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 The present study was aimed to evaluate the effects of different sources organic matter along 

with various level nitrogen fertilizations on nutrient dynamics and physicochemical variation 

of soil at different incubation periods in the research field of department of soil science, 

BSMRAU. RS, VC, RHB, CD and PM were used @ 2 t C ha-1 along with N rates 0, 100 and 150 

kg ha-1 in a factorial randomized complete block design. Combined application of VC and RHB 

with N100 dose significantly reduces soil bulk density. PM-treated plot resulted the highest 

amount of TN at 90 DAT, while RHB treated plot at 45 DAT. N fertilized plot showed maxi-

mum TN content at 75 DAT with N150 treatment. Significant interaction effects of OM and N 

on TN content of soil were exhibited at the incubation period 15, 30 and 45 DAT. Different 

organic amendment showed a dissimilar nutrient release pattern. Significantly higher phos-

phorus content was detected in VC treated soil while the S content was in the CD-treated soil. 

The RHB treated plots provide a significantly higher exchangeable K content in post-harvest 

soil. The available P, S and exchangeable K contents in post-harvest soil increased positively in 

all treatments as compared to initial soils. Organic manures and N fertilization had no signifi-

cant effect on different chemical properties like soil pH, TN, available S and exchangeable K. 

Significant P enrichment was occurred in organic and N treated soil. Thus, organic and  

inorganic fertilization had a significant positive influence on the enrichment of physiochemical 

properties of wetland paddy soil. 

 

©2019 Agriculture and Environmental Science Academy 
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A study on organic matter and nitrogen dynamics in wetland paddy soils of Bangladesh  

Md. Ashraful Alam, Md. Mizanur Rahman, Mohammed Ziauddin Kamal* , Humayun Kabir  
Shiragi, Most. Shirazum Monira and Momtahina Hasnat 

Faculty of Graduate Studies, Department of Soil Science, Bangabandhu Sheikh Mujibur Rahman Agricultural University, Gazipur 
1706, BANGLADESH 
*Corresponding author’s E-mail: zia_ssc@yahoo.com 

INTRODUCTION 

 

Rice (Oryza sativa L.) is the most imperative main foodstuff in the 

world. Cereal grain rice meets about 1/5th of the daily dietary 

energy demand of half of the world’s population (Timmer et al., 

2010). In Bangladesh, about 75% of the total cropped areas and 

over 80% of the total irrigated areas are intensified under rice-

based cropping pattern (Hossain and Deb, 2003). The demand 

for production of rice will endure rising in the near future due to 

shrinkage of cultivable land and over population growth.  

Farmers are highly interested in increasing cereal grain produc-

tion by applying excessive amounts of chemical fertilizer.  

Nonetheless, extensive crop farming degraded the soil fertility 

and becomes an urgent demand for replenishment with  

judicious application of manures and fertilizer.  

Rice-based cropping pattern in Bangladesh paid little attention 

on replenishes of degraded soil fertility. Integrated nutrient 

management along with an organic amendment would provide 

the congenial crop production ecosystem. The use different 

organic amendment substantially improved physical and  

chemical properties of soils (Rahman, 2010). Conversely, the 

combined application of both organic and inorganic fertilization 

might be enhancing the carbon sequestration in agricultural soil 

(Zhu et al., 2015). Nitrogen is the major limiting nutrient for rice 

production, while its application will further be increased in the 

next three decades to produce 60% more rice than today's  

http://crossmark.crossref.org/dialog/?doi=10.26832/24566632.2019.040101&domain=pdf
https://orcid.org/0000-0001-9550-0064


2 

 

Md. Ashraful Alam et al. /Arch. Agr. Environ. Sci., 4(1): 1-7 (2019) 

global production (Ladha and Reddy, 2003). Organic matter 

contributes significant release of soil nitrogen through N miner-

alization. However, organic matters content in Bangladesh soil 

is very poor, ranges from 1-1.5%.  

The crop growing process is included a series of complex  

nutrition translocation mechanisms. Exogenous applications of 

organic materials can reduce the amounts of chemical fertilizers 

used and compensate for soil C losses caused by land-use  

changes (Almagro and Martınez, 2014; Aula et al., 2016; Islam et 

al., 2016). The nutrient release dynamics of different organic  

matter play a major role in fertility of natural ecosystems.  

Organic amendments along with mineral fertilization have a 

potential for acting as a nutrient reservoir, improving physical 

properties, thereby maintain agricultural sustainability and  

enhance crop yield (Zhong et al., 2014). Soil OM plays a key role 

in nutrient cycling and can help to improve soil structure such as 

bulk density of soil. Bulk density of a soil is significantly influ-

enced by the amount of organic matter, texture and mineral 

constituents. Information regarding bulk density is very  

important for evaluating nutrient dynamics as well as planning 

of modern farming techniques (Chaudhari et al., 2013; 

Zhengchao et al., 2013). Soil organic matter is known as a revolv-

ing nutrient fund that supplies mainly carbon, nitrogen,  

phosphorus and sulfur. Decomposition of organic residue plays 

a major role in global carbon and nitrogen cycling (Manzoni et 

al., 2008; Ren et al., 2014). The quantity and quality of carbon 

input, cropping intensity, soil and crop management practices 

affect carbon and nitrogen dynamics and carbon sequestration 

at different soil depth (Marland et al., 2004; Tong et al., 2009) 

However, in the tropical agriculture system prevailing high  

temperature accelerate the decomposition of organic input and 

disrupt nutrient balance. There is great variability in organic 

matter and its nutrient release dynamics of pudding and dry 

land agriculture. The nutrient release patterns of soil organic 

matter are the directly interlinked with the physicochemical 

environment (aerobic vs. anaerobic, soil structure) and the  

quality of carbonaceous sources that controlled the regulation 

of decomposer community (Heal et al., 1997). Several studies  

reveal that degradation of soil fertility and decline in physical, 

chemical and biological properties is more prominent in tropical 

upland production system than wetland rice soils (Sahrawat, 

2005). Wetland system might have ameliorative effects on 

physicochemical fertility and accumulation of organic matter. 

Scanty empirical data reveal that soil and crop management, 

enhanced the SOC content in intensive rice-rice cropping  

pattern (Islam et al., 2016). However, little information is availa-

ble in organic amended reduced soil system series impact on 

physicochemical properties motion. At present, it is certain to 

evaluate the effects of organic and inorganic amendments on 

soil fertility of degraded wetland soils (Liu et al., 2017). There is a 

big knowledge gap about the dissimilarity of various organic and 

inorganic amendments nutrient release dynamics and its effects 

on physical properties in the wetland paddy soil system. Thus, 

the present study was lead to investigate effects of different 

sources organic matter and nitrogen levels singly and in combi-

nation on the nutrient dynamics and physicochemical health of 

wetland paddy soil system.  

 

MATERIALS AND METHODS 

 

Study site 

The study was conducted in an agricultural field located in the 

Field Laboratory of the Department of Soil Science,  

Bangabandhu Sheikh Mujibur Rahman Agricultural University 

(BSMRAU), Gazipur 1706, Bangladesh. The experimental site is 

situated at 24°09'22'' N latitude and 90°25'45'' E longitudes and 

8.2 m above the sea level. The soil has been classified as Shallow 

Red Brown Terrace soil in Bangladesh classification and  

Inceptisols in USDA classification (Brammer, 1996), having silt 

clay loam soil within 50 cm from the surface and acidic in nature. 

The pH of the initial soil was 6.2 having organic carbon    0.78 %, 

total nitrogen 0.09 %, available phosphorus 7.0 mg kg-1,  

available sulphur 15.87 mg   kg-1 and exchangeable potassium 

0.10 cmol (+) kg-1. The climate of the area is sub-tropical, wet 

and humid.  

 

Experimental design 

The experimental design of the study was in a factorial random-

ized complete block design with two replications.  The factorial 

experiment included five different organic materials treatments 

(application of rice straw (RS), poultry manure (PM), vermin-

compost (VC) and cow-dung (CD) and rice husk biochar (RHB) @ 

2 t C ha-1) and three nitrogen treatments   (0, 100 and 150 kg N 

ha-1). Each plot had an area of 12 m2 (4m × 3m) and was separat-

ed by 30 cm wide well-structured and polyethylene lined bound-

ary. All of the organic matter except RHB were collected from 

locally available sources and incorporated with soil during final 

land preparation. RHB was prepared through the pyrolysis  

process in an oxygen deficient condition at 3500C temperature. 

The study was conducted in T. Aman season 2016. The moisture, 

C and N contents, C: N ratios of the studied organic constituents 

were presented in Table 1.  

One week after proper paddling the field, thirty days old rice 

seedlings of BINA Dhan 7 were transplanted maintaining a spac-

ing of 20 cm × 20 cm. Soil test based fertilizer doses of P, K and S 

were applied as triple super phosphate (TSP), muriate of potash 

(MoP) and gypsum at the rate of 55, 68 and 56 kg ha-1, respec-

tively (FRG, 2012). The whole amount of TSP, MoP and gypsum 

was applied during final land preparation. Urea was applied in 

three equal splits at 15 days after transplanting (DAT), at  

maximum vegetative stage and panicle initiation stage. 

 

Soil sampling and analysis 

Soil samples from each plot were collected from 0-15 cm depth 

at different incubation period at 15 days interval (0, 15, 30, 45, 

60, 75, 90 and 105 days) from a T-Aman rice field. Bulk density 

of the soil also determined at the initial and at crop harvest. 

Chemical properties of soil and different organic materials were 

analyzed using standard methods such as soil pH by glass  

electrode using a soil and water ratio of 1: 2.5 (Jackson, 1958), 
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the total N content by Micro Kjeldahl method (Black, 1965), 

available P by Olsen’s method (Olsen and Sommers, 1982),  

sulphur was estimated by turbidimetric method (Chesnin and 

Yien, 1950) and K by ammonium acetate extraction method 

(Barker and Surh, 1982). 

Statistical analysis 

Data were statistically analyzed using Statistix version 10.0 

statistical software. ANOVA and univariate analyses were  

performed to test all parameters. Treatment means were  

separated by least significant difference (LSD). Different graphs 

were prepared using Microsoft Excel (Office 2007). 

Table 1. Physical and chemical properties of organic materials used in the experiment. 

Organic materials 
Properties of organic materials 

Moisture (%) Organic carbon (g kg-1) Total N (g kg-1) C:N ratio 

Rice straw 8.54 362.0 4.4 82.27 

Rice husk biochar 9.25 313.0 3.7 84.59 

Vermicompost 17.64 121.5 9.8 12.39 

Cow dung 13.76 137.5 12.2 11.27 

Poultry manure 29.69 83.7 10.9 7.67 

RESULTS AND DISCUSSION 

 

Bulk density of wetland soil 

Effects of different organic materials and nitrogen levels on bulk 

density of soil at initial and after harvest in a wetland paddy  

system are summarized in Figure 1. Different organic matters 

significantly lower the bulk density of soil. A significantly higher 

reduction of bulk density was observed in PM treated plot  

followed by VC and RHB, compared to the initial one. Bulk  

density of paddy soil was not influenced by Poultry manure. In 

contrast, only N100 treated wetland soil showed a slight decline 

in bulk density. The study clearly indicated that organic matter 

has a significant effect on soil bulk density as compared with N 

fertilizer application. The results explain significant changes in 

soil quality by addition of different organic and inorganic N 

amendments in a wetland system. Both organic matter and  

inorganic nitrogen had significant effects on bulk density of a 

wetland paddy soil. There is a strong negative relationship  

between soil organic amendment and bulk density. The degrees 

of decomposition of organic matter predominantly synchronize 

the bulk density and nutrient release pattern in the soil. During 

the decomposition process of organic matter, microorganism 

release polysaccharides and raise aggregate stability by enhanc-

ing soil particles inter-cohesion and decrease the bulk density 

(Marland et al., 2004). Among the different organic amend-

ments, RS treated paddy soil showed a significantly higher  

reduction of bulk density. This result might be due to RS has 

high a C: N ratio and lower mineralization rate with a steady 

effect. Moreover, the readily decomposable organic amendment 

has a strong and a transitory effect on the aggregate stability 

while more stable lignin and cellulose-containing matter have 

less but consistent effects. Meanwhile, nitrogen treated plot 

showed an unequal change of bulk density, might be due to  

nitrogen further enhanced the microbial activity and decompo-

sition rate. Celik et al. (2004; 2010) found alike information that 

compared to mineral fertilization, different organic amendment 

reduced the bulk density at 0-15 cm soil depth. 

 

N dynamics in soil at different incubation periods 

The total-N increased progressively in soils from 15 to 75 DAT 

and then declined almost in the similar fashion towards 105 

days in both organic and inorganic treated soils (Figure 2). The 

PM treated plot resulted in the highest amount of TN (more 

than 0.4%) at 90 DAT. The RHB treatment showed the highest 

total nitrogen (0.35%) content at 45 DAT. The highest TN  

content at harvest was observed at 75 DAT with N150 dose. Soil 

treated with 0 kg ha-1 N contains 0. 23% TN at 75 DAT, while, the 

soil receiving 100 kg ha-1 N contains 0.25% TN at 30 DAT, respec-

tively. Apart the physical properties, nitrogen dynamics in soil are 

one of the most important factors in crop production. With  

increasing plant age TN of soil increased as N dose was applied in 

splits. Added OM shows a continuous variation of releasing N in 

wetland soil might be related with their variations in mineraliza-

tion potentials. Nutrient dynamics of different organic matter 

unequivocally variable in different soil and crop management 

practices, largely due to their C type, microbial breakdown re-

sistance, soil temperature, water content, alternate wetting and 

drying conditions (Cabrera et al., 2005).  

 

Interaction effects on N dynamics in soil 

Interaction effects of organic materials and inorganic N on  

nitrogen dynamics of soil at different incubation periods are 

shown in the Table 2. The significant interaction effects of  

organic materials and N on TN content of soil samples were  

observed from 15 days till 45 DAT. At 15 DAT, the significantly 

higher amounts of TN were found in PM treated plots (0.150%) 

along with 100 kg ha-1 N. Similar pattern of nutrient release was 

detected in PM, CD and VC treated soil in combination with 150 

kg ha-1 N. While RS with N0 dose gave the lowest TN (0.070%) at 

15 DAT incubation periods. At 30 DAT combined application of 

CD (0.305%), VC (0.275%) and 150 kg N ha-1 contributed to the 

significantly higher amounts of TN in paddy soil. A similar signifi-

cant increase of TN was found in PM with 0 kg N ha-1 treated 

plots (0.28%) at 30DAT, while RHB with 0 kg N ha-1 treated plot 

gave the lowest TN content (0.16%). At 45DAT, plot treated 

with RHB in combination with 150 kg N ha-1 gave the maximum 

TN content (0.44%) whereas plots treated with RS and 100 kg N 

ha-1 attributed the lowest TN content (0.06%). At 45 DAT, N 

release in all organic amendments was higher might be the most 

active panicle initiation growth stage of study rice BINA Dhan7, 

which favor higher microbial colonization in rhizospheric soil. 
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Effect of OM and N on chemical properties of post-harvest soil 

Organic matters and N-levels have made a positive change of 

different chemical properties of wetland soil, are presented in 

Table 3. Among the studied chemical properties, a significant 

enrichment was found in available P, while insignificant varia-

tion was observed in soil pH and total nitrogen, exchangeable K 

at harvest. Organic materials did not show significant effect on 

soil total N at harvest, but the contents was almost double from 

initial one. Compare to initial soil, OM addition enriches availa-

ble P and S and exchangeable K contents in post-harvest soil. 

The highest amount of P in post-harvest soils was found in VC, 

RHB and PM along with 14.12, 12.83 and 13.26 mg kg-1 soil, 

respectively. Similarly, S content in post-harvest soils was  

significantly higher on the CD (21.83 mg kg-1), and PM (21.36 mg 

kg-1) treated plots. The significantly higher exchangeable K  

content in post-harvest soil was found in RHB treated plots 

(0.16 c-mol kg-1), while the lowest one in PM treated plot (0.12 c

-mol kg-1). Among the studied chemical properties, the signifi-

cant interaction effect of organic matter and N level was detect-

ed only in P content at post-harvest soil.  Soil microbial commu-

nities play a crucial role in bio-geo-chemical processes that is 

influenced by the addition of different organic and inorganic 

fertilizers in soils (Jenkinson et al., 1999). Soil pH, TN, available S 

and exchangeable K showed no significant response to the inter-

action effects of OM and N-levels in residual accumulation of 

post-harvest soil (Table 3), suggested that enrichment in those 

attributes were not being easily detected by short-term incor-

poration. However, slight enhance of pH in PM treated soil 

mainly addition of calcium from poultry manure and its buffer-

ing effect (Rahman, 2013). OM decomposition enhances organic 

acid anions can also increase soil pH due to proton consumption 

in the decarboxylation process (Hinsinger et al., 2003). OM and 

N-levels interactions showed the most favorable increase in P 

availability in residual soil might be attributed to an acceleration 

of nutrient release from different manures by the addition of N 

through the enhanced mineralization process. The increment in 

soil P in the acid soil is really good achievement in terms of  

sustainable management of the most limiting plant nutrient P in 

the study soil. N addition did not significantly influence the N con-

tent in residual soil because of its instability in wetted soil through 

loss process and higher uptake rate. When different organic ma-

terials applied they enhanced biological activities in soil, which 

include high phosphatase activities, microbial biomass content, 

and dehydrogenase activity. Microbial biomass not only contains 

a labile pool of nutrients, but also drives the cycling of OM and 

nutrients in soil (Jenkinson et al., 1999). 

Figure 1. Effect of Organic and different doses of N fertilizer on bulk density of wetland paddy soil; Vertical bar on the column indicates standard error.  

Figure 2. Changes of %Total nitrogen content of wetland paddy soil at different incubation periods as influenced by different organic matters and N levels;  
Vertical bar indicates LSD values, while  the bar on the column indicates standard error.  
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 Conclusion 

 

Addition OM and N Fertilizer have a positive effect on physico-

chemical properties of wetland paddy soil. Significant reduction 

of soil bulk density was observed in the organic matter treated 

plots as compared to N-fertilization. Different sources organic 

matter showed a variable detected nutrient release pattern. 

Like, poultry manure treated plot exhibits the highest amount of 

TN at 90 DAT, while RHB treated plot was shown at 45 DAT. N 

fertilizer applied plot had shown a maximum amount of TN at 75 

DAT with N150 dose. OM and N exhibited maximum influence 

on the TN content of soil at 15, 30 and 45 DAT. Organic and 

inorganic amendments positively increased P, S and exchangea-

ble K content in post-harvest soil. Soil pH did not vary signifi-

cantly, but increased positively. This study result suggests that 

the combined addition of organic materials and N fertilizer 

could provide a significant improvement of soil health in the 

wetland paddy system of tropical agriculture. 
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Table 2. Interaction effects of organic materials and nitrogen on N dynamics in paddy soil at different days after transplanting. 

Incubation period Organic materials 
Nitrogen Fertilizer (kg ha-1) 

0 100 150 

15 DAT 

RS 0.070e 0.080cde 0.105bcde 
VC 0.075de 0.080cde 0.135ab 

RHB 0.110a-e 0.120abc 0.120abc 

CD 0.120abc 0.115abcd 0.135ab 

PM 0.110a-e 0.150a 0.136ab 

30 DAT 

RS 0.170gh 0.185fgh 0.190fgh 

VC 0.240cd 0.250bc 0.275ab 

RHB 0.160h 0.195fg 0.205ef 

CD 0.265bc 0.265bc 0.305a 

PM 0.280ab 0.215def 0.235def 

45 DAT 

RS 0.135g 0.060h 0.260bcde 

VC 0.250cde 0.270bcd 0.300bc 

RHB 0.320b 0.305bc 0.445a 

CD 0.260bcde 0.150fg 0.200efg 
PM 0.215def 0.285bc 0.245cde 

RS = Rice straw, VC = Vermicompost, RHB= Rice husk biochar, CD= Cow dung, PM= Poultry manure; Different letters indicate significant difference 
among the values. 

Table 3. Effect of organic materials and nitrogen on different chemical properties of post-harvest soil. 

Treatments 
Soil pH Total nitrogen (%) 

Available P   
(mg kg-1) 

Available S     
(mg kg-1) 

Exchangeable K  
(c-mol kg-1) 

Initial Final Initial Final Initial Final Initial Final Initial Final 

Organic matters 

RS 5.17 5.44 0.090ab 0.140 9.19 12.02b 15.87b 20.91ab 0.09 0.14b 

VC 5.25 5.37 0.097a 0.137 9.12 14.12a 15.81b 19.64ab 0.10 0.15b 

RHB 5.27 5.38 0.082bc 0.126 9.65 12.83ab 15.83b 19.23b 0.09 0.16a 

CD 5.10 5.39 0.074c 0.141 9.66 11.80b 18.18a 21.83a 0.10 0.15b 

PM 5.28 5.32 0.079bc 0.137 10.65 13.26ab 16.82ab 21.37ab 0.10 0.12c 

S.E.(±) 0.112 0.124 0.0054 0.012 0.267 0.743 0.725 1.182 0.0051 0.0039 

Nitrogen (kg ha-1) 

0 5.29 5.43 0.077 0.132 8.99b 11.84b 16.03 19.84 0.09 0.15a 

100 5.23 5.39 0.088 0.144 9.80a 13.04ab 17.01 21.24 0.10 0.15a 

150 5.12 5.31 0.089 0.133 10.17a 13.53a 16.48 20.70 0.10 0.13b 

S.E. (±) 0.086 0.096 0.0042 0.009 0.207 0.575 0.562 0.916 0.0039 0.0030 

OM x N ns ns ns ns ns * ns ns ns * 

CV (%) 3.71 3.83 11.12 15.10 4.80 10.06 7.62 9.94 8.96 4.70 

RS = Rice straw, VC = Vermicompost, RHB= Rice husk biochar, CD= Cow dung, PM= Poultry manure; Different letters indicate significant difference 
among the values. 
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 A field experiment was conducted to study the performance of bread wheat sown under  

different nitrogen and phosphorous fertilizer rates during 2017 main cropping season on 

farmer's field at Weleh and Sayda, North eastern Ethiopia. Factorial combinations of four  

nitrogen (10.25, 20.5, 41 and 60.5 kg ha-1) and four phosphorous (23, 46, 69, and 92 kg ha-1) 

rates were laid out in randomized complete block design (RCBD) with three replications. The 

result showed that using a different N and P rate of fertilizer had no significant effect (P≥0. 05) 

on the number of total and effective tillers in both locations. Similarly, at Sayda,  different rate 

of nitrogen and phosphorus fertilizers did not show a significant effect on biomass yield, Straw 

yield, and grain yield. On the other hand, plant height was significantly affected by the interac-

tions of nitrogen and phosphorus fertilizers. While days to 50% heading, days to 90% maturity, 

number of kernels per spike and thousand kernel weight were significantly affected by  

different rate of nitrogen fertilizer. Besides that, spike length and  number of kernels per spike 

were significantly affected by phosphorus fertilizer application. Since the homogeneity of  

error variance was significant, it indicates that both locations were not combined together, 

rather it was done separately. According to the partial budget analysis, the combination of 

20.5N and 23P kg ha-1 was economically feasible at both locations. For future conducting of 

the researches in different seasons and location is important for  sound recommendation. 
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INTRODUCTION 

 

Wheat (Triticum spp.) is one of the major cereal crops grown in the 

highlands of Ethiopia and this region is regarded as the  

largest wheat producer in Sub-Saharan Africa (Efrem et al., 2000). 

Bread wheat (Triticum aestivum L.) is one of the most  

staple food crops in the world and it is one of the most important 

cereals cultivated in Ethiopia. Bread wheat in Ethiopia stands 

fourth in both area coverage and total annual production, and 

second in yield per hectare next to maize (CSA, 2017). It is also 

one of the most important crops in the Amhara Region. Both the 

country and in the region, its grain is used for making bread,  

porridge, soup and consumed as roasted and boiled forms. More-

over, the straw of bread wheat is an important feed for livestock, 

thatching roofs, and bedding (Behera, 1998; Bekele et al., 2017).  

In spite of its tremendous importance, bread wheat production 

in the country as well as in the region has faced immense  

production constraints affecting both its yield potential and 

industrial quality. Among these constraints mainly farmers are 

using low yielding local varieties, and blanket recommendation 

of fertilizer inputs rather than location specific once. Bread 

wheat is produced by many smallholder farmers in the Wag 

Himra Zone as well as in Amhara region. Bread wheat in Wag 

Himra Administration Zone stands fourth in area coverage and  

production next to sorghum, teff and barley. The average 

productivity of bread wheat in Wag-Himra is 1.47t ha-1 and, 

while the national bread wheat productivity is 2.6 ha-1 (CSA, 

2017; Gasser and Iordanou, 1967) and the world average is 2.9 t 

http://crossmark.crossref.org/dialog/?doi=10.26832/24566632.2019.040102&domain=pdf
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ha-1 (FAO, 2010). According to Amhara National, State  

Agricultural Bureau Dryland Crop Production Package (2015) 

the blanket recommendations for bread wheat are 100k.g DAP

(18%N&46P) with 50 Urea (46%N) kg/ ha, respectively. Sekota 

Dryland Agricultural Research Center also adopts the blanket 

fertilizer recommendation proposed by regional bureau of  

agriculture. This hence calls an urgent research works to find 

site specific NP fertilizer recommendations for bread wheat and 

the likes which are appropriate wag himira dry land areas.  

Nutrient depletion (mining) is a net loss of plant nutrients from 

the soil or production system due to a negative balance between 

inputs and outputs (Doyle and Holford, 1993; Dalcorso et al., 

2014). Typical channels of nutrient depletion are nutrient  

removal through harvest, leaching, denitrification, soil erosion, 

and runoff. As a result of this the average productivity of bread 

wheat in Wag Himira is very low; about 1.47 tons  ha-1 CSA 

(2017) which is much below that of the world’s average about 

2.9 ton ha-1s  (Mengistu et al., 2015). 

Among several restricting factors responsible for low yielding of 

bread wheat in the area is due to severe soil fertility depletion 

mainly nitrogen and phosphorus. Even an inadequate supply of 

N and P fertilizers can limit not to harness the potential produc-

tivity of the crop. On the other hand, too much NP can also 

cause for the reduction of productivity and reduction of profita-

bility (Dalcorso et al., 2014). Determining the appropriate NP 

fertilizer rate hence necessary for maximizing economic yields. 

In the study area there is no any visible recommendation of NP 

for bread wheat as well as for other crops except the blanket 

recommendation of  23 N and 46 P2O5 kg ha-1. Even farmers 

don't apply NP fertilizers as per the blanket recommendation, 

rather they use less than the blanket recommendation rates. 

These all demand research works to study the effect of NP rates 

on bread wheat growth and yield so as to determine their opti-

mal rates for achieving the potential productivity of bread 

wheat in the target areas (Litke et al., 2017; Kumar et al., 2018).  

The main objective of the present study was to study the effect 

of different rates of NP fertilizer on growth and yield of bread 

wheat in dryland areas of Wag-Himra Zone, northeastern  

Ethiopia and to suggest the optimum rates of NP fertilizers for  

maximizing bread wheat productivity in the study area 

 

MATERIALS AND METHODS 

 

Description of the study area 

The study was conducted at Sekota district in 2017/2018 main 

cropping season in Wag Himra Zone North Eastern Ethiopia. Its 

latitude and longitude range lies 12.65N and 39.03E. This is the 

place where food insecurity is a chronic problem for the  

majority of the rural population. The town, Sekota is located 720 

km north east of Adis Ababa and 430km from Bahir dar. The two 

sites of testing are within Sekota district, namely Weleh and 

Sayda. They are found in the latitude and longitude range of 

12.60′N and 39.05′E and12.40′N and 38.20′E respectively. The 

site is far apart from Sekota about 15 and 16 km respectively. 

Weleh has an altitude range of 2000 m above sea level, whereas 

sayada has an altitude range of 2200 m above sea level (Figure 

1). With respect to rainfall sites have 566mm and 520 mm annu-

al rain for Weleh and Sayda respectively. The minimum tempera-

ture for both locations was 14(°C), while the maximum tempera-

ture was, 26 (°C) and 24 (°C) for Weleh and Sayda respectively. 

According to Sekota dry land Agricultural research center labora-

tory result both of the experimental sites have black (Vertisol) soil 

type and with respect to pH range the areas have 5.7 to Weleh and 

6 to Sayda .  

The dominant types of cropping system in the study area are mono

-cropping and crop rotation, whereas inter-cropping is rarely  

practiced in the District. The common type of inter-cropping  

activities in the study site  are: tef +, Saff flower  and  Sorghum + 

haricote bean  Similarly, the common types of crop rotations prac-

ticed in the District are: Teff—barley--pulse crops— teff; Pulse 

crops-- teff---barley--pulse crops; and wheat/barley (Sekota  

District Agricultural and Rural Development Office, 2009).  

