for “more rice 

with less water” is crucial for food security, and irrigation 

plays a greater role in meeting future food needs than it has in 

the past (Tuong et al., 2005). This issue will necessitate the 

development of substitute irrigated rice production systems 

that involve less water than conventional flooded rice 

(Bouman et al., 2005).  

Different water saving techniques for rice production have 

been evolved by researchers such as alternate wetting and  

drying (AWD) (Bouman and Tuong, 2001; Belder et al., 

2004), saturated soil culture (Tuong et al., 2005), direct dry 

seeding (Tabbal et al., 2002; Rahman, 2016), and aerobic rice 

culture (Bouman et al., 2005; Kato et al., 2009). These have 

been found to be effective in reducing water use and improv-

ing water productivity, but there are debates on whether these 

water-saving techniques will increase or decrease rice yields 

(Bouman et al., 2007). The lower productivity of rice is  

associated with drought stress arises from these technologies. 

This stress has now become a severe threat to ensure food 
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ABSTRACT 

Yield reduction of rice is a severe problem due to the advent of increasing water scarcity and  

efficiency is relatively low. Physiological attributes and yield performance of high yielding (HYV) 

rice cultivars need to be assessed by minimizing water loss. Therefore, a glasshouse experiment was 

conducted in Bangladesh to investigate the impact of cultivars and water management on growth 

dynamics, biomass production, and yield and water productivity. Ten HYV boro (dry season irrigat-

ed) rice cultivars along with fivewater management systems were included in the study. The study 

revealed that cultivars Binadhan-10 had higher value of leaf area index (LAI), root dry weight along 

with moderate panicle length. Accordingly, the cultivar Binadhan-10 had a higher yield than all other 

cultivars because of the highest total dry matter (TDM), number of effective tillers hill-1, and number 

of grains panicle-1. Growth, TDM, and yield were increased with water application up to 8 DAD after 

which these factors declined with increasing water stress at 10 DAD. The crop grown at CS condition 

did not increase the yield, rather caused the wastage of irrigation water. The water productivity was 

the highest (0.252 t ha-1cm-1) in 10 DAD treatments, obviously due to minimum water use but highest 

yield was observed in 8 DAD because of optimum use of water and non stress condition. Therefore, 

the present study was useful in the screening of the most efficient cultivars, which could be strongly 

recommended to rice growers to improve crop yield and reduce the use of water. 
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security in the developing world as well as in Bangladesh. 

Although water is required all over the growth periods of rice 

plant, there are some critical growth stages when drought 

stress impacts seriously and create a massive reduction in 

quantity and quality of yield. 

Plants respond to drought stress at the molecular, cellular and 

physiological levels which vary among species and genotype, 

length and severity of water stress, crop age and stage of  

development, organ and cell type and sub-cellular compart-

ment (Yamakawa et al., 2007; Jana et al., 2017). The water 

stress resulted in significant decreases in chlorophyll content 

and the leaf relative water content (Naher, 2011). The mainte-

nance of high plant water status and plant functions at low  

water potential, and the recovery of plant function after water 

stress are the major physiological processes that contribute to 

the maintenance of high yield under drought stress (Bouman 

and Tuong, 2001). 

There is limited information on the difference in crop perfor-

mance under continuous saturation along with other water 

management systems. Furthermore, physiological basis of 

yield gap among high yielding rice cultivars has not been 

studied extensively under Old Brahmaputra Floodplain  

ecosystem. Such information is vital for identifying the physi-

ological and morphological traits to support the selection and 

breeding of high yielding rice cultivars. Efforts are few to 

address the growth, physiological responses and yield of rice 

(Oryza sativa L.) to water stress under tropical environment 

(Zain et al., 2014). Therefore, in this study, an attempt has 

been made to assess the influence of water stress as a measure 

of water saving technique during the subsequent growth  

period of crop ontogeny and yield. 

MATERIALS AND METHODS 

Site description: The experiment was conducted (using pots 

of 12.5-cm diameter) in a glass house under controlled condi-

tions in the Agronomy Department, Bangladesh Agricultural 

University, Mymensingh, Bangladesh (latitude: 24°42΄55΄΄, 

longitude: 90°25΄47΄΄) during boro (dry) seasons of 2014-15. 

The experimental site (Mymensingh) is under a humid  

subtropical monsoon type of climate. The climate is humid 

subtropical monsoon. The mean minimum and maximum  

temperature and rainfall for the experimental period are shown 

in Figure 1. The physicochemical properties of the soil before 

the beginning of the experiment are shown in Table 1. 

Experimental design and treatments: Treatments consisting 

of five water management systems namely, continuous satura-

tion (CS), water applications made 4, 6,8, 10 days after disap-

pearance of 4 cm ponded water  (DAD) and ten high yielding 

cultivars of rice viz., BRRI dhan28, BRRI dhan29, BRRI 

dhan47, BRRI dhan50, BRRI dhan59, BRRI dhan60, BRRI 

dhan61, Binadhan-8, Binadhan-10, and Binadhan-14.The  

selected cultivars were the most popular and high-yielding 

ones cultivated during the boro season. The experiment was 

conducted following completely randomized design (CRD) 

and replicated thrice. In each replication,50 pots were placed 

side by side while maintaining 10 to 25 cm between them. The 

replicates were separated by 1 m. The parentages of the culti-

vars tested including their import characteristics are presented 

(Table 2) to determine their adaptability with specific traits. 

Pot preparation and fertilizer application: Each pot was 

filled with 8 kg of soil and placed in the glasshouse of the 

Department of Agronomy, BAU, Mymensingh. Extra water 

was applied to bring the soil moisture to a suitable level for 

seedlings because the pots were filled with dry soil. Two liters 

of water were added to saturate the soil. Fertilizer concentra-

tions for pot experiments were applied as 2.7 g, 0.8 g, 1.04 g, 

0.9 g, and 0.03 g per pot in the form of Urea, Triple Super 

Phosphate (TSP), Muriate of Potash (MOP), gypsum, and zinc 

sulfate, respectively. Whole amounts of fertilizers except Urea 

were applied during the final pot preparation. One-third of 

Urea (0.9 g) per pot was applied at 15 days after transplanting 

(DAT), 40 DAT, and 70 DAT.  

Crop and water management: Forty days old seedlings 

(previously grown in the seedbed) of the cultivars were trans-

planted in the pot on January 12, 2015. There was 4 cm of 

standing water during transplanting and after disappearance of 

this ponded water, different water management treatments 

were applied. In the continuous saturation treatment, water as 

applied to saturate the soil (without flood), while for the other 

treatments, each irrigation was applied according to the time 

interval specified for the treatment. The irrigation was contin-

ued up to 15 days before the harvest of the crop. During the 

growth period, especially in the early stages, sometimes 

weeds were observed and uprooted by hand. No major insects 

were noticed except rice hispa during the growth period. The 

infestation was controlled by applying insecticides 

(Fenitrothion 50 EC) in each pot at the tillering stage.  

Plant and growth dynamics measurement: In the experi-

ment, phenological observations were done weekly. The  

anthesis date of rice was observed using the decimal code 

scale anticipated by Zadoks et al. (1974). Anthesis dates were 

recorded when 50% of the plants reached this periodin each 

plot. Observations on growth dynamics were made at active 

tillering (AT), panicle initiation (PI), flowering (FL), and 

physiological maturity (PM). The parameters to evaluate 

growth dynamics, such as plant height, leaf area index (LAI), 

crop growth rate (CGR), relative growth rate (RGR), and net  

assimilation rate (NAR) were recorded foreachpot through 

destructive sampling. For each destructive sample, a plant was 

uprooted and washed with water. The leaf blades were alien-

ated from the leaf sheath and leaf area was measured by a leaf 

area meter (LI 3100, Licor, Inc., Lincoln NE, USA). Leaf area 

index was accordingly calculated from leaf area data. After 

measurement of leaf area, the plant samples were dried in an 

electric oven at 65°C for 72 hour until they reached at con-

stant weight, and their dry weights were recorded. LAI, CGR, 

RGR, and NAR were calculated following the standard for-

mulae (Radford, 1967; Hunt, 1978). 

Biomass partitioning measurement: Biomass partitioning in 

the shape of sheath weight, leaf weight, root weight, and total 

dry matter was calculated for each water management treat-

ment level for all cultivars. The sheath, leaf, and root dry 

weight was calculated during AT, PI, FL, and PM by placing 

the plant samples in the oven at 65°C for 72 h. Total dry  

matter of the plant was determined by adding shoot dry  

matter, including leaf blade, leaf sheath, Culm, and panicle 

(when applicable) and root dry matter. 

Estimation of irrigation water and water productivity: 

Amount of applied irrigated water was recorded from seedling 

establishment and continued up to 15 days before harvest. 

Water productivity of rice was calculated by dividing the total 

yield with the total amount of water required during entire 

crop growth period by following formula (Michael, 1978):  

 

Water productivity =  

Where,  

Y = grain yield (t ha-1), WR = total amount of water used (cm) 

)cmhat (
WR

Y 1- 1-
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Relative water Content (RWC) was calculated according to 

Smart and Bingham (1974): 

 

 

 

FW= Fresh leaf weight, TW= Turgid leaf weight, DW= Leaf 

dry weight; For FW, fresh leaf sample was cut into a small 

disc and then fresh leaf weight was measured; For TW, the 

leaf sample (disc shaped) was soaked in distilled water for 4hr 

in the dark and thereafter the turgid leaf weight was measured 

and For DW, the leaf was dried at 80° C in an electric oven 

for 24 hr and then weight was taken. 

Measurement of yield and yield components: Maturity date 

was identified when 90% of grains had matured. At maturity, 

the whole plant was cut at the ground level with a sickle. The 

harvested crop from each pot was bundled separately and 

tagged appropriately. After recording data for plant height and 

panicle length for each plant, plant materials were sun dried 

for grain collection. Finally, grain and straw yield and yield 

contributing parameters were recorded separately. 

Data analysis 

Data on crop growth, yield components, and yield of rice were 

compiled and tabulated for statistical analysis. The recorded 

data on various plant characters were statistically analyzed to 

find out the significance of variation resulting from the exper-

imental treatments. All the collected data were analyzed  

following analysis of variance (ANOVA) technique and mean 

differences were adjudged by Duncan’s Multiple Range Test 

(Gomez and Gomez, 1984) using a computer operated  

program namely  MSTAT-C.  

RESULTS AND DISCUSSION 

Crop phenology and environmental conditions during 

crop cycle: Crop duration was interactively determined by the 

cultivar and environment. Patterns for 10 cultivars with differ-

ent phenology are shown in Figure 2. In the present study, the 

average length of life cycle of cultivars was 137 days (d). The 

greatest difference between the minimal and maximal crop 

duration for cultivars was 28 d and the smallest difference was 

3 d. Crop duration from emergence to FL varied from 92 d to 

115 d depending on the cultivar. Grain filling duration exhib-

ited variation based on cultivar from 26 d for Binadhan-14 to 

33 for Binadhan-10. It was noted that the cultivar Binadhan-

10 matured much earlier than other cultivars along with more 

grain filling period. The rice cultivars having higher grain 

filling duration have produced higher yield (Yang et al., 

2008). Extension of grain filling duration provided rice plant 

with more climatic resources such as temperature and solar 

radiation for prolonged grain growth. 

Daily mean temperature for the effective grain-filling period 

was constant for all cultivars because of the relative stable 

temperature after FL (Figure 1). Considering phenology, dur-

ing transplanting, PI, and FL daily mean temperatures were 

17°C, 21°C, and 24°C, respectively. At the early stage of crop 

growth, there was no rainfall; however, at the grain-filling 

stage and onward, rainfall began, and maximum rainfall (46.6 

mm) was recorded during the grain-filling period (Figure 1).  

Growth parameters: Significant (P<0.05) differences  

in terms of plant height among the cultivars were observed

(Table 3). Cultivar BRRI dhan47 registered highest plant 

height (93.85 cm) while lowest was in Binadhan-14 (69.79 

cm). Plant height was also significantly (P<0.05) higher under 

different water management conditions (DAD) than under CS 

conditions. A significant reduction in plant height of under CS 

situation may be due to restriction of plant growth. 

A significant variation in plant height and LAI at different 

growth stage based on cultivars and water management condi-

tions are observed in Figures 3 and 4. Plant height increased 

progressively over time attaining the highest at PM. The rate 

of increase, however, varied depending on the growth stages. 

The cultivar Binadhan-10 recorded maximum plant height at 

all the growth stages except PM where Binadhan-8 showed 

highest value and both of which were statistically similar at 

this stage. The shortest plant height up to PM was observed 

with Binadhan-14. Among water management conditions, 8- 

DAD treatment recorded the tallest plants at all the growth 

stages followed by 10- DAD. The shortest plant height was 

observed at CS at all the stages of growth except AT. 

Cultivars differed significantly in respect of root dry weight 

hill-1 (g) at FL. The highest root dry weight hill-1 (1.57 g) was 

recorded in Binadhan-10 while being lowest in BRRI dhan61. 

Water management treatments also significantly affected root 

dry weight hill-1at FL. It was enhanced compared to CS, but 

only in treatments up to 8 -DAD; beyond that, root dry weight 

was reduced. Panicle length differed significantly under both 

the cultivars and water management practices and among the 

cultivars, highest being in BRRI dhan29. Panicle length  

increased significantly up to 8- DAD treatments compared to 

CS and then tended to decrease.  

100
DWTW

DWFW
RWC 






Figure 1. Temperature (°C) pattern and mean rainfall (mm) at the experi-
mental site (Mymensingh, Bangladesh) during the experimental period.  

Figure 2. Crop phenology of high yielding rice cultivars of Bangladesh. 
Bar shows the length of each development phase: Emergence (Em)-panicle 

initiation (PI) (green bars), PI-anthesis (At)( purple bar) and  

At-physiological maturity (PM) (orange). 
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TDM increased significantly with increasing plant growth 

started from AT to PM (TDM at FL only presented, Table 3). 

It was found significantly highest (P<0.05) in Binadhan-10 

followed by BRRI dhan29. The lowest TDM was observed in 

BRRI dhan61. A wide variability in photosynthetic rates  

exists in rice cultivars (Sharma and Singh, 1994) which may 

cause difference in dry matter accumulation. Alam et al. 

(2009) found differences in total dry matter accumulation in 

different genotypes. TDM ranged from 19.88 to 21.99 g plant-

1under different water management treatments.8-DAD treat-

ment recorded significantly higher TDM compared to other 

DAD treatments and lowest TDM was observed under CS 

condition. Grain yield improvement of lowland rice cultivars 

released by the International Rice Research Institute (IRRI), 

Philippines is due to increases in biomass production (Peng et 

al, 1999). Akita (1989) and Amano et al. (1993) also stated 

that higher grain yield from rice was achieved by increasing 

biomass production. 

LAI of rice cultivars with different levels of water manage-

ment showed substantial differences over the growth stages. 

LAI is connected to biological and economic yields and  

enhance in LAI causes higher yield (Singh et al., 2009).  

Considering growth stage, LAI increased sharply reaching 

peak at FL and then decreased irrespective of treatment differ-

ences. The rate of decrease of LAI after attaining peak was 

swifter. Maximum LAI (5.24) was attained at FL by Binadhan

-10. Similarly, highest LAI was observed at all growth stages 

and at FL it was maximum (3.92) for 8-DAD treatments. LAI 

decreased after FL reflecting the loss of some existing leaves 

through senescence. A significant relationship (R2=0.92, 

P<0.01) between grain yield and LAI at FL is observed in 

Figure 5a. Cultivar having more LAI has the possibility to 

absorb more solar radiation, more photosynthesis and  

ultimately leads to higher yields.  

Regarding CGR, it is observed that parallel to the increase in 

leaf area over the time, CGR also was raised until FL and then 

decreased (Table 4). CGR attained maximum of 22.60 g cm-2 

day-1 at FL for Binadhan-10 and minimum was noted at BRRI 

dhan61. CGR with 4-DAD, 6-DAD and 8-DAD was 7.14, 

9.87 and 16.38 % higher, respectively than CS treatments. 

Irrespective of treatments, RGR was more at early phase and 

showed a diminishing trend with the progress of plant age. 

The decline in RGR was possibly due to the raise of metaboli-

cally active tissue, which contributed less to the plant growth. 

Based on the trend of RGR in cultivars, it is stated that 

Binadhan-10 cultivar had the highest RGR at FL and after that 

BRRI dhan61 cultivars had the highest RGR at PM.  

The trend of NAR in both cultivars and water management 

Figure 3. Plant height of rice as influenced by (a) cultivars (b) water management systems. Vertical bars represent LSD(P=0.05). 

Figure 4. LAI of rice as influenced by (a) cultivars (b) water management systems. Vertical bars represent LSD(P=0.05). 
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treatments was relatively equal and downward (Table 4). With 

LAI increasing, NAR was reduced in all the treatments and it 

can be due to the more tillering and leaf area development. 

The percentage of increase in NAR of 4-DAD, 6-DAD, 8-

DAD and 10-DAD were 5.83%, 10.37%,11.99% and 14.03 %  

respectively compared to CS at PI.  

Cultivars and water management systems has remarkable  

effect on RWC. The cultivars having the high RWC (%) have 

the more capability of tolerance to drought condition. At FL, 

the highest RWC (91.51 %) was exhibited by Binadhan-10 

and lowest RWC (82.06 %) was recorded by BRRI dhan61. 

At FL and PM of water stress, most of the varieties had a little 

change in RWC and the similar patterns of RWC as before 

were observed. Water stress significant reduced RWC at veg-

etative and flowering stages after a certain period. The result 

indicated that, 8-DAD treatments showed highest RWC  

followed by 6- DAD and 4- DAD.  

Yield attributes and yield: The cultivar Binadhan-10 pro-

duced highest number of effective tillers hill-1closely followed 

by BRRI dhan29 and Binadhan-8, whereas lowest number 

was noticed in BRRI dhan61 (Table 5). Grain yield variations 

for cultivars were significantly positively correlated (R2=0.75, 

p<0.01) with effective tillers hill-1 (Figure 5b).Similarly, num-

ber of grains panicle-1, grain yield and straw yield was higher 

in Binadhan-10. There was a significant positive correlation 

(R2=0.52, p<0.01) between grains panicle-1 and grain yield 

(Figure 5c). Binadhan-8 registered highest 1000 grain weight. 

A large number of studies have already been done on the rela-

tionships between yield components and yield in rice. There 

were positive correlations between yield and harvest index 

(HI), grain weight plant-1, and grains panicle-1 (Li et al., 

2005). Katsura et al. (2007) reported that rice yield is mainly 

dependent on producing ability of dry matter before heading. 

Moreover, grain number, which is the main part of sink size, 

is optimistically correlated with yield (Yoshida et al., 2006). 

In our study, the highest grain yield of Binahan-10 was related 

with more effective tillers hill-1 and greater numbers of grains 

panicle-1, but the higher grain yield of BRRI dhan29 was 

mainly attributed to more panicle length. The results also sug-

gest that biomass accumulated at FL has a great involvement 

to final yield performance. Evidently, the biomass gathered in 

the stems (and leaf sheath) will be transported into developing 

grains during filling stage.  

Data on yield and yield attributes revealed that different water 

management (DAD) had significantly (P<0.05) higher values 

of yield attributes and yield compared to CS except 1000 

grain weight and harvest index, which were non-significant 

for water management practices (Table 5). Grain yield of rice 

under 4- DAD, 6- DAD, 8- DAD treatments was 2.9%, 4.9 

%,7.8 % higher respectively than that recorded under CS con-

dition. Beyond the 8- DAD treatments, the yield tended to 

decrease and it was 1.2 % lower at 10- DAD treatment com-

pared to 8- DAD and it may be due to encountered moisture 

stress. The grain yield of rice under 8- DAD treatment was 7.8 

% higher than CS condition. Grain yield difference between 8

-DAD and CS condition was also attributed primarily to the 

difference in sink formation (number of grains panicle-1), 

TDM accumulation and partly to difference in panicle length. 

Among yield components, sink size (number of grains panicle
-1) contributed more towards grain yield and is the most  

important factor for minimizing yield difference  between 8- 

DAD and CS condition.  

Interaction effect revealed that under different water manage-

ment systems, Binadhan-10 recorded significantly higher 

yield over all the cultivars (Table 7). The cultivar BRRI 

dhan61 had lowest yield under different water management 

practices. Highest grain yield (7.21t ha-1) was recorded in 

Binadhan-10 along with 8-DAD treatments. The yield reduc-

tion ranges from 6.00% to 8.65% in CS condition compared 

to 8-DAD treatment. This result showed that high yielding 

cultivars of rice are not suitable for CS condition. 

Water requirement and productivity: Water use and water 

productivity under different water management treatments are 

shown in Table 6. Across all the water management treat-

ments, irrigation water applied was maximum for CS (118 

cm) and minimum for treatment 10-DAD (20 cm) and 8-DAD 

(24 cm), respectively. These were 83% and 79.6% less water 

required for 10-DAD and 8-DAD compared to CS. Besides, 

the water productivity rice cultivars at 8- DAD and 10- DAD 

were 78.6% and 81.3% higher than that of the rice grown un-

der CS condition. WUE of aerobic rice was higher compared 

to other establishment methods (Belder et al., 2007; Singh et 

al., 2008).This means that the water productivity decreased 

with the increase of irrigation water. Similar results are also 

reported by Islam and Mondal (1992). Among the treatments 

Figure 5. Relationship between grain yield and leaf area index (a) at  
flowering, effective tillers hill-1 (b) and grains panicle-1 (c) at harvest. 
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in which irrigation water applied, water productivity was the 

highest (0.252 t ha-1 cm-1) in treatment 10-DAD and was 

found to be minimum (0.047 t ha-1 cm-1) in CS.  

The adoption of AWD method means that application of  

irrigation water in fields to renovate flooded conditions on an 

intermittent basis, only after a certain number of days have 

passed since the disappearance of ponded (standing)  

water. The number of days of non-flooded soil before the  

subsequent irrigation is applied can differ from 1 day to more 

than 10 days under AWD (Bouman et al., 2007). In our study, 

most of the physiological and yield parameters showed better 

performance up to 8- DAD. The differences in the number of 

days between irrigations and in soil and hydrological condi-

tions cause great variability in the results of AWD (Bouman 

and Tuong, 2001). However, beneficial effects from practic-

ing AWD over continuous saturation apart from water saving 

have been reported exclusively. Continuous submergence was 

not crucial for achieving high rice yields (Sato and Uphoff, 

2007). Yang et al. (2004) stated that AWD irrigation methods 

can produce greater and deeper root systems, enhancing nutri-

ent uptake, raising water use efficiency and grain yield (Zhang 

et al., 2009). Yang et al. (2004) also reported that the positive 

responses of integrated nutrient management for rice yield are 

significantly declined by waterlogging of rice fields. 

Table 1. Physicochemical properties of soil before start of the experiments. 

Soil property Values 

Soil texture Clay loam 

pH–H2O 5.83 

EC  (µs/cm) 143 

Organic carbon (%) 1.125 

Total N (%) 0.145 

Available P (ppm) 23.3 

Available K (ppm) 88.64 

Available S (ppm) 59.64 

Table 2. Parental line and significant characters of the rice cultivars tested in the experiment. 

S.N. 
Name of 

cultivar 
Parentage 

Year of 

notification 

Duration 

(days) 
Ecosystem Salient features 

Recommended 

for cultivation 

1. 
BRRI 

dhan28 

BR6 (IR28) ×  

Purbachi 
1994 140 

Irrigated 

lowland 

Early maturing and medium 

slender grain, yield : 6.0 t/ha  

Sylhet, Netrakona 

belt (flash flood 

area) 

2. 
BRRI 

dhan29 
BG90-2 × BR51-46-5 1994 160 Irrigated 

Very high yield potential and 

medium slender grain, yield: 7.5 

t/ha 

All Bangladesh 

3. 
BRRI 

dhan47 

IR515111-B-B-34-B × 

TCCP266-2-49-B-B-3 
2007 152 Irrigated 

Salt tolerant and medium bold 

grain, yield : 6.0 t/ha 

Barisal belt 

(Saline area) 

4. 
BRRI 

dhan50 
BR30 × IR67684B 2008 155 Irrigated 

Premium quality rice, slightly 

aromatic 

and long slender grain, yield: 

6.0 t/ha 

All Bangladesh 

5. 
BRRI 

dhan59 

Collected from  

International Network 

for Germplasm  

Evaluation of Rice 

(INGER) 

2013 153 Irrigated 

Dwarf, flag leaf erected and 

deep green, non lodging and 

medium bold grain, yield:7.1 t/

ha 

All Bangladesh 

6. 
BRRI 

dhan60 

BR7166-4-5-3 × BR26 

  
2013 151 Irrigated 

Lodging resistant and extra long  

slender grain, yield : 7.3 t/ha 
All Bangladesh 

7. 
BRRI 

dhan61 

IR64419-3B-4-3 ×  

BRRI dhan29 

  

2013 150 Irrigated 
Salt tolerant and medium slen-

der grain, yield : 6.3 t/ha 

Barisal belt 

(Saline area) 

8. 
Binadhan-

8 

IR29 x Pokkali 

  
2010 130-135 Irrigated 

Semi dwarf, early maturing and 

medium bold grain, salt tolerant, 

yield: 7.5-8.5 t/ha 

Barisal belt 

(Saline area) 

9. 
Binadhan-

10 

IR42598-B-B-B-B-12 X 

Nona Bokra 

  

2012 127-132 Irrigated 

Deep green and erect flag 

leaves, trunks and stems are 

strong, no lodging and no shat-

tering,  salt tolerant, medium 

long and  slender grain, yield: 

7.5 t/ha 

Barisal belt 

(Saline area) 

10. 
Binadhan-

14 

Ashfal mutant (Radiation 

was applied on Ashfal) 
2013 120-130 Irrigated 

Shorter, erect and lodging re-

sistant, late planting, long and 

slender grain, yield: 6.85 t/ha 

All Bangladesh 
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Treatments Plant height (cm) Root dry weight /hill-1 (g) Panicle length (cm) Total dry matter (g plant -1) 

Cultivars (C)         

BRRI dhan28 78.28g 1.16e 22.24c 21.73e 

BRRI dhan29 80.40f 1.45b 24.91a 26.88b 

BRRI dhan47 93.85a 0.95f 21.17d 17.92f 

BRRI dhan50 72.03i 0.89g 21.19d 16.68g 

BRRI dhan59 73.14h 0.86g 21.43d 16.29g 

BRRI dhan60 82.84d 1.22d 22.54c 22.84d 

BRRI dhan61 81.47e 0.65i 19.96f 12.68i 

Binadhan-8 85.68c 1.35c 23.74b 25.15c 

Binadhan-10 88.49b 1.57a 23.96b 29.22a 

Binadhan-14 69.79j 0.74h 20.49e 14.06h 

Water management (W)         

CS 79.60b 0.99d 21.11e 18.27d 

4 -DAD 80.50a 1.09c 21.64d 19.88c 

6 - DAD 80.94a 1.15b 22.26c 20.56b 

8-DAD 81.00a 1.20a 23.16a 21.99a 

10 - DAD 80.95a 1.00d 22.63b 21.02b 

ANOVA         

Cultivars (V) ** ** ** ** 

Water management (W) ** ** ** ** 

V × W NS NS NS NS 

CV (%) 1.77 5.38 3.18 5.20 

Within a column, means followed by same letters are not significantly different at 5 % probability level by Duncan’s Multiple Range Test (DMRT); **  
Significant difference at P ≤ 0.01, NS- Non-significant. 

Table 4. Physiological and bio-chemical parameters of rice as influenced by cultivar and water management systems. 

Treatments 

CGR (g cm 
-2

day
-1

)  RGR (g
-1

g
-1

day) NAR  (mg cm
-2

day
-1

)  RWC (%) 

AT-PI PI-FL FL-PM AT-PI PI-FL FL-PM AT-PI PI-FL FL-PM AT PI FL PM 

Cultivars (C)                           

BRRI 

dhan28 
2.30e 16.75e 8.09cd 47.20de 35.82ab 6.09e 0.3340abc 0.3727 0.0913de 90.20ab 85.43d 88.86abc 87.24ab 

BRRI 

dhan29 
2.90b 20.69b 8.72bc 48.85bc 35.54abc 5.42g 0.3413abc 0.3687 0.0813e 91.26ab 85.77d 90.82a 89.45a 

BRRI 

dhan47 
2.06f 13.64f 7.33d 46.74ef 34.39b-e 6.60d 0.3260bc 0.3553 0.1020cd 90.04ab 88.52a-d 86.76bcd 84.87bc 

BRRI 

dhan50 
1.94g 12.66g 7.51d 46.29efg 34.19cde 7.17c 0.3187c 0.3513 0.1107bc 89.74ab 88.31a-d 85.88cd 83.90cd 

BRRI 

dhan59 
1.87g 12.39g 7.53d 45.37g 34.31b-e 7.33c 0.3193c 0.3527 0.1160b 88.93b 89.96ab 85.61cd 83.56cd 

BRRI 

dhan60 
2.48d 17.57d 7.91cd 50.40a 35.57abc 5.71f 0.3480ab 0.3687 0.0846e 92.08a 89.52abc 89.36ab 87.79ab 

BRRI 

dhan61 
1.51i 9.579i 7.05d 45.67g 33.66de 8.53a 0.3500ab 0.3633 0.1393a 88.94b 91.08a 82.06e 79.64e 

Binadhan-8 2.79c 19.27c 9.39ab 47.96cd 35.08a-d 6.11e 0.3347abc 0.3620 0.0926de 90.68ab 89.88ab 90.24a 88.80a 

Binadhan-10 3.02a 22.60a 10.16a 45.90fg 36.13a 5.75f 0.3207c 0.3760 0.0873e 89.49b 86.30cd 91.51a 90.22a 

Binadhan-14 1.73h 10.59h 7.37d 49.16b 33.30e 8.10b 0.3547a 0.3487 0.1293a 91.41ab 86.78bcd 83.61de 81.35de 

Water  

management 

(W) 

                          

CS 1.72e 14.29d 7.04b 44.63d 37.12a 6.59bc 0.3087c 0.3893a 0.1043 87.95c 89.20a 85.65b 83.71c 

4-DAD 2.12d 15.31c 7.63b 47.20 b 35.55 b 6.52c 0.3267b 0.3733a 0.1017 90.53b 87.13ab 87.74ab 85.96abc 

6-DAD 2.34c 15.70bc 8.44a 49.31a 34.18c 6.83a 0.3407ab 0.3480b 0.1043 91.79ab 89.20a 88.42a 86.72ab 

8-DAD 2.63a 16.63a 8.95a 45.94c 33.57c 6.75ab 0.3457a 0.3513b 0.1050 92.16a 89.19a 88.90a 87.2a 

10-DAD 2.50b 15.94b 8.47a 49.69a 33.58c 6.71abc 0.3520a 0.3477b 0.1020 88.95c 86.04b 86.65ab 84.75bc 

ANOVA                           

Cultivars 

(V) 
** ** ** ** ** ** ** NS ** * ** ** ** 

Water  

management 

(W) 

** ** ** ** ** ** ** ** NS ** ** * ** 

   V × W ** NS NS ** ** ** NS NS NS NS NS NS NS 

 CV (%) 4.39 6.68 15.66 2.82 5.46 5.36 9.10 10.08 16.57 3.25 4.81 4.97 5.09 

Within a column, means followed by same letters are not significantly different at 5 % probability level by Duncan’s Multiple Range Test (DMRT); AT active 
tillering, PI panicle initiation, Fl flowering, PM physiological maturity, CGR crop growth rate, RGR relative growth rate, ,NAR net assimilation rate, RWC 

relative water content   * Significant difference at P ≤ 0.05, ** Significant difference at P ≤ 0.01, NS- Non-significant. 
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Table 5. Yields attributes and yield of rice as influenced by cultivar and water management systems. 

Treatments 
Effective tillers 

hill-1 

No. of grains 

panicle-1 

1000 grain 

weight (g) 

Grain yield  

(g pot-1)a 

Straw yield (g 

pot-1)a 

Harvest  

Index (%) 

Cultivars (C)             

BRRI dhan28 12.50 c 91.90 e 20.45 e 21.17 d 21.32 d 49.85 

BRRI dhan29 13.22 b 106.4  b 21.77 d 24.99  b 25.33 b 49.65 

BRRI dhan47 11.26 d 92.30 e 25.85 b 20.74 de 20.97 de 49.75 

BRRI dhan50 11.01 d 93.27 e 17.26 f 20.79  de 20.97 de 49.83 

BRRI dhan59 11.24 d 96.63 d 20.54 e 21.02  d 20.95  de 50.11 

BRRI dhan60 12.64 bc 98.40 d 23.35 c 23.23  c 23.57 c 49.63 

BRRI dhan61 10.10 e 87.81 f 20.53 e 19.47 f 20.03 f 49.29 

Binadhan-8 12.88 bc 102.0  c 27.55  a 24.65 b 25.38  b 49.28 

Binadhan-10 15.03  a 113.9 a 26.27 b 26.19 a 26.65 a 49.56 

Binadhan-14 10.34 e 91.23 e 21.20 de 20.17 e 20.52 ef 49.54 

Water management (W)             

CS 10.04 d 79.69 e 22.30 21.30 d 21.47 d 49.82 

4 -DAD 11.65 c 92.22 d 22.47 21.91 c 22.03 c 49.87 

6 - DAD 12.42 b 97.68 c 22.36 22.36  bc 22.52  c 49.83 

8-DAD 13.24 a 113.6 a 22.91 22.96  a 23.80 a 49.14 

10 - DAD 12.76 b 103.7 b 22.34 22.68 ab 23.04 b 49.60 

ANOVA             

Cultivars (V) ** ** ** ** ** NS 

Water management (W) ** ** NS ** ** NS 

   V × W NS NS NS NS NS NS 

 CV (%) 7.17 3.59 6.95 3.97 4.22 2.94 

Within a column, means followed by same letters are not significantly different at 5 % probability level by Duncan’s Multiple Range Test (DMRT) **  
Significant difference at P ≤ 0.01, NS- Non-significant; Grain yield and straw yield are at 14 % moisture content. 

Table 6. Water use and water productivity under different water management systems. 

Treatments 
No. of  

irrigations 

Frequency of  

water  

application 

(DAT) 

Water used for 

crop  

establishment 

(cm) 

Irrigation 

water  

applied 

(cm) 

Total  

water 

use 

(cm) 

Grain yield 

(t ha-1) 

Water 

productivity  

(t ha-1 cm-1) 

CS 
Continuous 

saturation 

Every  

alternate day 
4 118 122 5.687 d 0.047 

4 -DAD 10 

30, 36, 42, 48, 

54, 60, 66, 72, 

78, 84 

4 40 44 5.851 c 0.133 

6 - DAD 8 
30, 38, 46, 54, 

62,70, 78, 86 
4 32 36 5.970 bc 0.166 

8-DAD 6 
30, 40, 50, 60, 

70, 80 
4 24 28 6.130 a 0.219 

10 - DAD 5 
30, 42, 

54,66,78 
4 20 24 6.055 ab 0.252 

Level of significance           **   

CV (%)           3.97   

Within a column, means followed by same letters are not significantly different at 5 % probability level by Duncan’s Multiple Range Test (DMRT); **  
Significant difference at P ≤ 0.01 
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Table 7. Interaction between cultivars and water management systems on grain yield and water productivity. 

Cultivars 

Grain yield (t ha-1) % yield 

reductiona 

  

Water productivity (t ha-1 cm-1) 

CS 4-DAD 6- DAD 8-DAD 10-DAD CS 4-DAD 6- DAD 8-DAD 10-DAD 

BRRI dhan28 5.38 5.57 5.68 5.87 5.76 8.35 0.044 0.127 0.158 0.210 0.240 

BRRI dhan29 6.37 6.56 6.67 6.94 6.81 8.65 0.052 0.149 0.185 0.248 0.284 

BRRI dhan47 5.32 5.46 5.57 5.71 5.62 6.83 0.044 0.124 0.155 0.204 0.234 

BRRI dhan50 5.33 5.47 5.62 5.67 5.66 6.00 0.044 0.124 0.156 0.203 0.236 

BRRI dhan59 5.39 5.54 5.65 5.79 5.70 6.91 0.044 0.126 0.157 0.207 0.238 

BRRI dhan60 5.94 6.12 6.21 6.41 6.32 7.33 0.049 0.139 0.173 0.229 0.263 

BRRI dhan61 4.95 5.12 5.22 5.37 5.34 7.82 0.041 0.116 0.145 0.192 0.223 

Binadhan-8 6.28 6.47 6.63 6.81 6.72 7.78 0.052 0.147 0.184 0.243 0.280 

Binadhan-10 6.72 6.89 7.01 7.21 7.14 6.80 0.055 0.157 0.194 0.258 0.298 

Binadhan-14 5.18 5.30 5.43 5.52 5.49 6.16 0.043 0.121 0.151 0.197 0.229 

Level of  

significance 
NS NS NS NS NS             

Within a column, means followed by same letters are not significantly different at 5 % probability level by Duncan’s Multiple Range Test (DMRT)  NS- Non-

significant; a Compared to 8-DAD treatment. 

Conclusions 

It is obvious from these results that the cultivar Binadhan-10 

with high values of physiological, yield contributing and yield 

parameters appears to best choice for periodic water stress 

condition. The cultivar BRRI dhan29 was the next best after 

Binadhan-10 for cultivation in such condition. The physiolog-

ical attributes of these two cultivars may be used for breeding 

a cultivar for a particular environment. On the other hand, 

AWD had beneficial effects on grain yield compared with CS. 

Continuous standing water in the rice field, which is a usual 

practice in Bangladesh, was not found to give  

optimum yield. The highest grain yield was obtained from  

8-DAD and greatest water productivity was found with the 10

-DAD treatment. This indicates that water productivity at  

10-DAD are more than 8-DAD due to less water requirement 

but in respect of yield 8 DAD treatment out yielded 10 DAD 

due to efficient use of water.   
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INTRODUCTION 

Weeds are the most abundant plant species, which do not only 

compete with crop plants for nutrients, water, space and light 

but also give refuge to pests and diseases; and occasionally 

interfere with crop growth by releasing allelopathic substances 

into the rhizosphere of the crop plants (Rice, 1984; Kumar and 

Chopra, 2013, 2016). Weed also interferes with harvest opera-

tions thus increase the processing costs and significantly  

reduce (21-45%) the crop yields (Ashiq and Ata, 2005; Kumar 

and Chopra, 2016). There are several methods used for weed 

control, which include prevention, cultural, mechanical,  

biological, and chemical means. Weed management is most 

success when it involves an integrated approach using a  

variety of methods. Negative effects of chemical herbicides 

used in the environment resulted in evolution of different 

weed management strategies (Einhelling, 1996 and Weston, 

1996; Kumar, 2015), which can at least reduce the use of 

herbicides. Although use of herbicides cannot be eliminated, 

their use can be reduced by exploiting allelopathy as an alter-

nate weed management tool for crop production (Cheema and 

Khaliq, 2000; and Jabran et al., 2008). Allelopathy provides 

strategies for natural weed control either by mulching the soil, 

the use of allelopathic crops as cover crops; preparing water 

extracts of allelopathic crops and then sprayed over crops and 

weeds, the use of allelopathic crop as an intercrop, selection 

of allelopathic crop varieties or identification of new herbicide 

chemistry (Kumar, 2015). 

The study of allelopathic increased in the 1970 and has under-
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ABSTRACT 

The present study was carried out to study the effects of three summer crops water extracts (peanut, 

sunflower, maize) on germination and seedling growth of six winter weeds (Medicago polymorpha, 

L., Sonchus oleraceus, L., Lathyrus hirsutus, L., Phalaris minor, Anagallis arvensis, L., Rumex  

dentatus, L.) and two winter field crops (Beta vulgaris L. and Vicia faba L.) under laboratory condi-

tions. Results revealed that Peanut water extract was recorded the highest mean inhibition values 

(31.25, 47.81, 89.58 and 74.22%) for L. hirsutus, A. arvensis, V. faba and B. vulgaris, respectively. 

On the other hand, the lowest mean inhibition values (97.92 and 85.16 %) were obtained from the 

maize water extract for V. faba and B. vulgaris, respectively. While, the highest inhibition values 

(27.50, 66.67, 59.83 %) were obtained from the interaction effect between Peanut extract with con-

centration 40% for A. arvensis, V. faba and B. vulgaris, the percentage inhibition of them were 

(69.44, 33.33, and 32.14 %), respectively. Peanut extract was recorded the highest mean inhibition 

values (6.12 and 7.06 cm) for shoot length of A. arvensis and B. vulgaris, respectively. On the other 

hand, maize extract was activated the growth of shoot V. faba values (17.26 cm). In addition, the 

highest inhibition percentages (80.22, 79.61, 75.86, 65.64, 51.79, 25.39 and 15.66%) were obtained 

from 40% concentration for shoot length of M. polymorpha, R. dentatus, A. arvensis, S. oleraceus, P. 

minor, L. hirsutus and B. vulgaris, respectively, as compared with control treatment, in 2014.  

Moreover, the interaction effect between maize extract and concentration 20% for was activated 

growth of shoot length V. faba values (20.15 cm) the percentage inhibition for him (55.00 %). Peanut 

extract was recorded the highest mean inhibition values (1.38, 1.81, and 2.05 cm) for root length of S. 

oleraceus, P. minor and R. dentatus, respectively. On the other case, Sunflower extract was activated 

growth of shoot V. faba values (11.86 cm) while, peanut extract was activated the shoot growth of B. 

vulgaris values (13.58 cm). Also, 20% concentration was activated the root growth of B. vulgaris and 

V. faba (39.36 and 23.79 %) respectively. The interaction effect between peanut extract and concen-

tration 20% was activated root growth of B. vulgaris values (15.85 cm), while, sun flower extract 

with concentration 20% was activated root growth of V. faba values (14.95 cm). Therefore, the water 

extracts of peanut, sunflower and maize showed the inhibitory effects on the seedlings of winter 

weeds. 

©2017 Agriculture and Environmental Science Academy 
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gone rapid development since the mid-1990 becoming a  

popular topic in botany, ecology, agronomy, soil science,  

horticulture, and other areas of inquiry in recent years. The 

allelopathic interaction can be one of the significant factors 

contributing to species distribution and abundance within 

plant communities and can be important in the success of  

invasive plants (Chou, 1999; Mallik, 2003; Field et al., 2006; 

Inderjit et al., 2006; Zheng et al., 2015), such as water  

hyacinth (Eichhornia crassipes) (Jin et al., 2003; Gao and Li, 

2004), spotted knapweed (Centaurea stoebe L. micranthos), 

Broeckling and Vivanco (2008) and garlic mustard (Alliaria 

petiolata M. Bieb) (Vaughn and Berhow, 1999). Allelopathy 

is also thought to be one of the indirect causes of continuous 

cropping obstacles in agriculture. Allelopathy may be used as 

a tool in weed management by applying the residues of  

allelopathic weeds or crop plants as mulches, growing them in 

successions and leaving their residues in the field (Altieri and 

Doll, 1978; Drost and Doll, 1980; Putnam and DeFrank, 

1979).  

The harmful effects of allelopathic substances include inhibi-

tion and delays in germination, seed darkening and turgidity, 

deformation of seedling, declines in roots, radical, stem, and 

coleoptiles development, swelling and necrosis of root or  

radical, paleness, lack of root hair, and decreasing in total dry 

matter (Jackulski and Rudnic, 1994). However, this can be 

managed in light of accurate screening before use. However, 

the use of allelopathic water extracts is economical and envi-

ronment friendly, yet the reduction in weed biomass is less 

than herbicides and manual weeding. Moreover, for achieving 

this much weed control two to three sprays are needed which 

is neither practicable nor desirable. However, it may be possi-

ble to use these allelopathic water extracts with reduced rates 

of herbicides to increase their efficacy (Cheema et al., 2003). 

The present investigation was aimed to study the effects of 

water extracts of some crops, its concentration and the  

interaction effect between them on germination and seedling 

growth of some winter weeds, Vicia faba and Beta vulgaris 

after 30 days from sowing in the laboratory. 

MATERIALS AND METHODS 

The experiment was conducted in Agronomy Department, 

Faculty of Agriculture, Cairo, Al-Azhar University, during the 

year 2014, to study the effects of summer crops water extracts 

on germination and seedling growth of some winter weeds 

and some field crops under optimum conditions. The experi-

ment was arranged in completely randomized design with 

four replications per treatment.   

Plant materials: The plant species used in the allelopathic 

investigation were divided into: (a) donor species (sources of 

plant extracts), and (b) receiver species (target weeds). The 

scientific and common names, families, as well as the used 

parts of the plants investigated for their biological and  

allelopathic activities are listed in Tables (1, 2). Donor plants 

were collected from fields located in Menouf, El-Monufyia 

Governorate at ripening stage.  

Crops water extracts: Preparation of crops extracts Straw 

powders of three crops species were used to prepared water 

extract according to Abdallah et al. (1989) as follows; 25g 

from each of Straw dried ground tissue were placed in 500 ml 

Erlenmeyer flask with 250 ml of distilled water and mixture 

was shacked for 6h on a horizontal shaker (approximately 160 

cycles per minute). All extracts were filtered through cheese 

cloth to remove debris and finally filtered using (Whatman 

No. 1) filter paper to have 100% concentration (100 g/L). The 

leachates of 20% (20 cm3/L), 30% (30cm3/L) and 40% (40 

cm3/L) concentrations were made by diluting the parent leach-

ate with distilled water. All filtered water extracts were frozen 

in dark glass bottle for subsequent use.   

Crop and weed seeds were sodium hypochlorite solution 0.3% 

for 5 minutes before germination test. Petri- dished (9 cm in 

diameter) were sterilized autoclave at 121°C for 15 minutes 

and lined later Whatman No. 1 filter paper as a seedbed. The 

extracts concentrations (0, 20, 30, and 40%) of crop straw 

parts evaluated on germination and growth of field crops and 

weeds seedlings. Fifteen-milliliter (except faba bean wherever 

40 milliliter) of each extract or of distilled water control were 

added to Petri dishes. The Petri dishes were covered and 

placed in continuous dark in a controlled environment cham-

ber, which provided a constant temperature of 20°C according 

to ISTA (1995).  

The Petri dishes of each individual field crop were arranged in 

completely randomized design with four replications per treat-

ment. After 30 days, number of germinated seeds was counted 

to determine germination percentage of crop and weed seeds 

in all treatments. Germination was deemed to occur only after 

the radical had protruded beyond the seed coat by at least 1 

mm.  

Data recorded: Germination percentage was recorded after 

adequate period of each crop according to ISTA (1995). The 

root length and shoot length was measured using the scale 

while inhibition percentage was calculated as follows:  

Inhibition of germination (%) = [(control - treatment)/control] 

× 100.   

Statistical analyses: The data of each experiment were statis-

tically analyzed as a factorial experiment according to the 

methods described by little and Hills (1978). The treatments 

means were compared by least significant differences (LSD) 

at the 0.05 level of probability.  

RESULTS AND DISCUSSION 

Effect of crops water extracts on germination and seedling 

growth of some weeds and crops under optimum  

conditions  

Germination percentage (%): Results presented in Table (3) 

shows the effect of some crops water extracts (peanut, maize, 

sunflower) on germination % of bur clover, sow thistle, and 

caley pea, lesser canary grass, scarlet pimpernel, dentated 

dock, broad bean and sugar beet in 2014 season. Results  

revealed that peanut water extract was recorded the highest 

mean inhibition values (31.25, 47.81, 89.58 and 74.22%) for 

L. hirsutus, A. arvensis, V. faba and B. vulgaris, respectively. 

In addition, sunflower water extract was recorded the highest 

mean inhibition values (24.31, 33.25 and 89.58 %) for M. 

polymorpha, P. minor and V. faba, respectively. On the other 

hand, the lowest mean inhibition values (97.92 and 85.16 %) 

were obtained from the maize water extract for V. faba and B. 

vulgaris, respectively. These results are corroborated with the 

findings of Hall et al. (1982), Leather (1982; 1983) and 

Naseem et al. (2003). 

As for, crops extract concentration percentage gave a signifi-

cant effect on germination % in 2014 season (Table 3), the 

highest inhibition percentage (89.40, 87.77, 86.11, 75.00, 

73.61, 66.20, 25.00 and 21.43 %) were obtained from 40% 

concentration for germination % of P. minor, S. oleraceus, M. 

polymorpha, L. hirsutus, R. dentatus, A. arvensis, V. faba and 

B. vulgaris, respectively, as compared with control treatment 

for that trait. Cheema (1988) has reported similar selective 

effects of allelochemicals and Leather (1982, 1983) and 
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Naseem (1997), who reported that allelochemicals have selec-

tive effect against weed germination and dry matter accumula-

tion. Inhibitory effect increased with the increasing concentra-

tion of Phenolics (Cheema, 1988; Hall et al., 1982; Naseem, 

1997).  

Regarding the interaction effect between crops extracts and 

extracts concentrations. Results showed that there was a  

significant effect on germination percentage (%), the highest 

inhibition values (27.50, 66.67, 59.83 %) were obtained from 

the interaction effect between peanut extract with concentra-

tion 40% for A. arvensis, V. faba and B. vulgaris the percent-

age inhibition of them were (69.44, 33.33, and 32.14 %),  

respectively. Results also cleared that the highest inhibition 

values (5.55, 5.00, 6.00, and 66.67%) were obtained from the 

interaction effect between sun flower extract with concentra-

tion 40% for M. polymorpha, S. oleraceus, P. minor  and V. 

faba the percentage inhibition of  them (91.68 , 94.94 , 93.18 

and 33.33%), respectively. These results are corroborated with 

the findings of Hall et al. (1982), Leather (1982, 1983) and 

Naseem et al. (2003). 

Shoot length (cm): Table 5 shows the effect of the concentra-

tion of water extract of some summer crops on shoot length 

(cm) of some winter weeds, V. faba and B. vulgaris after 30 

days from sowing. Results indicated that the differences  

between summer crops extracts under study were significant 

effect on shoot length in 2014 season. Peanut extract was  

recorded the highest mean inhibition values (6.12 and 7.06 

cm) for shoot length of A. arvensis and B. vulgaris, respec-

tively, in addition, sunflower extract was recorded the highest 

mean inhibition values (7.74 and 12.59) for P. minor  and V. 

fabea, respectively. On the other hand, maize extract was acti-

vated the growth of shoot V. fabea values (17.26 cm).   

These results may be attributed to negative effect of chemicals 

released from peanut and sunflower on growth, consequently, 

on shoot length of weeds and crops under studied. Cheema et 

al. (1997), Rice (1984), Ahmad et al. (1991), and Cheema and 

Ahmad (1992) support these findings. With respect of crops 

extract concentrations % gave a significant effect on shoot 

length in 2014 seasons (Table 4). The results revealed that, 

the highest inhibition percentages (80.22, 79.61, 75.86, 65.64, 

51.79, 25.39 and 15.66%) were obtained from 40% concentra-

tion for shoot length of M. polymorpha, R. dentatus, A. arven-

sis, S. oleraceus, P. minor, L. hirsutus and B. vulgaris, respec-

tively, as compared with control treatment, in 2014 season. 

At the same time, the results revealed that, the highest stimu-

lation percentages (18.38 %) were obtained from 20 %  

concentration for shoot length of V. faba as compared with 

control treatment. The inhibition of shoot growth may be  

attributed to concentration increase allelochemicals in the 

shoot and it is active. Cheema (1988) has reported similar 

selective effects of allelochemicals and Leather (1982, 1983) 

and Naseem (1997), who reported that allelochemicals have 

selective effect against weed germination and dry matter accu-

mulation. Inhibitory effect increased with the increasing  

concentration of Phenolics Cheema (1988), Hall et al. (1982), 

Naseem (1997). 

Regarding the interaction effect between crops extracts and 

extracts concentrations. Results show that this interaction 

gave significant effect on shoot length trait for most weeds 

and crops under study. The maximum inhibition value (0.85, 

5.5 and 11.90 cm) were obtained from the interaction effect 

between sunflower extract and concentration 40% for M.  

polymorpha, P. minor and V. faba, respectively, the percent-

age inhibition of them (90.65, 52.99 and 8.46 %) respectively, 

peanut extract with concentrate 40% values (6.08, 2.08 and 

6.15 cm) for L. hirsutus, A. arvensis  and B. vulgaris, respec-

tively, the percentage inhibition of  them (31.30, 82.07, and  

22.93%) respectively, and maize extract with concentrate 40% 

values (3.13 and 5.50 cm) for S. oleraceus and P. minor,  

respectively, the percentage inhibition of  them (67.90 and  

52.99%), respectively. On the other case, the interaction effect 

between maize extract and concentration 20% for was activat-

ed growth of shoot length V. faba values (20.15 cm) the  

percentage inhibition for him (55.00 %) Cheema et al. (1997), 

Rice (1984), Ahmad et al. (1991), and Cheema and Ahmad 

(1992) support these findings.   

Root length (cm): The root length (cm) of bur clover, Sow 

thistle, Caley pea, lesser canary grass, Scarlet pimpernel, Dent 

ated dock, broad bean and sugar beet as influenced by some 

crops water extracts (peanut, maize, sunflower), it concentra-

tions and their interaction  in  2014 season are presented in 

Table 6. Results revealed that root length was significantly 

affected by crops water extracts (peanut, maize, sunflower) 

under study. Peanut extract was recorded the highest mean 

inhibition values (1.38, 1.81, and 2.05 cm) for root length of S. 

oleraceus, P. minor, and R. dentatus, respectively, as for, Sun 

flower extract was recorded the highest mean inhibition values 

(5.58 and 1.81 cm) for L. hirsutus, and P. minor, respectively, 

as for, maize extract was recorded the highest mean inhibition 

values (1.64. and 9.63 cm) for M. polymorpha and B. vulgaris, 

respectively. On the other hand, sunflower extract was activat-

ed growth of shoot V. faba values (11.86 cm) while peanut 

extract was activated growth of shoot B. vulgaris values 

(13.58 cm). These results are in agreement with Wilson and 

Rice (1968), Macias et al. (1998, 2002) and Anjum, and  

Bajwa (2005). 

Results presented in Table 4 raveled that the differences  

between crops extracts concentrations were significant for root 

length (cm) in 2014 season. The highest inhibition percentage 

(90.16, 90.00, 84.05, 81.74, 60.76 and 56.95 %) was obtained 

from 40% concentration for root length of P. minor, S. 

oleraceus, M.  polymorpha, A. arvensis, L. hirsutus and R. 

dentatus, respectively. On contradictory, 20% concentration 

was activated the root growth of B. vulgaris and V. faba 

(39.36 and 23.79 %), respectively. These results are in agree-

ment with Cheema (1988), has reported similar selective  

effects of allelochemicals and Leather (1982, 1983) and 

Naseem (1997), who reported that allelochemicals have selec-

tive effect against weed germination and dry matter accumula-

tion. Inhibitory effect increased with the increasing concentra-

tion of Phenolics (Cheema, 1988; Hall et al. 1982; Naseem, 

1997). 

The interaction effect between crops extracts and extracts  

concentrations % was significant effect on this trait. The high-

est inhibition values (0.25, 0.45 and 1.08 cm) were obtained 

from the interaction effect between Peanut extract with con-

centration 40% for S. oleraceus, P. minor, and  R. dentatus the  

percentage inhibition of  them (93.90 , 90.78  and  63.39 %) 

respectively, while, the interaction effect between sunflower 

extract and concentration 40% recorded the highest inhibition 

values (3.50  and 0.45 cm)  for L. hirsutus  and  P. minor the 

percentage inhibition of  them (63.27  and  90.78  %) respec-

tively, results also showed that the highest inhibition values 

for M. polymorpha, V. faba  and B. vulgaris (0.53 , 9.20 and 

8.93 cm ), respectively, were obtained by the interaction effect 

between maize extract and concentration 40%, and the  

percentage inhibition of  them (87.38, 1.39 and 8.41%),  

respectively. On contrary, the interaction effect between  
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Peanut extract and concentration 20% was activated root 

growth of  B. vulgaris values (15.85 cm) and the percentage 

inhibition for  it was (62.56 %), while, sun flower  extract 

with concentration 20% was activated root growth of V. faba 
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values (14.95 cm) and the percentage inhibition for it was 

(60.24 %). These results are corroborated with the findings of 

Hall et al. (1982), Cheema (1988), Leather (1982, 1983) and 

Naseem et al. (2003). 

Table 1. Plants investigated for their biological and allelopathic activities. 

Donor species (Sources of plant extracts) 

Used part Common name Family Scientific name S.N. 

Straw Peanut Leguminous Arachis hypogaea L. 1 

Straw sunflower Compositeae Helianthus annuus L. 2 

Straw Corn Poaceae Zea mays L. 3 

Table 2. Description of winter crops and weeds used in the study.  

Winter crops 

Common name Family Scientific name S.N. 

Broad bean Leguminous Vicia faba L. 1 

Sugar beet Chenopodiaceae Beta vulgaris L. 2 

Winter weeds 

Bur clover or toothed medik Leguminosae Medicago polymorpha L. 1 

Sow-thistle Compositae Sonchus oleraceus L. 2 

Caley pea or hairy vetch ling Leguminosae Lathyrus hirsutus L. 3 

lesser-canary grass or small canary grass Poaceae Phalaris minor Retz. 4 

Scarlet pimpernel Primulaceae Anagallis arvensis L. 5 

Dentated dock or Toothed dock Polygonaceae Rumex dentatus L. 6 

Table 3. Effect of water extract of some crops, it concentration and the interaction between them on germination % of some winter weeds, V. 

faba and B. vulgaris after 30 days from sowing. 

Treatments Germination % (Lab.) 

Extracts Concentration 
M. 

polymorpha 

S. 

oleraceus 

L. 

hirsutus 

P. 

minor 

A. 

arvensis 

R.  

dentatus 

V. 

faba 

B 

vulgaris 

Pea nut 

0% 66.67 98.75 66.67 88.00 90.00 85.71 100.00 87.50 

20% 44.44 30.00 20.83 42.00 40.00 78.57 100.00 81.25 

30% 13.89 10.00 20.83 13.00 33.75 32.14 91.67 68.75 

40% 11.11 10.00 16.67 9.00 27.50 21.43 66.67 59.38 

Mean 34.03 37.19 31.25 38.00 47.81 54.46 89.58 74.22 

Maize 

0% 66.67 98.75 66.67 88.00 90.00 85.71 100.00 87.50 

20% 36.11 37.50 45.83 49.00 46.25 67.86 100.00 87.50 

30% 25.00 31.25 33.33 21.00 37.50 35.71 100.00 87.50 

40% 16.67 26.25 16.67 13.00 31.25 25.00 91.67 78.13 

Mean 36.11 48.44 40.63 42.75 51.25 53.57 97.92 85.16 

Sun flower 

0% 66.67 98.75 66.67 88.00 90.00 85.71 100.00 87.50 

20% 19.44 18.75 29.17 26.00 46.25 71.43 100.00 84.38 

30% 11.11 12.50 29.17 13.00 41.25 32.14 91.67 75.00 

40% 5.55 5.00 16.67 6.00 32.50 21.43 66.67 68.75 

Mean 24.31 32.50 35.42 33.25 52.50 52.68 89.58 78.91 

G.M.  

Concentration 

0% 66.67 98.75 66.67 88.00 90.00 85.71 100.00 87.50 

20% 33.33 28.75 31.94 39.00 44.17 72.62 100.00 84.38 

30% 16.67 17.92 27.78 15.67 37.50 33.33 94.44 77.08 

40% 9.26 12.08 16.67 9.33 30.42 22.62 75.00 68.75 

LSD at 5%   

Extracts 1.11 NS 1.50 0.48 0.55 NS 1.33 0.88 

Concentration 1.56 3.01 2.00 0.64 0.70 2.29 2.00 1.13 

Extracts × Concentration 4.56 9.02 NS 1.92 NS NS 6.00 3.38 
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Table 4. Average inhibition of water extract concentration of some crops on germination %, shoot length and root length (cm) of some winter weeds, 

V. faba and B. vulgaris after 30 days from sowing. 

Average inhibition at a different  concentrations 

Crop traits 
Water extract  

Concentrations % 
B.  

vulgaris 

V. 

faba 

R.  

dentatus 

A.  

arvensis 

P.  

minor 

L.  

hirsutus 

S.  

oleraceus 

M.  

polymorpha 

3.57 0.00 15.27 50.92 55.68 52.09 70.89 50.01 Germination % 

20% 5.14 -18.38 13.29 42.07 22.31 14.61 42.05 48.00 Shoot length 

-39.36 -23.79 14.24 31.30 64.55 45.96 70.00 36.19 Root length 

11.91 5.56 61.11 58.33 82.19 58.33 81.85 75.00 Germination % 

30% 10.28 -16.77 25.29 60.00 43.33 19.40 57.54 60.22 Shoot length 

-17.13 -22.51 37.63 64.35 79.92 53.93 79.76 56.43 Root length 

21.43 25.00 73.61 66.20 89.40 75.00 87.77 86.11 Germination % 

40% 15.66 -16.23 79.61 75.86 51.79 25.39 65.74 80.22 Shoot length 

-10.38 -8.25 56.95 81.74 90.16 60.76 90.00 84.05 Root length 

Table 5. The effect of water extract of some crops, it concentration and the interaction between them on shoot length (cm) of some winter weeds, V. 

faba and B. vulgaris after 30 days from sowing. 