Figure 1. Location map of the experimental sites in Ethiopia. 
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Planting material used for the study 

A bread wheat variety "Sekota-1" was the planting material for 

the present study. The variety was officially released by Sekota 

Dry Land Agriculture Research Center in 2013 for moisture 

deficit areas of Eastern Amhara Region and similar  

agro-ecologies of the country. During its release, the variety had 

a 30 % yield advantage over the local check and 10% over the 

standard check. The seed of the variety was drilled by 20cm row 

spacing on the experimental plots uniformly at 125 kg/ha  

seeding rate. Sowing was done on set of rain fail at the binging of 

July and   the soil has optimum moisture condition. 

 

Experimental design and treatments 

A factorial combination of four N rates (10.25, 20.5, 41 and 60.5 

kg/ha) and four rates of P2O5 23, 46, 69 and 92 was laid out in a 

randomized complete block design with three replications.   

After preparing the experimental plot repeatedly with oxen plow, 

the land was subdivided into blocks and plots as per the design 

and the treatments of the study. The gross plot size was 2.5 × 2.4 

m (6 m2) with the net plot size of 2.3 × 2m (4.60 m2) excluding two 

outer rows and edge of 10cm length at both ends of each plot. 

Adjacent blocks and plots with in the blocks were separated by 

1.0m and 0.5m, respectively. Using the lottery method, treatment 

combinations were assigned randomly to the experimental plots 

each block. DAP (18%N and 46%P2O5) and Urea (46%N) were 

used as sources of nitrogen and phosphorous. Full doses of  

P-treatments and half doses of N-treatments were applied in a 

band at planting time, while the remaining half N-treatments 

were top dressed at a mid-tillering stage after the second wed-

ding. 

 

Data collection and measurements 

Data of important study parameters of bread wheat were  

collected on plant or plot basis. Data of phenological parameters 

and different kinds of yield including biomass, grain, and straw 

yields were collected on plot basis in the net plot areas, while, 

vegetative growth and some yield parameters were collected on 

a plant basis by taking 5 sample plants randomly in the net plot 

areas. Detailed methods and procedures used for collecting  

phenological, vegetative growth and yield related parameters 

are presented below. 

 

Determination of phenological parameters 

 

Days to 50% heading (DH) 

It was measured as a number of days elapsed from sowing to the 

date on which 50% of the plants on the net plot area produce 

their first head. 

 

Days to 90% physiological maturity (DM) 

Days of maturity were taken as a number of days elapsed from 

emergence to the stage when 90% of the plants in the net plot 

area reached physiological maturity. 

 

Vegetative growth parameters 

Plant height (cm) 

Plant height was determined as a distance in centimeter from 

the soil surface to the tip of the spike excluding the awns at  

maturity and expressed as the average of five plants per plot. 

 

Number of total tillers 

Number of total tillers was determined by counting numbers of 

total tillers in 1m row length in the net plot areas during physio-

logical maturity.  

 

Number of effective tillers per plant 

Number of effective tillers was also estimated by counting 

plants that have heads/spikes in 1m row length in the center of 

the plots during physiological maturity. 

 

Spikes length (cm) 

Average length of 5 randomly selected spikes of the main tiller 

measured during physiological maturity in cm from base to tip 

excluding the awn. 

 

Estimation of yield related traits 

  

Number kernel per spike 

Number of kernel was the average number of kernels of five 

randomly selected tillers of plants taken in the net plot areas. 

 

Thousand kernel weights (g) 

Kernel weight in a gram of randomly taken sample of thousand 

seeds per plot after threshing and cleaning. 

 

Biomass yield (t/ha) 

It was determined by weighing the total air dried aboveground 

biomass harvested from net plot areas rows and expressed in t/ha. 

 

Grain yield (t/ha) 

Weight of grains recovered from harvested wheat plants in  

the net plot areas after sun-drying threshing and cleaning  

converted into t/ha. 

 

Straw yield (t/ha) 

It was estimated as the difference between biomass yield and 

grain yield. 

 

Harvest index (%) 

It was calculated as a ratio of dry weight of the grain to dry weight 

of the total aboveground biomass yield (%) multiplied by 100. 

 

Variable costs (Birr/ha) 

NP fertilizer costs were considered to analyze the partial  

budget analysis. 

 

Partial budget analysis 

The partial budget was calculated to compare gain and losses 

between one treatment and another. It was done based on the 

following methodology prescribed by CIMMYT (1988).  
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It was considered the analysis of gross benefit (GB), total  

variable cost (TVC), the net benefit (NB) and finally the analysis 

of the marginal rate of return (MRR). 

 

GB = (YA×PA) + (YB×PB) 

 

TVC = (The sum of all the costs which vary between treatments 

 

NB = GB-TVC 

 

Where, GB= Gross benefit, TVC=Total variable cost, NB=Net 

benefit, MRR=Marginal rate of return, YA=Grain yield, PA 

=Price per unit quintal, YB=Straw yield, PB =Price of straw per 

unit Shekim. 

 

Data analysis 

The collected data were subjected to analyses of variance 

(ANOVA) using SAS version 9.1. Combined analysis of the two 

site data was heterogeneous after testing the homogeneity of 

error variance using F test and gestalt software it was done  

separately. (Gomez and Gomez, 1984). Mean separation for 

statistically different treatments was done using least  

significant difference (LSD) method at 0.05 level of significance 

depending upon the ANOVA result. Simple correlation analysis 

was carried out by calculating simple calculation coefficients to 

see the relationship between yield and yield components as 

influenced by the application of different rates of NP. Economic 

analysis was performed following the CIMMYT partial budget 

analysis methodology (CIMMYT, 1988) to identify economically 

profitable NP rate. 

 

RESULTS AND DISCUSSION 

 

Phenological parameters of bread wheat as influenced by  

different rates of nitrogen and phosphorous 

 

Results of analysis of variance showed that both days to 50% 

heading and 90 % maturity of bread wheat were significantly 

(P<0.05) affected by different rates of nitrogen at Sayda  

(Table 1). Whereas, at Weleh, days to heading and maturity 

were responded differently to different rates of nitrogen.  

Days to heading at Weleh was not significant (P>0.05)  

influenced by different rates of nitrogen, while day to maturity 

was influenced significantly (Table 1). As the rate of nitrogen 

increased, there was a prolonged trend of heading at Weleh and 

of both heading and maturity at Sayda. On the contrary, to  

nitrogen, different rates of phosphorous didn't significantly  

affect days to heading and maturity at Sayda and to maturity at 

Weleh, but days to heading at Weleh was exceptionally affected 

by different rates of phosphorous significantly. At both Weleh 

and Sayda, days to heading and maturity of bread wheat were 

not significant (P>0.05) affected by the interaction effect of  

nitrogen and phosphorus (Table 1). Delay of heading and maturi-

ty of bread wheat due to higher levels of nitrogen within its  

optimum ranges would be associated with vegetative promoting 

effect of nitrogen. Similar to the present result, Russell (2014) 

indicated that high levels of nitrogen promoted greater vegetative 

development before the beginning of reproductive phase and 

thereby attributed to the delay of and maturity. The present  

result is line with Tariku (2007) who reported that day to heading 

of wheat plants was hastened under lower N rates compared to 

the higher N rates. According to this author the most prolonged 

duration of heading was recorded on plants grown at the rate of 

60.5 kg N ha-1, whereas the shortest duration to heading was  

recorded on plants grown at the lowest amount of nitrogen rate.  

In agreement with the present result, days to maturity were  

increased with the increase of nitrogen rates (Tariku, 2007).  

Unlike the results of the present study, Cock and Ellis (1992)  

reported that optimum level of nitrogen application resulted in 

rapid growth and heading. According to these authors, too little N 

application resulted in slow growth rate and delayed heading, and 

growth, whereas excessive N application kept vegetative growth 

active and eventually finally resulted in delayed heading and  

flowering.  

Table 1. Treatment combinations used for the fertilization of wheat during the study. 

N  Fertilizer rate P Fertilizer  rate Possible treatment  combination 

N1(10.25) 23(P1) NIP1(T1) 

46 (P2) N1P2(T2) 

69 (P3) N1P3(T3) 

92 (P4) N1P4(T4) 

N2(20.5) 23(P1) N2P1(T5) 

46 (P2) N2P2(T6) 

69(P3) N2P3(T7) 

92(P4) N2P4(T8) 

N3(41) 23(P1) N3P1(T9) 

46(P2) N3P2(T10) 

69(P3) N3P3(T11) 

92(P4) N3P4(T12) 

N4(60.5) 23(P1) N4P1(T13) 

46(P2) N4P2(T14) 

69(P3) N4P3(T15) 

92(P4) N4P4(T16) 



12 

 

Vegetative growth of bread wheat as affected by different 

rates of nitrogen and phosphorous 

 

Plant height 

The result of analysis of variance showed that the interactions 

between nitrogen and phosphorous rates were found to be  

significant (P < 0.05) to  plant height at Sayda  while, it was not 

significant at Weleh. It was significantly increased due to main 

effect of Nitrogen (P<0.05) and phosphorus fertilizer application 

at Weleh and on the contrary, it was nosignificant at Sayda 

(Table 2). The average plant height for Sayda and Weleh was in 

the  ranges 76.87 -88.86 cm and 80.93 -86.07 cm,  respectively. 

The highest plant heights (88.86 and 86.07 cm) were recorded 

on conjointly interactions of 60.5N×23P at Sayda and individu-

ally act of 60.5N and 69 P fertilizer rate at Weleh. Whereas the 

shortest plant heights (76.87 cm and 80.10 cm) were recorded 

in the interaction of 10.25N × 23P fertilizer rate and main effect 

of 10.25N and 23P at Sayda and Weleh locations respectively. 

This finding confirms Plant height increasing tendency with  

increasing nitrogen application rates from 10.25 to 60.5 kg N  

ha-1. Consequently, the maximum plant height (85.36 cm) was  

obtained when 60.5 kg ha-1 of N rates was applied to the soil 

followed by application of 41 kg ha-1 N (84.86 cm), which was 

6% higher over lowest rate with the mean of 80.93 cm in  

agreement with the findings of (Kidanu et al., 1999; Abdoulaye 

and Marienville, 1999; Woyema et al., 2012; Haile et al., 2012; 

Fana et al., 2012; Gerba et al., 2013; Kilian et al., 2010).  

Increasing N rate increased plant height mean values for  

nitrogen rates showed that plant height increased with increase 

in nitrogen rates from the control to the highest rate. The  

increased plant height at the highest level of nitrogen was  

probably due to the availability of more nutrients, which helped, 

in the maximum vegetative growth of the wheat plant. This  

result was in line with Khan et al. (2000) who reported that  

increasing nitrogen rates increased the plant height. 

 

Number of total tiller and productive tillers per 1 meter row 

The result of analysis of variance showed that both total tiller and 

productive tiller were not significant (P>0.05) affected by different 

rate of Nitrogen, Phosphorus fertilizer and their interaction at 

both locations (Table 3). It agrees with other reports which found 

that with respect to tiller number there is no significant between 

different N levels of barley (Hordeum vulgare). Dalcorso et al. 

(2014) report that NTT was not significantly affected by N and NP 

interaction. On the contrary, Maqsood et al. (1999) reported that 

the increase in the number of fertile tillers with the increase in 

nitrogen levels could be attributed to the well-accepted role of 

nitrogen in accelerating the vegetative growth of plants.  

 

Yield related traits as influenced by nitrogen and phosphors 

fertilizer 

 

Spike length 

The result of Analysis of variance showed that spike length was 

not significantly (P>0.05) affected by the different rate of  
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nitrogen at both locations. On the contrary, to nitrogen applica-

tion of the different rate of phosphorus fertilizer significantly 

affect spike length at Weleh, while it was nonsignficantly affect at 

Sayda (Table 4). As the rate of Phosphorus increased there was a 

prolonged trend of spike length at Weleh. The interaction  

effect of these factors on the same parameter was not significant 

(P > 0.05). As indicated in (Table 4), the highest rate (92 P kg/ha) 

resulted in the highest spike length (8.03cm) and the lowest num-

ber of spikes (7.68cm) was obtained at the rate of (46Pkg ha-1) 

indicating an increment of P shows a 5% advantage over the blan-

ket recommendation. Generally, each increment in the rate of 

applied P fertilizer resulted in significantly differing spike length. 

 

Number of kernels per spike (NKPS) 

The result of analysis of variance showed that number of  

kernels per spike was significantly (P<0.05) affected by nitrogen 

and Phosphorus fertilizer at both locations. However, the interac-

tion effect of N and P on this parameter was not significant (P > 

0.05). This finding confirms that the highest number of kernels per 

spike (45/ 47) was obtained with the application of NP at the rate 

of 41 kg N / 69P/ha and the lowest kernel per spike (35/42) was 

recorded from the treatment combination of 10.25 N/ha/ 92P/ha 

was applied at Weleh and on the other hand at Sayda 60.5N/46P/

ha was the highest (37/42) and 20.5N/92P/ha was the lowest 

(28/32) (Table 4). As the rate of nitrogen increased there was an i  

trend of number of kernel per spike at both location. On the  

contrary to nitrogen, as the rate of Phosphorus increased there 

was a decrement trend of number of kernel per spike at both  

locations. This finding was in line with the data reported by Ali et al. 

(2003) who observed that an increased application of nitrogen 

increases the number of kernel per spike. Similarly, Kanugo and 

Rout (1994) indicated that increasing nitrogen rate up to optimum 

amount increase number kernels per spike.  

 

Thousand kernel weight (g) 

The result of analysis of variance showed that thousand kernel 

weight was significant (P<0.05) affected by the different rate of 

nitrogen at both locations. In contrast to Sayda different rates 

of phosphorus, fertilizer was significantly affect thousand kernel 

weight at Weleh (Table 4). At both Sayda and Weleh thousand 

kernel weight did not significantly affect by an interaction effect 

of nitrogen and phosphorus fertilizer. This result was in line 

Darota (2003). Moreover, the main effect of neither P nor its 

interaction with N brought any significant change in thousand 

kernel weight. Similar results were reported by Gooding and 

Davies (1997), who, despite increased in yields found a signifi-

cant reduction in thousand kernel weight of wheat by N fertiliz-

er application. Harfe (2007) reported no significant effect of the 

application of different rates of N fertilizer on the thousand 

seed weight of bread wheat. Gurmessa (2002) also indicated 

that neither the main effect of N and P nor their interaction 

brought about significant change in 1000 grain weight. Other 

similar reports by Gooding and Davies (1997), Asrat (2005), 

Lemma et al. (1992) reported that a non-significant effect on 

1000 kernel weight due to different doses of N and P fertilizers. 
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Table 2. Interaction effect of NP Fertilizer rate on plant height of bread wheat at Sayda. 

Fertilizer Treatment 
Plant Height (cm) 

N P 

10.25 23 76.87e 

46 79.86de 

69 80.93cde 

92 87.27ab 
20.50 23 84.53abcd 

46 84.86abcd 

69 83.20abcd 

92 80.93cde 
41.00 23 81.47cde 

46 83.06bcd 

69 86.20abc 

92 86.66abc 
60.5 23 88.86a 

46 83.87abcd 

69 84.86abcd 

92 86.46abc 
Significant difference (N×P)   * 
CV   4.13 
SE±   1.25 

Means followed by the same letter within a column are not significantly different from each other at P< 0.05 according to Fishers LSD; PH = Plant 
height; LSD = Least significant difference; CV=Coefficient of variation. 

Table 3. Main effect of nitrogen and phosphors fertilizer rate on the phenological parameter of bread wheat in 2017 main cropping season at 

Weleh and Sayda.  

Main effect Treatment 

Study site 

        Weleh         Sayda 

HD MD HD MD 

N (Kg) 10.25 57 90.00c 60.00bc 93.00c 

20.5 59 96.00b 65.00ab 95.00bc 
41 57 97.00ab 67.00a 99.00a 

60.5 57 99.00a 66.00ab 96.00ab 
Significant difference ns * * * 

P (Kg) 
  

23 50.00c 96.58 67.67 98.86 
46 55.50b 96.5 64.49 97.2 
69 57.92ab 96.25 65.35 98.98 
92 59.66a 96.66 65.91 96.74 

Significant difference * ns ns ns 
NXP ns ns ns ns 
CV 3.88 0.7 4.45 6.78 
SE± 0.92 1.78 1.72 1.82 

Means followed by the same letter within a column are not significantly different from each other at P< 0.05 according to Fishers LSD; DH = days to 
50% heading; MD; = days to 90% maturity; SE± = standard error =; CV= coefficient of variation. 

N Application 
Interactive effects 

P HI (%) 

10.25 23 36.48ab 
46 21.12de 
69 16.58e 
92 26.26bcde 

20.50 23 21.20de 
46 26.85bcde 
69 26.52bcde 
92 33.62abc 

41.00 23 22.98cde 
46 25.44bcde 
69 33.48abc 
92 41.55a 

60.5 23 22.56bcde 
46 24.97bcde 
69 29.00bcd 
92 30.40abcd 

Significant difference (N×P)   * 
CV   4.13 
SE±   1.25 

Means followed by the same letter within a column are not significantly different from each other at P< 0.05 according to Fishers LSD; HI = Harvest 
Index; LSD = Least significant difference; CV=Coefficient of variation.  

Table 4. Interaction effect nitrogen and phosphors fertilizer rate on harvest index of bread wheat at Sayda Location.  
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Increased number of spikelets per spike and vigorous vegetative 

growth owing to high N application induce competition for  

carbohydrate available for grain filling and spikelet formation 

Hasegawa (1994). This reduced the grain weight because of 

insufficient supply of carbohydrate to the individual grain. 

 

Straw yield (kg ha-1) 

The result of analysis of variance revealed that straw yield was 

not significantly affected (P>0.05) by the main effect of nitrogen 

and phosphorus at Sayda and their interaction at both locations 

(Tables 6). In contrast, the main effect of the nitrogen and phos-

phorus fertilizer rate was significant (P < 0.05), influencing the 

straw yield (Table 6).  It increased with the increasing trend of N, 

the lowest straw yield was recorded at the lowest (6247kg ha-1) 

rate of nitrogen whereas the highest recorded was at the  

highest rate (7370 kg ha-1) at Weleh. The maximum straw yield 

of 7370kg ha-1was obtained with an application rate of 60.5Kg/

ha which had 15 % advantage over the lowest rate N similar 

trend was observed by (Teklu and Hailemariam, 2009; Woyema 

et al., 2012; Fana et al., 2012; Haile et al., 2012). In terms of  

phosphorous fertilizer rate, the highest straw yield was  

recorded at a 46kg ha-1 rate of P (7400kg ha-1) as compared to 

the highest rate of P(5300kg/ha-1) with a statistical significance 

of (P>0.05). This result has been confirmed with the result of 

(Haileselassie et al., 2014). 

 

Biomass yield (kg ha-1) 

The result of analysis of variance showed that biological yield of 

bread wheat was significantly (P<0.05) affect by both main  

effects of nitrogen and phosphorous fertilizer, but the exception-

ally interaction effect was not significantly affect at Weleh. On 

the contrary, to Weleh, both main effect, as well as their interac-

tion, did not significantly affect biological yield at Sayda. Biologi-

cal yield is the sum total of all dry matter produced through physi-

ological and biochemical processes occurring in the plant system. 

Biological yield is an important factor because farmers are also 

interested in straw in addition to grain. Increased biomass  

production was observed with increasing rates of N; due to this 

reason application of 60.5 kg N ha-1 increased the relative  

biomass by 1930.62 kg ha-1
 (19.36%) than the blanket recommen-

dation. The highest (9970.62 kg ha-1) and lowest (8860kg ha-1) 

total biological yields were obtained with the application of 60.5 

kg N/23P /ha and (10.25N/46P), respectively at Weleh (Table 6). 

Generally, as N rates increased, the total biological yield also  

increased. Increase and decrease in biomass yield did not show a 

consistent trend with respect to P level increment. 

The current results agree with the extent of yield component's 

response to nitrogen fertilizer be contingent on the expanse or 

quantity of the nutrient supplied (Teklu and Hailemariam, 2009; 

Woyema et al., 2012; Fana et al., 2012; Haile et al., 2012; and 

Gerba et al., 2013). Similarly, the nitrogen application enhanced 

the vegetative growth of the wheat crop, which ultimately  

increased biological yield with an increase in biological yield 

Allam (2003). The result obtained from this study was similar to 

the research findings of Haile et al. (2012) who reported that as 

N rate increased the biological yield also increased. 

Table 5. Main effect of nitrogen and phosphorus fertilizer rate on grain yield and yield related trait of bread wheat in 2017 main 
cropping season at Weleh and Sayda. 

Main effect Treatment 
Weleh Sayda 

SY(kg/ha) BY(kg/ha) GY(kg/ha) SY(kg/ha) 
BY(kg/
ha) 

GY(kg/
ha) 

HI(% 

N 

10.25 6400.40bc 8860.60bc 2260.20c 
1.80

(7099.80) 
9340.30 2240.50 27.26 

20.5 6247.70b 9008.60b 2760.90a 
1.80

(5970.10) 
8220.10 2430.70 27.91 

41 7650.00a 9650.00ab 2300.00c 
1.78

(5859.40) 
8260.30 2400.90 29.87 

60.5 7370.62ab 9970.62a 
2600.00a

b 
1.73

(6506.90) 
8707.30 2230.10 29.77 

Significant 
difference 

* * * ns ns ns ns 

P 

23 6550.70ab 9270.80a 2720.10 
1.76

(6409.60) 
8770.50 2360.90 26.72 

46 7470.60bc 8040.80b 2420.30 
1.79

(6916.20) 
9306.40 2390.20 26.74 

69 5329.70b 9090.00ab 2710.30 
1.77

(6090.60) 
8390.60 2300.60 26.88 

92 6149.80a 8560.10c 2410.30 
1.75

(5121.90) 
7502.30 2380.40 26.98 

Significant 
difference 

* * ns ns ns ns ns 

Significant difference 
(N×P) 

  ns ns ns ns ns ns ns 

CV   24.25 16.15 405 8.10 16.15 12.71 9.94 
SE±   517.14 116.45 402.98 115 222.17 311.26 2.27 

Means followed by the same letter within a column are not significantly different from each other at P< 0.05 according to Fishers LSD; SY = Straw 
Yield; BY=Biological Yield;  G.Y; =Grain Yield; HI = Harvest Index; SE± =Standard Error =; CV=Coefficient of variation. 
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Table 6. Correlation coefficient of various parameters of wheat at Weleh. 

Parameters HAD MD PH SL TKW  SY   BY  GY HI 

HAD 1.000        

MD 0.5* 1.000       

PH -0.085ns -0.088ns 1.000      

NTT 0.071ns -0.066ns -0.021ns      

NET 0.241ns -0.098ns -0.098ns      

SL 0.241ns 0.098* -0.098* 1.000     

TKW 0.024ns -0.092ns -0.338ns 0.030ns 1.000    

SY -0.186ns 0.003ns 0.124ns -0.091ns -0.067ns 1.000   

BY 0.14ns  0.54ns 0.11ns 0.01ns 0.35ns 0.8*     

GY 0.20ns 0.18ns 0.23* 0.02ns 0.00ns -0.077ns 1.000   

HI 0.203ns 0.042ns -0.209ns -0.051ns -0.227ns 0.140ns 0.56* 1.000 

HD= Heading date, MD=Maturity date, PH= Plant height, SL=Spike length, NKPS=Number of kernel per spike, BM=Biomass Yield, SY=Straw yield, 
TKW=Thousand kernel weight, HI =Harvest index and GY=Grain yield. 

Table 7. Main effect of nitrogen and phosphorus fertilizer rate on grain related trait of bread wheat at Weleh and Sayda. 

Main Effect Treatment 
Weleh Sayda 

SL(Cm) NKPS TKW(Gr) SL(Cm) NKPS TKW(Gr) 

N 10.25 7.58 41ab 32.77ab 7.62 32ab 18.02c 
20.50 7.73 39ab 25.26c 7.52 28bc 22.50ab 
41.00 7.66 45a 29.26b 7.96 30ab 20.66b 
60.50 7.90 35c 37.73a 7.73 37a 23.33a 
Significant difference ns * * ns * * 

P 23 7.68ab 46ab 83.75ab 7.78 33bc 21.66 
46 7.42c 43c 93.64a 7.72 42a 21.52 
69 7.69 b 47a 83.96ab 7.60 39ab 20.83 
92 8.03a 42bc 75.23b 7.78 32c 22.52 
Significant difference * * * ns * ns 

Significant  
difference (N×P) 

  ns ns ns ns ns ns 

CV   7.38 10.32 21.47 0.22 7.15 17.69 
SE±   0.22 1.69 2.87 7.15 21.47 1.51 

Means followed by the same letter within a column are not significantly different from each other at P< 0.05 according to Fishers LSD; SL = Spike 
Length; NKPS=Number Kernel per Spike;  TKW =Thousand Kernel Weight; SE± =Standard Error =; CV=Coefficient of variation. 

Table 8. Correlation coefficient of various parameters of wheat at Sayda. 

Parameter HD MD PH SL NKPS BM SY TKW HI GY 

HD 1.000           
MD  0.6* 1.000          
PH 0.058ns -0.304ns 1.000         
SL 0.034ns 0.031ns -0.057ns 1.000        
NKPS 0.034ns 0.031ns -0.057* 0.122ns 1.000       
BM 0.018ns 0.024ns -0.051ns 0.177* 0.177ns   1.000     
SY -0.166ns 0.104ns 0.157* -0.156ns -0.156ns   0.7**  1.000     
TKW -0.447ns 0.070ns -0.174* -0.141ns -0.141ns -0.022ns -0.188ns 1.000     
 HI 0.34ns 0.38ns 0.54ns 0.06ns 0.07ns -0.7* -0.6* 0.33ns 1.00   
GY -0.441ns 0.091ns -0.174ns -0.125ns      0.5** -0.019    -0.63* 0.993***  -0.08ns 1.000 

HD= Heading date, MD=Maturity date, PH= Plant height, SL=Spike length, NKPS=Number of kernel per spike, BM=Biomass Yield, SY=Straw yield, 
TKW=Thousand kernel weight, HI =Harvest index and GY=Grain yield. 

Table 9. Comparison of net benefit with respect to the marginal rate of return at Sayda. 

Treatment  
(N×P) 

Unit price 
Qt-1 

GY  
(Qt ha-1 ) 

SY  
(Qt  ha-1 ) 

Unit price 
Qt-1 

TGB  
(Eth. birr/ha) 

TVC  
Eth. birr) 

NB  
(Eth. bir) 

DA MRR (%) 

10.25/23.00 2500 23.03 58.66 150 66368.12 447.50 62952.50   - 

10.25/46.00 2500 21.50 90.43 150 67308.89 561.59 69038.41   724.00 

10.25/69.00 2500 25.00 89.22 150 75883.49 780.83 67219.17 D - 

10.25/92.00 2500 23.67 58.99 150 68026.93 789.85 67510.15 D - 

20.50/23.00 2500 24.56 68.22 150 77732.71 894.93 82455.70   3331.46 

20.50/46.00 2500 24.32 61.62 150 70032.54 1018.11 79981.89 D - 

20.50/69.00 2500 23.00 65.02 150 68730.48 1114.17 77835.83 D - 

20.50/92.00 2500 24.40 61.77 150 70255.88 1123.19 70626.81 D - 

41.00/23.00 2500 24.24 61.93 150 69877.50 1228.26 81621.74 D - 

41.00/46.00 2500 23.19 55.84 150 66346.93 1447.50 63802.50 D - 

41.00/69.00 2500 23.19 55.78 150 66338.04 1456.52 68043.48 D - 

41.00/92.00 2500 24.88 57.22 150 70780.80 1561.59 53488.41 D - 

60.50/23.00 2500 15.30 35.39 150 43553.34 1684.78 52065.22 D - 

60.50/46.00 2500 19.89 59.53 150 58647.46 1789.85 60960.15 D - 

60.50/69.00 2500 24.56 44.25 150 68030.62 2018.11 64981.89 D - 

60.50/92.00 2500 24.56 45.72 150 68251.01 2180.00 73820.00 D - 

TVC, GB, NB and MRR, Total gross benefit, Total variable cost, Net benefit and marginal rate of return, respectively. 
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Harvest index (%) 

The result of analysis of variance indicated that harvest index of 

bread wheat was not significant (P>0.05) affect by the main ef-

fect of different rate of nitrogen and phosphorous fertilizer at 

both locations. While the interaction effect of nitrogen and 

phosphorous fertilizer was significantly (P<0.05) affect harvest 

index at Weleh, but it was not significant (P>0.05) affect at 

Sayda. As nitrogen increase from 10.25 to 41  and phosphorous  

increase from 69 to 92 Harvest index shows  an increment trend  

from 16.58 to 41.55 this result agreed with Harfe (2017)  whose 

result indicate that 34  to 38 an increment trend. Harvest index 

is an indicator of dry matter partitioning towards the reproduc-

tive organs. The highest was a record on 41×92NP (41.55) but 

the lowest harvest index (16.58%) was obtained with the lowest 

treatment combination 20.5N×23P.  

 

Grain yield (kg ha-1) 

The result of analysis of variance showed that grain yield of 

bread wheat was not significantly (P>0.05) affect by different 

rate of phosphorous fertilizer as well as though their interaction 

effect at both locations (Table 6). However, application of the 

different rate of nitrogen fertilizer significantly (P<0.05) affect 

grain yield at Weleh but it was not significant at Sayada. The 

mean values for the grain yield were observed at Weleh in the 

range from 2300 kg ha-1 to 2700 kg ha-1. The maximum grain 

yield of 2700 kg ha-1 was obtained in plots that had a nitrogen 

rate of 20.50 kg ha-1 and the lowest was achieved at a rate of 41 

kg ha-1.This finding is in line with Haileselassie et al. (2014) in 

which grain yields of wheat were not significantly affected by 

the main effect of phosphorus. In line with Darota (2003), yields 

of wheat were not affected significantly due to the interaction 

effect of nitrogen and phosphorus fertilization in both experi-

mental fields. The amount of nitrogen applied also significantly 

affected grain yield. Grain yield increased as the amount of  

nitrogen increased from the low level to 41 kg ha-1. This result 

agrees with the other finding (Teklu and Hailemariam, 2009; 

Woyema et al., 2012; Fana et al., 2012; Haile et al., 2012; Gerba 

et al., 2013). The highest grain yield of any crop is the result of 

the positive relationships of most yield components due to  

nitrogen fertilizer application (Teklu and Hailemariam, 2009; 

Fana et al., 2012; Haile et al., 2012; Gerba et al., 2013). The  

solicitation of N at the rate of 20.5 kg N/ha resulted in highest 

grain yield, which was significantly higher than N applied at the 

rates of 10.25, 41 and 60.5 kg/ha.  

 

Correlation analysis 

 Heading date and maturity date, show significant positive  

correlation and biomass yield and harvest index were signifi-

cantly  negatively correlate at both location. The result revealed 

that grain yield with harvest index were significantly positively 

while grain yield with thousand kernel weight correlate non 

significantly positively at both location. Thousand kernel weight 

and spike length was correlating no significantly positively  

correlate and harvest index was strongly and positively corre-

lated with grain yield at both locations. Beside biomass yield 

was negative non-significantly correlated harvest index at  

sayada while at Weleh the correlation was significantly negative 

(Tables 7, 8).  

 

Partial budget analysis 

In the present study, the costs for the NP fertilizer rates were 

considered as variable cost where as other costs were constant 

for each treatment. In order to recommend the present finding 

in the study area, it is necessary to estimate the minimum rate of 

return acceptable to producers in the recommendation domain. 

Based on partial budget analysis 20.5/23NP had better than in 

terms of net benefit (82455.07) and MRR (33.31) than 

10.25/46NP  which had the net benefit of (69038.41) and  MRR 

(7.24) even though both were situated in the acceptable range 

at Sayda. At Weleh 10.25/46 NP  fertilizer rate had highest MRR

(55.34) and lowest net benefit (68404), while 20.5/23NP had 

the highest net benefit(84355.07) but its MRR was lower as 

compared to 10.25/46 NP fertilizer rate (Figure 2; Tables 9  

and 10).  

 

Conclusion 

 

The result of this study clearly indicates that using a different 

NP rate of fertilizer had no significant effect on the number of 

total and effective tillers in both locations. Similarly, at Sayda,  

different rate of nitrogen and phosphorus fertilizers did not 

show a significant effect on biomass yield, Straw yield, and grain 

Yield. While phenological parameters , and yield-related attrib-

utes were significantly affected by both main effects of nitrogen 

and phosphorus fertilizer. At Weleh Harvest, the index was  

significantly affected by the interaction of nitrogen and phos-

phorous fertilizers. Moreover numbers of kernels per spike and 

grain yield were significantly affected by nitrogen fertilizer  

application. Generally, application of the different rate of  

nitrogen fertilizer was affected grain yield and yield related 

traits. Therefore, from this finding, it is possible to conclude that 

20.5 N kg ha-1 with 23 kg ha-1 phosphorous fertilizer rate was 

better in terms of attainable yield and net benefit as compared 
Figure 2. Graphical presentation of partial budget analysis at Sayda.  
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to the blanket recommendation and other treatment combina-

tions. Therefore, based on the above data most parameters and 

grain yield were statically significantly affected by main effect of  

nitrogen as well as main effect of phosphorous fertilizer and 

their interaction at Weleh where as at sayada grain yield was 

not significantly affected by both main effect of nitrogen and 

phosphorus fertilizer. Therefore, from this finding, it is possible 

to recommend that 20.5 N kg ha-1 with 23 kg ha-1 phosphorous 

fertilizer rate is an appropriate and economically feasible for 

Sekota -1 variety in the study area and similar agro-ecologies. 

However, this finding was based on the one-year data or  

environment so it is better to repeat on wider temporal and 

spatial scale for a better result.  
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 An experiment was conducted at the Agronomy Field Laboratory, Bangladesh Agricultural 

University, Mymensingh during November 2017 to April 2018 to study the effect of date of 

harvesting on the yield and quality of tropical sugar beet. The experiment comprised seven 

varieties viz. SV 889, SV 892, SV 893, SV 894, SZ 35, KWS Serenada and KWS Danicia and two 

dates of harvesting viz. 135 days after sowing (DAS) and 155 DAS. The experiment was laid 

out in a randomized complete block design with three replications. Variety, date of harvesting 

and their interaction showed significant effect on crop characters, beet yield and juice quality 

of tropical sugar beet. The highest beet length (23.50 cm), individual beet weight (591.6 g) and 

beet yield (59.16 t ha-1) were recorded in SV 894 while the highest brix (15.42%) was observed 

in SV 893. The lowest beet yield (40.25 t ha-1) and brix (13.92 %) were observed in KWS 

Danicia. In case of date of harvesting, the highest beet length (24.26 cm), beet girth (25.40 cm), 

individual beet weight (536.07 g) and beet yield (53.60 t ha-1) were observed at 155 DAS  

harvest while the highest brix (14.66%) was recorded at 135 DAS harvest. In interaction, the 

highest beet length (25.67 cm), individual beet weight (681.2 g) and beet yield (68.12 t ha-1) 

were recorded in SV 894 with 155 DAS harvest whereas the lowest beet yield (32.03 t ha-1) 

was recorded in the interaction in KWS Danicia with 135 DAS harvest. From this study, it may 

be concluded that SV 894 appears as the promising variety that can be harvested at 155 DAS. 
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INTRODUCTION 

 

Sugar beet (Beta vulgaris L.), the second source of sugar all over 

the world belongs to the member of the Chenopodiaceae family. 

It is a temperate crop whose root contains high concentration of 

sucrose and is successfully grown on a commercial scale for  

sugar production. The international company Syngenta devel-

oped and successfully introduced a new sugar beet that can be 

grown under tropical climatic condition, which is known as trop-

ical sugar beet. Sugar beet contributes about 30% of the world’s 

sugar for human consumption (Bairagi et al., 2013). This crop is 

also a promising alternative energy crop for the production of 

ethanol. In Bangladesh, about 25% sugar demand meeting  

domestically from sugarcane and rest 75% sugar demand is  

fulfilled by importation (Rahman et al., 2016). Sugar beet  

matures within 5 to 6 months and its root contains 16-19%  

sucrose with a recovery of 12-14%.  

Sugarcane is a long duration crop thus farmers are discouraged 

to continue its production and moving towards short duration 

crop like maize and vegetables for higher profit. In this regard, 

sugar beet might be an excellent alternative of sugarcane if pro-

cessing facilities are developed in the sugar mills. In Bangladesh,  

most  of  the  sugar  mills  remain  idle  for  a  particular  period 

due to acute  shortage  of  sugarcane.  On the other hand, sugar 

http://crossmark.crossref.org/dialog/?doi=10.26832/24566632.2019.040103&domain=pdf
https://orcid.org/0000-0002-0163-3251
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beet crop matures in March-April when the crushing season of 

sugarcane is nearly over in our country. In this situation sugar 

beet is coming up as the best alternative of sugarcane for  

production of sugar and ethanol. Feasibility of sugar beet  

cultivation in Bangladesh is under trial although some people 

are growing low sucrose containing genotype as salad and vege-

table purposes. Thus, it is necessary for selection of suitable 

genotype to promote sugar beet as supplementary sugar based 

cropping system in Bangladesh. The performance of tropical 

sugar beet varieties was reported by Rahman et al. (2006) and 

Hossain et al. (2011). Suitable variety with proper fertilization 

influences the growth, yield and sugar recovery of tropical sugar 

beet (Seadh et al., 2013 and Bairagi et al., 2013). 

Harvesting age is one of the main factors which directly affects 

the maturity consequently juice quality. Delay in harvest  

enhanced root yield and extractable sugar content was reported 

by Lauer (1995). Delay harvest increased in sugar content in 

roots in comparison with the earliest harvest (Shalaby et al., 

2011). Abo-El Magd et al. (2003) noticed that delay harvest  

significant increase the root length, diameter, root fresh weight 

plant-1, sucrose%, as well as root and sugar yields fed-1. Azzazy et 

al. (2007) and El-Sheikh et al. (2009) harvested sugar beet varie-

ties at 210 days from sowing and found significant improvement 

on root weight, sucrose%, impurities, i.e. Na% and K%, as well as 

root and sugar yields fed-1, than the other two harvest dates 180 

and 195 days from sowing in both seasons. Postponement of the 

time of harvest increased average root yield of sugar beet was 

reported by Heidari et al. (2008). From the above discussion it 

seems that suitable genotype and time of harvesting is very  

important for maximizing yield and quality of sugar beet. There-

fore, the present study was undertaken with a view to evaluat-

ing some tropical sugar beet genotypes with various harvesting 

time under Bangladesh condition.   

 

MATERIALS AND METHODS 

 

Experimental site and experimentation 

The experiment was carried out at the Agronomy Field  

Laboratory, Bangladesh Agricultural University, Mymensingh 

during November 2017 to April 2 0 1 8 . The experimental field 

was located at 24075'N latitude and 90050'E longitude at an 

average altitude of 18 m. It belongs to non-calcareous dark grey 

floodplain soil under the Sonatala series of the Old Brahmaputra 

Floodplain under Agro-Ecological Zone (AEZ-9) (UNDP and 

FAO, 1988). The soil was silty loam in texture having pH 6.8 and 

low in organic matter content (1.67 %). 

The experiment comprised seven varieties viz. SV 889, SV 892, 

SV 893, SV 894, SZ 35, KWS Serenda and KWS Danicia and two 

harvesting dates viz. 135 DAS and 155 DAS with three replica-

tions. The experiment was conducted in a randomized complete 

block design with 3 replications. The size of the unit plot was 5.0 

m2 (2.5 m × 2.0 m). Each block was separated by 1.0 m. The  

distances between two adjacent plots were 0.5 m. The experi-

mental land was ploughed well by tractor on 9 November, 2017. 

The deep ploughing and cross ploughing were done four times 

followed by leveling with a ladder. The corners of the experi-

mental field were trimmed by spade and large colds were broken 

into small pieces by wooden hammer. Weeds, stubble and crop 

residues were removed from the field and the land were ready 

for a laying out the experiment on 20 November 2017.  The land 

was uniformly fertilized with N-P-K-S-Zn-B at the rate of 135-

25-133-18-3.5-1.2 kg ha-1 through Urea, Tripple super phos-

phate (TSP), Muriate of Potash (MoP), Gypsum, Zinc Sulphate, 

and Boric acid. The whole amount of TSP, MoP, Gypsum, Zinc 

Sulphate and Boric acid were applied at final land preparation. 

Urea as top dressed in three equal splits at 20, 40 and 60 day 

after sowing (DAS). Seed of seven genotypes were sown on 24 

November 2017 after soaking in water where the distance be-

tween two lines was 50 cm and seed to seed 20 cm. Two seeds 

were placed in a hill. Four hand weeding were done very careful-

ly at 15, 30, 45 and 60 DAS. Thinning and gap filling were done 

after three weeks of sowing to maintain proper plant population. 

Irrigations were done four times at 40, 60, 90 and 120 DAS. 

Drains made during earthing up were used for irrigation and 

drainage purpose. Some plots were infected by sclerotium root 

rot disease. The fungicide named Ridomil gold was sprayed @ 

5ml L-1 of water by hand sprayer. The harvesting was done two 

times according to treatment. The first harvesting of each was 

completed on 08 April 2018 (135 DAS) and the second harvest-

ing was done on 27 April 2018 (155 DAS).  

 

Measurement of leaf chlorophyll content 

Determination of Soil-Plant-Analysis Development (SPAD)  

Value. Leaf chlorophyll content may be used as an indirect  

indicator of crop N status. With the help of SPAD meter (Model 

SPAD-502, Minolta crop, Ramsey, NJ), chlorophyll content of 

tropical sugarbeet was measured during harvest. The instru-

ment measures transmission of red light at 650 nm, at which 

chlorophyll absorbs light, and transmission of infrared light at 

940 nm, at which no absorption occurs. The chlorophyll meter 

readings have been positively correlated with destructive  

chlorophyll measurements in many crop species (Zhu et al., 

2012). The instrument calculates a SPAD value on the basis of 

these two transmission values that is well correlated with  

chlorophyll content. 

 

Yield components and yield  

After harvesting, plants were washed and cleaned by removing 

dead and dried leaves and soil adhering to beets. Data on plant 

characters and yield components were recorded from ten  

randomly selected plants from each plot at every harvest. Beet 

yield was recorded from the whole plot harvest and converted 

to t ha-1. 

 

Brix (%) measurement in beet juice 

Refractometer (ATAGO) is used to measure this parameter.  

It was used twice at 135 DAS and 155 DAS (at harvest)  

respectively. Five beets of each plot were collected. The outside 

skin of sugar beet root was removed with the help of a sharp 

knife and sliced into small pieces as well as to extract a drop of 
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juice by using mortar and pestle. Then the juice was transferred 

into the prism of the Refractometer and also closed the day light 

plate to get the accurate measurement of brix (%) observed by 

eyepiece and averaged the value to get mean data per plot.  

 

Statistical analysis 

All the collected data were analyzed using analysis of variance 

(ANOVA) technique and the significance of mean differences 

were measured by Duncan’s Multiple Range Test (DMRT) as 

described by Gomez and Gomez (1984). 

 

RESULTS AND DISCUSSION 

 

Plant height 

A significant variation in plant height was observed due to  

variety. Plant height measured due variety ranged from 35.83 

cm to 42.00 cm (Table 1). The tallest plant (42.00 cm) was  

recorded in SV 893 which was statistically identical with SV 892 

(41.33 cm) and shortest one (35.83 cm) was found in KWS 

Danicia. It might be occurred due to the variability of genetic 

inherent characters in the varieties. This result also corroborat-

ed with Paul et al. (2018a) who reported that plant height differs 

with variety. Plant height significantly influenced by date of  

harvesting. The taller plant (40.71 cm) was recorded at 135 DAS 

harvest and the shorter one (37.21 cm) was found at 155 DAS 

harvest. Delay harvest showed shorter plant due to broader leaf 

died in course of time. The interaction between varieties and 

date of harvesting had significant influence on plant height. The 

tallest plant (45.17 cm) was obtained in SV 892 with 135 DAS 

harvest which was statistically identical with SV 893 (42.67cm) 

at 155 DAS harvest and the shortest plant (33.50 cm) was  

recorded in KWS Danicia with harvest at 155 DAS (Table 3). 

Similar result was reported by Oldemeyer et al. (1997) who  

reported that plant height increased up to 120 DAS. 

 

Number of leaves plant-1 

The number of leaves plant-1 was ranged from 11.16 to 12.86 

(Table 1). The highest number of leaves plant-1 (12.86) was  

obtained in SV 892 which was statistically identical with SV 889 

and SV 893 while the lowest number of leaves plant-1 (11.16) was 

recorded in SZ 35. The number of leaves plant-1 varies with differ-

ent genotypes due to different environmental condition that was 

reported by Islam et al. (2012). Leaf number differed significantly 

at different date of harvesting. The influence of date harvesting on 

leaf number was maximum (13.53) at 135 DAS harvest where the 

minimum leaf number plant-1 (10.76) was found at 155 DAS  

harvest. The vegetative period of sugar beet was longer and this 

vegetative period increased leaf number plant-1 in course of time 

and declined at harvest. Similar result was reported by Paul et al. 

(2018a). Leaf number had significant variation due to interaction 

between variety and harvesting time. The maximum leaf number 

plant-1 (14.67) was observed in KWS Danicia with date of harvest-

ing at 135 DAS which was at par with SV 889 (14.28) at 135 DAS 

harvest and the minimum leaf number plant-1 (9.67) was found in 

SV 894 with the date of harvesting at 155 DAS.  
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Leaf chlorophyll content 

The chlorophyll content of leaves (SPAD value) of TSB in differ-

ent varieties showed substantial differences at harvesting time. 

The SPAD value during harvesting time ranged from 32.30 to 

40.92 (Table 1). The highest SPAD value (40.92) was obtained in 

SV 893 that was statistically identical with SV 889 (40.22) while 

the lowest one (32.30) was recorded in KWS Serenada. Chloro-

phyll contents in leaves (SPAD value) were influenced  

significantly due to date of harvesting.  Chlorophyll contents 

were significantly higher (42.79) at 135 DAS harvest while  

lower value (33.74) was recorded at 155 DAS harvest (Table 2). 

Similar trend was reported by Paul et al. (2018a) and Paul et al. 

(2018b) who noticed that chlorophyll contents started to  

reduce due to maturity at harvest. The interaction between 

varieties and date of harvesting influenced significantly on 

SPAD value. The contribution of variety and date of harvesting 

for variation in SPAD value indicated that leaf area was the 

most influential factor for determining SPAD than the other 

parameters. The highest value (48.13) was observed in SV 893 

with the harvesting date at 135 DAS which was similar to SV 

889 (46.65) at the same harvesting date whereas the lowest one 

(28.77) was found in KWS Serenada with 155 DAS harvest.  

Usually chlorophyll content in leaves of sugar beet increased 

sharply in course of time up to 80 DAS and thereafter declined 

until harvesting. Chlorophyll content was maximum at 135 DAS 

harvest rather than at 155 DAS.  

 

Shoot length 

Shoot length was significantly influenced by variety. Shoot 

length due to variety ranged from 30.83 cm to 38.00 cm (Table 

1). The longest shoot length (38.00 cm) was obtained in SV 892 

followed by the variety KWS Serenada (34.83 cm) and the 

shortest one (30.83 cm) was recorded in KWS Danicia. It might 

be caused due to the variability of genetic makeup in the varie-

ties. The length of leaves was statistically significant due to the 

influence of date of harvesting. The highest shoot length was 

recorded maximum (34.47 cm) at 135 DAS harvest where the 

minimum shoot length (32.38 cm) was obtained at 155 DAS 

harvest. Reduction of shoot length occurred from early to  

second harvest that was reported by Shewate et al. (2009). 

Shoot length significantly varied due to interaction between 

varieties and date of harvesting. The longest shoot (40.83 cm) 

was obtained in SV 892 associated with the date of harvesting 

at 135 DAS followed by KWS Serenda with harvesting date at 

135 DAS and the shortest shoot (29.17 cm) was achieved with 

KWS Danicia with 155 DAS harvest (Table 3). 

 

Top weight plant-1 

The variation due to varieties was significant for plant top 

weight (Table 1). Result showed that the top weight observed 

due to variety ranged from 82.92 g to 121.0 g plant-1. The  

maximum top weight plant-1 (121.0 g) was recorded in SV 889 

followed by SV 892 (102.9 g) and the lowest one (82.92 g) was 

observed in SZ 35. Top weight showed a significant response to 

date of harvesting. The result indicated that the maximum value 
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(115.9 g) for top weight plant–1 was observed at 135 DAS  

harvest whereas the minimum value (84.07 g) was recorded at 

155 DAS harvest (Table 2). Similar result was reported by  

Heidari et al. (2008), who showed that top weight of sugar beet 

became lower due to leaf maturity at delay harvesting. Top 

weight plant–1  showed a significant response due to interaction 

effect of varieties and date of harvesting. The maximum top 

weight plant–1 (152.0 g) was recorded in SV 889 with 135 DAS 

harvest followed by SV 892 (125.0 g) with 135 DAS harvest 

whereas the minimum top weight plant–1 (70.50 g) was found in 

SZ 35 with 155 DAS harvest (Table 3). 

 

Top yield 

Top yield showed a significant response to varieties. Top yield 

affected due to variety ranged from 8.29 to 12.10 t ha-1 (Table 

1). The highest top yield (12.10 t ha-1) was obtained in SV 889 

followed by SV 892 (10.29 t ha-1) and the lowest top yield (8.29 t 

ha-1) was recorded in SZ 35. Top yield of sugar beet was signifi-

cantly influenced by date of harvesting. The top yield of sugar 

beet was higher (11.59 t ha-1) at 135 DAS harvest and the lower 

top yield (8.40 t ha-1) was recorded at 155 DAS harvest. Top 

yield was influenced by weather condition and duration of sugar 

beet harvesting (Heidari et al., 2008). Top yield showed a signifi-

cant response due to interaction effect of variety and date of 

harvesting. The maximum top yield (15.20 t ha-1) was recorded 

in SV 889 with 135 DAS harvest followed by SV 892 (12.50 t  

ha-1) with 135 DAS harvest whereas the minimum top yield 

(7.05 t ha-1) was found in SZ 35 with 155 DAS harvest. 

Table 1. Effect of variety on the crop characters, yield components, yield and quality of tropical sugar beet. 

Variety 
Plant 

height 
(cm) 

No. of 
leaves 
plant-1 

  

Chlorophyll 
content 
(SPAD  
value) 

Shoot 
length 

(cm) 

Top 
weight 
plant-1 

(g) 

Top 
yield 

(t ha-1) 

Beet 
length 

(cm) 

Beet 
girth 
(cm) 

Individual 
beet 

weight (g) 

Beet 
yield 

 (t ha-1) 

Brix 
(%) 

SV 889 39.30b 12.14ab 40.22a 33.27bc 121.0a 12.10a 22.75ab 23.00bc 506.1b 50.61b 15.00a 

SV 892 41.33a 12.86a 40.19a 38.00a 102.9b 10.29b 22.58ab 26.50a 494.5b 49.45b 14.17b 

SV 893 42.00a 12.14ab 40.92a 32.50cd 99.92b 9.993b 20.83c 22.83bc 423.3c 42.33c 15.42a 

SV 894 38.97b 11.78bc 39.81a 31.58cd 99.25b 9.926b 23.50a 23.92b 591.6a 59.16a 14.33b 

SZ 35 38.42bc 11.16c 36.55b 33.00bc 82.92c 8.292c 21.42c 21.67c 429.2c 42.92c 14.33b 

KWS  
Serenada 

36.89cd 12.11ab 32.30c 34.83b 97.17b 9.717b 22.42b 24.00b 467.9b 46.79b 14.17b 

KWS 
Danicia 

35.83d 12.84a 37.90b 30.83d 96.75b 9.675b 22.42b 24.25b 402.5c 40.25c 13.92b 

Sx 0.646 0.271 0.608 0.629 3.59 0.219 0.307 0.444 13.17 1.31 0.211 

Level of 
significant 

** ** ** ** ** ** ** ** ** ** ** 

CV (%) 4.06 5.46 3.89 4.60 8.80 5.37 3.38 4.58 6.81 6.81 3.57 

In a column, mean values with same letter (s) or without letter do not differ significantly whereas mean values with dissimilar letter differ  
significantly (as per DMRT); ** =Significant at 1% level of probability. 

Table 2. Effect of date of harvesting on the crop characters, yield components, yield and quality of tropical sugar beet. 

Time of 
harvesting 

Plant 
height 

(cm) 

No. of 
leaves 
plant-1 

  

Chlorophyll 
content 
(SPAD  
value) 

Shoot 
length 

(cm) 

Top 
weight 
plant-1 

(g) 

Top 
yield 

(t ha-1) 

Beet 
length 

(cm) 

Beet 
girth 
(cm) 

Individual 
beet 

weight (g) 

Beet 
yield 

 (t ha-1) 

Brix 
(%) 

135 DAS 40.71a 13.53a 42.79a 34.47a 115.90a 11.59a 20.28b 22.07b 411.09b 41.11b 14.66a 

155 DAS 37.21b 10.76 b 33.74b 32.38b 84.07b 8.40b 24.26a 25.40a 536.07a 53.60a 14.28b 

Sx 0.345 0.144 0.324 0.335 1.91 0.117 0.164 0.237 7.04 1.31 0.112 

Level of 
significant 

** ** ** ** ** ** ** ** ** ** * 

CV (%) 4.06 5.46 3.89 4.60 8.80 5.37 3.38 4.58 6.81 6.81 3.57 

In a column, mean values with same letter (s) or without letter do not differ significantly whereas mean values with dissimilar letter differ signifi-
cantly (as per DMRT); ** =Significant at 1% level of probability, * =Significant at 5% level of probability. 
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Beet length 

The beet length affected due to variety ranged from 20.83 cm to 

23.50 cm (Table 1). The longest beet (23.50 cm) was obtained in 

SV 894 which was at par with SV 889 (22.75 cm) and SV 892 

(22.58 cm) while the shortest beet (20.83 cm) was recorded in SV 

893. Inherent characters of plants are responsible for variation in 

beet length. Beet length differs with variety that was reported 

elsewhere (Paul et al., 2018a; Paul et al., 2018b; Bairagi et al., 2013 

and Islam et al., 2012). There was a significant effect of date of 

harvesting on beet length. The longest beet (24.26 cm) was  

observed when it was harvested at 155 DAS whereas the lowest 

beet (20.28 cm) was recorded from the date of harvesting at 135 

DAS. Beet length increased gradually from first harvest to second 

harvest. This result was similar to Aly (2012) who stated that at 

second harvest beet got adequate time for root development. A 

significant variation of beet length was found due to interaction 

effect of varieties and date of harvesting. The longest beet (25.67 

cm) was obtained in SV 894 with influential date of harvesting at 

155 DAS which was at par with SV 889 (25.33 cm) and SV 892 

(25.33 cm) associated with harvesting date at 155 DAS and the 

shortest beet (19.83 cm) was observed in SV 892 with the  

harvesting date at 135 DAS (Table 3). Delay harvesting enhanced 

beet length that was reported by Aly (2012). 

Beet girth 

The beet girth showed a significant response to varieties. Beet 

girth observed due to varieties ranged from 21.67 cm to 26.50 

cm (Table 1). The highest beet girth (26.50 cm) was obtained in 

SV 892 followed by KWS Danicia (24.25 cm) and the lowest one  

(21.67 cm) was found in SZ 35. The similar results were also 

reported by Paul et al. (2018b) and Bairagi et al. (2013) who 

showed that beet girth differed significantly according to  

variety. A significant variation of beet girth was observed in  

response to date of harvesting (Table 2). Higher beet girth 

(25.40 cm) was obtained at 155 DAS harvest and lower beet 

girth (22.07 cm) was recorded at 135 DAS harvest. Beet girth 

was higher in response of early to delay harvesting that was 

reported by Islam et al. (2012). Beet girth had significant effect 

due to interaction effect of variety and date of harvesting. The 

maximum beet girth (28.33 cm) was obtained in SV 892  

associated with the harvesting date at 155 DAS which was  

statistically identical with SV 894 in according to harvesting 

date at 155 DAS whereas the minimum beet girth (20.50 cm) 

was obtained in SV 889 with the harvesting date at 135 DAS 

(Table 3). Similar result was reported by Aly (2012) who showed 

that delay harvesting of some sugar beet varieties influenced 

the beet girth. 

Table 3. Interaction effects of variety and date of harvesting on the crop characters, yield components and yield of tropical sugar beet. 