Treatments (Lab.)  Shoot length 

Extracts Concentration M. polymorpha S. oleraceus L. hirsutus P. minor A. arvensis R. dentatus V. faba B. vulgaris 

Pea nut 

0% 9.00 9.75 8.85 11.70 11.60 7.75 13.00 7.98 

20% 5.63 5.13 6.28 9.35 7.20 6.55 13.23 7.55 
30% 4.00 3.65 6.10 6.38 3.60 5.75 14.53 6.55 

40% 1.25 3.53 6.08 5.93 2.08 1.15 15.93 6.15 

Mean 4.97 5.51 6.83 8.34 6.12 5.30 14.17 7.06 

Maize 

0% 9.00 9.75 8.10 11.70 11.60 7.75 13.00 7.98 

20% 3.70 6.50 7.40 10.83 7.25 6.85 20.15 7.40 

30% 3.38 4.03 6.73 6.88 5.78 5.83 18.38 7.23 
40% 3.25 3.13 6.13 5.50 2.63 1.73 17.50 6.98 

Mean 4.83 5.85 7.09 8.73 6.81 5.54 17.26 7.39 

Sun flower 

0% 9.00 9.75 8.10 11.70 11.60 7.75 13.00 7.98 
20% 4.70 5.33 7.70 7.10 5.70 6.75 12.80 7.75 

30% 3.38 4.75 7.35 6.65 4.55 5.80 12.65 7.70 

40% 0.85 3.38 6.50 5.50 3.70 1.85 11.90 7.05 
Mean 4.48 5.80 7.41 7.74 6.39 5.54 12.59 7.62 

Overall mean  extracts 4.76 5.72 7.11 8.27 6.44 5.46 14.67 7.36 

G.M.  

Concentration 

0% 9.00 9.75 8.35 11.70 11.60 7.75 13.00 7.98 
20% 4.68 5.65 7.13 9.09 6.72 6.72 15.39 7.57 

30% 3.58 4.14 6.73 6.63 4.64 5.79 15.18 7.16 

40% 1.78 3.34 6.23 5.64 2.80 1.58 15.11 6.73 
LSD at 5%   

Extracts NS NS NS 0.12 0.06 NS 0.07 0.08 

Concentration 0.14 0.14 0.21 0.16 0.09 0.08 0.09 0.11 

Extracts × Concentration 0.42 0.41 NS 0.48 0.26 NS 0.27 NS 

Table 6. Effect of water extract of some crops, it concentration and the interaction between them on root length (cm) of some winter weeds, V. 

faba and B. vulgaris after 30 days from sowing. 

Treatments Root length (cm) (Lab.) 

Extracts Concentration 
M. 

polymorpha 

S. 

oleraceus 

L.  

hirsutus 
P. minor A. arvensis 

R. 

dentatus 

V. 

faba 

B. 

vulgaris 

Pea nut 

0% 4.20 4.10 9.53 4.88 2.30 2.95 9.33 9.75 

20% 3.43 0.80 4.90 1.18 1.68 2.58 10.00 15.85 

30% 2.45 0.38 4.35 0.73 0.85 1.60 11.08 14.83 

40% 0.78 0.25 3.80 0.45 0.45 1.08 11.85 13.88 

Mean 2.71 1.38 5.64 1.81 1.32 2.05 10.56 13.58 

Maize 

0% 4.20 4.10 9.53 4.88 2.30 2.95 9.33 9.75 

20% 1.10 1.13 5.50 3.03 1.45 2.30 9.70 10.65 

30% 0.75 0.83 4.58 1.25 0.80 2.30 9.33 9.18 

40% 0.53 0.33 3.93 0.53 0.38 1.63 9.20 8.93 

Mean 1.64 1.59 5.88 2.42 1.23 2.29 9.39 9.63 

Sun flower 

0% 4.20 4.10 9.53 4.88 2.30 2.95 9.33 9.40 

20% 3.50 1.75 5.05 0.98 1.63 2.70 14.95 13.75 

30% 2.28 1.30 4.25 0.95 0.80 1.63 13.90 9.85 

40% 0.70 0.65 3.50 0.45 0.43 1.10 9.25 9.08 

Mean 2.67 1.95 5.58 1.81 1.29 2.09 11.86 10.52 

Overall mean  extracts 2.34 1.64 5.70 2.01 1.28 2.15 10.60 11.24 

G.M.  

Concentration 

0% 4.20 4.10 9.53 4.88 2.30 2.95 9.33 9.63 

20% 2.68 1.23 5.15 1.73 1.58 2.53 11.55 13.42 

30% 1.83 0.83 4.39 0.98 0.82 1.84 11.43 11.28 

40% 0.67 0.41 3.74 0.48 0.42 1.27 10.10 10.63 

LSD at 5%   

Extracts 0.05 0.03 0.03 0.03 NS 0.02 0.08 0.07 

Concentration 0.07 0.04 0.04 0.04 0.03 0.03 0.10 0.10 

Extracts × Concentration 0.20 0.12 0.13 0.12 NS 0.09 0.31 0.29 
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Conclusions 

The present study concluded that the differences between 

summer crops extracts under study were significant effect on 

shoot length in 2014 season. The sunflower water extract was 

recorded the highest mean inhibition values (24.31, 33.25 and 

89.58 %) for M. polymorpha, P. minor and V. faba, respec-

tively while, the lowest mean inhibition values (97.92 and 

85.16 %) were obtained from the maize water extract for V. 

faba and B. vulgaris, respectively. Peanut extract was record-

ed the highest mean inhibition values (6.12 and 7.06 cm) for 

shoot length of A. arvensis and B. vulgaris, respectively, in 

addition, sunflower extract was recorded the highest mean 

inhibition values (7.74 and 12.59) for P. minor  and V. fabea, 

respectively. Thus, the water extracts of peanut, sunflower and 

maize showed the inhibitory effects on the seedlings of winter 

weeds (M. polymorpha, S. oleraceus, L. hirsutus, P. minor, A. 

arvensis, and R. dentatus). 

Open Access: This is open access article distributed under the 

terms of the Creative Commons Attribution License, which 

permits unrestricted use, distribution, and reproduction in any 

medium, provided the original author(s) and the source are 

credited. 
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INTRODUCTION 

Successful and sustainable aquaculture is the need of time and 

it depends upon the provision of nutritionally adequate,  

environment friendly and economic viable artificial feeds. 

Fish meal has traditionally been used as a major protein 

source because of its high protein content and palatability. 

However, the increasing cost and unpredictable availability of 

fishmeal necessitates the search on its replacement with cheap 

and abundantly available plant protein feed stuffs. Soybean 

among plant protein has received maximum appreciation as 

alternative protein sources for fishmeal in aquafeed because of 

its consistent nutritional composition, comparatively balanced 

amino acid profile, availability, and reasonable price 

(Dabrowski and Kozak, 1979; Viola et al., 1983; Shiau et al., 

1987 and Davies et al., 1989).  Due to wide availability and 

consistent quality, soybean (Glycine max) derived products 

are being extensively used in fish feeds in recent years to  

partially replace the fish meal component (Azarm and Lee, 

2012; Yong et al., 2013; Priyadarshini et al., 2015) which 

results in reduced feed cost. However, it contains endogenous 

anti-nutritional factors (ANFs) which accentuate digestive 

losses. These ANFs are inactivated by heat treatment, which 

allows dietary level at which such protein sources can be  

utilized by fish (Huisman and van der Poel, 1991; Tacon, 

1993; Garg et al., 2002; Singh et al., 2003). Since soybean is 

considered to be deficient in lysine (Kaushik and Dabrowski, 

1983), making it less available to fish, the diets needs a miner-

al premix (Kalla et al., 2001). Allan and Rowland (1994) and 

Singh et al. (2003) have also reported high apparent digesti-

bility coefficients for a number of plant products in omniv-

orous silver perch and C. mrigala, respectively. As fishes are 

ammonotelic in nature, if fishmeal is provided to fish for  

increasing protein content in flesh, the nitrogen and phospho-

rus excretion in the holding water increases that pollute the 

water quality standards and that may lead to adverse effect on 

growth of fish.  

The potential for increased use of soybean meal in aquacul-

ture diets is substantial due to its nutritional value and cost 

effectiveness as compared to other feed stuffs. Increasing the 

availability of nutrients from soybean meal could possibly 

enhance the aquaculture production rate. Ammonia and phos-

phate production in the holding water was greater in diets with 
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ABSTRACT 

The increasing cost and unpredictable availability of fishmeal and anti-nutritional factors of plant 

proteins necessitates the search on cheap and abundantly available protein source with capabilities of 

growth promotion. The feeding trial was conducted to evaluate the effect of hydrothermically  

processed soybean on growth performance, intestinal enzymatic activity and carcass composition for 

which three diets were formulated T1, T2, T3 containing fish meal, raw soybean, and processed  

soybean, respectively. Cirrhinus mrigala fingerlings were stocked in glass aquaria (60×30×30cm)/

plastic tubs (50L) for each diet in triplicates. Fingerlings were fed twice daily @ 4% of wet body 

weight for 90 days. Length-weight measurements were done fortnightly to adjust the feed quantity. 

Significantly (P<0.05) high growth performance and low FCR were observed in the fingerlings fed 

with diet containing processed soybean.  Crude protein (%), crude fat (%) and gross energy (kJ g-1) 

were found to be significantly (P<0.05) high in the carcass of fish fed with T3. Intestinal enzymatic 

activities were also significantly higher in the group T3 than to those fed on fish meal and raw  

soybean. The excretion of ammonia and reactive phosphate was also low with the inclusion of  

processed soybean, indicating the good quality of water. Therefore, the use of hydrothermically  

processed soybean in the diets can help in substituting fish meal protein without compromising 

growth and digestibility parameters and the use of processed soybean in the diets can also eliminate 

or reduce the pollution problems associated with intensive aquaculture system. 
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animal origin protein in comparison to plant origin proteins 

(Garg et al., 2002). Fewer studies have been so far conducted 

on excretion pattern of ammonia in relation to dietary protein 

in C. mrigala. Therefore, the present study was designed to 

quantify the effect on growth performance when processed 

soybean is included as protein source in the diet of economi-

cally important freshwater teleost C. mrigala. 

MATERIALS AND METHODS 

Experimental setup: Fingerlings with an average initial body 

weight of 0.24 ± 0.02 g were procured from the “Jyotisar Fish 

Seed Farm” in Jyotisar, District Kurukshetra (Haryana) for the 

experiment and placed randomly in glass aquaria of 50 L  

capacity with dimensions of 60×30×30cm. Before starting the 

experiment, fingerlings were acclimated to the experimental 

system for 15 days. Each aquarium was filled with dechlorin-

ated tap water, and then stocked with 10 fishes. The experi-

ment was conducted under laboratory conditions (25 ± 1ºC). 

Three dietary treatments were performed, in treatment 1, fish 

were fed on artificial diet containing fishmeal and in treatment 

2, fish were fed artificial diet containing raw soybean as major 

protein. In treatment 3, fish were fed on diet containing  

processed soybean. All these diets were isocaloric and isoni-

trogenous with approximately 40% protein (Kalla and Garg, 

2003). Ingredient compositions of all diets are shown in Table 

1. All groups of fish were fed daily at 4% BW in two instal-

ments at 08:00 and 16:30 hour for 90 days. Average weight of 

all fish in each tank was measured, and the amount of feed 

was adjusted accordingly every 15 days. Each group of fish 

was exposed to their respective diet for four hours; thereafter, 

the uneaten feed was siphoned out, stored, and dried separate-

ly for calculating feed consumption per day.  

Preparation of formulated diet: Feed formulation was done 

basically by “square-method” using determined values (Table 

2) of protein content of the ingredients. Each proportion of 

ingredients required was calculated precisely providing allow-

ance for the mineral mixture. Soybean seeds were hydrother-

mically treated at 15 1bs pressure at 121°C for 15 minutes to 

remove anti-nutrient factors (ANFs). After oven drying at 

60ºC it was grounded into fine powder. All the ingredients 

groundnut oil cake, fish meal, rice bran, wheat flour, raw  

soybean and processed soybean were finely ground to pass 

through sieve of mesh size 0.5 mm prior the analysis of proxi-

mate composition. After proper mixing of all ingredients of 

experimental diets were mixed (quantity according to diet) 

and dough was made using distilled water and passed through 

a mechanical pellitizer to obtain pellets (0.5 mm thick) then 

dried in an oven. Then feeds so prepared were stored in  

airtight containers. 

Analysis of parameters: Proximate analysis (Dry matter, ash, 

crude protein, crude fat, NFE and phosphorus) of experi-

mental diets and fish carcass (initial and final) was done  

following (AOAC, 1995). Chromic oxide levels in the diets as 

well as in the fecal samples were estimated spectrophotometri-

cally (Furukawa and Tuskahara, 1966). Growth and nutrient 

retention parameters were calculated following Steffens, 1989. 

Apparent protein digestibility (APD) of the diets was calculat-

ed according to of Cho et al. (1982). Live weight gain (g), 

percent weight gain, specific growth rate, feed consumption 

per day in percentage of body weight, feed conversion ratio 

(FCR), gross conversion efficiency (GCE), and protein  

efficiency ratio (GER) were calculated using standard method 

(Steffens, 1989). Gross energy content of the diet and fish 

carcasses was calculated using the average caloric conversion 

factor of 0.3954, 0.1715, and 0.2364 kJ g-1 for lipid, carbohy-

drate, and protein, respectively (Henken et al., 1986), whereas 

metabolizable energy in diets and feeds was calculated using 

caloric conversion factors: 0.335, 0.138, and 0.188 kJ g-1 for 

lipid, carbohydrate, and protein, respectively (Brett and 

Groves, 1979). Water quality two-hour intervals over a period 

of 24 h for the estimation of excretory levels of total ammonia 

(N-NH4
+) and reactive orthophosphate following the Ameri-

can Public Health Association (APHA, 2012), and calculated 

following Sumagaysay-Chavoso (2003). At the termination of 

experiment, the fish from all the treatments were individually 

weighed to the nearest gram and measured to the nearest  

millimeter and processed for subsequent analyses. From each 

treatment, eight fish were randomly sampled and kept on ice 

to remove the intestines which were processed for the deter-

mination of enzyme activity of protease (Walter, 1984), amyl-

ase (Sawhney and Singh, 2000), and cellulose (Sadasivam and 

Manickam, 1996). 

Statistical analysis: Analysis of variance (ANOVA) followed 

by Duncan’s multiple range test (Duncan, 1955) for all the 

experiments was used to determine the significant variation 

between the different treatments. Statistical significance was 

settled at a probability value of P<0.05. All statistical analysis 

was performed using SPSS Version 11.5 for Windows. 

RESULTS AND DISCUSSION 

In this experiment, three dietary treatments (T1 to T3) were 

performed and the fish were fed on approximately isonitroge-

nous diets (40% protein) for 90 days. In the first treatment 

fish were fed on a diets containing fishmeal. In the second 

treatment fish were fed on a diet consisting of raw soybean 

and in third treatment fish were fed on a diet consisting of 

hydrothermically processed soybean as the main protein 

source. 

Proximate composition of formulated diet: Three isonitrog-

enous diets having fishmeal, raw soybean and processed  

soybean as main protein source were formulated. Crude fibre 

(6.14±0.10 to 6.77±0.17%) and total ash (6.60±0.39 to 

7.51±0.21%) were significantly high in the diets containing 

fishmeal, whereas gross energy (kJ g-1) was high in diet con-

taining processed soybean. No significant (P>0.05) variations 

were observed in the value of feed phosphorus (Table 3). 

Growth, survival and digestibility: The growth responses of 

the test fish fed on experimental diets, containing fishmeal, 

raw soybean and processed soybean are shown in Table 4. 

Fish satisfactorily accepted the experimental diet from the 

beginning of the experiment and maintained normal behaviour 

throughout the experimental period. Survival rate (%) was 

high in all the dietary treatment and slight mortality occurred 

only during the initial days of experiment. The growth of fish 

in terms of weight gain (g), growth per day in percentage 

body weight and specific growth rate (SGR) were significant-

ly (P<0.05) high in treatment T3 where fish were fed on diet 

containing processed soybean in comparison to dietary  

treatments T1 and T2. Significantly (P<0.05) high values of 

digestibility parameters viz., apparent protein digestibility 

(APD), gross conversion efficiency (GCE), protein efficiency 

ratio (PER) and lower values of food conversion ratio (FCR) 

were observed in treatment T3 where C. mrigala fingerlings 

were fed on diets containing processed soybean. The fish 

were bulk weighed at an interval of 15 days to calculate the 

ration to be given to the group of fish of particular treatment. 

The weight gain data revealed that there were not many varia-
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tions initially up to 15 days in the live weight gain of group of 

fishes fed on varying dietary treatments. However, growth 

rate increased significantly (P<0.05) in the fish fed on diets 

containing processed soybean after 30 days till 90 days. 

Intestinal digestive enzyme activity: Intestinal digestive 

enzyme activities for protease and amylase were determined. 

It was found that specific activity of digestive enzymes was 

significantly (P<0.05) high in diets containing processed  

soybean as compared to diets containing raw soybean and 

fishmeal (Figure 1). 

Proximate carcass composition: The carcass composition 

with respect to proximate nutrients of test fish on the basis of 

feeding trial is shown in Table 5. Crude protein (%), crude fat 

(%) and gross energy (kJ g-1) were found to be significantly 

(P<0.05) high in the carcass of fish fed on diets containing 

processed soybean. However, ash (%) and moisture (%) were 

found to be significantly (P<0.05) high in fish fed on diet  

containing fishmeal. 

Effect of three experimental diets on water quality  

characteristics: No significant variations were observed  

parameters pertaining to water quality characteristics except 

of excretion of metabolites in holding water. In general,  

significantly (P<0.05) low values in total ammonia excretion 

and reactive phosphate production (mg Kg-1 BW d-1) were 

recorded in fish fed on diet containing processed soybean as 

compared diet containing fishmeal, and raw soybean (Figure 

2). Peak values in N-NH4
+ excretion occurred approximately  

6 h after the feed was given to the fish and thereafter levels 

gradually declined. While O-PO4 production showed an initial 

high level at 2 h post feeding thereafter the levels declined.  

However, in some cases slight increase was observed at 12 h 

post feeding (Figures 3A and 3B). 

In the present studies, significantly (P<0.05) higher growth 

and digestibility was observed in C. mrigala fed on diets  

containing hydrothermically treated soybean (T3), indicates 

that hydrothermic treatment has helped in the elimination of 

antinutrient factors (ANF's) present in the soybean (Garg et 

al., 2002). Jackson et al. (1982); Shiau et al. (1987) have also 

reported poor growth in tilapia on replacing fish meal by raw 

soybean which was attributed to the presence of antinutrient 

factors present in the untreated soybean. Garg et al. (2002) 

have also observed poor growth performance in C. mrigala 

fingerlings fed on raw soybean protein in comparison with 

fingerlings fed on hydrothermically treated soybean which are 

in strong support of results of present studies. 

Soybean products which are toasted in a proper way contain 

generally very low levels of lectins. Huisman and van der Poel 

(1991) concluded that trypsin inhibitors can be eliminated by 

atmospheric steaming (102ºC) and high temperature steaming 

for a short time may also provide an extra beneficial effect of 

nitrogen and amino acid digestibility. Sadiku and Jauncey 

(1998) have also observed that fish fed on diet containing  

autoclaved soybean did better than those fed on raw soybean 

flour. Webster et al. (1995) also obtained complete replace-

ment of fish meal with soybean in the diet of blue catfish  

supplemented with methionine. In the present studies, soybean 

was hydrothermically processed at 121oC (15 lbs for 15 

minutes) before incorporation in the diet, perhaps this  

accounts for no degradation of essential amino acid, thus high 

growth and nutrient retention. 

SGR, FCR, PER values obtained in the present studies on C. 

Figure 1. Intestinal enzymatic activities of C. mrigala fed on different dietary 
treatments. 

Figure 2. Post prandial excretory patterns of total ammonia and total  
orthophosphate (mg Kg-1 Body weight per day of fish) in holding water for 

fish C. mrigala in different dietary treatments. 

Figure 3A Figure 3B 

Figure 3. A,B: Excretory patterns of orthophosphate (2A) and total ammonia (2B), (mg/Kg Body weight of fish) in holding water for fish C. mrigala (Ham.) 
fingerlings fed on diets containing (T1), raw soybean (T2) and processed soybean (T3). 
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mrigala are similar to those reported on Labeo rohita (Saha 

and Ray, 1998; Hossain et al., 1997), while GCE values were 

similar to those reported in European seabass (Ballestrazzi 

and Lanari, 1996). Inclusion of hydrothermically processed 

soybean in the present studies has resulted in low FCR and 

high APD. This may be attributed to its hydrothermal treat-

ment of soybean for the inactivation of ANF's especially the 

trypsin inhibitor (Garg et al., 2002) increasing digestibility. 

The ANFs lowers the activity of digestive enzymes, reducing 

in digestibility. The present findings clearly indicate the  

significant high enzymatic activity in case of fish group fed 

on processed soybean devoid of ANFs. These findings thus 

strengthen the view that the enzyme systems in cyprinids, 

which have a long gut is better equipped to digest and absorb 

nutrients from plant feedstuffs (Jafri and Anwar, 1995), 

hence, better APD. The present investigation also depicts high 

values of protease and amylase in group of fishes fed with 

processed soybean based diets. With the incorporation of pro-

cessed soybean in the diets, crude protein, fat accumulation 

and the energy values significantly (P<0.05) increased, while 

of ash decreased. These results appear to be in agreement to 

those of Ray and Das (1992) on Labeo rohita, Deepak and 

Garg (2003) in Heteropneustes fossilis. Thus, dietary heat 

processed soybean has been successfully applied for and 

aquatic animals (Azarm and Lee, 2012; Zhang et al., 2014). 

Plant products contain fewer amounts of phosphate and nitro-

gen than animal protein therefore; the chances of eutrophica-

tion of pond could be minimized. Peak values in total ammo-

nia excretion occurred 6-8 h after the feed distribution,  

whereas, the concentration of  O-PO4  in the aquaria were high 

2-4 h post-feeding, returning to the basal levels thereafter and  

increasing again after 12 h for all the dietary treatments. Even 

though the excretory levels of total N-NH4
+ and O-PO4  

production were reduced with the inclusion of processed  

soybean, however, diurnal patterns do not seem to be affected 

by the inclusion levels of soybean. These results are in agree-

ment to those of Ballestrazzi et al. (1994); Singh (2001) and 

Kalla et al. (2001). This may be due to the reason of high  

protein present in fish meal, which on degradation results in 

high nitrogen in excretory products.  

The excretory levels of total ammonia and reactive phosphate 

production were found to be negatively correlated with 

growth performance while a positive correlation was observed 

with FCR values. These findings are in conformation as sug-

gested by Viola and Lahav (1993); Singh (2001); Garg et al. 

(2002); Deepak and Garg (2003), Priyanka and Garg (2002) 

and Raparia and Bhatnagar (2015). The growth performance 

increased while protein efficiency ratio (PER) linearly  

decreased when fish were fed on diets with increasing protein 

levels above the optimum requirement, indicating that the 

excess of dietary protein of fish meal would be delaminated, 

contributing to increased ammonia and reactive phosphate 

excretion. The results of these studies demonstrate that the use 

of hydrothermically processed soybean in the diets can help in 

substituting fish meal protein without compromising growth 

and digestibility parameters. The use of processed soybean 

thus may help the potential problems related with our depend-

ence on fish meal supply.  

Table 1. Proximate composition (% dry basis) of diet ingredients. 

Ingredients Crude protein (%) Crude fat (%) Crude fiber (%) Ash (%) Moisture (%) 

Processed soybean 45.23±0.02 17.79±0.18 6.51±0.02 3.83±0.02 6.06±0.53 

Raw soybean 44.45±0.08 18.30±0.05 5.64±0.003 3.58±0.02 6.02±0.50 

Fishmeal 48.62±0.78 8.05±0.02 4.1±0.07 28.16±0.2 6.70±0.27 

Rice bran 12.18±0.23 10.17±0.01 16.64±0.04 10.48±0.09 8.68±0.37 

Wheat flour 11.28±0.23 4.46±0.03 10.83±0.03 7.76±0.03 8.48±0.29 

Groundnut oil cake 42.09±0.23 5.68±0.04 8.29±0.04 5.97±0.03 6.72±0.27 

*Soybean was hydrothermically processed in an autoclave at 121º C (15 lbs for 15 minutes) to eliminate antinutrient factors (Garg et al., 2002). 

Table 2. Ingredient contents (g Kg-1) of artificial diets. 

Ingredients T1 T2 T3 

Ground oil cake 650.0 650.0 650.0 

Rice Bran 42.0 42.0 42.0 

Fish meal 266 - - 

Raw soybean - 266 - 

Processed soybean * - - 266 

Wheat flour 32.0 32.0 32.0 

Mineral mixture ** 10.0 10.0 10.0 

Cr2O3 10.0 10.0 10.0 

*Soybean was hydrothermically processed in an autoclave at 121º C (15 lbs for 15 minutes) to eliminate antinutrient factors (Garg et al., 2002); **Each kg has 
nutritional value: copper 312 mg, cobalt 35 mg, magnesium 2.114g, iron 979 mg, zinc 2 mg, iodine 15 mg, DL-methionine 1.920 g, L-lysine monohydrochloride 

4.4 g, calcium 30%, phosphorous 8.25%. 

Table 3. Proximate composition (% dry weight) of experimental diets. 

Proximate Analysis T1 (Fish meal) T2 (Raw soybean) T3 (Processed soybean) 

Crude protein (%)  39.98±1.16A 41.31±1.43A 39.85±1.36A 

Crude fat (%)  9.65±0.38A 8.56±0.47A 9.10±0.26A 

Crude fiber (%)  6.77±0.17A 6.14±0.10B 6.23±0.06B 

Total ash (%)  7.51±0.21A 7.45±0.26A 6.60±0.39B 

Moisture (%)  7.68±0.23A 8.27±0.21A 7.41±0.20A 

Nitrogen free extract (%) 26.58±1.25A 25.65±1.61A 29.30±1.42A 

Gross energy (kJ g-1)  17.65±0.06B 17.78±0.06B 17.93±0.09A 

All values are mean±SE of mean; Means with same letter in the same row are not significantly (P<0.05) different; Data were analysed by Duncan’s Multiple 
Range test. 

https://link.springer.com/article/10.1007/s10695-016-0331-2#CR113
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Conclusions 

The use of hydrothermically treated plant origin protein in the 

diets can substitute the use of fish meal protein and  

anti-nutritional factors of raw plant without compromising 

growth rate, nutrient retention and flesh quality as this  

improves digestibility by successfully eliminating antinutrient 

factors like trypsin inhibitors. The use of processed soybean in 

the diets can also eliminate or reduce the pollution problems 

associated with intensive aquaculture system. 

Open Access: This is open access article distributed under the 

terms of the Creative Commons Attribution License, which 

permits unrestricted use, distribution, and reproduction in any 

medium, provided the original author(s) and the source are 

credited. 
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INTRODUCTION 

In recent decades, poultry products have played a great role in 

the supply of meat and protein requirements of different  

communities (Roshani et al., 2012). The commercial poultry 

production has experienced an impressive expanding mainly 

because of the rapid turnover rate, the short incubation period 

(i.e. 21 days) (Akanni and Benson, 2014), the reduced produc-

tion costs and the enhanced incomes of people (Axtell, 1999). 

The share of poultry sector in the production of meat in the 

worldwide scale has been increased from 15% in the past 

three decades to 30% in current years. The rate of growth in 

the poultry industry has been shown as a greater value in com-

parison to the industry of bovine meat production (Gerber et 

al., 2007). It is expected that poultry industry continues to its 

development in the foreseeable future (Axtell, 1999). Many 

industries can be established following the expansion of poul-

try farming such as hatchery, broiler breeder or parent stock 

farms, feed mills, factories producing equipment and pro-

cessing plants (Raha, 2007). On average, 33% of the slaughter 

weight of a chicken converts to by-products (Woodgate and 

Van der Veen, 2014). The wastes resulted from poultry  

processing steps can be recycled for raw materials or can be 

converted to new products of higher value. This exploitation 

is important from economic and environmental aspects. Non-

utilization of these wastes results in loss of a valuable source 

of potential revenue and imposes the cost of disposing 

(Jayathilakan et al., 2012; Kumar et al., 2017). Hence, by-

products can be seen as a challenge regarding the increased 

pressure for reduction of these wastes and also as an oppor-

tunity for the profitability of the meat industry (Barbut, 2015). 

Currently, the number of industrial slaughterhouses of poultry 

in Iran is 67 (Sayed-Hassani et al., 2014). The type and 

amount of wastes produced in the poultry industrial units in 

Iran is diverse, enormous and inconsistent with international 

standards. According to estimates, the animal losses in Iran 

poultry units are about 3 times greater than the global stand-

ards which cause huge economic losses (Shahvali and Rahimi, 

2006). Improper handling and ignorance of poultry by-

products can create environmental pollution, and aesthetic 
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The rapid growth of poultry industry has caused large amounts of chicken wastes that must be  

recycled regarding environmental and economic concerns. This study aimed to assess the fat and 

aquaculture feed producible from chicken wastes in the Bojnoord poultry slaughterhouse, Iran. The 
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the coccygeal were recycled as fat content. Totally, 109368 kg-fat/year was extractable from chicken 

wastes. The oleic, palmitic, stearic, and palmitoleic represented more than 80% of the total FA  

content. 67.41% and 67.16% of FA composition was unsaturated and composed of cis-isomers,  

respectively. The iodine value (IV) and saponification value (SV) were 58.7 g iodine/100 g oil and 

156.12 mg KOH/g oil, respectively. The content of moisture, protein, fat, fiber, and ash in the feed 

composed of degreased chicken wastes and PBM was 7.8, 41.2, 34, 0.9, and 4.4 %, respectively. The 

fat obtained from chicken wastes was suitable for non-edible consumption. Combining degreased 

wastes with PBM resulted in protein-rich aquaculture feed. This study showed the economic and 

health benefits of separating components of the poultry slaughterhouse wastes and the possibility of 

producing aquaculture feed containing suitable micronutrients from these wastes. 
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problems. They are also a potential hazard for human health 

(Jayathilakan et al., 2012) as the fresh and decomposing waste 

products in the poultry facilities produce odor and attract flies 

and many of the other pests. Poultry buildings and manure 

storage facilities are main sources of odor emission, and am-

monia, volatile organic compounds, and hydrogen sulfide are 

major contributing substances in producing odor. The amount 

of odor emission is controlled by several factors including the 

frequency of chicken-house cleaning, the status of tempera-

ture and humidity of the manure, the way of manure storage, 

and the condition of air exchange. The flies and mosquitos 

cause nuisances for residents who live near these facilities and 

can also act as a vector for disease transmission. Cholera, dys-

entery, typhoid, malaria, filaria and dengue fever are some of 

diseases transmittable by insects. But local disturbances  

resulted from odor, flies, and rodents are not the only concern. 

Damage to the landscape in the surrounding of the poultry 

farm, and pollution of natural resources including soil and 

water with nutrients, pathogens and heavy metals caused by 

poor condition of management and storing of manure are the 

other concerns. Furthermore, pesticides which are used for 

controlling disease vectors cause pollution in ground- and 

surface waters (Gerber et al., 2007). A variety of pollutants at 

high and variable concentrations have been detected in 

wastewater of the meat industry. Use of water for scalding, 

removal of feathers, washing birds, chilling, equipment clean-

ing, and mechanical equipment cooling naturally generate 

wastewater in poultry processing plants. According to a num-

ber of studies, the mean value of wastewater generated in 

chicken processing plants was 9.3 gallon per bird 

(Jayathilakan et al., 2012). Beside to the soil and water, air is 

also affected by the poultry production. Among different  

producers of meat, the poultry slaughtering industry is a more 

energy-intensive sector (Ramirez et al., 2006), and use of fos-

sil fuels for energy supply in the poultry processing facilities 

causes carbon dioxide emissions (Gerber et al., 2007). 

With respect to this fact that usually urban or peri-urban areas 

are considered for constructing slaughterhouse, the lack of 

enough land for establishing facilities required for waste man-

agement can increase the risk of environmental effects 

(Gerber et al., 2007). Waste management in slaughterhouses 

mainly refers to the way that manure, litter, and dead birds are 

handled. Depending on the depth of caged-layer houses, the 

manure could be accumulated from several months to several 

years. The common way of manure disposal is flushing into 

lagoon which must be designed and managed properly to pre-

vent the breed of mosquitos. Litter is a mixture of feces, 

spilled feed, and feathers and must be dried by providing 

proper air flow, drainage, and removal of water leaks.  

Although the frequency of chicken-growth houses cleaning is 

often influenced by economic considerations, it should be 

noticed that the longer stay of litter in them encourages the 

beetle production. As the bird mortality is an inevitable part of 

poultry production, always there would be a number of car-

casses requiring disposal. Considering dead birds promote 

insect development, they should be removed daily (Axtell, 

1999). 

The types of poultry by-products have been determined in the 

poultry meat processing book. Accordingly, feathers, heads, 

blood, gizzard and stomach, feet, and finally the intestines and 

glands constitute respectively 7-8, 2.5-3, 3.2-3.7, 3.5-4.2, 3.5-

4, and 8.5-9% of the weight of a chicken (Sams, 2001). The 

poultry by-products which are not utilizable for human con-

sumption can be converted into products marketable for agri-

cultural or industrial usages (Woodgate and Van der Veen, 

2014). The dead animals, the scraps connected to the meat 

including blood, fatty tissue, and bone, the viscera, and the 

feathers can be used correctly in this way (Jayathilakan et al., 

2012). There are some specialized industrial units for  

processing blood in the world that produce blood plasma,  

hemoglobin, and blood meal (Woodgate and Van der Veen, 

2014). For every 5 kg of fresh chicken blood, 1 kilogram of 

blood powder with a moisture content of 10-12% would be 

achieved which is rich in lysine and thus can be used as a rich 

protein chicken meal (Nabizadeh, 2011). 90% of the feathers 

structure is composed of protein, so they are a rich source for 

animal feed. The use of feathers can create an important 

source of revenue as they can be applied in the manufacture of 

bedding, ornaments, and sporting equipment. Furthermore, 

they have found a wide usage as filler of fertilizer (Ockerman 

and Hansen, 1999). Gelatin is another product which can be 

obtained from the poultry skin and bones (Karim and Bhat, 

2009). It has usages as plasma expander for blood, as an  

excellent emulsifier for many of the emulsions and also in 

printing industry (Jayathilakan et al., 2012). New investiga-

tions show the high potential of gelatin obtained from poultry 

for being replaced with gelatin extracted from mammalian 

(Sarbon et al., 2013). 

Worldwide, annually 25 million tons of animal fats and oils 

are produced. In Europe, about 2.8 million tons/year of animal 

fats are processed from slaughter byproducts. The natural 

basis, versatility and sustainability of these fats, have caused 

their applications for many of food and non-food consump-

tions (Woodgate and Van der Veen, 2014). From last decades, 

the animal fats have been used for the production of water-

proof clothing, soap and candle (Barbut, 2015), while nowa-

days a diverse number of oleo-chemical products are made 

out from animal fats and oils. The most recent application of 

animal fats was seen in the production of renewable  

bio-functional building blocks for the manufacture of plastics 

or biopolymers (Woodgate and Van der Veen, 2014). The  

animal fats have been also applied for the low-cost production 

of biodiesel or biofuel (Zhang et al., 2003). The chemical 

structure of animal fats is composed of glycerol and fatty  

acids (FA). Determining the FA profile in fats extracted from 

different species has importance especially for certain applica-

tions. For example, in feed applications, particularly for the 

production of high-quality feed pellets, determining the FA 

composition as an important feature seems essential 

(Woodgate and Van der Veen, 2014). The aim of this study 

was evaluating the quantity and quality of fat and aquaculture 

feed recyclable from chicken wastes produced in the Parandis 

poultry slaughterhouse, Bojnoord, North Khorasan Province, 

Iran. 

MATERIALS AND METHODS 

The slaughterhouse characteristics and sampling: The 

Parandis poultry slaughterhouse is located 2 kilometers away 

from the east of Bojnoord city. It slaughters chickens  

produced in the North Khorasan province and other neighbor-

ing provinces. The slaughterhouse has been constructed on an 

area of 2 ha and consists of a slaughter salon, a chicken refrig-

eration unit, a packaging salon, a waste conversion unit and a 

waste water treatment facility. The produced wastes in mix-

ture with wastewater are transferred to the separator, where 

wastewater would be moved to the treatment unit and wastes 

are separated. The mixed by-products which include chicken 

heads, feet, feathers, internal organs etc. are transmitted into 

the cooking double glazed pot and then would be converted to 

poultry meal of few economic values after 10 to 12 hours. To 
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obtain an average value of the fat content in each of the chick-

en wastes including fatty tissue, viscera tissue, and coccygeal 

tissue, sampling was conducted in three different time inter-

vals in early spring of 2016 that was equal with the beginning 

of 1395 solar year based on the Iranian calendar. The weight 

of the wastes taken from each of the fat-containing tissues at 

each period of sampling was 1 kg.  Thus, considering 3 peri-

ods of sampling and 3 sampled tissues at each sampling  

period, a total of 9 kg of chicken wastes were collected and 

examined for fat content.  

Extraction and characterization of fat content: To extract 

the fat content from chicken wastes, water was added to the 

wastes and the mixture was heated at water boiling point. 

Considering the low resistance of animal cell membrane, heat-

ing which increases the fat volume, causes the membrane rup-

ture and as a result exiting the fat. On the other hand, given 

that the density of fat is less than water, the fat floats on the 

water surface. Heating the chicken wastes at boiling point not 

only cause fat extraction, but also can lead to the destruction 

of pathogens which has importance as the wastes would be 

converted to aquaculture feed. To facilitate the exit of fat from 

chicken tissues, a manual meat grinder was used to commi-

nute samples before fat extraction. At each period of sam-

pling, a determined amount of comminuted chicken wastes 

including fatty tissue, viscera and coccygeal (1 kg from each 

tissue) were poured separately into 2 L beakers. Then a little 

water was added to each beaker and a grid was installed on the 

top of that to prevent from the floating of the wastes on the 

beaker surface. When the temperature reached to 95 ° C, the 

fat content was exited from the tissue and floated on the liquid 

surface. The liquid content of the mixture was transferred into 

a separating funnel, where the fat and water were separated 

based on the density difference. Then, to complete the extrac-

tion of fat content, the mixture of water and wastes were  

heated again for several times at boiling point. 

To identify the characteristics of the extracted oil, three exper-

iments were conducted. Accordingly, the IV, SV and FA com-

position of the fat content were determined. IV and SV were 

measured according to the standards set by the Iranian Nation-

al Standardization Organization (INSO) with standard No. 

4888, and standard No. 10501, respectively in the food and 

drug laboratory of North Khorasan province. The FA compo-

sition was determined according to the standard No. 4091 in 

the food quality control laboratory of Testa, Razavi Khorasan 

province. The Agilent 7890A gas chromatograph with flame 

ionization detector (FID) was applied for the analysis of FA 

profile. The Wax-type fused silica column was 30 m in length 

with an internal diameter of 0.25µ. The initial temperature of 

the injector was 235 °C and detector temperature was kept at 

250 °C. Nitrogen gas and hydrogen-air mixture were used as 

the carrier gas and the fuel of the detector, respectively. The 

time of detection was 40 min. 

Aquaculture feed production: To prepare aquaculture food 

pellets, the mixture of the degreased chicken wastes including 

fatty tissue, viscera and coccygeal, once were combined with 

flour and once with the PBM that was produced using the 

chicken wastes in poultry site. The mixing ratio was 1:1 in 

both cases. Then, the pasty mass obtained from each of the 

combinations was minced and placed in a warm location to be 

dried. Finally, the produced pellets were sent to the Mizan 

laboratory in Bojnoord city to be investigated in terms of the 

main items that must be measured in the aquaculture feed. 

Accordingly, the percent of moisture, total ash, total protein, 

crude fat, and raw fiber in the produced pellets were deter-

mined through the INSO instructions of the standard No. 321, 

332, 457, 415, and 520, respectively. Figure 1 represents a 

schematic diagram in which all the chicken wastes processing 

operations are simplified.  

Figure 1. Overview of poultry waste processing operations. 

Figure 3. Fatty acids (FA) composition of the fat extracted from chicken 
wastes. 

Figure 2. The total estimated values of poultry fat extractable from fatty, 
viscera and coccygeal wastes in Bojnoord slaughterhouse from mid-march of 

2015 to mid-March of 2016. 

Figure 4. Aquaculture feed pellets obtained from defatted chicken wastes. 
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RESULTS AND DISCUSSION 

The amount of extractable fat: Table 1 provides the average 

value of fat content extracted from each of the chicken wastes. 

Obviously, the most content of fat, were recovered from 

wastes of fatty tissue. The recovered fat content from 1 kg of 

each of the coccygeal, and viscera wastes were 30.4%, and 

14.5%, respectively. Although it must be noted that the 

amount of chicken tissues in the form of fat (3%) and coccyg-

eal (4%) is very low in comparison to the viscera wastes 

(37%). According to the statistics provided by veterinary net-

work of Bojnoord city, the total weight of fatty, viscera, and 

coccygeal wastes were 39303.4, 484742.3, and 52404.5 kg per 

year (mid-march 2015 to mid-march 2016), respectively. So 

according to the amount of extractable fat content from each 

of the tissues (Table 1), the average annual amount of recover-

able fat from poultry slaughterhouse wastes is calculated and 

shown in Figure 2. Totally, 109368 kg/year of fat content was 

extractable from chicken wastes including fatty tissue, viscera, 

and coccygeal. Taking into account that the sale price of 1 kg 

of fat is 11000 Rials in Iran currency, the profit that would be 

obtained from the sale of total fat content (109368 kg) which 

is extractable from chicken wastes in one year in the Bojnoord 

poultry slaughterhouse, is 1203048000 Rials or US $ 31,500. 

Fatty acids (FA) composition, IV and SV: Table 2 summa-

rizes the results of the chicken wastes FA profile which are 

expressed as g of a given FA on 100 g of chicken fat extracted 

from Bojnoord poultry slaughterhouse wastes. The sum of the 

numbers given in the Table 2 did not reach 100 because some 

of the FAs were not detectable in the gas chromatography 

(GC) analysis. 

Table 2 reflects the unsaturated nature of FA profile in the fat 

content obtained from the chicken wastes as the proportion of 

unsaturated FA was 67.41 g/100g while the saturated FA ratio 

was 32.51 g/100g. Figure 3 represents FA composition deter-

mined for the fat extracted from chicken wastes. Among FA, 

oleic, palmitic, stearic, and palmitoleic represented more than 

80% of the total FA content. The most abundant FA was cis 

isomer of oleic acid. The cis FA was 67.16 % while the Trans 

FA were 0.25 %. The IV of the oil extracted from chicken 

wastes was determined at 58.7 g iodine/ 100 g oil. The SV of 

the studied oil was 156.12 mg KOH/ g oil. 

The IV is an index of unsaturated fats and oils (Akbar et al., 

2009). In other words, the IV has a direct relationship with the 

number of double bonds (Gopinath et al., 2008). The results of 

current study showed that in the FA composition correspond-

ing to the fat content obtained from chicken wastes, the 

amount of unsaturated FA was remarkably higher than saturat-

ed. This was caused by high content of oleic acid, a very suita-

ble precursor for making biopolymers (Woodgate and Van der 

Veen, 2014). The higher proportion of unsaturated FA in fats 

and oils causes their better digestibility (Doppenberg and Van 

der Aar, 2010). Although, the unsaturated FA is oxidatively 

unstable (Adewale et al., 2014) and thus has been known less 

suitable for frying and baking applications (Woodgate and 

Van der Veen, 2014). From another perspective, unsaturated 

FA and cis isomers of them reduce the unhealthy cholesterol 

(LDL) (Mensink et al., 2003). According to the results of pre-

sent research, the amount of cis-FA in the fat obtained from 

the chicken wastes was 269 times greater than trans-FA. SV 

describes the average molecular weight of FA and its higher 

value indicates the longer-chain of FA. Considering table 2, 

oleic, palmitic, and stearic were long-chain FA dominant in 

the studied fat content. With respect to the literature review, 

the IV and SV measured in the fat content obtained from 

chicken wastes were not as much as the amount of these indi-

ces in the edible fats and oils (Endo et al., 2005). Hence, the 

obtained fat cannot be recommended for human consump-

tions. But according to Farmani and Rostammiri (2015) edible 

fat was also extractable from chicken skin wastes. Based on 

the experiments conducted by them, palmitic acid was the 

main saturated FA in the composition of the chicken waste 

fat, while the oleic and linoleic acids were principal unsaturat-

ed FAs. They expressed that FA obtained from chicken waste 

fat had a composition similar to the rice bran oil and its satu-

rated FAs were significantly lower than beef tallow, lard and 

palm oil. In a comparison carried out by Woodgate and Van 

der Veen (2014) between FA profiles of animal and vegetable 

fats, it was shown that the content of saturated FAs in the 

chicken fat was lower than some vegetable oils including co-

conut and palm oils, and also it was less than animal fats such 

as beef tallow and pork lard.  

Aquaculture feed: The aquaculture feed obtained from defat-

ted chicken wastes is shown in figure 4. The physicochemical 

properties of two types of the aquaculture feed produced in 

current study are expressed in Table 3. The measured indexes 

are also compared with the feed produced by the Faradaneh 

Company, a well-known aquaculture animals’ food producer 

in Iran. As Table 3 indicates, the protein value, and the fat 

content in the aquaculture feed obtained from the combination 

of chicken wastes with PBM were much higher than their 

levels in the feed produced from combination of chicken 

wastes with flour. 

According to environmentally and financially considerations, 

fish meal is not a sustainable source of feeds, so it must be 

replaced with more environmental friendly and cost-effective 

feeds (Tabinda and Butt, 2012). Assessing the nutrient com-

position and digestibility is the essential step to consider PBM 

as a potential feed ingredient (Rawles et al., 2016). Feed-

grade poultry by-products which have been replaced a propor-

tion of the fish meal are produced from processing waste 

streams without paying enough attention to the final product. 

Consequently, the nutritional quality of the produced meal 

may be significantly different dependent on the time of  

production or source of the product (Sealey et al., 2011).  

To determine the suitability of the produced feeds to meet the 

nutritional demands of the fish, they were assessed in terms of 

the level of energy producing substances such as protein and 

lipid. In addition, they should contain water and substances 

such as minerals and fiber to satisfy the other needs of fish 

(Meilisza et al., 2011). According to the results presented in 

Table 3, the feed pellets produced from the combination of 

degreased chicken wastes and PBM had more values of mois-

ture and protein in comparison to the flour-containing pellets. 

Among the fish need nutrients, proteins are considered as the 

most important and most expensive part of the diet 

(Marammazi et al., 2013). Hence, the manufacturers of aqua-

culture diet produce feed at the lowest level of protein that 

successfully supply the essential amino acids required for fish 

without compromising its performance (Rawles et al., 2017). 

According to the results of literature review, chicken intestine 

is a rich source of protein (Tabinda and Butt, 2012). Wet 

feeds are more digestible and due to the supply of amino acids 

and vitamins, increase the feed efficiency and growth of fish 

(Marammazi et al., 2013). The digestibility also depends on 

the proportion of unsaturated acids. The most digestibilities of 

fatty acids have been attributed to the myristic acid, followed 

by linoleic, oleic, palmitinic, palmitic, and stearic acids 

(Woodgate and Van der Veen, 2014). Hence, with respect to 

the findings, the fat extracted from chicken wastes in current 
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research which showed a high proportion of oleic and palmitic 

acids were acceptable in terms of a digestibility. The fat  

content of the protein-rich feed was much higher than the 

needed values and was not comparable with the fat content of 

the commercial grade aquaculture feed provided by Table 3. 

Presence of fat in the diet would be beneficial until the fish 

can use it as an energy source for growth. Furthermore, high 

intake of fat by fish causes storage of fat in its carcasses and 

has adverse effects on its growth( Marammazi et al., 2013). 

Some researchers have studied the use of PBM for aquacul-

ture feeding. In the study conducted by Sayed Hassani et al. 

(2014) the values of moisture, protein, fat, fiber, and ash in the 

PBM that was evaluated as an alternative protein source for 

Huso Huso within growth period were 7.3%, 64.25%, 1.5%, 

2.1%, and 8.1%, respectively. The results of the study carried 

out by Nafisi-Bahabadi et al. (2002) who reported that PBM 

can be substituted with fish meal without any need to be  

enriched with amino acids and with no negative impact on the 

growth of salmon. This replacement is also important from an 

economic perspective considering the higher price of fish 

meal in comparison to the PBM. Kalantar and Fahimi (2005) 

investigated the qualitative characteristics in the samples of 

PBM to study the effect of using that in broiler feeding.  

According to the results conducted on samples, the average 

amounts of crude protein, fat, calcium, and phosphorus were 

53%, 14.58%, 0.963%, and 0.776%, respectively. They be-

lieved that the product can be applied as broiler meal. Rid-

wanudin and Sheen (2014) evaluated the dietary fish silage 

combined with PBM for being replaced with fish meal. The 

highest growth performance of Epinephelus coioides was 

achieved when the fish fed diet was combined with 20% PBM. 

The amounts of ingredients including moisture, crude protein, 

crude lipid, crude fiber, and ash in the composition of dietary 

fish combined with PBM were 3.86%, 45.98%, 12.10%, 

12.39%, and 9.75%, respectively. Based on the investigation 

performed by Farmani and Rostammiri (2015), the content of 

fat, moisture, protein and ash in the chicken wastes was equal 

to 38.92%, 50.78%, 8.93%, and 1.28 %, respectively. 

Table1. The average fat content extracted from chicken wastes of Bojnoord poultry slaughterhouse. 

Chicken  

tissue 

Sampling  

period 
The amount of extracted fat in kg 

The amount of extracted fat in  

percent 

Average in 

percent 

Fatty 

1 0.325 32.5 

58.9 2 0.758 75.8 

3 0.686 68.6 

Viscera 

1 0.145 14.5 

14.5 2 0.135 13.5 

3 0.155 15.5 

Coccygeal 

1 0.445 44.5 

30.4 2 0.189 18.9 

3 0.279 27.9 

Table 2. Fatty acids (FA) composition of chicken wastes determined by GC. 

Fatty acid (FA) g/100 g 

Lauric acid (12:0) a 0.08 

Myristic acid (14:0) 0.059 

Pentadecanoic acid (15:0) 0.08 

Palmitic acid (16:0) 29.09 

Margaric acid (17:0) 0.09 

Stearic acid (18:0) 6.42 

Arachidic acid (20:0) 0.16 

Myristoleic acid (14:1) 0.14 

Palmitoleic acid (16:1) 5.83 

Heptadecenoic acid (17:1) 0.06 

Trans isomer of Oleic acid (18:1) 0.21 

Cis isomer of Oleic acid (18:1) 40.21 

Trans isomer of Linoleic acid (18:2) 0.04 

linolenic acid (18:3) 1.13 
a. Carbon number: number of double bonds 

Table 3. The physicochemical properties of the produced aquaculture foods in comparison to commercial aquaculture feed.  

Aquaculture feed 

Physicochemical properties 

Moisture 

(%) 

Protein 

(%) 

Fat 

(%) 

Fiber 

(%) 

Ash 

(%) 

The product obtained from the combination of degreased wastes and flour 6.7 14.5 9 5.5 3.4 

The product obtained from the combination of degreased wastes and PBM 7.8 41.2 34 0.9 4.4 

The product of Faradaneh company 5-11 38-54 11-15 1.5-4 7-13 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjJ-7aipoPSAhWKJ5oKHaMjA7wQFggbMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FPalmitoleic_acid&usg=AFQjCNGzWYc_FyR4VZSaYU1S3me4kJgvfA&bvm=bv.146496531,d.bGs
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwiXidHsqIPSAhWya5oKHTKZB_UQFggfMAE&url=https%3A%2F%2Fpubchem.ncbi.nlm.nih.gov%2Fcompound%2Flinolenic_acid&usg=AFQjCNGAmYfSisuQPPU_NKuzAmIHAwwvow&bvm=bv.146496531,d.bGs
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Conclusions 

In this research, the feasibility of recycling and reuse of chick-

en wastes of the poultry slaughterhouse in the form of fat and 

aquaculture feed was studied. It was shown that 58.9% of the 

fatty tissue, 14.5% of the viscera, and 30.4% of the coccygeal 

were recyclable as fat content. 67.41% and 67.16% of FA 

composition was unsaturated and composed of cis-isomers, 

respectively. According to the expressed results for FA com-

position, and with respect to the levels of IV, and SV, that 

were obtained equal to 58.7 g iodine/100 g oil and 156.12 mg 

KOH/g oil, respectively, the fat extracted from chicken wastes 

was not suitable for edible consumptions. The content of 

moisture, protein, fat, fiber, and ash in the feed composed of 

degreased chicken wastes and PBM was 7.8, 41.2, 34, 0.9, 

and 4.4 %, respectively, which shows that this mixture can be 

satisfactory applied as a rich-protein source of aquaculture 

feed. 
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INTRODUCTION 

The yield of agricultural production is highly determined by 

soil quality. Plants, just like other living beings, need food for 

their growth, development and reproduction (Njoyim et al., 

2016a). The challenge for agriculture in the world today is to 

meet the world’s increasing demand for food in a sustainable 

way and declining soil fertility and mismanagement of plant 

nutrients have made this task more difficult (Yerima and Van 

Ranst, 2005; Yaser and Rahim, 2013). A soil is known to be 

rich for agriculture depending on its nutrient content, amongst 

other physico-chemical factors such as soil pH. Thus,  

assessing the quality of soils (nutrient content) used for  

agricultural production is paramount for the maintenance of 

optimum growth conditions needed by plants for maximum 

yields (Njoyim et al., 2016a).  

Soil degradation is widely recognized as major agricultural 

and environmental problem (Ruqia et al., 2015; Njoyim et al., 

2016b). There is tremendous need for greater understanding of 

Cameroonian soils, and to develop management options to 

help increase agricultural productivity while nurturing soil 

health and preventing water pollution. The problem of  

farmland contamination by heavy metals has raised serious 

concerns for emerging countries such as Cameroon (Njoyim et 

al., 2016c). Soil chemistry distinguishes heavy metals as a 

special group of elements because of their toxic effect exerted 

on plants upon their high concentrations (Vodyanitskii, 2016). 

Depletion of plant nutrients in the soil is a major problem in 

the Awing community where most of the inhabitants depend 

so much on agricultural production for their livelihood.  

Human induced processes such as industrial establishment, 

mining, agriculture and transportation, release high amounts 

of heavy metals into soils, surface and ground water and  
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ABSTRACT 

This research work was aimed to assess the quality of agricultural soils of Awing-North West  

Cameroon by elucidating some physicochemical properties and heavy metals in the soils. Agricultural 

yields in Awing have witnessed a decline in recent years and farmers have repeatedly used fertilizers 

to improve on their agricultural yields. It is thus important to test the soil in order to ensure not only 

high productivity but its quality as well and suggest methods to increase agricultural yields, while 

preventing soil and water pollution. Twenty soil samples were randomly collected from four sites, 

Achialum, Meupi, Nepele and Ala’amiti, in Awing and analysed for physicochemical and heavy  

metal properties using standard methods. Results showed that all the soils had low bulk densities 

(0.76-0.89 g cm-3), low pH values (4.1-6.0), low electrical conductivities (0.02 – 0.11 mS cm-1), low 

available phosphorus (1.55-14.26 mg kg-1) and the soil textural class was dominated by loam. The 

mean available concentrations of heavy metals ranged from 0.24-2.73, 0.64-5.13, 13.79-34.51, 29.45-

92.27, 0.00-0.80, 0.24-4.54, 0.68-1.39, 0.30-0.47 mg kg-1 for Zn, Cu, Mn, Fe, Pb, Ni, Cr and Cd  

respectively. Results of heavy metal analysis showed that the soils were contaminated to different 

levels (above FAO/WHO limits) by the different heavy metals. Natural origins, fertilizer application 

and domestic waste were identified as the major sources of heavy metals in the soils. Future research 

should focus on the development of methods to quantify lime-enhanced mobilization of nutrient ions 

and lime-induced immobilization of heavy metals in these soils.  
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ultimately to the biosphere (Oluyemi et al., 2008; Ruqia et al., 

2015). Heavy metals pollution in agricultural soils has become 

one of the global challenges facing food production and the 

sustainability of life. It has been reported that pollution of 

agricultural soils can be as a result of long-term farming or 

excessive use of agrochemicals (Osobamiro and Adewuyi, 

2015). The contaminants accumulated in the plants not only 

affect the growth and quality of crops but also threaten the 

health of consumers (Cheng and Huang, 2006). The most 

common heavy metal contaminants are Cd, As, Cr, Cu, Hg, 

Pb, Ni, and Zn. Some of these metals such as Zn, Cu, Mn, Ni, 

and Co are micronutrients necessary for plant growth, while 

others such as Cd, Pb, As, and Hg have no known biological 

functions and are very toxic to human health. There are  

various sources of heavy metals; some originates from anthro-

pogenic activities like draining of sewerage, dumping of  

hospital wastes and recreational activities. Conversely, metals 

also occur in small amounts naturally and may enter into aquat-

ic system through leaching of rocks, airborne dust, forest fires 

and vegetation (Oluyemi et al., 2008; Ruqia et al., 2015). 

Plants grown on land polluted with municipal, domestic or  

industrial wastes can absorb heavy metals in the form of  

mobile ions present in the soil solution through their roots.  

These absorbed metals get bio-accumulated in the roots, stems, 

fruits, grains and leaves of plants (Oluyemi et al., 2008). 

Agriculture is the backbone of the economy of Cameroon. 

The Awing community is highly dependent on agriculture for 

its growth and development and thus it is necessary to evalu-

ate soils used for crop production in this community and  

suggest methods to improve on agricultural yields, while  

preventing water pollution in all its forms. Literature shows 

that no previous works have been carried out to evaluate the 

potentials of these soils for agricultural production. For soil to 

produce crops successfully, it must not just have an adequate 

supply of all necessary nutrients that plants need, but must 

also be totally free from toxic heavy metals. Due to the fact 

that most farmers in in Cameroon and Awing in particular use 

fertilizers (which are sources of heavy metals) to improve on 

their agricultural yields; it is therefore important to test the 

soil in order to ensure not only high productivity but its  

quality as well (Njoyim et al., 2016c). 

Confronted with the above problem, the major objective of 

this research work was to evaluate the quality of some agricul-

tural soils in Awing in order to provide information on the 

nutrient status and the level of heavy metal contamination of 

the soils. To achieve this objective, physico-chemical and 

heavy metal properties of the soils were determined and corre-

lated to one another. Recommendations were then made from 

the findings of the research and methods suggested to increase 

agricultural yields, while preventing soil and water pollution. 

MATERIALS AND METHODS 

Site descriptions: Awing is found in the grass field zone of 

Cameroon; precisely in Santa Sub-division of the North West 

region of Cameroon (Figure 1). It is situated at about 21 km 

south-east of Bamenda. Awing has a surface area of about 480 

km2 and as of the year 2010, its population density stood at 

115.2 people/km2. Located between latitudes 05047' to 06000' 

N and longitudes 10010' to 10022' E, Awing has an elevation 

of about 1206 m above sea level. Its topography is trough- 

like, a low lying plain, surrounded by an extension of the  

volcanic chain of the Bambouto Mountain in the West, North 

and East; hemmed by a network of hills. The highest point is 

Mount Lefo (fourth highest mountain in Cameroon); with a 

height of 2550 m on whose northern flank is Lake  

Nelson Alakeh Mofor et al. /Arch. Agr. Environ. Sci., 2(4): 277-286 (2017) 

Awing (NACDA, 2010; Apongnde, 2014). Prominent in  

Awing are cone-shaped hills which are covered by savannah, 

shrubs and montane forest; with volcanic rocks underneath. 

Most of these high lands serve as pasture and arable fields. 

Awing is drained by two main streams which collect their 

waters from the tributaries of the surrounding hills and moun-

tains. In the West is the ‘nkiachialu’ (Achialum stream) while 

in the East is the ‘nkindzom’ (Mbenjom stream). Besides, 

these two main streams are a number of seasonal streams and 

springs which all meander southwards to meet in the Nepele 

neighbourhood from where they empty themselves into the 

River Noun in the West region of Cameroon. Awing falls 

within the mountainous areas of the Bamenda highlands with 

a sub-equatorial climate. The latter is characterized by two 

main seasons: the rainy and dry seasons. The rainy season 

runs from mid-March to about late October; with an annual 

rainfall ranging from about 240.98 – 260.65 mm between 

1995 and 2010, according to Trials and Demonstrations  

Center (T.D.C) Santa. It is often characterized by heavy rains 

and average temperatures whose average since 1996 has been 

above 19 oC. The dry season runs from late October to about 

mid-March. It is accompanied by dry harmattan winds and 

fluctuations in temperatures. Temperatures sometimes rise up 

to about 35 oC during the day and drop to about 16 oC at 

night. On the whole, Awing is predominantly cold round the 

year (Apongnde, 2014). 

Site characteristics, field methods and sampling: Sampling 

was done in December 2016. Four representative sites were 

selected, based on their agricultural potentials. The sites are: 

Achialum (AC), Meupi (ME), Nepele (NE) and Ala’amiti 

(AL). In each site, five composite surface soil (0-20 cm)  

samples were collected randomly using a soil auger. Undis-

turbed core samples were also collected with a 100 cm3  

Kopecky ring for bulk density determination. All samples 

were stored in polythene bags. Achialum is located on Longi-

tude 10013' 56'' E, Latitude 05050' 39'' N, with an elevation of 

1627 m above sea level. It is about 200 m from G.S Nkon-

beng and about 30 m from Achialum spring. It has a slope of 

15-20%.  The parent material is rhyolite and the vegetation is 

grass land type mixed with patches of raffia and plantains.  

The drainage is very good  and the land use is mixed cropping 

(Maize, beans, cocoa yams)  for more than 10 years. The soil 

colour is 5YR 3/4 (Dark reddish brown) in the dry state. 

Meupi is located on Longitude 10014' 24.2'' E, Latitude 05050' 

13.9'' N, with an elevation of 1589 m above sea level. It is 

about 30 m from Meupi spring, 1 km from CBC Mbejah and 

situated at the foot of mount Lefo. It has a slope of 0-2%.  

The parent material is rhyolite and the vegetation is grass land 

type mixed with patches of raffia and coffee. The drainage is 

good and the land use is mixed cropping (Maize, beans,  

cocoa yams, coffee)  for more than 20 years. The soil colour 

is 7.5YR 6/4 (Light brown) in the dry state. 