Interaction 
(Variety × 
time of  
harvest) 

Plant 
height 

(cm) 

Number  
of leaves 

plant-1 
  

Leaf  
Chlorophyll 

content 
(SPAD 

value at 
harvest) 

Shoot 
length 

(cm) 

Top weight 
plant-1   

(g) 

Top 
yield 

 (t ha-1) 

Beet 
length 

(cm) 

Beet 
girth (cm) 

Individual 
beet 

weight  
(g) 

Beet 
yield  

(t ha-1) 
Brix (%) 

V1× H1 41.44bc 14.28ab 46.65ab 31.17ef 152.00a 15.20a 20.17de 20.50 f 462.30 c 46.23 c 14.67bcde 

V1× H2 37.17d 10.00ef 33.78 d 35.37bc 90.00fgh 9.00fgh 25.33a 25.50bc 549.80b 54.98 b 15.33ab 

V2×H1 45.17a 13.05bcd 45.32b 40.83a 125.00b 12.50b 19.83e 24.67bc 477.50c 47.75 c 14.33cdef 

V2× H2 37.50d 12.67cd 35.07d 35.17bcd 80.83ghi 8.08hi 25.33a 28.33a 511.50bc 51.15bc 14.00efg 

V3× H1 41.33bc 13.28bcd 48.13a 32.33de 108.00cde 10.80cd 19.83e 21.83def 343.20de 34.32 de 15.00abcd 

V3×H2 42.67ab 11.00 e 33.72d 32.67cde 91.83efgh 9.18fg 21.83c 23.83cd 503.50bc 50.35bc 15.83a 

V4× H1 39.94bcd 13.89abc 44.41b 33.67cde 103.30cdf 10.33de 21.33cd 21.17f 502.00bc 50.20bc 14.33cdef 

V4× H2 38.00d 9.67f 35.20 d 29.50f 95.17defg 9.51ef 25.67a 26.67ab 681.20a 68.12a 14.33cdef 

V5× H1 39.50cd 12.33d 38.86c 33.67cde 95.33defg 9.53ef 19.67e 20.83f 398.30d 39.83 d 15.00abcd 

V5× H2 37.33d 10.00ef 34.24d 32.33 de 70.50i 7.05j 23.17b 22.50def 460.00c 46.00 c 13.67fg 

V6×H1 39.44cd 13.22bcd 35.83d 37.17b 110.70bcd 11.07cd 19.83 e 21.83ef 374.00 de 37.40 de 15.17abc 

V6× H2 34.33e 11.00e 28.77e 32.50cde 83.67ghi 8.36ghi 25.00a 26.17b 561.80b 56.18 b 13.17g 

V7 × H1 38.17d 14.67a 40.38c 32.50cde 117.00bc 11.70bc 21.33cd 23.67cde 320.30e 32.03 e 14.17def 

V7 × H2 33.50e 11.00e 35.41d 29.17f 76.50hi 7.650 ij 23.50b 24.83bc 484.70c 48.47 c 13.67fg 

Sx 0.914 0.383 0.860 0.889 5.08 0.310 0.434 0.627 18.63 1.86 0.298 

Level of  
significant 

** ** ** ** ** ** ** ** ** ** ** 

CV (%) 4.06 5.46 3.89 4.60 8.80 5.37 3.38 4.58 6.81 6.81 3.57 

In a column, mean values with same letter (s) or without letter do not differ significantly whereas mean values with dissimilar letter differ significantly (as per DMRT); ** 
=Significant at 1% level of probability;V1 = SV 889, V2 =  SV 892, V3 = SV 893, V4 = SV 894, V5 = SZ 35, V6 = KWS Serenada and V7 = KWS Danicia, H1 = 135 DAS, H2 = 
155 DAS. 
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Individual beet weight  

Different variety exhibited significant influence on beet fresh 

weight plant-1. The individual beet weight ranged from 402.5 g 

to 591.6 g (Table 1). The highest beet weight (591.6 g) was  

recorded in SV 894 followed by SV 889, SV 892 and KWS  

Serenda while the lowest one (402.5 g) was found in KWS 

Danicia. This variation might be occurred due to genetic potenti-

ality in variety. The findings are in agreement with that of Islam 

et al. (2012) and Paul et al. (2018b) who reported that individual 

beet weight differed significantly due to varietal genetic differ-

ences. A gradual increase in beet fresh weight was observed due 

to date of harvesting. The highest individual beet weight 

(536.07 g) was recorded when the crop was harvested at 155 

DAS whereas the lowest individual beet weight (411.09 g) was 

observed at 135 DAS. Islam et al. (2012) showed that beet 

weight increased at later harvest due to stunted vegetative 

growth and nutrient substances stored in beet. Individual beet 

weight also showed a significant response due to interaction 

effect between variety and date of harvesting. The maximum 

beet weight (681.2 g) was recorded in SV 894 with the influen-

tial date of harvesting at 155 DAS followed by KWS Serenda 

(561.8 g) with the harvesting date at 155 DAS and the minimum 

beet weight (320.3 g) that was observed in KWS Danicia accord-

ing to harvesting date at 135 DAS (Table 3). Al-Gateem (2000) 

showed that individual beet weight increased due to delay  

harvest because of enough time to increase individual beet 

weight at second harvest.  

 

Beet yield  

Beet yield varied due to variety that ranged from 40.25 to 59.16 

t ha-1 (Table 1). The highest beet yield (59.16 t ha-1) was record-

ed in SV 894 followed by SV 889 (50.61 t ha-1), which was at par 

with SV 892 (49.45 t ha-1) and KWS Serenada (46.79 t ha-1) while 

the lowest one (40.25 t ha-1) was found in KWS Danicia (Figure 

1). The production potential of varieties differed due to  

variation of genetic characteristics. Beet yield varied due to 

varietal differences was reported by Islam et al. (2012) and  

Rahman et al. (2006). Date of harvesting significantly influences 

beet yield (Table 2). The maximum beet yield (53.60 t ha-1) was 

recorded when the crop was harvested at 155 DAS and  

minimum beet yield (41.11 t ha-1) was observed at 135 DAS.  

Beet yield became higher from early to delay harvest due to 

extending the growth period and subsequently enrichment of 

root than earlier harvest. Similar results were reported by 

Hemayati et al. (2012) and Heidari et al. (2008). Beet yield was 

also significantly affected due to interaction between variety 

and date of harvesting (Table 3). The highest beet yield (68.12 t 

ha-1) was recorded in SV 894 at 155 DAS harvest followed by 

KWS Serenda (56.18 t ha-1) along with 155 DAS harvest while 

the lowest beet yield (32.03 t ha-1) was obtained in KWS Danicia 

with 135 DAS harvest. Later harvest increased beet yield and 

white sugar content (Lauer, 1997). 

 

Brix (%) in juice 

Different variety exhibited significant influence in brix (%) in 

juice. Brix (%) in juice was affected due to varieties ranging from 

13.92% to 15.42% (Table 1). The maximum brix (15.42%) was 

recorded in SV 893 which was at par with SV 889 (15.00%) and 

the minimum brix (13.92%) found in KWS Danicia (Figure 2). 

Brix (%) in juice differed due to variety was reported elsewhere 

(Hossain et al., 2011; Paul et al., 2018a and Paul et al., 2018b). 

Brix was significantly influenced by date of harvesting. The max-

imum brix (14.66 %) observed at 135 DAS harvest while the 

minimum brix (14.28 %) was recorded at 155 DAS harvest. This 

might be happened due to increase in temperature and  

respiration in delay harvest. Similar trend was reported  

elsewhere (Hemayati et al., 2012; Pavlů et al., 2017 and Paul et 

al., 2018a).  Interaction effect of variety and date of harvesting 

had significant effect on brix (%). The maximum brix (15.83%) 

was observed in SV 893 with 155 DAS harvest which was at par 

with SV 889 (15.33%) with 155 DAS harvest and the minimum 

brix (13.17%) was recorded in KWS Serenda harvested at 155 

DAS (Table 3). Similar results were reported by Jozefyova et al. 

(2003), that a delay in sugar beet harvest decrease sucrose  

percentage. In Bangladesh, heavy rain in March-April increases 

soil moisture, with relatively high temperature in environment 

might be responsible for reduction of brix (%) in juice at delay 

harvest.  

Figure 1. Effect of variety on beet yield of tropical sugar beet (LSD p≤ 
0.05). 

Figure 2. Effect of variety on brix (%) in juice of tropical sugar beet   (LSD 
p≤ 0.05). 
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Functional relationship between leaf chlorophyll content 

(SPAD value) at harvest and yield of tropical sugar beet (TSB) 

Leaf chlorophyll content (SPAD value) is one of the most  

important determinants  of yield of sugar beet. SPAD value of 

tropical sugar beet increased progressively over time attaining 

the highest at 80 DAS and then decreased irrespective of treat-

ments because of drying and decaying of leaves (Paul et al., 

2018a and Paul et al., 2018b). Regression analysis was done to 

quantify the relationship between SPAD values at harvest and 

yield of tropical sugar beet. The relationship of SPAD value at 

harvest and beet yield of TSB was determined by using interac-

tion data between variety and date of harvest. A negative linear 

relationship between SPAD value at harvest and yield of TSB 

was observed, indicating that lower the SPAD value at harvest 

higher the sugar beet yield. The regression equation (Figure 3) 

indicates that decrease in SPAD value at harvest would lead to 

an increase in the beet yield. The functional relationship was 

significant at p ≤ 0.01. The functional relationship can be deter-

mined by the regression equation Y = - 0.7611x + 76.486 (R2 = 

0.219). It was revealed that 21% of the variation in yield could 

be explained from the variation in SPAD value at harvest. 

 

Functional relationship between beet length and yield of TSB  

Beet length is the most important yield components of TSB.  

Regression analysis was done to measure the relationship  

between beet length and yield of tropical sugar beet. A positive 

linear relationship between beet length and yield of tropical 

sugar beet was observed, which indicated that higher the beet 

length higher the beet yields. The regression equation indicates 

that an increase in beet length would lead to an increase in the 

beet yield of tropical sugar beet (Figure 4). The functional  

relationship was significant at p ≤ 0.01. The functional relation-

ship can be determined by the regression equation Y= 3.0577x - 

20.746 (R² = 0.5709). The functional relationship showed that 

57 % of the variation in yield could be explained from the  

variation in beet length. 

 

Functional relationship between individual beet weight and 

yield of TSB  

A positive linear relationship between yield and individual beet 

weight of TSB was observed, which indicated that higher the  

individual beet weight the higher the beet yield. The relationship 

of individual beet weight and beet yield of TSB was determined by 

using interaction data between variety and fertilizer application. 

The response of individual beet weight to the yield of TSB followed 

a linear positive relationship which could be adequately described 

by regression equation. The regression equation indicates that an 

increase in individual beet weight would lead to an increase in the 

beet yield of TSB (Figure 5). The functional relationship was 

significant at p ≤ 0.01. The functional relationship can be deter-

mined by the regression equation Y = 99.86x + 0.2096 (R² = 

0.9995). The functional relationship revealed that 99 % of the  

variation in yield could be explained from the variation in  

individual beet weight. Similar result was reported by Paul et al. 

(2018a). 

Figure 3. Functional relationship between leaf chlorophyll content 
(SPAD value) at harvest and yield of tropical sugar beet. 

Figure 4. Functional relationship between beet length and yield of 
tropical sugar beet. 

Figure 5. Functional relationship between individual beet weight and 
yield of tropical sugar beet.  

Conclusion 

 

The highest beet length, individual beet weight and beet yield 

were recorded in SV 894 while the maximum number of leaves 

plant-1, shoot length and beet girth  were recorded in SV 892, and 

the highest plant height, leaf chlorophyll content (SPAD value) at 

harvest and brix were observed in SV 893. The lowest plant 

height, shoot length, individual beet weight, beet yield and brix 

were observed in KWS Danicia while the lowest number of leaves 

plant-1 and beet girth were recorded in SZ 35 and the lowest beet 

length was observed in SV 893. In case of date of harvesting, the 

highest plant height, number of leaves plant-1, leaf chlorophyll 

content (SPAD value) at harvest, shoot length, top weight plant-1, 

top yield and brix were recorded at 135 DAS and the highest beet 

length, beet girth, individual beet weight and beet yield were  

observed at 155 DAS harvest while their lowest values were  

recorded at 135 DAS harvest. In interaction, the highest beet 

length, individual beet weight and beet yield were recorded in SV 

894 with 155 DAS harvest whereas the lowest yield was recorded 

in the interaction in KWS Danicia with 135 DAS harvest. There-

fore, it may be concluded that SV 894 appears as the promising 

variety that can be harvested at 155 DAS. 
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 Seasonal cycle and bloom dynamics of cyanobacteria in relation to environmental parameters 

were studied in three areas- Godagari Upazila under Rajshahi district (GD ponds), Bogra city 

(BG ponds) and Singra upazila under Natore district (SG ponds) from September 2014 to  

August 2015. Standard methods were followed to analyze the water quality, sediment  

parameters and cyanobacterial cell density. Except temperature, mean values of all water 

quality parameters were found significantly different (P < 0.05) among the three study sites. 7 

genera of cyanobacteria were identified whereas the highest density was recorded during 

September in all the studied ponds in order of BG ponds (130.36×106 cells/l) > SG ponds 

(84.93×106 cells/l) > GD ponds (58.74×106 cells/l). Gradual decrease in cell density was  

observed from November to January, whereas the lowest density (12.25×106 cells/l) was  

recorded at BG ponds in December, 2014. Higher values of soil organic matter, total nitrogen 

and pH were found to play significant role in determining higher cyanobacterial cell density at 

BG ponds compared to SG and GB ponds. The dominant species recorded in all the three  

studied regions was Microcystis sp. 
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INTRODUCTION 

 

Cyanobacteria are photosynthetic microorganisms that subsist 

in diverse terrestrial and aquatic environments, including fish 

ponds, throughout the world. When conditions are favorable, 

cyanobacteria form blooms in ponds (Gikuma-Njuru et al., 

2005). Cyanobacteria (blue-green algae) in the genera  

Anabaena, Aphanizomenon, Microcystis, and Oscillatoria often 

form extensive and persistent blooms in freshwater aquaculture 

ponds (Bold and Wyne, 1978). Bloom-forming cyanobacteria 

are undesirable in aquaculture ponds because: 1) they are a  

relatively poor base for aquatic food chains; 2) they are poor 

oxygenators of the water and have undesirable growth habits; 

3) some species produce odorous metabolites that impart  

undesirable flavors to the cultured animal; and 4) some species 

may produce compounds that are toxic to aquatic animals (Pearl 

and Tucker, 2007). Toxic cyanobateria are now recognized as a 

hazard to human and animal welfare and health assessments are 

being carried out to determine environmental health problems 

(Skulberg et al., 1984; Carmichael, 1994; 1995). Living in the 

aquatic environment, fish in a variety of ways come into contact 

with cyanobacteria and their toxins, which affect their growth, 

development, histology, reproduction and survival (Palikova et 

al., 2007; Deng et al., 2010; Svircev et al., 2015). Even mortality 

of fishes, bad odour from decayed algae and bad odour from 

cooked fish muscle has been reported in ponds having algal 

blooms (Jewel et al., 2006; Rahman and Jewel, 2008). It is known 

that cyanobacteria can produce a number of secondary metabo-

lites and compounds. Among these, microcystin is considered to 

be one of the most dangerous toxins, as it is known to be a  

potent hepatotoxin that may cause liver damage in humans, fish, 

and other organisms, and may promote tumor growth (Dawson, 

1998). Microcystin contents in fish may vary according to both 

their exposure time and bloom duration. Therefore, the degree 
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of risk of human exposure to microcystin via consumption of fish 

may vitally depend on the accumulation of microcystin in fish 

(Chen et al., 2009).  

Cyanobacterial blooms are now a common phenomenon in 

ponds, lakes and reservoirs in Bangladesh. With gradual  

increase of aquaculture, specially intensive and semi-intensive 

aquaculture, fish farmers are experiencing many unexpected 

problems among which environmental degradation with  

noxious algal blooms and aquatic toxicity are most alarming. For 

getting higher fish production fish farmers apply high doses of 

fertilizers and feeds in their ponds. As a result, the confined  

waters of the ponds have become eutrophicated due to  

sedimentation of nutrients from fertilizers and from decom-

posed organic matters which induce toxic and noxious blooms of 

cyanobacteria by Microcystis aeruginosa, Anabaena flosaquae, 

Aphanizomenon flos-aqua (Jewel et al., 2003; Rahman and Jewel, 

2008). Changes in environmental condition with increasing tem-

perature of water body, the occurrence of cyanobacterial bloom 

is increasing day by day. Other factors such as pH and DO in 

particular are also reported to have strong correlations with 

algal concentration in water column. Apart from that, due to the 

increase in urbanization and industrialization nutrient input in 

household ponds become increasing subsequently and the  

particular algae take the advantage of eutrophic aquaculture 

situations. Since there are lacks of cyanobacteria research in 

Bangladesh especially in aquaculture industry, this study was 

conducted to determine the abundance of cyanobacterial  

biomass in aquaculture system in selected three regions of 

Bangladesh. This study also aims to identify the relationship 

between environmental factors (e.g. temperature, DO, pH and 

nutrients) with relative abundance of cyanobacteria in fish  

aquaculture ponds by assessing the relationships in the study 

locations. This study is important for public health risk protec-

tion to ensure safe fish supply to be delivered to consumers. 

MATERIALS AND METHODS 

 

Site selection 

The study was conducted from September 2014 to August 2015 

in 9 fish culture ponds at three different locations of Rajshahi 

Division (three ponds from Godagari Upazila under Rajshahi 

district (GD ponds), three ponds from Shingra Upazila under 

Natore district (SG ponds) and three ponds from Bogra Sadar 

Upazila under Bogra district (BG) (Figure 1). The Global  

Positioning System (GPS) coordinates of sampling ponds are as 

shown in Table 1. All of the chosen ponds comprised of earth 

ponds and used for fish culture.  

 

Monitoring of physico-chemical parameters  

Monitoring of the physico-chemical parameters was based on 

the procedure of APHA (1998). Surface water samples were  

collected once in a month between 10:00 and 11:00 h for  

analysis of various physico-chemical parameters using dark  

bottles. The water samples were chilled in ice and transferred to 

the laboratory at 4°C. Surface water temperature and transpar-

ency were measured using a Celsius thermometer and a black 

and white standard colour coded Secchi disc. Water pH was 

measured using an electronic pH meter (Jenwary, 3020). Nitrate

-nitrogen (NO3-N), phosphate-phosphorus (PO4-P) concentra-

tions were measured using the Hach Kit (DR/2010, a direct-

reading spectrophotometer) with high range chemicals (Nitra 

Ver. 5 Nitrate Reagent Powder Pillows for 25 ml sample for NO3

-N and Phos. Ver. 3 Phosphate Reagent Powder Pillows for 25 

ml sample for PO4-P analysis). Dissolved oxygen (DO) and total 

alkalinity were measured by using a portable aquaculture kit 

(Model FF2, HACH, USA). Biological Oxygen Demand (BOD) 

was measured by using Hach BOD Trak meter (model No. 205) 

through measuring initial and final BOD after incubation in dark 

for five days. 

BG ponds 

SG ponds 

GD ponds 

Figure 1. Blue circles are indicating the study area within Rajshahi Division.  

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=organic+matter
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Soil quality monitoring 

Soil quality in terms of organic matter (OM), total nitrogen (TN) 

and pH of the selected ponds were monitored at the start 

(September 2014) and at the end of the study period (August 

2015). Soil samples were tested in the laboratory of Soil Resource 

Development Institute (SRDI), Shyampur, Rajshahi. Organic mat-

ter and total nitrogen were calculated by the following formula: 

 

Organic Matter (%) = Organic Carbon (%) × 1.724 

Total Nitrogen (%) = Organic Carbon (%) ÷ 12 

 

Cyanobacterial study 

Water samples were collected using phytoplankton net (25 µm 

mesh size) and fixed in 5% formalin on site. Identification of the 

cyanobacterial species were conducted under a phase contrast 

light microscope (Olympus CX21, Tokyo, Japan) with bright field 

and phase contrast illumination (Anagnostidis and Komarek 

1985; Skulberg et al., 1993). Quantitative estimation of  

cyanobacteria was done on Sedgewick-Rafter counting chamber 

(S-R cell) by following the formula given by Stirling (1985), N = 

(A*1000*C)/V*F*L, where, N is the number cyanobacterial cells 

or unit per liter of original water, A is the total number of  

plankton counted, C is the volume of final concentrate of the 

sample in ml, V is the volume of a field, F is the number of the 

field counted, L is the volume of original water in liter. 

 

Statistical analysis 

For the statistical analysis of data collected, one-way analysis of 

variance (ANOVA) was performed using the SPSS (Statistical 

Package for Social Science, evaluation version-20.0, IBM  

Corporation, Armonk, NY, USA). The mean values were also 

compared to see the significant difference through DMRT 

(Duncan Multiple Range Test) at 5% level of significance (Gomez 

and Gomez, 1984). The percentages and ratio data were  

analyzed using arcsine transformed data.   

 

RESULTS AND DISCUSSION 

 

Water quality parameters 

Variations in the mean values of water quality parameters  

during the study period are shown in Table 2. Mean water  

quality parameters in BG ponds were more or less within the 

suitable range as compared to other ponds (SG and GD).  

Present findings agreed with Boyd (2012), who reported the 

acceptable water temperature 25-32°C, secchi depth due to 

phytoplankton turbidity 30-45 cm, pH 6-9, and alkalinity above 

20 mg/l for fish production. Mean water transparency of GD 

ponds were significantly (P<0.05) lower than BG and SG ponds. 

The lower value of transparency in GD ponds might be related 

to the high clay turbidity at that region (a red-soil zone) and 

might be not for plankton density. In the present study,  

significantly (P<0.05) lower pH value was found at GD ponds 

which is similar to the findings of Hossain et al. (2010) who also 

recorded lower pH (acidic condition) value in rice fish culture 

system at Barind area of Rajshahi. Dissolved oxygen, BOD, total 

alkalinity and nutrients (NO3-N and PO4-P) concentrations were 

relatively high in BG and SG ponds compared to GD ponds. 

Hossain and Bhuiyan (2007) also found lower alkalinity,  

dissolved oxygen and nutrient concentrations in red soil zone 

(Barind area). 

Table 1. Global Positioning System (GPS) coordinates of sampling ponds. 

Locations Ponds GPS coordinate 

Godagari Upazila under Rajshahi district 

1 24º28´23.46´´ N, 88º26´25.40´´ E 

2 24º28´03.45´´ N, 88º25´38.50´´ E 

3 24º29´14.14´´ N, 88º27´15.23´´ E 

Shingra Upazila under Natore district 

4 24º28´26.85´´ N, 89º08´00.94´´ E 

5 24º28´25.83´´ N, 89º07´55.27´´ E 

6 24º28´28.93´´ N, 89º07´56.38´´ E 

Bogra Sadar Upazila under Bogra district 

7 24º50´58.99´´ N, 89º21´59.93´´ E 

8 24º50´57.44´´ N, 89º21´57.35´´ E 

9 24º51´01.99´´ N, 89º22´03.43´´ E 

Table 2. Mean variation of different water quality parameters in BG, SG and GD fish ponds. 

Parameters 
Sampling sites 

p- value Level of significance 
BG ponds SG ponds GD ponds 

Temperature (°C) 27.71±1.84a 27.84±1.82a 28.43±1.99a 0.959 NS 
Transperancy (cm) 34.06±1.84a 38.06±1.97a 23.69±1.27b 0.000 * 

pH 7.85±0.14a 7.80±0.13a 6.10±0.14b 0.000 * 

DO (mg/l) 4.50±.14a 4.32±0.15a 3.81±0.17b 0.010 * 
BOD5 (mg/l) 2.37±0.25a 2.05±0.14ab 1.74±0.18b 0.041 * 
NO3-N (mg/l) 1.87±0.23a 1.66±0.21a 1.26±0.17a 0.265 NS 
PO4-P (mg/l) 0.64±0.08a 0.50±0.07ab 0.38±0.07b 0.045 * 

Total alkalinity (mg/l) 141.16±1.11a 122.27±1.17b 31.15±0.68c 0.000 * 

*, Significant at 5% level; NS, Not significant; BG ponds: Bogra ponds, SG ponds: Singra ponds, GD ponds: Godagari ponds.  
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Soil quality parameters 

Mean variation in soil quality parameters e.g. organic matter 

(OM %) pH and total nitrogen (%) are shown in Table 3. Soil  

organic matter, total nitrogen content and pH value was  

relatively high in BG and SG ponds compared to GD ponds that 

indicate soil productivity of GD ponds was lower than other two 

sites. Similarly, lower soil organic matter, total nitrogen content 

and pH value were also recorded by Hossain et al. (2010) during 

their study in Barind area. 

 

Cyanobacterial analysis 

The Cyanobacterial cell density varied from 12.25×106 to 

130.36×106 cells/l at BG ponds, 8.46×106 to 84.93×106 cells/l at 

SG ponds and 5.9×106 to 58.75×106 cells/l at GD ponds (Figure 2). 

A total of 17 species of cyanobacteria was identified, namely  

Microcystis aeruginosa, M. wesenbergii, M. robusta, M. viridis, M.  

natans, M. botrys, Anabaena circinalis, A. microspora, A. curva, 

Planktothrix agardhii, P. rubescens, P. anagnostidis, Aphanocapsa 

nageli, Aphanizomenon flos-aquae, Merismopedia nageli, Oscillatoria 

voucher, O. agardhii. Mean cell density of Cyanobacteria was  

varied from 22.01±4.22 cells/l (GD ponds) to 54.02±12.20 cells/l 

(BGponds). There was a significant difference (p > 0.05) in  

cyanobacteria cell density was found among the three sampling 

sites (Table 4). 

Table 3. Variation in the mean value of soil quality parameters in in BG, SG and GD fish ponds. 

Soil quality parameters 
Sampling sites 

BG ponds SG ponds GD ponds 

Start of the study   
Organic matter (%) 1.25±0.02a 1.22±0.07ab 1.19±0.09b 
Total nitrogen (%) 0.11±0.02a 0.09±0.03ab 0.10±0.01b 
pH 7.02±0.25a 7.05±0.30a 6.50±0.25a 
End of the study   
Organic matter (%) 1.73±0.04a 1.57±0.04ab 1.47±0.03b 
Total nitrogen (%) 0.15±0.01a 0.10±0.02ab 0.11±0.015b 

pH 7.68±0.09a 7.60±0.06ab 6.95±0.03b 

Figures in a row bearing common letter(s) do not differ significantly (p<0.05); BG ponds: Bogra ponds, SG ponds: Singra ponds, GD ponds: Godagari 
ponds.  

Table 4. Mean variation in cyanobacteria cell density (×106 cells/1) in BG, SG and GD fish ponds. 

*, Significant at 5% level; BG ponds: Bogra ponds, SG ponds: Singra ponds, GD ponds: Godagari ponds.  

Figure 2. Effect of temperature, transparency, pH, DO, BOD5, NO3-N, PO4-P and total alkalinity on the total cyanobacterial cell density in BG, SG and GD 
ponds from September 2014 to August 2015. 

Parameters 
Sampling sites 

p- value Level of significance 
BG ponds SG ponds GD ponds 

Total cyanobacteria 54.02±12.20a 35.15±6.97ab 22.01±4.22b 0.038 * 
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Two peak periods of cyanobacterial bloom were found during 

the study period. One was in February-March (Spring season) 

and another was in September (Autumn season) (Figure 2). In 

spring bloom, rapid multiplication of cyanobacterial cells due to 

the availability of adequate amounts of nutrients, rising temper-

ature; bright sunlight and pH were identified as the main factors 

for bloom formation of cyanobacteria at that time. Similar find-

ings were also reported by Affan et al. (2015) and Li et al. (2018). 

Rahman and Jewel (2008) also found relatively high cell density 

of cyanobacteria in fish culture ponds of Rajshahi City Corpora-

tion in March (Spring season) and they stated that rising  

temperature with increasing nutrients concentration were the 

main factors for high cell density of cyanobacteria at that time. 

It was also observed that cyanobacterial cell density was the 

highest in BG ponds (54.02±12.20 cells/l) throughout the study 

period compared to SG (35.15±6.97 cells/l) and GD (22.01±4.22 

cells/l)ponds. BG ponds were found to receive huge amount of 

sewage and domestic wastes through drains especially in the 

rainy season. These nutrient input might trigger higher growth 

of cyanobacteria in early autumn (September) at sampling 

ponds of BG (130.08×106 cells/l). Jewel et al. (2006) and Rahman 

and Jewel (2008) also stated that higher nutrient concentra-

tions especially nitrate-nitrogen and phosphate-phosphorus are 

mainly responsible for higher cell density of cyanobacteria in 

early autumn in ponds. Cyanobacterial cell density was the lowest 

at GD ponds and it might be due to lower nutrient concentrations 

with acidic pH, high turbidity and low alkalinity that were respon-

sible for lower productivity of cyanobacteria in those ponds 

(Hossain and Bhuiyan, 2007). Similarly higher cyanobacterial 

growth due to nutrient accumulation during rainy season was 

found by Rejmánková et al. (2011). Cyanobacterial cell density 

was found moderate at SG ponds and it might be due to the small 

amount of nutrient from drainage system and surface-runoff  

during late rainy season. Cyanobacterial cell density appeared to 

decrease gradually in the winter months in all the three study 

sites from November to January might be due to the lower  

temperature and low nutrient concentrations in those months 

(Nguyen and Wood, 1979 and Pabst et al., 1980). 

 

 Conclusion 

 

The present findings indicate that higher nutrient concentra-

tions, alkaline pH with higher alkalinity of water create favora-

ble condition for higher cell abundance of cyanobacteria in BG 

and SG ponds. However, lower cell density of cyanobacteria in 

GD ponds (Barind area) indicated low nutrient concentration, 

high water turbidity, acidic pH and lower alkalinity. Further 

study on noxious and harmful cyanobacteria and their toxin 

should be undertaken to find out the effect of cyanobacterial 

bloom on fish production in culture ponds. 
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 A field experiment was conducted at the College of Agriculture Sciences, Agriculture Research 

Field of International University of Business Agriculture and Technology (IUBAT), Uttara, 

Dhaka, to optimize nitrogen requirements for growth and yield response of brinjal (S. 

melongena). There were six treatments of urea viz., 0, 275, 300, 325, 350 and 375 kg ha-1 and 

the experiment was laid out in randomized complete block design (RCBD) with four replica-

tions. The texture of the experimental soil was sandy loam and fertility status was very low. 

Parameters measured include: plant height, number of leaves plant-1, leaf area, number of 

branches plant-1, number of flower clustersplant-1, number of flowersplant-1, fruit diameter, 

fruits length, number of fruitsplant-1, fruit weight and yield. Present study results revealed 

that application of the highest dose of urea showed positive significant influence on growth 

and reproductive characters of brinjal (S. melongena). Similarly, yield and yield contributing 

characters of brinjal (S. melongena) increased with the increasing rates of urea. The highest 

yield (18.0 ton ha-1) was obtained from the application of 375 kg ha-1 urea, while the lowest 

yield (10.1 ton ha-1) was found from the control treatment. Thus, the overall study results  

suggested that 375 kg ha-1 urea performed the best in context Agriculture Research Field soils 

of IUBAT, Uttara, Dhaka. The study concluded that before final recommendation of the  

application dose, further study is needed in different agro-ecological zones of Bangladesh. 
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INTRODUCTION 

 

Eggplant or brinjal (S. melongena) is a native crop of subtropical 

areas of south-eastern Asia and was introduced into Europe by 

early Arab traders. It is a member of the Solanaceae family. It has 

been widely grown in southern Europe, the Middle East, Africa 

and Asia for hundreds of years (Ullio, 2003). It is a long duration 

vegetable crop with high yield which removes large quantities of 

different nutrient elements from the soil. Brinjal (S. melongena) is 

familiar throughout the world for its low calories and high  

mineral contents, which is beneficial for human health. It is rich 

source of potassium, sodium, magnesium, calcium and iron 

(Kowalski et al., 2003; Raigón et al., 2008) as well as dietary fiber 

(Sanchez-Castillo et al., 1999). It is consumed almost on a regu-

larly basis by the both rural and urban peoples of Bangladesh. 

Brinjal (S. melongena) is the second most important vegetable 

crop in Bangladesh in respect of acreage and production (BBS, 

2018). It is cultivated all over the country in two seasons viz. rabi 

and kharif. In 2016-17, it is cultivated in 80195 and 45665 acres 

of land with an annual production of 347541 and 159891 tons 

in rabi and kharif seasons, respectively (BBS, 2018). But average 

yield of the crop in Bangladesh is very low compared to those 

obtained in some advanced countries of the world. The low yield 

of brinjal (S. melongena) in Bangladesh is primarily due to the 

lack of high yielding varieties, inadequate and imbalanced use of 

manure and fertilizers especially the nitrogenous ones. As  

because nitrogen is the most deficient nutrient element in the 

soils of Bangladesh. Thus brinjal (S. melongena) requires a large 

ORIGINAL RESEARCH ARTICLE  

http://crossmark.crossref.org/dialog/?doi=10.26832/24566632.2019.040105&domain=pdf
https://orcid.org/0000-0001-9075-8672


34 

 

Shaila Sharmin and Lutfor Rahman /Arch. Agr. Environ. Sci., 4(1): 33-38 (2019) 

quantity of nitrogenous fertilizer for its proper growth, develop-

ment and yield (Aminifard et al., 2010). 

In Bangladesh, the farmers use huge amount of different  

chemical fertilizers injudiciously for crop production especially 

for vegetables and among that urea is the top most. Nitrogenous 

fertilizer often have mobility in soils, which leads to soil  

pollution and ground water contamination, ultimately causing 

health hazards to the people (Begum et al., 2014; Giannakoula  

et al., 2010). Therefore, management of nitrogen fertilizers such 

as rate, type and application time is very important (DePascale 

et al., 2006). Nutritional stress is one of the main factors limiting 

crop productivity; this may occur due to an excess or a deficit of 

nutrients (Souza et al., 2018). Thus, judicious application of  

nitrogenous fertilizer with appropriate rate is essential.  

Considering this fact, the study was planned to optimize  

nitrogen requirement for cultivation of brinjal (S. melongena) at 

Agriculture Research Field condition of International University 

of Business Agriculture and Technology, Uttara, Dhaka. 

 

MATERIALS AND METHODS  

 

Experimental site  

The experiment was conducted at the Agriculture Research 

Field of International University of Business Agriculture and 

Technology, 4 Embankment Drive Road, Sector 10, Uttara  

Model Town, Dhaka 1230, Bangladesh during the period from 

May 10 to Aug 10, 2016 in Kharif season. Geographically the 

experimental field is located at 23.8883°N latitude and 

90.3909° E longitude. The experiment was set up on the medi-

um high land in an open and sunny area. The texture of the soil 

was sandy loam and the pH was 7.6. The climate of the area is 

characterized by high temperature and medium rainfall with an 

annual rainfall of 119-145 cm during April to August and little or 

no rainfall during September to March.  

 

Treatments and layout 

There were six treatments of urea viz. T0 (control), T1 (275 kg  

ha-1), T2 (300kg ha-1), T3 (325kg ha-1), T4 (350kg ha-1) and T5 

(375kg ha-1). Urea was applied to the plot in three equal splits at 

20, 40 and 60 days after transplanting. The experiment was laid 

out as randomized complete block design (RCBD). The experi-

mental area is divided into 4 blocks representing the 4 replica-

tions and each replication was divided into 6 plots which were 

equal in size i.e. 0.25m2 (0.5m × 0.5m). Thus, total number of 

plots was 24 (6×4). Within each replication, 6 plots were  

assigned with six nitrogen (urea) treatments which were  

randomly distributed. There were 40 cm and 30 cm gaps from 

block to block and plot to plot for intercultural operations,  

respectively (Figure 1). 

 

Application of fertilizers 

Fertilizers applied in the plots as recommended for high yield 

goal and very low soil fertility status as described in Fertilizer 

Recommendation Guide (FRG, 2012). The recommended doses 

of phosphorus, potassium, sulphur, zinc and cow dung were 42, 

105, 18, 2.5 kg ha-1 and 5 ton ha-1, respectively. Nutrient  

elements were applied from triple superphosphate (TSP),  

muriate of potash (MoP), gypsum and zinc sulphate fertilizers, 

respectively. Potassium was applied in three equal splits at 20, 

40 and 60 days after transplanting along with the treatments of 

urea as mentioned in FRG (2012). 

 

Test crop and intercultural operations  

Brinjal (S. melongena) variety BARI Begun-8 was used for the 

experiment. Seeds of this variety were collected from the  

Horticulture Division of Bangladesh Agriculture Research  

Institute, Joydebpur, Gazipur. After collection, seedlings were 

grown in pots and then 30 days old brinjal (S. melongena)  

seedlings were transplanted on the experimental field. Intercul-

tural operations viz. weeding, irrigation, disease and pest  

management were done using traditional methods as and when 

necessary. Sex pheromone trap was used in the experimental 

field for controlling brinjal shoot and fruit borer. 

 

Data collection and processing 

Data on growth, yield and yield contributing characters  

were recorded from each plot and total yield was calculated 

through average plant yield by multiplying plant population. 

Then collected data were analyzed statistically using  

Minitab 17. 

Figure 1. Experimental design and layout. 
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RESULTS AND DISCUSSION 

 

Effect of nitrogen on different growth parameters of brinjal 

Plant height of brinjal (S. melongena) varied significantly among 

the different treatments of nitrogen. The tallest plant was found 

from T1 treatment (47.50 cm) at 20 DAT, but at 40 and 60 DAT 

the highest plant heights were obtained from T5 treatment 

(80.08 and 87.08 cm, respectively). On the other hand, the 

smallest plants were found from control treatment both at 20 

and 60 DAT (37.50 and 68.25 cm, respectively) but at 40 DAT 

the minimum plant height was obtained from T4 treatment 

(61.89 cm). It can be inferred from Figure 2 that at later stage of 

growth (i.e. 60 DAT) nitrogen levels showed remarkable change in 

plant height compared to the initial stage of growth of brinjal (S. 

melongena). This result is in agreement with Wange and Kale 

(2004) who reported that significant improvement in plant height 

of eggplant occurred due to over recommended rate of nitroge-

nous fertilizers. Similarly, increase in plant height with increasing 

level of fertilizer application; have been reported by Bar-Tal et al. 

(2001) and Prabhu et al. (2003). Ge et al. (2008) observed that 

nitrogen application increased plant height at vegetative,  

flowering and reproductive stages. Devi et al. (2002) reported 

better growth of brinjal (S. melongena) by the application of 260 kg 

ha-1 urea. Hussain et al. (2009) reported plant height of brinjal  

(S. melongena) at harvesting varied from 115.2-131.0 cm by the  

application of different types of nitrogenous fertilizers. 

The application of different levels of nitrogen significantly  

affected the number of leaves plant-1, leaf area and number of 

branches plant-1 of brinjal (S. melongena) (Figure 3). The  

maximum number of leaves plant-1 (90) was found from T5 treat-

ment while the minimum (67) was obtained from T0 treatment at 

60 DAT (Figure 3). Thus it can be inferred from this result that  

brinjal (S. melongena) required higher amount of nitrogen for its 

better growth and development. Similar result was also stated 

by Wange and Kale (2004), and they reported that over recom-

mended rate of nitrogenous fertilizer significantly increased 

number of leaves in eggplant. Jilani et al. (2008) stated that  

application of nitrogen at the rate of 150 kg ha-1 increased  

number of leaves of brinjal (S. melongena). Mohammad et al.

(2010) stated that nitrogen is found to promote growth and 

increases biomass production, and nitrogen fertilization has 

been used to increase growth of eggplants. 

Effect of different levels of nitrogen on leaf area of brinjal (S. 

melongena) was statistically significant at 1% level of probability. 

The maximum leaf area was obtained from the treatment T5   

(43.0 cm2), while the minimum was found from the control treat-

ment (35.0 cm2). The increase in leaf area index could be  

attributed to increased cell division and elongation resulting in 

increased leaf expansion, more numbers of leaves due to benefi-

cial influence of additional nitrogen. This result is at par with the 

report published by Kumar et al. (2018). The highest number of 

branches plant-1 (11.00) was also found from the T5 treatment and 

the lowest (7.33) was obtained from T0 treatment at 60 DAT.  

Present study results revealed that application of the highest dose 

of urea showed positive influence to increase leaf area and total 

number of branches of brinjal (S. melongena). Takebe et al. (1995) 

reported that increments in the leaf dry weight may be due to a 

combination of nitrogen with plant matter produced during photo-

synthesis. Hussain et al. (2009) reported number of branches  

plant-1 of brinjal (S. melongena) varied from 11.96-15.64 by the 

application of different types of nitrogenous fertilizers. Tanko and 

Yusuf (2015) reported that the highest numbers of branches were 

found at all the sampling stages of brinjal (S. melongena) when 200 

kgN ha-1 of fertilizer was applied. 

Figure 2. Effect of different levels of nitrogen on plant height of brinjal (S. 
melongena) at different days after transplanting. 

Figure 3. Effect of different levels of nitrogen on different growth parameters 
of brinjal (S. melongena). 

Figure 4. Effect of different levels of nitrogen on yield of brinjal (S. 
melongena). 
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Effect of nitrogen on reproductive and yield characteristics of 

brinjal 

Effect of different levels of nitrogen on number of flower cluster 

plant-1, number of flowers plant-1, number of fruits plant-1, fruit 

length and fruit weight of brinjal (S. melongena) were statistically 

significant at 1% level of probability, while the fruit diameter 

was significant at 5% level of probability (Table 1). 

The maximum number of flower cluster plant-1 (12.33) was  

recorded from the treatment T4, which was statistically at par 

with the treatment T5. On the other hand, the minimum number 

of flower cluster plant-1 (7.25) was obtained from the treatment 

T1. Similarly, the highest number of flowers plant-1 (17.05) was 

found from the T5 treatment but the lowest number of flowers 

plant-1 (11.25) was found from the control treatment. The  

present study results illustrate that the significant highest mean 

values of number of flowers plant-1 was obtained by application 

of urea at the rate of 375 kg ha-1. This result is in agreement 

with the report of Mirdad (2011), who stated that the eggplant 

plants responded well to fertilization by using high levels of  

nitrogen, and gave the most favorable performances for all  

studied characters. 

The application of different levels of nitrogen significantly  

affected the numbers of fruits plant-1 and fruit length of brinjal 

(S. melongena) (Table 1). The highest numbers of fruits plant-1 

and fruit length (10.00 and 25.05 cm, respectively) was record-

ed from the highest dose of urea (i.e. T5 treatment) while the 

lowest numbers of fruits plant-1 and fruit length (6.33 and 20.25 

cm, respectively) was obtained from the control treatment. It is 

apparent from Table 1 that numbers of fruits plant-1 and fruit 

length of brinjal (S. melongena) increased with the increasing 

rates of nitrogen. Thus, it can be inferred from the present study 

that the productivity of brinjal (S. melongena) is highly respon-

sive to the additional added nitrogen. Furthermore, it has been 

reported that a sufficient supply of various nitrogenous  

compounds is required in each plant cell for its proper function-

ing (Mengel and Kirkby, 1987). On the other hand, fruit diame-

ter and fruit weight of brinjal (S. melongena) ranged from 5.75-

8.10 cm and 78.00- 98.05 g, respectively, and the highest fruit 

diameter and weight were recorded from the T5 treatment. This 

result is concomitant with Aujla et al. (2007) who also reported 

that increasing the rate of nitrogen fertilizer increased the  

average fruit weight and fruit volume. Similarly, Mirdad (2011)  

reported that increasing the application of nitrogen to the 

grown plants, irrespective of the used amount up to 300 kg N  

ha-1, significantly increased all reproductive and yield compo-

nents of brinjal (S. melongena). Akanbi et al. (2007) reported that 

nitrogen fertilizer affected seed number, fruit pH, crude protein,  

total solid and ascorbic acid of eggplant and nitrogen  

deficiencies reduced both physical and chemical properties of 

fruits.  

 

Effect of nitrogen on yield of brinjal 

The application of different levels of nitrogen significantly  

affected the yield of brinjal (S. melongena). The highest yield 

(18.0 ton ha-1) was obtained from the application of T5 treat-

ment, while the lowest yield (10.1 ton ha-1) was found from the 

control treatment (Figure 4). It is apparent from Figure 4 that 

similar to different yield contributing characters, yield of brinjal  

(S. melongena) increased with the increasing rates of urea. Thus, 

it can be inferred from the present study that the productivity 

of brinjal (S. melongena) is highly responsive to the additional 

added nitrogen. The response of additional nitrogen may be due 

to the fact that plant produce more leaves would have increased 

photosynthetic area and hence better performance in terms of 

yield. This result is in agreement with Wange and Kale (2004) 

who reported that significant improvement in yield (74%) of 

eggplant occurred due to over recommended rate of N fertilizer. 

Pal et al. (2002) reported that eggplant fruit yield increased with 

increase in nitrogen up to 187.5 kg ha-1. Results concerning the 

fruits yield of brinjal (S. melongena) obtained by the present 

study, are in general agreement with the reports published by 

Mirdad (2011) and Aujla et al. (2007), and they also revealed 

that fruits yield increased significantly with increasing nitrogen 

levels. Similar observation was also reported by Mohammad et 

al. (2010), who stated that nitrogen is found to promote growth 

and increases biomass production, and nitrogen fertilization has 

been used to increase growth and yield of eggplant. On the  

other hand, Devi et al.(2002) found better fruit girth, fruit 

weight and fruit yield level of eggplant with the application of 

120 kg N ha-1. 

Table 1. Effect of different levels of nitrogen on reproductive and yield characteristics of brinjal (S. melongena). 

Treatment 
No. of flower 

cluster plant-1 
No. of flowers 

plant-1 
No. of fruits 

plant-1 
Fruit length 

(cm) 
Fruit diameter 

(cm) 
Fruit weight 

(g) 

T0 8.10 11.25 6.33 20.25 6.00 78.00 

T1 7.25 13.00 6.50 21.33 5.75 80.10 

T2 7.50 12.75 7.00 21.50 6.05 81.33 

T3 10.05 14.00 7.25 22.05 6.50 84.67 

T4 12.33 16.10 9.33 23.10 7.00 83.33 

T5 12.25 17.05 10.00 25.05 8.10 98.05 

CV (%) 6.70 6.80 6.15 4.26 6.49 2.85 

SE (mean) 0.67 0.53 0.43 0.63 0.31 1.40 

Level of significance ** ** ** ** * ** 

** = Significant at 1% level of probability; *= Significant at 5% level of probability. 
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Conclusion 

 

This investigation concluded that the brinjal (S. melongena) fruit 

yield and yield contributing characters showed significant posi-

tive influence with the increasing rates of urea. The highest fruit 

yield of brinjal (S. melongena) was recorded from the application 

of 375 kg ha-1 urea, while the lowest yield was found from the 

control treatment. Hence, the present study results suggested 

that 375 kg ha-1 urea performed the best in context Agriculture 

Research Field soils of IUBAT, Uttara, Dhaka. However, fertiliz-

er recommendation in future should be site, location and variety 

specific. The study finally concluded that before final optimiza-

tion of the application dose, further study is needed in different 

seasons and agro-ecological zones of Bangladesh. 

 

Open Access: This is an open access article distributed under the 

terms of the Creative Commons Attribution 4.0 License, which 

permits unrestricted use, distribution, and reproduction in any  

medium, provided the original author(s) if the sources are credited. 
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INTRODUCTION 

 

Bangladesh is a low lying flat country with big inland water  

bodies, including some of the biggest rivers in the world and is 

extremely vulnerable because of its geographical characteristics 

(Matin and Kamal, 2010). Old Brahmaputra River is one of the 

most important water sources in Bangladesh. It passes through 

the area near Bangladesh Agricultural University in Mymensingh 

Sadar Upazila. It has a great impact directly and indirectly to the 

economy of Mymensingh. Authority of Mymensingh Municipality 

provides drinking water through supply pipes. Untreated sewage 

discharges in the Old Brahmaputra River body due to lack of 

proper treatment plant and sewerage system of Municipality 

authority. Water is essential to humans and all other life forms. 

In both developed and developing countries, water quality is a 

major health concern. In assimilating or carrying off industrial 

and municipal waste water and runoff from agricultural fields, 

streets and roads, rivers play a great role that causes river water 

pollution (Stroomberg et al., 1995; Ward and Elliot, 1995). The 

rivers that flow though Bangladesh comprises of the third  

largest sources of water to discharge to the oceans (Ali, 2002). 

Old Brahmaputra River is now on a threat to be polluted at a 

http://crossmark.crossref.org/dialog/?doi=10.26832/24566632.2019.040106&domain=pdf
https://orcid.org/0000-0002-4878-9616
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large scale due to municipal sewage and other pollutant sources. 

Safe water and improved sanitation are powerful determinants 

of health. The WHO program in Bangladesh aims at promoting 

preventive approaches to water quality management using  

Water Safety Plans (WSP) to enable utilities, small communities 

and the households to ensure safety of drinking water. Since the 

quality of drinking water is closely associated with human 

health, providing safe drinking water is one of the most  

important public health priorities. An estimated 80 percent of all 

diseases and one third of deaths in developing countries are 

caused by the consumption of contaminated water (Kormoker 

et al., 2017). Generally river is considered as sink of storage of all 

kind of wastage. Municipal area residents usually depends on 

supply water and river water is supplied in municipal area with-

out any treatment procedure. River water and sewage water 

contains various pathogens harmful for livestock and human 

beings. Among all, Shiga Toxin producing E. coli (STEC) 0157:H7 

is responsible for mild to life-threatening diarrheal diseases, 

depending on the type of E. coli involved. E. coli O157:H7 is an 

important bacterial pathogen linked with large gastrointestinal 

illness outbreaks (Manning et al., 2008). According to the WHO 

(1993) guidelines for microbial quality of drinking water, E. coli 

or coliform bacteria must not be detectable in any 100 ml of 

drinking water sample (Yassi, 2001). E. coli O157:H7 is fecal 

pathogen frequently isolated from waters (Bavaro, 2009) and 

had found to be the major causative agent of gastrointestinal 

disease outbreaks (Bopp et al., 2003). E. coli O157:H7 outbreaks 

had been found associated with contaminated water sources 

(Shelton et al., 2004) like crop irrigation water, and wastewater 

on the basis of environmental, epidemiological, and microbiolog-

ical studies. E. coli O157:H7 causes approximately illnesses of 

73,000 people, 2000 hospitalizations, and 50–60 deaths each 

year in the United States (Spickler, 2010). Wastewater is treat-

ed to remove pathogens and prevent waterborne disease, a 

large number of studies indicate that conventional wastewater 

treatment does not guarantee their complete elimination 

(Espigares et al., 2006). The microbiological quality of 

wastewater can also pose several potential risks in public health 

and environment when considering the possible reuse of 

wastewater effluents (Levantesi et al., 2010). Different patho-

genic bacteria have been found in effluents including Shiga toxin 

producing E. coli (STEC). The detection of pathogenic microor-

ganisms in wastewater samples is time-consuming and difficult. 

Indicator microorganisms (e.g. E. coli, faecal enterococci) are 

generally used to assess the microbiological quality of 

wastewater. Polymerase chain reaction (PCR) has resolved 

some problems in pathogen detection research. PCR has high 

specificity, speed and sensitivity (Shannon et al., 2007). These 

traits are required to assess public health risks accurately, 

quickly identify contaminated wastewater and minimize human 

exposure (Bertrand and Roig, 2007). The goal of this study was 

to assess the occurrence and presence of pathogenic E. coli 

O157:H7. To evaluate the occurrence and presence of E. coli 

O157:H7, E. coli virulence genes in sewage water and river wa-

ter samples, PCR was tested. 

MATERIALS AND METHODS 

 

Study area and water sampling 

The study was carried out through experimental method at Old 

Brahmaputra River and sewage water at Mymensingh Municipali-

ty. Sewerage water samples from sewerage channels and river 

water samples from Old Brahmaputra River at Mymensingh  

Municipality were collected and analyzed. It takes three months 

(September to November, 2017) to carry out the research work, 

under the department of Environmental Science of Bangladesh 

Agricultural University. There were five sampling stations such as: 

(i) Uttara Police Line area (ii) Circuit House area (iii)Mymensingh 

Zero Point area (iv) Kewatkhali Railway colony area and (v)  

Boishakhi Chottor area of Banladesh Agricultural University  

campus (Figure 1). The water samples were collected for bacterio-

logical analysis from five stations of the surrounding aquatic  

environment vicinity to sewage channels. Total twenty samples 

(10 from river water body and 10 from sewerage channels) were 

collected for bacteriological analysis with 100ml Falcon tube.  

Samples were collected between 9:30 and 11:30 am. The samples 

were taken from the mid-stream and few centimeters above the 

surface of drains or channels. These samples were placed in a light-

proof box to protect from direct sunlight and then taken to the 

laboratory for analysis. Necessary information for each sample, 

date of collection, location etc were recorded in a note book.  

Samples were brought to the Bacteriological Laboratory of  

Department of Microbiology and Hygiene at Bangladesh  

Agricultural University. In the laboratory, samples were kept in  

dark and dry place.  

Media and reagents for bacteriological analysis 

The solid culture media was Eosin-Methylene-Blue (EMB). The 

liquid media used for this study were Nutrient broth (NB). For 

Gram’s staining Crystal violet, Gram’s iodine, Safranine were used 

and Acetone alcohol, 70% ethyl alcohol was used for hand wash 

prior to collection of sample and content to work in the laboratory. 

The different types of glass wares and appliances used during the 

experiment were as follows: Test tubes, petridishes, falcon tube, 

immersion oil, centrifuge machine, water bath, inoculating loop, 

Figure 1. Map showing study area for collection of water samples. 
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conical flask (100 ml, 500 ml, and 1000 ml), cotton, slides and cover 

slips, eppendrof tube, test tube stand, pipette, micropipette, incuba-

tor, refrigerator, sterilizing instruments, hot air oven, autoclave 

machine, electronic machine, glass bit, compound microscope, 

whirly mixture machine. 

 

Materials required for PCR 

 

Primers used for PCR 

PCR was performed to amplify the DNA of E. coli by using  

primer. The details about primers are presented in Table 1. 

 

Reagents and applianes used for PCR mixture 

Genomic DNA template, PCR master mix 2X (Promega, USA), 

Forward and reverse  primers, Nuclease free water, Eppendorf 

tube, PCR tube, PCR tips, Micropipette, Thermocycler. 

 

Materials and reagents used for agarose gel electrophoresis 

Noble agar, Gel electrophoresis apparatus, Micropipette, Tips 

for micropipette, UV Solo TS imaging system (Biometra,  

Germany), Microwave oven, Electronic balance (Precision 

0.01g), Loading Buffer 6X (Promega, USA), 100bp DNA ladder 

(Promega, USA), Ethidium Bromide Solution (0.5 nicrogram/ml), 

Tris Acetate EDTA (1X TAE) buffer. 

 

Methods of sample and media preparation  

 

Preparation of samples for inoculation 

All collected water was centrifuged at 10000 rpm for 3 minutes. 

Supernatants were discarded and sediments were resuspended 

with sterile distilled water used for culture. 

 

Preparation of culture media 

 

Nutrient Broth 

Thirteen gram of dehydrated nutrient broth (NB) base (Himedia, 

India) was dissolved in 1000 ml of distilled water, heated gently 

by an electric heater to dissolve properly and then sterilized by 

autoclaving at 121°C under 15 lbs pressure per square inch 

(1kg/cm2) for 15 minutes (1 kg/cm2). Five ml broth was trans-

ferred in sterile tubes and then stored at 4°C in the refrigerator 

until use. 

 

Eosin Methylene Blue (EMB) agar media 

Thirty six grams powder of EMB agar base (Hi-media, India) was 

suspended in 1000 ml of distilled water. The suspension was 

heated to boil for few minutes to dissolve the powder complete-

ly in water. The medium was autoclaved for 30 minutes under 

15 lbs pressure per square inch (1 kg/ cm2) to make it sterile. 

After autoclaving the medium was put into water bath maintain-

ing 45°C and 10-20 ml of medium was poured into small and 

medium size sterile petridish to make EMB agar plates. After 

solidifying the medium, the plates were kept in the incubator at 

37°C for overnight to check their sterility. 

 

Preparation of 70% Glycerin Solution 

300 ml of distilled water after autoclave was added to 700 ml of 

glycerin (100% available in the market) and dispensed in screw 

capped tubes or suitable containers. Sterilization was done by 

autoclaving at 15 lbs pressure (121°C) for 15 minutes. 

 

Isolation of E. coli by culturing of sample into bacteriological 

media 

Primary culture was obtained when resuspended samples were 

inoculated in NB and inoculated at 37ºC for overnight. Enriched 

culture from nutrient broth was streaked on to selective agar 

media and incubated at 37ºC for 24 hours. Single colony ap-

peared on the selective media was further streaked onto selec-

tive media to obtain pure cultures. Stock culture was mixed with 

a medium prepared by adding 200 µl of 70% sterilized glycerol 

in 300 µl of pure culture in nutrient broth and this was stored at 

-20°C for further use. 

 

Molecular identification of E. coli by PCR 

 

Extraction of genomic DNA from E. coli  

A pure bacterial colony of each isolates was inoculated in NB 

and incubated at 37°C overnight. Then one ml of cultured broth 

centrifuged at 12000 rpm for 3 min and supernatant was dis-

carded and resuspended with 200 µl distilled water. The tube 

then transferred to boiling water and boiled for 20 minutes then 

immediately to ice for cold shock about 10 minutes and then 

centrifuged at 12,000 rpm for 10 minutes. Supernatant were 

collected and used as DNA template during PCR. 

 

Preparation of PCR mixture for E. coli 

In a PCR tube PCR mixture (25 μl) for E. coli was prepared with 

following reagents by keeping them on ice. Such as: Master  

mixture (Promega, USA) = 12.5 μl, Forward primer (20 pmol/µl) 

= 1 μl, Reverse primer (20 pmol/µl) = 1 μl, DNA template = 2 μl, 

Nuclease free water = 8.5 μl. 

Table 1. The sequence of primers used to detect E. coli. 

Primer Name Gene Targeted Primer Sequence (5´-3´) Amplicon size (bp) Reference 

EC16S rRNA F   
16Sr RNA 

5´GACCTCGGTTTAGTTCACAGA3´   
585 

Schippa et al., 
2010 EC16S rRNA R 5´CACACGCTGACGCTGACCA3´ 

EC Stx-1 F   
Stx-1 

5´CACAATCAGGCGTCGCCAGCGCACTTGCT3´   
606 Heuvelink et 

al.,1995 

EC Stx-1R 5´TGTTGCAGGGATCAGTCGTACGGGGATGC3´ 

EC Stx-2 F   
Stx-2 

5´CCACATCGGTGTCTGTTATTAACCACACC3´   
372 EC Stx-2R 5´GCAGAACTGCTCTGGATGCATCTCTGGTC3´ 
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Thermal profile 

Thermal profile for the amplification of 16SrRNA, Stx-1and Stx-2 

gene of E. coli by PCR (Table 2) 

 

Agarose gel electrophoresis of PCR product 

The amplified PCR products were resolved in 1.5% agarose gel 

at 100v for 30 minutes, stained with ethidium bromide and  

finally visualized under UV trans-illuminator. The procedure of 

gel electrophoresis was as follows: 

 

I. Gel casting tray was assembled with gel comb of appropriate 

teeth size and number then 1.5% agarose solution was prepared 

in TAE buffer by melting in a microwave oven.  

 

II. Molten agarose was poured onto the casting tray and allowed 

to solidify on the bench and the hardened gel in its tray was 

transferred to the electrophoresis tank (Biometra Power Pack P 

25, Germany) containing sufficient amount TAE. 