Nepele is located on Longitude 10016' 24.8'' E, Latitude 05048' 

08.3'' N, with an elevation of 1332 m above sea level. It is 

about 1 km from G.H.S Awing along the Nepele- Three  

Corners road. It has a slope of 0-2% and the climate is tropi-

cal grassland type. The parent material is trachites and the 

vegetation is characterised by the presence of Chromolena 

odorata, spear glass (Hypalena) and mixed grass land type.  

The drainage is good  and the land use is mixed cropping 

(Maize, beans, sweet potatoes, cassava)  for more than 20 

years. The soil colour was 5YR 4/3 (Reddish brown) in the 

dry state. Ala’amiti is located on Longitude 10014' 35.8'' E, 

Latitude 05052' 37.8'' N, with an elevation of 1756 m above 

sea level. It is about 100 m from Ala’amiti spring and about 
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100 m from Ala’amiti square. It has a slope of 8-10% and the 

climate is tropical grassland type. The parent material is basalt 

and the vegetation was grass land type.  The drainage is good  

and the land use is mixed cropping (maize, beans, cassava, 

cocoa yams)  for more than 20 years. The soil colour is 5YR 

4/3 (Reddish brown) in the dry state. 

Laboratory analysis: Fresh soil samples from the field were 

air dried in the laboratory, ground in a porcelain mortar using 

a pestle and sieved through a 2 mm sieve. The fine earth (<2 

mm) was then analysed for the various physico-chemical and 

heavy metal properties using international standard methods 

(Benton, 2003). All chemicals used in these analyses were of 

analytical grade. The bulk density of the soils was determined 

over a soil volume of 100 cm3. Bulk density is the oven dry 

(105 oC) weight of soil per unit volume. It is expressed in g 

cm-3 and was calculated using the following equation:  

 

 
 

Soil pH was measured in a 1:2.5 soil-solution ratio in 1 N KCl 

(pH-KCl) and distilled water (pH-H2O). Exchangeable acidity 

(H+ and Al3+) was determined by titration with NaOH after 

extraction with 1 N KCl in a soil-solution ratio of 1:20.  

Electrical Conductivity (EC) was determined after extraction 

with distilled water in the ratio 1:5 with a conductivity meter 

(WTW model). Exchangeable bases were determined by the 

method of Schollenberger by percolating 2.5 g of soil with 

100 mL of 1 N ammonium acetate, after which sodium and 

potassium ions were determined by flame photometry while 

calcium and magnesium ions were estimated by complex met-

ric titration. Cation Exchange Capacity (CEC) was estimated 

by percolating 2.5 g of soil with 100 mL of 1 N ammonium 

acetate and then with 1 N KCl, the collected NH4
+ ions were 

then determined by distillation and titration with a 0.01 N 

sulphuric acid. Total nitrogen was estimated by exploiting the 

Kjeldahl’s distillation method while Soil Organic Carbon 

(SOC) was estimated by oxidation with potassium dichromate 

and titration with iron (II) sulphate. Particle size distribution 

was determined by the hydrometer method. Available phos-

phorus was determined by Bray II method. The levels of 

heavy metals were determined using Atomic Absorption 

Spectrometry (AAS) analysis. Available elemental concentra-

tions were determined using Melich 3 extraction solution 

while total elemental concentrations were done using aqua 

regia (a mixture of conc. HNO3 and HCl in the volume ratio 

of 1:3) extraction solution. 

Figure 1. Map of study area: A = Map of Cameroon showing North West and Mezam Division, B = Map of Mezam Division showing Awing, C = Map of 
Awing showing sampling sites. 
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RESULTS AND DISCUSSION 

Results of physico-chemical analyses for Achialum (AC), 

Meupi (ME), Nepele (NE) and Ala’amiti (AL) samples are 

presented in Table 1. Results showed that the soils had low 

bulk density values ranging from 0.76 to 0.89 g cm-3 with 

mean values of 0.77, 0.88, 0.77 and 0.85 g cm-3 for Achialum, 

Meupi, Nepele and Ala’amiti sites respectively. The low bulk 

density values for the soils could be the result of a combina-

tion of the amorphous volcanic material and organic matter, 

which results in light fluffy soils that are easily tilled, and 

have a low water-holding capacity (Yerima and Van Ranst, 

2005). Tematio et al. (2004) and Njoyim et al. (2016b) had 

similar values of bulk density (0.53 to 0.90 g cm-3) on the 

soils of mount Bambouto. All the four sites were slightly to 

very acidic with pH values ranging from 4.10- 6.0 with mean  

values of 5.66, 4.32, 5.52 and 5.46 for Achialum, Meupi,  

Nepele and Ala’amiti sites respectively. When the soil is acid-

ic, the availability of nitrogen, phosphorus, and potassium is  

reduced (Silva and Uchida, 2002). This is probably because at 

low pH values, oxides and hydroxides of iron and aluminium 

become soluble and tends to fix these nutrients (Njoyim et al., 

2016b). Soil pH can be increased by liming (the application of 

calcium carbonate or calcium hydroxide). Liming has often 

been shown to enhance the mineralization of organic matter, 

thereby releasing inorganic plant nutrients such as N, S and P 

to soil solution. Unless these nutrients are actively taken up 

plants they are liable for leaching losses (Bolan et al., 2003). 

The addition of lime to a soil neutralizes its active acidity 

through chemical reactions that remove hydrogen ions from 

the soil solution. Though, there are also acidic cations (H+ and 

Al3+) adsorbed on the soil colloids which can be discharged 

into the soil solution to exchange those neutralized by the 

lime. These values (exchangeable acidity) ranged from 0.19-

3.51 meq 100g-1 with mean values of 0.14, 2.17, 0.74 and 0.17 

meq 100g-1 for Achialum, Meupi, Nepele and Ala’amiti sites 

respectively. Thus, to effectively raise the pH of the soils 

studied, both active and exchangeable acidity must be neutral-

ized. Exchangeable acidity, which is reported in units of meq 

100g-1 soil, is directly related to the quantity of lime required 

to increase the pH of a soil from its current level to the target 

level determined by the selected crop (Spargo et al., 2013; 

Njoyim et al., 2016b). From the values of soil pH and ex-

changeable acidity, soils of Meupi were the most acidic and 

had the highest exchangeable acidity. Thus, the order of lime 

requirement for the soils is Meupi > Nepele > Ala’amiti > 

Achialum. The electrical conductivities of the soils were gen-

erally low and the values ranged from 0.02 – 0.11 mS cm-1 

with mean values of 0.03, 0.06, 0.08 and 0.06 mS cm-1 for 

Achialum, Meupi, Nepele and Ala’amiti sites, respectively. 

The EC value reflects the amount of soluble salts in an extract 

and therefore provides an indication of soil salinity. Low val-

ues of electrical conductivities obtained showed that the soils 

are suitable for crop production. Horneck et al. (2011) report-

ed that soil with EC values less than 1 mS cm-1 are suitable 

for crop production. The organic matter content was found to 

be average with values ranging from 2.10 – 14.99% and with 

mean values of 11.69, 6.84, 4.44 and 8.40% for Achialum, 

Meupi, Nepele and Ala’amiti sites respectively. The total  

nitrogen content was very low in all the soils (N<1%). The C/

N ratio for most of the soils was high with values ranging 

from 2.59-64.76, with mean values of 33.41, 34.31, 17.56 and 

27.88 for Achialum, Meupi, Nepele and Ala’amiti sites  

respectively. High C/N ratios indicated that the organic matter 

content was poorly mineralised (immobilization was highly 

favoured). High soil C/N ratio could slow down the decompo-

sition rate of OM and organic N by limiting the soil microbial 

activity’s ability with lower mobilization of N. Low soil C/N 

ratio on contrary, could accelerate the process of microbial 

decomposition of OM and N (Tsozue et al., 2016). Njoyim et 

al. (2016a, b) reported similar results for C/N ratio on the soils 

of Foumbot and mount Bambouto in the West region of Cam-

eroon. The available phosphorus in the soils was low with 

values ranging from 1.55 – 14.26 mg kg-1 and with mean  

values of 3.26, 5.92, 8.67 and 4.28 mg/kg for Achialum, 

Meupi, Nepele and Ala’amiti sites respectively. Phosphorus 

soil tests are an index of P availability (low, medium, high, 

excess). The phosphorus application rate necessary to correct 

P deficiencies varies depending on soil properties and the crop 

grown. In many situations, banded phosphorus applications 

are more effective than broadcast applications, especially 

when P soil test values are low as in the soils studied (Silva 

and Uchida, 2002). Cation exchange capacity (CEC) was high 

with values ranging from 11.20-35.20 meq 100g-1, with mean 

values of 32.30, 22.27, 28.48 and 27.23 meq 100g-1 for  

Achialum, Meupi, Nepele and Ala’amiti sites respectively. 

Cation Exchange Capacity can range from below 5 meq 100g-

1 in sandy low organic matter soils to over 15 meq 100g-1 in 

finer textured soils and those high in organic matter. Low 

CEC soils are more susceptible to cation nutrient loss through 

leaching (Spargo et al., 2013). Results of low available P and 

high CEC conform to those of Tematio et al. (2004) and 

Bitondo et al. (2013) reported on the soils of mount Bambouto 

(Awing is surrounded by an extension of the volcanic chain of 

the Bambouto Mountain). The sum of the exchangeable bases 

was average with values ranging from 2.22 - 14.33 meq 100g-

1, with mean values of 9.86, 5.62, 7.81 and 8.24 meq 100g-1 

for Achialum, Meupi, Nepele and Ala’amiti sites respectively. 

Base saturation which is the percentage of the soil CEC that is 

occupied by basic cations (calcium, magnesium, potassium, 

sodium) at the current soil pH value was less than 50% for all 

the soils, a fact which shows that the soils studied are acidic in 

nature (Njoyim et al., 2016b). Results of particle size analysis 

showed that the soil textural class was loam, clay loam, loam 

and sand clay loam for Achialum, Meupi, Nepele and 

Ala’amiti sites, respectively. Soil texture is important because 

it influences water and nutrient holding capacity, drainage, 

aeration, susceptibility to compaction, irrigation and planting 

practices, and erodability. For example, coarse-textured soils 

such as sand, loamy sand or sandy loam, have a low water 

holding capacity, drain quickly, and are low in nutrients, espe-

cially for nitrogen and potassium. Medium-textured soils 

which characterises the soils studied usually have good drain-

age and adequate water and nutrient holding capacity. Fine 

textured soils such as clay loam and clay, have a high water 

and nutrient holding capacity, but are usually poorly drained 

and are difficult to manage when wet. These soils must often 

be tiled to improve crop productivity (Schroeder et al., 2007). 

Results of total and available (Melich 3 exchangeable) heavy 

metal analyses for Achialum (AC), Meupi (ME), Nepele (NE) 

and Ala’amiti (AL) samples are presented in Tables 2 and 3, 

respectively. These results are discussed with respect to stand-

ards set by FAO/WHO (2011). 

Zinc (Zn): The mean total concentration of zinc in the soil 

samples were 26.85, 25.10, 23.25 and 30.68 mg kg-1 soil, 

while the mean available concentrations were 0.75, 2.73, 0.24, 

and 1.01 mg kg-1 soil for Achialum, Meupi, Nepele and 

Ala’amiti sites respectively. In almost all the soil samples, the 

concentration of zinc was recorded below the permissible  
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limit set by FAO/WHO (2.0 mg kg-1). Zinc is one of the  

important trace elements that play a vital role in the physio-

logical and metabolic process of many organisms. Neverthe-

less, higher concentrations of zinc can be toxic to the organ-

ism. It plays an important role in protein synthesis and is a 

metal which shows fairly low concentration in surface water 

due to its restricted mobility from the place of rock weather-

ing or from the natural sources (Ruqia et al., 2015).  

Copper (Cu): The mean total concentration of copper in the 

soil samples were 19.00, 13.39, 23.23 and 11.51 mg kg-1 soil, 

while the mean available concentrations were 1.13, 5.13, 1.38, 

and 0.64 mg kg-1 soil for Achialum, Meupi, Nepele and 

Ala’amiti sites respectively. The concentration of copper in all 

the soil samples was above the maximum permissible limit set 

by FAO/WHO (0.20 mg kg-1). Copper accumulates in liver 

and brain and its toxicity is a fundamental cause of Wilson’s 

disease. Copper particulates are released into the atmosphere 

by windblown dust; volcanic eruptions; and anthropogenic 

sources, primarily copper smelters and ore processing  

facilities (Ruqia et al., 2015). 

Manganese (Mn): The mean total concentration of manga-

nese in the soil samples were 1787.48, 384.35, 1599.97 and 

1813.48 mg kg-1 soil, while the mean available concentrations 

were 34.24, 13.79, 34.51, and 30.07 mg kg-1 soil for  

Achialum, Meupi, Nepele and Ala’amiti sites respectively. 

The concentration of Mn in all the soil samples was above the 

maximum permissible limit set by FAO/WHO (0.20 mg kg-1). 

These very high concentrations of total and available Mn 

could be from the soil parent materials (basalt, trachytes and 

rhyolite) which are natural sources of Mn in the soil. Since the 

soils were very acidic, Mn solubility was highly favoured 

leading to high available concentrations. 

Iron (Fe): The mean total concentration of iron in the soil 

samples were 86980.28, 76999.62, 185950.16 and 115673.59 

mg kg-1 soil, while the mean available concentrations were 

45.00, 92.27, 29.42, and 61.99 mg kg-1 soil for Achialum, 

Meupi, Nepele and Ala’amiti sites respectively. The concen-

tration of Fe in all the soil samples was above the maximum 

permissible limit set by FAO/WHO (5.0 mg kg-1). Very high 

concentrations of total and available Fe could be from the soil 

parent materials (basalt, trachytes and rhyolite) which are  

natural sources of Fe in the soil. Strong Fe concretions were 

also very visible in all the soil profiles. Also, since the soils 

were very acidic, Fe solubility was highly favoured leading to 

high available concentrations. Excess amount of iron (more 

than 10 mg kg-1) causes rapid increase in pulse rate and  

coagulation of blood in blood vessels, hypertension and 

drowsiness (Ruqia et al., 2015).  

Lead (Pb): The mean total concentration of lead in the soil 

samples were 20.36, 16.86, 13.46 and 16.99 mg kg-1 soil, 

while the mean available concentrations were 0.00, 0.80, 0.00, 

and 0.00 mg kg-1 soil for Achialum, Meupi, Nepele and 

Ala’amiti sites respectively. In almost all the collected soil 

samples, concentration of lead was recorded below the per-

missible limit set by FAO/WHO (0.35 mg kg-1). There has 

been a lot of attention paid to lead levels in soil because it is 

well-known to cause adverse health effects, and is relatively 

widespread as a result of its historical use in many commer-

cial products, from gasoline to paint. It accumulates with age 

in bones aorta, and kidney, liver and spleen. It can enter the 

human body through uptake of food (65%), water (20%) and 

air (15%) (Ruqia et al., 2015). 

Nickel (Ni): The mean total concentration of nickel in the soil 
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samples were 79.06, 22.73, 78.59 and 75.11 mg kg-1 soil, 

while the mean available concentrations were 4.54, 2.04, 0.24, 

and 4.50 mg kg-1 soil for Achialum, Meupi, Nepele and 

Ala’amiti sites respectively. The concentration of Ni in almost 

all soil samples was above the maximum permissible limit set 

by FAO/WHO (0.20 mg kg-1).  Nickel has been considered to 

be an essential trace element for human and animal health 

(Ruqia et al., 2015).  

Chromium (Cr): The mean total concentration of chromium 

in the soil samples were 102.00, 32.00, 138.80 and 102.20 mg 

kg-1 soil, while the mean available concentrations were 1.39, 

0.71, 0.68, and 0.71 mg kg-1 soil for Achialum, Meupi, Nepele 

and Ala’amiti sites respectively. In all the collected soil  

samples concentration of chromium was recorded above the 

permissible limit set by FAO/WHO (0.50 mg kg-1). In a small 

amount, chromium stimulates the growth of agricultural 

crops; an excess of it however promotes various diseases. A 

wide distribution of Cr in the environment is unfavourable for 

humans and animals. Chromium toxicity depends on its  

oxidation status. Cr occurs in two states in soils. The oxyanion 

chromate CrO4
2-, is highly mobile and more toxic in soils and 

groundwater. On the contrary, the reduced ion Cr(III) forms 

either a weakly soluble hydroxide or stable complexes with 

soil minerals (Vodyanitskii, 2016). 

Cadmium (Cd): The mean total concentration of cadmium in 

the soil samples were 5.31, 3.96, 7.92 and 5.32 mg kg-1 soil, 

while the mean available concentrations were 0.47, 0.30, 0.45, 

and 0.47 mg kg-1 soil for Achialum, Meupi, Nepele and 

Ala’amiti sites respectively. In all the collected soil samples 

concentration of cadmium was recorded above the maximum 

permissible limit set by FAO/WHO (0.05 mg kg-1). High Cd 

values may have resulted from repeated use of fertilizers 

which are sources of Cd in the soil. 

Arsenic (As): The concentration of arsenic in all the samples 

was not detectable. Gross content of heavy metals in a soil 

includes inert (usually silicate) form of heavy metals, which 

has no toxic effect on plants and soil biota (Vodyanitskii, 

2016). That is why mobile content, easily soluble (potentially 

toxic) compounds of heavy metals are the reference concen-

trations used in this discussion. Vodyanitskii (2016) reported 

high variation by year of mobile forms of heavy metals in 

soils: from 45% (Mn), up 188% (Cd). Variation depends on 

weather conditions and, above all, rainfall and soil moisture. 

At the same venue, there are significant differences in the  

concentration of mobile forms of heavy metals in a year. Such 

a strong variation in the contents of mobile forms of heavy 

metals is due to the activities of soil organisms, rhythmic 

changes in chemical elements acquisitions by plants and other 

factors (Hamel et al., 2010). To use mobile forms of heavy 

metals for soil contamination assessment, it is important to 

standardize the procedure for selection of a soil sample.  

Vodyanitskii (2016) reported that it is necessary to come to an 

agreement, in what period of the year soil sampling should be 

done and that it is best to select a soil sample in the rainy  

season when soil moisture is maximal and slightly varies from 

year to year, rather than in the dry season, when humidity  

varies strongly and during the season and from year to year. 

Significant correlations (p < 0.05) were recorded between 

most soil physicochemical properties (Table 4).  pH-H2O and 

pH-KCl correlated negatively with exchangeable acidity with 

correlation coefficient values (r) of -0.959 and -0.976, respec-

tively. This results shows that an increase in soil pH helps 

reduces acidic cations (H+ and Al3+) on the soil colloid, there 

by favouring the availability of plant nutrients. Organic matter 
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Table 1. Physico-chemical characteristics of soil at different sites.  

Site 
Sample 

no. 

ρ  

(g cm-3) 

pH-

H2O 

pH-

KCl 
ΔpH 

EA  

(meq 100g-1) 

EC 

(mS cm-1) 

%

OC 

%

OM 
%N C/N 

Avail P  

(mg kg-1) 

AC 1 0.77 6.00 4.90 -1.10 0.00 0.04 6.09 10.49 0.17 35.87 5.13 

 2 0.78 5.80 4.60 -1.20 0.00 0.03 8.70 14.99 0.25 34.41 2.38 

 3 0.76 5.70 4.60 -1.10 0.00 0.02 5.22 8.99 0.20 26.09 4.47 

 4 0.77 5.20 4.40 -0.80 0.71 0.03 8.70 14.99 0.19 45.84 1.88 

 5 0.78 5.60 4.60 -1.00 0.00 0.04 5.22 8.99 0.21 24.84 2.42 

                Mean values 0.77 5.66 4.62 -1.04 0.14 0.03 6.78 11.69 0.20 33.41 3.26 

ME 1 0.89 4.30 4.10 -0.20 0.43 0.03 9.57 16.49 0.15 64.76 14.26 

 2 0.89 4.30 4.00 -0.30 1.65 0.05 4.35 7.50 0.09 48.31 1.55 

 3 0.88 4.40 3.90 -0.50 3.51 0.09 0.87 1.50 0.13 6.50 2.93 

 4 0.85 4.10 4.0 -0.10 2.73 0.03 0.70 1.20 0.11 6.32 2.60 

 5 0.87 4.50 3.90 -0.60 2.54 0.08 4.35 7.50 0.10 45.67 8.26 

                Mean values 0.88 4.32 3.98 -0.34 2.17 0.06 3.97 6.84 0.12 34.31 5.92 

NE 1 0.76 5.70 4.80 -0.90 0.00 0.05 1.22 2.10 0.49 2.50 2.87 

 2 0.78 5.30 4.17 -1.13 3.01 0.06 4.00 6.90 0.18 21.83 9.54 

 3 0.76 5.50 4.70 -0.80 0.00 0.11 2.61 4.50 0.11 23.72 9.15 

 4 0.77 5.70 4.50 -1.20 0.71 0.11 2.43 4.20 0.12 21.13 12.77 

 5 0.76 5.40 4.70 -0.70 0.19 0.05 2.61 4.50 0.14 18.63 8.99 

               Mean values 0.77 5.52 4.57 -0.95 0.74 0.08 2.57 4.44 0.21 17.56 8.67 

AL 1 0.83 5.20 4.50 -0.70 0.69 0.03 3.48 6.00 0.23 15.15 6.43 

 2 0.86 5.30 4.40 -0.90 0.86 0.05 5.22 8.99 0.16 32.61 5.38 

 3 0.88 5.60 4.90 -0.70 0.00 0.10 6.09 10.49 0.18 34.64 2.21 

 4 0.82 5.50 4.60 -0.90 0.00 0.07 3.48 6.00 0.17 20.46 4.15 

 5 0.85 5.70 4.70 -1.00 0.00 0.06 6.09 10.49 0.17 36.54 3.25 

      Mean values 0.85 5.46 4.62 -0.84 0.17 0.06 4.87 8.40 0.18 27.88 4.28 

ΔpH = Net charge (pH KCl-pH H2O), EA = Exchangeable Acidity, EC = Electrical Conductivity, OC = Organic Carbon, OM = Organic Matter, N = Total  
Nitrogen, C/N = Mineralization factor, Avail. P = Available phosphorus. 

Table 1. Contd…  

Site 
Sample 

no. 

CEC 

(meq 

100g-1) 

Ca 

(meq 

100g-1) 

Mg 

(meq 

100g-1) 

Na 

(meq 

100g-1) 

K 

(meq 

100g-1) 

Sum 

(Bases) 

Base  

Saturation 

(%) 

Sand 

(%) 

Silt 

(%) 

Clay 

(%) 

Textural 

Class* 

AC 1 32.80 9.95 0.16 1.05 3.17 14.33 43.69 41 36 23 L 

 2 28.24 4.64 2.56 0.84 2.29 10.33 36.57 47 39 14 L 

 3 35.20 8.64 0.48 0.49 0.65 10.25 29.13 46 31 23 L 

 4 33.92 5.44 0.16 0.34 0.29 6.23 18.35 42 37 21 L 

 5 31.36 4.64 2.56 0.34 0.65 8.18 26.09 42 34 24 L 

         Mean values 32.30 8.66 1.18 0.61 1.41 9.86 37.28 43 35 21 L 

ME 1 16.88 5.12 1.60 0.34 0.29 7.35 43.51 22 45 33 CL 

 2 11.20 1.12 0.48 0.49 0.13 2.22 19.79 22 48 30 CL 

 3 23.44 4.96 1.12 0.49 0.46 7.03 29.98 22 42 36 CL 

 4 31.36 3.68 1.12 0.49 0.13 5.42 17.27 24 42 34 CL 

 5 28.48 3.84 1.76 0.20 0.31 6.11 21.46 24 40 36 CL 

         Mean values 22.27 3.74 1.22 0.40 0.26 5.62 26.41 22 43 33 CL 

NE 1 30.72 7.36 5.44 0.20 0.16 13.17 42.86 47 30 23 L 

 2 28.16 5.76 0.32 0.34 0.36 6.78 24.07 46 30 24 L 

 3 25.44 3.04 0.48 0.34 0.16 4.02 15.80 43 32 25 L 

 4 30.72 3.84 0.32 0.34 0.12 4.61 15.02 46 28 26 SCL 

 5 27.36 5.60 4.32 0.34 0.21 10.47 38.26 47 30 23 L 

         Mean values 28.48 5.12 2.18 0.31 0.20 7.81 27.20 46 30 24 L 

AL 1 30.40 3.52 0.48 0.20 0.16 4.37 14.36 55 19 26 SCL 

 2 24.00 4.00 4.00 0.34 0.31 8.65 36.03 60 15 25 SCL 

 3 31.36 11.84 1.12 0.20 0.21 13.37 42.65 47 28 25 SCL 

 4 23.84 3.84 0.16 0.20 0.21 4.41 18.51 42 31 27 CL 

 5 26.56 5.12 4.64 0.34 0.31 10.41 39.18 56 18 26 SCL 

         Mean values 27.23 5.66 2.08 0.25 0.24 8.24 30.15 52 22 25 SCL 

CEC = Cation Exchange Capacity, * L = Loam, CL = Clay Loam, SCL = Sand Clay Loam (According to FAO, 2006). 
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Table 2. Total heavy and trace elemental concentrations in the soil at different sites. 

Site 
Sample 

no. 

Zn 

(mg kg-1) 

Cu 

(mg kg-1) 

Mn 

(mg kg-1) 

   Fe 

(mg kg-1) 

Pb 

(mg kg-1) 

Ni 

(mg kg-1) 

Cr 

(mg kg-1) 

Cd 

(mg kg-1) 

As 

(mg kg-1) 

AC 1 24.75 16.00 1786.77 85680.99 19.98 76.43 99.00 4.34 ND 

  2 28.45 17.35 1798.25 88242.58 22.21 85.33 106.55 6.56 ND 

  3 25.86 20.33 1765.98 86574.64 20.24 78.67 100.45 5.23 ND 

  4 27.84 21.20 1809.67 87297.86 20.01 77.88 102.65 6.11 ND 

  5 27. 36 20.12 1776.75 87105.33 19.36 76.99 101.35 4.31 ND 

        Mean values 26.85 19.00 1787.48 86980.28 20.36 79.06 102.00 5.31 ND 

ME 1 25.34 14.11 398.21 77001.21 17.86 23.21 33.01 3.99 ND 

  2 26.43 13.45 358.22 77012.34 15.86 22.97 32.89 4.05 ND 

  3 24.44 12.98 386.99 76996.99 15.95 21.88 32.86 3.66 ND 

  4 25.45 14.00 380.44 76995.76 15.76 22.58 30.26 3.98 ND 

  5 23.84 12.41 397.89 77991.80 18.87 23.01 30.86 4.12 ND 

        Mean values 25.10 13.39 384.35 76999.62 16.86 22.73 32.00 3.96 ND 

NE 1 23.56 22.78 1601.45 188869.03 14.66 79.65 137.87 8.25 ND 

  2 23.87 24.11 1598.98 184978.64 12.98 80.01 140.05 7.98 ND 

  3 22.99 23.66 1587.57 185689.87 13.91 78.98 139.33 8.00 ND 

  4 23.65 23.32 1600.76 186856.09 13.33 77.50 136.99 6.98 ND 

  5 22.18 22.26 1611.09 183357.17 12.42 76.81 139.76 8.39 ND 

        Mean values 23.25 23.23 1599.97 185950.16 13.46 78.59 138.80 7.92 ND 

AL 1 31.45 11.58 1814.56 115687.65 16.89 76.10 102.55 5.45 ND 

  2 29.67 12.89 1812.98 115654.87 17.75 76.34 100.65 5.89 ND 

  3 29.76 11.97 1813.67 115700.01 15.98 75.32 99.98 4.90 ND 

  4 30.98 11.01 1814.00 115598.34 16.55 74.10 101.23 5.00 ND 

  5 31.54 10.10 1812.19 115727.08 17.78 73.69 106.59 5.36 ND 

        Mean values 30.68 11.51 1813.48 115673.59 16.99 75.11 102.2 5.32 ND  

ND = Not detected 

Table 3. Available (Melich 3 exchangeable) heavy and trace elemental concentrations in the soil at different sites. 

Site 
Sample  

no.  

Zn 

(mg kg-1) 

Cu 

(mg kg-1) 

Mn 

(mg kg-1) 

Fe 

(mg kg-1) 

Pb 

(mg kg-1) 

Ni 

(mg kg-1) 

Cr 

(mg kg-1) 

Cd 

(mg kg-1) 

As 

(mg kg-1) 

AC 1 0.75 1.14 32.55 44.49 0.00 5.83 1.35 0.45 ND 

  2 0.65 1.13 35.25 46.38 0.00 4.33 1.55 0.50 ND 

  3 0.86 1.11 33.98 43.94 0.00 4.67 1.45 0.46 ND 

  4 0.84 1.15 34.67 44.86 0.00 3.88 1.25 0.49 ND 

  5 0. 65 1.12 34.75 45.33 0.00 3.99 1.35 0.45 ND 

             Mean values 0.75 1.13 34.24 45.00 0.00 4.54 1.39 0.47 ND 

ME 1 3.00 4.81 15.41 92.46 0.60 2.19 0.88 0.40 ND 

  2 2.92 5.45 13.22 92.34 0.82 1.97 0.69 0.32 ND 

  3 2.44 4.98 12.99 91.99 0.95 1.98 0.86 0.27 ND 

  4 2.45 5.00 13.44 92.76 0.76 2.05 0.26 0.29 ND 

  5 2.84 5.41 13.89 91.80 0.87 2.01 0.86 0.22 ND 

          Mean values 2.73 5.13 13.79 92.27 0.80 2.04 0.71 0.30 ND 

NE 1 0.21 1.55 36.51 28.48 0.00 0.09 0.76 0.43 ND 

  2 0.17 1.11 33.98 29.64 0.00 0.12 0.56 0.44 ND 

  3 0.29 1.66 34.57 29.87 0.00 0.28 0.33 0.51 ND 

  4 0.35 1.32 33.76 30.09 0.00 0.50 0.99 0.48 ND 

  5 0.18 1.26 34.09 29.17 0.00 0.21 0.76 0.39 ND 

         Mean Values 0.24 1.38 34.51 29.42 0.00 0.24 0.68 0.45 ND 

AL 1 0.76 0.80 28.59 62.65 0.00 4.05 0.55 0.20 ND 

  2 1.03 0.49 29.98 61.87 0.00 4.34 0.65 0.79 ND 

  3 1.06 0.57 29.67 63.01 0.00 4.32 0.98 0.60 ND 

  4 1.18 0.69 30.00 60.34 0.00 5.10 0.78 0.40 ND 

  5 1.02 0.65 31.11 62.08 0.00 4.69 0.59 0.36 ND 

         Mean values 1.01 0.64 30.07 61.99 0.00 4.50 0.71 0.47 ND 

ND = Not detected 
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Table 4. Pearson correlation coefficient matrix between physico-chemical properties of the soils. 

  BD pH-H2O pH-KCl EA EC OM N Avail. P CEC Sum Sand Silt Clay 

BD 1                         

pH-H2O -0.801 1                       

pH-KCl -0.714 0.990** 1                     

EA 0.620 -0.959* -0.976* 1                   

EC 0.137 -0.183 -0.141 0.317 1                 

OM -0.128 0.303 0.285 -0.468 -0.976* 1               

N -0.901 0.962* 0.931 -0.845 -0.010 0.095 1             

Avail. P -0.145 -0.161 -0.183 0.391 0.897 -0.953* 0.089 1           

CEC -0.874 0.916 0.862 -0.866 -0.483 0.536 0.879 -0.325 1         

Sum 

(Bases) 
-0.721 0.786 0.733 -0.800 -0.730 0.768 0.691 -0.581 0.951* 1       

Sand -0.529 0.918 0.963* -0.937 0.024 0.156 0.841 -0.130 0.695 0.549 1     

Silt 0.217 -0.710 -0.797 0.771 -0.243 0.037 -0.619 0.043 -0.386 -0.236 -0.931 1   

Clay 0.876 -0.971* -0.933 0.915 0.344 -0.424 -0.941 0.233 -0.984* -0.892 -0.801 0.527 1 

*, **Correlation is significant at the 0.05 level and 0.01 level (2-tailed), respectively. 

Table 5. Pearson correlation coefficient matrix for total metal concentrations in the soils. 

      Zn     Cu     Mn       Fe       Pb     Ni      Cr     Cd 

Zn 1               

Cu -0.737 1             

Mn 0.407 0.312 1           

Fe -0.394 0.660 0.420 1         

Pb 0.479 -0.328 0.127 -0.817 1       

Ni 0.238 0.474 0.984* 0.540 0.020 1     

Cr -0.051 0.661 0.859 0.807 -0.326 0.930 1   

Cd -0.414 0.804 0.562 0.960* -0.639 0.689 0.906 1 

* Correlation is significant at the 0.05 level (2-tailed). 

Table 6. Pearson correlation coefficient matrix for available metal concentrations in the soils. 

  Zn Cu Mn Fe Pb Ni Cr Cd 

Zn 1               

Cu 0.903 1             

Mn -0.983* -0.938 1           

Fe 0.973* 0.787 -0.943 1         

Pb 0.955* 0.989* -0.978* 0.869 1       

Ni 0.028 -0.358 0.139 0.186 -0.253 1     

Cr -0.238 -0.288 0.390 -0.269 -0.313 0.571 1   

Cd -0.919 -0.993** 0.963* -0.822 -0.993** 0.361 0.389 1 

*, **Correlation is significant at the 0.05 level and 0.01 level (2-tailed), respectively. 
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was shown to correlate negatively with electrical conductivity 

(r = -0.967) and available phosphorus (r = -0.953) suggesting 

that soils high in organic matter tend to favour the immobili-

zation of plant nutrients. Total nitrogen and pH-H2O were 

shown to correlate positively with one another (r = 0.962), 

suggesting that when soil pH is increased, it increases the  

mobilization of soil nitrogen, thus rendering it available for 

plant uptake. Cation exchange capacity correlated positively (r 

= 0.951) with the sum of exchangeable bases. Clay was shown 

to correlate negatively with pH-H2O (r = -0.971) and CEC (r = 

-0.984). Correlation results showed that relationships existing 

among soil physicochemical properties interfered with nutri-

ent availability. This conforms to the findings of Tsozue et al. 

(2016) who showed that plant nutrient availability depends on 

relationships existing among soil physicochemical properties. 

All metals analysed showed a significantly strong positive and 

negative correlations with one another (p < 0.05) (Table 5 and 

6). The positive correlation between these metals showed that 

there was an interaction among these metals in the study area, 

and on the other hand, they might have similar origins. A 

strong correlation between two variables or metals may be an 

occurrence of strong dependence of both variables on the 

same causal factor probably due to their common derivation 

from the stores in the basement complex (Osobamiro and 

Adewuyi, 2015). 

Pollution in soil has adverse effect on plant growth (Syed et 

al., 2012). Pollution in the soils studied could be associated 

with indiscriminate use of fertilizers, pesticides, insecticides 

and herbicides, dumping of large quantities of solid waste, 

deforestation and soil erosion.  For instance, As, Pb and Cd 

present in traces in rock phosphate mineral get transferred to 

super phosphate fertilizers. Since the metals are not degrada-

ble, their accumulation in the soil above their toxic levels due 

to excessive use of phosphate fertilizers becomes an inde-

structible poison for crops. Pesticides not only bring toxic 

effect on human and animals but also decrease the fertility of 

the soil. Effects of soil pollution include reduced soil fertility, 

reduced nitrogen fixation, increased erodibility, larger loss of 

soil and nutrients, reduced crop yield, runs off into rivers that 

kills fish, may create toxic dusts, may poison children playing 

in the area and imbalance in soil fauna and flora (Tóth et al., 

2016).  

Liming influences the transformation and uptake of nutrients 

and heavy metals by plants through its direct effect on the 

neutralization of soil acidity and its indirect effect on the 

physical, chemical and biological characteristics of soils. Lim-

ing is increasingly being accepted as an important manage-

ment tool in reducing the toxicity of heavy metals in soils. In 

addition to the traditional agricultural lime, a large number of 

studies have examined the potential value of other liming ma-

terials as immobilizing agents in reducing the bioavailability 

of a range of heavy metals in soils. In this regard Cd contami-

nation of agricultural soils is of particular concern because 

this metal reaches the food chain through regular use of Cd 

containing fertilizer materials, such as single superphosphates. 

Also it remains mobile even at about neutral pH (Bolan et al., 

2003). Liming has been shown to reduce the amount of P  

fertilizer required to boost yield in some soils. This reduction 

in P requirements results directly from an increased solubiliza-

tion of soil P and its subsequent uptake and/or indirectly from 

an increase in P uptake due to reduced Al and Mn toxicity 

(Bolan et al., 2003; Hamel et al., 2010).  Several reasons have 

been attributed to the lime-induced immobilization of heavy 

metals as elucidated by Bolan et al. (2003): increases in  

negative charge (CEC) in variable charge soils; formation of 

strongly-bound hydroxy metal species; precipitation of metals 

as hydroxides; and sequestration due to enhanced microbial 

activity. However, in soils with low cation exchange capacity, 

liming may increase the plant availability of heavy metals due 

to the exchange of lime borne Ca with the heavy metal ions 

and subsequent increase in their concentration in soil solution. 

The net effect of liming on heavy metal transformation in 

these soils largely depends on the extent of pH change and Ca 

release from the liming material. Lime-induced mobilization 

of nutrient ions and immobilization of heavy metals are  

important in sustainable agricultural production and soil  

environmental protection in the soil studied.  

Conclusions 

The main objective of this research work was to assess the 

quality of agricultural soils of Awing- North West Cameroon 

by elucidating some physicochemical parameters and toxic 

heavy metals in the soils. A total of 20 soil samples were col-

lected and analyzed for physicochemical and heavy metals 

(Zn, Cu, Mn, Fe, Cr, Ni, Cd, Pb, and As) parameters using 

standard procedures. The results showed that all the soil sam-

ples had low bulk densities, low pH values ranging from 4.10 

– 6.0, low electrical conductivities, average organic matter, 

low total nitrogen, high C/N ratios, low available phosphorus, 

high CEC values, average sum of exchangeable bases and 

particle size analysis showed that the soil textural class was 

loam, clay loam, loam and sand clay loam for Achialum, 

Meupi, Nepele and Ala’amiti sites respectively. Results of 

heavy metal analysis showed that the soils were contaminated 

to different levels by the different heavy metals. Natural ori-

gins, fertilizer application and domestic waste were identified 

as the major sources of heavy metals in the soils.  Although 

heavy metals remain in soil for a very long time, there are 

some steps that can be taken to reduce the level of risk they 

pose. For some heavy metals, such as lead, there is little evi-

dence that it is accumulated within crops; the main health 

hazard is through soil ingestion and inhalation. In general we 

would need less fertilizer and fewer pesticides if we could all 

adopt the three R's: Reduce, Reuse, and Recycle. Reduce 

chemical fertilizer and pesticide use by applying bio-

fertilizers and manures as substitutes. Biological methods of 

pest control can also reduce the use of pesticides and thereby 

minimize soil pollution and increasing food safety. Reusing of 

materials such as glass containers, plastic bags, paper, and 

cloth at domestic levels rather than being disposed, reducing 

solid waste pollution. Recycling and recovery of materials is a 

reasonable solution for reducing soil pollution. This decreases 

the volume of refuse and helps in the conservation of natural 

soil resources. To reduce health risks in soils with elevated 

heavy metal content, food crops should be thoroughly washed 

to remove as much soil as possible. Outer leaves of leafy 

greens should be removed and root crops should be peeled to 

further reduce risk. Future research should aim to focus on the 

development of methods to quantify lime-enhanced mobiliza-

tion of nutrient ions and lime-induced immobilization of 

heavy metals in these soils under field conditions and to  

explore further the role of liming in remediating contaminated 

soils.  
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INTRODUCTION 

Evaluation of length-weight relationship (LWR) remains a 

veritable aspect of fish biology. LWR used in combination 

with fish condition factor has become very useful in aquacul-

ture. According to Silva et al. (2015), mathematical models of 

fish growth give an objective and practical method for de-

scribing patterns of growth data and estimating fish weight at 

times between sampling intervals. Accurate estimations of 

standing biomass, and therefore, of the amount of feed that 

must be provided, are vital to aquaculture management. Pauly 

(1993) reported that length-weight relationships can be used 

to predict weight from length measurements made in yield 

assessments while Lizama et al. (2002) stated that knowledge 

of quantitative aspects such as length-weight relationship, 

condition factor, growth, recruitment, and mortality of fishes 

are important tools for understanding fish biology The condi-

tion of a fish has been said to reflect recent physical and bio-

logical circumstances, due to strong influence by both biotic 

and abiotic  environmental variables, and changes by interac-

tion among feeding habits, parasitic burden and fish physio-

logical conditions (Le Cren, 1951; Olurin and Aderibigbe, 

2006). The condition factor in fish also serves as a measure of 

the physiological state of fishes in relation to their welfare (Le 

Cren, 1951; Ighwela et al. (2011) and provides information 

when comparing two populations living in certain feeding 

density, climate and other conditions (Weatherly and Gills, 

1987).) But, fish might show different growth patterns 

(isometric and allometric) due to water quality, nutrition, habi-

tat, density, sex and time of life stages (Ali et al., 2000). Thus 

length-weight relationship and condition factor are important 

parameters for assessing the health condition (Nehemia et al., 

2012; Mortuza and Al-Misned, 2013) and also important for 

understanding the life cycle of fish species and contributes to 

adequate management of these species and, therefore, to the 

maintenance of equilibrium in the ecosystem (Lizama et al., 

2002). Fish with negative allometric growth, are associated 

with poor condition, which suggests that the fish becomes 

more slender as it increases in weight while fishes with appro-

priate condition factor have isometric growth, which implies 

that the fish becomes relatively deeper-bodied as it increases 

in length (Migiro et al., 2014). The condition factor of fish can 

also be affected by a number of factors such as stress, sex, 

season, availability of feeds, and other water quality parame-

ters (Khallaf et al., 2003). Hence the condition of a particular 
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ABSTRACT 

The aim of this study was to assess the length-weight relationship (LWR) and condition factor (K) of 

Mugil cephalus and Oreochromis niloticus obtained from a tidal creek in the Niger Delta Nigeria. Six 

samples of each species were randomly collected monthly (January - December 2015) from fisher 

men making a total of 144 samples. Samples were immediately taken to the laboratory in ice pack 

coolers for analysis. The b-values ranged from 0.913-3.172 and 1.624-3.484 while K-values ranged 

from 0.79-1.07 and 1.01-1.08 for M. cephalus and O. niloticus respectively. The results indicated 

positive and negative allometric growth patterns (b>3 & b<3) for the two fish species, a departure 

from the cub law, but M. cephalus exhibited isometric growth pattern (b=3.003) during just one 

month of the study period, a compliance with the cube law. Growth coefficient also had obvious inter 

and intra specific variation while condition factor did not but indicated wellbeing of fish samples 

examined. The weight of both fish showed significant difference (P<0.01/ P<0.05) with respect to 

time while R2 values indicated strong linear relationship between length and weight. The study  

concluded that allometric growth pattern observed for the two fish species had both inter and intra 

specific variation along temporal lines. However, inter and intra specific condition of fish examined 

was relatively stable across study period suggesting the two different species could have responded to 

ecological and environmental variables similarly. 

©2017 Agriculture and Environmental Science Academy 
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fish is strongly related to the length and weight of the fish  

vis-à-vis prevailing environmental factors. Condition factor 

compares both inter- and intra- specific “condition”, “fatness” 

or wellbeing of fish from the same or contrasting habitats and 

a useful index for monitoring of feeding intensity, age and 

growth rates in fish (Oni et al., 1983), which can then be used 

to assess the quality of the aquatic habitat of the fish. Tilapia 

(Oreochromis niloticus) and mullets (Mugil cephalus) are fish 

of very high economic and commercial value within the Niger 

Delta and beyond. Such fish are good source of proteins and 

vitamins and attracts high exploitation due to demand. The 

aim of this study was to examine the length weight relation-

ship and condition factor of two fish (Oreochromis niloticus 

and Mugil cephalus) obtained from the same estuarine creek 

(Azuabie) in the Niger Delta and compare intra and inter  

specific condition of the fish samples. 

MATERIALS AND METHODS 

Study area: The study area is an estuarine creek (Azuabie 

creek) in the upper reaches of the Bonny estuary in the Niger 

Delta, Nigeria (Figure 1). The creek has rich fishery resource 

and is habitat to Tilapia and Mullets, however, impact of  

human activities is becoming a serious threat the fishery  

resources of the area. The study area is located on the eastern 

flank of Port Harcourt city and catches from this area greatly 

compliments protein demands of city dwellers. 

Collection of fish samples: Fresh samples were collected 

directly from the fishermen on a monthly basis for twelve 

months (January to December 2015). Six samples were  

collected for each species of fish per month making a total of 

144 samples during the study. The samples were immediately 

transported in ice pack coolers to the laboratory for analysis. 

Laboratory analysis: Excess water from fish body was  

removed using filter paper before weighing to ensure accuracy 

(Anderson and Gutreuter, 1985). Total length and weight of 

fish samples were measured to the nearest 0.1 cm and 0.1 g, 

respectively. Calibrated meter rule was used to measure fish 

length while weight of sample was determined with an  

electronic weighing balance (model- P1203). 

Length-weight relationship and condition factor: The 

Length-Weight relationship was evaluated using the equation 

W= aLb (Pauly, 1983). Where W= Fish weight (g), L= Fish 

length (cm), a = intercept (rate of change of weight with 

length), b = slope (weight at unit length). Log-transforming 

the equation (log a + b log L = Log weight + b Log Length) 

was done to determine „a‟ and „b‟. If “b” = 3 then growth is 

isometric, if not the growth is allometric (>3 = positive  

allometric growth, <3 = negative allometric growth). 

The condition factor of the fish was evaluated from the mean 

weight and length of the six replicate specimens using the 

equation, K = W/ aLb 

Where by K = condition factor; W = fish weight (g); L = Fish 

total length (cm); b = the value obtained from the length-

weight equation. 

The exponent „b‟ value that is equal to 3 was not used to  

calculate the „K‟ value because Bolger and Connolly (1989) 

had stated that it is not a real representation of the length-

weight relationship for greater majority of fish species, hence 

the „b‟ value was obtained from the estimated length-weight 

relationship equation (W = a Lb) as suggested by Lima-Junior 

et al. (2002). The length-weight relationship and condition 

factor were calculated irrespective of fish sexes and size. 

Statistical analysis: Analysis of variance (ANOVA) using 

M. Moslen and C.A. Miebaka /Arch. Agr. Environ. Sci., 2(4): 287-292 (2017) 

General linear model was applied to Log (x+1) transformed 

length and weight data to detect temporal significant  

differences. Tukey test was used for mean separation while t-

Test was used to determine significant difference between 

coefficient of growth as well as condition factor between the 

two fish species examined. Ms Excel and Minitab 16 were the 

software packages used. 

RESULTS AND DISCUSSION 

The regression of weight on length of fish samples examined 

on a temporal basis is given in Figures 2 and 3 for Mugil 

cephalus and Oreochromis niloticus, respectively. Temporal 

trends of b and K-values for both fish is also shown in Fig. 4 

while the ANOVA extract with F and P-values is given on 

Table 1. The growth coefficient (b-value) for M. cephalus 

ranged from 0.913 in September to 3.172 in July showing 

isometric, positive and negative allometric growth patterns. 

The b-value for O. niloticus ranged from 1.624 in August to 

3.484 in February indicating positive and negative allometric 

growth styles. The b-values for both fish showed temporal 

variations while the K-values of the fish showed relative  

stability across the period of study and indicated that both fish 

were in good condition. Analysis of variance (ANOVA) for 

weight values of M. cephalus was significantly different 

(P<0.01) while those of length was not (P>0.05) across the 

period of the study. Post hoc analysis using Tukey test 

showed that the significance difference in weight occurred 

thus: January > August = February = November = December 

= October = September = May = April = March > July = June. 

Similarly ANOVA for the weight values of O. niloticus 

showed significant difference (p<0.05) while those of length 

did not (P>0.05) but pair wise comparison could not detect 

where actual difference occurred for weight of O. niloticus. 

Comparison of b-values of both fish using t-Test showed no 

significant difference (P>0.05) likewise for K-values of both 

species. The LWR for the two fish species examined was line-

ar and also strongly related as indicated by the R2 values in 

the regression equation. 

There were variations in the growth patterns of both M. ceph-

alus and O. niloticus examined across the period of study. 

Both species exhibited positive and negative allometric 

growth patterns but isometric growth was only observed in M. 

cephalus during the month of June while the only positive 

growth pattern for the same species was just in the following 

month of July. This study found the two fish species not to 

fulfill the cube law (b< & >3) however, M. cephalus seemed 

to comply with the cube law (b=3.003) during the month of 

June only. During the month of June, this study found that 

Mugilids retained their body shape and specific gravity in 

view of isometric growth as suggested by Lagler (1952) and 

Figure 1. Study site where fish samples were collected (© IOSR 2017). 
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Wootton (1998) but the remaining period of the study had the 

Mugilids depart from isometric growth which according to Le 

Cren (1951) could be due to environmental factors or condition 

of the fish. The observed isometry in this study accords with 

the findings of Muchlisin et al. (2017) who also reported  

isometric growth with b-value of 3.04 for snapper (Lutjanus 

russellii). The coefficient of growth (b-values) obtained in this 

study corroborates the findings of Moslen and Uyovbukerhi 

(2017) in a study of four fish species from commercial land-

ings in Port Harcourt with the following observations;  Mugil 

sp. (2.2 - 3.2), Sardinella sp. (2.4 - 2.8), Tilapia sp (0.9 – 2.0) 

and Arius sp (1.5 – 3.1). In another study of four Mugilids 

Zubia et al. (2014) observed that Liza melinoptera and  

Valamugil speigleri showed negative allometric growth 

(b<3.0), while M. cephalus and Liza macrolepis indicated 

positive allometric growth with b-values greater than ideal 

value (b=3.0). Oribhabor et al. (2009) also reported isometric 

growth for Sarotherodon melanotheron in the Niger Delta 

which is at variance with the findings of this study. However, 

findings of this study also agrees with Khawar et al. (2015) 

who found significant relationship between length and weight 

in their studies of Mugil incilus. About 66.6% of the study 

period showed Oreochromis nilticus generally had higher 

growth coefficients (b-values) compared to M. cephalus ob-

tained from the same environment. This implied that the two 

species examined did not have exactly the same growth pat-

tern even though they were affected by similar environmental 

factors. In other words intra and inter specific growth pattern 

was observed in the two species studied due mainly to biologi-

cal factors and individual fish condition and habit. The gener-

ally high b-values obtained in this study conforms with those 

of Wootton (1998) and Abowei (2010) in their respective 

studies  and revealed that the present condition of M. cephalus  

and O. niloticus in the study area was more suitable for feed-

ing and optimum growth of fish (Zubia et al., 2014).  

Oribhabor et al. (2011) in a study of different fish species in 

the Niger Delta also reported b-values (0.97 - 5.67) and R2 

(0.22-0.99) within the range of the results observed in the cur-

rent study. The coefficient of determination R2 values  

obtained in this study also corroborate that (0.93) noticed by  

Shahabuddin, (2015) and those (0.60 - 0.98) recorded by 

Christina et al. (2016) suggesting strong length weight  

relationships. The condition factor (K) of a fish reflects physi-

cal and biological circumstances and fluctuations by interac-

tion among feeding conditions, parasitic infections and physi-

ological factors (Le Cren, 1951). Condition factor of the two 

species examined was almost the same suggesting very mini-

mal intra and inter specific condition for the two fish species. 

The reason is that irrespective of the inter and intra species 

differences both species responded almost the same way to the 

environmental and ecological factors contributing greatly to 

the minimal difference between the condition factors of the 

two fish even when they are different species. The K-values 

obtained suggested that both fish species examined were in 

good condition during the study period. The result of this 

study agrees with the findings of the following studies; Khawar 

et al. (2015 who reported negative allometric growth (b<3) and 

good condition for Muil incilus over a one year study, Moslen 

and Uyovbukerhi, (2017) who reported good condition (K= 1.0 

– 1.06) of four fish species in Port Harcourt attributed to  

favourable ecological conditions for such commercially im-

portant fish species around Port Harcourt. Dan-Kishiya, (2013) 

found k-values of 1.06 - 2.02 while Muchlisin et al. (2017)  

reported (K= 2.49 - 3.01) and Datta et al. (2013) reported that 

condition factor further indicates the changes in food reserves 

and therefore an indicator of the general fish condition.  
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Figures 2. Contd.  

Figure 2. Scatter plots and regression equations for M. cephalus during the study periods. 

Figure 3. Scatter plots and regression equations for O. niloticus during the study periods. 
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Conclusions 

This study concluded that M. cephalus and O. niloticus  

observed over a period of one year in a tidal creek in the  

Niger Delta exhibited negative and positive allometric growth 

factors with strong length weight relationship. However, only 

M. cephalus showed isometric growth for only one month. 

Inter and intra specific LWR was obvious but inter and intra 

specific condition was very minimal due to biological, ecolog-

ical and environmental factors prevailing in the study creek. 

The findings of this study also adds to the existing knowledge 

of biology of the these two species and serve as further guide 

to prospective aquaculture development in view of the high 

demand for such fish species of commercial and economic 

importance. 

Open Access: This is open access article distributed under the 

terms of the Creative Commons Attribution License, which 

permits unrestricted use, distribution, and reproduction in any 

medium, provided the original author(s) and the source are 

credited. 

REFERENCES 

Abowei, J.F.N. (2010). The condition factor, length-weight relation-

ship and abundance of Ilisha africana (Block, 1795) from  

Nkoro River Niger Delta, Nigeria. Advance Journal of Food 

Science and Technology, 2: 6-11. 

Ali, M., Salam, A. and Iqbal F. (2000). Weight-length and condition 

factor of wild Channa punctata from Multan. Punjab University 

Journal of Zoology, 15:183-189. 

Anderson, R.O. and Gutreuter, S.S. (1985). Length-weight relation-

ship and associated indices. American Fisheries Society, 283-

300. 

Bolger, T. and Connolly, P.L. (1989). The suitable of suitable indices 

for the measurement analysis of fish condition. Journal of Fish 

Biology, 34:171-182. 

Christina, A.P., Anni, J.A.M.D. and Jeyaseeli, A. (2016). Length-

weight relationship and condition factor of freshwater fish  

Tilapia mossambica. Journal of Bio Innovation, 5(5): 758-763. 

Dan-Kishiya, A.S. (2013). Length-weight relationship and condition 

factor of five fish species from a tropical water supply reservoir 

in Abuja, Nigeria. American Journal of Research Communica-

tion, 1(9): 175-187. 

Ighwela, K.A., Ahmed, A.B. and Abol-Munafi, A.B. (2011). Condi-

tion factor as an indicator of growth and feeding intensity of 

Nile Tilapia fingerlings (Oreochromis niloticus) feed on differ-

ent levels of maltose American-Eurasian. Journal of Agriculture 

and Environmental Science, 11 (4): 559-563 

Khallaf, E., Galal, M. and Athuman, M. (2003). The biology of  

Oreochromis niloticus in a polluted canal. Ecotoxicology, 

12:405-416 

Khawar, M., Kalsoom, R. Masood, Z., Hasan, Z., Iqba, F., Razzaq, 

W. and Hameed-Ur-Rehman (2015). Length-weight relation-

ship, condition and relative condition parameters of Mugilinci-

lus (Mugilidae: Mugiliformes) collected from the River Indus of 

district Sukkur, Pakistan. Biological Forum – An International 

Journal, 7(1): 793-799. 

Lagler, K.F. (1952). Fresh water fishery biology. WC Brown Compa-

ny, Dubuque, Iowa, 360. 21.  

Le Cren, E.D. (1951). The length-weight relationship and seasonal 

cycle in gonad weight and condition in the perch (Perca fluviati-

lis). Journal of Animal Ecology, 20: 201-219. 

Lima-Junior, S.E., Cardone, I.B. and Goite, R. (2002). Determination 

of a method for calculation of Allometric Condition Factor of 

fish. Acta Scientiarum, 24:397- 400 

Lizama, M. de los A.P. and Ambrósio, A.M. (2002). Condition factor 

in nine species of fish of the characidae family in the upper 

Parana River floodplain, Brazil.  Brazilian Journal of Biology, 

62(1): 113-124. 

Miebaka, M. and Uyovbukerhi, E.G. (2017). Length-weight relation-

ship and condition factor of some fish from commercial land-

ings around Port Harcourt, Nigeria. Journal of Nigeria Environ-

mental Society, 11(1): 141 – 147. 

Migiro, K.E., Ogello, EO. and Munguti, J.M. (2014). The length-

weight relationship and condition factor of Nile Tilapia 

(Oreochromis niloticus L.) Broodstock at Kegati Aquaculture 

Research Station, Kisii, Kenya. International Journal of  

Advanced Research, 2(5):777-782. 

Mortuza, M.G. and Al-Misned F. (2013). Length-weight relation-

ships, condition factor and sex-ratio of Nile tilapia,  

Oreochromis niloticus in Wadi Hanifah, Riyadh, Saudi Arabia. 

World Journal of Zoology, 1:106-109. 

Muchlisin, Z.A., Fransiska, V., Muhammadar, A.A., Fauzi, M. and 

Batubara1, A.S. (2017). Length-weight relationships and condi-

tion factors of the three dominant species of marine fishes 

caught by traditional Beach Trawl in Ulelhee Bay, Banda Aceh 

City, Indonesia. Croatian Journal of Fisheries, 75:104-112 

Nehemia, A., Maganira, J.D. and Rumisha, C. (2012). Length-weight 

relationship and condition factor of tilapia species grown in 

marine and fresh water ponds. Agriculture and Biology Journal 

of North America, 3:117-124. 

Olurin, K.B. and Aderibigbe, O.A. (2006). Length-weight relation-

ship and condition factor of pond reared juvenile Oreochromis 

niloticus. Journal of Zoology, 1:82-85. 

Oni S.K., Olayemi J.Y. and Adegboye J.D. (1983). Comparative 

physiology of three ecologically distinct freshwater fish-

es, Alestes nurse Ruppell, Synodontis schall  Broch & Schneider 

and Tilapia zillii Gervais. Journal of Fish Biology, 22: 105-109; 

DOI 10.1111/j.1095-8649.1983.tb04730.x 

Oribhabor, B.J., Mokayi, P.K. and Akinrotimi, A.O. (2009). Length-

weight relationship of Sarotherodon melanotheron (RUPPELL, 

1852) and Tilapia guinensis (GUNTHER, 1862) 

(PERCIFORMES: Cichlidae) in a Niger Delta mangrove creek, 

Nigeria. Nigerian Journal of Agriculture, Food and Environ-

ment, 5(2-4): 1-4. 

Oribhabor, B.J., Ogbeibu, A.E. and Udo, M.T (2011). The length-

weight relationships of brackish water/marine fish species as-

semblage in a Niger Delta Mangrove Creek, Nigeria. Current 

Research Journal of Biological Sciences, 3(6): 616-621. 

Pauly, D. (1993). Linear regressions in fisheries research. Journal of 

Figure 4. Temporal trends in the b-values and K-values of fish samples examined. 

Table 1. ANOVA summary with F and P-values. 

  F-values P-values 

M. cephalus     

Length 1.79 0.075 

Weight 2.72 0.007* 

O. niloticus     

Length 1.4 0.197 

Weight 1.95 0.05* 

* Significant 



292  

 

M. Moslen and C.A. Miebaka /Arch. Agr. Environ. Sci., 2(4): 287-292 (2017) 

the Fisheries Research Board of Canada, 30:409-434. 

Pauly, D. (1983). Some simple methods for the assessment of  

tropical fish stock.  FAO Fisheries Technical paper, No. 234, 

52. 

Shahabuddin, A.M., Khan, M.N.D., Saha, D., Ayna, E., Wonkwon, 

K., Murray, W.W., Yoshimatsu, T. and Araki T. (2015). Length

-weight relationship and condition factor of juvenile Nile Tilap-

ia Oreochromis niloticus (Linnaeus 1758) Fed Diets with Pyro-

pia spheroplasts in closed recirculating system. Asian Fisheries 

Science, 28:117-129 

Silva, T.S.d.C., Santos, L.D.d,  Silva,L.C.R.d., Michelato, M.,  

Furuya, V.R.B. and Furuya, W.M. (2015).  Length–weight  

relationship and prediction equations of body composition for 

growing-finishing cage-farmed Nile tilapia. Revista Brasileira 

de Zootecnia, 44(4):133-137. 

Weatherly, A.H. and Gill, H.S. (1987): The biology of fish growth, 

London, academic Press. 433-443. 

Wootton, R.J. (1998). Ecology of teleost fishes. 2nd edition.  

Chapman and Hall. Upper Saddle River, New Jersey, USA. 24.  

Zubia, M., Rehana, Y., Muhammad, S.H., Omer, M.T.,Lakht-e-Zehra 

and Adeyemi, S.O. (2014). Length-weight relationship, condi-

tion and relative condition factor of four Mugilid Species 

(Family mugildae) from the Karachi Coast of Pakistan. Journal 

of Coastal Development, 17(385): 1-6. 



   

 

INTRODUCTION 

The coal mine water (CMW) can vary greatly in the concen-

tration of contaminants present and some CMW discharges 

can be a potential water resource, where the local water  

demands for industrial, irrigation, and even drinking and  

domestic uses can be fulfilled by effective utilization (Cidu et 

al., 2007; Singh, 1994). Mining’s impacts on the natural water 

environment may be observed throughout the life cycle of a 

mine and even long after mine closure (Younger et al., 2002). 

The potential impacts of mining on the water environment are: 

(1) disruption of hydrological pathways; (2) seepage of  

contaminated leachates into aquifers; (3) disposal of CMW, 

and; (4) depression of the water table around the dewatered 

zone. Disposal of CMW is a worldwide problem, at both  

underground and opencast workings (Pulles et al., 1995). The 

quality of the CMW depends on a series of geological, hydro-

logical and mining conditions, which vary significantly from 

mine to mine (Younger et al., 2002). The discharged CMW 

varies greatly in the concentration of contaminants and in 

some cases it may even meet the drinking water specifications 

(Singh et al., 2010). Many times, the discharged CMW as such 

is not usable and may contain unacceptable levels of heavy 

metals, toxic anions, organic and biological contaminants 

(Khan et al., 2005; Gupta, 1999). The CMW resource may act 

as a potential water source in the water scare mining areas and 

by adopting a suitable water management strategy and treat-

ment process, the CMW generated during mining operations 

may be harnessed and utilized to meet the regional water  

demand for domestic, industrial and irrigation uses (Singh, 

1994; Tiwary and Dhar, 1994). The CMW may  

contain large amounts of suspended and dissolved solids, dirty 

materials and impurities associated with raw coal and they 

create serious problems of deterioration of water quality of the 

river or water bodies into which they are discharged (Ghose,  

1999). The Damodar River in Durgapur-Asansol region  

receives waste waters from steel plant, coke oven and coal 

based chemical industries besides distilleries and paper mills 

(Chakraborti, 1994). Regulations of Government of India  

severely restrict the methods of disposal of the effluent loaded 

with fine material, usually produced in the form of slurry 

(Bandopadhyay, 1995). 

India supports more than 16% of the world's population with 

only 4% of the world's fresh water resources (Singh, 2003). 

Although agriculture sector in this country has been major 
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ABSTRACT 

The present investigation was carried out to assess the environmental and biochemical impacts due to 

irrigation of coal mine water and Damodar River water on Kharif crop, maize (Zea mays L.) in a 

coalfield area of Damodar Valley, India. Coal mine water and Damodar River water samples were 

collected for the monitoring of its quality from a coalfield area of Damodar Valley. The samples were 

analyzed for various parameters and compared with prescribed standard, which revealed that the total 

suspended solids of coal mine water were higher as Damodar River water. A pot experiment with Z. 

mays was conducted to study the suitability of this coal mine water for irrigation. The plants of Z. 

mays in the pots were irrigated with coal mine water and Damodar River water in two concentrations 

(100% and 50% dilution with double distilled water) and pure double distilled water was used for 

control. There was 100% germination of Z. mays in all the treatments. The plant growth, chlorophyll 

content of Z. mays and soil quality parameters were significantly better in coal mine water and  

Damodar River water treated pots. However, the Damodar River water and coal mine water could be 

successfully used for irrigation. In general, coal mine water and Damodar River water can be used 

after mixing with good quality of water has shown better growth of Z. mays. 
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user of water, share of water allocated to irrigation is likely to 

be decreased by 10-15% in next two decades (CWC, 2000). In 

this changing scenario, reuse of domestic and industrial waste 

water in agriculture for irrigating crops appears to be a lucra-

tive option (Rattan et al., 2005; Kumar and Chopra, 2013, 

2014; Kumar, 2014). Disposal of waste water to  

agricultural sites offers an economic alternative to disposal 

into surface waters and it contributes to nutrient cycling.  

Effluent wastewater can be used for the restoration of degrad-

ed land, and for the growth of vegetation having commercial 

and environmental value (Dighton and Jones, 1991; Kumar, 

2014). The performance of few crops irrigated with waste 

waters discharged from several sources has been studied by 

earlier researchers. Foliar damages of landscape trees 

(Quercus virginiana, Chilopsis linearis, Prunus cerasifera 

and Pistacia chinensis) irrigated with reclaimed wastewater 

have been reported by Barnett et al. (1994). For utilization 

and management of available water resources in mining areas, 

a baseline water quality data and continuous monitoring of 

water quality of the mining regions is prerequisite. Though, 

some information on the aspects of CMW quality and impact 

of mining activities on water regimes are available for Jharia, 

Raniganj, West Bokaro, Singrauli, Pench and Neyveli  

coalfield areas (Mondal et al., 2013). However, till date no 

work is done on the potential of CMW for irrigation purpose 

in the study area. The objective of the present investigation is 

to characterize the CMW and to study of the effects and  

biochemical changes of CMW and Damodar River water 

(DRW) on Zea mays L. and soil health. 

MATERIALS AND METHODS 

Description of study area: The study carried out in East  

Bokaro Coalfield, located in the Bokaro district of Jharkhand 

State. This is the third coalfield from East within the chain of 

coalfields lying in the Damodar Valley. The Coalfield is one 

of the major repositories of medium-coking, metallurgical 

coal in Peninsular Gondwana Basins in India, occupying an 

area of about 237 sq. Km. The East Bokaro Coalfield lies  

between 23°45’ N to 23° 50’ N latitude and 85° 30’ E to 86° 

03’ E longitude. It spreads 65 km from East to West and 10 to 

16 km from North to South. The East Bokaro coalfield is part 

of Chhotanagpur Plateau. It is highly undulating and hilly all 

over the area. The regional slope of the area is towards east 

and controlled the alignment of the tributaries of Damodar 

Mukesh Kumar Mahato et al. /Arch. Agr. Environ. Sci., 2(4): 293-297 (2017) 

River. The northern and western part of the area is having 

hilly ranges. The coalfield is drained by three prominent  

rivers viz. the Bokaro River in the Central part, the Konar 

River in the Eastern and the Damodar River in the Southern.  

The climate of the study area is humid and sub-tropical. It is  

characterized by hot and dry summer from March to October 

and cold winter from November to February. 

Sampling and analysis of water samples: Coal mine water 

(CMW) samples were collected during November 2016 from 

different collieries (viz., Tarmi, Kalyani, Karipani,  Makoli, 

Amlo, Dhori,  and Kargali) and composite the samples and 

Damodar River Water (DRW) was collected from Phusro, 

near to the coal mining area. The sampling locations are 

shown in Figure 1. Samples were collected in two litre  

pre-washed high density polyethylene containers. At the sam-

pling sites, before collecting the samples, bottles were washed 

with the double distilled water (DDW) and then taken up  

water samples. Suspended sediments were separated from the 

water samples in the laboratory by using 0.45 µm Millipore 

membrane filters and preserved 100 ml separately by adjust-

ing the pH<2 with 6 N ultrapure nitric acid (Radojevic and 

Bashkin, 1999) for analysis of heavy metal. 

Analytical methods: Analysis of collected water samples 

was done as per Standard Methods (APHA, 2012) for water 

quality parameters. The pH and electrical conductivity was 

measured by using LABINDIA, EC and pH meter while tur-

bidity of the samples was analyzed by using turbidity meter 

(EUTECH instruments TN-100). Color was measured as the 

transmittance at 450 nm (pc Based Double Beam Spectropho-

tometer 2202). Total solids including suspended, dissolved 

and volatile solids were determined using hot air oven at 100°

C to 105°C. Dissolved oxygen (DO), bio-chemical oxygen 

demand (BOD), chemical oxygen demand (COD), chlorides, 

and alkalinity, total hardness as CaCO3, total nitrogen, sul-

phate, oil and grease were estimated by following prescribed 

standard procedures (APHA, 2012). Major anions (F-, NO3
- 

and SO4
2- were analyzed by UV Spectrophotometer and Cl-  con-

centration was estimated by titrimetric method. Major cations 

Na+ and K+ were estimated by Flame photometer.  Ca2+ and 

Mg2+ concentration were analyzed as CaCO3 by titrimetric 

method. The concentration of heavy metals in water samples 

was determined by ICP–MS (Make: Perkin Elmer, Model: 

ELAN DRCe) at CSIR- Central Institute of Mining and Fuel  

Research, Dhanbad. Reagent blank determinations were used 

to correct the instrument readings. For the accuracy of the 

analysis was checked by analyzing reference standard of  

water (NIST, 1640a). The precision obtained in most cases 

was better than 5% RSD with comparable accuracy. 

Pot experiments: The effects of irrigating the soil with CMW 

and DRW on soil quality and biochemical changes of the 

plant Z. mays L. var. Pioneer at seedling stage were studied in 

the pot experiment. Stock solutions prepared as CMW +DDW 

(1:1), CMW (100%), DRW + DDW (1:1), DRW (100%) and 

Control (DDW-100%) and were used for irrigation of Z. 

mays. These treatments were replicated thrice in a completely 

randomized design. Germination percentage, shoot length, 

root length, number of leaves and number of roots of Z. mays 

were recorded. Photosynthetic pigment of Z. mays analysis 

including total chlorophyll, chlorophyll a and b was done by 

following the method (Arnon, 1949). Soil quality parameters 

like pH, EC, organic carbon and dehydrogenase activity were 

estimated by following standard procedures (Tandon, 1995; 

Chhonkar et al., 2007). 
Figure 1. Map of the East Bokaro Coalfield showing the sampling locations. 
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RESULTS AND DISCUSSION 

Characteristics of CMW and DRW: The results in the  

Table 1 show that pH of CMW was slightly alkaline (pH 

7.98). DRW was more turbid as compared to CMW samples. 

The electrical conductivity of collected sample of CMW 578 

µS/cm while in Damodar river was observed 218 µS/cm.  

Turbidity is expressed as NTU (Nephelometric turbidity unit). 

Turbidity of Damodar water was found higher 1.9 NTU. Total 

solids (275 mg/l), TSS (180 mg/l) and TDS (405 mg/l) were 

found in CMW. Coals being friable in nature, lots of fines are 

generated during the coal handling and operation process 

which increases the TSS in CMW. Oil and grease content was 

high in CMW (0.77 mg/l) and Damodar River (0.22 mg/l). 

Total nitrogen and phosphorous were very high in Damodar 

water than CMW. DO content of DRW was higher (6.3 mg/l) 

than CMW (5.8 mg/l). BOD was less in CMW (5.9 mg/l) than 

DRW (3.3 mg/l). 

The problem of release of metals from coal into water has 

been reported in earlier studies. The metals reported in coal 

were Al, Ca, Co, Cu, Fe, Mg, Mn, Ni, Pb and Zn and the order 

of leaching rate was Mn>Ca>Mg>Zn>Pb>Fe>Ni>Cu>Co>Al 

(Vlado, 1983). In the present study, amongst the parameters 

analyzed, the maximum value was observed for Fe = 224.2 

µg/l in CMW followed by 188.4 µg/l in Damodar water. Na, 

K, Ca and Mg present in coal have also been found to dissolve 

in water (Orhan, 1994). Thus, Ca, Mg, Na and K were high in 

CMW (Table 1). Chlorine is probably both organically and 

inorganically bound to coal (Swaine, 1990). The chloride  

content was high in CMW (15.7 mg/l). Among all parameters, 

only the TSS of CMW (180 mg/l) and Damodar River (102 

mg/l) exceeds the prescribed limit (100 mg/l) for industrial 

effluents, rest all are well within the prescribed limits. 

Impact of CMW and DRW on plant and soil health:  

During the present study, cent percent germination of Z. mays 

was observed in all treatments which revealed that plant can 

establish in soils irrigated with CMW (Table 2). In line with 

germination percentage, plant shoot and root length of Z. mays 

was more in CMW than control (double distilled water). The 

enhanced growth of Z. mays was observed in present study is 

probably due to the nutrients added from CMW. In contrast to 

present study found that germination of wheat was not affect-

ed by the mine effluent (Kaushik et al., 1996), while Kumar 

(2014) reported that the concentrations (up to 50%) supported 

the seed germination of Z. mays. However, the seedling 

growth of wheat was reduced significantly by the effluent in 

aqueous medium, but not in soil. Effluent water from oil and 

detergent factories exhibited significant inhibition on shoot 

growth but root growth was significantly enhanced in  

sunflower. The number of leaves, number of roots, root and 

shoot length of Z. mays was significantly lower in 100% 

Table 1. Characteristics of CMW and DRW of east Bokaro coalfield. 

Parameters CMW DRW BIS Effluent irrigation standard (2010) 

pH 7.98 8.31 5.5–9 

Temperature (°C) 27 29.4 – 

Electrical Conductivity (µS/cm) 578 218 – 

Turbidity (NTU) 0.75 1.9 5 

Colour (T 450 nm) 90.5 89 – 

Total solids (mg/l) 275 240 – 

TSS (mg/l) 180 108 100 

TDS (mg/l) 405 152 2,100 

Alkalinity (bicarbonate) (mg/l) 132 92 – 

Total hardness (mg/l) 347.8 114 – 

F- (mg/l) 0.73 0.61 – 

Cl- (mg/l) 15.7 6.7 1,000 

NO3- (mg/l) 23.6 24.2 -- 

HCO3
- (mg/l) 140.1 82 -- 

SO4
2- (mg/l) 191 29.1 1,000 

Ca2+ (mg/l) 59.4 32.6 – 

Mg2+ (mg/l) 48.5 7.8 – 

Na+ (mg/l) 17 12.3 – 

K+ (mg/l) 6 1.62 – 

Oil and grease (mg/l) 0.77 0.22 10 

Total nitrogen (mg/l) 0.31 12.95 100 

Phosphorous (mg/l) 0.0007 0.00034 5 

DO (mg/l) 5.8 6.3 – 

BOD (mg/l) 1.3 3.1 30 

COD (mg/l) 5.9 3.3 250 

Pb (µg/l) 0.44 0.99 0.1 

Cd (µg/l) 0.12 0.08 2 

Fe (µg/l) 224.2 188.4 – 

Mn (µg/l) 1.95 1.98 – 

Cu (µg/l) 2.67 5.82 3 

Zn (µg/l) 5.06 7.69 5 

Ni (µg/l) 8.14 1.26 3 

Cr (µg/l) 3.75 2.89 2 

Co (µg/l) 0.09 0.04 – 

Values are the means of three samples; BIS-Bureau of Indian Standards; CMW-Coal mine water; DRW-Damodar river water. 
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CMW than control. CMW has significantly increased the 

plant growth parameters of Z. mays; diluting the CMW with 

good quality water is more effective than unmixed CMW. 

Total chlorophyll, chlorophyll a and b contents of Z. mays 

significantly increased in all the treatments maximum being at 

Damodar River (50% dilution) followed by CMW (Table 3). 

Similarly it was found that the effluent treatment increased the 

concentrations of various pigments of wheat (Kaushik et al., 

1996). Kumar and Chopra (2013, 2014) reported that the sugar 

mill effluent irrigation supports the seedling growth of sorghum 

and pearl millet. Higher oil content and favorable photosynthe-

sis were observed in mustard crops irrigated with waste water, 

due to better utilization of nutrients (Aziz et al., 1994). The  

nutrient content of the effluent was able to maintain good plant 

growth for most of the tested species (Claudio et al., 2004). 

In the present study, the soil quality was studied at 30 days 

after the treatment with CMW/Damodar water. It is evinced 

from Table 4 that soil pH was not affected due to irrigation 

with CMW. Conductivity was high (0.231 dS/m) in Damodar 

water with 50% treatment and the least was observed at CMW 

(0.150 dS/m). Continuous irrigation with untreated paper mill 

effluent having high EC resulted in the development of  

sodicity and soluble salts in the soil (Narwal et al., 2006). 

Similar findings were also reported by (Chonnkar et al., 2000; 

Raverkar et al., 2000). Organic carbon was high in 50% of 

CMW and low in 100% of Damodar water. Dehydrogenase 

activity in the soil environment considered to be a major  

contributor of overall soil microbial activity and soil quality 

(Masto et al., 2006), was significantly higher in CMW (12.81 

μg TPF/g/h). In general, there was no adverse effect on plant 

or soil quality by irrigating with CMW. Therefore, dilution of 

CMW enhanced the plant growth parameters, chlorophyll 

content of Z. mays and soil enzyme activity. 

Conclusions 

This study concluded that characterization of CMW and DRW 

revealed that only total suspended solids of DRW and CMW 

exceeds the prescribed Indian standards. Mine waters emanat-

ing from the coal mines could be used for irrigation. The  

absolute CMW showed adverse effect on plant chlorophyll 

content of Z. mays and soil enzyme activity while dilution of 

CMW enhanced the plant growth parameters, chlorophyll 

content of Z. mays and soil enzyme activity. The CMW and 

DRM could be successfully used for irrigation. Mixing of 

CMW with DRW may enhance the quality of water. Thus, 

this study provided the irrigation water availability in the 

study area. This may be helpful in the future for the sustaina-

ble irrigation management of the water resources in these  

mining areas.  
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INTRODUCTION 

Okra (Abelmoschus esculentus), member of the family  

Malvaceae is a vegetable valued for many of its properties 

(Ilodibia et al., 2016a). It is widely cultivated for its edible 

green fruits, which are harvested when immature (Kumar, 

2014; Ilodibia et al., 2016a). The pods of A. esculentus have a 

unique flavour and texture and release slimy mucilage on 

cooking, which can be used to thicken sauces and add smooth-

ness to soups. Its seed may be roasted and ground to form  

caffeine – free substitute for coffee (Gemede et al., 2015). 

There are many lines of okra, each with some peculiar quanti-

tative and qualitative characteristics. In the Eastern part of 

Nigeria, precisely Anambra, there are five varieties. They are; 

Green emerald, Dwarf long green, the local long pod variety, 

perkins spineless and Clemson spineless. The two varieties 

which are the focus of this study are the Clemson spineless 

and the dwarf long green. The Clemson spineless is long, nar-

row and do not possess spines; while the dwarf long green 

variety is shorter, greater in diameter and possess spines. The 

Dwarf long green variety has a darker shade of green colour 

than the Clemson spineless (Van, 2005).  .  

Good nutrition is fundamental for good health. It is the pro-

cess by which we obtain food and use it for growth, keeping 

our bodies working properly and warding off diseases. In con-

trast, lack of nutrition or poor nutrition affects the body in a 

bad way and has been identified as the most significant factor 

contributing to the declining health status of indigenous  

people. It has been linked to heart disease, kidney damage and 

diabetes (Chopra et al., 2013; Kumar and Chopra, 2013). In 

children, it can stunt growth, tiredness and lead to poor  

concentration at school. Okra may be used in developing 

countries to mitigate malnutrition and alleviate food insecurity 

(Gemede et al., 2015). It is one of the vegetables that are  

nutritious, affordable and readily available in our area, of 

which consumed sufficiently could contribute significantly to 

human health. Determination of the nutrient composition of 

the available common varieties of Abelmoschus esculentus 

(Clemson spineless and the dwarf long green) in Anambra 

State, Nigeria was the aim of this study. 
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ABSTRACT 

Nutrient analysis was carried out on the leaves and fruits of two variants of okra (Abelmoschus  

esculentus) namely: Clemson spineless and dwarf long green varieties of A. esculentus commonly 

found in Anambra State, Nigeria, to determine their nutritional data with regards to protein, carbohy-

drate, moisture, ash contents, crude fibre and crude fat contents of A. esculentus using standard  

analytical techniques. Results were analyzed using analysis of variance. The leaves and fruits of the 

two varieties of A. esculentus investigated were found to contain the examined nutrient in varying 

compositions. Carbohydrate and moisture were higher in the fruits of both varieties of A. esculentus 

(Clemson spineless and dwarf long green) when compared to the leaves (67.09±0.02 and 

11.45±0.07), respectively. Ash content, protein, crude fat and crude fibre of A. esculentus were higher 

in the leaves of both varieties when compared to the fruits (9.10±0.14, 21.55±0.21, 5.33±0.18 and 

18.68±0.04) of A. esculentus, respectively. Protein and ash of A. esculentus were higher in the leaves 

of Clemson spineless when compared to dwarf long green. Crude fat and crude fibre were higher in 

the leaves of dwarf long green when compared to Clemson spineless. This study has demonstrated 

that these varieties (Clemson spineless and dwarf long green) of A. esculentus examined are power 

house of nutrients and can contribute significantly to human health. The study revealed that the leaves 

of A. esculentus are more nutritious than fruits. It is concluded from the present study that nutritional 

trials of both varieties (Clemson spineless and dwarf long green) of okra could be an additional aid to 

the breeding improvement programme of A. esculentus.  
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MATERIALS AND METHODS 

Study area, collection and identification of plant  

materials: The experiment was carried out at the Emery  

Biotechnology Laboratory, Ahia-Eke, situated in Umuahia, 

Abia State. The two varieties of Abelmoschus esculentus 

(Clemson spineless and the dwarf long green) used in this 

work were obtained between March and April 2016 and  

authenticated at the Agricultural development project (ADP), 

Kwata, Anambra state, Nigeria.  

Materials and chemicals used for nutrient analysis: The 

following materials were used in the proximate analysis:  

Dessicator, muffle furnace, spectrometer, silica dish, Kjeldahl 

flask, funnel, Soxhlet apparatus, filter paper, thimble, electric 

oven, grinder, retort stand, test tube and test tube rack, cruci-

ble, weighing balance, petri dish. The chemicals used include: 

Tetrahydrosulphate (vi) acid, Boric acid indicator solution, 

Sodium hydroxide, Hydrochloric acid, Petroleum ether, Potas-

sium hydroxide, Acetone, Phenolphthaline indicator, Ammo-

nia, Dithezone solution, Carbon tetrachloride, Hydroquino-

line, Phenonthroline, Vanado Molybidic acid, Selenium oxide. 

Preparation of plant materials for nutrient analysis: Dried 

leaves and fruits of Clemson spineless and the dwarf long 

green of A. esculentus were ground into fine (100-mesh 

screen) powder. The ground samples were then examined for 

carbohydrate, ash content, protein content, crude fat content, 

crude fibre and moisture content of A. esculentus using the 

standard methods described by Association of Official Analyt-

ical Chemist (AOAC, 2005). 

Statistical analysis: Data obtained was statistically analyzed 

using analysis of variance (ANOVA). The Duncan’s multiple 

range tests was used to test the difference among treatments at 

0.05% level. Results were presented in Mean±Standard Error. 

RESULTS AND DISCUSSION 

In the present study, the result revealed that the investigated 

nutrients of A. esculentus were present in all the parts of the A. 

esculentus varieties examined but in varied compositions 

(Table 1). Carbohydrate and moisture of A. esculentus were 

higher in the fruits of both varieties when compared to the 

leaves. Ash content, crude fat, crude fibre and protein of A. 

esculentus were higher in the leaves of both varieties when 

compared to the fruits. The findings are in agreement with 

Kumar and Chopra (2013) who reported the higher contents 

of crude protein; crude fibre and carbohydrates in a high yield 

cultivar (IHR-31) of okra (Abelmoschus esculentus L.).  

During the present investigation, Protein and ash were higher 

in the leaves of Clemson spineless when compared to dwarf 

long green. Crude fat and crude fibre were higher in the 

leaves of dwarf long green when compared to Clemson spine-

less (Table 1). The leaves and fruits of the two varieties of A. 

esculentus investigated were found to contain the examined 

nutrient in varying compositions. Carbohydrate and moisture 

were higher in the fruits of both varieties (Clemson spineless 

and dwarf long green) of A. esculentus when compared to the 

leaves (67.09±0.02 and 11.45±0.07) of A. esculentus, respec-

tively. Ash content, protein, crude fat and crude fibre were 

higher in the leaves of both varieties when compared to the 

fruits (9.10±0.14, 21.55±0.21, 5.33±0.18 and 18.68±0.04) of 

A. esculentus, respectively. Protein and ash were higher in the 

leaves of Clemson spineless when compared to dwarf long 

green. Crude fat and crude fibre of A. esculentus were higher 

in the leaves of dwarf long green when compared to Clemson 

spineless of A. esculentus.  The high content of carbohydrate 

in the fruits of these varieties makes them a good source of 

energy. High contents of ash, fat, fibre and protein in the 

leaves of these varieties of A. esculentus make them good 

sources of these nutrients when compared to some vegetables 

like Celosia argentea, Telferia occidentalis (Ilodibia et al, 

2016b). The leaves as a vegetable may be eaten as major food 

plants as supplementary food or cooked in combination with 

meat or fish, in stew, soup and various preparations (Ilodibia 

et al, 2014). Additionally, proteins are used for building and 

repairing of body tissues. Fibre aids and speeds up the excre-

tion of waste and toxins from the body, preventing them from 

sitting in the bowel for too long, which could cause a build-

up. High fibre also makes them good forage. Ash content of a 

plant based food is the function of mineral elements present. 

Moreover, dietary ash has proved helpful in establishing and 

maintaining acid-alkaline balance of the blood system 

(Hawkins, 1979; Ilodibia et al., 2014). Fats and oils help to 

regulate blood pressure and play vital role in the synthesis and 

repair of important cell parts (Dutta, 2003). The result is in 

line with work of (Ilodibia et al, 2016b and c) who reported 

similar results among the various parts of Celosia argentea 

and Gomphrena celosioides and (Rekha and Pushpa, 1988) 

that had same on the seed of Amaranthus species. 

Conclusions  

The study has demonstrated that these varieties of A. esculentus 

examined are power house of nutrients. It revealed also that 

their leaves are more nutritious than fruits. The leaves and 

fruits of the two varieties of A. esculentus investigated were 

found to contain the examined nutrient in varying composi-

tions. Carbohydrate and moisture of A. esculentus were higher 

Table 1. Percent nutrient compositions of Clemson spineless and dwarf long green varieties of Okra (A. esculentus). 

Parameters 
Clemson spineless Dwarf long green 

Leaf Fruit Leaf Fruit 

Moisture 8.20±0.00a 9.80±0.28b 8.65±0.07a 11.45±0.07c 

Ash 9.10±0.14b 2.73±0.17b 8.65±0.07a 2.13±0.11a 

CH2O  39.45±0.12b 67.09±0.02c 39.14±0.02a 65.17±0.16a 

Crude fat 4.10±0.14a 1.20±0.00b 5.33±0.18b 2.10±0.00c 

Crude fibre 17.60±0.28a 6.40±0.00a 18.68±0.04b 7.30±0.14b 

Protein       21.55±0.21b  12.78±0.11b 19.6±0.14a 11.85±0.07a 

Results are in Mean ±SD; the same letter in a column is not significantly different by Duncan’s multiple range test at (P<0.05). 

in the fruits of both varieties (Clemson spineless and dwarf 

long green) when compared to the leaves (67.09±0.02 and 

11.45±0.07) of A. esculentus, respectively. Ash content,  

protein, crude fat and crude fibre of A. esculentus were higher 

in the leaves of both varieties when compared to the fruits 

(9.10±0.14, 21.55±0.21, 5.33±0.18 and 18.68±0.04) of A.  

esculentus, respectively. Protein and ash were higher in the 
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leaves of Clemson spineless when compared to dwarf long 

green. Crude fat and crude fibre of A. esculentus were higher 

in the leaves of dwarf long green when compared to Clemson 

spineless. Therefore, the present investigation concluded that 

the nutritional trials of both varieties (Clemson spineless and 

dwarf long green) of okra could be an additional aid to the 

breeding improvement programme of A. esculentus. 

Open Access: This is open access article distributed under the 

terms of the Creative Commons Attribution License, which 

permits unrestricted use, distribution, and reproduction in any 

medium, provided the original author(s) and the source are 

credited. 
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INTRODUCTION 

Tomato (Lycopersicon esculentum Mill.), under the family 

Solanaceae is one of the important, popular and nutritious 

vegetable crop grown in Bangladesh during rabi season 

(Mondal et al., 2011). It is cultivated in almost all home 

gardens and also in the field due to its adaptability to wide 

range of soil and climate (Ahmed, 1976; Chopra et al., 

2017). It ranks next to potato and sweet potato in the 

world vegetable production and tops the list of canned 

vegetable (Choudhury, 1979). Tomato is highly nutritious 

as it contains 94.1% water, 23 calories energy, 1.90 g pro-

tein, 1 g calcium, 7 mg magnesium, 1000 IU vitamin A, 31 

mg vitamin C, 0.09 mg thiamin, 0.03 mg riboflavin, 0.8 mg 

niacin per 100 g edible portion (Rashid, 1983) in comparison 

to its requirement (Aditya et al., 1999; Chopra et al., 2017). 

The low yield of tomato in Bangladesh, however, is not an 

indication of low yielding ability of this crop, but of the fact 

that low yielding variety, poor crop management practices 

and lack of improved technologies. Tomato is cultivated  

generally in winter season. There is considerable interest in 

extending the cultivation of tomato over a longer period. In 

the dry season with high temperature, flower abortion occurs 

and fruits drop frequently, which causes very poor yield of 

tomato (Nahir and Ullah, 2012; Chopra et al., 2017). Howev-

er, high temperature before and after the short winter season 

inhibits the flower and fruit development, use of plant growth 

regulators, viz. gibberellin and auxin has been reported to 

be very effective to overcome the problems of flower and 

fruit development in tomato (Adlakha and Velma, 1965; 

Groot et al., 1987). GA3, particularly, is known to pro-

mote fruit development in pollinated ovaries that undergoes 

dormancy due to high temperature (Johnson and Liver-

man, 1957). Fruit set in tomato can be increased by  

applying plant growth regulators to compensate the defi-

ciency of natural growth substances required for its develop-

ment (Singh and Choudhury, 1966). Therefore, it was 
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ABSTRACT 

An experiment was conducted in the Horticultural Farm of Sher-e-Bangla Agricultural University, 

Sher-e-Bangla Nagar, Dhaka-1207 during the period from October 2010 to March 2011 to find out 

the effect of GA3 and seedling age on the growth and yield of tomato. The experiment was laid out in 

randomized complete block design (RCBD) with three replications. The experiment consisted of four 

concentration of GA3 such as control G0 = no GA3, G1= 75 ppm GA3, G2 = 100 ppm GA3 and G3 =125 

ppm GA3; three different seedling ages such as S1= 20 days, S2 = 25 days and S3 = 30 days old  

seedling. All parameter varied significantly at different concentration of GA3 in different DAT. The 

combined effect of G3S3 (125 ppm GA3 with 30 days old seedling) gave the maximum yield (90.28 t 

ha-1), on the other hand combined effect of G0S1 (no GA3 with 20 days old seedling) gave the  

minimum yield (59.83t ha-1). The maximum yield (2.79 kg) plant-1was recorded from treatment  

combination of G3S3 and the minimum yield (1.20 kg) was recorded from treatment combination 

G0S1. The maximum yield (32.47 kg) plot-1 was recorded from treatment combination G3S3 and the 

minimum yield (21.52 kg) plot-1 was recorded from treatment combination G0S1. The maximum 

yield (90.28 t ha-1) was recorded from treatment combination of G3S3 and the minimum yield 

(59.83 t ha-1) was recorded from treatment combination of G0S1. Therefore, 125 ppm GA3 with 30 

days old seedling was found suitable combination for tomato production. 
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thought that it is necessary to find out the effective dose 

of growth regulators viz. GA3 in promoting the fruit set 

that will eventually lead to enhanced increasing yield of 

tomato even in higher temperature that prevails in the later 

part of the growing season under Bangladesh condi-

tion. Gibberellic acid is an important growth regulator that 

may have many uses to modify the growth, yield and yield 

contributing characters of plant (Rafeekher et al., 2002).  

The age of seedlings to be transplanted is very important for 

proper establishment in the field and production of good qual-

ity fruits as well as high yield. Tender aged or over aged  

seedlings are not suitable for better yield. Medium aged seedlings 

results in greater leaf area, high yield and number of fruits per 

plant and greater average fruit weight (Hassan, 1967). The 

optimum age of seedling is generally varied with variety and 

season. Comparatively more aged but not over aged seedlings 

perform better in the late season (Rafeekher et al., 2002;  

Mondal et al., 2011; Nahir and Ullah, 2012). Therefore, the 

present investigation was conducted to study the interaction 

effect of seedling age and different doses of GA3on growth 

and yield of tomato (Lycopersicon esculentum Mill.). 

MATERIALS AND METHODS 

The field experiment was conducted in the Horticulture farm of 

Sher-e-Bangla Agricultural University, Sher-e-Bangla Nagar, 

Dhaka -1207 during the period from October 2013 to March 

2014 to find out the effect of different doses of GA3 as 

plant growth regulator and seedling ages on the growth and 

yield of tomato. The location of the experimental site was at 

23.750 N latitude and 90.340 E longitude with an elevation of 

8.45 meter from the sea level. Soil of the study site was silty 

clay loam in texture. The area represents the Agro-Ecological 

Zone of Madhupur tract (AEZ-28) with pH 5.8-6.5, ECE 25.28 

(Haider, 1991). The tomato variety BARI Tomato-14 was used 

in the experiment. Tomato seedlings were raised in three seed-

beds situated on a relatively high land at Horticulture Farm of 

Sher-e-Bangla Agricultural University, Dhaka. The size of 

the seedbed was 3 m × l m. The seeds were sown on the seed-

bed at three different dates on 27th October, 2nd November and 

5th November, 2013 to get 30, 25 and 20 days old seedlings, 

respectively. 

The experiment consisted of two factors as four different 

concentration of GA3 (Gibberellic Acid); G0= 0 ppm 

(Only water), G1= 75 ppm, G2= 100 ppm and G3= 125 ppm 

and the other factor three seedling ages; S1= 20 days, S2= 

25 days, and S3= 30 days old seedling. The experiment was 

laid out in randomized complete block design (RCBD) having 

two factors with three replications. The size of each plot was 2 

m × 1.8 m. The distance between two blocks and two plots 

were lm and 0.5m respectively. Seedlings were transplanted on 

the plots with 60 cm x 40 cm spacing. Cowdung 10 t ha-1, Urea 

550 kgha-1, TSP 450 kgha-1, MOP 250 kgha-1. The entire 

amount of cowdung applied as basal during land preparation. 

Urea and TSP were applied at the rate of 550kgha-1 and 450kgha
-1. The quantity of manure, cow dung was also determined at the 

rate of 10 ton/ha as recommended (BARC, 2005). GA3 at differ-

ent concentration viz., 0 ppm, 75 ppm, 100 ppm and 125 ppm 

were prepared following the procedure mentioned below and 

spraying was done during the noon using hand sprayer. Spray-

ing was done 25 days after transplanting. 75 ppm solution of 

GA3 was prepared by dissolving 75 mg of it with distilled  

water. Then distilled water was added to make the volume 1 

liter 75 ppm solution. In similar way 100 ppm and 125 ppm 

concentration were made. An adhesive Tween-20 @ .1% was 

added to each solution. Control plots were treated only with 

Rumpa Sarker et al. /Arch. Agr. Environ. Sci., 2(4): 301-304 (2017) 

distilled water. Healthy and uniform 20, 25 and 30 days old 

seedlings were uprooted separately from the seed bed and were 

transplanted in the experimental plots in the afternoon of 30  

November, 2013 maintaining a spacing of 60 cm x 40 cm  

between the rows and plants, respectively. 

Five plants were selected at random and uprooted carefully at the 

time of collecting data of root from each plot and mean data on the 

following parameters namely plant height, number of leaves per 

plant, number of branches per plant, number of clusters per 

plant, number of flowers per plant, number of fruits per plant, 

length of fruit, diameter of fruit, dry matter content, yield per 

plant, yield per plot and yield of tomato per hectare were 

recorded. The means of all the treatments were calculated and 

the analysis of variance for each of the characters under study 

was performed by F test. The difference among the treatment 

means was evaluated by least significant difference (LSD) test 

(Gomez and Gomez, 1984) at 5% level of probability. 

RESULTS AND DISCUSSION 

Plant height: The variation was found due to combined effect 

of GA3 application and seedling age on plant height at differ-

ent date after transplantation (DAT). The maximum plant 

height (50.87 cm) was recorded from treatment combination 

of G3S3 (30 days old seedling with GA3 application at 125 

ppm), while the treatment combination of G0S1 (20 days old 

seedling with no GA3 application) gave the minimum (26.40 

cm) plant height. GA3 application enhances cell growth and 

cell elongation that helps to increase plant height. So, 30 days 

old seedling with optimum level of GA3 is beneficial for plant 

growth. 

Number of leaves plant-1: At 70, the maximum number of 

leaves plant-1 (86.05) was found from the treatment combina-

tion of G3S3 (125 ppm with 30 days old seedling) and the 

treatment combination of G0S1 gave minimum number of 

leaves plant-1 (63.41). It was observed that higher concentra-

tion (125 ppm) of GA3 and 30 days old seedling performed 

the maximum number of leaves plant-1. About Similar results 

was observed by Gabal et al. (1999) in tomato and Kannan et 

al. (2009) in paprika. 

Number of branches plant-1: The variation was found due to 

combined effect of GA3 application and seedling age on 

branches plant-1. The maximum branches plant-1 (12.33) was 

recorded from treatment combination of G3S3 (30 days old 

seedling with 125 ppm GA3), while the treatment combination 

of G0S1 (no application of GA3 with 20 days old seedling) 

gave the lowest (7.00) number of branches plant-1, which was 

statistically similar to G1S1 (7.67) (Table 1).  

Dry matter content of leaves: At combined effect of differ-

ent concentration of GA3 and seedling age showed significant 

variation on dry matter content of leaves. The maximum dry 

matter of leaves (15.10%) was found from the treatment  

combination of G3S3 (30 days old seedling with 125 ppm 

GA3) whereas the minimum (11.50%) was performed by G0S1 

(no application of GA3 with 20 days old seedling). Masroor et 

al. (2006) also reported that GA3 had appreciably increased 

the protein synthesis in the leaves of tomato. 

Dry matter content of stem: Combined effect of different 

concentration of GA3 and seedling age showed significant 

variation on dry matter content of stem. The maximum dry 

matter of stem (11.90%) was found from the treatment combi-

nation of G3S3 (30 days old seedling with 125 ppm GA3) 

whereas the minimum (8.10%) was performed by G0S1 (no 

application of GA3 with 20 days old seedling) (Table 1). 
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Dry matter content of root: Due to combined effect of  

different concentration of GA3 and seedling age showed  

significant variation on dry matter content of root. The  

maximum dry matter of root (34.30%) was found from the 

treatment combination of G3S3 (30 days old seedling with 125 

ppm GA3) whereas the minimum (18.30%) was performed by 

G0S1 (no application of GA3 with 20 days old seedling)  

(Table 1).  

Diameter of fruit: The variation was found due to combined 

effect of GA3 application and seedling age on fruit diameter. 

The maximum fruit diameter (5.50 cm) was recorded from 

treatment combination of G3S3 (30 days old seedling with GA3 

application at 125 ppm), while the treatment combination of 

G0S1 (20 days old seedling with no GA3 application) gave the 

minimum (4.00 cm) fruit diameter (Table 2). However, the 

report by Khan et al. (2006) indicated the significant role of 

GA3 in tomato plant increase fruit set that leads to larger  

number of fruits per plant and increased fruit size. 

Yield plant-1 (kg): Due to combined effect of GA3 application 

and seedling age showed significant variation on yield plant-1. 

The maximum yield plant-1 (2.79 kg) was recorded from  

treatment combination of G3S3 (30 days old seedling with GA3 

application at 125 ppm), while the treatment combination of 

G0S1 (20 days old seedling with no GA3 application) gave the 

minimum yield (1.20 kg) plant-1 (Table 2). Application of GA3 

increases cell growth and elongation and leads to bigger plants 

with longer shoots and leaves in many plants of high tempera-

ture inhibition in tomato fruit set by with higher crop yields. 

Application of GA3 increased the number of fruits per plant, 

single fruit weight and thus increased in yield of tomato.  

Yield plot-1 (kg): Combined effect of GA3 application and 

seedling age showed significant variation on yield plot-1. The 

maximum yield plot-1 (32.47 kg) was recorded from treatment 

combination of G3S3 (30 days old seedling with GA3 applica-

tion at 125 ppm), while the treatment combination of G0S1 (20 

days old seedling with no GA3application) gave the minimum 

yield (21.52 kg) yield plot-1 (Table 2).  

Yield per hectare: The variation was found due to combined 

effect of GA3 application and seedling age on yield per hectare 

(t ha-1). The maximum yield (90.28 t ha-1) was recorded from 

treatment combination of G3S3 (30 days old seedling with GA3 

application at 125 ppm) and the treatment combination of 

G0S1 (20 days old seedling with no GA3 application) gave the 

minimum yield (59.83 t/ha) yield (Table 2). Khan et al. (2006) 

reported that irrespective of its concentration, spray of  

gibberellic acid proved beneficial for most parameters. Souma 

et al. (1976) reported that seedlings transplanted 30 days after 

sowing grow the best and give more yield. Benedictos et al. 

(2000) reported that 5 weeks old transplants of tomato had the 

highest fruit setting rate. 

Table 1. Combined effect of GA3 and seedling age on different plant characteristics of tomato. 

Treatments 
Plant height (cm) at Leaves plant-1 at  Branches 

plant-1 

 

Dry 

matter 

content 

(%) of 

leaf 

Dry 

matter 

content 

 (%) of 

stem 

Dry 

matter 

content 

 (%) of 

root 
  

30 

DAT 

50 

DAT 

70 

DAT 

90 

DAT 

30 

DAT 

50 

DAT 

70 

DAT 
90 DAT 

G0S1 26.40 54.47 65.93 72.71 8.67 29.33 63.42 69.00   7.00 11.50 8.10 18.30 

G0S2 28.87 55.33 66.78 73.46 9.00 31.00 65.07 72.72 8.33 11.90 8.90 19.50 

G0S3 35.33 57.27 67.80 74.86 10.67 31.33 67.89 75.59 9.00 12.90 9.60 25.30 

G1S1 27.27 56.33 71.63 75.705 8.67 30.00 66.43 71.27 7.67 11.70 9.10 20.00 

G1S2 29.80 59.83 72.48 76.45 9.33 31.33 68.09 74.99 8.67 12.30 9.50 20.70 

G1S3 41.60 60.53 73.50 77.85 10.33 31.67 70.91 77.86 9.6 13.07 10.00 25.70 

G2S1 30.33 60.80 76.20 91.09 9.67 32.00 72.22 76.56 8.33 12.10 9.60 20.90 

G2S2 32.47 63.60 77.02 91.84 10.33 32.33 73.88 80.28 9.67 12.90 9.90 23.90 

G2S3 41.00 65.87 78.07 93.24 11.67 33.33 76.71 83.15 10.33 13.50 10.70 26.00 

G3S1 35.53 66.30 92.02 100.34 10.33 33.67 81.56 86.23 10.33 13.90 10.50 26.30 

G3S2 38.40 66.70 92.87 101.09 11.33 35.00 83.22 89.95 11.33 14.30 11.30 28.70 

G3S3 50.87 68.40 93.89 102.49 12.00 38.00 86.05 92.82 12.33 15.10 11.90 34.30 

CV (%) 7.48 4.59 9.87 8.91 4.92 3.32 8.42 9.25 7.04 0.96 0.01 0.01 

LSD (0.05) 4.406 4.760 0.062 0.032 0.847 1.823 0.1312 0.0981 1.119 0.207 0.017 0.017 

G0= no GA3, G1= 75 ppm GA3, G2 = 100 ppm GA3 and G3=125 ppm GA3; S1= 20 days, S2= 25 days and S3= 30 days old seedling. DAT = Days after  
transplanting. 

Table 2. Combined effect of GA3 and seedling age on different yield contributing characteristics of tomato. 

Treatments 

Dry matter  

content in fruit 

(%) 

Flowers  

plant-1 

Fruit clusters 

plant-1 

Fruits 

plant-1 

Fruit 

length 

(cm) 

Fruit  

diameter 

(cm) 

Yield 

plant-1

(kg) 

Yield 

plant-1

(kg) 

Yield 

 (t ha-1) 

G0S1 4.30 65.80 6.33 39.40 5.70 4.00 1.20 21.52 59.83 

G0S2 4.47 70.73 7.33 41.87 5.80 4.30 1.34 23.62 65.67 

G0S3 5.50 83.67 8.67 48.33 5.80 4.30 1.81 26.62 74.01 

G1S1 4.50 70.87 7.67 41.20 5.80 4.30 1.32 22.72 63.17 

G1S2 4.80 72.60 8.67 42.80 5.80 4.50 1.49 24.82 69.01 

G1S3 5.10 96.20 9.33 54.60 6.00 4.50 2.03 27.82 77.35 

G2S1 6.30 73.67 8.67 43.33 6.00 4.80 1.43 23.85 66.30 

G2S2 6.30 83.00 9.67 46.00 6.63 5.00 1.80 25.95 72.14 

G2S3 6.80 103.70 11.00 56.00 6.63 5.10 2.05 28.95 80.48 

G3S1 6.10 87.40 11.67 49.53 6.67 5.10 1.72 27.37 76.10 

G3S2 6.23 101.50 13.00 53.73 6.97 5.33 2.17 29.47 81.94 

G3S3 6.53 125.10 14.67 66.00 7.03 5.50 2.79 32.47 90.28 

CV (%) 3.61 5.99 14.73 4.82 2.82 1.08 10.30 8.881 9.027 

LSD (0.05) 0.343 8.739 2.425 3.960 0.298 0.093 0.307 0.176 5.060 

G0= no GA3, G1= 75 ppm GA3, G2 = 100 ppm GA3 and G3=125 ppm GA3; S1= 20 days, S2= 25 days and S3= 30 days old seedling. 
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Conclusions  

In conclusion of the present investigation, the maximum 

yield (2.79 kg) plant-1was recorded from treatment combina-

tion of G3S3 and the minimum yield (1.20 kg) was record-

ed from treatment combination G0S1. The maximum yield 

(32.47 kg) plot-1 was recorded from treatment combination 

G3S3 and the minimum yield (21.52 kg) plot-1 was record-

ed from treatment combination G0S1. The maximum yield 

(90.28 t ha-1) was recorded from treatment combination of 

G3S3 and the minimum yield (59.83 t ha-1) was recorded 

from treatment combination of G0S1. It may be concluded that 

125 ppm GA3 and 30 days old seedlings are suitable for  

getting higher yield of tomato. 

Open Access: This is open access article distributed under the 

terms of the Creative Commons Attribution License, which 

permits unrestricted use, distribution, and reproduction in any 

medium, provided the original author(s) and the source are 

credited. 
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INTRODUCTION 

Most of the crop plants existing in the world today have been 

in existence as far back as the early times (Emedo et al., 1995 

and Ilodibia et al., 2010). Some of these crop plants as we 

know them today have changed tremendously both in their 

physical appearance and in structure (Emedo et al., 1995 and 

Ilodibia et al., 2010). Long ago, most of these plants were 

growing wild unattended and uncared for (Emedo et al., 

1995).  At first, man accepted what nature had provided for 

his survival. Crossbreeding, inbreeding and selection of plants 

occurred naturally without man’s interference (Emedo et al., 

1995 and Ilodibia et al., 2010). Only the plants that could 

withstand adverse weather and environmental conditions  

survived. Eventually man found out that certain plants were 

more useful to him. He learnt that if he could select best seeds 

for planting and if he could use certain cultural practices he 

could obtain large quantities and better quality of food for his 

family and the world at large. By purposeful manipulation of 

plants, (crop breeding otherwise) the desired characteristics of 

plants are produced for the benefit of man. 

Crop breeding contributes substantially to greater agricultural 

sustainability which will be accomplished not only by the breed-

ing of basically higher yielding varieties but also by develop-

ment of varieties that help to stabilize production through  

resistance to disease , drought, heat, cold and wind ( Allard, 

1960).  Increased yield has been the ultimate aim of most breed-

ers. Sometimes this has been accomplished by providing varie-

ties basically more productive, not because of specific improve-

ments such as in disease resistance but as a result of generally 

greater physiological efficiency (Allard, 1960).   

Tomato belongs to the genus Solanum of the family Solanace-

ae. It is one of the most important fruit crops in the world. It 

ranks second in importance to potato in many countries 

(Parray et al., 2007). Solanum species are native of Ecuador, 

Peru, and the Galapagos Island, though most evidence  

suggests that the site of domestication was Mexico (Taylor, 

1986). Tomato is highly versatile and is used in thousands of 

recipes right across Europe, from ketchup to chowder, pizzas 

to bloody marys (Smith, 1994). In Nigeria, tomato is a special 

ingredient in the food of both the poor and the rich. The  
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ABSTRACT 

Solanum esculentum L. and Solanum pimpinellifolium L. (species of tomato) were crossbred to raise 

F1 so as to assess the effect of crossbreeding as a tool for tomato improvement as shown in yield. 

This was done by emasculating S. esculentum using it as female parent and transferring ripe pollen 

grains from S. pimpinellifolium the male parent using artificial means. Analysis of Variance 

(ANOVA) was employed in data analysis. Result showed that the parental plants and F1 hybrid  

differed significantly in fresh fruit weight, number of seeds per fruit, fruit colour, fruit width and 

fresh fruit length. F1 hybrid had the highest number of seeds per fruit when compared to the parental 

plants.  S. esculentum recorded the highest fresh fruit weight, fruit width and fresh fruit length when 

compared to S. pimpinellifolium and F1 hybrid, though the F1 hybrid was statistically at par with S. 

esculentum in fresh fruit length. S. pimpinellifolium had the least fresh fruit weight, fruit width,  

number of seeds per fruit and fresh fruit length (1.80± 0.01, 8.03 ±1.0, 110.56 ± 0.01 and 4.00 ± 0.03, 

respectively). S. pimpinellifolium had a very dark red coloured fruits, followed by the F1 hybrid with 

dark red coloured fruits. S. esculentum had a light red coloured fruits based on the colour guide and 

the scale point used.  The obtained data indicated that when two tomato plants of different but closely 

related varieties are crossbred, a new variety that combines the characters of the parental plants and 

enhanced genetic attributes is produced. F1 hybrid had the highest number of seeds per fruit and 

though had fruits smaller in size than S. esculentum but performed better than S. pimpinellifolium 

indicating that crossbreeding could be a tool for tomato improvement. 

©2017 Agriculture and Environmental Science Academy 

http://crossmark.crossref.org/dialog/?doi=10.26832/24566632.2017.020410&domain=pdf
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tomato stew is eaten with relish, especially on Sundays and 

during festivals. Tomatoes have both nutritional and medici-

nal values. It is important for neutralizing the acids produced 

during the digestion of meat and other fatty acids (Ilodibia et 

al., 2010). It is valuable roughage which promotes digestion 

and helps to alleviate constipation (Parray et al., 2007).   

Tomato is a source of carbohydrates, fats, proteins, vitamins 

and minerals which when eaten makes the eye brighter than 

using cosmetics on it (Gojale, 2002; Chopra et al., 2017).  It 

can be grinded and canned for industrial and economical  

purposes. It can also be used for horticultural purpose 

(Ilodibia et al., 2010).   

Several species of tomato (Solanum) exist including Solanum 

esculentum and Solanum Pimpinellifolium. Studies have 

shown that yield in tomato is mainly formed by fruit size 

QTLs, whereas the remaining factors like soluble solids,  

locule may play a complementary role in the expression of 

tomato yield (Aurelio, 2015). S. esculentum is a medium-large 

fruited size modern cultivated species that bear 2-4 locules, 

but has small-moderate lycopene content, low disease  

resistance, light red and low fruit soluble solid (Chen et al., 

1999 and Khalf-Allah et al., 1972). On the other hand S. 

pimpinellifolium is a small-fruited wild species that bear  

2-locules but is known for high disease resistance, high fruit 

soluble solids,  high lycopene content and deep red in colour 

(Chen et al., 1999 and Khalf-Allah et al., 1972), both of 

which are extremely important traits to tomato industry.  

Lycopene, the primary determinant of red color of the tomato 

fruit, is an important indicator of fruit quality and a vital fac-

tor for making high-quality products in processing industries.  

Soluble solids and lycopene have been extensively studied by 

tomato geneticists and breeders and considerable efforts have 

been made to improve these traits in new cultivars (Chen et 

al., 1999 and Khalf-Allah et al., 1972). Furthermore, the mod-

ern scientific method of crop improvement was necessitated 

by the present demands of modern man for good quality 

crops; having good taste, early maturity, increased yield, more 

nutrients and that can meet the immediate needs of man in 

terms of food and raw materials (Ilodibia et al., 2014 and 

2015). Hence, this research aimed at hybridizing two species 

of tomato Solanum esculentum and Solanum Pimpinellifolium 

to produce a hybrid that might combine the qualities of the 

two varieties with s u b s t i t u t i o n  of their u n d e s i r a b l e  

traits to meet the popular demands of the society. Such a 

hybrid of the two varieties is likely to be of better quality and 

demand than either of the two varieties.  Accordingly, the 

problem and focus of the researchers is to crossbreed the two 

species S. esculentum and S. Pimpinellifolium and compare 

their yield with that of the hybrid. It will cover the first filial 

generation in related qualities. 

MATERIALS AND METHODS 

Source of materials: The species of tomatoes used for the 

study were collected between the months of April- May 2016 

from the Botanical garden Amawabia, Anambra State.  These 

species were authenticated by a plant taxonomist in the  

Department of Botany Nnamdi Azikiwe University, Awka 

where the specimen vouchers were deposited.  

Area of study and research design: The experiment was 

carried out at the teaching and research farm of Department of 

Botany, Nnamdi Azikiwe University Awka, Anambra State, 

Nigeria. Design of the study was Randomized Complete 

Block Design replicated three times. 

Materials and experimental procedure: Seeds of two  
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species of tomato (Solanum esculentum and pimpinellifolium), 

twenty (20) black polythene bags, weighing balance, twine, 

and metre rule, a pair of forceps, aluminium foil, animal ma-

nure and loam soil were used for the experiment. After the 

seeds were obtained, a viability test was carried out on them. 

This was done by soaking a handful of each variety in a beak-

er containing distilled water for approximately 3 minutes. The 

seeds that floated on the surface of the soil were discarded 

while those that sank to the bottom of the beaker were sown 

in a transparent glass jar containing loamy soil. After six 

days, germination occurred proving the seeds to be viable. A 

total of twenty black polythene bags were obtained, perforat-

ed and filled with 5kg of loamy soil each. Ten of the poly-

thene bags were labelled S. esculentum while the other ten 

were labelled S. pimpinellifolium which are the two species to 

be studied. The seeds of each species were broadcast accord-

ingly on the soil surface (six seeds per bag). The seedlings 

were later pruned to three seedlings per bag when they were 

10 cm high.  Flowering of the S. esculentum started at 50 days 

and continued when at 55 days S. pimpinellifolium started 

flowering. It was at this stage that the crossing or hybridiza-

tion was done. Artificial crossing was adopted because tomato 

is a self-pollinating crop. This involved the removal of  

anthers with a pair of forceps from the S. esculentum, thus 

using it as a female parent before it dehisces and covering it 

with a study bag (foil) to avoid natural crossing by insects. 

This was followed by the collection and transference of ripe 

pollen grains from the S. pimpinellifolium (male parent) to the  

stigma of the emasculated plant (S. esculentum). Although 

several crosses were made but only few were successful.  This 

pollination process was followed by fertilization and subse-

quent production of fruits (the F1 hybrid). This procedure is as 

outlined by (Ilodibia et al., 2014).  

Data collection and statistical analysis: Data were collected 

on fresh fruit weight, fruit width, fruit colour, number of 

seeds per fruit and fresh fruit length (cm) of parental plants 

and F1 hybrids. Fresh fruit weight was determined by weigh-

ing after harvesting using the weighing balance. Number of 

seeds per fruits was determined by visual counting after  

harvesting and drying. Fruit length was obtained by cutting the 

fruits longitudinally and measuring, in (cm), from stem to blos-

som end. Fruit width was measured using measuring tape. Fruit 

colour was obtained using colour guide and compared on a 

scale of 1- 4, 4 - very dark red, 3- dark red, 2- light red, 1- very 

light red. Data collected were subjected to the analysis of vari-

ance (ANOVA) and treatment means were separated using 

Duncan multiple range test at 5% level of probability. Differ-

ences in mean value were considered significant at P<0.05. 

RESULTS AND DISCUSSION 

Results of the study are presented in Table 1. Results  

indicated that when two tomato plants of different but closely 

related varieties are crossbred, a new variety which possesses 

improved characters of the two parent plants and additional 

genetic attributes are produced. This is a strong expression of 

hybrid vigour.  Secondly, when two plants with a pair of  

contracting characters are crossbreed, one of the characters 

would often appear in the offspring while the other remained 

masked. The results showed significant differences (P< 0.05) 

between the parental species and the F1 hybrid in fresh fruit 

weight, number of seeds per fruit, fruit colour, fruit width and 

fresh fruit length supporting hybrid vigour. Accordingly, F1 

hybrid recorded highest number of seeds per fruit when  

compared to the parental plants indicating hybrid vigour. This 

result is in line with what Anthony (1992) said that  
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crossbreeding can lead to increase in genetic variation in the 

population. It encourages the expression of hybrid vigour. S.  

esculentum recorded the highest fresh fruit weight, fruit width 

and fresh fruit length when compared to S. pimpinellifolium 

and F1 hybrid. The F1 hybrid is statistically at par with S.  

esculentum in fresh fruit length. S. pimpinellifolium had the 

least fresh fruit weight, fruit width, number of seeds per fruit 

and fresh fruit length.  This finding conforms to what Mendel 

(1866) pointed out that when two plants with a pair of contract-

ing characters are crossbreed, one of the characters would often 

appear in the offspring while the other remained masked. The 

characteristics that appeared in the offspring he called dominant 

characteristic while the one that did not appear he called reces-

sive characteristic. Hence, Mendelian first law of segregation 

states that, the characteristics of an organism are controlled by 

genes which occur in pairs, of such a pair of genes only one can 

be carried in a single gamete.  Similarly, the difference in fresh 

fruit weight, fruit width, and fresh fruit length of S. esculentum 

and S. pimpinellifolium in relation to the F1 hybrid showed that 

S. esculentum has a number of dominant characters (Table 1). 

Furthermore, the F1 of the cross although showed expression of 

hybrid vigour, had fruits smaller in size (fruit weight, fruit 

width, fruit length) than S. esculentum but higher than S. pimpi-

nellifolium (Table 1).  This agrees with the findings of Ilodibia 

et al. (2014) and Anaso (1982) where they crossed S. aethiopi-

cum and S. anomalum and C. annuum and C. frutescens respec-

tively. This finding also tally with the Allard (1960) opinion 

that the progeny of crossbreeding will combine many of the 

qualities of both parents, thus producing a crop which is superi-

or in some extent to either of the parents. Finally, S. pimpinelli-

folium had a very dark red coloured fruit, followed by the F1 

hybrid with dark red coloured fruit. S. esculentum had a light 

red coloured fruits based on the colour guide and the scale 

point used. Red color of the tomato fruit is an important indica-

tor of fruit quality and a vital factor for making high-quality 

products in processing industries.    

Table 1. Average fresh fruit weights, No. of seeds per fruit, fruit colour, fruit width and fresh fruit length of S. esculentum, S. pimpinellifolium 

and F1 generation. 

 Tomato species 
Fresh fruit weight  

(g) 
No. of seeds per fruit Fruit colour 

Fresh fruit width 

(cm) 

Fresh fruit length

(cm) 

S. esculentum 2.28± 0.02 a  128.06 ± 0.02 b Light red- 2.00 15.23 ±1.0 a 5.00 ± 0.05 a 

S. pimpinefolium 1.80± 0.01b 110.56 ± 0.01 c Very dark red-4.00 8.03 ±1.0 c 4.00 ± 0.03 b 

F1 generation 2.25± 0.02 a 135.05 ± 0.01 a Dark red- 3.00 13.10 ±1.1b 4.08  ± 0.02 a 

Results are in mean± standard deviation. Columns followed by the same letter are not; significantly different at P<0.05 level of significance. 

Conclusions 

The obtained data indicated that when two tomato plants of 

different but closely related varieties are crossbred, a new 

variety that combines the characters of the parental plants and 

enhanced genetic attributes is produced. F1 hybrid had the 

highest number of seeds per fruit and though had fruits  

smaller in size than S. esculentum in fresh fruit length but  

performed better than S. pimpinellifolium indicating that 

crossbreeding could be a tool for tomato improvement. 

Open Access: This is open access article distributed under the 

terms of the Creative Commons Attribution License, which 

permits unrestricted use, distribution, and reproduction in any 

medium, provided the original author(s) and the source are 

credited. 
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INTRODUCTION 

Thousands of rice land races are considered to exist in Bang-

ladesh (Haque and Miah, 1990). Each of them possesses some  

special characteristics. Only some of these are unique for 

quality traits including fineness, aroma, taste and protein  

contents. Bangladesh has a stock of above 8,000 rice 

germplasms of which nearly 100 are aromatic (Islam et al., 

2016). Cultivation of this rice has been gaining popularity in 

the country over the recent years, because of its huge demand 

both for internal consumption and export (Das and Baqui, 

2000). About 27% of the total rice cropped area (BBS, 2003), 

and 12.5% of the total monsoon rice (BBS, 2005) are occu-

pied by aromatic fine rice varieties of Bangladesh. Moreover, 

the production of aromatic fine rice is profitable due to its 

high price over low price coarse milled rice (Raju and Reddy, 

2000; Sikdar et al., 2008). Recently, some aromatic fine rice 

varieties being cultivated in Bangladesh are of international 

standard and attracting the buyers in the global markets.  

However, the yield of aromatic rice was lower (1.5–2.0 t ha-1) 

than the coarse rice (Islam et al., 2010).  