 

III. 5 µl of each PCR product was mixed with 1µl loading dye and 

the negative and positive sample was loaded to the appropriate 

well of the gel and 5 µl DNA size marker was loaded in one well. 

 

IV. The leads of the electrophoresis apparatus were connected 

to the power supply and the electrophoresis was run at 100 V 

for 30 mins. When DNA migrated sufficiently, as judged from 

the migration of bromphenicol blue of loading bufter, the power 

supply was switched off. 

 

V. The gel stained in ethidium bromide (0.5µg/ml) for 10 

minutes, in a dark place then the gel was destained in distilled 

water for 10 minutes. After electrophoresis and staining the 

PCR products were documented under UV trans-illuminator 

(Biometra, Germany). 

Table 2. Thermal profile for the amplification of 16SrRNA, Stx-1 and Stx-2 gene of E. coli by PCR. 

Conditions 
Temperature (°C) 

Time Cycle(s) References 
16s rRNA Stx-1 and Stx-2 

Initial denaturation 95 95 5 min 

  
30 

  
 Schippa et al., 2010 

Denaturation 94 94 0.5 min 

Annealing 58 56 1 min 

Extension 72 72 1 min 

Final extension 72 72 10 min 

Holding 4 4 Until use 

RESULTS AND DISCUSSION 

 

PCR results and pathogenic E. coli detection 

 

Cultural characteristics of the isolated E. coli 

All the samples were found positive for E. coli when cultured on 

EMB agar media. Smooth, circular, black or green color colonies 

with metallic sheen on EMB agar media (Figure 2) was produced 

by each isolate. 

 

Results of E. coli detection by PCR 

A total of 20 isolates were confirmed as E.coli (585 bp) by ampli-

fying genus specific 16S rRNA primers (Figure 3). Among the 

positive isolates, 14 isolates were found to contain stx-1 gene 

(Figure 4) and none were found to contain stx-2 gene (Table 3). 

The cultural properties of E. coli like production of metallic 

sheen on EMB agar was similar with the findings of others  

Hossain et al. (2008); Nazir et al. (2005) and Sharada et al. 

(1999).Two specific primers ECO-1 and ECO-2 for E. coli were 

used targeting 16S rRNA gene where PCR product size was 585 

bp which was observed in agarose gel electrophoresis that was 

similar to the findings of other authors (Bashir et al., 2015; 

Schippa et al., 2010). Shiga toxin producing stx-1 gene specific 

primers produced band size 606 bp. 

 

Prospective human health effect of Stx-1 positive gene  

containing E. coli 

Diseases acquired from contact with contaminated water can 

cause gastrointestinal illness, skin, ear, respiratory, eye, neuro-

logic, and wound infections. The most commonly reported 

symptoms are stomach cramps, diarrhea, nausea, vomiting, and 

low-grade fever resulting from Stx-1 positive gene containing E. 

coli. People who contract gastroenteritis from drinking water 

contaminated with E coli are at an increased risk of developing 

high blood pressure, kidney problems and heart disease in later 

life (Clark et al., 2010). E. coli O157:H7 infections cause up to 

120,000 gastro-enteric illnesses annually in the US alone,  

resulting in over 2,000 hospitalizations and 60 deaths. Howev-

er, the long term health effects of E. coli infection in adults are 

largely unknown (Gaffield et al., 2003; Clark et al., 2010). Stx-1 

positive gene containing E. coli is one of hundreds of strains of 

the bacterium E. coli. Although most strains are harmless and 

live in the intestines of healthy humans and animals, this strain 

Figure 2. Greenish black metallic sheen of E. coli on EMB agar. 
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produces a powerful toxin and can cause severe illness. Infection 

often causes severe bloody diarrhea and abdominal cramps; 

sometimes the infection causes non-bloody diarrhea. Frequently, 

no fever is present. It should be noted that these symptoms are 

common to a variety of diseases, and may be caused by  

contaminated drinking water. Children under 5 years of age and 

the elderly, the infection can also cause a complication called  

hemolytic uremic syndrome, in which the red blood cells are  

Minhaz Uddin et al. /Arch. Agr. Environ. Sci., 4(1): 39-44 (2019) 

destroyed and the kidneys fail. About 2%-7% of infections lead to 

this complication. In the United States, hemolytic uremic  

syndrome is the principal cause of acute kidney failure in children, 

and most cases of hemolytic uremic syndrome are caused by E. coli 

O157:H7. Hemolytic uremic syndrome is a life-threatening condi-

tion usually treated in an intensive care unit. Blood transfusions 

and kidney dialysis are often required. With intensive care, the 

death rate for hemolytic uremic syndrome is 3%-5%. 

Figure 3. Agarose gel electrophoresis (1.5%) of PCR products after amplifi-
cation of 16S rRNA for E. coli. Lane M: 100 bp DNA ladder, Lane P: positive 
control Lane N: Negative control Lane 1-14: Extracted DNA suspected 
culture. 

Figure 4. Amplification of Stx-1 gene; Lane M: 100 bp DNA ladder; Lane P: 
Positive control; Lane N: Negative control; Lane 1-5: Extracted DNA of 16S 
rRNA positive E. coli isolates. 

Table 3.  Summary of prevalence of E. coli from collected samples. 

Source of samples  
No. of total 
samples 

No. of E. coli positive samples on 
the basis of cultural properties 

No. of 16S rRNA positive 
samples 

Stx-1 
positive 

Stx-2 positive 

Drain and River 
water 

 20  20  20  14  00 

Conclusion 

 

In Bangladesh life and river are closely related. Fishery, agricul-

ture and even sanitation are directly or indirectly depend on 

river system in Bangladesh. Due to discharges of municipal  

sewage and other wastes through sewerage channels to river 

body, water quality of Old Brahmaputra River is on a threat to 

be degraded with low water quality parameters and presence of 

various pathogens. The effects of water pollution are not only 

harmful to people, but also to animals, fish, and birds. Polluted 

water is unsuitable for drinking, recreation, agriculture, and 

industry. The overall test results reveal that the water of Old 

Brahmaputra River is suitable for irrigation but presence of 

pathogenic E. coli can cause harm to human and animal health 

when they are in contact with the E. coli contaminated water. 

From the study, it is proved that E. coli is present in all water 

samples with 70% of them are pathogenic. E. coli is present 

mostly in sewage water (found 8 samples are pathogenic) and 

river water is contaminated with Shiga Toxin producing E. coli 

due to continuous discharge of sewage water in river (found 6 

samples are pathogenic from river). However, it is recommend-

ed to suggest a way forward in achieving proper management 

though effective planning for the conservation of this river in 

near future. Routine research work with wide public awareness, 

government participation and government regulations can save 

the water of Old Brahmaputra River and thus a safe and sound 

water environment can be made for future generations. 
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 Recently in Ethiopia pearl millet has drawn a lot of attention as a replacement for maize and 

sorghum in the dry land areas because of its ability to reliably produce grains on a wide range 

of soils and harsh production environment. A field experiment was conducted during the 2014 

cropping season on the Research sites of Abergele and Aybra, at Sekota dryland agricultural 

research Centre, eastern Amhara, Ethiopia, with the objective of to increase the productivity 

of pearl millet in the study areas of Wag-Himra Zone through optimizing its intra and  

inter-row spacing. The treatments considered in the study were consisting of four intra row 

spacing’s (5, 10, 15 and 20 cm) and four inter-row spacing (30, 50, 60 and 75 cm) and making a 

total of sixteen treatments. The Randomized Complete Block Design factorial arrangement 

with three replications a plot size of 5m × 3m was used. Based on the Combined analysis main 

effects of inter and intra row spacing by location showed significance difference (p<0.05) for 

the parameters of grain yield. The heights grain yield was recorded from 50cm and 5cm inter 

and intra row spacing respectively, whereas the lowest grain yield was recorded from 60cm 

and 75cm with 20cm inter and intra row spacing respectively. It is possible to recommend 

that, sowing of pearl millet with inter row spacing of 50cm and 5cm intra row spacing is  

effective in attaining higher grain yield in the study area. 
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INTRODUCTION 

 

Pearl millet (Pennisetum glaucum) is the most important crop in 

the drier parts of semi-arid tropics and accounts for almost half 

of the global production of the millet species from amongst  

different species of millets cultivated (Singh et al., 2017; Vinoth 

and Ravindhran, 2017). As general estimate, global millet  

production is broken down into pearl millet (50%), finger millet 

(10%) and other millets 40%. Over thirty percent of the popula-

tion (over 100 million people) of Eastern and Central Africa 

(ECA) live in these semi-arid areas and rely on agriculture and 

livestock as their main livelihood (Mortimore et al., 2009; Disasa 

et al., 2016).  

The communities in these areas depend on millets and sorghum 

as the main staple crop-providing source of food, and source of 

income (Champion and Fuller, 2018). As the conditions become 

drier, pearl millet is the only crop that is grown where normal 

rainfall does not permit the reliable production of sorghum 

(Jukanti et al., 2016). Production exceeds that of sorghum due to 

its draught-tolerant character and the reverse is the case as 

rainfall increases (Negi et al., 2017; Chisi and Peterson, 2019). 

Being able to thrive where habitats are harsh, it is perhaps the 

best of all life-supporting grain (FAO, 2000).   

With respect to its nutritional value, research was conducting 

by Kodkany et al. (2013) which showed that pearl millet bread to 

contain more iron can provide young children with their full 

daily iron needs. His report further pointed out that it yields 

reliably well in regions too hot and too dry to consistently  

http://crossmark.crossref.org/dialog/?doi=10.26832/24566632.2019.040107&domain=pdf
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support good yield of maize or sorghum (Ullah et al., 2017). Pearl 

millet is a hardy warm-season, dry land cereal grain crop. It is 

largely   grown in the drought-prone regions of Africa and Asia 

where it performs better than other cereals (Chisi and Peterson, 

2019).  In Ethiopia, one improved variety is released for produc-

tion in the dry land areas of the country. Though the crop is 

grown in some dry areas of the country, agronomic factors that 

limit pearl millet productivity are not yet studied (Disasa et al., 

2016). All agronomic practices (seed rate, fertilizer rate, spacing 

and other agronomic practices) were done depending on the 

agronomic packages settled to sorghum production.  

Wag-himra administrative zone is one of the known dry land 

areas in Ethiopia. Especially low land areas receives limited 

amount of rainfall (not more than 275 mm annually) and the 

growing period is very short usually. The rainfall amount and 

distribution are highly variable and erratic in nature. The soils 

are highly degraded and low in fertility. Pearl Millet is grown in 

harsh environments where other crops grow or yield poorly 

(Disasa et al., 2016; Negi et al., 2017).  

Production of pearl millet with yield improvement would have a 

direct impact on the drought prone areas of Ethiopia since pearl 

millet is drought tolerant and early maturing with high water 

use efficiency. In order to improve pearl millet yield in the study 

area there is need to include the Intra and inter row spacing is 

crucial (Champion and Fuller, 2018). Especially in wag himira 

Zone, production of pearl millet needs critical attention since 

drought is the major problem in this area because moisture is 

the limiting factor for crop production in general and pearl millet 

production in particular (Jukanti et al., 2016). Sekota dryland 

agricultural research center has registered Kolla –1 pearl millet 

Varity through adaptation for production of low land areas of 

Wag himra zone, however, information on their intra and  

inter-rows spacing on yield and yield components are lacking 

(Ullah et al., 2017; Venkateswaran et al., 2019).  

To address the further research works on production gaps in 

Wage-Himra administration zone using Kolla-1 pearl millet  

variety. Therefore, this research study was initiated with to  

increase the productivity of pearl millet   in the study areas of 

Wag-Himra Zone through optimizing its intra and inter-row 

spacing.  

 

MATERIALS AND METHODS 

 

Study area 

The experiment was conducted at Abergele and Aybra testing 

sites of Sekota dryland agricultural research center in Eastern 

Amhara region, Ethiopia during the main cropping season for 

one year (2014). Abergele testing site has been characterized by 

an altitude of 1495m.a.s.l, minimum and maximum tempera-

tures of 28°C and 42°C and an average annual rainfall of 250 to 

650 mm with latitude of 12°62'83'' N and 39°03'56'' E’,  

whereas, Aybra testing site also characterized as an altitude of 

1976m minimum and maximum temperatures of 26.6°C and 

31.6°C and an average annual rainfall of 500 to 650 mm with 

latitude of 12°68'35'' N and with longitude of 39.01'41'' E.  

Experimental and treatment design 

The treatments considered in the study were consisting of four 

intra row spacing’s (5, 10, 15 and 20 cm) and four inter-row 

spacing (30, 50, 60 and 75 cm) and making a total of sixteen 

treatments. The Randomized Complete Block Design factorial 

arrangement with three replications of plot size of 5m × 3m was 

used. Blanket recommendations of Urea and DAP fertilizer 

(50kg/ha and 100kg/ha) were used as the source of N and P, 

respectively. Application of urea was in two split, while the  

entire rate of phosphorus was applied at sowing in band. The 

experimental sites were prepared well. Each plot and block was 

separated by 0.50 m and 1.5 m, respectively.  

 

Test crop variety and parameters 

Pearl millet variety Kolla-1 was used as a testing crop for the 

experiment. Important agronomic practices like land prepara-

tion and weeding were uniformly applied to all experimental 

plots as often as required. Days to heading, days to maturity,  

panicle length, Plant height at maturity (cm), number of tillers 

and number of effective tillers per plant, lodging (%), grain yield 

(kg/ha), thousand seed weight (gm) and biomass yield (kg/ha) 

were collected as growth and yield parameters of tef.  

 

Data collection and statistical analysis 

Data of many important growth and yield parameters collected 

during the experimental periods were purified and arranged for 

further analysis. The analysis of variance (ANOVA) was carried 

out for growth and yield parameters of the following statistical 

procedures appropriate for the experimental design using  

statistical analysis system (SAS) program package version 9.0 

(SAS, 2002). Whenever treatment effects were significance  

at 0.01 or 0.05 level of significance errors, the means were  

separated by using the Duncan (Ducnan, 1995) multiple  

range test (DMRT) procedures at 0.05 probability level of  

significance. 

 

RESULTS AND DISCUSSION 

 

Effect of row spacing on yield 

The analysis of variance revealed that Grain yield was  

significantly (P< 0.05) affected by in case of inter row spacing’s, 

whereas there was no significance difference (P>0.05) in case of 

intra row spacing. The interaction between inter row and intra 

row spacing was also not statistically significance (P>0.05) at 

Abergele in the year 2014 cropping seasons (Table 1). The  

highest grain yield (1056 kg/ha) was recorded from 50cm inter 

row spacing The lowest grain yield (793 and 837kg/ha) was  

recorded from 60 cm and 75 cm inter row spacing respectively 

at Abergele location in year 2014 cropping seasons. The current 

result not in line with (Yoseph, 2014) who found that yield and 

yield component of pearl millet cannot affect by different inter 

row spacing. But slightly similar with (Gulia et at., 2007) who 

reported that for consistent high grain yield of pearl millet row 

spacing of 36-53cm is better than other.  
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Interactive effects of row spacing on crop parameters 

The result indicated that there was no significance difference  

(P >0.05) on the parameters of days to maturity, number of  

tillers, number of effective tillers,  plant height, panicle length, 

lodging percentage and biomass yield by the main effects of  

intra and inter row spacing as well as their interaction for the 

year 2014 cropping season. The current finding agreed with the 

result of (Anshul et al., 2017). Who found that no significance 

difference was observed on the parameters of days to maturity, 

number of tillers, number of effective tillers, plant height,  

panicle length, thousand seed weight and biomass yield by the 

main effects of intra. 

The result indicated that there was no significance difference  

(P >0.05) all the parameters like days to maturity, number of 

tillers, number of effective tillers panicle length, plant height 

lodging percentage, biomass yield, thousand seed weight and 

grain yield by the main effects of seeding rate and inter row 

spacing as well as The interaction between inter row and intra 

row spacing was also not statistically significance (P>0.05) at 

Aybra in the year 2014 cropping seasons. 

Table 1. Mean grain yield and other agronomic parameters of pearl millet on the effects of inter row spacing and intra row spacing at 
Abergele in 2014 cropping seasons. 

Inter row spacing DAH DAM NT NET LP PH LDG BM (kg) TSW (gr) G.Y (k.g) 

30 60.54 81.66 1.93 1.18 18.32 156.36 51.36 2884.8 6.50   974ab 

50 57.69 82.23 1.78 1.13 18.26 150.24 46.55 3020.5 6.50 1056a 

60 57.69 81.66 1.91 1.17 18.11 152.95 43.33 2658.3 6.54   793b 

75 57.69 83.22 1.85 1.20 18.55 153.42 41.66 3207 6.41    837b 

Means 58 82 1.86 1.16 18 152 45 2920 6.40    90 

CV 5.8 2.98 13.95 13.95 20.57 9.58 22.7 25.93 3.70    29.2 

Duncan at 5% ns ns ns ns ns ns ns  ns  ns      * 

Intra row spacing                     

5 57.58 81.25 1.86 1.86 18.35 149 48.33 2827 6.54 1037 

10 58.66 83.58 1.79 1.12 18.36 154.61 48.33 2988 6.50 940 

15 58.50 81.25 1.84 1.21 18.25 154.13 44.16 3011 6.43 904 

20 58.11 81.33 1.94 1.17 18.20 155.15 41.66 2870 6.50 769 

Duncan at 5%  ns ns ns ns ns ns ns ns  ns  ns 

Where, DH= Days to heading, DM=Days to maturity, PH=Plant height, NT=Number of tillers per plant, NET, Number of effective tiller HL=Head 
length BMY= Bio-mass, and GY=Grain yield. And NS, Non   significance,* Statistically significant and ** Statistically highly significance.  

Table 2. Mean grain yield and other agronomic parameters of pearl millet on the effects of inter row spacing and intra row  
spacing at Aybra in 2014 cropping seasons. 

Inter row spacing DAH DAM NT NET LP PH LDG BM (k.g) TSW (gr) G.Y (k.g) 

30 46.54 81.25 2.31 1.93 16.90 146.54 4.74 1721 8.40 739.38 

50 46.38 83.58 2.19 1.74 17.80 149.40 4.82 1642 8.50 734.22 

60 46.66 81.75 2.16 1.71 18.16 152.90 4.64 1816 7.78 664.89 

75 46.88 81.33 2.26 1.76 17.22 144.72 4.81 1648 7.33 710.64 

Means 46.00 91.00 2.2 1.78 17.61 148 4.76 1689 8.00 701.98 

CV 2.94 4.98 6.19 15.45 19.4 7.21 16.8 20 16.80 17.83 

Duncan at 5%  ns ns  ns  ns  ns  ns  ns  ns  ns    ns 

Intra row spacing                     

5 45.75 89.16 2.21 1.16 17.31 149.5 2827 4.82 8.37 1775.59 

10 47.00 92.50 2.16 1.12 17.88 150.11 2988.9 4.92 7.62 1624.3 

15 47.16 91.25 2.35 1.21 17.71 148.48 2971.1 4.48 7.93 1628.6 

20 46.44 91.22 2.60 1.17 17.26 146.15 2870.4 4.80 8.16 1854.4 

Duncan at 5% ns ns ns ns ns ns ns ns  ns   ns 

Where, DH= Days to heading, DM=Days to maturity, PH=Plant height, NT=Number of tillers per plant, NET, Number of effective tiller HL=Head 
length BMY= Bio-mass, and GY=Grain yield. And NS, Non   significance,* Statistically significant and ** Statistically highly significance.  
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The Combined analysis of inter row spacing by location showed 

significance difference (P<0.05) for the parameters of grain yield 

and days to heading for the year 2014. The heights grain yield 

was recorded from 50 cm inter row spacing (895 kg/ha)  

whereas the lowest grain yield was recorded from 60 cm 

(772kg/ha) and 75 cm (777kg/ha). There was no significance 

difference between the treatments of 30 cm and 50 cm inter 

row spacing on the grain yield. The heights days to heading was 

recorded from 30 cm inter row spacing, whereas the lowest 

days to heading was recorded from 60 cm and 50 cm inter row 

spacing’s respectively and there was no significance differences 

between the treatments of 50 cm, 60 cm and 75 cm inter row 

spacing’s for the parameter of days to heading. Based on the 

combined analysis by location  the main effect of inter row  

spacing had no significance effect on the parameters of days to  

maturity, number of tillers, number of effective tillers, panicle 

length, thousand seed weight and biomass yield for the year 

Alemu Lakew and Tafere Berhanu /Arch. Agr. Environ. Sci., 4(1): 45-49 (2019) 

2014 cropping season. The Combined analysis of intra row  

spacing by location showed significance difference (P<0.05) for the 

parameter of grain yield for the year 2014. The heights grain yield 

was recorded from 5cm intra row spacing (906 kg/ha) whereas the 

lowest grain yield was recorded from 20 cm 687kg/ha). There was 

no significance difference between the treatments of 5 cm and 10 

cm intra row spacing. Intra row spacing had no significance effect 

on days to heading, days to maturity, number of tillers, number of 

effective tillers, panicle length, thousand seed weight and biomass 

yield for the year 2014 cropping season. The current result goes in 

line with (Anshul et al., 2017; Ullah et al., 2017) who found that 

different intra row spacing did not show significance difference on 

the parameters of number of tillers, number of effective tillers, 

plant height, thousand seed weight and panicle length on pearl 

millet whereas different intra row spacing had significant effect on 

the grain yield of pearl millet (Champion and Fuller, 2018; Chisi 

and Peterson, 2019). 

Table 3. Mean grain yield and other agronomic parameters of pearl millet as affected by intra and inter row spacing combined by 
location for the year 2014 at Aybra and Abergele locations. 

Inter row spacing DAH DAM NT NET LP PH LDG BM (k.g) TSW (gr) G.Y (k.g) 

30 53.5a 85.95 2.12 1.52 17.61 151.45 28 1812 7.45 856a 

50 52b 87.23 1.98 1.44 18.03 149.82 25.68 1877 7.50 895a 

60 51.75b 86 2.04 1.44 18.14 152.92 23.98 1661.6 7.16 772b 

75 52.29ab 87 2.01 1.48 18.05 147.65 22 1889 6.87 777b 

Means 52.37 86.63 2.04 1.47 17.96 150.42 24.82 1811 7.24  800 

CV 4.45 4.16 13.29 19 6 8.59 9.73 27 15  25 

Duncan at 5%  * ns ns ns ns ns ns ns ns   * 

Intra row spacing                     

5 52.66 85 2.04 1.48 17.83 149.22 26.57 1801 7.45 906a 

10 52.83 88 1.97 1.37 18.12 152.36 26.62 1845 7.33 821ab 

15 52.63 86.86 2.07 1.51 18.09 149.7 23.12 1831 7.18 771bc 

20 52.27 86.27 2.05 1.52 17.73 150.65 23.23 1745 7.33  687c 

Duncan at 5%  NS  ns  ns  ns  ns  ns  ns ns  ns    * 

Where, DH= Days to heading, DM=Days to maturity, PH=Plant height, NT=Number of tillers per plant, NET, Number of effective tiller HL=Head 
length BMY= Bio-mass, and GY=Grain yield. And NS, Non significance,* Statistically significant and ** Statistically highly significance.  

Conclusions  

 

In general, main effect of different inter row spacing had  

significance effect on the grain yield of pearl millet at Abergele 

location, whereas the main effect and the interaction between 

intra and inter row spacing had no significance effect all other 

parameters at Abergele location for the year 2014 cropping 

season. The main effects of inter and intra row spacing and their 

interaction had no significance effect all the parameters at 

Aybra location in the year 2014 cropping season, but the  

combined analysis by location showed significance difference on 

the main effects of inter row spacing and intra row spacing for 

the parameters of grain yield, similarly the main effects of inter 

row spacing had significance effect on the parameters of days to 

heading, whereas the interaction between inter row spacing and 

intra row spacing had no significance effect for all the  

parameters. Thus, it is possible to recommend that, sowing of 

pearl millet with inter row spacing of 50cmand 5cm intra row 

spacing is effective in attaining higher grain yield in the study 

area. 
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 Morphological, mineral and vitamin compositions of leaves and seeds of two varieties of  

Hibiscus sabdariffa L. were evaluated using standard techniques and compared. Analysis of 

variance was employed in data analyses. Morphological study showed no significant difference 
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varieties investigated but in varying levels. Higher composition of the minerals and vitamins 

were found in the leaves than the seed. However, the nutrients were higher in the red variety. 

The results of the study revealed that these parts of the two varieties investigated are  

nutritious and can contribute significantly to the human health requirements thus could be 

extracted for the manufacture of food and drugs supplements. Overall data could be used as a 

viable tool in Roselle breeding for improvement in Roselle production and also to enhance 

proper taxonomic characterization and identification of the plant species which have immense 

economic potentials as ornamental plants. 
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INTRODUCTION 

 

Roselle (Hibiscus sabdariffa L.) belongs to the family Malvaceae, 

which consists of plants whose fruits are capsule, schizocarps or 

nuts (Judd et al., 2008; Mukherjee et al., 2017). The family  

consists of 243 genera and Hibiscus is among the largest genera 

in terms of number of species (Judd et al., 2008; Mohamed et al., 

2012). The species of this genus (Hibiscus) are often noted for 

their showy flowers and are commonly known as hibiscus or 

rose mallow (Lawton, 2004; Mokhtari  et al., 2018). The plant is 

widely grown in the Tropic including Caribbean, Central  

America, India, Africa, Brazil, Australia, Hawaii, Florida and  

Philippine, as a home garden crop (Mahadevan et al., 2009). 

The species H. Sabdariffa comprises a large number of  

cultivated types which, based on their growth, habit or end use, 

are classified broadly under two varieties, H. Sabdariffa var. 

sabdariffa and H. Sabdariffa var. altissima Wester (Gautam, 2004). 

Several cultivars and varieties of Hibiscus sabdariffa are known 

(Orwa et al., 2009). In Nigeria the two most common botanical 

varieties are the green and red. The red variety is shorter and 

bushy in form; it has red or pale yellow inflated edible calyces, 

but poor fiber; while the green variety is erect, sparsely-

branched annual and grows up to 16ft (4.8m) high (Morton, 

1987; Da-Costa-Rocha et al., 2014). Roselle is usually propagat-

ed by seed but grows readily from cuttings (Morton, 1987; Judd 

et al., 2008). It succeeds best in tropical and Subtropical regions. 

Deep, fairly fertile sandy loam soil is preferable to grown roselle 

(Morton, 1987; Mwasiagi et al., 2014).  It is grown for its fiber, 

but has inedible calyces (Morton, 1987; Orwa et al., 2009; 

Abdallah, 2016). The calyx of the red variety is used for the 

preparation of “Zobo” drink and soup, and the calyx of the green 

variety is used to cook soup, stew and sauces (Babalola, 2000). 

http://crossmark.crossref.org/dialog/?doi=10.26832/24566632.2019.040108&domain=pdf
https://orcid.org/0000-0003-2155-3424
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The calyx of roselle (green) is very rich in vitamin C and  

riboflavin with some major mineral present (Babalola, 2000). 

The green variety is more predominant in the Southern part of  

Nigeria, although is scarce. The red varieties are predominant in 

the Northern part. The calyces of these varieties have a number 

of uses and promising prospects for industrial purposes 

(Alegbejo, 2000; Daudu et al., 2015). 

Roselle may have exploitable possibilities as a natural food 

product and as a colourant to replace some synthetic dye 

(Morton, 1987; Mohamed et al., 2007). In China, it is used to 

treat hypertension, pyrexia, and liver damage (Tsai and Ou, 

1996; El Hakim, 2010) and lately its sepal extract has been used 

as an effective treatment against leukemia, due to its high  

content in polyphenols, particularly protocatechic acid (Odigie 

et al., 2003). Hibiscus sabdariffa is usually taken as a drink made 

from the calyx, especially in the western part of Africa and has 

been recommended as a remedy for various ailments such as 

hypertension, pyrexia and liver disorders (Essa et. al., 2006; 

Obouayeba et al., 2014). It has also been said to be a mild diuret-

ic and purgative, among many other effects (Essa et al., 2006). 

The in vivo pharmacological activities as antipyretic, antioxidant 

and anticholesterol products were screened in rats and rabbits 

(Ali et al., 2005; Ochani and D’Mello, 2009 ). It was also proved 

effective in regulating human blood pressure (Haji-Faraji and  

Haji-Tarkhani, 1999; Herrera-Arellano et al., 2004). In some  

countries, its shrubbery is used for decorative purposes, in others, 

the seeds and petals are used for human consumption (Herrera-

Arellano et al., 2004). The calyces are used to produce infusions 

that are consumed like tea (Konan et al., 2015). The fresh calyces of 

roselle are rich in riboflavin, ascorbic acid, niacin, carotene, calcium 

and iron that are nutritionally important (Mahadevan et al., 2009; 

Singh  et al., 2017), as well as amino acids and mineral salts (Cisse et 

al., 2009). Early studies reported that H. sabdariffa contains  

protein, carbohydrate, vitamin C, β-carotene and iron (Ismail et al., 

2008; Singh  et al., 2017).  

Despite the immense importance of this species, the nutritional 

(mineral and vitamins) potentials of the varieties commonly  

consumed by our people are lacking, hence the need for the  

present study. Accordingly, the problem and focus of this  

research is to ascertain the morphological and nutritional  

properties of the two varieties of Hibiscus sabdariffa (green and 

red varieties) found in Nigeria.  