Weeding has a great influence on the performance of the  

associated crop (Kumar and Chopra, 2013, 2016). Thus the 

best weeding practice needs to be adopted by the farmers with 

a view to reducing weed infestation and maximizing rice 

yield. Mechanical and manual methods of weed controls are 

mainly practiced by the farmers that are very much laborious 

and time consuming (Kumar and Chopra, 2013, 2016). More-

over, the availability of labor is decreasing due to the out mi-

gration of agricultural labors to industries with higher wages 

than agriculture, increases the need of using herbicides. Use 

of herbicides may be an alternative method in controlling 

weeds more easily and effectively at low cost (Rashid et al., 

2007). But no single herbicide can control all weeds effectively in 

all environments. To date very few studies have been conduct-

ed to find out the best weed management practices for  

aromatic rice. On the other hand, a suitable combination of 

variety and weed management practices might be helpful to 

increase the yield of aromatic rice. Information on the varietal 

performance of aromatic rice and its management practices 
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ABSTRACT 

An experiment was carried out at the Agronomy Field Laboratory, Bangladesh Agricultural  

University, Mymensingh, Bangladesh to evaluate the efficacy, rice selectivity and cost-effectiveness 

of some integrated weed control methods on the productivity of aromatic rice under randomized com-

plete block design with three replications. The experiment consisted of five aromatic rice varieties; 

Kalijira, BRRI dhan34, BRRI dhan37, BRRI dhan38 and Binadhan-13, and six different weed man-

agement practices comprising no weeding, weed free, mechanical  + manual weeding, pre–emergence 

herbicide + manual weeding, post–emergence herbicide + manual weeding, pre– + post–emergence 

herbicide. Ten weed species belonging to five families infested the experimental plots. Herbicide 

treatments provided excellent weed control efficiency and produced much higher net benefit and cost 

benefit ratio than weedy plot. Among the herbicidal and mechanical treatments, sequential applica-

tion of Bensulfuran methyl + Acetachlor at early growth stage (pre-emergence herbicide) followed by 

Pyrazosulfuran ethyl at mid growth stage (post-emergence herbicide) provided the highest weed con-

trol efficiency, productivity and net benefit. Single application of Pyrazosulfuran ethyl at mid growth 

stage followed by one hand weeding performed very close to the pre– + post–emergence herbicide 

application in terms of productivity and net benefit but in terms of weed control efficiency at 45 days 

after transplanting application of Bensulfuran methyl + Acetachlor at early growth stage followed by 

one hand weeding performed very close to pre– + post–emergence herbicide application. Mechanical 

weeding followed by one hand weeding and application of Bensulfuran methyl + Acetachlor at early 

growth stage followed by one hand weeding also provided satisfactory results in terms of productivity 

and economic return. Since manual weeding was less economic, sequential application of pre- and 

post-emergence herbicides may be recommended for effective weed management in aromatic rice. 
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are sporadic and scattered (Raju and Reddy, 2000; Rashid et 

al., 2007; Islam et al., 2010, 2016). In this backdrop, the  

current research was undertaken to evaluate the efficacy and 

economics of some integrated weed control methods on the 

productivity of some selected aromatic rice varieties of  

Bangladesh grown in monsoon season. 

MATERIALS AND METHODS  

Experimental site and crop husbandry: The experiment 

was carried out at the Agronomy Field Laboratory (24°75' N 

latitude and 90°50' E longitude), Bangladesh Agricultural 

University, Mymensingh, Bangladesh. The soil is character-

ized by non-calcareous dark gray floodplain soils having pH 

value of 6.5. During the growing season (July–December, 

2015), monthly average maximum temperature, minimum 

temperature, relative humidity, air pressure, wind speed, solar 

radiation, dew point, pan evaporation and water temperature 

were 29 °C, 20 °C, 85%, 1006 mb, 6 km h-1, 271 W m-2, 21  

°C, 3 mm and 23°C, respectively, while monthly total rainfall 

and sunshine hours were 0–387.9 mm and 84.4–205.9 h,  

respectively. The average soil temperature at a depth of 5, 10, 

20 and 30 cm were 29, 27, 27 and 25°C, respectively. The 

experiment was laid out in randomized complete block design 

with three replications. The experiment was conducted  

with five aromatic rice varieties viz., Kalijira, BRRI dhan34, 

BRRI dhan37, BRRI dhan38 and Binadhan-13, and six weed 

management practices namely; no weeding, weed free, me-

chanical (by using weeder) + manual (hand pooling) weeding, 

pre-emergence herbicide + manual weeding, post-emergence 

herbicide + manual weeding, pre-emergence herbicide + post-

emergence herbicide during the crop growth period. Here, 

bensulfuran methyl + acetachlor @ 750 g ha-1 was used as pre

-emergence herbicide and pyrazosulfuran ethyl @ 125-150 g 

ha-1 was used as post-emergence herbicide. After subsequent 

ploughing followed by laddering, the land was fertilized with 

150, 97, 70, 60 and 12 kg ha-1 urea, triple super phosphate, 

muriate of potash, gypsum and zinc sulphate, respectively.  

All the fertilizers except urea was applied in the unit plots at 

the time of final land preparation; while urea was top-dressed 

in three equal splits at 30, 50 and 70 days after transplanting 

(DAT). Thirty five days old seedlings of aromatic rice varie-

ties were transplanted at the rate of two to three seedlings  

hill-1 maintaining row and hill spacing of 25 cm and 15 cm, 

respectively. Other intercultural operations were done proper-

ly as per standard practices. Pre-emergence herbicide 

(bensulfuran methyl + acetachlor @ 750 g ha-1) was applied to 

the target plots at 5 days after transplantation (DAT) and post-

emergence herbicide (pyrazosulfuran ethyl @ 125-150 g ha-1) 

was applied to the target plots at 30 DAT. The data of weed 

 parameters were collected at 45 DAT, 65 DAT and 85 DAT 

of rice plants.  

The relative density and dry weight, summed dominance ratio 

of weeds were obtained using the following formula by Janiya 

and Moody (1989). 

 

 

Md. Azhiat-Ul Huq Hia et al. /Arch. Agr. Environ. Sci., 2(4): 308-314 (2017) 

Weed control efficiency (WCE) was determined by the  

formula stated in Bangi et al. (2014). 

 

Where,  

WDC = weed dry mass from the control plot 

WDT = weed dry mass from the treated plot 

Weed index (WI) was determined by the following formula 

stated in Bangi et al. (2014). 

 

 

Where,  

X= total yield from the weed free check 

Y= total yield from the treatment for which weed index has to 

be calculated 

Relative yield loss (RYL) and yield increase over control 

(YOC) were calculated using the following formula: 

 

 

 

Five hills (excluding border hills) were randomly selected in 

each plot and uprooted before harvesting for recording the 

necessary data. The crop was threshed by pedal thresher and 

grains were sun dried and cleaned. Final grain weight was 

adjusted to 14% moisture content using the following 

formula. 

The cost of individual head of expenditure was recorded and 

partial budget analysis was done. The budget consists of the 

variable cost, gross return, net income and benefit cost ratio. 

Statistical analysis of data: The collected data were  

compiled and tabulated in proper form and were subjected to 

statistical analysis. Data were analyzed using the analysis of 

variance (ANOVA) technique with the help of computer 

package program MSTAT and mean differences were  

adjudged by Duncan’s Multiple Range Test (Gomez and 

Gomez, 1984). 

RESULTS AND DISCUSSION 

Weed composition: The experimental field was infested with 

the naturally occurring weed community of grass, broad 

leaved and sedge families. Ten weed species belonging to five 

families (5 grasses, 3 broad leaved and 2 sedges) were found 

growing on the field (Table 1). Among the weeds, grasses 

constituted about 53.6% RD and 72.7% RDW, followed by 

broad leaved species (33.3% RD and 20.2% RDW) and  

sedges (12.9% RD and 7.0% RDW) (Figures 1 and  2). Based 

on the summed dominance ratio (SDR) values, grass weed 
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species Echinochloa crusgalli (SDR of 42.5) was the most 

dominant species in the weedy plot followed by the  broadleaf 

weed Monochoria vaginalis (SDR of 25.1). On the other hand, 

the least dominant weed species of the experimental plot was 

broadleaf weed Nymphaea nouchali (SDR of 0.83) followed 

by broadleaf weed species Marsilea crenata (SDR of 0.95) 

(Table 1).  

The results indicate that weedy plot was mostly infested with 

grasses than broad leaved or sedge weeds. This might be due 

to the availability of moisture on the field during the experi-

ment because rice weed community is strongly influenced by 

soil moisture as reported by Juraimi et al. (2009). Bhagat et 

al. (1999) also recorded the dominance of grasses under high-

er moisture regimes. According to the SDR values, the grasses 

were found more aggressive on the study. The variations in 

the floristic composition and dominance pattern of weeds 

might be due to the differences in the agro-ecological condi-

tions, cropping pattern, management practices, and weed seed 

bank composition (Juraimi et al., 2010). 

Total weed density: The highest weed density at all DATs 

was observed in Kalijira whereas the lowest ones in BRRI 

dhan38 (Table 2). At 45 DAT, the highest weed density (35.6 

m-2) was found in Kalijira and lowest one (11.9 m-2) was 

found in BRRI dhan38 which was statistically identical to 

BRRI dhan34 (13.3 m-2). At 85 DAT, the highest weed densi-

ty (11.2 m-2) was found in Kalijira which was statistically 

identical to Binadhan-13 (10.4 m-2) and lowest one (5.5 m-2) 

was found in BRRI dhan38 (Table 2). It was evident that high-

er weed density (no. m-2) was observed in the local variety 

Kalijira and lower weed density (no. m-2) was observed in the 

variety BRRI dhan38. Variation of weed population due to 

variety was also reported by Faruk et al. (2013).  

No weed was found in the weed free plot at all DATs as no 

weeds were allowed to grow as per treatment specification. 

Among the other treatments, the weedy plot treatment gave the 

highest weed density at all DATs whereas, the lowest one in 

pre + post-emergence herbicide treatment (Table 3). At 45 

DAT, the highest weed density (45.6 m-2) was found in weedy 

plot and the lowest weed density (10.7 m-2) was found in pre + 

post-emergence herbicide treatment which was statistically 

identical to pre-emergence herbicide + manual weeding (12.6 m
-2) (Table 3). At 85 DAT, the highest weed density (14.8 m-2) 

was found in weedy plot and the lowest weed density (8.4 m-2) 

was found in pre + post-emergence herbicide treatment which 

was statistically identical to pre-emergence herbicide + manual 

weeding treatment (9.3 m-2) (Table 3). Rekha et al. (2002) also 

reported that weed density was lower in all weeding practices 

compared to the unweeded control plot. 

In the interaction the highest weed densities 82.0 m-2, 38.7 m-2 

and 38.7 m-2 were found in BRRI dhan34 × weedy plot at 45, 65 

and 85 DAT, respectively (Table 4). Mokhlesur (2014) also 

reported that the highest weed density was found in the interac-

tion between no weeding plot and the cultivar. The lowest weed 

density (4.20 m-2) at 45 DAT was found in Kalijira × pre-

emergence herbicide + manual weeding, which was statistically 

identical with BRRI dhan38 × pre-emergence herbicide + manu-

al weeding (5.00 m-2), BRRI dhan38 × pre + post-emergence 

herbicide (5.33 m-2), BRRI dhan37 × pre-emergence herbicide + 

manual weeding (6.00 m-2), BRRI dhan37 × pre- + post-

emergence herbicide (6.33 m-2), BRRI dhan37 × pre- +post 

emergence herbicide (6.67 m-2), BRRI dhan38 × post-

emergence herbicide + manual weeding (7.33 m-2) and Kalijira 

× post-emergence herbicide + manual weeding (Table 4). 

Weed dry weight: The results exposed that at all DATs, the 

highest weed dry weights were found in Kalijira whereas the 

lowest in BRRI dhan38 (Table 2). The highest weed dry 

weights 22.70 g m-2, 150.50 g m-2 and 58.99 g m-2 were found 

in Kalijira at 45, 65 and 85 DAT, respectively  and the lowest 

values (3.47 g m-2, 58.95 g m-2 and 25.00 g m-2) for the same 

parameter at the same DATs respectively were observed in 

BRRI dhan38 (Table 2). Similarly, Mokhlesur (2014) also 

reported that cultivar has significant effect on weed dry 

weight (g m-2) at different date of DAT. 

Among the treatments except weed free plot, the  highest 

weed dry weight was observed in weedy plot whereas the 

lowest in pre- emergence herbicide + post-emergence herbi-

cide at all sampling dates (Table 3). The highest total weed 

dry weights 44.5 g m-2, 194.3 g m-2 and 58.48 g m-2 at 45, 65 

and 85 DATs, respectively were observed in weedy plot. At 

45 DAT, the lowest total weed dry weight was observed (3.54 

g m-2) in pre + post-emergence herbicide treatment which was 

statistically identical with pre-emergence herbicide + manual 

weeding treatment (4.05 g m-2) (Table 3). At 85 DAT, the 

lowest total weed dry weight was observed (30.1 g m-2) in pre 

+ post-emergence herbicide (Table 3). Similarly Mokhlesur 

(2014) also reported that cultivar has significant effect on 

weed dry weight (g m-2) at different DAT and highest weed 

dry weight (g m-2) was observed in weedy plot or no weeding 

plot. 

At 45 DAT, the highest weed dry weight (113.1 g m-2) was 

found in Kalijira × weedy plot and the lowest weed dry weight 

was found (1.2 g m-2) in BRRI dhan34 × pre- + post-

emergence herbicide, which was statistically identical with 

BRRI dhan38 × pre-emergence herbicide + manual weeding 

(1.5 g m-2), BRRI dhan34 × mechanical weeding + manual 

weeding (1.5 g m-2), BRRI dhan37 × pre-emergence herbicide 

+ manual weeding  (1.8 g m-2) and Binadhan-13 × mechanical 

+ manual weeding (2.0 g m-2) (Table 4). At 85 DAT, the high-

est weed dry weight (117.0 g m-2) was found in BRRI 

dhan38×weedy plot and the lowest weed dry weight was 

found (15.7 g m-2) in BRRI dhan37 × pre-emergence herbicide 

+ manual weeding, which was statistically identical with Kali-

jira × weedy plot (16.8 g m-2), BRRI dhan37 × pre- + post-

emergence herbicide (16.8 g m-2) and Kalijira × pre- + post-

emergence herbicide (16.9 g m-2) (Table 4).  

Grain yield: BRRI dhan38 produced the highest grain yield 

(3.35 t ha-1). The lowest grain yield (1.47 t ha-1) was found in 

Kalijira (Table 2). The findings are parallel with the findings 

of Sarkar et al. (2014), Tyeb et al. (2013) and Islam et al. 

(2012), who reported that variety exerted variable effect on 

the yield of aromatic rice. Varietal variations regarding grain 

yield might be due to their variation in genetic constituents. The 

highest grain yield (3.2 t ha-1) was found in weed free treatment. 

The lowest grain yield (1.4 t ha-1) was found in weedy plot treat-

ment (Table 3). The treatment of pre + post-emergence herbi-

cide gave the second highest grain yield (2.5 t ha-1). Grain yield 

was significantly affected by interaction of variety and weed 

management. The highest grain yield (3.7 t ha-1) was found in 

BRRI dhan38 in weed free treatment which was statistically 

identical with (3.6 t ha-1) Binadhan-13 in weed free treatment. 

The lowest grain yield (0.68 t ha-1) was produced by BRRI 

dhan34 in weedy plot treatment which was statistically identical 

with Binadhan-13 (1.05 t ha-1) and Kalijira (1.02 t ha-1) in 

weedy plot (Table 4).  
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Weed control efficiency (WCE): The highest weed control 

efficiency (100%) was observed in weed free plot and no 

weed control efficiency was observed in weedy plot where no 

weed control measures were taken. Among the other treat-

ments pre + post-emergence herbicide treatment had the high-

est weed control efficiency in all DAT (Table 5). At 45 DAT, 

pre + post-emergence herbicide treatment showed the highest 

WCE (48.59%) followed by pre-emergence herbicide + man-

ual weeding (27.39%) treatment (Table 5). Anwar et al. 

(2012) reported that WCE was considered as the percentage 

of weed dry weight  that is reduced by a particular herbicide 

treatment in comparison with weedy check. Similarly, Alhas-

san et al. (2015) reported that highest weed control efficiency 

was observed in weed free plot where manual weeding was  

performed. 

Relative yield loss (RYL) and yield increase over control 

(YOC): Among the weed management treatments except 

weedy and weed free plots, pre- + post-emergence herbicide 

treatment allowed the least yield penalty (21.87%), and  

pre-emergence herbicide + manual weeding treatment showed 

the highest value of relative yield loss (35.94 %) whereas, post

-emergence herbicide + manual weeding had the highest value 

of yield increase over control (69.78%), and pre + post-

emergence herbicide had the lowest value of yield increase 

over control (43.88%) (Table 5). 

Weed index: The highest weed index (56.56%) was observed 

in weedy plot treatment (Figure 3). Among the weed manage-

ment treatments pre + post-emergence herbicide treatments 

had the lowest value of weed index (21.87%) and pre-

emergence herbicide + manual weeding treatments had the 

highest value of weed index (35.94%). Bangi et al. (2014) 

also found the lowest weed index in weed free plot (Figure 3). 

Economics of different weed control treatments: Although, 

from the partial budget analysis, the highest gross return  

(Tk. 1,55,480) was found in the weed-free treatment, the highest 

net income (Tk. 75296) and the highest benefit-cost ratio (2.68) 

were found in the application of pre- + post-emergence  

herbicide followed by the treatment of post-emergence  

herbicide + manual weeding (BCR 2.43)  (Table 6). The lowest 

net income (Tk. 29062) and the lowest BCR (1.67) was found in 

the weedy plot (Table 6). From present study, it was evident that 

the application of pre-emergence herbicide (Bensulfuran methyl 

+Acetachlor@750 g ha-1) + post-emergence herbicide 

(Pyrazosulfuran ethyl@125-150 g ha-1) was the most profitable 

treatment because of the highest net income and the highest 

BCR. Although the maximum gross return was found in  

weed-free treatment, due to high cost involvement in manual 

weeding, the net benefit and BCR were low (1.92) (Table 6).  

 

Table 1. Weed composition found in untreated weedy plots of the experimental field with their summed dominance ratio (SDR). 

S.N. Local name Scientific name Family 
Morphological 

type 
Life cycle 

RD 

(%) 

RDW 

(%) 

SDR 

(%) 

1 Shama 
Echinochloa crusgalli (L.) 

Beauv. 
Gramineae Grass Annual 24.19 60.81 42.50 

2 Pani kachu 
Monochoria vaginalis 

(Burm. F.) C. Presl. 
Pontederiaceae Broad leaved Perennial 30.24 19.87 25.06 

3 Sabuj nakful Cyperus difformis Gramineae Grass Annual 12.90 2.33 7.61 

4 Anguli ghash Digitaria sanguinalis L. Gramineae Grass Annual 12.50 0.63 6.56 

5 Pani chaise 
Eleocharis atropurpurea 

(Retz.) J. & K. Presl 
Cyperaceae Sedge Annual 10.48 0.42 5.45 

6 Arail Leersia hexandra Gramineae Grass Perennial 1.61 8.28 4.94 

7 Bara Chucha Cyperus iria Cyperaceae Sedge Annual 2.42 6.62 4.52 

8 Angta Paspalum scrobiculatum L. Gramineae Grass Perennial 2.42 0.69 1.55 

9 Sushni shak Marsilea crenata Marsileaceae Broad leaved Annual 1.61 0.29 0.95 

10 Shapla Nymphaea nouchali Nymphaeaceae Broad leaved Annual 1.61 0.05 0.83 

RD- Relative density, RDW- Relative dry weight. 

Table 2. Weed density, weed dry weight and grain yield in aromatic rice as influenced by variety. 

Variety 
Weed density (no. m-2) Weed dry weight (g m-2) Grain yield 

( t ha-1) 
45 DAT 65 DAT 85 DAT 45 DAT 65 DAT 85 DAT 

Kalijira 35.56a 26.89a 11.22a 22.70a 150.50a 58.99a 1.47d 

BRRI dhan34 13.28d 19.89b 9.00b 5.88c 104.41c 38.87c 2.17c 

BRRI dhan37 15.83c 14.67c 9.39b 6.30c 119.29b 46.56b 2.33b 

BRRI dhan38 11.97d 13.56c 5.50c 3.47d 58.95d 25.00e 3.35a 

Binadhan-13 20.11b 13.83c 10.44ab 12.99b 108.42c 33.80d 2.93b 

CV (%) 17.6 15.41 15.23 7.31 11.48 13.58 27.66 

Level of significance ** ** ** ** ** ** ** 

In a column, values having similar letter do not differ significantly whereas values with dissimilar letter differ significantly as per DMRT. **Significant at 
1% level of probability. 



312  

 

Md. Azhiat-Ul Huq Hia et al. /Arch. Agr. Environ. Sci., 2(4): 308-314 (2017) 

Table 3. Weed density, weed dry weight and grain yield in aromatic rice as influenced by weed management. 

Weed Management 
Weed density (no. m-2) Weed dry weight (g m-2) 

Grain yield  (t ha-1) 
45 DAT 65 DAT 85 DAT 45 DAT 65 DAT 85 DAT 

Weedy plot 45.60a 23.60a 14.80a 44.48a 194.32a 58.48a 1.39d 

Weed free plot Weed free Weed free 3.20a 

Mechanical weeding + manual 

weeding 
21.47c 20.93b 10.67c 4.75b 121.38b 57.90a 2.18c 

Pre-emergence herbicide + manual 

weeding 
12.64d 20.80b 9.33d 4.05c 130.10b 42.46b 2.05c 

Post-emergence herbicide + manual 

weeding 
25.66b 21.87ab 11.47b 4.79b 108.29c 54.97a 2.36c 

Pre-emergence + post-emergence 

herbicide 
10.73d 19.40b 8.40d 3.54c 95.79d 30.06c 2.50b 

CV (%) 17.6 15.41 15.23 7.31 11.48 13.58 7.06 

Level of significance ** ** ** ** ** ** ** 

In a column, values having similar letter do not differ significantly whereas values with dissimilar letter differ significantly as per DMRT. **Significant at 
1% level of probability. 

Table 4. Interaction effect of variety and weed management practices on weed density, weed dry weight and yield in aromatic rice.  

Interaction Weed density (no.m-2) Weed dry weight (g m-2) Grain 

yield 

(t ha-1) Variety Weed management 45 DAT 65 DAT 85 DAT 45 DAT 65 DAT 85 DAT 

Kalijira 

  

  

  

  

  

Weedy plot 43.33b 35.33a 18.00ab 113.12a 126.47e 16.79j 1.02klm 

Weed free plot Weed free 2.37f-j 

Mechanical weeding + manual weeding 9.33gh 29.33bc 10.67d-g 9.95e 201.95c 45.13fg 1.11jkl 

Pre-emergence herbicide + manual weeding 4.20h 24.67cd 6.67ghi 4.31hij 164.12d 22.64i 1.27i-l 

Post-emergence herbicide + manual weeding 8.30h 34.67ab 9.33e-h 5.11ghi 299.56a 48.52ef 1.26i-l 

Pre-emergence + post-emergence herbicide 6.67h 37.33a 9.33e-h 3.72ijk 110.92e 16.93j 1.80h-k 

BRRI 

dhan34 

  

  

  

  

  

Weedy plot 82.00a 38.67a 21.33a 18.71d 303.28a 25.36i 0.68m 

Weed free plot Weed free 3.17c-g 

Mechanical weeding + manual weeding 44.67b 13.33ghi 10.67d-g 1.46n 76.83gh 61.96d 2.14hij 

Pre-emergence herbicide + manual weeding 24.67ef 18.67d-g 18.67ab 7.40f 115.19e 86.43b 2.27g-j 

Post-emergence herbicide + manual weeding 47.33b 23.33cde 12.00c-f 6.47fg 68.36ghi 30.48hi 2.71e-i 

Pre-emergence + post-emergence herbicide 14.67g 25.33cd 4.67i 1.21n 62.79hij 28.99hi 2.91d-h 

BRRI 

dhan37 

  

  

  

  

  

Weedy plot 24.67ef 19.33d-f 7.33ghi 4.21h-k 300.01a 77.53bc 2.03l 

Weed free plot Weed free 2.67cd 

Mechanical weeding + manual weeding 6.67h 14.00f-i 8.00f-i 5.06hi 55.91hij 83.75bc 2.23d-h 

Pre-emergence herbicide + manual weeding 6.00h 9.33hi 6.00hi 1.84mn 203.79c 15.73j 2.29d-h 

Post-emergence herbicide + manual weeding 36.00c 23.33cde 8.00f-i 4.15h-k 51.52ij 85.55b 2.44e-h 

Pre-emergence + post-emergence herbicide 6.33h 15.33fgh 3.67i 5.56gh 104.49ef 16.81j 2.33efg 

BRRI 

dhan38 

  

  

  

  

  

Weedy plot 45.33b 22.67de 15.33bc 21.81c 115.45e 117.03a 2.21g-j 

Weed free plot Weed free 3.72a 

Mechanical weeding + manual weeding 32.00cd 20.67def 13.33cde 5.27gh 227.03b 74.73c 3.02c-f 

Pre-emergence herbicide + manual weeding 5.00hi 17.33efg 6.00hi 1.45n 125.76e 49.60ef 3.26c-h 

Post-emergence herbicide + manual weeding 7.33h 19.33d-g 15.33bc 4.99hi 67.57ghi 61.19d 3.22c-h 

Pre-emergence + post-emergence herbicide 5.33hi 8.00i 6.33ghi 4.31hij 114.71e 51.40ef 3.44bc 

Binadhan-

13 

  

  

  

  

Weedy plot 32.67cd 8.00i 14.67bcd 64.55b 126.37e 55.71de 1.05klm 

Weed free plot Weed free 3.58ab 

Mechanical weeding + manual weeding 14.67g 19.67d-g 10.67d-g 2.00lmn 45.19ij 23.93i 2.38f-i 

Pre-emergence herbicide + manual weeding 23.33ef 19.33d-g 6.67ghi 5.27gh 41.64j 37.88gh 1.87h-k 

Post-emergence herbicide + manual weeding 29.33de 17.33efg 12.67cde 3.24jkl 54.45hij 49.13ef 2.21c-f 

Pre-emergence + post-emergence herbicide 20.67f 18.67d-g 18.00ab 2.89klm 86.04fg 36.16gh 2.54cde 

CV (%) 17.6 15.41 15.23 7.31 11.48 13.58 5.46 

Level of significance ** ** ** ** ** ** * 

*Significant at 5% level of probability, In a column, values having similar letter do not differ significantly whereas values with dissimilar letter differ  
significantly as per DMRT; ** Significant at 1% level of probability. 
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Table 5. Weed control efficiency, weed inflicted relative yield loss and yield increase over control of rice due to different weed  

management treatments. 

Weed management 
Weed control efficiency (%) 

RYL (%) YOC (%) 
45 DAT 65 DAT 85 DAT 

Weedy plot 0 0 0 56.56 0 

Weed free plot 100 100 100 0 130.212 

Mechanical weeding + manual weeding 89.32 37.53 0.99 31.88 56.83 

Pre-emergence herbicide + manual weeding 90.89 33.04 27.39 35.94 47.48 

Post-emergence herbicide + manual weeding 89.23 44.27 6.00 26.25 69.78 

Pre-emergence + post-emergence herbicide 92.04 50.70 48.59 21.87 43.88 

Table 6. Cost effectiveness (partial cost analysis) of different weed control treatments. 

Treatments 

Variable 

cost except 

herbicide 

and weeding 

cost 

Herbicide 

cost 

Laborer cost 

for spraying/ 

weeding 

Total cost 
Gross 

income 
Net income 

Benefit-cost 

ratio 

Weedy plot 43458 0 0 43458 72520 29062 1.67 

Weed free plot 42038 0 39000 81038 155480 74442 1.92 

Mechanical weeding +  

manual weeding 
44708 0 5200 49908 110200 60292 2.21 

Pre-emergence herbicide + 

manual weeding 
43458 617.5 5720 49795.5 106280 56484.5 2.13 

Post-emergence herbicide + 

manual weeding 
43458 308.75 5720 49486.75 120200 70713.25 2.43 

Pre- + post-emergence  

herbicide 
42938 926.25 1040 44904.25 120200 75295.75 2.68 

In a column, values having similar letter do not differ significantly whereas values with dissimilar letter differ significantly as per DMRT. 

**Significant at 1% level of probability. 

Conclusions 

The yield of aromatic rice is lower than that of coarse and 

medium rice varieties but its higher market price makes it 

more remunerative to the farmers. Among the several factors, 

weed management in aromatic rice play an important role for 

lowering its grain yield. The farmers of Bangladesh mainly 

practiced manual and mechanical weeding to manage the 

weeds from the crop fields. Recently they started to adopt 

chemical weed management. Moreover, before making the 

final choice of any weed control method, farmers’ available 

resources e.g., labour, have to be considered first. The current 

research revealed that despite high weed control efficiency, 

manual weeding is not cost-effective, whilst chemical weed 

controls are highly efficient and economic as well. Among the 

tested herbicides, Bensulfuran methyl +Acetachlor@750 g  

ha-1 followed by Pyrazosulfuran ethyl@125-150 g ha-1 may be 

considered for their high efficacy and cost-effectiveness for 

weed management in aromatic rice. 

Figure 1. Relative density of different weeds. 

Figure 2. Relative dry weight of different weed groups. 

Figure 3. Weed Index of different weed management practices. 
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INTRODUCTION 

Livestock sector plays an important and vital role in providing 

nutritive food and in supplementing family incomes and gen-

erating gainful employment in the rural sector, particularly 

among the landless, small and marginal farmers. India with 

135million goat population stands second after China. Goats 

are generally reared by landless or the resource poor farmers 

whose average agricultural holding is either very less or is not 

sufficient to devote for cultivation of crops (Kumar and Pant, 

2003 and Singh et al., 2005). Goat sector provides subsidiary 

source of livelihood to the people especially to small and mar-

ginal farmers and landless labourers. Technological and man-

agement options are the only alternatives to accelerate growth 

in the productivity of goats, which is low in the traditional 

system of production.  

Parasites are a major constraint on animal productivity 

throughout the world. Small ruminant (goats and sheep) pro-

duction systems worldwide are significantly constrained by 

gastrointestinal nematode (GIN) parasites, reducing meat, 

milk, and fibre production (Preston et al., 2014). Epidemio-

logical studies are necessary to determine the potential impact 

of parasitic infections in particular areas (Chaparro et. al., 

2016). Gastrointestinal nematodes are ubiquitous parasites of 

grazing ruminants and cause decreases in survival, live weight 

gain, wool and milk production and reproduction perfor-

mance. These losses can be particularly severe in developing 

countries where control measures are less readily available. 

Correlation between faecal egg count of trichostrongylid eggs 

and worm burden, making faecal egg count a good estimate 

for affected animals (Rodriguez et al., 2015). Gastrointestinal 

parasitic infections in small ruminants are of considerable 

economic importance because small ruminants’ rearing has 

been a major source of income especially to the marginal 

farmers and labours of the country. Parasitic problems are a 

serious problem in goat. Parasitic infection do not show heavy 

rate of mortality, however there occurrence being chronic, 

most of the time leads to serious production losses. This leads 

to the major problem that goat farm produce below capacity. 

Keeping above point in view the study was planned to access 

the parasitic load and type of parasite infects the goats.  

MATERIALS AND METHODS  

To assess the parasitic worm load in goat through faecal sam-

ple examination, two districts were selected from each of the 

three agro-climatic zone on the basis of highest density of 

goat population. From each selected district, two blocks were 

randomly selected. Thus from each each zone four blocks 

were selected and from each block five faecal samples were 

collected randomly. From each zone 20 samples were ana-

lyzed. Total 60 faecal samples were analyzed. Result of the 

study presented in frequency, percentage etc. The McMaster 

technique was used for counting helminth eggs in faecal  

samples. Two grams of faeces were weighed with a scale with 

0.1 gram incitement, thereafter; 28 mL of saturated sodium 
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chloride (NaCl) solution was added. The faecal solution was 

then run through a strainer after it had been soaked for 5 

minutes, and immediately filled a McMaster chamber with a 

plastic pipette. The McMaster chamber was then let to stand 

for at least 5 minutes so the eggs would be able to float to the 

surface before trichostrongylid eggs were counted in a micro-

scope run by light at 100 X magnification. The number of 

trichostrongylid eggs per gram (EPG) faeces was calculated 

by multiplying the total number of trichostrongylid eggs 

found in the two chambers by a factor of 50 meaning that each 

trichostrongylid egg found in the McMaster chamber repre-

sents 50 eggs per gram faeces (Zajac and Conboy, 2012). It 

provided information with regard to severity of  

infection. Faecal sample were taken directly from the rectum 

with the help of index finger to avoid contamination. When it 

was difficult to take rectal sample, then fresh faeces were col-

lected from the field or floor. Only top of the faecal lump, 

untouched with earth was lifted. Identification of nematode 

eggs has been made on the basis of morphological characteris-

tics features. The obtained result categorized into three  

categories viz., mild, moderate and severe infection. 

RESULTS AND DISCUSSION 

Heavy infections can lead to acute clinical diseases and even-

tually to mortalities. Many species of nematodes, cestodes and 

coccidia cause parasitic gastritis and enteritis in goats. Trema-

tode infections lead to damages of the liver. Expenses for 

treatment and prevention are a massive burden in animal  

husbandry (Sharma et al., 2011). Faecal examination of  

sample revealed heavy parasitic load in the study area. The 

majority of the faecal samples (70 %) of both zone I and zone 

II had heavy parasitic load (>3000 epg) followed by 60 per 

cent samples of zone III. This indicates that majority of the 

goats of the study area had severe parasitic infection. Moder-

ate infection (1000-3000 epg) was reported in 25 per cent 

samples from both zone II and zone III followed by 20 per 

cent samples of zone I while mild infection was found only in 

5 per cent samples of zone II followed by 15 per cent samples 

of zone III and 10 per cent samples of zone I mentioned in 

table 1. Result of overall collected samples also indicates that 

majority of the samples had severe parasitic load followed by 

moderate to mild parasitic load. Results are in line with the 

study conducted by Suchita et al. (2010) in Patna district of 

Bihar. She reported in her study that parasitic fauna of goats 

were as H. contortus (89.76%), T. colubriformis (84.81%), S. 

papillosus (62.04%), Strongyles (53.13%) and T. ovis 

(12.21%). M. expansa (3.96%) was the common cestode, 

while ova of trematodes viz., Paramphistomes (33.99%) and 

Fasciola spp. (12.87%) were also detected in faecal samples 

of goats. The prevalence of Haemonchus sp., Oesophagosto-

mum sp., Trichuris sp., Trichostrongylus sp. was 61.11%, 

45.56%, 30.00% and 11.11%, respectively and the mixed in-

fection (57.78%) was reported by Molla and Bandyopadhyay 

(2013). Lkhagvatseren et al. also (2015) reported a prevalence 

of 91.6 % small ruminants infected with Haemonchus spp. 

The average daily gain in severely affected kids was much 

lower than moderately affected kids (Sharma et al., 2011). 

Chi-square analysis was performed to find association be-

tween parasitic load and categories of zones. The results re-

vealed non-significant relation between parasitic load and 

categories of zones. Table 2 shows that majority of samples 

(48.33 %) were infected with the combination of Strongyles, 

Strongyloides and Coccidiosis followed by 33.33 per cent 

samples infected with both Strongyles and Coccidiosis, 13.33 

per cent samples with only Coccidiosis and 5 per cent with 

both Strongyloides and Coccidiosis. 

Table 1. Parasitic load in faecal sample of goats.  

Parasitic load (epg) Zone I (n=20) Zone II (n=20) Zone III (n=20) Overall (N=60) Pearson Chi-Square 

Mild infection (up to 1000) 2 (10.00) 1 (5.00) 3 (15.00) 
10 

(10.00) 
0.513 

Moderate infection (1000-3000) 4 (20.00) 5 (25.00) 5 (25.00) 14 (23.33)   

Severe infection  (>3000) 14 (70.00) 14 (70.00) 12 (60.00) 40 (66.67)   

Table 2. Parasitic distribution of faecal sample of goat. 

Infection of parasite Number of sample infected Percentage 

Only Strongyles 0 0.00 

Only Strongyloides 0 0.00 

Only Coccidiosis 8 13.33 

Strongyles and Strongyloides 0 0.00 

Strongyles and Coccidiosis 20 33.33 

Strongyloides and Coccidiosis 3 5.00 

Strongyles, Strongyloides and Coccidiosis 29 48.33 

Conclusions 

It can be concluded that faecal egg count level was severe in 

majority of the samples examined. Most prevalent parasitic 

combination was Strongyles, Strongyloides and Coccidiosis in 

infected samples. Only Strongyles infected samples were not 

reported in the study.  

Open Access: This is open access article distributed under the 

terms of the Creative Commons Attribution License, which 

permits unrestricted use, distribution, and reproduction in any 

medium, provided the original author(s) and the source are 

credited. 
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INTRODUCTION 

Wastewater is described as combination of the liquid or  

water-carried from residences, institutions, commercial and 

industrial establishments together with groundwater and  

surface water which has been adversely affected by anthropo-

genic influences (Morrison et al., 2001; Kumar et al., 2017; 

Oladeji, 2017). When untreated wastewater accumulates and 

is allowed to get septic, the decomposition of the organic mat-

ter it contains will lead to nuisance conditions which include 

the generation of offensive gases/odour. In addition, untreated 

wastewater contains numerous pathogenic microorganisms 

that dwell in it and if such water is drunk it may get to human 

intestinal tract and cause sickness (Ademoroti, 1996). Quality 

of wastewater depends on its sources i.e. sewage or industrial 

effluents (Akan et al., 2010; Kumar et al., 2017). Wastewater 

can contain pollutants such as organisms, pathogens, organic 

matter, oil, grease, inorganic, nutrients, solids and gases in 

large quantity that can put public at health risk and the  

environment in general (Agusa et al., 2006; Jameel and  

Sirajudden, 2006; Oladeji, 2017). Wastewater contains nutri-

ents which stimulate the growth of planktons in aquatic  

environment and may contain toxic compounds or compounds 

that potentially may be mutagenic or carcinogenic. For these 

reasons, the immediate and nuisance-free removal of 

wastewater from its sources of generation, followed by treat-

ment, reuse, or dispersal into the environment is necessary to 

protect public health and the environment (Tchobanoglous et 

al., 2003; Oladeji, 2017). To protect public health and the 

environment, it is necessary to have knowledge of constitu-

ents of concern wastewater, impacts of these constituents of 

wastewater when it disposed untreated into the environment, 

the transformation and long-term fate of the constituents if left 

untreated, treatment processes it requires and treatment/

methods that can be used to remove or modify the constituents 

found in wastewater (Berman, 1980; Oladeji, 2017). 

Nitrate (NO3
–) is inorganic ions that occur naturally and are 

part of the nitrogen cycle. Nitrates (e.g., potassium nitrate and 

ammonium nitrate) are common ingredients of fertilizer that 

contains nitrogen. Nitrite oxidizes easily into nitrate by Nitro-

bacter. Thus, nitrate occurs more frequently in ground and 

surface water.  Nitrate-containing compounds in the soil are 

generally soluble that means they dissolve easily in water 

(ATSDR, 2011). Thus, nitrates flow easily into groundwater. 

Microbes break down animal and human organic wastes in 

soil and water to ammonia. This breakdown process of  

converting organic wastes into ammonia, which then oxidizes 

into nitrite and nitrate, is referred to as Nitrification process 

done by Nitrosomonas and Nitrobacter bacteria (Grubben, 

1976). Vegetables such as cauliflower, spinach, collard 

greens, broccoli, beets and root vegetables are having greater 

nitrate content than do other plants due to nitrogen fixation 

and is one way of exposing to excessive nitrite and nitrate in 
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ABSTRACT 

The concentration of nitrate was evaluated in wastewater, soil and vegetable (carrot, lettuce, onion, 

spinach, cabbage, tomato and okra) samples collected on seasonal basis from January, 2013 to  

September 2014 along Kubanni stream channels in Zaria. The results showed nitrate levels in 

wastewater were in the range of 23.05-283.54 mg/L for the year 2013 and 16.85-68.05 mg/L in the 

year 2014; soil had concentrations in the range of 2.20-20.50 mg/kg for 2013 and 7.27-29.57 mg/kg 

for the second year while the vegetable had concentrations in the range of 3.80-23.65 mg/Kg for the 

year 2013 and 7.48-27.15 mg/Kg in year 2014. Statistical analysis revealed no significant difference 

in nitrate concentrations across the locations and seasons for wastewater, soil and vegetables  

analyzed. Pearson correlation results revealed negative (r = -0.263) relationship between nitrate levels 

in wastewater for year 2013 and year 2014, likewise negative (r = -0.217) relationship was obtained 

for vegetables planted in the year 2013 and 2014 whereas negligible (r = 0.137) relationship was 

recorded in the soil for these years. Nitrate concentrations obtained in this study was higher than  

maximum contaminant levels set by Standard Organization such as WHO and FAO for wastewater 

whereas the soil and vegetable of the sampling sites were not contaminated with nitrate ions. 
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foods (ATSDR, 2011). Also, exposure to high amounts of 

nitrates/nitrites from soil and water contaminated arise from 

runoff of nitrogen-containing fertilizers (e.g., potassium  

nitrate and ammonium nitrate) as being reported in literatures 

(Akan et al., 2010). Excessive nitrate exposures by people 

resulted in acute methemoglobinemia, a serious health condi-

tion.  Haemoglobin in blood carries oxygen from the lungs to 

tissues and helps carry carbon dioxide back to the lungs.  

Haemoglobin in blood contains iron normally found in the 

Fe2+ (ferrous) state. An excessive nitrate alters the iron in  

haemoglobin to the Fe3+ (ferric) state. This forms methemo-

globin, an abnormal form of haemoglobin. As methemoglobin 

forms, the blood loses its ability to carry oxygen to tissues 

(anoxia). Methemoglobinemia is a state in which there is an 

excess of methemoglobin in the blood. Methemoglobinemia 

can cause cyanosis (blue skin) of limbs/trunk, weakness and 

rapid heart rate (ATSDR, 2011). If methemoglobinemia  

progresses in severity, central nervous system depression can 

occur this may result to headache, dizziness, fatigue, difficulty 

in breathing and nausea (Nathan et al., 1977). Finally, severe 

methemoglobinemia can cause lethargy, brief loss of  

consciousness, irregular heartbeat, shock, convulsions, coma, 

and even death. In fact, methemoglobin levels greater than 

50% are potentially fatal (Reddy and Menary, 1990). Keeping 

above in view, the present investigation was aimed to evaluate 

the levels of nitrate in wastewater, soil and vegetable samples 

grown along Kubanni stream channels in Zaria, Kaduna State, 

Nigeria. 

MATERIALS AND METHODS 

Sampling: Wastewater samples from Kubanni stream were 

obtained on a four-month basis at point of inlet into the river 

at five different points along the stream channels for the  

period of two years. Sampling was conducted in the Harmat-

tan, dry and rainy seasons from January 2013 to September 

2014. Wastewater samples were collected using composite 

sampling in a polyethylene plastic containers that were previ-

ously cleaned by washing in non-ionic detergent, rinsed with 

tap water and soaked in 0.1M HNO3 for 24 hours and finally 

rinsed with deionized water prior to usage (Ademoroti, 1996). 

Sample bottles used were rinsed with sampled water three 

times and then filled to the brim at a depth of one meter below 

the wastewater from each of the five designated sampling 

points. Wastewater sample bottles were labeled, stored in  

ice-blocked coolers and transported to the laboratory while in 

the Analytical laboratory; they were stored in the refrigerator 

at about 4°C prior to the analysis (APHA, 2012). Soil samples 

were collected at three depths (0-5 cm, 5-10 cm and 10-15 

cm) from both sides of the river banks by using spiral  

auger of 2.5 cm diameter. Soil samples were randomly sam-

pled and bulked together to form a composite sample from 

each designated point. They were then put in clean plastic 

bags, labelled and transported to the laboratory. The full 

grown vegetable of spinach (Amaranthus hybridus), lettuce 

(Lactuca sativa), cabbage (Brassica oleracea), carrot (Daucus 

carota), okra (Hibiscus esculentus), onion (Allium cepa) and  

tomato (Lycopersicon esculenetum) were randomly hand-

picked from various garden plots along Kubanni stream  

channels using hand-gloves, bulked together to form a compo-

site sample, wrapped in a big brown envelopes, labeled  

accordingly and transported to the laboratory.  

Sample treatment: Wastewater sample bottles were kept in a 

refrigerator set at 4 °C prior to analysis (APHA, 2012). Soil 

samples were air-dried, crushed and sieved through 2 mm 

mesh sieve. The soil samples were then put in clean plastic 

bags, sealed and labelled accordingly (Musa et al., 2009). 

Each vegetable samples were washed with tap water, followed 

by deionized water, air dried in the laboratory, grounded to 

powder and sieved using 250 µm sieve (Munson and Nelson, 

1990). 

Determination of nitrate in wastewater: 10 cm3 of the each 

wastewater samples were pipetted into sample containers. The 

content of one (NitraVer 5 Nitrate) reagent powder pillow was 

added to each wastewater samples. It was stoppered and the 

cell shaken thoroughly for 1 minute. The sample concentra-

tion was read for each wastewater at 500 nm after 5 minute 

using a portable Data Logging Spectrophotometer (HACH 

DR/2010). The blank sample was treated in the same manner. 

The result in mg/L nitrate-nitrogen (NO3
--N) was displayed. It 

was multiplied by a conversion factor of 4.427 to get the  

nitrate concentration (APHA, 2012). 

Determination of nitrate in soil samples: The concentration 

of the chloride in the soil samples filtrates were firstly deter-

mined, the readings of chloride were divided by 10 and known 

amount of 0.02M Ag2SO4 were added equivalent to the 

amount of chloride in the filtrates. 5 cm3 aliquots were then 

taken into centrifuge test tube and diluted to 10 cm3 with de-

ionized water. The tubes were centrifuged for 10 minutes until 

the solutions were clear. 5 cm3 of the clear solutions were 

taken in glass evaporating dish, placed on water bath, evapo-

rated to dryness and then cooled.  1 cm3 of phenoldisulphonic 

acid solution was added to individual tubes, then 10 cm3 of 

deionized waters were added and were transferred into various 

100 cm3 volumetric flasks and were made alkaline by adding 

2 cm3of concentrated NH4OH, diluted to volumes of 50 

cm3and thoroughly mixed to give a yellow colour and their 

absorbance were taken at 410 nm using JENA Model UV/

Visible Spectrophotometer for nitrate. The blank was  

prepared by following the same procedure while omitting the 

filtrate used for the analysis (Musa et al., 2009). 

Determination of nitrate in the vegetable samples: The 

concentration of nitrate and nitrite analyzed in each of the 

vegetable samples were carried out using Smart Spectro  

spectrophotometer (APHA, 2012). The method is based on 

diazotization of sulphanilic acid by nitrite in acid solution and 

the coupling of the resulting diazonium compound with alpha-

naphthyl-amine to give a red azo-dye (Ademoroti, 1996). 

Vegetable samples solutions were prepared by grinding each 

dried sample into powder. A known amount (1 g) of the pow-

dered sample was transferred into 100 cm3 flask and soaked 

with 50 cm3 of deionized water. The flasks were capped and 

shaken for 30 minutes, then filtered into another 100 cm3  

volumetric flasks and the volume made to the mark with  

deionized water. Nitrate was determined spectrophotometri-

cally using standard cadmium reduction method (Radojevic 

and Bashkin, 1999). 25 cm3 of the filtrate that had been previ-

ously mixed with 50 cm3 of NH4Cl-EDTA solutions were 

passed through cadmium column and collected at a rate of 10 

cm3/minute. 2 cm3 of sulfanilamide reagent was then added to 

50 cm3 of collected filtrate from column for colour develop-

ment and was allowed to react for 5 minute with 2 cm3 of 

naphthyl-ethylenediamine dihydrochloric acid with the for-

mation of reddish purple azo dye and the absorbance of the 

solution was then taken at 540 nm (Kenneth, 1990).  

Statistical analysis: The results of nitrate in wastewater, soil 

and vegetables analyzed were expressed in form of  

bar-charts. The results obtained were subjected to one way 
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Analysis of Variances (ANOVA) and Pearson Product  

Moment Correlations (PPMC) using Statistical Package for 

the Social Sciences (SPSS) 20.0 version software. Null  

hypothesis was adopted and this was set at 95% confidence 

mean level to check if there is significant difference in the 

concentrations of nitrate analyzed. Statistical decision for 

Pearson correlation coefficients (r) were in accordance to 

Robert (1992). 

RESULTS AND DISCUSSION 

The results of nitrate concentrations in wastewater from  

Kubanni stream channels is shown in Figure 1.  The concen-

trations determined were in the range of 23.05-283.54 mg/L 

for the year 2013. Highest level of 283.54 mg/L was found at 

Industrial area along Jos road followed by Unguwa-fulani 

(242.75 mg/L) and this was closely followed by 207.93 mg/L 

at Kwangila sampling site, all these results were obtained in 

the rainy season whereas the least level of 23.05 mg/L was 

obtained at Sabon-gari in the dry season. High levels of  

nitrate during the rainy season could be related to indiscrimi-

nate disposal of animal and human faeces from nearby hous-

es into sampling sites coupled with fertilizer runoff from 

agricultural farmland as suggested by Ikemoto et al. (2002). 

Other sites with high concentrations of nitrate were; Sabon-

gari (197.60 mg/L) during the rainy season, Tundun-wada 

(158.42 mg/L) in the rainy season, Industrial-area along Jos 

road (152.48 mg/L) during harmattan season, Unguwa-fulani  

had nitrate level of 150.43 mg/L in the harmattan season 

while Tundun-wada showed of  142.75 mg/L. Elevated  

levels of nitrate noticed during the rainy season (158.42-

283.54 mg/L) could be related to animal and human faeces 

from nearby houses as suggested by Ishiwata et al. (2002). 

The concentrations determined for nitrate in the year 2014 

were in the range of 16.85 – 68.05 mg/L. Sabon-gari indicat-

ed highest level of 68.05 mg/L during the dry season  

followed by 43.75 mg/L at Unguwa-fulani also in the dry 

season and this was closely followed by 41.80 mg/L at the 

same sampling site but in the rainy season whereas the least 

level of 16.85 mg/L was recorded during harmattan season at 

Tundun-wada sampling site. High levels of nitrate during dry 

and rainy seasons could be as a result of runoff from fertiliz-

ers application on farmland as suggested by McCall and  

Willumsen (1998). Other sites with high concentrations of  

nitrate were; Kwangila (35.80 mg/L) in the rainy season, 

Tundun-wada (38.19 mg/L) and Industrial-area along Jos 

road (35.43 mg/L) both in the dry season. Low levels of  

nitrate was noticed in 2014 and this indicates maximum up-

take of nitrate by planted vegetables as suggested by Anjana 

et al. (2006). Comparing the results obtained in the year 

2013 and 2014, it was revealed that in harmattan season 

2013, the results indicated higher concentration of nitrate 

ions (114.00-200.07 mg/L) than harmattan season of 2014 

(16.85-34.24 mg/L). Likewise, dry season 2013 showed high 

level of nitrate (23.05 – 200.07 mg/L)  than dry season 2013 

(29.64-68.05 mg/L) and in the same way, rainy season of 

2013 indicated high concentration of nitrate ion (158.42- 

283.54 mg/L) than rainy season of 2014 (27.40-41.80 mg/L). 

High levels of nitrate recorded in 2013 could be as a result of 

excessive application of manure and nitrogenous fertilizers 

on farmlands more than required by the vegetables as  

suggested by Ikemoto et al. (2002). WHO recommends 45 

mg/L as maximum limit for nitrate in wastewater before it 

could be discharged into surface water and this indicates that 

concentrations obtained in this study exceeds the limit with 

exception of rainy season 2014 (27.40-41.80 mg/L). Akan et 

al. (2008) reported 211.43-284.33 mg/L as nitrate levels in 

wastewater which was higher than concentrations obtained in 

this present study. Analysis of variance was conducted to 

establish difference in nitrate levels among the sampling  

locations for the year 2013 and 2014.  

Statistical analysis showed their mean with standard devia-

tion as thus; Kwangila (88.977±74.510), Unguwa-fulani 

(117.457±92.890), Sabon-gari (77.290±68.041), Tundun-

wada (77.108±59.923) and Industrial-area along Jos road 

(98.083±90.077), respectively. From ANOVA Table 1  

below, it shows P = 0.902 > 0.050 this means that there is no 

significant difference in nitrate levels across the sampling 

locations.  Nitrate concentrations were also examined across 

the seasons to establish their differences. Their mean with 

standard deviation showed these; harmattan season 2013 

(112.790±86.604), dry season 2013 (79.482±68.620), rainy 

season 2013 (108.184±103.227), harmattan season 2014 

(57.196±49.864), dry season 2014 (97.660±79.452) and rainy 

season 2014 (95.386±91.805), respectively. Table 1 reveals P 

= 0.899 > 0.050 this means that there is no significant differ-

ence in nitrate concentrations across the seasons. This might 

be due to sampling areas are falling within the same vicinity 

thereby their soil geological formations are similar irrespec-

tive of change in seasons as suggested by Farooq et al. 

(2008). Pearson Product Moment Correlation (PPMC) was 

conducted to establish the relationship between nitrate levels 

in wastewater for the year 2013 and 2014 as shown in Table 

2. Statistical analysis showed that the mean with standard 

deviation level for nitrate to be 149.457±70.238 in 2013 

while 34.109±12.071 was obtained in 2014. Statistical analy-

sis also indicates Pearson correlation (r) = -0.263, degree of 

freedom (df) = 13 and P = 0.343 > 0.050 this means that 

there is negative relationship between nitrate levels in 

wastewater for the year 2013 and 2014, respectively.  

Figure 2 presents nitrate concentrations in soil from Kubanni 

stream channels. The concentrations obtained were in the 

range of 2.20-20.50 mg/Kg for the year 2013. Highest level of 

20.50 mg/Kg was found at Kwangila sampling site during the 

harmattan season followed by 17.90 mg/Kg in the dry season 

at Sabon-gari and closely followed by 14.45 mg/Kg in the 

same season at Tundun-wada while the least level of 2.20 mg/

Kg was recorded at Unguwa-fulani sampling site. High levels 

of nitrate ions during harmattan and dry seasons could be 

traced to excessive application of manure/fertilizers coupled 

with uses of wastewater as suggested by Adetunji et al. (2001) 

and Akan et al. (2008). Other sites with high concentrations of 

nitrate were; Sabon-gari (13.90 mg/Kg), Tundun-wada (11.40 

mg/Kg) and 10.74 mg/Kg at Industrial-area along Jos road, all 

these results were obtained in rainy season. Nitrate concentra-

tions were almost the same during rainy season 2013 (10.74-

13.90 mg/Kg) across the sampling sites as indicated in Figure 

2. In this period, highest level was found at Sabon-gari (13.90 

mg/Kg) while the least concentration of 10.74 mg/Kg was 

obtained at Industrial area along Jos road. Nitrate had concen-

trations in the range of 7.27-29.57 mg/Kg for the year 2014. 

Kwangila (29.57 mg/Kg) showed highest level during dry 

season followed by 26.93 mg/Kg at both Industrial-area along 

Jos road and Kwangila sampling sites during harmattan season 

and this was closely followed by Sabon-gari (26.20 mg/Kg) in 

the rainy season while the least concentration of 7.27 mg/Kg 

during harmattan season was found at Sabon-gari. Elevated 

levels of nitrate in soil during harmattan and dry seasons could 

be attributed to excessive application of nitrogenous fertilizers 

coupled with use of wastewater as suggested by Uwah et al. 

(2007). Other sampling sites with high concentrations of  
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nitrate were; Industrial-area along Jos road (24.17 mg/Kg) in 

the dry season, 23.10 mg/Kg at both Kwangila and Tundun-

wada sampling sites in the rainy season, 18.37 mg/Kg during 

the harmattan season at Tundun-wada and Unguwa-fulani 

sampling site (17.75 mg/Kg) during the dry season. The chart 

revealed high levels of nitrate in 2014 and this could be relat-

ed to flooding of 2013, this necessitated the application of 

more nitrogenous fertilizers than usual in the following year 

as suggested by Uwah et al. (2007). Comparing the results 

obtained in 2013 with that of 2014, it was revealed that in 

harmattan season 2013, the results indicated lower level of 

nitrate (2.20-20.50 mg/Kg) than harmattan season of 2014 

(7.27-26.93 mg/Kg). Likewise, dry season 2013 (3.75-17.90 

mg/Kg) showed low concentration of nitrate compared to dry 

season of 2014 (10.40-29.57 mg/Kg). In the same way, rainy 

season 2013 had lower concentration of nitrate ion in soil 

(10.74-13.90 mg/Kg) than rainy season of 2014 (10.60-26.20 

mg/Kg). From the ANOVA Table 3 above, P = 0.240 > 0.050 

shows there is no significant difference in nitrate levels across 

the sampling sites. The sampling locations revealed these  

statistical analysis as thus; Kwangila (20.357±7.879), Unguwa

-fulani (10.305±6.037), Sabon-gari (13.645±7.515), Tundun-

wada (14.362±5.961) and Industrial-area along Jos road 

(14.490±8.782), respectively. Also, Table 3 indicates P = 

0.802 > 0.050 this means that there is no significant difference 

in nitrate concentrations across the seasons. The results 

showed that; harmattan season 2013 (16.138±7.858), dry sea-

son 2013 (16.146±9.673), rainy season 2013 (14.652±8.872), 

harmattan season 2014 (17.110±9.915), dry season 2014 

(13.100±6.287) and rainy season 2014 (10.644±2.316), re-

spectively. Some of these values are close to one another and 

may be attributed to anthropogenic activites in the sampling 

sites as suggested by Butu (2013). Table 4 shows Pearson 

Product Moment Correlation for nitrate levels in soil between 

the year 2013 and 2014. Statistical data showed the level of 

nitrate to be 10.401±5.150 in 2013 while 18.863±7.300 was 

obtained in 2014 with the degree of freedom (df) = 13,  Pear-

son correlation   (r) = 0.137 and p  = 0.627 > 0.050 indicates 

that there is negligible relationship between nitrate levels in 

soil for year 2013 to that of year 2014. 

Nitrate concentrations in vegetables obtained along Kubanni 

stream channels is presented in Figure 3. The concentrations 

determined were in the range of 4.00-29.98 mg/Kg for the 

year 2013. Highest level of 29.98 mg/Kg was found during 

harmattan season in onion followed by 27.54 mg/Kg in lettuce 

during the rainy season and closely followed by 19.24 mg/Kg 

in spinach planted during the same rainy season while the 

least concentration of 4.00 mg/Kg was obtained in tomato 

cultivated in the harmattan season. Other vegetables with 

moderate levels of nitrate were; cabbage (18.27 mg/Kg) in the 

rainy season, okra (17.24 mg/Kg) during dry season, onion 

(15.42 mg/Kg) in the rainy season, lettuce (13.45 mg/Kg) in 

the dry season and carrot (12.50 mg/Kg) during harmattan 

season. Low levels of nitrate were recorded in 2013 which 

could be attributed to low absorption of nitrate by vegetables 

as a result of high anion exchange capacity of the soil  

hindrance its availability to plants as suggested by Shin-shou 

et al. (2003). In the year 2014, concentrations obtained were 

in the range of 5.74-378.40 mg/Kg. Highest level of 378.40 

mg/Kg was found in spinach followed by tomato (359.04 mg/

Kg) and closely followed by both lettuce and carrot with con-

centration of 268.50 mg/Kg, all these results were obtained in 

the rainy season whereas the least level of 5.74 mg/Kg was 

obtained in onion cultivated during harmattan season.  

Elevated levels of nitrate during rainy season could be as a 

Figure 1. Nitrate concentrations in wastewater from Kubanni Stream  
Channels, Zaria. 

Figure 2. Nitrate concentrations in soil from Kubanni Stream Channels, 

Zaria. 

Figure 3. Nitrate concentrations in vegetables from Kubanni stream  
channels, Zaria. 
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result of excessive application of nitrogenous manure and 

fertilizers as suggested by Uwah et al. (2007). Other vegeta-

bles with high concentrations of nitrate were; cabbage (246.00 

mg/Kg) and okra (245.45 mg/Kg) both in the rainy season, 

spinach (144.90 mg/Kg), cabbage (131.10 mg/Kg) and tomato 

(94.20 mg/Kg) all in the harmattan season. Comparing the 

results obtained for nitrate levels in vegetables between 2013 

and 2014, it was revealed that in harmattan season 2014, the  

results indicated higher levels of nitrate (5.74-144.90 mg/Kg) 

than harmattan season of 2013 (4.00-29.98 mg/Kg). Likewise, 

dry season 2014 (10.80-81.80 mg/Kg) showed high level of 

nitrate in vegetable than dry season 2013 (7.98-17.24 mg/Kg). 

In the same way, rainy season 2014 (88.00-378.40 mg/Kg) 

had high level of nitrate than rainy season 2013 (11.34-27.54 

mg/Kg). Elevated levels of nitrate recorded in 2014 might be 

connected to excessive application of nitrogenous fertilizers 

coupled with nitrogen-fixation effects by Nitrobacter bacteria 

as suggested by ATSDR (2011). The results obtained in this 

study were below maximum contaminant levels for nitrate in 

vegetables as recommended by European Commission (3,100 

mg/Kg/day). Nitrate levels reported by various workers in 

vegetables including; Akan et al., 2010 (177.89 - 674.22 mg/

Kg) and Uwah et al., 2007 (27.78-904.60 mg/Kg) which were 

above the results obtained in the present study. Table 5 pre-

sents Analysis of Variance for nitrate in vegetables and shows 

P = 0.946 > 0.050 this means that there is no significant dif-

ference in nitrate levels among various vegetables analyzed. 

Their mean Nitrate levels and standard deviation revealed 

these; carrot (52.332±106.172), lettuce (62.572±104.658), 

onion (19.962±34.488), spinach (102.263±147.072), cabbage 

(69.013±100.429), tomato (81.748±140.657) and okra 

(88.950±194.032), respectively. ANOVA Table 5 also shows 

P = 0.924 > 0.050 this means that there is no significant dif-

ference in nitrate concentrations across the seasons. The mean 

with standard deviation showed these; harmattan season 2013 

(62.914±104.836), dry season 2013 (43.587±55.274), rainy 

season 2013 (73.194±138.965), harmattan season 2014 

(48.764±88.255), dry season 2014 (66.824±131.276) and 

rainy season 2014 (113.436±190.292), respectively. In addi-

tion, Table 5 indicates P = 0.003 < 0.050 this means that there 

is significant difference in nitrate concentrations for 

wastewater, soil and vegetables of the sampling sites. Their 

mean and standard deviation elaborate these; wastewater 

(91.783±76.765), soil (14.632±7.551) and vegetable 

(68.120±119.871), respectively. This means that nitrate levels 

differ significantly among wastewater, soil and vegetables of 

sampling sites as revealed from their mean. Table 6 presents 

summary of PPMC to establish the relationship between  

nitrate levels in vegetables for the year 2013 and 2014. Statis-

tical analysis showed that the mean with standard deviation 

for nitrate level to be 1.102±1.079 in 2013 while 

135.140±141.503 was obtained in 2014. Statistical analysis 

also showed Pearson correlation (r) = -0.217, degree of free-

dom (df) = 19 and p = 0.344 > 0.050 this means that there is 

negative relationship between nitrate levels in vegetables for 

the year 2013 and 2014, respectively. 