 

MATERIALS AND METHODS 

 

Study area 

The nutrient analysis was carried out at Springboard Laboratory 

Awka, (6o 12N/, 7o 04E/) Anambra State. Field studies were  

carried out in Awka. Awka is located in the tropical rain forest 

zone of Nigeria with average temperatures, annual rainfall and 

relative humidity of 29°C, 2700 mm and 87 % respectively. 

 

Procurement, identification and preparation of plant material 

The leaves and seeds of both varieties were oven dried at 65oC 

for 6 hrs. The dried leaves and seeds were crushed into fine 

powder for mineral and vitamin analysis. The leaves and seeds of 

both varieties (red and green) of Hibiscus sabdariffa were collected 

between March-May 2017 from a farm in Burunji, Jimeta-Yola, 

Adamawa State. The samples were authenticated and given 

voucher number by a taxonomist in the Department of Botany, 

Nnamdi Azikiwe University, Awka. Some of the seeds of both  

varieties were germinated in the field for morphological studies. 

 

Morphological studies 

Observations on vegetative characteristics were studied using 

samples collected from mature plant. For the leaves, the third and 

fourth fully opened leaves from the stem tip were used. A meter 

rule was used to measure the petiole length, leaf length and leaf 

base. The plant height and stem girth was measured using a tape 

rule, while the leaf texture, leaf shape, leaf margin, stem colour, leaf 

arrangement, leaf type, and leaf venation were studied by keen 

observation (This is as outlined by Ilodibia et al., 2017).  

 

Mineral and vitamin studies 

Mineral (Na, K, Ca, Mg and P) and vitamin (Vit A, Vit B1, Vit B2, 

Vit B3 and Vit C) were determined following the methods of 

James (1995) and AOAC (2005).  

 

Materials and reagents used 

The used materials were as electronic balance, box resistance 

furnace, crucible, desiccator, beakers, conical flasks, burette, 

spectrophotometer, flame photometer, separating funnel, 

Whatman no.1 filter paper, funnel, water bath, petri-dishes, 

masking tape, and sample bottles. The chemical used in this 

study were as: HCl (2M), Potassium ferrocyanide (masking 

agent), Solochrome dark blue, Erichome Black T, 0.02N EDTA, 

Ammonia buffer, Distilled water, Phosphorus colour reagent, 

Absolute ethanol, 50% KOH, Petroleum ether, 20% KI, 1% 

Starch, Copper sulphate, Alcoholic NaOH, Potassium dichro-

mate, 50% Ethanol, KMnO4, 30% H2O2, 40% NaSO4, Normal 

H2SO4, Ammonia, 0.02% H2SO4, 6% EDTA, Sodium cyanide,  

Sodium potassium ferrocyanide, Potassium dichromate, and 

Hydroxylamine hydrochloride. 

 

Statistical analysis 

Results were presented in mean ± standard deviation and were 

subjected to analysis of variance (ANOVA) using Duncans  

Multiple Range Test (DMRT) at 5% probability to separate the 

treatments. Differences in mean value were considered significant 

at p<0.05. Bar charts were used to illustrate the percentage  

composition of mineral and vitamin in both varieties plant part. 

 

RESULTS AND DISCUSSION 

 

Results of the study are presented in Tables 1 – 3 and Figures 1 – 4.  

 

Morphological studies   

 

Observations on the morphology of two varieties (red and 

green) of Hibiscus sabdariffa (Table 1 and Figures 1-3 showed 
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that the red variety is a shrub and about 3.30±0.81 m in height; 

the phyllotaxy is alternate; leaves are 9.40±0.52 cm wide  

and 10.00±0.60 cm long; simple, smooth, reddish green in  

colour, have serrated margin; venation is reticulate, apices  

acuminate; base is rounded, leaf area is 94.25±0.31cm2, petiole 

is 6.50±0.52 cm long. Stem is glabrous in nature, red in colour 

and circular in shape; 2.20±0.73 cm in girth. Root type is tap 

root; flower type is hypogynous and yellow in colour;  

inflorescence is solitary (axillary) placentation is axile, sepal 

gamosepalous and bell shaped; petals overlapping 

(polypetalous) and bell shaped.  

The green variety is a shrub and about 3.80±0.63 m in height; 

the phyllotaxy is alternate; leaves are 6.50±0.62 cm wide and 

8.30.00±0.45 cm long; simple, smooth, greenish in colour, have 

serrated margin; venation is reticulate, apices acuminate; base is 

rounded, leaf area is 53.95±0.40cm2, petiole is 3.60±0.33 cm 

long.  Stem is glabrous in nature, red in colour and circular in 

shape; 1.80±0.43 cm in girth. Root type is tap root; flower type 

is hypogynous and white in colour; inflorescence is solitary 

(axillary) placentation is axile, sepal gamosepalous and bell 

shaped; petals overlapping (polypetalous) and bell shaped 

(Table 1 and Figures 1-3). The result revealed some similarities 

and differences in the morphological characteristics between 

the varieties. Similarities were observed in the habit, leaf type, 

leaf arrangement, base, texture, venation, apices, stem shape, 

nature, root type and flowers. Differences were observed in the 

plant height, colors, leaf length, width, leaf area, petiole length 

and stem girth. These similarities could be because they belong 

to the same species ‘sabdariffa’. The differences could be the 

reason for the different varieties. Qualitative and quantitative 

characteristics observed strengthens the intra and 

interspecific relationship and can be used to enhance proper 

taxonomic characterization and identification of the plant  

species which have immense economic potentials as ornamental 

plants. High variability among crop genotypes based on  

phenotypic characters has been reported by some authors 

(Aremu et al., 2007; Adewale et al., 2010, Aziagba et al., 2016 

and Ilodibia et al., 2018). The result is in line with the morpholog-

ical descriptions of Morton (1987) and Orwa et al. (2009) except 

in those features they did not study respectively. 

Table 1. Morphological features of the red and green varieties H. sabdariffa. 

Tissue Parameter Red Variety Green Variety 

  Habit Shrub Shrub 

  Plant height 3.3±0.81m 3.8±0.63m 

Leaf Leaf colour Reddish green Green 

  Leaf type Simple Simple 

  Leaf arrangement Alternate Alternate 

  Leaf texture Smooth Smooth 

  Leaf venation Reticulate Reticulate 

  Leaf margin 3 to 5 lobed (serrated) 3 lobed (serrated) 

  Leaf apex Acuminate Acuminate 

  Leaf base Rounded Rounded 

  Leaf length 10.0±0.60cm 8.3±0.45cm 

  Leaf width 9.4±0.58cm 6.5±0.62cm 

  Leaf area 94.25±0.31cm 53.95±0.40cm 

  Petiole length 6.5±0.52cm 3.6±0.33cm 

        

Stem Stem colour Red Green 

  Stem shape Circular Circular 

  Stem nature Glabrous Glabrous 

  Stem girth 2.2±0.73cm 1.8±0.43cm 

Root Root system Tap root Tap root 

        

Flower Flower colour Yellow White 

  Inflorescence Solitary (Axillary) Solitary (Axillary) 

  Flower type Hypogynous Hypoynous 

  Placentation Axile Axile 

  Sepals Gamosepalous Gamosepalous 

  Sepal shape Bell-shaped Bell-shaped 

  Petals Overlapping (polypetalous) Overlapping (polypetalous) 

  Petal Shape Bell-shaped Bell-shaped 
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Mineral and vitamin studies 

The result showed that minerals were present in all the parts of 

H. sabdariffa varieties investigated but in varied levels (Table 2 

and Figure 4). This indicated that these parts of H. sabdariffa 

varieties investigated are good sources of minerals assayed and 

could be extracted for the development of food and drug  

supplements. Sodium (Na), Calcium (Ca), and Magnesium (Mg) 

contents were higher in the leaves when compared to the seeds 

of the two varieties; although the minerals were higher in green 

than in the red variety. Sodium (49.69±0.04), magnesium 

(132.50±0.00) and (110.23±0.33) calcium were found in the leaf 

of the green variety while (46.68±0.17), (124.85±0.01) and 

(94.45±0.21) sodium, magnesium and calcium respectively were 

found in the leaf of the red variety (Table 2 and Figure 4). This 

showed that the leaf and the green variety are a better source of 

the above minerals when compared to the seed and the red  

variety. Phosphorus and potassium were higher in the seeds of 

both varieties than the leaves, although phosphorus 

(44.76±0.00) was higher in the red variety than green variety 

(42.47±0.16) while potassium (116.44±0.37) was higher in the 

green than the red variety (92.76±0.00). This showed that the 

seed is a better source of the above minerals when compared to 

the leaf. While the red variety is a better option for phosphorus, 

the green variety is a better option for potassium. This essential 

mineral is required for the successful growth and reproduction 

of an organism. Phosphorus is essential for the synthesis of  

nucleic acids, ATP and some proteins. Also, phosphate is a  

constituent of bone and enamel. Potassium is mainly associated 

with membrane function, cofactor in photosynthesis and respi-

ration and is common in cell sap of plant vacuoles. Sodium is 

similar to potassium, but usually present in lower concentra-

tions. Magnesium is part of structure of chlorophyll, bone and 

tooth structure, also, cofactor for many enzymes e.g. ATPase. 

Calcium is necessary for the formation of middle lamella 

(calcium pectate) between plant cell walls and normal cell wall 

development. It activates ATPase during muscular contraction 

and helps in blood clotting (Taylor et al., 2005 and Ilodibia et al., 

2016a, b and c). The result showed that vitamins were present 

in all   the parts of H. sabdariffa varieties investigated but in  

varied levels (Table 3 and Figure 5). This indicated that these 

part of H. sabdariffa varieties investigated are good sources of 

vitamins assayed and could be extracted for the development of 

food and drug supplements. The vitamins (Vit A, B1, B2, B3 and 

C) were higher in the leaves when compared to the seeds of 

both varieties, although the vitamins were higher in the red vari-

ety (both leaf and seed) than green variety except vitamin B3 

that was higher in the leaf and seed of green variety. The com-

positions of Vit A, B1, B2, B3 and C in the leaf of the red variety 

were (10.45±0.00), (1.46±0.00), (1.72±0.09), (0.90±0.00) and 

(15.58±0.18) respectively. While that in the leaf of green variety 

were (3.43±0.25), (1.18±0.00), (1.20±0.00), (1.58±0.18) and 

(7.34±0.08) respectively. The compositions of Vit A, B1, B2, B3 

and C in the seed of the red variety were (8.54±0.17), 

(1.25±0.00), (1.46±0.00), (0.76±0.00) and (11.60±0.00) respec-

tively. While that in the seed of green variety were (2.65±0.07), 

(1.08±0.04), (1.00±0.09), (1.33±0.11) and (5.98±0.11) respec-

tively. This showed that the leaf is a better source of the  

vitamins investigated when compared to the leaf.  The red varie-

ty is a better source of the vitamins except Vit.B3. Vitamins help 

resist infections, keep nerves healthy, and help the body get 

energy from food or blood to clot properly. Vitamin A is a fat-

soluble vitamin while vitamins C and B are water –soluble vita-

mins. Vitamin A is an antioxidant and plays role in Vision, Bone 

growth, Reproduction, Cell functions and Immune system. B 

vitamins help the process the body uses to get or make energy 

from the food we eat. They also help form red blood cells.  

Vitamin C is an antioxidant. It is important for your skin, bones, 

and connective tissue. It promotes healing and helps the body 

absorb iron (Medline plus, 2015; Davey et al., 2000 and Ilodibia 

et al., 2016a, b and c). The vitamin C obtained from the leaves of 

both varieties compared favourably with those obtained from 

the calyces (red and green varieties) of Roselle by (Adanlawo 

and Ajibade, 2006), and also with some edible mushrooms and 

to some of animal organs. 

Table 2. Mean mineral composition of the leaf and seed of red and green varieties of Hibiscus sabdariffa (mg/100g). 

Minerals Red Variety Green Variety 

  Leaf Seed Leaf Seed 

Na 46.68±0.17 34.70±0.00 49.69±0.04 39.38±0.00 
K 84.49±0.30 92.76±0.00 106.26±0.17 116.44±0.36 
Ca 110.23±0.33 52.67±0.09 94.45±0.20 40.80±0.00 

Mg 124.85±0.01 120.78±0.18 132..50±0.00 106.8±0.14 

P 34.55±7.28 44.76±0.00 36.70±0.00 42.47±0.15 

Results are as mean ±Std error. 

Table 3. Mean vitamin composition of the leaf and seed of red and green varieties of Hibiscus sabdariff. 

Vitamins Red Variety Green Variety 

  Leaf Seed Leaf Seed 

Vitamin A 10.45±0.00 8.54±0.17 3.43±0.25 2.65±0.07 

Vitamin B1 1.46±0.00 1.25±0.00 1.18±0.00 1.08±0.04 

Vitamin B2 1.72±0.09 1.46±0.00 1.20±0.00 1.00±0.09 

Vitamin B3 0.90±0.00 0.76±0.00 1.58±0.18 1.33±0.11 

Vitamin C 15.58±0.18 11.60±0.00 7.34±0.09 5.98±0.11 

Results are as mean± Std error.  

https://medlineplus.gov/antioxidants.html
https://medlineplus.gov/antioxidants.html
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Conclusion  

 

The results of the study revealed that these parts of the two 

varieties investigated are nutritious and can contribute  

significantly to the human health requirements thus could be 

extracted for the manufacture of food and drugs supplements. 

Overall data could be used as a viable tool in Roselle breeding 

for improvement in Roselle production and also to enhance 

proper taxonomic characterization and identification of the 

plant species which have immense economic potentials as  

ornamental plants. 
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Figure 1. a) H. sabdariffa red variety; b): H. sabdariffa green variety; c): Leaf 
of red variety; d): Leaf of green variety. 

Figure 2. a): stem of red variety; b): stem of green variety; c): flower of red 
variety; d): flower of green variety. 

Figure 3. a): seeds of red variety; b): seeds of green variety. 

Figure 4. Percentage mineral composition of the leaf and seed of red and 
green varieties of Hibiscus sabdariffa. 

Figure 5. Vitamin composition of the leaf and seed of red and green varieties 
of Hibiscus sabdariffa. 
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 Potato is an important cash crop of Nepal. Research was conducted from January to May, 

2018 in Jhapa, Bara and Kailali districts for economic assessment of potato production in terai 

region of Nepal. Pre-tested interview schedule was used to collect the primary information; 

moreover, one Focal Group Discussion and two Key Informant Interviews were performed. 

Furthermore, relevant literatures were reviewed for secondary information. The simple  

random method of sampling was used within the clusters that were identified in consultation 

with District Agriculture Development Office, Potato Superzone Office and agricultural  

officials of the local government. Altogether, 165 samples, 55 samples from each of the three 

districts were taken for the purpose of the study. The Statistical Packages for Social Sciences 

(SPSS) and Microsoft excel software were used for data analysis. The majority of the respond-

ents (52.7%) prioritized the source-Own home production/ Neighbors/ Friends as the first 

major source for seed followed by Cooperatives/ Farmer's group (20%). More than one third 

of the farmers (35.2%) sold their produce at Home/Local market/Haatbazar followed by 

Wholesalers/ Distant market (34.5%). The average gross margin per Kattha from potato  

production was found NRs. 6604.4 and benefit cost ratio was 2.13. The indexing identified- 

lack of availability of improved quality seed (I= 0.79) as the most important problem followed 

by incidence of disease and insect/pest (I= 0.71) for potato production. The provision of  

technical knowledge to control diseases as well as proper allocation of improved quality seed 

would help to increase profitability and productivity of potato.  
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INTRODUCTION 

 

Potato (Solanum tuberosum L.) is one of the important food crops 

which is cultivated in 1, 85,879 ha in Nepal. It is the second most 

important cash crop of Nepal after oilseed (2, 07,978 ha.), in 

terms of area. Moreover, it is the fourth most important staple 

crop after rice, maize, and wheat in Nepal (MOAD, 2018). The 

production and productivity of potato in Nepal in the year 

2016/17 has been reported to be 2591686 Mt. and 13943 kg/

ha, respectively. In addition, the production of potato in the 

eastern, central and far-western terai were found to be highest in 

the districts- Jhapa (221843 Mt.), Bara (126810 Mt.) and Kailali 

(75100 Mt.) respectively (MOAD, 2018). The different varieties of 

potato found to be grown in Nepal are: Cardinal, TPS, Khumal  

Rato, Arun Gold, Kanpure, Lal Gulab, C40, Kufri Sinduri, Desiree 

and so on (AICC, 2018). Most of these improved varieties are high 

yielding than local varieties; adoption of improved varieties can 

greatly enhance national potato production. 

Nepal is one of the top twenty countries where potato  

contributes substantially for the human diet. Potato consists of 

high starch (16.1/100 g), protein (2.1/100 g), vitamin C 

(17.1 mg/100 g), potassium (443 mg/100 g) and essential amino 
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acids (DADO, 2015). Therefore, potato could be a good option 

to improve health and nutrition factor of rural population. Also, 

it is considered more productive than major cereals and has high 

economic value than cereals (Ghimire and Dhakal, 2014).  

Potatoes are used as subsidiary food as part of vegetables in 

Terai region, whereas as staple food in Hill and Mountain  

regions. The demand of potato in the form of chips, fries and 

mashed potatoes has widened its scope which helps to uplift the 

economic condition of smallholder farmers.  

Potato is one of the important crops to address food insecurity 

in the country. However, the potato production of Nepal is  

subjected to many research questions- financial viability, cost 

attributes, seed sources and product selling units, problems 

associated with the production and so on. The productivity of 

potato can be increased by the use of scientific technology 

which helps in assuring food security (Manjunah et al., 2013). 

Unavailability of quality seeds, lack of fertilizers at right time, 

shortage of labor, poor market, lack of technical knowledge on 

pest management and topographical barriers are the major 

problems observed in potato cultivation. This research aims to 

address these research gaps; agribusiness being crucial lever of 

rural development and income improvement in Nepal, it is  

important to conduct empirical research to generate knowledge 

on economics of agricultural production and its marketing.  

Furthermore, this study provides the information on costs and 

benefits in potato production, identification of major seed 

sources and produce selling units, and associated problems in 

production. This research would help the policy makers and 

researchers in identification of potential area for intervention as 

well.  

METHODOLOGY 

 

Study area, sample size and data collection technique  

The three districts- Jhapa, Bara and Kailali were selected from 

eastern, central and far-western terai regions of Nepal  

respectively, taking account of their highest production in their 

respective regions (Figure 1). Pre-tested interview schedule was 

used to collect the primary information; in addition, one Focal 

Group Discussion and two Key Informant Interviews were  

performed. Furthermore, various relevant literatures were  

reviewed for secondary information. The simple random method 

of sampling was used within the clusters that were identified in 

consultation with District Agriculture Development Office,  

Potato Superzone Office and agricultural officials of the local 

government. Altogether, 165 samples, 55 samples from each of 

the three districts were taken for the purpose of the study, omit-

ting the outliers and incomplete responses.  

 

Methods and techniques of data analysis 

Data entry and analysis was done by using computer software 

packages like the Statistical Package for Social Science (SPSS) 

and Microsoft Excel. Simple descriptive statistics such as  

average, frequency, percentage and qualitative analysis-  

indexing/scaling technique were used for the analysis. The  

following analyses were performed.  

 

Gross margin  

Gross margin for any enterprise is the difference between the 

enterprise gross return and the variable cost incurred to that 

enterprise. The gross margin shows the clear picture whether 

the variable cost incurred in the production process is covered 

by the value of the product (Gujrati, 2003).  

 

 

 

 

 

 

 

 

 

 

 

 

  

Kailali 

         Bara 

Jhapa 

Figure 1. Map of Nepal showing Jhapa, Bara and Kailali districts. 
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Gross margin = Gross return - Total variable cost 

 

Where, Gross return = Price × total quantity marketed  

Total variable cost = Summation of cost incurred in all the  

variable items. 

 

Benefit cost analysis 

Benefit cost analysis was done after calculating the total cost 

and gross return from the potato production. Cost of production 

was calculated by summing the variable cost items in the  

production process. For calculating gross return, income from 

product sale was accounted. Therefore, the benefit cost analysis 

was carried out by calculating the benefit cost ratio (BCR) using 

the formula: 

 

 

 

 

Timsina (2010); Adhikari (2011) and Amgai et al. (2016) also 

used the similar formula to calculate the benefit cost ratio for 

assessing the benefit cost analysis. 

 

Identification of major sources of seed and produce selling 

units 

Simply, the descriptive statistics- frequency and percentage was 

used to identify and explore the major seed sources and produce 

selling units. 

 

Problems in production  

Indexing/Scaling technique was applied to construct an index 

for prioritizing the problems as per farmers' perception using 

MS-Excel. Scaling techniques provide the direction and extremi-

ty attitude of the respondents towards the proposition. 

Farmer’s perception to the different production problems were 

ranked by using five point scales. Then the priority index was 

calculated by estimating weight age average mean. The index 

was computed by using the formula, 

 

Iprob = ∑ Si fi / N,  

 

where, Iprob = index value for intensity of problem 

∑= summation 

Si = scale value at ith intensity/severity 

fi= frequency of the ith severity 

N= total no. of the respondents = ∑fi 

where, Iprob = index, 0 < I < 1 

 

RESULTS AND DISCUSSION 

 

Cost of potato production 

The total variable cost for potato production in the study area in 

one kattha land was calculated NRs. 5850. Moreover, the cost 

of potato production in 1 kattha of land was found to be lowest 

in Bara (NRs. 4427) followed by Kailali (NRs. 6290) and Jhapa 

(NRs. 6833). The cost of production is the major factor that  

influences the profitability of agricultural production. In the 

study area, seed cost was found to be the first major cost  

attributing items among all variable items. Human labor  

followed seed in this respect. Human labour was required for 

performing different operations such as planting, fertilizer  

application, pesticides application, irrigation, weeding, harvest-

ing and storage. Seed cost occupied the major portion (33.3 %) 

of the cost of production followed by the human labour cost 

(26.3%), FYM cost (12.3%), chemical fertilizers cost (7%), irriga-

tion cost (1.7%), micronutrient (0.8%) and pesticides (5.2.%). 

Lastly, packaging, storage and transportation cost jointly  

attributed 3.3% to total variable cost. In line of these results, 

Islam et al. (2000) also found the tuber seed cost as 35 to 40 

percent of total cost of production. Lack of quality seed in  

sowing time is one of the major causes for higher seed cost and 

government subsidy on fertilizer is the major cause for lower 

fertilizer cost. Also, Kirumba et al. (2004) reported that seed 

costs contribute a significant 42%  of the total production  costs. 

A study conducted on economics of production of Cucumber in 

Nawalparasi district revealed that land, human labor, variable and 

fixed expenses were overused in the production (Sharma, 2010). 

In contrast to this finding, Mahatha (2012) stated seed, irrigation, 

plant protection chemicals, potash and Di-ammonium phosphate 

(DAP) were underused resources in his study. The details of the 

average cost of potato production are shown in the Table 1.  

Table 1. Average cost of potato production per Kattha*. 

Cost attributing items 
Average cost in the 
study area  (**NRs.) 

Average cost in 
Jhapa (**NRs.) 

Average cost in 
Bara (**NRs.) 

Average cost in 
Kailali (**NRs.) 

Seed 1950 2182.3 1470 2196.8 

Land preparation (Ploughing and leveling) 586 764 444.4 549 

Farmyard manure 721 1137 543 482.18 

Fertilizers (Urea, DAP and MOP) 414 356 300.3 585.38 

Labour cost (planting, weeding, fertilizer  
application, harvesting and storage) 

1538 1923 1096 1596.35 

Pesticides 304 230.4 336.8 345.5 

Micronutrients 44 44.9 25 63.6 

Irrigation 99 108.4 85.7 101.55 

Packaging, storage and transportation 194 86.8 126 369.38 

Total 5850 6833 4427 6290 

** The rate of 1 $= 1 USD = 107.57 NRs. (Nepalese Rupees) as of May 15, 2018; *1 hectare = 30 Kattha. 
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Gross return  

The return was obtained from potato sold for seed purpose and 

food purpose. The average total returns from potato production 

in one kattha of land in the study area was calculated 

NRs.12454.4; potato sold for food purpose contributed 

NRs.6473.4 and that for seed purpose added Rs. 5981.  

Moreover, the gross return obtained from potato production in 

1 kattha of land was highest in the Kailali (NRs. 14400.5)  

followed by Bara (NRs.13331.5) and Jhapa (NRs. 9632.2). The  

average selling price of the potato in the study area was  

estimated NRs. 20.75 per kg. The study revealed that the return 

from the potato sold for food purpose was highest in Bara (N.Rs. 

7326 per kattha) while the return obtained from sale of seed 

was highest in Kailali (N.Rs. 7476.2 per kattha) (Table 2). 

 

Gross margin  

Gross margin in the study area = Gross returns –Total variable 

cost 

   =  NRs.(12454.4 - 5850) 

   = NRs. 6604.4 per Kattha 

Gross margin in Jhapa = Gross returns –Total variable cost 

   = NRs. (9632.2 - 6833) 

   = NRs. 2799.2 

Gross margin in Bara = Gross returns –Total variable cost 

   = NRs. (13331.5 - 4427) 

   = NRs. 8904.5 

Gross margin in Kailali = Gross returns –Total variable cost 

   = NRs. (14400.5 - 6290) 

   = NRs. 8110.5 

 

The average gross margin from potato production in 1 kattha of 

land in the study area was calculated N.Rs.6604.4; while the high-

est gross margin was found to be in Bara (NRs. 8904.5) followed by 

Kailali (NRs. 8110.5) and Jhapa (NRs. 2799.2). The lowest gross 

margin in Jhapa was due to having the highest cost of production 

while the highest gross margin in Bara was due to having the  

lowest cost of production. Timsina et al. (2011) reported that the 

gross margin of potato per ropani was N.Rs. 15504.  

Gross margin is positive which indicated that the potato produc-

tion is financially viable. The gross margin shows the clear  

picture whether the variable cost incurred in the production 

process is covered by the value of the product. The estimation 

of gross margin is essential to obtain economic optimization 

(Gujrati, 2003).   

 

Benefit Cost Ratio 

Benefit Cost Ratio (BCR) ratio in the study area = Gross returns/ 

Total variable cost  

   =NRs.12454.4/ NRs. 5850 

   = 2.13 

Benefit Cost Ratio (BCR) ratio in Jhapa = Gross returns/ Total 

variable cost 

   = NRs.9632.2/ NRs.6833 

   = 1.41 

Benefit Cost Ratio (BCR) ratio in Bara = Gross returns/ Total 

variable cost  

   = NRs.13331.5/ NRs.4427 

   = 3.01 

Benefit Cost Ratio (BCR) ratio in Kailali = Gross returns/ Total 

variable cost 

   = NRs. 14400.5/ NRs.6290 

   = 2.28 

 

The BCR in potato production in the study area was calculated 

2.13; while the highest BCR was found to be in Bara (3.01)  

followed by Kailali (2.28) and Jhapa (1.41). As potato is the second 

most important cash crop and these districts are the major potato 

growing districts of Nepal in terms of area, production and produc-

tivity; the BCR revealed by this research is not surprising. In a like 

manner, a study conducted on economics of potato production in 

Taplejung estimated the benefit cost ratio to be 2.9 (Timsina et al., 

2011). However, a study carried out in the western mid hill region 

of Nepal- Baglung district, estimated the benefit cost ratio of  

potato production to be 1.44 (Bajracharya and Sapkota, 2017) .  

The BCR in the study area was found to be greater than one 

which shows the financially feasibility of potato production in 

terai regions of Nepal. The benefit cost ratio is the ratio of gross 

returns to cost of cultivation which can also be expressed as 

return per rupee invested; this implies, if we invest one rupee, 

we can get the returns of Rs 2.13 (Table 2).  

Table 2. Economic indicators of the potato production.  

Items 
Study area 

Amount (NRs.) 
Jhapa 

Amount (NRs.) 
Bara Amount 

(NRs.) 
Kailali 

Amount (NRs.) 

Total variable cost (NRs./kattha) 5850 6833 4427 6290 

Return from potato sold for food purpose (NRs./Kattha) 6473.4 5170.8 7326 6924.3 

Return from potato sold for seed purpose (NRs./Kattha) 5981 4461.4 6005.5 7476.2 

Gross returns (NRs./Kattha) 12454.4 9632.2 13331.5 14400.5 

Gross margin (NRs./Kattha) 6604.4 2799.2 8904.5 8110.5 

Benefit-cost ratio ( BCR )  2.13 1.41 3.01 2.28 

Source: Field survey, 2018 
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Seed sources 

The majority of the respondents (52.7%) prioritized the source- 

Own home production/ Neighbors/ Friends as the first major 

source for seed followed by Cooperatives/ Farmer's group 

(20%), Agrovets (16.4%), Private seed production farms (4.2%), 

Government farms under DOA (3%), Nepal Agriculture  

Research Council's farms (2.4%) and District Agriculture Devel-

opment Office (1.2%). Adoption of improved potato is positively 

related to access of quality improved seeds. It has been report-

ed that the majority of the farmers were using the informal 

source for seed, which resulted the lower yield (Ghimire, 2005). 