Table 1. Analysis of variance (ANOVA) for nitrate in wastewater. 

Analysis of Variance Sum of Square  df Mean Square    F Significance 

Nitrate in wastewater         Between groups 

(Locations)                              Within groups 

                                                   Total 

  

Nitrate in wastewater           Between groups 

(Seasons)                               Within groups 

                                                   Total 

    6792.599 

164102.230 

170894.829 

  

  10526.914 

160367.915 

170894.829 

 4 

25 

29 

  

 5 

24 

29 

  

1698.150 

6564.089 

  

  

2105.383 

6681.996 

0.259 

  

  

  

0.315 

  

  

0.902 

  

  

  

0.899 

  

  

Table 2. Summary of Pearson Product Moment correlation for nitrate in wastewater. 

Variables 
  

 SD   r df    Significance 

Nitrate 2013 15    149.457  70.238  -0.263 13 
    0.343 

  

Nitrate 2014 15    34.109  12.071       

Table 3. Analysis of variance (ANOVA) for nitrate in soil. 

Analysis of Variance Sum of Square  df Mean Square    F Significance 

Nitrate in soil                          Between groups 

(Locations)                               Within groups 

                                                        Total 

  

Nitrate in Soil                           Between groups 

(Seasons)                                  Within groups 

                                                        Total 

315.373 

1338.293 

1653.666 

  

144.761 

1508.904 

1653.666  

 4 

25 

29 

  

 4 

25 

29 

78.843 

53.532 

  

  

28.952 

62.871  

1.473 

  

  

  

0.461 

0.240 

  

  

  

 0.802  

Table 4. Summary of Pearson Product Moment correlation for nitrate in soil.  

Variables 
  

 SD     r df     Significance 

Nitrate 2013 15    10.401  5.150   0.137 13 
    0.627 

  

Nitrate 2014  15    18.863  7.300       
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Conclusions 

The present study concluded that diverse nitrate levels in 

wastewater were in the range of 23.05-283.54 mg/L for the 

year 2013 and 16.85-68.05 mg/L in the year 2014; soil had 

concentrations in the range of 2.20-20.50 mg/kg for 2013 and 

7.27-29.57 mg/kg for the second year while the vegetable had 

concentrations in the range of 3.80-23.65 mg/Kg for the year 

2013 and 7.48-27.15 mg/Kg in year 2014. The contamination 

of the stream affects the vegetables that are irrigated with the 

water of the stream. This may interfere with food chain and 

affect the human consumers of these vegetables. Therefore, 

higher nitrate levels in carrot, lettuce, onion, spinach, cabbage, 

tomato and okra were recorded grown along with the Kubanni 

River during both the years. Analysis of variance (ANOVA) 

for wastewater, soil and vegetables across the locations and 

seasons revealed no significant difference in the samples  

analyzed and this was due to sampling sites were within the 

same vicinity therefore they experienced similar level of  

contamination, similar geological soil formation and similar 

anthropogenic activities. There is a need to create a compre-

hensive health education plan to communicate appropriate 

public health awareness to the farmers and the community 

through mass media on the implication of unhygienic environ-

ment and health implications of using wastewater and exces-

sive application of chemicals on farmlands. 

Open Access: This is open access article distributed under the 

terms of the Creative Commons Attribution License, which 

permits unrestricted use, distribution, and reproduction in any 

medium, provided the original author(s) and the source are 

credited. 
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INTRODUCTION 

Food security is a burning issue of the world at present.  

Increased rice production can play a vital role to address this 

issue successfully. Rice (Oryza sativa L.) is the most im-

portant food crop and a primary food source for more than one

-third of world's population (Singh and Singh, 2008; Sarkar et 

al., 2017). It is consumed as the staple food in Bangladesh and 

has been given the highest priority in meeting the demands of 

its ever-increasing population. Rice contributes 95% of total 

food production in Bangladesh. About 77.07% of cropped area 

of Bangladesh is used for rice production, with annual produc-

tion of 33.83 million tons from 11.41 million hectares of land 

which contributes about 19.60% of the country’s GDP (BBS, 

2013). Asia contributes more than 90% of the world’s total 

rice production while using more than 90% of the total irriga-

tion water (Khepar et al., 2011; Jahan et al., 2017). It is esti-

mated that by 2025, 15 million of Asia’s 130 million hectares 

of irrigated rice area may experience physical water scarcity 

and approximately 22 million hectares of irrigated dry-season 

rice may suffer economic water scarcity (Tuong and Bouman, 

2007). To fulfill the increased rice demand with shrinking 

resources, it will be necessary to increase yield in a unit area 

with less water. Water is a looming crisis due to competition 

among agricultural, industrial, environmental and domestic 

users. A growing scarcity of fresh water will pose problems 

for rice production in future years. The successful transition 

from traditional lowland cultivation to aerobic rice production 

should be invariably under conditions of effective water man-

agement, to keep the soil ‘‘wet’’ but not flooded or saturated. 

In practice, irrigation has to be applied to bring the soil water 

content up to field capacity once a lower threshold has been 

reached and hence for aerobic rice, the optimum threshold for 

re-irrigation still needs to be determined. Weeds are the great-

est threat under upland or aerobic rice systems, resulting in 

yield losses between 30 and 98 percent (Ramana et al., 2014). 

Weeds are the cause of serious yield reduction problems in 

rice production worldwide (Islam et al., 2015). Losses caused 

by weeds vary from one country to another, depending on the 

predominant weed flora and on the control methods practiced 
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ABSTRACT 

The experiment was conducted at the Farm of Farm Management Division, Bangladesh Agricultural 

University, Mymensingh during December 2012 to June 2013 to find out the effect of water and weed 

management in Boro rice (cv. BRRI dhan28). The experiment consisted of three irrigation systems 

viz., conventional flood irrigation, Alternate wetting and drying (AWD) and System of rice intensifi-

cation (SRI) and four weed management practices viz., No weeding, hand weeding thrice at 20, 35 

and 50 days after sowing, blade weeding + hand weeding once at 20 DAS; and pre-emergence herbi-

cide (Panida 33 EC) @ 2.5 l ha-1 + hand weeding once at 20 DAS. Crop characters, yield components 

and yield were significantly influenced by water and weed managements, and their interaction. The 

highest plant height (91.51 cm), total tillers hill-1 (15.49), grains panicle-1 (86.87) and grain yield 

(4.02 t ha-1) were obtained in SRI method and corresponding lowest values were found in convention-

al flood irrigation while all parameters showed intermediate values in AWD. The highest plant height 

(93.45 cm), total tillers hill-1 (16.53), effective tillers hill-1 (12.88), grains panicle-1 (86.14), grain yield 

(5.47 t ha-1) and straw yield were found in pre-emergence herbicide (Panida 33 EC) @ 2.5 l ha-1 + one 

hand weeding at 20 DAS while all the parameters showed lowest values in weedy check. Weed infes-

tation reduced 80.07% yield compared to application of pre-emergence herbicide (Panida 33 EC) @ 

2.5 l ha-1 + one hand weeding at 20 DAS. In case of interaction, the highest total tillers hill-1 (20.93), 

grains panicle-1 (102.3) and grain yield (5.86 t ha-1) were found in SRI method with pre-emergence 

herbicide (Panida 33 EC) @ 2.5 l ha-1 + one hand weeding at 20 DAT while the lowest total tillers 

hill-1 (10.97), grains panicle-1 (61.46) and grain yield (0.91 t ha-1) were found in conventional flood 

irrigation having no weeding treatment. The above results concludes that SRI method with  

pre-emergence herbicide (Panida 33 EC) @ 2.5 l ha-1 + one hand weeding at 20 DAS appeared as the 

promising technique for appreciable grain yield of Boro rice (cv. BRRI dhan28). 
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by farmers. It is reported that in China, 10 million tonnes of 

rice are lost annually due to weed competition (Belder et al., 

2005); such a quantity of rice is sufficient to feed at least 56 

million people for 1 year. In Sri Lanka, a country considered 

self-sufficient in rice, weeds are the major biotic stress in rice 

production and account for 30-40% of yield losses (Gowda et 

al., 2009). In Bangladesh, weed infestation reduces the grain 

yield by 70-80% in Aus rice, 30-40% for transplanted Aman 

rice and 22-36% for modern Boro rice cultivars (Mamun, 

1990). The traditional method of weed control is hand weed-

ing which is very much laborious and time consuming. The 

practice, however, is becoming less common due to labor 

scarcity. Mechanical weeding and herbicides are the alterna-

tive to hand weeding. Herbicides are effective in controlling 

weeds alone or in combination with hand weeding (Ahmed et 

al., 2005). In recent years, chemical weed control has  

increased in Bangladesh (Ahmed et al., 2014). Herbicides in 

combination with hand weeding would help to obtain higher 

crop yield with less efforts and cost (Sathyamoorthy et al., 

2004; Parvez et al., 2013). Therefore, the present study was 

undertaken to find out the effect of weed and water manage-

ment on yield of Boro rice (cv. BRRI dhan28), Bangladesh. 

MATERIALS AND METHODS 

The experiment was conducted at the Farm of Farm Manage-

ment Division, Bangladesh Agricultural University,  

Mymensingh during December 2012 to June 2013 to find out 

the effect of water and weed management in Boro rice (cv. 

BRRI dhan28). The experimental plot is geographically situat-

ed at 24075'N latitude and 90050'E longitude at an altitude of 

18 m above the mean sea level. The treatments consisted of 

three water management viz., Conventional flood irrigation 

(I1), AWD (Alternate wetting and drying (I2), SRI (System of 

rice intensification) (I3) and four weed management practices 

viz., No weeding (W0), hand weeding thrice at 20, 35 and 50 

days after sowing (W1), blade weeding + hand weeding once 

at 20 DAS (W2) and pre-emergence herbicide (Panida 33 EC) 

@ 2.5 l h-1 +  hand weeding once at 20 DAS. The experiment 

was laid out in randomized complete block design with three 

replications. The size of unit plot was 4.0 m × 2.5 m. The dis-

tances between blocks and plots were 1 m and 75 cm, respec-

tively. Sprouted seeds of BRRI dhan28 were sown on puddled 

field having no standing water on 15 February 2013 with four 

seeds hill-1 at 25 cm × 15 cm spacing. In case of SRI method, 

12-day old seedlings were transplanted at 25 cm × 25 cm 

spacing on 27 February 2013 with one seedling hill-1. The 

land was fertilized with 120-60-40-10-1.5 kg ha-1N-P2O5-K2O

-S-Zn, through prilled urea, triple super phosphate, muriate of 

potash, gypsum and zinc sulphate, respectively. Thinning and 

gap filling were done at 10 DAS to maintain the uniform plant 

stand in all the plots. Five hills (excluding border rows) from 

each plot were randomly selected, uprooted and properly 

tagged prior to harvest for recording data on crop characters 

and yield components. The harvested crop of central 2.5 m × 

2.0 m harvest area was bundled plot-wise separately, tagged 

properly and brought to the clean threshing floor. The bundles 

were sun dried, threshed and then grains were cleaned and 

weighed. The grain yield was adjusted to 14% moisture con-

tent. Straws were also sun dried properly. Grain and straw 

yields were then converted to t ha-1. The data recorded on var-

ious growth and yield were analyzed following analysis of 

variance (ANOVA) and mean differences were adjusted by 

Duncan’s Multiple Range Test (Gomez and Gomez, 1984) 

using a statistical computer package program MSTAT-C 

(Michigan State University, USA). 

RESULTS AND DISCUSSION 

Crop characters and yield components: The highest plant 

height (91.51cm), total tillers hill-1(15.49), panicle length 

(22.92 cm) and grains panicle-1 (86.87) were recorded in SRI 

method of water management. The lowest plant height 

(86.96cm), total tillers hill-1(13.75), panicle length (20.33 cm) 

and total number of grains panicle-1 (73.25) were obtained 

from conventional flood irrigation system (Table 1). The 

highest effective tillers hill-1 (11.58) was observed at conven-

tional flood irrigation and the lowest one (10.77) in AWD. 

Irrigation system also significantly influenced sterile spikelets 

panicle-1 where the highest value (12.69) was recorded in con-

ventional flood irrigation which was at par with AWD (12.15) 

and the lowest one (11.44) was recorded in SRI system (Table 

1). Zhao et al. (2009) found that water use efficiency (WUE) 

was found to be increased by 100% with SRI methods as  

single seedling was planted  hill-1 which consumes less water. 

Within different weed management practices pre-emergence 

herbicide (Panida 33 EC) @ 2.5 l ha-1 + hand weeding once at 

20 DAS produced the highest plant height (93.45 cm), total 

tillers hill-1(16.53), effective tillers hill-1(12.88), panicle length 

(24.56 cm), grains panicle-1 (86.14) and 1000-grain weight 

(24.24 g) (Table 2) which were, however, in parity with blade 

weeding + hand weeding once at 20 DAS (W2). Hand weed-

ing thrice at 20, 35 and 50 days after sowing was comparable 

with blade weeding +  hand weeding once at 20 DAS in  

respect of grain yield. The lowest values of these parameters 

were recorded with no weeding. Sarkar et al. (2016) reported 

that yield contributing characters showed higher values in  

pre-emergence herbicide (Panida 33 EC) @ 2.5 l ha-1 +  hand 

weeding once at 20 DAS. This may be attributed to the effec-

tive weed management at critical stages of the crop weed 

competition. Similar results have been reported by Sharma 

(2014).  

The number of total tillers, panicle length, number of grains 

panicle-1, and 1000-grain weight were significantly influenced 

by the interaction between water and weed management prac-

tices. The highest number of total tillers hill-1(20.93), panicle 

length (32.92 cm), number of grains panicle-1(102.3) and 1000

-grain weight (24.20 g) were recorded at the combined effect 

of SRI with pre-emergence herbicide (Panida 33 EC) @ 2.5 l 

ha-1 + hand weeding once at 20 DAS whereas the correspond-

ing lowest values were observed in the interaction between 

conventional flood irrigation with no weeding (Table 3). 

Grain yield: A remarkable change of grain yield was  

observed due to irrigation and weed management treatment 

individually and their interaction. SRI system produced the 

highest grain yield (4.02 t ha-1) followed by AWD (3.89 t ha-1) 

whereas the lowest grain yield (3.85 t ha-1) was obtained at 

conventional flood irrigation. However, grain yield of AWD 

and conventional flood irrigation was similar (Table 1). Grain 

yield of rice increased significantly with increase in irrigation 

schedule at SRI system. The impact of SRI management on 

grain yield enhancement was reported elsewhere (Kassam et 

al., 2011; Jadhav et al., 2013; Pascual and Wang, 2016). The 

improvement of yield in SRI was due to better availability of 

moisture, which in turn leads to efficient physiological activi-

ty. High level of dry matter production and efficient transloca-

tion of photosynthates from source to sink might be responsi-

ble for the production of increased level of yield structure. 

Rice plants when grown under saturated condition develop 

more plant stature, leaf area, root volume and productive  

tillers, resulting in higher yield.  

Within different weed management practices tested, the maxi-
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Table 1. Effect of water management on the crop characters, yield components and yield of Boro rice. 

Water  

management 

Plant 

height 

(cm) 

Number 

of total 

tillers  

hill-1 

Number 

of effective 

tillers hill-1 

Panicle 

length 

(cm) 

Number 

of grains 

panicle-1 

Number of 

sterile  

spikelets 

panicle-1 

1000-grain 

weight 

(g) 

Grain 

yield 

(t ha-1) 

Straw 

yield 

(t ha-1) 

Harvest 

index 

(%) 

I1 86.96b 13.75c 11.58a 20.33c 73.25c 12.69a 22.28 3.85b 5.61a 40.69bc 

I2 89.17ab 14.69b 10.77c 20.74b 73.93b 12.15b 22.24 3.89b 5.45b 41.64b 

I3 91.51a 15.49a 10.94b 22.92a 86.87a 11.44c 22.30 4.02a 5.40b 42.67a 

Sx̅ 3.15 2.5 2.14 3.95 4.325 1.098 0.28 0.20 0.43 0.56 

LSD 9.05 6.25 5.08 9.43 16.66 2.62 0.68 0.75 1.66 1.76 

Level of 

significance 
** * * * * ** NS ** ** ** 

CV (%) 6.13 16.16 19.58 22.01 9.60 15.73 2.04 10.35 13.18 14.22 

In a column, figures with same letter(s) or without letter do not differ significantly whereas figures with dissimilar letter differ significantly (as per DMRT); ** = 

Significant at 1% level of probability, * = Significant at 5% level of probability, NS = Not significant; I1: Conventional flood irrigation, I2: AWD (Alternate 

wetting and drying, I3: SRI (System of rice intensification). 

In a column, figures with same letter(s) or without letter do not differ significantly whereas figures with dissimilar letter differ significantly (as per DMRT); ** = 
Significant at 1% level of probability, * = Significant at 5% level of probability, NS = Not significant; W0: No weeding, W1: Hand weeding thrice at 20, 35 and 

50 DAS, W2: Blade weeding +  hand weeding once at 20 DAS and W3: pre-emergence herbicide (Panida 33 EC)  @ 2.5 l ha-1 + one hand weeding at 20 DAS. 

Table 2. Effect of weed management on the crop characters, yield components and yield of Boro rice. 

Weed  

management 

Plant 

height 

(cm) 

Number 

of total 

tillers 

hill-1 

Number  

of  

effective 

tillers  

hill-1 

Panicle 

length 

(cm) 

Number 

of 

grains 

panicle-1 

Number 

of sterile 

spikelets 

panicle-1 

1000- 

grain 

weight 

(g) 

Grain 

yield 

(t ha-1) 

Grain 

yield 

loss 

(%) 

Straw 

yield 

(t ha-1) 

Harvest 

index 

(%) 

W0 86.00d 12.89d 10.18c 18.68d 64.64d 11.80 19.83d 1.09c 80.07 2.93d 27.11c 

W1 86.55c 16.21b 11.40b 18.75c 76.16c 11.96 22.01c   4.74b 13.34 6.28ab 43.0b 

W2 90.66b 12.96c 9.94d 23.49b 85.13b 11.98 22.87b 4.58b 16.27 6.03c 43.16ab 

W3 93.45a 16.53a 12.88a 24.56a 86.14a 12.62 24.24a 5.47a 0.00 6.73a 44.83a 

Sx̅ 4.39 1.367 1.25 0.95 4.32 1.098   0.26 0.2345 - 0.41 0.51 

LSD 12.46 5.264 2.99 2.55 16.66 2.62 1.01 0.9034 - 1.61 1.34 

Level of  

significance 
* * * * ** NS ** ** - ** ** 

CV (%) 6.13 16.16 19.58 22.01 9.60 15.73 2.04 10.35 - 13.18 14.22 

Table 3. Effect of interaction between water and weed management on the crop characters, yield components and yield of Boro rice. 

Interaction 

(Irrigation × 

Weed  

management) 

Plant 

height 

(cm) 

Number 

of total 

tillers 

 hill-1 

Number of  

effective 

tillers hill-1 

Panicle 

length 

(cm) 

Number of 

grains 

panicle-1 

Number of 

sterile 

spikelets 

panicle-1 

1000- 

grain 

weight 

(g) 

Grain 

yield 

(t ha-1) 

Straw 

yield 

(t ha-1) 

Harvest 

index 

(%) 

I1 × W0 84.42 10.97d 9.16 17.91b 61.46g 10.08 19.76f 0.91g 3.37 21.26f 

I1 × W1 84.75 18.97ab 11.13 19.70b 75.18cdef 12.72 22.62 cd 4.41def 5.91 42.73cd 

I1 × W2 88.14 12.22cd 9.10 21.18b 77.29cde 12.93 22.44cde 4.55de 6.08 42.80c 

I1 × W3 90.53 13.57bcd 10.73 20.42b 79.09cde 15.03 24.01ab 5.27bc 6.35 45.35ab 

I2 × W0 85.11 12.93cd 11.27 18.54b 64.06fg 12.43 19.84f 1.20f 3.19 27.33ef 

I2 × W1 86.93 14.07bcd 11.10 18.49b 70.82defg 10.94 21.88e 4.78d 6.89 40.95cde 

I2  × W2 95.54 12.00cd 8.40 24.39ab 75.83cde 11.19 22.75c 4.29e 5.53 43.60bc 

I2  × W3 89.10 17.07abc 12.33 20.37b 85.0bc 11.19 24.52a 5.30b 6.83 43.69b 

I3 × W0 90.14 13.73bcd 10.10 19.61b 68.40efg 12.89 19.90 f 1.18fg 2.23 34.60 

I3 × W1 86.87 13.63bcd 10.20 18.06b 82.49cd 12.22 22.04 de 5.03c 6.04 45.43ab 

I3 × W2 92.34 15.63abcd 12.33 24.90ab 94.33ab 11.82 23.40b 4.31defg 6.49 39.90de 

I3 × W3 96.69 20.93a 17.33 32.92a 102.3a 11.63 24.20a 5.86a 7.03 45.46a 

Sx̅ 4.39 2.79 1.25 3.95 4.32 0.812 0.26 0.20 0.42 0.49 

LSD 10.40 6.61 4.83 9.43 10.34 1.92 0.62 0.75 0.99 0.86 

Level of  

significance 
NS * NS * * NS * * NS * 

CV (%) 6.13 16.16 19.58 22.01 9.60 15.73 2.04 10.35 13.18 14.22 

In a column, figures with same letter(s) or without letter do not differ significantly whereas figures with dissimilar letter differ significantly (as per DMRT); ** = 
Significant at 1% level of probability, * = Significant at 5% level of probability, NS = Not significant; I1: Conventional flood irrigation, I2: AWD (Alternate 

wetting and drying, I3: SRI (System of rice intensification), W0: No weeding, W1: Hand weeding thrice at 20, 35 and 50 days after sowing, W2: Blade weeding + 

hand weeding once at 20 DAS and W3: Pre-emergence herbicide (Panida  33 EC)  @ 2.5  l ha-1 + hand weeding once at 20 DAS. 
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mum yield (5.47 t ha-1) was obtained in pre-emergence herbi-

cide (Panida 33 EC) @ 2.5 l ha-1 +  hand weeding once at 20 

DAS and the lowest (1.09 t ha-1) was obtained from weedy 

check (Table 2). This trend of grain yield was reported by 

Sarkar et al. (2016) who reported that weed control by (Panida 

33 EC) @ 2.5 l ha-1 + hand weeding once at 20 DAS increased 

grain yield. This might be due to the fact use of pre-

emergence herbicide (Panida 33 EC) @ 2.5  l ha-1 +  hand 

weeding once at 20 DAS in rice under aerobic culture reduced 

the weed competition and impaired growth and  yield attributes 

resulting in higher grain yield. Yield obtained from blade weed-

ing + hand weeding once at 20 DAS (4.58 t ha-1)  was at par 

(4.74 t ha-1) with hand weeding thrice at 20, 35 and 50 DAS 

(Table 2). In control plots, weed reduced 80.07% grain yield in 

Boro rice (cv. BRRI dhan28) compared to application of  

pre-emergence herbicide (Panida 33 EC) @ 2.5 l ha-1+hand 

weeding once at 20 DAS. Weed reduced grain yield (28.16 %) 

in aromatic fine rice was reported by Zannat et al. (2014). 

Grain yield was significantly changed due to the interaction 

between irrigation and weed management (Table 3). The  

highest grain yield (5.86 t ha-1) was observed  in the interac-

tion between SRI and pre-emergence herbicide (Panida 33 

EC) @ 2.5 l ha-1  + hand weeding once at 20 DAS and  where-

as the lowest grain yield (0.91 t ha-1) was observed  in the 

interaction between conventional flood irrigation and  no 

weeding  (Table 3). 

Straw yield: Straw yield was significantly influenced by  

irrigation systems, weeding regime and their interaction. The 

highest straw yield was observed with conventional flood  

irrigation and the lowest one was found in AWD and SRI sys-

tem. Conventional flood irrigation recorded the highest straw 

yield (5.61 t ha-1) and SRI recorded the lowest straw yield 

(5.40 t ha-1), which was at par (5.45 t ha-1) with AWD (Table 

1). Among the different weed management practices the maxi-

mum straw yield (6.73 t ha-1) was obtained at pre-emergence 

herbicide (Panida 33 EC) @ 2.5  l ha-1  +  hand weeding once 

at 20 DAS which was at par with hand weeding thrice at 20, 

35 and 50 DAS (6.28 t ha-1) and the lowest (2.93 t ha-1) was 

obtained in weedy check  (Table 2). Similar results were  

reported by Sarkar et al. (2016) who noticed that application 

of pre-emergence herbicide (Panida 33 EC) @ 2.5  l ha-1 + 

hand weeding once at 20 DAS produced the highest straw 

yield compare to other treatments.  

Effect on harvest index: Harvest index was significantly 

influenced by irrigation systems. The highest harvest index 

(42.6 %) was realized with the SRI system while the lowest 

(40.69 %) was recorded at conventional flood irrigation, 

which was at par with AWD (41.64 %) (Table 1).   

Pre-emergence herbicide (Panida 33EC) @ 2.5 l ha-1 + hand 

weeding once at 20 DAS significantly recorded the highest 

value of harvest index (44.83 %) which was as good as blade 

weeding + hand weeding once at 20 DAS (43.16 %) while no 

weeding recorded the lowest (27.11 %) harvest index (Table 

2). Similar trend of harvest index was reported by Sarkar et al. 

(2016). Who reported that pre-emergence herbicide (Panida 

33EC) @ 2.5 l ha-1 + hand weeding once at 20 DAS gave the 

highest harvest index compare to other treatments. Harvest 

index was significantly influenced by the interaction between 

irrigation and weed management. The highest harvest index 

(45.46 %) was observed in the interaction between SRI and 

pre-emergence herbicide (Panida 33 EC)  @ 2.5 l/ha +  hand 

weeding once at 20 DAS and the lowest harvest (21.26 %) 

was observed in the interaction between conventional flood 

irrigation and no weeding (Table 3). 

Conclusions 

From this study it can be concluded that among the water 

management practices SRI system was found as the best water 

management practice in Boro rice (cv. BRRI dhan28) in terms 

of productivity. For efficient weed management, pre-

emergence herbicide (Panida 33EC) @ 2.5 l ha-1 + hand 

weeding once at 20 DAS was found to be the best weed man-

agement practice. Therefore, SRI method with pre-emergence 

herbicide (Panida 33 EC) + one hand weeding at 20 DAS  

appeared as the promising technique for appreciable grain 

yield in Boro rice (cv. BRRI dhan28) cultivation. 

ACKNOWLEDGEMENT 

The financial assistance of the Ministry of Science and  

Technology, Govt. of the People’s Republic of Bangladesh to 

carry out the research work is thankfully acknowledged. 

Open Access: This is open access article distributed under the 

terms of the Creative Commons Attribution License, which 

permits unrestricted use, distribution, and reproduction in any 

medium, provided the original author(s) and the source are 

credited. 

REFERENCES 

Ahmed, G.J.U., Bhuiyan, M.K.A., Riches, C.R., Mortimer, M. and 

Jhonson, D. (2005). Farmer’s participatory studies of  

integrated weed management system for intensified lowland. 

Proceeding of the 8th Biennial Agronomy Convention. Bangla-

desh Agronomy Journal, 31-32. 

Ahmed, S., Salim, M. and Chauhan, B.S. (2014). Effect of weed 

management and seed rate on crop growth under direct dry 

seeded rice systems in Bangladesh. PLoS ONE, 9(7): e101919. 

doi:10.1371/journal.pone.0101919 

BBS, Bangladesh Bureau of Statistics (2013). The Yearbook of  

Agricultural Statistics of Bangladesh. Statistics Div.,  

Minis. Plan. Govt. People’s Repub., Bangladesh. Dhaka. pp: 71. 

Belder, P., Bouman, B.A.M. and Visperas, R.M. (2005). Crop  

performance, nitrogen and water use in flooded and aerobic 

rice. Plant and Soil, 273:167-182. 

Gomez, K.A. and Gomez, A.A. (1984). Statistical Procedures for 

Agricultural Research .International Rice Research  

Institute, John Wiley and Sons. New York, Chichester, Brisbane, 

Toronto, Singapore. pp: 680. 

Gowda, P.T., Shankaraiah, C., Jnanesh, A.C., Govindappa, M. and   

Murthy, K.N. (2009). Studies on chemical weed control in  

aerobic rice (Oryza sativa L.). Journal of Crop and Weed, 5(1): 

320-323.  

Islam, S.M.M., Paul, S.K. and Sarkar, M.A.R. (2015). Effect of weed-

ing regime and integrated nutrient management on yield contrib-

uting characters and yield of BRRI dhan 49. Journal of Crop and 

Weed, 11: 193-197.    

Jadhav, A.S., Dhoble M.V. and Dahiphale, V.V. (2013). Irrigation and 

nitrogen management for upland irrigated rice on vertisols.  

Journal of Maharashtra Agricultural Universities, 28(1): 103-104. 

Jahan, S., Sarkar, M.A.R. and Paul, S.K. (2017). Variations of 

growth parameters in transplanted Aman rice (cv. BRRI 

dhan39) in response to plant spacing and fertilizer management. 

Archives of Agriculture and Environmental Science, 2(1): 1-5.  

Kassam, A., Stoop, W. and Uphoff, N. (2011). Review of SRI 

modifications in rice crop and water management and research 

issues for making further improvements in agricultural and 

water productivity. Paddy Water Environment, 9:163-180. 

Khepar, S., Yadav, A. and Siag, M. (2011). Water balance model for 

paddy fields under intermittent irrigation practices. Irrigation 

Science, 19: 199–208. 

Mamun, A.A. (1990). Weeds and their control: A review of weed 

research in Bangladesh. Agricultural and Rural Development in 

Bangladesh. Japan Intl. Co-operation Agency, Dhaka,  

Bangladesh. JSARD. 19: 45-72. 



329  

 

Parvez, M.S., Salam, M.A., Kato-Noguchi, H. and Begum, M. 

(2013). Effect of cultivar and weeding regime on the perfor-

mance of transplant aman rice. International Journal of Agricul-

ture and Crop Sciences, 6 (11): 654-666.  

Pascual, V.J. and Wang, Y. (2016).  Impact of water management on 

rice varieties, yield and water productivity under the system of 

rice intensification in Southern Taiwan. Water, 9(3): doi: 

10.3390/w9010003.   

Ramana A.V., Reddy D.S. and Ramakumar, K. (2014). Influence of 

sowing time and nitrogen levels on growth, yield and N uptake 

of rainfed upland rice varieties. The Andhra Agricultural  

Journal, 54 (3&4): 114-120. 

Sarkar, M.A.R., Paul, S.K. and Paul, U. (2016). Effect of plant  

nutrient and weed management in direct wet seeded Boro rice.  

Progressive Agriculture, 27 (4): 466-472.   

Sarkar, M.A.R., Hossain, M.A. and Paul, S.K. (2017). Impact of row 

arrangements, age of tiller seedlings and number of tiller seed-

lings hill-1 on the growth performance of transplanted Aman 

rice (cv. BR23). Archives of Agriculture and Environmental 

Science, 2(3): 152-161. 

Sathyamoorthy, N.K., Mahendran, S., Babu, R. and Ragavan, T. 

Md. Abdur Rahman Sarkar et al. /Arch. Agr. Environ. Sci., 2(4): 325-329 (2017) 

(2004). Effect of integrated weed management practices on total 

weed dry weight, nutrient removal of weeds in rice-rice wet 

seedbed system. Journal of Agronomy, 3(4): 263-267. 

Sharma, R.P. (2014). Dry-matter accumulation and nitrogen uptake 

pattern in direct-seeded upland rainfed rice (Oryza sativa) as  

influenced by nitrogen and weed management practices. Jour-

nal of Farming Systems Research & Development, 13(2): 191-

197. 

Singh, Y. and Singh, U.S.  (2008). Genetic diversity analysis in aro-

matic rice germplasm using agro- morphological traits. Indian 

Journal of Plant Genetic Resources, 21(1): 32-37. 

Tuong, T.P. and Bouman, B.A.M. (2007). Rice roduction in Water 

Scarce Environment; International Rice Research Institute:  

Manilla, Philippines. 

Zannat, S.T., Paul, S.K. and Salam, M.A. (2014). Effect of weeding 

regime and nitrogen management on the performance of trans-

plant aromatic Aman rice (cv. Binadhan-9). Bangladesh Journal 

of Seed Science & Technology, 18(1&2): 29-34. 

Zhao, L.M., Zhu, D.F.  and Uphoff, N.  (2009). Influence of SRI on rice 

yield and nitrogen and water use efficiency with different N  

application rates. Experimental Agriculture, 45(03): 275-286. 



   

 

INTRODUCTION 

Global climate change induced by increasing concentrations 

of greenhouse gasses in the atmosphere is likely to increase 

temperatures, change precipitation patterns and increase the 

frequency of extreme events. Climate change refers to all 

forms of climatic inconsistency regardless of their statistical 

nature (Mitchell et al., 1966). It may be conveyed as changes 

in the climate over time whether due to the natural variability 

or a result of human induced activities (IPCC, 2007). Anthro-

pogenic greenhouse gas emissions as a result of industrializa-

tion and urbanization have made significant contributions to 

global warming and further changes in the global climate 

(Kumar and Chopra,  2009; Gohari et al., 2013). As a result, 

global temperature rose by 0.74°C ranging from 0.56 to 0.92°C 

during the tenure 1906 to 2005. By the end of 21st century, the 

global air surface temperature will continue to increase by 1.8 to 

4°C (IPCC, 2007). Global warming also causes changes in pre-

cipitation levels and patterns due to higher evapotran 

spiration and water vapour amounts in the atmosphere with sev-

eral implications for the global hydrological cycle. Through the 

impacts on agro-climatological parameters, concomitantly crop 

yield is also affected, thus jeopardizing food security. 

As agriculture is one of the most vulnerable sectors suscepti-

ble to climate change and also the major water consumer of 

the developing world and some developed countries. Olaren-

waju (2012) had declared that many of the problems facing 

agricultural sector are climate related. It can be concluded that 

climate parameters are the major environmental factors capa-

ble of affecting agriculture. Kumar et al. (2015) concluded in 

their study that scientists concurred with the fact that climate 

changes ushered in additional stress on the already fragile 

systems of agriculture as well as affected crop physiology. 

Changes in temperature and precipitation may either benefit 

or harm agricultural systems depending on the location in the 

world (Chavas et al., 2009, Ruane et al., 2013, Mishra et al., 

2013). Climatic parameters such as solar radiation, tempera-

ture, moisture, rainfall etc. determine the global distribution of 

crops and livestock as well as crop yield and livestock produc-

tivity (Ajadi et al., 2011). Agricultural crop production might 

be significantly affected by changes in climate and rising CO2 

levels. The increased CO2 levels enhance photosynthesis rates 

(i.e. CO2 enrichment effect), yields in some and water use 

efficiency (WUE) under water stress conditions. Therefore, 

the overall effect of increased CO2 levels and climate change 

on crop yields will depend on local climatic conditions as well 
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ABSTRACT 

Impact of climate change on crop yield threatens food security which is detrimental to agricultural 

sector. Cachar district of Assam is a climate susceptible district due to its unique geographical  

location and hydrological regime in north-eastern India. So, the present study was carried out to  

assess impact of climate change on crop yield for sustainability of agriculture. Climatic data viz., 

rainfall, maximum-minimum temperature and sunshine hours were collected from an observatory of 

Tea Research Association, Silcoorie, Cachar district for 2007-2012. Statistical and correlation analy-

sis was employed to evaluate potential climate change impact on productivity of twenty three major 

crops of the study site. The correlation coefficient (r, Pearson’s Product Moment) between any  

climatic parameter and crop yield implied that climate has strong linear correlation with yield of 

crops resulting in twenty-two strong correlations. Among the climatic parameters rainfall was found 

to have most significant impact on yield. Noteworthy reduction was observed in yield of Autumn 

Paddy and Winter Paddy by 8.75 and 20.44 during the year 2008-2009 due to 3.98 and 36.22%  

decrease of rainfall with r values 0.95 and -0.76, respectively. Also, a quantum leap of 145.32%  

increase of rainfall during Rabi season of 2007-2008 decreased the yield of Potato and Rabi vegeta-

bles by 22.96 and 16.89%, respectively. The study revealed that climate change has significant  

impact on crop yield which could be alleviated by adopting rainwater harvesting technology at the top 

and foot hills of the hilly areas.  
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as cropping systems and practices like biomass burning, crop 

residue removal (Manna et al., 2015). To ensure sustainability 

of agriculture, studying the possible climate change impacts 

on this sector is essential. Thus, the present study was under-

taken to ascertain the impact of climate on agriculture in 

Cachar district, Assam.  

MATERIALS AND METHODS 

Study area: Based on the availability of climatic and crop 

parameters data, Cachar district of Assam, India was selected 

as study area for the present study. Cachar district, situated in 

the southern part of Assam of India is surrounded by hills on 

three sides with a geographical area of 3786 km2 (Figure 1). 

Its longitude extends from 92° 24' to 93° 15' E and latitude 

from 24° 22' to 25° 8' N. The altitude of the highest point is 

36.5 m from MSL. The soil is mainly acidic in reaction, with 

pH range 4.5-5.9. 

The southern part of Assam enjoys a hot and humid climate 

with high relative humidity. The maximum temperature rang-

es from 35-37°C and minimum temperature from 9-11°C. The 

maximum relative humidity observed during summer is 90-

95% and the lowest observed during winter is 65-70%. Apart 

from the extreme humidity the most distinguishing feature of 

climate of this region is a high rainfall belt with copious aver-

age annual rainfall of 2800 mm. The area is characterized by 

tropical monsoon climate having two distinct agricultural sea-

sons viz. rainy/Kharif (April-September) and winter/Rabi 

(October-March) and three seasons for the staple crop of this 

region, Paddy viz. Ahu/autumn (February-July), Sali/summer 

(June-December) and Boro/winter (November-June). Present-

ly less than 2% of the total cropped area is under irrigation 

and rest 98% of the total cropped area is rain-fed 

(Anonymous, 2012-2013). 

Cropping pattern and crop yield: Wide variation of physio-

graphic features and climatic characteristics have resulted in 

three distinct growing seasons of rice (Oryza sativa) which is 

grown in plenty: Ahu or Autumn, Sali or Winter and Boro or 

Summer. Apart from paddy, various other cereals, pulses, oil 

seeds, fibers and vegetables are grown in this region. In the 

present study, twenty three crops were considered to study the 

impact of climate change on their yield. The various crops 

along with their cropping pattern that have been considered in 

this study have been summarized in Table 1. The yields of 

various crops were sourced from the Status Paper of Cachar 

district for the period available viz. 2007-2010 and 2011-2012 

published by the Department of Agriculture, Cachar district, 

Silchar on an annual basis. 

Assessment of climate variability: The climate variability of 

the study area was assessed for the climatic parameters like 

rainfall, maximum and minimum temperature and sunshine 

hours recorded per day observed in the study site. The  

observed data were collected from the Tea Research Associa-

tion (TRA) observatory, Silcoorie, Cachar district. The data of 

daily rainfall, daily maximum and minimum temperature and 

sunshine hours recorded per day were collected for the dura-

tion 2007-2012 to analyze the impact of climate change on the 

crop yield during the years under purview. 

Analysis of agriculture-climate relationship: Various meth-

ods have been reported for establishing agriculture-climate 

relationship (Ajadi et al., 2011). One endeavour is to establish 

fundamentals of plant-climate relationship in the terms of 

moisture balance of various crops in different climatic condi-

tions and solar radiation (Olaniran, 1981). The other method 

involves analysing the crop yield for a particular area for a 
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particular period of time (as much constant record of agricul-

tural crop yield data and climatic data would permit) and  

arrive at an agro-climatological relationship. The latter meth-

od was employed in the present study: correlation was used in 

showing the relationship between climatic parameters and 

crop yield, the trend and variation in crop yield over the years 

2007-2012 (duration for which the data of crop yield was 

available) in the study area. These statistical techniques were 

employed in the analysis of both crop yield data and climatic 

parameters because of their vital roles in revealing the  

relationship and variation among variables.  

The mean value was calculated by using Arithmetic Mean 

Method. If X1, X2, X3…XN are the measured values of day 1, 2, 

3…N, then their mean value (x̅) is given by:  

 

          (1) 

The standard deviation, (σ) was estimated using the following 

equation:                

     (2)                                                            

Coefficient of variation (Cv) compares the degree of variation 

from one data series to another, even if the means are drasti-

cally different from each other. It shows the extent of variabil-

ity in relation to mean of the population. It is computed as 

under:                                               

                           (3)              

Correlation shows whether and how strongly pairs of  

variables are related. The numerical measure of correlation is 

called the coefficient of correlation (r). The correlation 

(Pearson’s Product Moment) between any two parameters X 

and Y can be expressed as: 

                                                                    
              (4)

Where n= total number of observations on X and Y and -1 ≤ r 

≥ 1.  The interpretation of values of r is: 

Here, 0 indicates no linear relationship; +1 indicates a perfect 

positive linear relationship: as one variable increases in its 

values, the other variable also increases in its values; -1 indi-

cates a perfect negative linear relationship: as one variable 

increases in its values, the other variable decreases in its  

values; Values between 0 and 0.3 (0 and -0.3) indicate a weak 

positive (negative) linear relationship; Values between 0.3 

and 0.7 (0.3 and -0.7) indicate a moderate positive (negative) 

linear relationship; Values between 0.7 and 1.0 (-0.7 and -1.0) 

indicate a strong positive (negative) linear relationship. 

Figure 1. Location of the study area (Source: Google maps). 
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RESULTS AND DISCUSSION 

Temporal variation of crop yield: The temporal (yearly) 

variations of yield of various crops were collected and  

analyzed for the years 2007-2010 and 2011-2012. Table 2 

shows the descriptive analysis of the available crop yield data 

of Cachar district (2007-2010 and 2011-2012) for twenty-

three major crops grown in this region. Out of the various  

cereals, Summer/Sali Paddy has the highest mean value of 

production (186226.5 tonne; 1 tonne = 1000 kg), followed by 

Autumn/Ahu Paddy (15131.5 tonne) which concurs with the 

fact that rice is the staple food of the region and hence grown 

in abundance. Among the different pulses Black Gram has the 

highest mean yield (497.75 tonne) and Lentil the lowest 

(12.25 tonne). Rape and Mustard have the highest mean yield 

of 1222.75 tonne and Niger the lowest (7.75 tonne) among the 

oilseeds. Cachar district with its unique climatological fea-

tures and soil is highly conducive to Jute cultivation and 

among the fibrous crops Jute has the highest mean yield of 

548.5 bales (1 bale = 170 kg), while Cotton and Mesta have 

37.5 bales and 30.5 bales, respectively. Potato is also widely 

grown in the region with a mean yield of 12434.5 tonne. Kha-

rif and Rabi vegetables have a mean yield of 51767.25 tonne 

and 103876.8 tonne, respectively. For the years under consid-

eration Rabi Vegetables has the highest deviation (29908.0), 

as its yield has increased with time and the lowest deviation 

was observed for Green gram (0.81). This suggests that the 

dispersion characteristics of crop yield in Cachar district can 

range from very high to low. The coefficient of variation (Cv) 

which indicates the relative deviation among the various crops 

is highest for Mesta (31.73%) and lowest for Sesamum 

(2.44%). This heterogeneity of Cv in the crop yield produced 

in the study years can be attributed to various factors, climate 

change being foremost of them. Ajadi et al. (2011) observed 

the changes in climatic parameters such as solar radiation, 

temperature; moisture, rainfall etc.  

Temporal variation of climatic parameters: Table 3 shows 

that for Ahu Paddy with crop growth season February-July, 

highest rainfall occurred in 2009-2010 (1499.4 mm) and the 

highest total hours of sunshine was recorded in 2007-2008 

(1057.1). For Boro Paddy (June-December), highest rainfall 

occurred in 2008-2009 (2064.9 mm) and highest sunshine 

hours (1181.3) recorded in 2007-2008. Sali Paddy, which has 

crop growth season of November-June, experienced highest 

rainfall of 1516.3 mm in 2009-2010 and highest sunshine 

hours of 1487 in 2007-2008. Kharif season (April-September) 

always experiences the highest amount of rainfall among all 

the seasons, the peak value being 2095.7 mm in 2007-2008 

whereas Rabi season (October-March) recorded the lowest 

rainfall of 203.3 mm in 2011-2012. In all the years under  

consideration, the average maximum and minimum tempera-

ture for the various crop growth seasons did not display much 

fluctuation.  The descriptive pattern of the various climatic 

data, indicate that some of the climatic parameters vary from 

one year to another and hence the variation in crop yield.  

Table 1. The details of the crop and crop growth season of the study area. 

Crop Botanical name Crop growth season 

Ahu/Autumn Paddy 

 Oryza sativa 

February–July 

Sali/Winter Paddy June-December 

Boro/Summer Paddy November-June 

Green Gram Vigna radiate 

April- September 

Arahar Cajanus cajan 

Black gram Vigna mungo 

Ground Nut Arachis hypogaea 

Jute Corchorus oliotorus 

Maize Zea mays 

Sesamum Sesamum indicum 

Mesta Hibiscus cannabinus 

Cotton Gossypium arboretum 

Millet Pennisetum glaucum 

Kharif vegetables - 

Wheat Triticum aestivum 

October-March 

Lentil Lens culinaris 

Pea Pisum sativum 

Gram Cicer arietinum 

Rape Brassica napus 

Mustard Brassica juncea 

Linseed Linum usitatissimum 

Niger Guizotia abyssinica 

Potato Solanum tuberosum 

Rabi vegetables - 
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Duration/ Crop growth season Year 
Total rainfall, 

mm 

Average maximum 

temperature, °C 

Average minimum 

temperature, °C 

Hours of 

sunshine 

  

Season of Ahu Paddy 

(Feb – July) 

2007-2008 1419.3 30.91 20.70 1057.1 

2008-2009 1347.1 31.34 21.00 989.9 

2009-2010 1499.4 32.8 20.98 993.9 

2011-2012 1346.2 32.60 23.46 844.8 

Mean - 1403.0 31.91 21.54 971.43 

  

Season of Sali Paddy 

(June-Dec) 

2007-2008 1824.3 30.94 22.22 1181.3 

2008-2009 2064.9 31.44 22.10 1146.2 

2009-2010 1761.8 31.82 22.31 1161.1 

2011-2012 1433.4 31.83 21.86 1108.2 

Mean - 1771.1 31.51 22.12 1149.2 

  

Season of Boro Paddy 

(Nov-June) 

2007-2008 1047.3 29.38 18.27 1487 

2008-2009 933.1 30.76 18.09 1467.5 

2009-2010 1516.3 29.72 17.81 1254.8 

2011-2012 1307.3 29.62 17.37 1330.3 

Mean - 1463.1 30.58 19.33 1247.78 

  

Kharif season 

(April-Sept) 

2007-2008 2095.7 32.21 24.06 938.5 

2008-2009 2135.8 32.92 24.05 936.2 

2009-2010 1936 33.37 24.15 966.3 

2011-2012 1906.1 32.91 24.02 775.2 

Mean - 1644.83 31.77 22.17 950.03 

  

Rabi season 

(Oct-March) 

2007-2008 601.4 27.88 16.46 1122.4 

2008-2009 284.4 29.74 16.46 1135.4 

2009-2010 289.6 29.52 16.34 1091.2 

2011-2012 203.3 29.52 16.34 1112 

Mean - 245.15 29.58 16.37 1112.65 

Table 3. Pattern of agro-climatic data considered to study the impact on crop yield. 

Table 2. Descriptive statistics of the crop yield data. 

  Crop yield (Cotton, Jute, Mesta in bales*, others in tonne** )   

Crop 2007-2008 2008-2009 2009-2010 2011-2012 Mean yield σ Cv (%) 

Ahu Paddy (Feb-July) 15701 13808 16457 14560 15131.5 1177.50 7.78 

Sali Paddy (June-Dec) 157287 199711 204084 183824 186226.5 21165.9 11.37 

Boro Paddy (Nov-June) 18941 21126 16448 13645 17540 3224.16 18.38 

Kharif crops ( April-September) 
Millets 13 14 15 14 14 0.82 5.83 

Green Gram 16 17 18 17 17 0.81 4.8 

Arahar 91 86 87 82 86.5 3.7 4.27 

Black Gram 489 521 518 463 497.75 27.29 5.48 

Ground-nut 13 17 16 15 15.25 1.71 11.19 

Jute 409 571 579 635 548.5 97.26 17.73 

Sesamum 100 97 95 95 96.75 2.36 2.44 

Maize 53 50 50 59 53 4.24 8.00 

Mesta 44 23 31 24 30.5 9.68 31.73 

Cotton  42 35 34 39 37.5 3.7 9.86 

Kharif  Vegetables 46945 50236 50343 59545 51767.25 5419.74 10.46 

Rabi crops (October-March) 
Wheat 164 128 168 169 157.25 19.62 12.48 

Lentil 13 11 12 12.768 12.25 0.96 7.81 

Chickpea 28 28 28 32 29 2 6.89 

Pea 241 224 250 216 232.75 15.52 6.67 

Linseed 12 14 14 12 13 1.15 8.88 

Niger 7 7 9 8 7.75 0.96 12.35 

Rape and Mustard 1210 1341 1297 1042 1222.5 132.07 10.80 

Potato 8679 12082 15290 13687 12434.5 2825.52 22.72 

Rabi Vegetables 86324 90354 90177 148652 103876.8 29908.0 28.79 

** 1 bale = 170 kg; *1 tonne = 1000 kg  



334  

 

Table 4. Coefficient of correlation (r) between crop yield (tonne/bale) and climatic parameters for the various selected crops. 

Diplina Paul et al. /Arch. Agr. Environ. Sci., 2(4): 330-335 (2017) 

  
  

Names of crops 

  

Total rainfall, 

mm 

Average maximum 

temperature, °C 

Average minimum 

temperature, °C 

  

Hours of sunshine 

  

Paddy 

Ahu 0.95 0.30 -0.35 0.40 

Sali 0.19 0.76 0.07 -0.34 

Boro -0.76 0.62 0.89 0.74 

  

  

  

  

  

  

  

Kharif crops 

Millets -0.57 0.99 0.66 0.13 

Sesamum 0.78 -0.88 -0.19 0.43 

Maize -0.52 -0.26 -0.68 -0.95 

Green Gram -0.57 0.99 0.66 0.13 

Arahar 0.61 -0.51 0.40 0.82 

Black Gram 0.46 0.40 0.65 0.87 

Groundnut 0.02 0.79 0.21 0.13 

Jute -0.61 0.80 -0.06 -0.53 

Mesta 0.26 -0.67 0.23 0.43 

Cotton 0.14 -0.90 -0.56 -0.35 

Kharif  Vegetables -0.70 0.35 -0.47 -0.92 

  

  

  

  

  

  

Rabi crops 

Wheat 0.12 -0.34 -0.66 -0.76 

Lentil 0.44 -0.68 -0.25 -0.31 

Chickpea -0.54 0.27 -0.58 -0.12 

Pea 0.50 -0.38 -0.01 -0.54 

Linseed -0.19 0.46 0.14 -0.07 

Niger -0.38 0.37 -0.78 -0.94 

Rape and Mustard 0.16 0.14 0.46 0.15 

Potato -0.86 0.83 -0.84 -0.67 

Rabi Vegetables -0.59 0.33 -0.60 -0.13 

Impact of climatic parameters on crop yield: Statistical 

techniques were employed in the agro-climatic variation anal-

ysis of both crop yield data and climatic parameters because 

of their vital roles in revealing the relationship and variation 

among variables. The correlation coefficients (r) between any 

of the climatic parameters such as rainfall, maximum and 

minimum temperature, sunshine hours and the yield of any 

particular crop were computed by Pearson’s product moment 

(Eq. 4) considering the climatic data for that particular grow-

ing season of that particular crop. The values of r between 0.7 

and 1.0 (-0.7 and -1.0) indicated a strong positive (negative) 

linear relationship, as had been mentioned earlier. The values 

of r for the twenty-three crops and the climatic parameters 

have been summarized in a nutshell in Table 4.  

Rainfall was found to have a strong positive correlation with 

Ahu Paddy (r = 0.95), Sesamum (r = 0.78), Arahar (r = 0.61) 

implying that as rainfall increased, the yields of the aforemen-

tioned crops also increased, and bore a strong negative corre-

lation with Boro Paddy (r = -0.76), Jute (r = -0.61), Potato (r 

= -0.86) and Kharif vegetables (r = -0.70). Hours of sunshine 

was found to have strong positive correlation with Boro Paddy 

(r = 0.74), Arahar (r = 0.82), Black Gram (r = 0.87) and 

strong negative correlation with Maize (r = -0.95), Kharif 

vegetables (r = -0.92), Niger (r = -0.94) and Wheat (r = -

0.76). Barring Lentil (r = -0.68) and Potato (r = 0.83), average 

maximum temperature did not have any strong correlation 

with any of the other Rabi crops. On the other hand, average 

maximum temperature had strong positive correlation with 

Sali Paddy (r = 0.76), Millet and Green Gram (r = 0.99 for 

both), Groundnut (r = 0.79), Jute (r = 0.80) and strong nega-

tive correlation with Sesamum (r = -0.88) as well as cotton (r 

= -0.90). Strong negative correlation was observed for aver-

age minimum temperature with Niger (r = -0.78), Potato (r = 

0.84) and a positive correlation with Boro Paddy (r = 0.89). 

The results are in agreement with Mishra et al. (2013) who 

reported the spatial variation in different climate variables and 

their impacts on the yield of rice and wheat in the Indian  

Ganga Basin. 

Among the four considered climatic parameters, rainfall was 

found to have most effects due to its fluctuations on the yield 

of various crops. During the year 2008-2009 and 2011-2012, 

3.98 and 4.04% decrease of rainfall (1347.1 mm and 1346.2 

mm, respectively) during the crop growth season of Ahu Pad-

dy resulted in 8.75 and 3.78% decrease of crop yield (13808 

tonne and 14560 tonne). This justifies the strong positive cor-

relation (r = 0.95) between Ahu Paddy and rainfall during that 

particular crop growth season. Boro Paddy which bears a 

strong negative correlation (r = -0.76) with rainfall exhibited 

20.44% increase in crop yield (21126 tonne) during the year 

2008-2009 due to 19.07% decrease of rainfall (1433.4 mm). 

Also, a drastic 145.32% increase of rainfall (601.4 mm) from 

the mean value of 245.15 mm during Rabi season of 2007-

2008, resulted in 22.96 and 16.89% decrease in yield of Pota-

to (r = -0.86) and Rabi vegetables (r = -0.59), respectively 

during that year. Thus, analysis of the values of coefficient of 

correlation with strong positive/negative association with var-

ious crops suggest, perceptible variation in crop yield could 

be attributed to climatic changes and comparatively an insig-
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nificant part pertaining to non-climatic factors like soil fertili-

ty and farm techniques of the study region. Chavas et al. 

(2009) reported the long term impact of climate change on 

agricultural productivity of different agricultural crops in  

eastern China. Gohari et al. (2013) also reported the changes 

in the crop yield of various crops in Iran's Zayandeh-Rud  

River Basin. 

Conclusions 

The results obtained from correlation analysis reveal that 

though there has been increase in the area of cultivation of 

crops and provision of farm inputs to farmer, however climate 

has taken its toll on the selected crops. Taking into considera-

tion the array of factors mitigating crops’ yield in Cachar  

district, Assam, climate has been identified as the major  

perpetrator that is impossible to control in the open field. This 

analysis of climate change and its impact on crop yield can 

help to deal with the repercussions and the crop production 

changes can be specified in different conducive regions, thus 

strengthening the sustainability of agricultural production. As 

a result, this study recommends the following measures  

towards improving crop production and agriculture in the 

study area: Rainwater harvesting in top and foothills of hilly 

areas along with integrated water resources management 

(IWRM) and crop planning. And vulnerability and adaptation 

assessments of climate change to prioritize adaptation policies 

and measures and these adaptations should be mainstreamed 

in developmental planning. 
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INTRODUCTION  

The threat imposed by changing climate globally has caused 

serious concern as crop growth and yield could be affected 

badly by alterations in major climatic variables such as tem-

perature, droughts and rainfall. Also agricultural production 

and security of food and livelihood could be influenced locally 

and globally (Cline, 2007; Asima et al., 2017; Tariyal, 2017). 

Although the climate change influence on the yield of crops 

are most likely to differ greatly from one zone to another, the 

expected changes are anticipated to have great and far-

reaching impacts mostly in tropical agricultural regions of the 

rural developing countries were precipitation patterns ranges 

from humid to semiarid (Cline, 2007).  

The climate change is having effect on the agriculture directly 

or indirectly, globally and is a significant challenge that  

affects the long-term growth and yields of cereals (Kumar and 

Chopra, 2009; Kumar, 2015). Fluctuation in temperature,  

concentrations of green-house gases, rainfall pattern, and high 

humidity directly affect the agricultural crops, pathogens,  

insects, and weeds diversity and population. Many types of 

new diseases, weeds, and insect pests have started appearing 

with the changing climate (Asima et al., 2017). According to 

the 4th assessment report of the Intergovernmental Panel on 

Climate Change (IPCC, 2009), they warns that warming by 

2100 will be worse than previously anticipated, with a proba-

ble temperature rise of 1.8 oC to 4 oC and a possible increase 

of up to 6.4 oC. Doering (2002) reported that as temperature 

increase continue, the agricultural effects will be remarkable. 

Moreover, climatic fluctuations have been reported in the  

Uttarakhand Himalayan region by Tariyal (2017). These  

effects are also being experienced already by several village 

communities in Africa and Southern hemisphere. Altieri and 

Koohafkan (2008) observed that heavy precipitation and a rise 

in droughts will also be witnessed, and these will further  

damage crops via crop failure, flooding, wind and soil  

erosion.  

However, in continuous adaptation with weather extreme that 

has the possibility to bring solutions to several uncertainties 

that face humanity in this climate change era, Denevan (1995) 

observed that the agricultural systems have been handled in 

ingenious means, which allow small family farms to meet 

their livelihood in the midst of environmental change without 

relying much on modern agricultural techniques. Although 

many of the ingenious systems according to Wilken (1987) 

have crumbled or vanished in many parts of the globe, the 

persistence of millions of hectares of cultivable land under 

indigenous farming is a living evidence of an effective tradi-

tional agricultural technique, which is a testament to the 

“creativity” of smallholders' farmers across the developing 

countries. Until today and well into the 21st century, there are 
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in the world, millions of smallholders, family farmers and 

indigenous people practicing ecological agriculture which is a 

tribute to the outstanding resiliency of agro-ecosystems in the 

era of uninterrupted environmental and economic change, 

while helping substantially to food security locally, regionally 

and worldwide (Netting, 1993). This write-up is therefore 

aimed to review ecological agricultural practices as an integral 

component of climate resilient management. 

What is ecological agriculture: The term ''ecological agricul-

ture'' (eco-agriculture) was defined as a small-scale agricultur-

al system that display environmental, ethical, and aesthetic 

aspects (Wang et al., 2007). It has the fundamental aim of 

trying to practice agriculture on the fundamental principles of 

ecology, rather than chemistry. ''Ecological'' according to 

Lockeretz (1988) refers to the principles and processes that 

govern the natural environment. Ecological agriculture has 

been well-established against agricultural over-production and 

serious pollution to the environment; some of its supporters 

believe that human health and survival, in fact can be threaten 

by water and soil pollution. Ecological agriculture thus, is 

founded on the fact that the source of pollutants in food chain 

is avoided, thereby preventing soil and water pollution 

(Kumar et al., 2017).  

The system of production is relatively easy, usually based on 

growing crops only or occasionally a system of crops and  

animals. It selectively utilizes chemical fertilizers, but  

stringently rejects herbicides, hormones, pesticides, and the 

like (Lockeretz, 1988). The ecological agriculture practice 

involves integrating the strengths of natural eco-systems into 

agro-ecosystems, purposely disturbed for the production of 

food and fiber (Magdoff, 2007). According to Shen et al. 

(1993), they observed that since ecological agriculture stresses 

the environmental benefits to the detriment of reduced output 

and profits, the value of the resulting ecological products is 

much superior to that of conventional agricultural products. 

The overall principles at the farm level that guide a farmer 

who make ecologically decisions, also supply the village fam-

ily farms with their desired life quality, which include ade-

quate income, while being socially sound (Magdoff, 2007). 

These principles are achieved by improved above and below-

ground soil habitat management. Ecological agriculture in-

volves all techniques that restore ecosystem services, which 

includes water infiltration and its retention, increased biodi-

versity, carbon storage and soil erosion prevention (Wachira, 

2016). Many methods are used that include strip intercrop-

ping, no till, terrace cultivation, multispecies cover cropping, 

shelter belts and pasture cropping etc.  

Essentiality of ecological agriculture: The sociological and 

ecological issues of modern conventional agriculture are  

almost in the news daily (Magdoff, 2007). For instance, water 

pollution from nitrogenous and phosphorus compounds leads 

to algal blooms while pathogens results in health hazards. 

Many of these impacts are felt local, others are such as pollu-

tion of Chesapeake Bay or the Lake Champlain is regional, 

and some (nitrates entering the Mexico Gulf) are really conti-

nent-wide in scope (Magdoff, 2007). Additionally, in the 

Third World countries, an over- dependence on monocultures 

of grain crop and loss of crop biodiversity caused by 'green 

revolution' has led to loss of balanced diets (Magdoff, 2007). 

Also, aforestation for intensive commercial agricultural pro-

duction has continuously caused a rapid oxidation 

(decomposition) of soil organic matter (SOM), leading to sub-

stantial carbon dioxide (CO2) releases into the atmosphere. 

Houghton and Hackler (2006) observed that the carbon stored 

in soils is more than thrice that present in the atmosphere as 

CO2. Thus, the CO2 release from soils through oxidation of 

SOM is of fairly large magnitude, while simultaneously the 

soils turns out to be less healthy due to loss of SOM. Other 

problems of conventional agriculture linked with environment 

consist of improved soil erosion created by water and/or wind, 

pesticides on food and in groundwater, pesticide contaminat-

ing farm workers, the pesticide 'treadmill' due to pesticides 

resistance by pest, disease microorganisms contamination of 

meat and its produce, and regular usage of antibiotics for  

animals, resulting to antibiotic-resistant strains of organisms 

(Magdoff, 2007).  

Based on the forgoing, the eco-agriculture is essential because 

it assured the sustainably of grown crop which integrates  

indigenous farming knowledge, modern technology and inno-

vation with regards for biodiversity and nature (Okore, 2017). 

It is established on the assumption, that the cultivated crops 

take benefit of natural resources to improve soil fertility, fight 

diseases and pests, without making use of any microorgan-

isms that have been genetically engineered and avoiding the 

artificial use of chemicals such as antibiotics, fertilizers, and 

pesticides (Oana, 2017). In this way, it ensures that healthy, 

nutritious and natural foods are acquired. Furthermore,  

ecological agriculture helps to achieve greater sustainability 

of the environment through the protection of soil, water and 

the climate, thus causing least environmental impact (Oana, 

2017). 

Strategies to enhance the ecological resilience of agricul-

tural systems: Climate change will require a range of adapta-

tion measures across many aspects of agricultural systems, 

from little changes in the varieties of crop grown to decisions 

to jettison cropping completely in accordance to Jones and 

Thornton (2008). For instance, in some rainfed zones in  

developing countries, water to continuously produce crops 

will not be sufficient; in these regions, agriculturalists may 

modify their means of living based entirely on pastoralism, or 

they may move to other cities or regions. In other zones inte-

grated farming system may be adopted (Jones and Thornton, 

2008). In all areas, peasant farmers working towards adaption 

to climate change will need to acquire practices which will 

help them to improve the resilience of their farming systems 

via building healthier soils, integrating more rainwater  

harvesting and management techniques, improving the biodi-

versity of the system, particularly in rainfed regions, where 

greater number of the rural poor farmers farm are located and 

adding social resilience with emphasis on women which con-

stitute the world's most smallest producers. Jones and 

Thornton (2008) suggested that these practices must be priori-

tize by every governments and other funding agencies as they 

promote transitions to climate resilient management methods 

in agro-ecological. 

Building resilience through biodiversity: The resilience of 

agricultural system can be achieved by enhancing biological 

diversity according to Altieri and Koohafkan (2008). Practices 

that improve biodiversity enable farms to imitate ecological 

processes naturally, and allow them to respond better to 

change and also reduce risk. Altieri and Koohafkan (2008) 

and Ensor (2009) observed that peasant farmers who enhance 

biological diversity suffer least damage during unfavourable 

weather events, relative to farmers who practice conventional 

monocultures. Similarly, Ching and Stabinsky (2011) stated 

that diversity of farming systems can be improved via increas-

ing the variety of crops planted at once on the parcel of land, 

and by incorporating trees and animals into the farming sys-
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tem. Also, farmers can enhance the diversity of their farming 

system by increasing the biodiversity of crop via cultivating 

the same crop with different varieties which have different 

attributes, for example, early maturing varieties, which may be 

advantageous if there is inadequate rainfall, or crop varieties 

with more nutritious forage for the feeding of farm animals 

(Ching and Stabinsky, 2011). Nicholls and Altieri (2012)  

observed that the more diverse the plant communities means 

more resilient to environmental disturbances caused by  

extreme weather events. Undoubtedly, diversification of crop 

constitutes a viable long-term strategy for peasant farmers 

facing erratic weather, which can considerably decrease their 

vulnerability and safeguard their livelihoods.  Farmers that use 

crop diversity as a management strategy normally add high 

quantity of organic matter into the soils, furthermore enhanc-

ing the capacity of the soil to retention water (Nicholls and 

Altieri, 2012). Moreover, Sheikh et al. (2017) also observed 

that the litter component in the temperate coniferous forests of 

Kashmir Himalayas, India have the potential of carbon se-

questration and therefore, the forests plays a very crucial role 

to regulate the climate. 

Building better soil health: Farmers can enhance productivi-

ty by building healthy soils. Ching and Stabinsky (2011) ar-

gued that since climatic changes will most likely significantly 

decrease yields over time, any improvement in productivity 

via healthier soil and fertility will serve to moderate the ex-

pected productivity reduction. Furthermore, by improving the 

soil health, farmers can enhance the soil water-holding capaci-

ty and the infiltration capacity, thereby augmenting the speed 

at which water can percolate into soils and thus the ability to 

take more advantage of heavier rains that are expected under 

climate change (Tirado and Cotter, 2010). Supporting soil 

health equally increases the biodiversity of beneficial rhizo-

sphere organisms in the soils, which are responsible for de-

crease in overall pathogen burden and enhance nutrients ac-

cess (Ching and Stabinsky, 2011). Many well-established agro

-ecological practices increase the health and fertility of soil, 

and with these, productivity is enhanced. Ching and Stabinsky 

(2011) observed that organic manure or compost addition is 

prominent among these practices which bring necessary nutri-

ents into the soil. They also improve the soil structure, making 

it better to retain more nutrients and water together.  

By the improvement in soil structure, water infiltration is  

better, thus more water is captured during periods of heavy 

rainfall (Edwards et al., 2009). Other eco-agricultural practic-

es that can enhance the soil structure and increase fertility 

include growing green manures like sesbania, crop rotation, 

cover cropping, and mulching (Magdoff, 1998). These practic-

es according to Nicholls and Altieri (2012) are all standard in 

agro-ecological systems, which work to increase fertility  

naturally, protect the soil from erosion, but also add biomass 

that in turn helps to increase the SOM levels. They equally use 

the system diversity to control pests and diseases, while  

increasing habitats for pollinator insects and other useful  

organisms.  

Emphasis on management of rainwater and harvesting 

techniques: Climate change adaptation will need more em-

phasis than is presently given to increasing rainwater harvest-

ing and management in rainfed zones of many developing 

countries. Many traditional methods in use already to improve 

rainwater utilization efficiency can be exchanged by the use of 

'farmer-to-farmer' techniques according to Altieri and Koohaf-

kan (2008). For example, the zaϊ methods of the Sahel zone 

have received much attention. This is because in the past dec-

ades, water pits are used by Mali and Burkina-Faso farmers to 

E.B. Utobo and M. Esakkimuthu /Arch. Agr. Environ. Sci., 2(4): 336-339 (2017) 

recover thousands of degraded hectares of lands (Altieri and 

Koohafkan, 2008). Farmers have increasingly become inter-

ested in the zaϊ as they observe that the pits efficiently collect 

and concentrate runoff water and function with little amounts 

of organic compost and manure. The practice also allows 

peasant farmers to raise their resource and household security. 

In addition, Altieri and Koohafkan (2008) observed that the 

yields obtained on fields managed with zaϊ are consistently 

higher than those obtained on fields without the zaϊ technique. 

There are many other effective traditional rainwater-

harvesting techniques actively in use globally by farmers in 

rainfed regions, some of the techniques have been fully  

explained by Altieri and Koohafkan (2008).  

Building social resilience: Social resilience is stated as the 

capacity of communities or groups to adjust to external politi-

cal, social, or environmental stresses that must work hand-in-

hand with ecological resilience. For rural societies to be resili-

ent, Tompkins and Adger (2004) stated that they must have 

the ability to buffer disturbance with agro-ecological tech-

niques adopted and spread via self-organization and group 

action. Also, the resilience of agro-ecosystems to change in 

climate can further be enhanced through reducing the social 

vulnerability by social networks extension and consolidation, 

both at the community and regional levels (Tompkins and 

Adger, 2004). The rural farming communities' vulnerability 

relies upon the establishment of the social and natural capital, 

which gives peasant farmers and their systems resilience 

against climate and other shocks. This adaptive ability resides 

in a set of sociological and agro-ecological conditions that 

influence the capacity of individuals or groups, and their 

farms, to respond to climate change in a resilient manner. 

Nicholls and Altieri (2012) stated that the ability of the farm-

ing communities to react to environmental changes occurs at 

various degrees, but the reactions are always not sustained. 

The fundamental challenge is to identify the responses, which 

can be sustained and thus upscale such responses.  

This can be obtained through enhancement of the reactive 

ability of the farming communities to utilize agro-ecological 

techniques that enable them to withstand and regain from  

climatic events and thus minimizing their vulnerability. Social 

organization strategies such as food exchange, solidarity  

networks, etc. utilized by rural farmers to adapt with the diffi-

cult situations imposed by such extreme events, are thus a 

fundamental component of resilience (Nicholls and Altieri, 

2012). Women, in particular, who constitute the majority of 

the world's smallest producers, must play an essential role on 

the road to social climate-resilient in agricultural systems. To 

do so, Ching and Stabinsky (2011) argued that women must 

be incorporated into the rural research and establishment and 

given the necessary tools to carry out their own research  

on-farm, with the ability to share their gained knowledge with 

other farming groups in farmer-to-farmer networks. This is 

because the challenges facing agriculture in this era of  

changing climate are too enormous to ignore the important 

role of women farmers, their innovation skills and knowledge 

toward contribution in the establishment of climate-resilient 

agricultures.  

Conclusions  

The world generally requires climate-resilient agriculture and 

ecological agriculture which is a significant component of it 

should be pivotal to agricultural adaptation, as the benefits to 

farmers mostly in rural developing countries in particular 

would be manifold. The practices of eco-agriculture will  
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contribute greatly to climate resilience and improve adaptive 

capacity as explained above. Concerted effort is thus required 

to assist the change from conventional to ecological agricul-

ture. Anything less would put the livelihoods and food  

security of millions, mostly rural poor at risk.  

Open Access: This is open access article distributed under the 

terms of the Creative Commons Attribution License, which 

permits unrestricted use, distribution, and reproduction in any 

medium, provided the original author(s) and the source are 
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INTRODUCTION 

Sewage sludge (also known as biosolids) is defined as the 

residual, semi-solid substance that is produced as a by-product 

during the sewage treatment of industrial or municipal 

wastewater (Kumar and Chopra, 2016a). More specifically, 

the sewage sludge is formed as the by-product of the different 

treatment stages of wastewater from domestic households, and 

sometimes it also includes industrial and commercial effluents 

(Williams, 2005). Generally, the terms biosolids and sewage 

sludge are often used interchangeably. The important physico-

chemical characteristics of sewage sludge or biosolids  

includes the specific gravity (1.0 equal to water), solids  

concentration as the relative fraction of solids and water in the 

slurry and sludge volume index (SVI). Generally, the physico-

chemical characteristics of the biosolods or sewage sludge 

include 20% content of the fat, 50 carbohydrate content 

(sugar, starch, and fiber), 30 % to 40 % content of organic 

matter, 3% total nitrogen, 1.5% total phosphorus, 0.7% total 

potassium content, 10 % to 20 % C/N ratio, high levels of 

heavy metal ions: Cu, Zn. The heat value (Ho) of the dry 

sludge is about 12.000 kJ / kg. The pH of the sewage sludge is 

normally ranged 6.5 -7.0 as reported by Xu (2014). 

Properly treated and processed, sewage sludge becomes  

biosolids which are nutrient-rich organic materials produced 

from wastewater treatment facilities (Kumar and Chopra, 

2013; Kumar et al., 2016). Moreover, biosolids can be  

recycled and applied as fertilizer to improve and maintain 

productive soils and stimulate plant growth. The management 

practices of sewage sludge increases the usability of the  

sewage sludge or biosolids and reduces the harmful substanc-

es from the sewage sludge to prevent their discharge in the 

aquatic resources like rivers, lakes, streams etc. (Spinosa, 

2008; Rogers, 2012).  

The sewage sludge or biosolids generally varied in character-

istics and contain organic and inorganic chemicals, toxic  

metals and pathogens. It is often considered as a resource due 

to the widespread application in soil amendment, energy  

generation, nutrient supply etc. The sewage sludge, having 

about 1% of wastewater when entering to the sewage treat-

ment plant for the treatment, is digested anaerobically and 

resulted to remove the wastewater from the sludge. Sewage 
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ABSTRACT 

Sewage sludge (Biosolids) generation is fastly increasing resulting from the regular increase of  

population, urban planning and industrial developments worldwide. The sludge needs to be adequate-

ly treated and environmentally managed to reduce the negative impacts of its application or disposal. 

The present review deals with the different applications of sewage sludge for sustainable agriculture. 

The scattered literature is harnessed to critically review the uses of biosolids to promote sustainable 

practices focusing on the productive uses of sewage sludge or biosolids. Biosolids or sewage sludge 

is the byproduct of municipal wastewater, sewage effluent and effluent treatment plants. The treat-

ment plants are generating huge amount of biosolids. The present review focuses on the different 

applications of biosolids or sewage sludge as in many countries the biosolids or sewage sludge are 

frequently using for various purposes like for biogas production, land filling, organic fertilizer, soil 

amendment, and to enhance the crop yield of agricultural crops. Therefore, biosolids or sewage 

sludge is in the consideration as a resource worldwide. Besides this higher content of different heavy 

metals and microorganisms are the important constraints for the application of biosolids or sewage 

sludge in the various fields. Thus, this review emphasizes the different applications and possible  

limitations for the use of biosolids or sewage sludge as a resource. Efforts have been made on the 

possible pretreatment of biosolids or sewage sludge to make it more feasible for their applications. 

Therefore, different properties of biosolids or sewage sludge, their applications along with possible 

limitations have been discussed in the present review to formulate the biosolids or sewage sludge as a 

resource for the sustainable development. 
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sludge, at the vent of production after mechanical drying, is 

having of almost 80% moisture and 20% dry matter. The  

sewage sludge have different organic and inorganic elements, 

small quantity of heavy metals such as iron (Fe), chromium 

(Cr), manganese (Mn), zinc (Zn), mercury (Hg), lead (Pb), 

nickel (Ni), cadmium (Cd) and copper (Cu) etc. These  

elements restrict the use of sludge in agriculture, because their 

accumulation is harmful to the environment and particularly to 

the food chain (Kumar and Chopra, 2012; Kumar and Chopra, 

2016b). 

The properties of sludge associated with the origin and 

amount of flushing water (public toilet, private toilet), its  

assortment type (on-site, off-site) and following treatment 

level, for example digestion. Fresh and untreated sludge will 

have many pathogens, a high proportion of water, high  

biochemical oxygen demand (BOD) and is normally putrid 

and odorous. Nevertheless, sludge also contains essential  

nutrients for plants (e.g. nitrogen and phosphorus) and is  

potentially a very beneficial fertilizer. The most important 

component like organic carbon in the sludge, once alleviated, 

has also capable as a soil conditioner because it likely  

improves soil structure for plant roots, or can be transformed 

into energy through bio-digestion or incineration. As sewage 

may receive harmful pollutants (e.g. heavy metals, pharma-

ceuticals) from industries and other activities which may  

accumulate in its sludge (Javier Mateo-Sagasta et al., 2015). 

Generally, the sewage sludge resulting from primary and  

secondary water treatment. Before entering the digesters, the 

sludge is sometimes sieved and is then thickened to a dry  

solids content of up to 7% in order to avoid too high energy 

consumption for heating due to excessive water content. Pref-

erably, the sludge can be pretreated by disintegration technol-

ogies with the goal to recover the biogas yield. The primary 

sludge, also called raw sludge, is produced by gravitational 

sedimentation in the primary sedimentation tank. It has a high 

content of organic matter and is easily degradable. Under opti-

mum digestion conditions, a methane yield of 315-400 Nm3/t 

organic dry matter (Zhang, 2010). The Secondary sludge, also 

called excess sludge or activated sludge, results from the  

biological treatment of wastewater. It has a lesser degradable 

fraction than primary sludge and as a result reduction in the 

biogas yield. Under optimum decomposable circumstances, a 

methane yield of 190-240 Nm3/t organic dry matter (Zhang, 

2010). 

GLOBAL SCENARIO OF SEWAGE SLUDGE  

GENERATION 

The global population is increasing and concentrating in urban 

centers. This trend is particularly intense in developing  

countries, where an additional 2.1 billion people are expected 

to be living in cities by 2030 (Xu, 2014; Javier Mateo-Sagasta 

et al., 2015). The sewage treatment plants also generate sludge 

(a semi solid substance), called sewage sludge, when suspend-

ed solids are removed from the wastewater and when soluble 

organic substances are converted to bacterial biomass which 

also becomes part of the sludge (Javier Mateo-Sagasta et al., 

2015). Ning-Yi Wang et al. (2013) reported the emission 

quantity of greenhouse gases, land filling has the greatest  

impact (296.9 kg CO2 eq./t sludge), followed by mono-

incineration (232.2 kg CO2 eq./t sludge) and carbonization 

(146.1 kg CO2 eq./t sludge). Co-incineration with municipal 

solid waste has the benefit of reducing green house gas emis-

sion (–15.4 kg CO2 eq./t sludge). Consequently, the carboniza-

tion would be a quite beneficial method of sewage sludge if 

the energy generation, distribution and integration processes 

are made more competent. 

INDIAN SCENARIO OF SEWAGE SLUDGE  

GENERATION 

According to Central Pollution Control Board (CPCB), New 

Delhi, about 38354 million liter per day (MLD) wastewater 

generated from cities and towns is the main cause of freshwa-

ter pollution in India (CPCB, 2009). A nearly less than half of 

this quantity only about 11786 MLD is treated by the sewage 

treatment plants (STPs) and rest of the sewage is discharged 

without treatment. Therefore, almost all the water bodies  

including lakes, ponds wetlands, streams, rivers and their 

catchments areas are severely polluted due to the discharge of 

untreated or partially treated sewage effluent (Bhardwaj, 

2005; CWC, 2012). Additionally, these conditions are also 

responsible for the outbreak of a number of water borne as 

well as food borne diseases in these proximities (CGWB, 

2011; CWC, 2012). Similarly, the sewage sludge generated 

during the treatment of sewage effluent is dried in the sludge 

beds and using for fertilize the agricultural crops (CPHEEO, 

2012). In India characteristically, the sewage sludge contained 

total nitrogen (15400-1920 mg Kg-1), available nitrogen (4600

-6300 mg Kg-1), available phosphorus (44-60 mg Kg-1) and 

available potassium (290-410 mg Kg-1). Besides this higher 

contents of different heavy metals like arsenic (8-23 mg Kg-1), 

Cd (2-9 mg Kg-1), Cr (66-1098 mg Kg-1), Hg (7-32 mg Kg-1), 

Ni (12-596 mg Kg-1) and Pb (26-154 mg Kg-1) were reported 

by Dubey et al. (2006). Kumar and Chopra (2013) and Kumar 

et al. (2016) also reported higher contents of nutrients and 

heavy metals in the municipal sewage sludge. 

SEWAGE SLUDGE AS RESOURCE 

During the past years, waste minimization and recycling/reuse 

policies have been introduced so as to reduce the amount of 

waste generated and alternative waste management strategies 

are being exploited, to reduce the environmental impacts of 

waste management (IPCC, 2006). Notwithstanding, sewage 

sludge represents a source of material, energy and nutrients, it 

is possible to utilize it as raw material for industrial produc-

tion, energy production and soil amendment. There exist sev-

eral processes through which sewage sludge can be converted 

into useful output and this includes coincineration and mono-

incineration with energy recovery, anaerobic digestion with 

biogas production and aerobic composting, pyrolysis, gasifica-

tion and wet oxidation processes. The selection of a sewage 

sludge management method or technique from the accessible 

options should be based on their environmental effect that is 

which technology creates less impact on the environment. As 

per the public attention on the environmental effects of the man-

agement choices selected for sewage sludge treatment increases, 

industries are beginning to accept the clean technology ap-

proach and assessment of environmental impacts of alternative 

processes, in process evaluation (Poulsen and Hansen, 2003). 

Many countries have recently recognized that sewage sludge 

components can be recycled in a “Productification” strategy 

which is aimed at making products from sludge which are in-

tended for sale in the market place. Sludge based products can 

be used for energy and also reused with matter recovery for 

land application. According to the “Productification” strategy, 

these products could be used not only on-site, such as at the 

treatment plants, as has been practiced for many years, but can 

be sold in the open market as well (Spinosa, 2008;  

Rogers, 2012). There is a wide range of uses for sewage 
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sludge that exploit its nutrient, material and energy contents, 

for instance, drying, incineration, composting, anaerobic  

digestion, and so on. Among these processes, sludge compost-

ing and anaerobic digestion have been receiving more and 

more attention in terms of their marketable products 

(BioTEnMaRe, 2014). Biogas technology is one of the  

options for deployment in conversion of organic residues to 

renewable energy and valuable fertilizer. In Figure 1 provide 

an outline for the generation, recovery of sewage sludge pro-

duction and possible resource recovery and also suggest the 

mechanism and strategy for the sewage sludge management. 

Figure 2 shows the various methods for waste management 

which can be implemented for the uses of sewage sludge for 

sustainable agriculture. 

SEWAGE SLUDGE MANAGEMENT PRACTICES 

Sewage sludge composting: Sludge composting occurs via an 

aerobic bacterial decomposition process that stabilizes the 

organic substances in sludge and produces compost (humus). 

The overall chemical reaction of composting is (Finstein et 

al., 1980): 

C10H19O8N + 12.5 O2 → 10CO2 + 8H2O + NH3                   (1)                                                

The sludge composting aims to biologically stabilize sludge 

and control pollution risks, in order to develop agriculture or 

other end use outlets based on the nutritional or organic value 

(Bresters, 1997). 

Sewage sludge in biogas production: The sewage sludge 

may be utilized for the generation and recovery of the energy, 

if adequately dry directly, by incineration or, indirectly, using 

anaerobic digestion, pyrolysis or gasification, that generate 

bio-fuels such as methane-rich biogas, bio-oil and syngas 

(Kalogo and Monteith, 2012). A mechanism has been provid-

ed in the Figure 3 for the effective aerobic digestion of the 

sewage sludge. The energy content in products for energy use 

and energy content in raw sludge are two important elements 

for the estimating of energy recovery efficiency. However, the 

dried sludge becomes a valuable and renewable energy source 

with a calorific value similar to lignite (Bachmann, 2009). 

Pöschl et al. (2010) suggested that, whereas the upgrading of 

biogas to biomethane for injection into natural gas network 

potentially increased the primary energy input for biogas utili-

zation by up to 100%; the energy effectiveness of the biogas 

production method must be improved by up to 65% when 

natural gas was substituted in place of electricity. It was  

noticeable that, the effectiveness of the system energy could 

be additionally enhanced by 5.1-6.1% by using recovery of 

the residual biogas from the enclosed digestate storage units.  

The biogas produced from sewage sludge or biosolids is a 

Figure 1. Diagrammatic sketch of sewage sludge production and possible 
resource recovery (Source: Bachmann, 2015; modified by the authors). 

Figure 2. The most suitable methods for waste management (Source: Akwo, 
2008). 

Figure 3. Process of aerobic digestion (Source: Williams 2005; modified by 
the authors).  

Figure 4. Process of gasification (Source: Baily, 2009; modified by the authors). 
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clean and renewable energy source. It is an ideal fuel for com-

bined heat and power applications. The biogas can be  

produced with anaerobic bacteria or fermentation of biode-

gradable materials. The heat value of it is 21-25 MJ/m3 (with 

an average concentration of 65% CH4) and 30- 40% lower 

than natural gas (37.3 MJ/m3) (Xu, 2014). Anaerobic digestion 

is a bacterial decomposition process in the absence of oxygen 

that stabilizes organic wastes and produces biogas, a mixture 

of methane and carbon dioxide. The heat value of methane is 

about similar to natural gas, therefore biogas is considered as a 

valuable energy resource (Halls, 2000). There are four key 

biochemical stages in anaerobic digestion, which are  

hydrolysis, acidogenesis, acetogenesis and methanogenesis 

(Williams, 2005; Kumar et al., 2017).  

Hydrolysis is the first stage in the decomposition of macromo-

lecular substances such as carbohydrates, fats and proteins 

(Figure 3). Afterwards some low-molecular substances arise 

from hydrolytic bacteria activities, such as sugars, fatty acids 

and amino acids (Baily, 2009). Acidogenesis is the second 

stage in which products of hydrolysis are decomposed by  

fermentation bacteria into organic acids, carbon dioxide,  

water, and sometimes ammonia. The main reaction equation is 

(Baily, 2009): 

C6H12O6 → CH3(CH2)2COOH + 2CO2 + 2H2O          (2) 

Acetogenesis and methanogenesis usually run simultaneously 

(Figure 3). The former uses bacteria to decompose organic 

acids into acetic acid and hydrogen. The latter uses methano-

genic bacteria to further decompose acetic acid into methane 

and carbon dioxide, at the same time more methane is created 

from hydrogen and carbon dioxide by another type of  

methanogenic bacteria. The reaction equations are (Baily, 

2009): 

CH3 (CH2)2COOH + 2H2O → 2CH3COOH +2H2          (3)                                                    

2CH3COOH → CH4 + CO2                         (4)                                                                                             

4H2 + CO2 → CH4 + 2H2O            (5)                                                                                              

Gasification is a thermal process that can convert organic 

based sludge materials with air (Sometimes oxygen or steam) 

into an inflammable gas (Baily, 2009). A diagrammatic sketch 

shown in Figure 4 has been suggested by Baily (2009) for the 

gasification of sewage sludge. 

C + CO2 → 2CO              (6)                                                                                                     

C + H2O → CO + H2                  (7)                                                                                                  

CO + 3H2 → CH4 + H2O                          (8) 

Sewage sludge in soil amendment: The sewage sludge may 

be processed using different methods for the reduction of 

pathogens in the sewage sludge. The important methods are 

aerobic digestion of the sludge, air drying of sludge, anaerobic 

digestion, composting, and lime stabilization of the sewage 

sludge (EPA, 1995). Moreover, in air drying method of sew-

age sludge, the sewage sludge is dried for months or more on 

sludge drying beds of sand or paved basins of sludge dryness 

(EPA, 1985, 1995). Therefore, using the composting method, 

the sewage sludge is preserved either within a static aerated 

vessel or windrow composting methods (EPA, 1995), where-

as, in the lime stabilization method, the sewage sludge is  

mixing with lime to increase the pH of the sewage sludge 

(EPA, 1995). 

The sewage sludge can be made utilizable through the land 

application, and for this the wastewater treatment facility 

needs to put the sewage sludge into a biosolids form. Current-

ly there are six different categories of sewage sludge or bio-

solids produced that can be utilized in the land application, 

liquid, dewatered, air-dried, alkaline-treated, composted, and 

heat-dried (EPA, 1985; Walker, 1994). The dewatered form of 

the sewage sludge can be stabilized by the application of three 

procedures as aerobic digestion which resulting in 2 to 5% 

nitrogen content; anaerobic digestion results in 2 to 5% nitro-

gen content; and lime stabilization resulting in 1 to 3% nitro-

gen content (Walker, 1994). The alkaline-treated sewage 

sludge or biosolids can be stabilized in two different methods 

as a process through kiln dust resulting in 1 to 2% nitrogen 

content and a procedure lacking kiln dust resulting in 1 to 2% 

nitrogen content (Walker, 1994). The air-dried form of the 

sewage sludge can be stabilized in three methods as the aero-

bic digestion which is resulting in 2 to 4% nitrogen content; 

second is the anaerobic digestion that results in 2 to 4% nitro-

gen content; and the third one is the lime stabilization which 

is resulting in 1 to 3% nitrogen content (Walker, 1994). The 

composted form of the sewage sludge might be stabilized in 

many differences of agitated and static aerated procedures in 

and out of vessels, resulting in 1 to 2% nitrogen content (EPA, 

1985; Walker, 1994). 

The application of biosolids increases soil microbial biomass 

and some soil enzymatic activities such as urease, alkaline 

phosphatase and β-glucosidase linked to C, N, P and S soil 

cycles (Liang et al., 2003; Tejada et al., 2006). Liang et al. 

(2005) also reported that the incorporation of organic amend-

ments to soil stimulate dehydrogenase activity because the 

added material may contain intra- and extracellular enzymes 

and may also stimulate microbial activity in the soil. Tejada et 

al. (2006) and Walker and Bernal (2008) found that the com-

post or Sewage sludge was effective for the remediation of the 

saline soil. Abdelbasset et al. (2010) reported that the use of 

municipal solid waste compost (13.3 g Kg-1) and sewage 

sludge (26.6 g Kg-1) significantly improved soil physical-

chemical properties, especially carbon and nitrogen contents. 

Accordingly, overall enzyme activities were substantially  

promoted in presence of both amendments and the higher in-

creases were measured at 13.3 g Kg-1 of municipal solid waste 

compost (increases by 107%, 43%, 20%, 11%, and 148% for, 

DEH, β-GLU, PHO, URE, and CAT, respectively). Therefore, 

a number of scientists have reported the application of sewage 

sludge or biosolids for the soil amendment or to fertilize the 

soil for sustainable agriculture. 

Use of sewage sludge in agriculture: The application of  

sewage sludge is found to be very productive for the agricul-

tural crops yield. According to Franz (2008) sewage sludge 

incineration are rich in phosphorus content, ranging between 

4% and 9% and about 90% of phosphorus can be extracted from 

sewage sludge ash (SSA) to make an adequate phosphate  

fertilizer. About 37% of sewage sludge produced is actually 

applied to agricultural land; other main pathways are land  

reclamation and restoration (12%) and incineration (11%) as  

reported by Fytili et al. (2008). Lundin et al. (2004) concluded 

that two sludge handling options, incineration and direct  

application to agricultural soil, have respectively economic and 

environmental restrictions. The development of relatively low 

cost phosphorus recovery technologies has the potential to  

reconcile the environmental and economic aspects of  

sustainability. During the recent past, a number of researchers 

reported the application of sewage sludge in the soil amendment 

and cultivation of agricultural crops globally (Table 1). The 

research reports clearly indicated that the use of sewage sludge 

enhance the overall growth and yield of agricultural crops and 

reduce the application of chemical or synthetic fertilizers. 
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CONSTRAINTS 

In most of the time the generated sewage sludge or biosolids 

is applied, disposed or discharged lacking of any satisfactory 

treatment. Therefore, it may pose serious environmental and 

public health impacts (Turovskiy and Mathai, 2006; Hong et 

al., 2009). Moreover, due to the continuous rapid growing 

population, the sewage sludge generation is expected to  

increase significantly in the future. Sewage sludge has poten-

tial to contain pollutants and particular metals (Arlt et al., 

2002; Ghazy et al., 2009). Moreover, different researchers 

have reported the presence of toxic chemicals as heavy metals 

in the soil and various crops due to the application of sewage 

sludge in agriculture (Table 1). 

Exclusive of analysis, it is difficult to enlighten what kind of 

heavy metals and other pollutants exist in sewage sludge and 

if the contaminants exist at levels of concern (Clapp et al., 

1994). Early users of sewage sludge did not know of the pol-

lutants that existed in the sewage sludge, and how to lower or 

remove the pollutants to safe levels and this perceptive of 

sewage sludge resulted in avoidance of sewage sludge as a 

land amendment (Lue-Hing et al., 1994; Turovskiy and 

Mathai, 2006; Hong et al., 2009). Eljarrat et al. (2008) report-

ed the significant content of Polybrominated diphenyl ethers 

(PBDE) in sewage sludge ranged from 197 to 1185 ng/g dry 

weight (dw) and further in the sewage sludge amended soil 

PBDE levels in soils ranged between 21 and 690 ng/g dw. 

Moreover, levels about 200 ng/g dw have been reported in 

Table 1. Toxic chemicals and heavy metals in different crops and soils due to the use of sewage sludge. 

Chemical species as heavy 

metal / Other toxic element  
Crop/soil type/soil location 

References 

  

DTPA, Cd, Zn and Mn Ultisol (red clay soils) and vertisol 
Ramachandran and D’Souza (1998) 

  

Cu, Zn, Pb, Ni, Cr, Cd Chhatarpur and Badarpur Shrivastava and Banerjee (2003) 

Cd, Zn, Cu 
Seeds of leaf beet 

(perpetual spinach, Beta vulgaris, Cicla) 
Datta and Young (2004) 

Zn, Cu, Mn, Ni, Cd, Mo Red clover plant McBride et al. (2004) 

Cd Cr Cu Mn Ni Pb Zn Soil treated with sewage sludge compost Selivanovskaya et al. (2004)  

K, Ca, Mg, Zn, Mn, Cu, Fe, Al   

and Na 
South Florida, USA Sigua et al.  (2005) 

Zn, Fe, Pb, Cd, Zn, Fe, Pb, Cd Fennel plants shoot 
El-Motaium and Abo El-Seoud 

(2007) 

Cd, Cr, Cu, As, Ni, Pb, Zn Sorghum bicolor (L.) Jamali et al. (2008) 

Cd 
Indian mustard, 

Cabbage and cauliflower, 
Sikka et al. (2009) 

Cd, Pb, Cr, Ni, Cu, Zn Potato Pakhnenkoa et al. (2009) 

Fe, Cr, Cu, Mn, Ni, Zn, Cd, Pb, 

Mg, Na, K, P, N 

Pinus radiata 

  
Rodrı´guez  et al. (2010) 

Cu, Zn, Ni, Cd, Cr, Pb Brassica juncea (Root and shoot) Dede et al. (2012) 

Cd, Cr, Ni 
Radish, Turnip, Carrot, Potato, Tomato, Bean, Cauliflower, 

Brinjal, Cabbage, Spinach,  Coriander 
Amlan et al. (2012) 

Cu, Fe, Mn, Zn Tropical soils Nogueirol et al. (2013) 

Fe, Zn, Cd, Cu, Pb, Cr 
French Bean (Phaseolus vulgaris L.) (Shoot, root, leaves, 

fruit) 
Kumar and Chopra (2014) 

Pb, Cr, Cd, Cu, Zn, Ni Cabbage Ullah and Khan (2015) 

Zn, Cu, Ni, Cr 
Sunflower (Helianthus annuus) 

(Shoots and roots) 
Belhaj et al. (2016) 

Cd, Pb and Zn Shoots of Salix and Populus Kubátová et al. (2016) 

Zn, Cu, Fe, Mn, Ni,  Pb, 

Cd ,Cr , As 
Rice grain Meena et al. (2016) 

Cu, Zn, Cr, Ni, Cd, Pb Sugarcane (leaf and juice)  Leite Moretti  et al. (2016) 

Fe, Mn, Cu, Zn, Cd, Ni, Pb, Co, 

Cr, Ca, Mg, Na, K, Cl, N, P, 

SO4 

Tomato Alghobar and Suresha (2017) 

Zn, Cu, Mn, Ni, Pb , Cd, Cr 
Clay loam and clay loam soil of Thessaloniki Plain 

(Greece)  
Tziachris et al. (2017) 

Pb, Cr, Cd, Cu, Zn, Ni, Fe, Mn 

Spinacia oleracea, Brassica oleracea var. capitate, Brassica 

oleracea var. botrytis, Raphanus sativus, Brassica rapa 

subsp. Rapa, Benincasa fistulosa, Daucus carota subsp.  

Sativus, Lactuca, Colocasia esculenta 

Ullah et al. (2017) 

  

Cu, Zn, Cd, Pb, Fe, Mn Wheat plant (Triticum aestivum L.) Shahbazi et al. (2017) 

Fe, Pb, Zn, Mn, Cr, Cu, Ni, Co, 

Cd 
Cucumbers (Cucumis sativus L.) Eid  et al. (2017) 
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sludge from Sweden and The Netherlands (Sellstrom et al., 

1999; de Boer et al., 2002), and around 500 ng/g dw for sam-

ples collected in Denmark (Christenson et al., 2003). Higher 

concentrations were found in USA, with values ranging from 

1000 to 2290 ng/g dm for tri- to hexa-BDEs, and from 85 to 

4890 ng/g dm for deca-BDE-209, with the mean values of 

approximately 1600 and 1000 ng/g, respectively (Hale et al., 

2003). 

The use of biosolids in agriculture is strictly regulated in  

developed countries but can be encouraged like in Michigan’s 

biosolid and septage programs. Reuse is driven by the inten-

tion of closing nutrient loops to ensure that nutrients are  

returned to agricultural land to improve soil fertility while 

reducing the pressure on final deposal sites. However, in 

many developed and industrialized nations, there is a rising 

obstruction for the application of the sewage sludge or biosol-

ids in the agriculture, due to the anxieties regarding the possi-

ble content of persistent and toxic pollutants such as patho-

gens and heavy metals. In these countries energy recovery 

from sludge, mainly through bio-digestion and incineration, is 

gaining momentum (Javier Mateo-Sagasta et al., 2015). Most 

importantly, although the application of sewage sludge in soil 

amendment or to fertilize the soil by supplying the essential 

nutrients significantly affected the growth and crop yield but 

on the other hand it enhance the chances of contamination of 

heavy metals and pathogens of agricultural soil and crops. 

Conclusions 

The literature harnessed in the present review concluded that 

the biosolids or sewage is effectively using for various  

purposes. It is playing a significant role in energy generation, 

soil amendment and crop production etc. Whereas there are 

certain drawback for their use as the applications of sewage 

sludge or biosolids among developing countries are likely to 

be significantly different in developed countries. Therefore, 

sludge or biosolids should be sampled and checked for con-

taminants (pathogens, heavy metals etc) before use in soil 

amendment and agriculture and other applications. Moreover, 

the uses of biosolids or sludge should be based on regular 

monitoring, frequency of sampling and analysis depends on 

the production and quality of the sludge. Most efficient sludge 

management strategy should be made with main focus on  

economic, technological and societal constraints; however, 

assessment of the overall sustainability of sludge management 

is now becoming an important aspect for the scientists,  

researchers and policy makers in decision-making for sustain-

able development in the future. Therefore, more scientific 

research should be required on the different aspects of biosol-

ids or sewage sludge to make it more feasible resource for the 

sustainable development. 
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INTRODUCTION 

In the recent times, the industrial pollution has emerged as a 

major threat to water resources around the world, particularly 

in the Global South (developing countries) where a scenario 

prevails that the pollution is a price to pay for progress 

(Greenpeace, 2011). This view is generally associated with 

numerous thoughts that the dealing with pollution is too cost-

ly, pollution prevention is too difficult and impractical; and 

that environmental and social impacts can be dealt with in the 

future. In contrast, the case studies from the Global North 

(developed countries) have exposed the extent to which  

persistent and bio-accumulative substances that had contami-

nated the regions till date, show the immense difficulties and a 

very high expense of restoration programmes and the impossi-

bility of total decontamination (Greenpeace, 2011). 

The paper industries are the sixth biggest noxious waste  

producing industries of the world. Paper manufacturing is an 

agro-based industry. The fast growth in population and the 

higher demand for industrial establishment to meet human 

necessity have produced evils such as overexploitation of  

obtainable resources and pollution of the land, air and water 

(Kumar et al., 2017a, b). The effluent generated is character-

ised by dark colour, foul odor and high organic content and 

extreme quantities of chemical oxygen demand (COD),  

biochemical oxygen demand (BOD) and pH (Pokhrel et al., 

2004). The dark colour in paper mill effluent is caused due to 

the presence of organic ligands such as wood extractives,  

resins, products (Deilek et al., 2001). 

Industrialization has become an important factor to the devel-

opment of a country’s economy, through the establishment of 

plants and factories However, the waste or by-products  

discharged from them are severely disastrous to the environ-

ment consists various kind of contaminant which contaminate 

the surface water, ground water and soil (Kumar et al., 2016;  

Kumar and Thakur, 2017). The application of microbial or 

plant biomass could be an effective, low cost and ecofriendly 

means for removal and/or recovery of toxic metals from  

contaminated wastewater and industrial effluents, even at low 

concentrations. Certain aquatic and terrestrial plants,  

composed of lignin, cellulose, hemi-cellulose, pectins, phytic 
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ABSTRACT 

In this present study, an experiment was performed to find the potential of leaf powder of water hya-

cinth (Eichhornia crassipes) in treating paper mill effluent. During the study the value of different 

parameters viz., pH (5.80±0.10), TDS (980.22±12.52 mgL-1), EC (6.52±0.11 dS m-1), BOD 

(86.42±4.61 mgL-1), COD (281.01±8.66 mgL-1), PO4
3- (71.46±6.00 mgL-1), TKN (84.99±3.92 mgL-1), 

Na (136.94±6.66 mgL-1), K (95.01±3.48 mgL-1) and total hardness (442.39±3.78 mgL-1) of paper mill 

effluent were recorded higher before bio-adsorption treatment using leaf powder of E. crassipes. The 

leaf powder of E. crassipes significantly (P<0.05/P<0.01) removed TDS, EC, BOD, COD, TKN, Na, 

K and total hardness of the paper mill effluent. The result of the present study on the bio-adsorption  

treatment using leaf powder of E. crassipes of paper mill effluent showed maximum reduction in the 

effluent characteristics viz., pH (6.62±0.08), TDS (848.42±7.67 mgL-1), EC (4.08±0.17 dS m-1), BOD 

(62.56±3.39 mgL-1), COD (218.11±8.59 mgL-1), PO4
3- (50.13±4.33 mgL-1), TKN (63.04±6.47 mgL-1), 

Na (100.06±6.99 mgL-1), K (66.00±7.38 mgL-1) and total hardness (347±9.86 mgL-1) of paper mill 

effluent after bio-adsorption treatment using leaf powder of E. crassipes. The maximum removal of 

TDS (13.45%), EC (37.43%), BOD (25.89%), COD (22.38%), PO4
3- (29.85%), TKN (25.83%), Na 

(26.94%), K (30.54%) and total hardness (21.56%) in the paper mill effluent were recovered after 

phyto-adsorption treatment using leaf powder of E. crassipes. The decrease of paper mill  

effluent parameter is likely due to that the leaf powder of water hyacinth absorbs the nutrient from the 

effluent. Therefore, the leaf powder of can be used as phyto-adsorbent for the removal of various 

pollution parameters. 

©2017 Agriculture and Environmental Science Academy 

http://crossmark.crossref.org/dialog/?doi=10.26832/24566632.2017.020418&domain=pdf
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acid and many proteins offer active sites such as carbonyl 

(CO), carboxyl (–COO), hydroxyl (–OH), amino (–NH2) and 

sulfhydryl (–SH) groups for binding of metal cations and 

make them popular for removing metals from contaminated 

waters (Shweta and Rai, 2010). Application of aquatic macro-

phytes in phytoremediation of industrial effluent has become 

popular due to the high cost and energy intense treatment 

technologies. Phytoremediation is the use of aquatic plants to 

remediate the organic and inorganic contaminants present in 

the industrial effluent. Aquatic macrophytes are accomplished 

to eliminate a broad range of nutrients as well as heavy metals 

from industrial effluent (Kumar et al., 2016; 2017c).  

There is, however, a great need to undertake research to  

quantify the levels of damage and the costs of control, loss of 

livelihood, disease, and disruption of normal operations 

caused by water hyacinth (Nakanishi et al., 2002; Okafor et 

al., 2012; Pagnanelli et al., 2003; Rahman et al., 2005;  

Wirasnita et al., 2014; Tsai et al., 2006; Wan Ngah and 

Hanafiah, 2008; Wang et al., 2010). Many researchers have 

been reported the removal of different pollutants parameters 

from wastewater, industrial effluents and synthetic aqueous 

solutions using various plant based phyto-adsorbents 

(Annadurai et al., 2003; Ahmaruzzaman, 2008; Jain et al., 

2010; Chang et al., 2012; Chairgulprasert et al., 2013; Lazim 

et al., 2015). Keeping in view the pollution due to the  

discharge of the paper mill effluent and ecological importance 

of water hyacinth (Eichhornia crassipes), the present research 

work was carried out to study the phyto-adsorption treatment 

of paper mill effluent using leaf powder of Eichhornia  

crassipes. 

MATERIALS AND METHODS 

Study sites: Star Paper Mill Ltd. Saharanpur, (Uttar Pradesh) 

was selected for the collection of paper mill effluent. The Star 

Paper Mill is located about 61.6 km away from Gurukula 

Kangri Vishwavidyalyaya (Haridwar) in the north east. The 

plants of water hyacinth (Eichhornia crassipes) were collected 

from the local pond situated at Jamalpur Kalan village 

(29.9120°N and 78.1308°E) Haridwar (Uttarakhand), India. 

Fresh plants of water hyacinth were collected from local pond 

in Jamalpur village in Haridwar district. Leaves of the water 

hyacinth were plucked out and washed with double distilled 

water, and then it is left in sunlight until it is completely dried. 

Then with the help of mortar and pestle leaf samples were 

crushed into very fine particle. At last leaves of water  

hyacinth practical is sieved with a uniform particle sized 1.5 

mm for experimental use and kept in air tight plastic bags. 

Collection of paper mill effluent and analysis: The Star 

Paper mill effluent was collected from the untreated discharge 

channel outlet at Star Paper Mills Ltd. Saharanpur, (29°

56'13.04"N 77°34'11.28"E) Uttar Pradesh. The samples were 

collected in thoroughly cleaned plastic container of 10 liters 

capacity provides with the double cap device. Some of the 

parameters like pH were carried out on the spot and dissolved 

oxygen (DO) was also fixed on the spot because time con-

sumed during transportation could alter the results. Remaining 

parameters could be carried out on composite sample. The 

collected effluent samples of the paper mill effluent were 

brought to the laboratory. The effluent was analyzed before 

and after phyto-adsorption for different physico-chemical  

parameters viz., pH, total dissolved solids (TDS), electrical 

conductivity (EC), biochemical oxygen demand (BOD), 

chemical oxygen demand (COD), phosphate (PO4
3-), total 

Kjeldhal nitrogen (TKN), sodium (Na) and potassium (K) 

using water hyacinth (E. crassipes) at 6, 12, 24, and 48 hours, 

Kumar et al. /Arch. Agr. Environ. Sci., 2(4): 348-352 (2017) 

respectively. The samples were analyzed for various physic-

chemical parameters by following standard techniques 

(APHA, 2012; Chaturvedi and Sarkar, 2006). 

Experimental design: Four glass jars of 4 liters capacity were 

used for the phytoremediation study. A total 16 liters paper 

mill effluent were taken into four glass jar separately. Thus 

each glass jar contained 4 liters of paper mill effluent. 100 g 

air dried biomass of water hyacinth was transferred in the 

effluent and mixed as well as shacked it thoroughly. The ex-

periments were conducted for 6, 12, 24 and 48 hours of reten-

tion time.  

Statistical analysis of data: The values reported in the  

present study were the mean of three replicates. The means 

were calculated with the help of MS Excel 2010 while the 

graphs were plotted with the help of Sigma plot, 2000. 

RESULTS AND DISCUSSION  

Characteristics of paper mill effluent: The mean±SE of 

various physico-chemicals characteristics paper mill effluent 

are given in Table 1. During the present study, the values of 

TDS (980.22 mgL-1) of paper mill effluent were recorded 

within the prescribed limit of Indian Standards for irrigation 

water (BIS, 2012). The higher values of TDS in the paper mill 

effluent were recorded as compared to the control (Bore well 

water) and this is likely due to the utilization of agro-residues 

in the manufacturing of paper by the paper mill (Table 1). 

Kumar and Chopra (2012) also recorded slightly lower values 

of TDS (860±5.50 mgL-1) in the paper mill effluent. The pH 

of paper mill effluent was slightly acidic (5.80) in nature and 

it might be due to the use of acidic matters in the production 

of pulp from the raw material. The value of EC in the paper 

mill effluent was also noted to be higher and it is likely due to 

the presence of more ionic species in the paper mill effluent 

(Table 1). Higher values of EC (6.84±0.40 dS m-1) were also 

reported by Kumar and Chopra (2012, 2015) in the untreated 

paper mill effluent. The results showed that the values of 

BOD (106.42 mgL-1), COD (281.01 mgL-1) in the paper mill 

effluent were found beyond the irrigation standard (Table 1). 

The higher values of BOD and COD in the paper mill effluent 

are likely due to the presence of more degradable or oxidiza-

ble organic matter, inorganic chemical species or dissolved 

solids in the paper mill effluent as earlier reported by Kumar 

and Chopra (2012b). Ghaly et al. (2011) reported higher BOD 

(1874.20 mgL-1) and COD (2450.60 mgL-1) in the paper mill 

effluent. 

During the present investigation, the values of Na+, K+, TKN, 

PO4
3- and total hardness in the paper mill effluent were also 

found higher compared to the BIS standards (Table 1). The 

findings were in accordance with those of Patterson et al., 

(2008) who reported higher values of Na+ (70.90 mgL-1), and 

PO4
3- (64.98 mgL-1) in the paper mill effluent. 

After phyto-adsorption treatment using leaf powder of water 

hyacinth the value of TDS (951.33±9.56, 888.49±8.53, 

855.96±7.50 and 848.42.18±7.67 mgL-1), EC (5.95±0.11, 

4.92±0.15, 4.11±0.18 and 4.08±0.17 dSm-1), pH (6.07±0.01, 

6.24±0.14, 6.61±0.12 and 6.60±0.08), BOD (84.49±5.64, 

77.93±4.92, 63.77±4.40 and 62.56±3.39 mgL-1), COD 

(274.57±9.85, 248.54±4.29, 220.29±9.03 and 218.11±8.59 

mgL-1), PO4
3- (69.51±5.02, 62.09±4.98, 51.42±4.24, and 

50.13±4.33 mgL-1), TKN (80.92±3.09, 75.22±5.01, 

64.05±8.56 and 63.04±6.47 mgL-1), Na (133.31±3.60, 

127.50±4.87, 101.91±13.16 and 100.06±6.99 mgL-1), K 

(89.90±2.34, 80.56±3.56, 66.76±7.29 and 66.00±7.38 mgL-1) 

and total hardness (421.89±3.02, 395.74±4.54, 362.56±9.15 
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and 347±9.86 mgL-1)  were decreased after 6, 12, 24 and 48 

hours of phyto-adsorption treatment experiments, respectively 

(Table 1; Figure 1-5). Moreover, application of leaf powder of 

E. crassipes as phyto-adsorbent showed significant (P<0.05/

P<0.01) effect on the removal of TDS, EC, BOD, COD, TKN, 

Na, K and hardness of the paper mill effluent at 12, 24 and 48 

hours of phyto-adsorption treatment. 

Additionally, the removal efficiency of the leaf powder of 

water hyacinth were recorded (2.9%, 9.3%, 12.68% and 

13.45%) for TDS, (8.75%, 24.94%, 36.97% and 37.43%) for 

EC, (2.24%, 9.83% a, 23.89% and 25.89%) for BOD, (2.30%, 

11.56%, 21.61% and 22.38%) for COD, (2.8%, 13.12%, 

28.05% and 29.85%) for PO4
3-, (4.79%, 11.50%, 24.64%  and 

25.83%) for TKN, (2.66%, 6.90%, 25.59%  and 26.94%) for 

Na, (5.38%, 15.21%, 29.74% and 30.54%) for K and (4.64%, 

10.55%, 18.05%  and 21.56%) for total hardness after 6, 12, 

24 and 48 hours of the treatment (Figure 6). Selvarathi and 

Murugalakshmi (2013) recorded the highest reduction of 

TDS, EC, BOD, COD, TKN, Na, K, and total hardness (TH) 

in paper mill effluent treated with different types of phyto-

adsorbent. Chairgulprasert et al. (2013) reported that the  

mixture of galangal (Alpinia galanga Willd) leaves and  

pseudo stems can be used as a phytosorbent for the removal of 

lead and zinc ions from synthetic wastewater.  

Table 1. Changes in physico-chemical characteristics of paper mill effluent using leaf powder of E. crassipes as bio-adsorbent. 

Parameter 

Before treatment After treatment BIS for 

irrigation 

water Initial 6 Hours 12  Hours 24  Hours 48  Hours 

pH 5.80±0.10 6.07ns±0.10 6.24ns±0.14 6.61ns±0.12 6.62ns±0.08 5.5-9.0 

TDS (mg L-1) 980.22±12.52 951.33*±9.56 888.49*±8.53 855.96**±7.50 848.42**±7.67 1900 

EC (dS cm-1) 6.52±0.11 5.95ns±0.11 4.92ns±0.15 4.11*±0.18 4.08*±0.17 - 

BOD (mg L-1) 86.42±4.61 84.49ns±5.64 77.93*±4.92 63.77*±4.40 62.56*±3.39 100 

COD (mg L-1) 281.01±8.66 274.57ns±9.85 248.54*±4.29 220.29*±9.03 218.11**±8.59 250 

PO4
3- (mg L-1) 71.46±6.00 69.51ns±5.02 62.09*±4.98 51.42*±4.24 50.13*±4.33 - 

TKN (mg L-1) 84.99±3.92 80.92ns±3.09 75.22*±5.01 64.05±8.56 63.04±6.47 100 

Na (mg L-1) 136.94±6.66 133.31ns±3.60 127.50*±4.87 101.91**±13.16 100.06**±6.99 - 

K (mg L-1) 95.01±3.48 89.90ns±2.34 80.56*±3.56 66.76*±7.29 66.00*±7.38 - 

Total hardness (mg L-1) 442.39±3.78 421.89ns±3.02 395.74**±4.54 362.56**±9.15 347**±9.86 200 

Values presented in the table are the mean ±SE of three replicates; BIS- Bureau of Indian Standards; “-“Not given in standards; ns- Not significant; *, **-  
Significantly different at P<0.05 or P<0.01 level of significance of ANOVA. 

Figures 1. Reduction of pH and EC of paper mill effluent using leaf powder of 
E. crassipes as phyto-adsorbent. 

Figures 2. Reduction of BOD and COD of paper mill effluent using leaf  
powder of E. crassipes as phyto-adsorbent. 

Figures 3. Reduction of P and TKN of paper mill effluent using leaf powder of 
E. crassipes as phyto-adsorbent. 

Figures 4. Reduction of Na and K of paper mill effluent using leaf powder of 
E. crassipes as phyto-adsorbent. 
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Figures 5. Reduction of TDS and TH of paper mill effluent using leaf powder 
of E. crassipes as phyto-adsorbent. 

Figure 6. Removal efficiency (%) of physico-chemical characteristics of 
paper mill effluent using leaf powder of E. crassipes as phyto-adsorbent at 

different time. 

Conclusions 

In this present study, a preliminary study was made to find the 

potential of leaf powder of water hyacinth (E. crassipes) in 

treating paper mill effluent. application of leaf powder of E. 

crassipes as phyto-adsorbant showed significant (P<0.05/

P<0.01) effect on the removal of TDS, EC, BOD, COD, TKN, 

Na, K, and hardness of the paper mill effluent at 12, 24 and 48 

hours of phyto-adsorption treatment. It has been found that; 

phyto-adsorbent considerably decreased the pollution load of 

paper mill effluent. The result of present study showed that 

the phyto-adsorbent can be utilized for treating of effluent. It 

is concluded that the leaf powder of water hyacinth (phyto-

adsorbent) can be usefully employed to extract nutrients from 

the paper mill effluent. It is also proved useful in treating ef-

fluents polluted with various chemicals components. The 

study reveals the potential and effectiveness of phyto-

adsorbent in the removal of nutrients on paper mill effluent. It 

can also be concluded that the higher density of the phyto-

adsorbent on paper mill effluent, the more the absorption of 

nutrients (pollutants) that is, the best of purification will be 

obtained. Further investigation is required on the removal of 

pollutants like heavy metals of the paper mill effluent using 

different vegetative parts of water hyacinth as phyto-

adsorbent. 

Open Access: This is open access article distributed under the 

terms of the Creative Commons Attribution License, which 

permits unrestricted use, distribution, and reproduction in any 

medium, provided the original author(s) and the source are 

credited. 

REFERENCES  

Ahmaruzzaman, M. (2008). Adsorption of phenolic compounds on 

low-cost adsorbents: a review. Advances in Colloid and Inter-

face Science, 143(1): 48-67.  

Annadurai, G., Juang, R. and Lee, D. (2003). Adsorption of heavy 

metals from water using banana and orange peels. Water Sci-

ence and Technology, 47(1): 185-190. 

APHA (2012). In: Standard Methods for the Examination of Water 

and Wastewater. American Public Health Association, 21st 

edition, Washington, DC. pp. 2462. 

Chairgulprasert, V., Japakeya, A. and Samaae, H. (2013). Phytore-

mediation of synthetic wastewater by adsorption of lead and 

zinc onto Alpinia galanga Willd. Songklanakarin Journal of 

Science and Technology, 35 (2): 227-233 

Chang, K.L., Hsieh, J.F., Ou, B.M., Chang, M.H., Hseih, W.Y., Lin, 

J.H. and Chen, S.T. (2012). Adsorption studies on the removal 

of an endocrine-disrupting compound (bisphenol a) using  

activated carbon from rice straw agricultural waste. Separation 

Science and Technology, 47(10): 1514-1521. 

Chaturvedi, R.K. and Sankar, K. (2006). In: Laboratory manual for 

the physico-chemical analysis of soil, water and plant. Wildlife 

Institute of India, Dehradun. pp 97. 

Deilek, F.B. and Bese, S. (2001). Treatment of pulping effluents 

using alum and clay-colour removal and sludge characteristics.  

Water SA, 27(3): 361-366. 

Ghaly, M.Y., Jamil, T.S., El-Seey, I.E., Souaya, E.R. and Nasr, R.A. 

(2011). Treatment of highly polluted paper mill wastewater by 

solar photocatalytic oxidation with synthesized nano TiO2. 

Chem. Eng. J., 168 (1): 446. 

Greenpeace. (2011). Hidden Consequences: The costs of industrial 

water pollution on people, planet and profit. Greenpeace  

International. The Netherlands. 

Jain, M., Garg, V.K. and Kadirvelu, K. (2010). Adsorption of  

hexavalent chromium from aqueous medium onto carbonaceous 

adsorbents prepared from waste biomass. Journal of Environ-

mental Management, 91(4): 949-957. 

Kumar, V. and Chopra, A.K. (2012). Effect of paper mill effluent 

irrigation on agronomical characteristics of Vigna radiata (L.) 

in two different seasons. Communication in Soil Science and 

Plant Analysis, 43(16):2142-2166. DOI: 

10.1080/00103624.2012.697236. 

Kumar, V. and Chopra, A.K. (2015). Fertigation with agro-residue 

based paper mill effluent on a high yield spinach variety.  

International Journal of Vegetable Science, 21(1): 69-97, DOI: 

10.1080/19315260.2013.825690. 

Kumar, V. and Thakur, R. K. (2017). Pollution load of SIDCUL 

effluent with reference to heavy metals accumulated in sedi-

ments using pollution load index (PLI) and geo-accumulation 

index (i-geo) at Haridwar (Uttarakhand), India. Journal of Envi-

ronment and Biosciences, 31(1): 163-168. 

Kumar, V., Chopra, A.K., Singh, J., Thakur, R.K., Srivastava, S. and 

Chauhan, R.K. (2016). Comparative assessment of phytoreme-

diation feasibility of water caltrop (Trapa natans L.) and water 

hyacinth (Eichhornia crassipes Solms.) using pulp and paper 

mill effluent. Archives of Agriculture and Environmental  

Science, 1(1): 13-21. 

Kumar, V., Chopra, A.K., Srivastava, S., Tomar, V., Thakur, R.K. 

and Singh, J. (2016). Impact of glass industry effluent disposal 

on soil characteristics in Haridwar. Journal of Environment and 

Health Sciences, 2(2): 1- 10. 

Kumar, V., Singh, J. and Chopra, A.K. (2017a). Assessment of phy-

tokinetic removal of pollutants of paper mill effluent using wa-

ter hyacinth (Eichhornia crassipes [Mart.] Solms). Environmen-

tal Technology, DOI: 10.1080/09593330.2017.1365944. 

Kumar, V., Singh, J. Pathak, V.V., Ahmad, S. and Kothari, R. 

(2017b). Experimental and kinetics study for phytoremediation 

of sugar mill effluent using water lettuce (Pistia stratiotes L.) 

and its end use for biogas production. 3 Biotech, 7: 330, DOI 

10.1007/s13205-017-0963-7. 



352  

 

Kumar et al. /Arch. Agr. Environ. Sci., 2(4): 348-352 (2017) 

Kumar, V., Singh, J. and Chopra, A.K. (2017c). Assessment of plant 

growth attributes, bioaccumulation, enrichment and transloca-

tion of heavy metals in water lettuce (Pistia stratiotes L.) grown 

in sugar mill effluent.  International Journal of Phytoremedia-

tion, DOI:10.1080/15226514.2017.1393391) 

Lazim, Z.M., Hadibarata, T., Puteh, M.H. and Yusop, Z. (2015). 

Adsorption characteristics of bisphenol a onto low-cost modi-

fied phyto-waste material in aqueous solution. Water, Air and 

Soil Pollution, 226: 34, DOI: 10.1007/s11270-015-2318-5. 

Nakanishi, A., Tamai, M., Kawasaki, N., Nakamura, T. and Tanada, 

S. (2002). Adsorption characteristics of bisphenol a carbona-

ceous materials produced from wood chips as organic waste. 

Journal of Colloid and Interface Science, 252(2): 393-396. 

Okafor, P., Okon, P., Daniel, E. and Ebenso, E. (2012). Adsorption 

capacity of coconut (Cocos nucifera L.) shell for lead, copper, 

cadmium and arsenic from aqueous solutions. International 

Journal of Electrochemical Science, 7: 12354-12369.  

Pagnanelli, F., Mainelli, S., Vegliò, F. and Toro, L. (2003). Heavy 

metal removal by olive pomace: biosorbent characterisation and 

equilibrium modelling. Chemical Engineering Science, 58(20): 

4709-4717. 

Patterson, S.J., Chanasyk, D.S., Mapfumo, E. and Naeth, M.A. (2008). 

Effects of diluted Kraft pulp mill effluent on hybrid poplar and 

soil chemical properties. Irrigation Science, 26: 547-560. 

Pokhrel, D. and Viraraghavan, T. (2004). Treatment of pulp and  

paper mill wastewater-a review. Science Total Environment, 

333: 37-58. 

Rahman, I., Saad, B., Shaidan, S. and Sya Rizal, E. (2005). Adsorp-

tion characteristics of malachite green on activated carbon  

derived from rice husks produced by chemical-thermal process. 

Bioresource Technology, 96(14): 1578-1583. 

Selvarathi, P. and Murugalakshmi, K.R. (2015). Analysis of physico 

chemical characteristics of bioadsorbent treated paper mill  

effluent. International Journal of Science and Research, 4(6): 

1137-1139. 

Shweta, S. and Rai, J.P.N. (2010) Heavy metal adsorption from 

aqueous solution using Eichhornia crassipes dead biomass. 

International Journal of Mineral Processing, 94: 203-206. 

Tsai, W.T., Lai, C.W. and Su, T.Y. (2006). Adsorption of bisphenol-

a from aqueous solution onto minerals and carbon adsorbents. 

Journal of Hazardous Materials, 134(1-3): 169-175, 

doi:10.1016/j.jhazmat.2005.10. 0558. 

Wan Ngah, W. and Hanafiah, M. (2008). Removal of heavy metal 

ions from wastewater by chemically modified plant wastes as 

adsorbents: a review. Bioresource Technology, 99(10), 3935-

3948.  

Wang, F.Y., Wang, H. and Ma, J.W. (2010). Adsorption of cadmium 

(ii) ions from aqueous solution by a new low-cost adsorbent-

bamboo charcoal. Journal of Hazardous Materials, 177(1): 300-

306. 

Wirasnita, R., Hadibarata, T., Yusoff, A. and Yusop, Z. (2014).  

Removal of bisphenol from aqueous solution by activated  

carbon derived from oil palm empty fruit bunch. Water, Air and 

Soil Pollution, 225(10): 1-12, doi: 10.1007/s11270-014-2148-x. 

 

 



   

 

INTRODUCTION 

Control of disease causing organisms through the use of  

natural antagonistics has emerged as a promising alternative 

in the field of medical science and secondary metabolites from 

microorganisms are most promising in this context (Mohseni 

et al., 2013; Amin et al., 2015). Bacterial secondary metabo-

lites are one of the adaptation mechanisms, which give  

advantage in competition for available nutrients and living 

space. Secondary metabolites are highly diverse in relation 

with structure and only some species can produce them 

(Karlovsky, 2008). They also serve as competitive weapons 

against other organisms, as metal transporting agents, as  

sexual hormones and as differentiation effectors (Demain and 

Fang, 2000). These metabolites have various applications in 

human activities, such as medicine, agriculture, pharmaceuti-

cals, food processing, chemical industries and many others 

(Alekseevna et al., 2012).  

Bacillus species from family Bacillacese is one of the major 

bacteria having potential to produce secondary metabolite. 

They are gram-positive, endospore forming, chemohetrotropic 

rods usually motile with peritrichous flagella, aerobic and 

catalase positive (Waites et al., 2008). Endospores produced 

by Bacillus species are highly resistant to unfavourable envi-

ronment conditions (Claus and Berkeley, 1986). Different 

secondary metabolites such as antibiotics, antifungals and 

siderophores are produced by these bacteria (Sansinenea and 

Ortiz, 2011). Antibiotics like bacitracin, pumulin and gramici-

din are one of the major secondary metabolites produced by 

Bacillus species (Waites et al., 2008). Many gram positive 

organisms such as Staphylococci, Streptococci, Anaerobic 

cocci, Corneybacter and Clostridia were inhibited by Bacitra-

cin produced from Bacillus licheniformis (Mc Evoy, 1993; 

Biswas et al., 2016). Gramicidin is produced by Bacillus brev-

is, which is a linear polypeptide antibiotic mixture of gramici-

din A, B, C and D (Waites et al., 2008; Abdulkadir and  

Waliyu, 2012). Iturins are antifungal antibiotics produced by  

Bacillus subtilis (Peypoux et al., 1986; Eshita et al., 1995; 

Tamehiro et al., 2002). Bacillus species such as B. subtilis and 

B. amyloliquefaciens may dedicate up to 8% of their genetic 

equipment to the synthesis of a wide array of antimicrobial 

compounds (Chen et al., 2009; Rückert et al., 2011; Cawoy et 

al., 2014). Keeping in view of this perspective, the objective 

of present study was to isolate Bacillus species from cow 

dung having ability to produce bioactive compounds.  

MATERIALS AND METHODS 

Collection of sample: Dung sample of Desi cow breed was 

collected aseptically from cow shed located in Saharanpur, 

Uttar Pradesh. The sample was analysed immediately after 

transporting to the laboratory (Gupta and Rana, 2016a).  
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ABSTRACT 

In this work we focused on the antagonistic potential of Bacillus spp. isolates from cow dung. Out of 

fourteen bacterial strains, isolate KD104 and KD117 were probably identified as Bacillus spp. These 

two isolates were screened for their antagonistic activity against 14 test organisms viz., Vibrio  

Cholera (MTCC 3904), Salmonella typhi (MTCC 3216), Escherichia coli (SGPGI), Staphylococcus 

aureus (MTCC 7443), Bacillus subtilis (MTCC 441), Bacillus cereus (MTCC 6728), Proteus  

vulgaris (MTCC 426), Enterococcus faecalis (MTCC 439), Pseudomonas aeruginosa (MTCC 424), 

Escherichria coli (MTCC 118), Shigella flexneri (MTCC 1457), Salmonella typhimurium (MTCC 

3231), Streptoccus pyogenes (MTCC 442) and Staphylocccus aureus (MTCC 3160) using  

cross-streak method. The preliminary screening revealed significant antimicrobial effect of both  

isolates against Vibrio Cholera (MTCC 3904), Salmonella typhi (MTCC 3216), Escherichia coli 

(SGPGI), and Bacillus cereus (MTCC 6728). Therefore, this study indicates that these Bacillus  

species may be up-hold to industrial level for production of antimicrobial agent, which should be 

further analyzed for its possibility to be used as therapeutic agent. 

©2017 Agriculture and Environmental Science Academy 
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Isolation of Bacillus spp.: Bacteria were isolated by serial 

dilution method (Hayakawa, 2008). Stock solution was  

prepared by diluting 1g of cow dung in 9ml of sterile saline 

water and homogenise by using a vortex mixer. From the 

stock solution, dilutions up to 10-8 were made and inoculated 

on Nutrient Agar media (NAM). Plates were incubated at 

37oC for 24h. After incubation, assumed bacteria were gram 

stained. The Gram-positive, rod shaped bacteria were select-

ed. Until further use, the slants were kept at 4oC (Das et al., 

2010; Mohseni et al., 2013; Amin et al., 2015; Gupta and  

Rana, 2016b). 

Biochemical investigation: Subsequent identification test 

such as carbohydrate fermentation, gelatine liquification, 

starch hydrolysis, Indole, MR-VP, citrate utilisation & cata-

lyse production of selected Bacterial strains was performed 

according to the criteria given in Bergey’s Manual of  

Determinative Bacteriology (Holt et al., 1994). 

Antagonistic activities of Bacillus spp. by cross-streak 

method: Isolated Bacillus species were evaluated for their 

antagonistic activity by cross-streak method against 14 test 

organisms i.e., Vibrio Cholera (MTCC 3904), Salmonella 

typhi (MTCC 3216), Escherichia coli (SGPGI), Staphylococ-

cus aureus (MTCC 7443), Bacillus subtilis (MTCC 441),  

Bacillus cereus (MTCC 6728), Proteus vulgaris (MTCC 426), 

Enterococcus faecalis (MTCC 439), Pseudomonas aerugino-

sa (MTCC 424), Escherichria coli (MTCC 118), Shigella 

flexneri (MTCC 1457), Salmonella typhimurium (MTCC 

3231), Streptoccus pyogenes (MTCC 442) and Staphylocccus 

aureus (MTCC 3160). Bacillus spp. were streaked onto NAM 

plates as a single streak in the centre and incubated at 370C for 

24h.Then test bacterial strains were streaked perpendicular to 

the isolates on the NAM plates which were incubated further 

at 37°C for 24 hours. The microbial inhibitions were observed 

by determining the distance of the inhibition zone between 

bacterial strain and test organisms (Mohseni et al., 2013).  

RESULTS AND DISCUSSION  

Sampling and isolation of bacteria: In the present study, 

total of 14 isolates namely KD104, KD105, KD105, KD107, 

KD108, KD109, KD110, KD111, KD112, KD113, KD114, 

KD115, KD116 and KD117 were obtained from the dung 

samples of two desi cows. Out of these 14 isolates two  

isolates namely KD104 & KD117 were found to be  

Gram-positive rods (Table 1). 

Biochemical investigation: Biochemical identification of 

KD104 & KD117 showed that they were positive for carbohy-

drate fermentation and catalase while negative for amylase 

production and citrate utilisation. However isolate KD104 was 

gelatine positive and isolate KD117 was gelatine negative. 

Result of biochemical and morphological test are summarised 

in Table 2.  

Screening of bacterial isolates for antagonistic activity: 

Identified Bacillus spp. were screened for their antibacterial 

activity by cross-streak method against a panel of 14 test  

organisms such as Vibrio Cholera (MTCC 3904), Salmonella 

typhi (MTCC 3216), Escherichia coli (SGPGI), Staphylococ-

cus aureus (MTCC 7443), Bacillus subtilis (MTCC 441),  

Bacillus cereus (MTCC 6728), Proteus vulgaris (MTCC 426), 

Enterococcus faecalis (MTCC 439), Pseudomonas aerugino-

sa (MTCC 424), Escherichria coli (MTCC 118), Shigella 

flexneri (MTCC 1457), Salmonella typhimurium (MTCC 

3231), Streptoccus pyogenes (MTCC 442) and Staphylocccus 

aureus (MTCC 3160). Both the isolates showed the antibacteri-

al activity against at least one gram-positive and one gram-

negative bacterium. Out of 14 test organisms isolate KD104 

inhibit 6 test organisms namely Vibrio Cholera (MTCC 3904), 

Salmonella typhi (MTCC 3216), Escherichia coli (SGPGI), 

Bacillus cereus (MTCC 6728), Bacillus subtilis (MTCC 441) 

and Staphylococcus aureus (MTCC 7443) with inhibition zone 

of 4mm, 3mm, 5mm, 3mm, 4mm and 2mm respectively and 

isolate KD117 inhibit 4 test organisms namely Vibrio Cholera 

(MTCC 3904), Salmonella typhi (MTCC 3216), Escherichia 

coli (SGPGI) and Bacillus cereus (MTCC 6728) with inhibi-

tion zone of 3mm, 5mm, 5mm, 5mm respectively (Table 3). 

In search for new antibiotics, screening of microorganism 

from relatively new sources is an important practice now-a-

days. Antibiotic is produced in idophase and may represent a 

survival mechanism where organisms can eliminate competi-

tion and colonize a niche (Jensen and Wright, 1997; Hanlon 

and Hodges, 1998; Abdulkadir and Waliyu, 2012; Amin et al., 

2015). Screening for new antibiotics from natural sources like, 

soil, water, marine ecosystem and places like, Jordan, Antarc-

tica and certain biotype (Saadoun and Gharaibeh, 2003;  

Nedialkova and Naidenova, 2005; Singh et al., 2009; Singh et 

al., 2014; Gupta and Rana, 2016b) is becoming increasingly 

important for the Biomedical industry (Schmidt, 2004; Amin 

et al., 2015), as disease causing bacteria are significantly  

developing resistant towards generally used curative agents 

(Coates et al., 2002; Amin et al., 2015). Bacillus Lentus and 

Bacillus Alvei isolated form soil shows antibacterial activity 

against S. aureus while Bacillus Pumillus only shows slight 

zone of inhibition on Proteus spp. (Abdulkadir and Waliyu, 

2012). Al-Ajlani and Hasnain, 2010, also demonstrated the 

antagonistic activity of 54 Bacillus strains isolated from soil 

sample (Amin et al., 2015). Bacitracin which is produced by 

Bacillus sp. inhibits E. coli and S. aureus (Prescott et al., 2008). 

The present study was carried out to evaluate the antagonistic  

effect of Bacillus species isolated from cow dung. The  

obtained results showed that two isolated strains (KD104 & 

KD117) have the potential for producing antimicrobial  

substances which is active against certain disease causing  

bacteria. The above presented data also confirmed the results of 

our study. But according to some reports Bacillus strains are 

most active against Gram-positive bacteria than Gram-negative 

bacteria (Oscariz et al., 1999; Aslim et al., 2002; Amin et al., 

2015). But in our study we found that the isolated Bacillus spp. 

is active against both gram-positive and gram-negative  

bacteria. 

Table 1. Description of sample collection sites and isolated bacteria. 

S.N. Location Cow breed Isolates 

1 Saharanpur  (Uttar Pradesh) Desi (Khilari) KD104, KD105, KD105, KD107, KD108, KD109 and KD110, 

2 Saharanpur (Uttar Pradesh) Desi (Gaolao) KD111, KD112, KD113, KD114, KD115, KD116 and KD117 
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Conclusions 

The paper describes antagonistic potential of Bacillus sp  

isolated from cow dung samples. Results indicated significant 

antimicrobial effect of both isolates against Vibrio Cholera 

(MTCC 3904), Salmonella typhi (MTCC 3216), Escherichia 

coli (SGPGI), and Bacillus cereus (MTCC 6728) and  

concluded that isolated Bacillus spp. were able to demonstrate 

broad spectrum activity against both the Gram-positive and 

Gram-negative test organisms. Further isolates can be identi-

fied by phylogenetic methods and purification of active  

metabolites from these isolates is also needed. 

Open Access: This is open access article distributed under the 

terms of the Creative Commons Attribution License, which 

permits unrestricted use, distribution, and reproduction in any 

medium, provided the original author(s) and the source are 

credited. 
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Test/Isolates KD104 KD117 

Motility Motile Motile 

Glucose Fermentation + + 

Lactose Fermentation + - 

Sucrose Fermentation + + 
Gelatine Liquification + - 

Starch Hydrolysis - - 

Indole + + 

Methyl-Red + + 

Vogeus-Proskeur - - 
Citrate Utilisation - - 

Catalase Production + + 

Table 2. Morphology and biochemical characterization of the bacterial isolates. 
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INTRODUCTION  

India is the world's second greatest populated country after 

China with population of 1.21 billion (insights 2011) and that 

infers India contain17.5% of the aggregate people, is a place 

that is known for physical grouped assortment, climatic  

assortment, geographic arranged assortment, ecological nice 

assortment, social grouped assortment, social arranged assort-

ment and etymological grouped assortment (Al-Hanbali et al., 

2011; Yadav, 2013). The yearly improvement rate of urban 

populace in India is 3.35% (Census of India, 2011). The  

degree of people living in urban zones has extended from 

17.35% (1951) to 31.2% (2011) (Karadimas et al., 2004;  

Census, 2011; Yogeshwar, 2012). The quick and consistent 

advancement in urban masses prompts an enthusiastic  

augmentation in urban solid wastage, with a genuine monetary 

and biological impact. In case this situation isn't dealt with in 

a proper route inside time then it would be immediate more 

unfortunate results on an overall level and besides causing 

biological tainting and have ended up being persevering issues 

for mankind. In this manner solid waste organization (Solid 

waste management) is one of the major thing basic organiza-

tions to be given by metropolitan specialists in India, the  

current circumstance gives rather an ungraceful picture the 

extent that organization movement as affirm by non-

appearance of attractive general waste organization instrument 

(Khajuria et al., 2011). Show level of organization in various 

urban reaches is low to the point that there is a hazard to the 

general prosperity particularly and normal quality when all is 

said in done (Akolkar, 2005; Shahabi, 2012). Strong squan-

ders are the natural and inorganic waste materials, for exam-

ple, item bundling, grass clippings, furniture, apparel, bottles, 

kitchen won't, paper, apparatuses, paint jars, batteries, and so 

forth., created in a general public, which don't for the most 

part convey any an incentive to the main user(s) (Kamboj and 

Choudhary, 2013). Strong waste administration has turned 

into a noteworthy test in urban regions all through the world. 

Without a successful and productive strong waste administra-

tion program, the waste created from different human exercis-

es, both mechanical and local, can bring about wellbeing  

perils and negatively affect the earth and people. Geographic 

information system (GIS) may adequately be utilized to 

choose the best possible site areas arranged by their needs 

(Sharholy et al., 2007; Nishanth, 2010). The spatial  

information might be put away as various topical layers and  

controlled to determine new usable data utilizing the current 
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ABSTRACT 

The present investigation was conducted to study the spatial distribution of solid waste disposal sites 

in Allahabad city, Uttar Pradesh, India using GIS approach. In this investigation site determination 

for the transfer of strong waste is performed utilizing geographical information system (GIS), the 

analytical hierarchy process (AHP), and remote detecting strategies for the Allahabad city. In GIS, 

every single possible prerequisite are at first indicated, spatial information coordinated and overlaid 

and in view of the last yield got appropriate naturally kindhearted destinations for squander transfer 

are recognized. Analytical hierarchy process give a deliberate way to deal with evaluating and  

incorporating the effects of different variables, including a few levels for surveying and coordinating 

the effects of different components, including a few levels dependent and free, qualitative and quanti-

tative data. Remote Sensing pictures and Survey of India topomaps were utilized to extricate data on 

badlands and other lands utilize highlights, geography, hydro-geomorphology, seepage, street  

systems and slant of the region. Various tools and software’s were used for the study like Arc GIS 

10.1 LIS III image, SRTM DATA, ERDAS imagine etc. The results of the present study indicated 

that maps of land use cover/land use change/ satellite imageries and GIS tool were benefited for  

characterizing appropriate plans and methodologies for effective solid waste management plan in 

metropolitan cities. Therefore, GIS tools, satellite imageries, maps must be considered for the  

implementation of solid waste management policies.  
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ones in GIS. When all is said in done, GIS is intended to 

acknowledge extensive volumes of spatial information got 

from various sources and to effectively store, recover, control, 

examine them. Different fields including remote detecting, 

cadastral mapping, cartography, structural designing, geology, 

soil science, studying and photogrammetry can be utilized as a 

contribution to GIS (Idris et al., 2004; Sharholy et al., 2007; 

Suchitra, 2007; Sener, 2010). Aside from managing various 

given essential spatial substances and measures of their area in 

the earth space, it likewise manages a large group of non-

spatial component of these elements (Nas et al., 2010; 

Nishanth, 2010). Subsequently, a GIS speaks to a personal 

computer based data framework for dealing with both spatial 

information and non-spatial information got from an assort-

ment of sources. Further, GIS licenses not just the mechanized 

mapping or show of areas of highlights yet in addition give a 

social database ability to recording and breaking down expres-

sive trademark about highlights. Information from the GIS 

might be recovered by determining either area or trait recov-

ery criteria. Accordingly GIS can fill in as a proving ground 

for contemplating, arranging, ecological procedures, breaking 

down the after effects of patterns' expecting the conceivable 

consequences of arranging choices and administration of  

assets. The GIS may likewise be utilized for formative arrang-

ing in an area (Khajuria et al., 2011; Kumar, 2011; Chaudhary 

and Das, 2012; Mohammedshum, 2014). The use of present 

day strategy like GIS will help the organizers and leaders in 

accomplishing an adjusted advancement in Allahabad city. 

Squander administration is one of the most concerning issues 

confronted around the world. This is a direct result of the fast 

development in the populace and urbanization, which comes 

about into the decline of the non-inexhaustible assets and 

transfer of emanating and dangerous waste aimlessly postur-

ing dangers to the presence of people. The adequacy of strong 

waste transfer relies on the choice of appropriate site and there 

are a few issues that have affect for site choice. Site choice is 

hence a standout amongst the most basic zones of metropoli-

tan arranging including a multidisciplinary approach and an 

expansive range of thought (Chaudhary and Das, 2012;  

Mohammedshum, 2014). The after effect of the investigation 

can be exceptionally useful amid the acquisition procedure of 

transfer locales; that is, the concerned specialists can spare 

time and expenses related with assessment and assessment for 

bidders whose destinations are situated far outside the scope 

of conceivably distinguished territories. Keeping in view, the 

present investigation was carried out to study the spatial distri-

bution of solid waste dumping sites in Allahabad city, Uttar 

Nitin Kamboj and Neeraj Pandey /Arch. Agr. Environ. Sci., 2(4): 357-360 (2017) 

Pradesh, India for the effective solid waste management  

policies using GIS approach.  

MATERIALS AND METHODS 

Study area description: Allahabad is a major city of Uttar 

Pradesh falls in the administrative headquarters of the  

Allahabad district (Figure 1). It is considered holy because the 

sacred rivers Ganga-Yamuna-Saraswati unite here. It is situat-

ed at 25.25° North latitude and 81.58° East longitude. It is the 

seventh most populous city of Uttar Pradesh and was ranked 

130th fastest-growing city in the world in 2011. The metropol-

itan city covers an area of 63.07sq km and the population of 

the city as per census 2011 is 11,12,544. The topography of 

Allahabad city is flat and the temperature varies between 

47.8°C in summer to lowest 4.1°C in winter. The city receives 

on an average annual rainfall of 930mm. 

Collection of data: For present study, LISS-III of year 2005 

has been used. Resolution of image is 30 meter that obtained 

from NRSC, SRTM (DEM) of year 2005 has been used,  

resolution of which is 3 arc second (90 m), Esri’s ArcGIS a 

geographical information system (GIS) for working with maps 

and geographic information, ERDAS IMAGINE is a remote 

sensing application with raster graphics editor abilities  

designed by ERDAS for geospatial applications, Land-use / 

land-cover map, road map, topographic map, drainage map, 

and other relevant maps were obtained from relevant agencies 

including Nagar Nigam Allahabad, Survey of India (Figure 2). 

Data used: A number of digital data were used for the analy-

sis. Most of the layers were available for the whole of Allaha-

bad. Therefore, the layers had first to be clipped in the GIS to 

the extent of the Allahabad city. The projection of all layers had 

to be set to WGS_84 Map Grid to ensure consistency and enable 

the overlay of several layers.  

Toposheet (Survey of India): For the present study Survey of 

India (SOI) topographical map G44P15 at the scale 1:50,000 have 

been used (Figure 2). From the Toposheet creates the shape file of 

road, river and railway network using the Arc GIS 10.1 software. 

LISS-III Satellite image: For present study, LISS-III of year 

2005 has been used. Resolution of image is 30 meter that  

obtained from NRSC (Figure 2).  

Digital elevation model (SRTM data): For present study, 

SRTM (DEM) of year 2005 has been used. Resolution of this 

image is 3 arc second (90 m). SRTM data in 3 arc sec (90m)  

resolution can be found in either ‘research’ or ‘finished’ grade 

(http://srtm.usgs.gov). 

Figure 1. Geographical location of the study area. Figure 2. Toposheet of the Allahabad city (Source: Nagar Nigam Allahabad). 

http://SRTM.USGS.GOV
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RESULTS AND DISCUSSION 

The table 1 and figure 3, 4 and 5 describes various land use 

pattern and land cover scheme classification. It clearly indicat-

ed that open or barren land can only be used for the waste dis-

posal using scientific measures. Most importantly the solid 

waste disposal sites must be far away from the water sources 

like rivers and lakes, agricultural land, forest land and residen-

tial areas. Akolkar (2005) also suggested the importance of 

land use cover for the effective management of solid waste. 

The present examination was intended to consider the criteria's 

impacting the propriety of a site for misuse organization,  

arrive use/arrive cover examination of study zone, develop an 

appropriate GIS show for site decision for dumping goals, 

dismember the diverse maps delivered using GIS show for site 

decision for brief exchange regions. In light of these objec-

tives the basic conclusions are drawn from the present exami-

nation and are shown as the parts that can impact the sensibil-

ity of a site for dumping solid waste has been pondered are: site 

constrain, arrive cover, isolate from Airports, expel from  

surface water, adjacent geography, soils, climate, dubious 

zones, neighborhood generally differed vegetation, expel from 

normally delicate or protected regions expel from urban zones 

and people. The eventual outcomes of land use and arrive cover 

examination exhibit that ebb and flow arrive classes in the  

examination domain are: created arrive (Settlement), agribusi-

ness arrive, sand, water, and timberland/spotless and open/

destroy arrive. Nas et al. (2010) also suggested the importance 

of GIS and multi-criteria evaluation for the selection of munici-

pal solid waste (MSW) landfill site for Konya, Turkey. 

Moreover, site suitability map for waste disposal (Figure 5) 

also benefited the municipal corporations and local govern-

ance for the effective utilization of resources. Khajuria et al. 

(2011) and Shahabi (2012) reported that site suitability map 

and GIS application were found helpful for estimating the 

current status of municipal solid waste management system. 

These results may be profitable for characterizing appropriate 

plans and methodologies with a specific end goal to achieve a 

balanced and reasonable progression in the zone. The site 

assurance is a critical propel when masterminding solid waste 

land application contrive. By using the support examination 

and weighted overlay technique a fitting site for dumping  

districts has been perceived and showed up in diagram. 

Khajuria et al. (2011) reported the current status of municipal 

solid waste management system in Chandigarh City, India 

using GIS tools. Yogeshwar (2012) and Yadav (2013) are also 

in favoured the use of GIS techniques and remote sensing in 

the effective solid waste management.  

Figure 3. Land use-Land cover map of Allahabad city. Figure 4. Flow chart for selection of suitable dumping site. 

Table 1. Land use/ land cover classification scheme (Anderson et al., 1976). 

Land use/land cover                                               Description 

Built-up land (Settlement) Areas that have been populated with residential, commercial, industrial, transportation and facilities. 

Agriculture land Area covered with crop fields, pasture, nurseries, horticulture area and bare fields. 

Sand Area covered by silica 

Water Area covered with water such as rivers and lakes ,reservoirs, streams 

Forest or scrub land Area covered with mature trees, shrubby plants and other plants growing close together. 

Open / Barren land Area covered with Dry salt flats, Beaches, Bare exposed rock, gravel pits 

Table 2. Result of accuracy generated in supervised classification. 

Class Name Reference totals Classified totals Number correct Producers accuracy Users accuracy 
Water sand 0 0 0 -- -- 
Water logged area 0 0 0 --- --- 

Agriculture 3 2 2 66.67% 100.00% 

Forest scrub 7 6 5 71.43% 83.33% 

Forest scrub 7 6 5 71.43% 83.33% 

Sand 3 3 3 100.00% 100.00% 

Open barren land 19 21 19 100.00% 90.48% 

Settlement 3 4 3 100.00% 75.00% 

River 1 1 1 100.00% 100.00% 

Totals 36 37 33     

Overall classification accuracy =     89.19% 

Figure 5. Site suitability map for waste disposal. 
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Conclusions 

The present study concluded that GIS tools are very important 

for the selection of suitable sites for solid waste disposal. The 

results of the present study benefited for characterizing  

appropriate plans and methodologies for effective solid waste 

management plan in metropolitan cities. Therefore, GIS tools, 

satellite imageries, maps must be considered for the imple-

mentation of solid waste management policies.  

Open Access: This is open access article distributed under the 

terms of the Creative Commons Attribution License, which 

permits unrestricted use, distribution, and reproduction in any 

medium, provided the original author(s) and the source are 

credited. 
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INTRODUCTION 

In traditional vegetable-producing regions, transplanting is a well-

known technique used especially for higher valued vegetables to 

improve growth performance and productivity. However, young 

vegetable seedlings transplants in arid and/or semiarid regions are 

often exposed to environmental stresses of various levels depending 

on the season, such as drought and heat stresses (Shinohara and 

Leskovar, 2014). 

In greenhouse system there are many effective growth factors such as 

temperature, relative humidity, light and solar radiation. Of all the 

climatic factors affecting vegetable production, temperature is con-

sidered as one of the most important factors. Global temperature has 

increased by 0.3–0.6°C since the late 19th century and by 0.2–0.3°C 

over the last 40 years. In the last 140 years, the 1990s was the warm-

est period (Jones and Briffa, 1992). Temperature affects growth and 

development of vegetables in terms of seed germination, develop-

ment of economic parts, flowering, pollination, fruit set, quality of 

produce, seed production, seed storage, seed dormancy and occur-

rence of disease and pests. Growth and development of most vegeta-

ble crops are adversely affected at temperatures less than 5 oC. 

Growth normally increases with increasing temperatures up to 40 oC, 

and thereafter it decreases drastically (Taiz and Zeiger, 2010). 

Moreover, light is the most important environmental parameters that 

represent the climate of green house, short wave lengths ultraviolet 

rays, to low energy, long wave length radio waves. Plant life  

ultimately depends on energy derived from the sun light, and photo-

synthesis is the only biological important process that can harvest 

this energy in the form of carbohydrates. In addition to photosynthe-

sis, there are many other aspects of plant growth most affected by 

light: chlorophyll synthesis, photoperiod, photomorphogensis,  

phototropism and photo inhibition (Taiz and Zeiger, 2010).  

Low-cost protected cultivation, such as plastic tunnels and net hous-

es, has the potential to reduce different biotic and abiotic stresses, 

which affect productivity and quality (Ilić et al., 2015). Netting, is 

frequently used to protect transplants and other commercial crops 

from excessive solar radiation, to improve the thermal climate shel-

tering from wind and hail, and for exclusion of birds and insect-

transmitted viral diseases (Shahak, 2008; Kong et al., 2013; Ilić and 

Fallik, 2017). Significant amount of work has been done on the effect 

of shading material including shade clothes with varying degree of 

shading , colored shade nets, and partially shade screens (Li et al., 

2000; Buthelezi et al., 2016; Chang et al., 2016; Sivakumar et al., 

2017) to reduce the photo-inhibition or/and high temperature caused 

by light. Moderate shading could improve the photosynthesis and 

thereby increase yields and quality through improved carbohydrate 

supply and efficient water use (Shahak et al., 2008). Shading effect 

of black shade nets can lower the inner temperature under the nets 

with a higher shade factor leading to decreased radiation exposure. 

The incident of radiation from the sun is partially reflected or ab-

ORIGINAL RESEARCH ARTICLE   

Effects of shade level and microenvironment on vegetative growth, physiological and 

biochemical characteristics of transplanted cucumber (Cucumis sativus)  

Wael M. Semida*, Mohamed S. Ammar and Nevein A. El-Sawah 

Department of Horticulture, Faculty of Agriculture, Fayoum University, 63514-Fayoum, EGYPT 
*Corresponding author’s E-mail: magro_modeller@yahoo.com 

Archives of Agriculture and Environmental Science 2(4): 361-368 (2017) 

https://doi.org/10.26832/24566632.2017.020421 

This content is available online at AESA  

Archives of Agriculture and Environmental Science  

Journal homepage: www.aesacademy.org  

e-ISSN: 2456-6632 

Citation of this article: Semida, W.M., Ammar, M.S. and El-Sawah, N.A. (2017). Effects of shade level and microenvironment on vegetative 

growth, physiological and biochemical characteristics of transplanted cucumber (Cucumis sativus). Archives of Agriculture and  

Environmental Science, 2(4): 361-368, DOI: 10.26832/24566632.2017.020421 

ARTICLE HISTORY 

Received: 30 September 2017 

Revised received: 05 October 2017 

Accepted: 28 November 2017 

 

Keywords 

Cucumber transplants 

Dehydration tolerance 

Microenvironment 

Shading nets  

ABSTRACT 

Growing vegetables through transplantation under black shade nets is currently becoming popular to 

provide protection from high intensities of light and high temperatures. This study evaluated the  

effects of shade level on microenvironment, vegetative growth, photosynthetic pigments, chlorophyll 

a fluorescence, osmoprotectants, plant water status and leaf mineral nutrients of greenhouse-grown 

summer cucumber transplants at 25%, 50%, 63%, and 75% shade levels. Solar radiation and tempera-

ture decreased with increased shading levels. Average daily temperatures were approximately  

decreased by 1.5 oC under 75% shade nets compared to the 25% shade nets. Vegetative growth  

characteristics, photosynthetic pigments, chlorophyll a fluorescence (Fv/Fm, Fv/F0, and PI), dehydra-

tion tolerance and Leaf N, P and K concentrations increased when shade level increased. Chlorophyll 

a fluorescence (Fv/Fm, Fv/F0, and PI) reduced with the increase of solar radiation levels. Also, clear 

decreases in free proline, soluble sugars and total free amino acids in both experiments with  

increased shade level have been observed. Additionally, relative water content (RWC), membrane 

stability index (MSI) and electrolyte leakage (EL) of cucumber transplants were significantly affected 

in both experiments by shade level. Moreover Shade level affected leaf mineral nutrient but the effect 

differed among nutrients concentration. This study concluded that, nets with higher shading levels (63 

and/or 75 %) are a potential alternative to alleviate photo-inhibition and heat stress in cucumber  

transplants production. 

©2017 Agriculture and Environmental Science Academy 
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sorbed by the shade nets. The part of the radiation that was not  

reflected or absorbed by the shade nets is transmitted via the nets  

(Al-Helal and Abdel-Ghany, 2012). However, a negative correlation 

exists between weight or density of the shade nets and the light  

transmittance. Lower density of shading gives greater total light 

transmittance through the nets (Castellano et al., 2008). Therefore, 

the objective of the current study was to determine how black shade 

nets with different degrees of shading (25%, 50%, 63% and 75% 

shading with a black nets) could influence growth and quality  

parameters of cucumber transplants. 

MATERIALS AND METHODS 

Layout and experimentation: Experiments were conducted 

at Demo farm, faculty of agriculture, Fayoum, Egypt located 

at latitude of 29.18◦ N and longitude angle of 30.3◦. The exper-

iments aimed to evaluate the response of summer cucumber 

transplants, hybrid Bahi®, to different degrees of shading nets. 

Four black shading nets; Shade 75 %, Shade 63 %, Shade 50 

%, and Shade 25 %, according to the manufacturer, were 

used. Two experiments were conducted during May and  

August 2014. The experiments were set out as two blocks in 

which four shading covers were randomly allocated on eight 

mini tunnels measuring (2 m width X 2 m height X 3 m 

length). Seeds of cucumber were sown in foam trays (84 cells) 

on May 17th and August 15th 2014, where three trays were 

allocated within each tunnel. Seed germination media  

contained peat moss: vermiculite (1:1 by volume). Transplants 

were destructively harvested for morphological, physiological 

and biochemical measurements 30 d after sowing. 

Observation: Average daily temperature in each tunnel was 

measured using Tenmars data loggers (TM305-Temperature/

RH Data Logger Neihu, Taiwan). The temperature was meas-

ured every 10 min and then daily average temperature was 

computed. Total radiation in each tunnel was measured using 

Data Acquisition system (Tenmars-Solar power meter- 

TM206, Neihu, Taiwan). Radiation in each tunnel was meas-

ured three days a week from (09.00 am to 04.00 pm) every 1 h 

and a daily average were computed.  

120 destructive transplants after 30 days of sowing were  

randomly chosen from each treatment (sixty plants per mini 

tunnel, twenty plants from each tray). Growth measurements 

included leaf number, leaf area, leaf thickness, stem diameter, 

shoot length, as well as fresh and dry leaf weights (g) were 

conducted at destructive harvest. Dry weight measurements 

were carried out after drying to constant weight in a ventilat-

ed oven at 70oC. Stem diameter was measured using 

(Electronic Digital Calipers, Precision Gold, China). Leaf 

thickness was measured using (Digital Thickness Gauge, 

Maplin Electronics, UK). Leaf areas were measured using 

leaf area – leaf weight relationship as illustrated by Wallace 

and Munger (1965) with some modifications as described by 

Semida et al. (2017). Leaf surface was thoroughly washed in 

running tap water followed by washing with double distilled 

water, thereafter 10-20 leaf discs (10-20 cm2) were dried in an 

oven at 85 ºC for 24 h to get discs dry weight (DDW). Total 

leaf area plant-1 was calculated using the following formula: 

 
Where, LDW is the total leaf dry weight (g), DDW is the 

discs dry weight and DA is the discs area. Leaf chlorophyll A, 

B, and carotenoid concentrations (mg g-1 fresh weight) were 

measured and calculated according to Arnon (1949).  

Membrane stability index (MSI), relative water content 

(RWC) and electrolyte leakage (EL %) were determined as 

described by Rady (2011), Hayat et al. (2007) and Sullivan et 

Wael M. Semida et al. /Arch. Agr. Environ. Sci., 2(4): 361-368 (2017) 

al. (1979), respectively. Leaf N, P and K contents were  

determined according to Hafez and Mikkelsen (1981),  

Jackson (2005) and Page et al. (1982), respectively. 

Free proline and Total soluble sugars (TSS) was extracted and 

measured (in mg per g of leaf DW) in dried leaf tissue as  

described by Bates et al. (1973) and Irigoyen et al. (1992), 

respectively. Total free amino acids were determined as  

illustrated by Dubey and Rani (1989) with some modifica-

tions. 0.2 g dried leaf tissue was extracted in 10 ml of 80% (v/

v) ethanol and filtered. Five ml of ninhydrin reagent was  

added to a 0.1 ml aliquot of the extract, shaken vigorously, 

and heated in a boiling water bath for 10 min. After cooling, 

the absorbance was recorded at 570 nm. 

Chlorophyll a fluorescence was measured using a portable 

fluorometer (Handy PEA, Hansatech Instruments Ltd, Kings 

Lynn, UK). One leaf (the same age) at solar noon was chosen 

per plant. Maximum quantum yield of PS II Fv/Fm was calcu-

lated using the formula; Fv/Fm = (Fm – F0) / Fm (Maxwell and 

Johnson, 2000). Fv/F0 reflects the efficiency of electron dona-

tion to the PSII RCs and the rate of photosynthetic quantum 

conversion at PSII RCs. Fv/F0 was calculated using the  

formula; Fv/F0 = (Fm – F0) / F0 (Spoustová et al., 2013).  

Performance index (PI) of photosynthesis based on the equal 

absorption (PIABS) was calculated as reported by Clark et al. 

(2000). 

Statistical analysis: All data were subjected to analysis of 

variance (ANOVA) procedures in Genstat statistical package 

(version 11) (VSN International Ltd, Oxford, UK). Difference 

between means was compared using least significant differ-

ence test (LSD) at 5% level.  

RESULTS AND DISCUSSION 

Microenvironment: The solar radiation transmission, and 

mean solar radiation during two growing seasons in 2014 are 

shown in Figures 1 and 2. Mean daily air temperature and 

average mean temperature are shown in Figure 3 and 4.  

Results showed that solar radiation and temperature have been 

strongly affected by shading level. Solar radiation and temper-

ature decreased with increased shading levels. Of the tested 

shading nets, 25% shade exhibited the highest light transmis-

sion compared to other covers with higher shading levels (50, 

63, and 75%, respectively). Temperature has been strongly 

affected by shading level. The 25% shade cover appears to 

give constantly highest average daily temperature, while the 

75% shade nets gave the lowest temperature, and other shad-

ing net treatments showed intermediate temperature character-

istics. The average daily temperatures fewer than 75% shade 

nets were approximately decreased by 1.5 oC, compared to the 

25% shade nets (Figures 3 and 4).  

Vegetative growth and physiological characteristics:  

During this investigation, number of leaves per transplant, 

leaf area, shoot length, stem diameter, shoots FW, and Shoot 

DW increased with increased shade level, whereas leaf thick-

ness was not significantly different among shade levels.  

Number of leaves per transplant grown under 75%, 63% and 

50% of shading were significantly (P=0.026 and P=0.002 for 

the experiments 1 and 2, respectively) higher as compared to 

the 25% shades in both experiments. The average of leaves 

area was significantly (P<0. 001) higher under 75% and 63% 

shade followed by other shading levels (50 and/or 25 %) in 

both experiments (Table 1). Similar trends were observed, in 

both experiments, for shoot length, stem diameter, shoot FW, 

and Shoot DW (Table 2). Shoot length and shoot fresh and 

dry weights were highest (P<0.001) for shade 75% followed 
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by shade 63%, shade 50%, and shade 25%. Stem diameter was 

highest (P=0.02 and P<0. 001 for the experiments 1 and 2, 

respectively) for shade 75% followed by shade 63%, shade 

50%, and shade 25%.  

In the present study, chlorophyll a, chlorophyll b, total chloro-

phyll, carotenoids, and chlorophyll a fluorescence (Fv/Fm, Fv/

F0, and PI) increased, in both experiments, with increased 

shade level (Tables 3 and 4). Chlorophyll a, chlorophyll b, 

total chlorophyll was significantly higher for shade 75% and/

or shade 63% in both experiments, followed by shade 50%, 

and shade 25%. Total chlorophyll was highest (P=0.02 and 

P≤0.001 and for experiments 1 and 2, respectively) for shade 

75% followed by shade 63%, shade 50%, and shade 25%. 

Similar trends were observed, in both experiments, for carote-

noids (Table 3). Carotenoids were highest (P≤0.01), in both 

experiments, for shade 75% followed by shade 63%, shade 

50%, and shade 25%. 

Chlorophyll a fluorescence (Fv/Fm, Fv/F0, and PI) reduced 

with the increase of solar radiation levels (Table 4). Signifi-

cant differences were observed in Fv/Fm, and Fv/F0 of plants 

grown under shade 75% and/or shade 63% compared to those 

plants grown under shade 50%, and shade 25%. Fv/Fm and 

Fv/F0 were highest (P≤0.001) in both experiments for shade 

75% followed by shade 63%, shade 50%, and shade 25%. 

Similarly, plants grown under shade 75% and/or shade 63% 

significantly (P<0.001) resulted in higher PI than under shade 

50%, and shade 25% (Table 4). 

During the present study, free proline, soluble sugars, and 

total free amino acids decreased, in both experiments, with 

increased shade level (Table 5). Significant differences were 

observed in in the concentrations of free proline of plants 

grown under shade 75%, shade 63%, and shade 50% com-

pared to those plants grown under shade 25%. Concentrations 

of free proline were highest (P≤0.001) in both experiments for 

shade 25% followed by shade 50%, shade 63%, and shade 

75%. Similar trends were observed, in both experiments, for 

soluble sugars and total free amino acids (Table 5). Soluble 

sugars were highest for shade 25% followed by shade 50%, 

shade 63%, and shade 75%. Total free amino acids was signif-

icantly highest (P=0.039 and P=0.005 for experiments 1 and 

2, respectively), in both experiments, for shade 25% followed 

by shade 50%, shade 63%, and shade 75%. 

Plant water status and leaf mineral nutrients: Data shown 

in Table 6 reveal that relative water content (RWC), mem-

brane stability index (MSI), and electrolyte leakage (EL) of 

cucumber transplants were significantly affected, in both  

experiments, by shade level. Cucumber transplants grown 

under shade 75% and/or shade 63% revealed a significant  

increase in dehydration tolerance in terms of increased RWC 

and MSI and reduced EL compared to those plants grown  

under shade 50%, and shade 25%%. RWC was significantly 

highest (P=0.02  and P≤0.001 for exp. 1 and 2 respectively), in 

both experiments, for shade 75% followed by shade 63%, 

shade 50%, and shade 25%. MSI was also significantly high-

est (P≤0.001  and P=0.012 for the experiments 1 and 2,  

respectively), in both experiments, for shade 75% followed by 

shade 63%, shade 50%, and shade 25%. In contrast, EL were 

highest (P≤0.001) in both experiments for shade 25%  

followed by shade 50%, shade 63%, and shade 75%. 

Shade level affected leaf mineral nutrient concentration but 

the effect differed among nutrients. Leaf N, P and K concen-

trations increased with shade level (Table 7). Concentrations 

of leaf N, P and K were significantly highest in both experi-

ments for shade 75% followed by shade 63%, shade 50%, and 

shade 25%. Leaf N concentration was significantly highest 

(P≤0.001 and P=0.007 for the experiments 1 and 2, respective-

ly), in both experiments, for shade 75% followed by shade 63%, 

shade 50% and shade 25%. P concentration was also signifi-

cantly highest (P=0.004  and P≤0.001  for the experiments 1 

and 2, respectively), in both experiments, for shade 75%  

followed by shade 63%, shade 50%, and shade 25%. Similarly, 

K were highest (P≤0.001) in both experiments for shade 25% 

followed by shade 50%, shade 63%, and shade 75%.  

Shading nets are intended to reduce solar radiation in order to 

reduce heat stress especially during summer inside greenhous-

es. Significant amount of work has been done on the effect of 

shading materials including shade clothes with varying degree 

of shading, shade nets, and partially shad screens (Shahak et 

al., 2008; Stamps, 2009; Semida et al., 2013; Ilić and Fallik, 

2017) to reduce the photo inhibition and/or high temperature 

caused by light. Our studies show that solar radiation and  

temperature have been strongly affected by shading level. 

Over the two repeats of summer cucumber experiments in 

which transplants were grown under different shade levels, 

solar radiation decreased with increased shading levels 

(Figures 1 and 2). Also, temperature has been strongly affect-

ed by shading level, but the effect differed among experi-

ments. Over the two repeats of summer cucumber, tempera-

ture decreased with increased shading levels (Figures 3 and 

4). Our results are consistent with previous reports that show 

that shading reduces solar radiation and air temperature 

(Kittas et al., 2009; Semida, 2011; Díaz-Pérez, 2013). A 30% 

black shading cover was found to reduce solar radiation and 

wind speed but did not significantly alter maximum daily air 

temperature as compared with open field conditions (Möller 

and Assouline, 2007). Heavy shading (75%) on basil, strongly 

reduce photosynthesis rate and, effectively reduce leaf temper-

ature when air temperature was less than 30◦C (Chang et al., 

2008). Light quality modification by colored shade nets  

efficiently decreases temperature compared with black shad-

ing. This might be due to the higher content of scattered/

diffuse light (Ilić and Fallik, 2017). The reduction in air  

temperature during the summer experiments under higher 

shade levels could be attributed to the light diffusive charac-

teristics and the shaded environment of the black nets. A  

significant reduction in air temperature due to shading was 

also reported in a greenhouse study on strawberry, tomato, 

and sweet pepper even though a different type of shading was 

used compared to the current study (Aberkani  et al., 2010; 

Semida, 2011).  

Overall this study showed that vegetative growth characteris-

tics i.e., leaves number, leaf area, shoot length, stem diameter, 

shoot FW, and shoot DW, increased when shade level  

increased (Tables 1 and 2). Under shade condition, plants  

undergo morphological changes to maximize light use.  

Modification of the light spectrum quality and quantity via 

black and/or colored shade nets can act as a physiological tool 

to modify the crop micro-climate and enhance plant growth 

and productivity (Ilić and Fallik, 2017). Plants adapted to 

shade have greater foliar surface and specific leaf area, thinner 

leaves, and taller stems compared with plants adapted to 

strong light (Larcher, 2003). Our results agree with studies 

showing that shaded bell peppers and tomato plants have 

longer internodes, larger leaves, greater whole-plant leaf area, 

and thinner leaves (Kittas et al., 2009; Díaz-Pérez, 2013).  

Results are also consistent with a cucumber and tomato study, 

in which shaded plants grow taller than unshaded plants, and 

produce a greater average internode length (El-Abd et al., 

1994). Plants grown in the shade tend to have a larger leaf 

area because cells expand more under low light intensities in 
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order to receive light for photosynthesis (Tinyane, 2013). 

At high sunlight intensities, chlorophyll degradation rate in 

plant leaves is higher than the synthesis rate, leading to a  

decrease in chlorophyll concentration as a result of chloro-

plast formation inhibition. Accordingly, shade leaves in com-

parison with sun leaves tend to show higher chlorophyll  

concentrations per unit of leaf weight (Fu et al., 2012).  

Although the formation of carotenoids in mature fruits does 

not require induction by light, shaded fruits have lower  

content of carotenoids (Dorais and Papadopoulos, 2001). The 

carotenoid content was lowest in plants from open fields and 

highest in plants covered by black nets (Ilic et al., 2017). This 

study clearly showed that Chlorophyll a, chlorophyll b, total 

chlorophyll, and carotenoids increased with increased shade 

level (Table 3). Although shade-grown plants are not directly 

exposed to sunlight, they produce additional chlorophyll a and 

b to capture diffuse radiation to produce the carbohydrates 

needed for the plant to grow, as supported by the results of 

Beneragama and Goto (2010). Shaded lettuce leaves showed 

higher total chlorophyll (chlorophyll a and b) content than 

leaves from unshaded control plants (Ilic et al., 2017). Mini-

mal chlorophyll fluorescence (F0) has been reported to  

increase with the increase of the irradiance. Reduction in the 

maximum photochemical efficiency of PSII (Fv/Fm) under 

excessive photosynthetic photon flux density (PPFD) is a 

widely reported phenomenon in plants (Parker and Moham-

med, 2000). Fv/Fm reduced with the increase of photosynthet-

ic photon flux density (PPFD) levels (Pires et al., 2011).  

Other studies have found Fv/Fm to be similar and occasional-

ly higher in shaded plants (Groninger et al., 1996). These  

results are consistent with the result of the current study 

(Table 4), indicating that shading increases chlorophyll a  

fluorescence (Fv/Fm, Fv/F0, and PI), which can serve as an 

indicator of the plant’s photosynthetic efficiency. 

When plants are exposed to the direct sunlight irradiance, they 

could induce some protective mechanisms such as the increas-

es in proline, sugars, and the activity of antioxidant enzymes 

as reported by Prochazkova et al. (2001). We have observed 

clear decreases in free proline, soluble sugars, and total free 

amino acids with increased shade level (Table 5). Sugar accu-

mulation in vegetables is mainly affected by light intensity and 

temperature. Consequently, exposing fruit to higher tempera-

tures, especially during ripening, leads to an increase in the total 

soluble solids content (SSC), mainly due to an increase in  

carbohydrate biosynthetic enzyme activity and increased tran-

spiration (Guillén et al., 2007). Pepper fruits grown in plastic 

shad nets had significantly lower TSS content when compared 

with unshaded fruits (Ilic et al., 2017). Conversely, lettuce 

grown under pearl (and yellow shading nets showed the highest 

soluble sugar content (Ntsoane et al., 2016). The higher blue 

light transmittance during the production of tomato under pearl 

shading nets showed higher SSC/TA ratios (Elad et al., 2007).  

Our studies show that cucumber transplants grown under 

higher shade levels (63 and 75 %) showed a significant  

increase in dehydration tolerance in terms of increased RWC 

and MSI and reduced EL compared to those plants grown 

under lower shade and/or unshaded conditions (Table 6). As a 

measure of plant water status, RWC reflects the metabolic 

activity in plant tissues, and used as a most meaningful index 

to identify the legumes with contrasting differences in dehy-

dration tolerance (Sinclair and Ludlow, 1986). Moderate 

shade alleviated the drought stress of P. cathayana not only 

by improving the leaf RWC but also by maintaining the posi-

tive carbon balance (Huang et al., 2009). 

Over the different repeats of the experiments in which trans-

plants were grown under different shade levels, lower shade 

conditions invariably caused significant reductions in leaf 

mineral nutrient i.e., N, P, and K (Table 7). This was con-

sistent with the report by El-Gizawy et al. (1992) who showed 

that tissue N, P, and K levels were increased with increasing 

shading level. Liu et al. (2003) also studied the effect of  

different shading levels on tomato leaves nutrient contents, 

especially N, P and K. their results showed that shading had 

no effect on total leaf N, P and K contents at the early and 

peak flowering stages. However, leaf N, P and K contents of 

40% shaded plants at the later flowering stage were signifi-

cantly increased. There were no difference in leaf N and K 

contents between 40% and 75% shading treatments. 

Table 1. Effect of shading on number of leaves, leaves area and leaf thickness of cucumber transplants during the summer season. 

Treatment Number of leaves Leaves area (dm2) Leaf thickness 

Summer cucumber (Experiment 1) 

Shade 75% 4.85a ±0.06 6.87a ±0.43 0.52a ±0.02 

Shade 63% 4.73ab ±0.07 5.5b ±0.23 0.48a ±0.01 

Shade 50% 4.73ab ±0.07 3.6c ±0.13 0.50a ±0.02 

Shade 25% 4.55b ±0.08 3.8c ±0.16 0.51a ±0.04 
Summer cucumber (Experiment 2) 

Shade 75% 4.90a ±0.05 6.94a ±0.43 0.52a ±0.03 

Shade 63% 4.88a ±0.05 5.43b ±0.23 0.48a ±0.02 

Shade 50% 4.85a ±0.06 3.62c ±0.13 0.51a ±0.02 

Shade 25% 4.62b ±0.14 3.98c ±0.17 0.41a ±0.02 

Values are means ± SE (n =40). Mean values in each column followed by a different lower-case-letter are significantly different by Fisher’s least-significant 
difference test (LSD) at P ≤ 0.05. 

Table 2. Effect of shading on shoot length, shoot fresh and dry weights and stem diameter of cucumber transplants during the summer season. 

Treatment Shoot length (cm) Shoot fresh weight (g) Shoot dry weight (g) Stem diameter (mm) 

Summer cucumber (Experiment 1) 

Shade 75% 4.91a ±0.07 2.10a±0.04 0.32a±0.06 4.30a±0.01 

Shade 63% 3.79b ±0.06 1.86b±0.04 0.23c±0.06 4.26a±0.00 

Shade 50% 3.55c±0.07 1.77bc±0.04 0.25b±0.07 4.15a±0.01 

Shade 25% 3.55c±0.06 1.69c±0.05 0.20d±0.07 4.05a±0.00 

Summer cucumber (Experiment 2) 

Shade 75% 5.58a±0.12 3.45a±0.07 0.20a±0.00 3.89a±0.13 

Shade 63% 4.31b±0.10 3.20b±0.08 0.18b±0.01 3.97a±0.07 

Shade 50% 4.42b±0.14 2.26c±0.09 0.18b±0.01 3.86a±0.11 

Shade 25% 3.69c±0.10 2.13c±0.06 0.16c±0.00 2.78b±0.19 

Values are means ± SE (n =40). Mean values in each column followed by a different lower-case-letter are significantly different by Fisher’s least-significant 
difference test (LSD) at P ≤ 0.05. 
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Table 3. Effect of shading on chlorophyll a, chlorophyll b, total chlorophyll and carotenoids of cucumber transplants during the summer season. 

Treatment Chlorophyll a (mg g-1 FW) Chlorophyll b (mg g-1 FW) Total chlorophyll (mg g-1 FW) Carotenoids (mg g-1 FW) 

Summer cucumber (Experiment 1) 

Shade 75% 0.66a ±0.02 0.57a ±0.03 5.40a ±0.22 0.14a ±0.00 

Shade 63% 0.67a ±0.04 0.56a ±0.04 5.58a ±0.45 0.13a ±0.02 

Shade 50% 0.56b ±0.03 0.44b ±0.02 5.03a ±0.30 0.13a ±0.01 

Shade 25% 0.59ab ±0.03 0.50ab ±0.02 4.73b ±0.24 0.10b ±0.01 

Summer cucumber (Experiment 2) 

Shade 75% 0.69a ±0.03 0.46a ±0.02 4.61a ±0.18 0.10a ±0.01 

Shade 63% 0.61ab ±0.04 0.40ab ±0.02 4.22a ±0.23 0.06b ±0.00 

Shade 50% 0.54bc ±0.02 0.37b ±0.04 3.55b ±0.18 0.04c ±0.01 

Shade 25% 0.50c ±0.03 0.30c ±0.01 3.21b ±0.15 0.04c ±0.00 

Values are means ± SE (n =6). Mean values in each column followed by a different lower-case-letter are significantly different by Fisher’s least-significant  
difference test (LSD) at P ≤ 0.05. 

Table 4. Effect of shading on chlorophyll a fluorescence (Fv/Fm, Fv/F0, and PI) of cucumber transplants during the summer season. 

Treatment Fv/Fm Fv/F0 PI 

Summer cucumber (Experiment 1) 

Shade 75% 0.81a ±0.00 4.38a ±0.06 4.20a ±0.22 

Shade 63% 0.78ab ±0.01 3.61b ±0.23 2.43b ±0.23 

Shade 50% 0.73b ±0.03 3.33b ±0.38 1.97b ±0.22 

Shade 25% 0.66c ±0.03 2.04c ±0.28 1.87b ±0.51 

Summer cucumber (Experiment 2) 

Shade 75% 0.79a ±0.00 3.74ab ±0.10 2.52ab ±0.17 

Shade 63% 0.79a ±0.00 3.76a ±0.11 2.54a ±0.26 

Shade 50% 0.77b ±0.01 3.24b ±0.14 1.26bc ±0.16 

Shade 25% 0.75c ±0.01 2.42c ±0.27 0.78c ±0.11 

Values are means ± SE (n =10). Mean values in each column followed by a different lower-case-letter are significantly different by Fisher’s least-significant 

difference test (LSD) at P ≤ 0.05. 

Table 5. Effect of shading on free proline, soluble sugars, and total free amino acids of cucumber transplants during the summer season. 

Treatment Free proline (mg g-1 DW) Soluble sugars (mg g-1 DW) Total free amino acids (mg g-1 DW) 

Summer cucumber (Experiment 1) 

Shade 75% 0.26b ±0.03 0.978b±0.05 0.0940b ±0.01 

Shade 63% 0.32b ±0.02 1.048b±0.11 0.1240b ±0.02 

Shade 50% 0.35b ±0.01 1.096b±0.08 0.1360b ±0.02 

Shade 25% 0.60a ±0.07 1.316a±0.03 0.1840a ±0.03 

Summer cucumber (Experiment 2) 

Shade 75% 0.28c ±0.02 1.48a ±0.15 0.15b ±0.02 

Shade 63% 0.31c ±0.03 1.54a ±0.26 0.14b ±0.01 

Shade 50% 0.40b ±0.02 1.62a ±0.12 0.16b ±0.01 

Shade 25% 0.57a ±0.02 1.68a ±0.16 0.21a ±0.01 

Values are means ± SE (n =6). Mean values in each column followed by a different lower-case-letter are significantly different by Fisher’s least-significant  
difference test (LSD) at P ≤ 0.05. 

Table 6. Effect of shading on relative water content (RWC), membrane stability index (MSI), and electrolyte leakage (EL) of cucumber  

transplants during the summer season. 

Treatment RWC (%) MSI (%) EL (%) 

Summer cucumber (Experiment 1) 

Shade 75% 65.56a±2.62 46.54a ±1.57 87.90b ±1.22 

Shade 63% 58.41ab±4.99 35.69b ±2.09 87.81b ±2.34 

Shade 50% 55.55b±2.03 28.86c ±1.93 93.56a ±1.08 

Shade 25% 52.37b±1.39 25.85c ±1.09 95.86a ±0.89 

Summer cucumber (Experiment 2) 

Shade 75% 71.02a ±3.00 50.86a ±2.49 91.05b ±1.36 

Shade 63% 55.10b ±3.13 49.90ab ±1.77 92.93ab ±1.07 

Shade 50% 52.12b ±3.17 44.89bc ±2.65 94.01ab ±0.81 

Shade 25% 40.91c ±1.62 42.07c ±1.39 94.36a ±0.61 

Values are means ± SE (n =6). Mean values in each column followed by a different lower-case-letter are significantly different by Fisher’s least-significant  
difference test (LSD) at P ≤ 0.05. 



366  

 

Wael M. Semida et al. /Arch. Agr. Environ. Sci., 2(4): 361-368 (2017) 

Treatment N P K 
Summer cucumber (Experiment 1) 

Shade 75% 9.80a ±0.09 0.16a±0.01 1.42a±0.02 

Shade 63% 9.05b ±0.10 0.10b±0.02 1.27b±0.01 

Shade 50% 8.70b ±0.14 0.09bc±0.01 1.19c±0.05 

Shade 25% 8.63b ±0.19 0.07c±0.01 1.04d±0.01 
Summer cucumber (Experiment 2) 

Shade 75% 9.68a ±0.09 0.15a±0.03 1.39a±0.05 

Shade 63% 9.44a±0.12 0.13a±0.04 1.22ab±0.10 

Shade 50% 9.29a±0.15 0.10b±0.01 1.15b±0.02 

Shade 25% 8.49b±0.13 0.07c±0.02 0.91c±0.04 

Table 7. Effect of shading on leaf N, P and K concentrations of cucumber transplants during the summer season. 

Values are means ± SE (n =6). Mean values in each column followed by a different lower-case-letter are significantly different by Fisher’s least-significant  

difference test (LSD) at P ≤ 0.05. 

Figure 2. Average solar radiation transmission for experiment 1 (A) and 
experiment 2 (B) under different shade levels in summer cucumber  

transplants.  

Figure 1. Solar radiation transmission for experiment 1 (A) and experiment 2 
(B) under different shade levels in summer cucumber transplants between 

9:00 AM and 4:00.  

Figure 3. Weekly temperature for experiment 1 (A) and experiment 2 (B) 
under different shade levels in summer cucumber transplants for the duration 

of the experiment 

Figure 4. Average temperature for exp. 1 (A) and exp. 2 (B) under different 
shade levels in summer cucumber transplants. 
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Conclusions 

The present study concluded that solar radiation and tempera-

ture have been strongly affected by shading level. The cucum-

ber transplants grown under higher shade levels (63 and 75 %) 

showed a significant increase in dehydration tolerance in 

terms of increased RWC and MSI and reduced EL compared 

to those plants grown under lower shade and/or unshaded  

conditions. The decreases in free proline, soluble sugars, and 

total free amino acids with increased shade level have been 

observed. This study suggests that, nets with higher shading 

levels (63 and/or 75 %) are a potential alternative to alleviate 

photo-inhibition and heat stress in cucumber transplants  

production. 

Open Access: This is open access article distributed under the 

terms of the Creative Commons Attribution License, which 

permits unrestricted use, distribution, and reproduction in any 

medium, provided the original author(s) and the source are 

credited. 
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