Shrestha et al. (2016) reported that the production efficiency of 

vegetable farming could be increased with a greater access to 

improved seed, agricultural credit and extension services.  

However, Neupane et al. (2002) and Rogers (2003) stated that 

farmers’ choice on improved varieties is one of the most crucial 

factors affecting productivity of a crop which is affected by 

many factors. District Agriculture Development Office has been 

providing the extension services in the district, which is also one 

of the sources for potato. It has been stated that the access to 

extension was positively associated with adoption of improved 

potato varieties (Paudel and Matsuoka, 2008). 

 

Produce sale 

The potato produced is sold to various units at different prices. 

The study revealed that more than one third of the farmers 

(35.2%) sold their produce at Home/Local market/Haatbazar. 

This reflects that the farm gate price is nearly equal to the price 

paid by the consumers, thus higher producer's share on consum-

er's price. However, the other one third of the farmers (34.5%) 

sold their produce to Wholesalers/ Distant market (34.5%) 

where they have comparatively lower producer's share. Sapkota 

et al. (2018) revealed that the farmers who sold their produce 

directly to consumers received higher share of the consumer’s 

price than those who sold their produce through agents. In  

addition, more than one quarter of the farmers (27.3%)  

responded that they sold their produce to Local level traders 

and collectors while few farmers (3%) sold to Cooperatives/

Farmers group/District Agriculture Development Office. A  

direct relation have been found between market channel choice 

decisions with quantity sold, access to market information, and 

distance to the nearest market (Chalwe,  2011; Jeffery et al., 

2009). 

Sanjiv Subedi et al. /Arch. Agr. Environ. Sci., 4(1): 57-62 (2019) 

Problems associated with the potato production  

There are various problems associated with the potato  

production. The major problems in potato production need to 

be identified prioritized and should be provided the appropriate 

solutions. Based on the farmers' perception, scaling technique 

(indexing) was applied to rank the problems. The study revealed 

that, among the production problems, lack of availability of  

improved quality seed (I= 0.79) was identified as the most  

important problem followed by incidence of disease and insect/

pest (I= 0.71), lack of proper market (I= 0.64), lack of proper 

irrigation facilities (I= 0.47), and lack of availability of labor 

(I=0.41) (Table 3). These are the problems associated with the 

potato production which are hindering the higher yield. The 

production could be increased by minimizing or mitigating these 

problems. It has been reported that the productivity is signifi-

cantly affected by seed quality, disease and pest infestation and 

availability of irrigation (Shrestha and Timsina, 2011).  

Moreover, it has been stated that the low use of quality seeds 

allied with lack of other inputs (e.g. fertilizer, farm machinery) 

has decreased the productivity (Gauchan, 2015). Also, it has 

been revealed that the technical knowledge to control diseases 

allied with proper allocation of inputs and resources would help 

to increase profitability and productivity of potato (Bajracharya 

and Sapkota, 2017).  

 

Conclusion 

 

The gross margin is positive and benefit cost ratio, greater than 

one (2.13), which indicates the financial viability of potato  

production in terai regions of Nepal. However, seed cost has 

occupied the major portion of cost of production (33.3%);  

adoption of improved varieties could decrease the seed rate 

which minimizes the seed cost. Seeking the response of the  

majority of the farmers (52.7%), the seed source- Own home 

production/ Neighbors/ Friends has been identified as the major 

source for seed, which indicates towards probability that the 

larger proportion of the farmers are cultivating either  local  

varieties or low quality seeds. Likewise, regarding sale, more 

than one third of the farmers (35.2%) sold their produce at 

Home/Local market/Haatbazar which shows higher producer's 

share on consumer's price. Furthermore, lack of availability of 

improved quality seed was identified as the most important 

problem followed by incidence of disease and insect/pest, lack 

of proper market, lack of proper irrigation facilities and lack of 

availability of labor, associated with the potato production. 

There is an immense need of proper coordination between  

agricultural service providers and the farmers; also, strategic 

plans need to be formulated by the government to address  

these problems. 
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Table 3. Problems in potato production. 

Production problems Index Rank 

Lack of availability of  improved quality seed 0.79 I 

Incidence of disease and insects/pest 0.71 II 

Lack of proper market 0.64 III 

Lack of proper irrigation facilities 0.47 IV 

Lack of availability of labor 0.41 V 
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 Vertical garden applications have made serious contributions to the environment not only in 

terms of aesthetics but also in terms of functionality. In this study, vertical garden samples 

found in Konya city were examined by being photographed in their places. In order to examine 

the satisfaction of users, the questionnaire which includes questions under the determined 

headings (socio-economic structure, field uses, and plant elements, plant species) was applied 

on a voluntary basis. By calculating the universe size according to the population, a question-

naire composed of 28 questions was applied to 400 people randomly selected from people 

living in the city of Konya. Frequency distribution analysis of the obtained results was  

performed using SPSS 20 software. According to the results of the study, vertical gardens are 

perceived as an aesthetic element in Konya city. People accept that vertical gardens are  

high-cost applications. When the applications abroad are considered, it can be stated that the 

applications in Konya city are in the beginning phase.  
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INTRODUCTION 

 

Turkey is located as a bridge between Europe and Asia  

continents. The country's surface area, including lakes is  

estimated 783,562 km2 of which 755,688 km2 are in Southwest 

Asia and 23,764 km2 in Europe. It is connected and surrounded 

by three seas; the Aegean Sea on the west, the Black Sea on the 

north, the Mediterranean Sea on the south. The Sea of Marmara 

is also compassed within the north-west side of the country. 

Turkey has a high topography, and there have been 3 levels of 

vegetation recorded along with the forest belts as broad-leaved 

deciduous, coniferous, and alpine grass. The country has a forest 

cover of 22 million ha which is equal to 27% of total land cover 

(Atasoy, 2018a) 

Landscape architecture has started to become a branch of the 

profession of which importance is increasing with each passing 

day in the world under the effect of urbanization. In cities  

developing economically, technologically and architecturally, 

any adverse intervention to green areas in urban centers with 

the gradual decrease in green areas is met with severe reaction 

and sanction by the public (Tüfekçioğlu, 2010). In Turkey,  

production of vertical garden constructions and their profes-

sional applications on building surfaces and inside buildings are 

few. Therefore, this study aims to provide information on the 

production of vertical gardens in Turkey, as well as to provide a 

different dimension and new environmental awareness to  

vertical garden architectural designs and applications for the 

city of Konya (Çelik et al., 2015). 

Nowadays, works in the field of vertical gardens intended for 

environments both beneficial and respectful to nature and  

environment, and also suitable for planning, are increasing with 

each passing day with different application techniques. As a 

result, increases are observed in the number of vertical garden-

ing applications nowadays (Benazir and Çolakoglu, 2015).Urban 

green spaces play a significant role in management of physical 

activity, psychological well-being, and public health of urban 

residents. With the expansion of urban areas in Turkey during 

the past decades, urban green spaces have been fragmented 

and dispersed causing impairment and environmental degrada-

tion (Atasoy, 2018b) 

 

Vertical garden  

A cultivated area with vegetation cover spread over the surface 

of a restricted area is specified as a vertical garden. The first 

http://crossmark.crossref.org/dialog/?doi=10.26832/24566632.2019.0401010&domain=pdf
https://orcid.org/0000-0003-2703-9557
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vertical garden in Canada was introduced in 1994 at the Canada 

Life Center Environmental Room in downtown Toronto (Shiah 

and Kim, 2011). Vegetation can be applied on vertical surfaces 

and roofs in areas which can carry the plant and living environ-

ment statically. However, the pressure on buildings that will 

originate from the vegetation procedure on walls and roofs 

should be taken into account. Plant areas made by detecting 

appropriate surfaces give new identities to the structure and 

the city. The wall surfaces introduced in modern cities are in the 

form of high-rise structures along streets, most of which are 

suitable for vegetation (Tüfekçioğlu, 2010). The concept of a 

vertical garden is landscape works carried out in the vertical 

area, and the areas where works will be done may be the facade 

of a building, piers of a bridge, curtain/boundary wall, sculptures 

or billboards. In these studies, the surfaces where the vegeta-

tion procedure will be performed can be wooden, metal or  

plastic modular systems, on-site applied and water impermeable 

felts, wicker fences, walls with no construction on which suction 

cup plants can hold (Benazir and Çolakoglu, 2015). 

 

Classification of vertical gardens 

 

Green plant walls 

On green facades depending on the principle of climbing or 

hanging on the wall, plants can grow by hanging down like  

traditional systems, or can also be grown upwards. This type of  

vegetation systems is found in green facade systems (Dunnett 

and Kingsbury, 2008). Greening systems, green roofs, and green 

walls are often used as an aesthetic feature in buildings. Howev-

er, the existing technology in these systems can maximize the 

functional benefits of facilities. Greening systems are also a 

component of a sustainable strategy for the improvement of 

cities and buildings (Manso and Castro-Gomes, 2015). 

 

The modular lattice panel system  

Consists of three-dimensional panels. These systems, which are 

formed by welding steel wires together, serve as support for 

vegetation with indentations on both surfaces and aim to  

prevent damage to the wall structure by keeping the plant away 

from the wall surface. The panels used in this system can be 

stacked, assembled, and are suitable for covering large areas 

and can be applied not only on flat surfaces but also on curved 

surfaces (Aygencel, 2011). 

The purpose of the drip irrigation system is to give the water need-

ed by the plant to a certain part of the plant’s bottom  

frequently and in small amounts, through pipes with a smaller 

cross-sectional area. Besides the mentioned advantages, the main 

disadvantage of the drip irrigation method is that the first facility 

costs are high. There are also problems such as a dripper blockage. 

For the solution of this problem, taking preventive measures, such 

as filtration of irrigation water, application of chemicals such as 

acid and/or chlorine, flushing of pipes with pressurized water by 

opening them from their blind plugs, and visual monitoring of the 

system, eliminates these negativities (Anonymous, 2012).  

 

In the cable and wire mesh network system 

Which is solved in the form of two systems, while cables are used 

with fast-growing climbing plants in intensive vegetation, wire nets 

are used with slower growing plants? Plants growing on wire nets 

need additional support. Such networks are more flexible and  

provide a more extensive degree of grading in applications than 

cables. Both systems use high-quality reinforcements. Flexible 

vertical and horizontal wire ropes of various sizes and models are 

formed by being connected to each other with the help of cross 

clamps (Yücel and Elgin, 2010). In cable wire mesh network  

systems, the support systems, which are needed to hold clinging 

and climbing plants, are usually positioned away from the facades. 

The distance between the facade and the system depends on the 

growth of plants. Plants that hold on the system with their spines 

or shoots spread on the system like a curtain. 

 

Vertical garden benefits 

 

Improving indoor air quality 

The environmental protection organization has considered  

indoor air quality as one of the first five health concerns. The 

importance of indoor air quality has been understood by deter-

mining that people are at a higher risk of catching an illness in 

schools, offices, and closed areas. Vertical garden systems, 

which increase the number of green areas in cities, retain  

exhaust gases and dust in the air thanks to the leaves and roots 

of plants within their structure. Plants also produce oxygen by 

taking CO2 from the air. Harmful gases and dust retention 

amounts vary according to the form, leaf structure and texture 

of the plants used in vertical garden systems (Mir, 2011). 

 

Reducing the heat island effect  

While green areas and evaporation surfaces in cities are  

decreasing, the increase in concrete and asphalt surfaces leads 

to local and regional climate changes. This is effective in the  

formation of the climates specific for each city. This climatic 

variation in urban areas is called the "urban heat island." In 

1820, Luke Howard examined heat differences between urban 

and rural areas of London and introduced the concept of "urban 

heat island" for the first time in the literature (Yüksel, 2013). The 

temperature relationship between direct green facades, indirect 

green facades, and living walls was studied by Dutch research-

ers. They found out that they blocked the air behind the walls 4 

cm from the building. These properties are preferred in order to 

protect buildings against cold climates (Safikhani et al., 2014). 

 

Reducing noise pollution 

Urbanization, the presence of industry, the sounds of motor 

vehicles in traffic create sound pollution above the sound level 

that the human can perceive. This noise pollution is one of the 

most important elements that disturb people. Since the factors 

that make up noise pollution cannot be eliminated, the authori-

ties propose various solutions to bring the noise to the level that 

people can least feel (Öztürk, 2010). In order to prevent noise, a 

single plant usage is not sufficient, and it is essential that plants 
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reach as deep as possible and the height of at least 5 m for effec-

tive use. Furthermore, plants should be of a certain height and 

at a certain frequency and should be reinforced with walls 

(Özden and Cengiz, 2015). 

 

Biodiversity  

Due to the concrete areas in the city center, fauna which has 

difficulty in finding the living area becomes part of an ecosystem 

thanks to vertical gardens, and this set of plants provides living 

space for insects and other animals. Vertical gardens also form a 

feeding and resting area for birds (Öztan, 1991).  

 

Collection of dust particles 

One of the best solutions to eliminate the effect of dust caused 

by the movement of the debris lifted by the wind from dry  

surfaces in the air space is vegetation. While plants hold dust 

particles, they also destroy harmful microorganisms with their 

sap or secretions (Öztan, 1991). 

 

Creating agricultural land 

According to Gül (2008), the problems experienced in agricul-

tural lands, production-consumption amounts not meeting each 

other, efforts to create production areas in cities have brought 

landless production techniques to the forefront, and the idea of 

agriculture through vertical garden systems has been intro-

duced. In the vertical garden system, the use of pesticides and 

herbicides that pollute nature is minimized. An increase in food 

price is prevented. Inefficiency experienced in agricultural lands 

is eliminated. It contributes to the national economy by saving 

water consumption (Bingöl, 2015).   

 

MATERIALS AND METHODS 

The main material of our research is the literature on vertical 

gardening, the applications made by the municipality, published 

books, articles and journals. The information obtained as a re-

sult of the interviews with the vertical gardener companies and 

the photographs taken in the field are the material of the study. 

In the city of Konya, streets, houses, pavilions, university cam-

puses, parks, intersections and green walls and vertical garden 

samples on underpasses and vertical garden samples made in 

the world are examined together. 

The method of the study consists of 4 stages with outline. These 

stages are as follows. 

 

1-Stage: Determination of the study area (Vertical garden  

application in the city of Konya). 

 

a. In the Seljuk district, the Sille underpass junction, the under-

pass junction, the Rauf Denktas subway, the Butterflies Valley, 

The Cultural Park, the Selcuker Center, Selcuk University.  

Dr. Erol Güngör Library and Campus front. 

 

b. Villas located in Meram District. 

 

c. Parks and intersections. 

2-Stage: Literature research and data collection: Information 

about the study area, the information obtained from the inter-

views with the firms on the days of vertical gardening, the  

interviews with the municipal authorities and the information 

on the irrigation systems of the plants used were collected. 

 

3-Stage: Survey application with the help of the Google Survey 

program, on Facebook and Instagram shared by the groups  

related to Konya and the local residents and local residents face 

to face on the basis of volunteerism and random, the data  

obtained from surveys and Google questionnaires in the area 

were also investigated by SPSS 20. software.  

According to Efe et al. (2000), with the chi square conformity 

test, the observed frequencies of the different categories of a 

given variable were investigated for their suitability to the  

expected frequencies.  

 

RESULTS AND DISCUSSION 

 

The questionnaire consists of two parts: In the first part;  

questions to determine the demographic characteristics of the 

users (gender, age, occupation, marital status, monthly income 

and educational status); in the second part, there are general 

questions about vertical garden applications in Konya. 

Five-point Likert-type answers were accepted in the question-

naires, and if the questions in the survey were about an event or 

people, the scales to be used were called Likert, Turstone or 

Gutman scale (Arseven, 2004). 

According to State Statistical Institute data, the population of 

Konya is 2.195.410 people. 49.5% of the population is male, %

50,5 female. In Konya, Selcuklu, Meram and Karatay districts 

are the most densely populated districts. Sample size was found 

with formula (384). A questionnaire was applied to 400 people 

in case of error or invalidation. 

12 places were visited in this thesis. Structural and vegetative 

findings related to the applications of vertical gardens have 

been reached. In our study, samples taken in vertical garden 

application areas in Konya city have been examined. Some  

private villas do not have access to their gardens. 

Reduction in green areas has caused various environmental 

problems. People squeezed between concrete structures are 

looking for various ways to overcome their psychological  

problems and to meet their longing for green. One of these is 

vertical gardens and green walls. The purpose of vertical gar-

dens and green walls, which arise from the studies of different 

disciplines (landscape architects, architects, engineers, etc.), is 

to close the cold image of concrete and increase the visual value. 

In these systems, nature and structures are integrated, and thus, 

urban areas and the desired environment have become  

intertwined. 

There are many examples of vertical garden designs in the world 

created with different materials and methods. There are compa-

nies engaged in these activities in Turkey, but they are inexperi-

enced. In vertical garden applications, selection of the right 

plant and the right material is significant in terms of climate. 
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Designs may become inadequate in terms of sustainability when 

these applications are planned incorrectly or due to deficiencies 

in the maintenance process. In addition to sustainability, it can 

cause the loss of functionality. 

In vertical garden studies, there is a difference between our 

country and abroad. In addition to aesthetics abroad, functional-

ity is in the foreground. It is observed that vertical gardens and 

green walls in Konya are generally made for aesthetics rather 

than functionality. Vertical gardens in Konya were used as  

aesthetic elements in the city's underpasses and city squares, 

without seeking functionality. However, green facades (Meram 

villa houses) were used functionally for the purpose of screening 

in private mansions. 

Plant species used in vertical garden applications in Konya are 

limited in comparison with abroad. This is because of the  

systems used, location selection, and climate conditions. Villa 

houses in the district of Meram in Konya went down in history 

with their green facades. The low-cost and fast-growing clinging 

and climbing plants which are used for screening purposes have 

been aesthetically attractive also with their leaves. 

According to Misgav (2000), the visual quality and evaluation of 

landscape architecture is determined based on the satisfaction 

of the users according to their responses. According to the  

survey responses, it was determined that the participants were 

composed of gender numbers (50% male and 50% female).  

According to age variables of the participants, it is between the 

ages of 50.8% (18-25) and the least participant is 6.8% (36-45). 

When the distribution of occupation status is examined, it is 

observed that 46.3% of students and at least 3.8 workers partic-

ipated in the study. When we examine their marital status, 

75.8% of the respondents are single and 24.2% are married. 

When the educational status of the surveys is examined, the 

highest rate is 51% for university graduates. The answers given 

by the 400 respondents are given in Table 1.  

Table 1. Number of answers given by the participants of the survey (Total Questionnaire: 400). 

Questions 
Strongly 

Agree 
Agree Neutral Disagree 

Strongly 
Disagree 

1- I believe that it is required to improve the quality of life of people living 
in urban areas. 

191 138 43 9 19 

2- Vertical gardens reduce noise pollution. 128 164 77 25 6 

3- Vertical gardens increase air quality in indoor and outdoor areas. 172 147 51 28 2 

4- The use of vertical gardens reduces energy and water consumption. 58 147 125 68 2 

5- The use of vertical gardens reduces the urban heat island effect. 114 144 106 30 6 

6- I think that vertical gardens have a relaxing and calming effect. 161 177 44 7 11 

7- I think that the cost of the vertical garden is high (As of 2018,  the cost 
of one square meter of the vertical garden is between 600-1200TL). 

86 107 152 42 13 

8- Plant design in vertical gardens looks beautiful. 195 139 44 6 16 

9- I think the vertical garden is an original design. 132 171 61 28 8 

10- I think the vertical garden adds naturalness to the environment. 135 173 55 25 12 

11- Vertical gardens bring a memorable character to places. 146 174 53 20 7 

12- There is a variety in vertical garden designs. 120 191 59 23 7 

13- I think that plant design in vertical gardens adds complexity to the 
environment. 

32 85 83 152 48 

14- Vertical gardens are among the determining factors for visiting a 
place. 

59 133 141 54 13 

15- I think it is inconvenient to use the vertical garden indoors. 9 84 123 126 48 

16- I'd like to see vertical gardens of different styles in the places I go. 143 169 60 21 7 

17- I think that vertical gardens can be applied in every place. 71 132 97 77 23 

18- I think that vertical gardens are aesthetic. 118 185 68 29 0 

19- The application quality of vertical gardens in Konya is unproblematic. 25 103 157 73 42 

20- Vertical gardens have a functional feature. 81 207 100 10 2 

21- Vertical gardens affect urban transportation during the construction 
process. 

38 129 131 75 27 

22- Vertical gardens have an aesthetic feature. 113 215 42 23 7 

23- Vehicles are endangered when the irrigation network is not done well. 80 168 88 45 19 

24- Municipalities need to spend money on social issues instead of  
establishing vertical gardens. 

57 72 100 130 41 

25- Vertical garden patterns distract the attention of drivers. 34 101 106 131 28 

26- Vertical gardens in Turkey are used for aesthetic purposes rather 
than functionality. 

81 204 91 13 11 

27- What do you think is the most suitable plant species for vertical  
gardens? (Herbaceous plant, Seasonal flower, Perennial) 

97 
Herbaceous 

plant 

225 
Seasonal 

flower 

78 
Perennial 

flower 
- - 

28- What is your expectation from the vertical garden (Functionality, 
aesthetics, color effect, climate smoothing effect)? 

96 
Functionality 

94 
Aesthetics 

90 
Color 
effect 

120 
climate 

smoothing 
effect 

- 
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Conclusion 

 

According to the survey about the vertical garden and green 

walls in Konya, the result is as follows. 

 It is seen that it increases the quality of urban life, air  

quality and reduces the noise pollution. 

 Vertical garden energy and water use also reduces the  

effect of urban heat. 

 Vertical gardens have a relaxing effect. 

 Most of the people think that Vertical gardens are  

expensive. 

 It is thought that the vertical garden is an original design, it 

looks beautiful in terms of vegetative design, and it is 

thought to add naturalness to the environment. 

 Vertical garden design due to the diversity of solidarity 

gives the place a memorable quality. 

 Vertical gardens do not consider complexity of vegetative 

design to the environment, but they find these spaces to be 

aesthetic. 

 The vertical gardens see them as specific factors for going 

to a space, they can be applied in every space and they want 

to see vertical gardens in different styles. 

 There was no problem in the application quality of vertical 

gardens in Konya. 

 Vertical garden during the plant phase of the road part of 

the city due to the transportation is affected. In addition, 

after the construction of the irrigation network is not done 

well put the vehicles in danger. 

 Vertical gardens are important for public health and social 

issues are required to be given as much importance. 

 Vertical gardens do not distract the driver. 

 Plant species used in vertical gardens (respectively accord-

ing to the preference of the survey participants) are season-

al flowers, herbaceous plants and perennines. 

 Expectations from vertical gardens (respectively according 

to the preference of the survey participants); the effect of 

climate smoothing, functionality, aesthetics and color have 

been the effect. 
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 Tef production and productivity in Wag lasta is very low as compared to the national average 

due to many production constraints, including use of inappropriate agronomic practices and 

low yielder varieties. Therefore, an experiment was conducted to optimize seeding rate and 

inter-row spacing of tef in the study areas of Wag-Lasta in 2013 and 2014 cropping season. 

Five seeding rates (5, 10, 15, 20 and 25 kg ha-1) and three inter row spacing’s (15, 20, 25 cm) 

were laid out in a factorial RCBD with three replications. An additional plot of broad cast of tef 

seed  with 25 kg/ha as a satellite control was included and making a total of 16 treatments. 

Grain yield showed significance difference at Woleh 2014 on both seeding rate and inter row 

spacing and combined analysis by location for the year 2014 cropping season for the factor 

seeding rate. At Lalibela, grain yield and other agronomic traits did not show a significance 

difference except days to heading, in case of inter row spacing in 2013 and number of tillers in 

case of seeding rate in 2014 cropping seasons. Based on the combined analysis result the  

highest grain yield was recorded from 15 kg/ha seeding rate with 20 cm inter row spacing. 

Generally sowing of tef with the rate of 15 kg ha-1 and 20cm inter row spacing is effective in 

attaining higher grain yield and economic benefit. 
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INTRODUCTION 

 

Teff [Eragrostistef (Zucc.) Trotter] is an allotetraploid (2n=4x=40) 

crop belonging to the grass family poaceae and it is among the 

major cereals of Ethiopia (Paff and Asseng, 2018). It has the  

largest value in terms of both production and consumption in 

Ethiopia (Minten et al., 2013; Tesfay and Gebresamuel. 2016). 

Tef in Ethiopia stands first in area coverage and second in total 

annual production next to maize, and ranks the lowest yield 

compared with other cereals grown in Ethiopia (CSA, 2016; 

Assefa et al., 2017; Tesfahun, 2018). 

It is the major staple cereal crops and highly adapted to diverse 

agro-ecological zones including conditions marginal to the  

production of most of the other crops (Hailu and Seyfu, 2001). It 

is used for making injera, which is a staple and popular food in 

the national diet of Ethiopian (Debebe, 2005). When grown as a 

cereal, farmers highly value its straw as source of animals feed, 

especially during the dry season (Cheng et al., 2017). Tef straw, 

besides being the most appreciated feed for cattle, it is also used 

to reinforce mud and plaster the walls of tukuls and local grain 

storage facilities called gottera (Ketema, 1997; Tesfahun, 2018). 

Similarly, tef is one of cereal crops, which is produced in many 

small holder farmers in Wag himra, North wollo as well as in 

Amhara region. Tef in Wag Himra Administration Zone and  in 

north Wollo stands first in area coverage and second in total 

annual production next to sorghum. The average productivity of 

tef in Wag-himra and North Wollo is 8.25 qt/ha and 10.41 qt/ha 

respectively, while the national tef productivity is 15.6 qt /ha 

http://crossmark.crossref.org/dialog/?doi=10.26832/24566632.2019.0401011&domain=pdf
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(CSA, 2016; Tesfay and Gebresamuel, 2016). 

In spite of its tremendous importance, tef production in the 

country as well as in the region particularly in Wag Lasta has 

faced immense production constraints affecting its yield poten-

tial. This is because of agronomic constraints that include lodg-

ing, low modern input utilization, and high post-harvest losses 

and sowing method, and also farmers are used low yielding local 

varieties, using of high seed rate and terminal moisture deficits 

are the major once (Tsegay et al., 2015; Wubante and Menzir, 

2017). 

Seed rate is the most important agronomic aspect which needs 

due attention. According to Amhara national state agricultural 

bureau Dryland crop production package (2015) has recom-

mend  20 cm row spacing with 2-3 kg/ha seeding rate for tef 

production of throughout the region. According to Wubante and 

Menzir (2017), when the plant density exceeds an optimum lev-

el, competition among plants for light above ground, water and 

nutrients below ground becomes severe. Consequently, plant 

growth slows down and the grain yield decreases. Melaku 

(2008) explains that there was significance difference increase 

in yield components of tef with decreasing seed rate from high-

est to lowest. On the other hand, the lodging percentage of the 

crop was increased by increasing the seed rate. It is, hence,  

necessary to determine the optimum density of plant population 

per unit area to obtain maximum yields (Tsegay et al., 2015). 

Most farmers practice the traditional sowing method of broad 

casting the seed at a rate of 25-30 kg ha-1, which creates excess 

crop density and increases competition among plants for nutri-

ents, water, sunlight and CO2. More over broadcasting methods 

requires additional seed rate compared to row sowing method 

thus increases cost of production (Cheng et al., 2017). Further-

more, broadcasting results lodging; which is the main cause for 

low yield of tef due to high plant density. Row planting in tef is 

reported to have better yielding advantage over broadcast 

planting. To minimize the problem of lodging on tef, low seed 

rate, row planting, late sowing and application of plant growth 

regulators were used (Hundera et al., 2001; Tesfahunegn et al., 

2015).  

In the Amhara region in general and in wag lasta in particular 

farmers practice broad casting methods of sowing Hence, this 

research was initiated to optimize  seeding rate and inter-row 

spacing of tef in the study areas of Wag-Lasta.  

 

MATERIALS AND METHODS 

 

Experimental design 

The experiment was conducted on the black soils of Lalibela and 

Woleh testing sites of Sekota dryland agricultural research  

centre  in Eastern Amhara region, Ethiopia during the main crop-

ping seasons for two consecutive years (2013 and 2014).  

Lalibela testing site has been characterized by an altitude rang-

ing from 2200 to 2600 m.a.s.l, minimum and maximum tempera-

tures of 12°C and 28.8°C and an average annual rainfall of 500 

to 1000 mm with latitude of 12’N and 39.03 E’, whereas Woleh 

testing site also characterized as an altitude of 2000 m.a.s.l,  

minimum and maximum temperatures of 14°C and 26°C and an 

average annual rainfall of 500 to 700 mm with latitude of 

12.65’N’ and with longitude of 39.03’E. The treatments consid-

ered of five seed rates (5, 10,  15, 20, 25 kg ha-1) and three row 

spaces (15, 20 and 25 cm). 

One additional plot of broadcast of tef seed at 25 kg ha-1 was 

considered as a standard check and making a total of sixteen 

treatments. The Randomized Complete Block Design factorial 

arrangement with three replications of plot size of 5m × 3m was 

used (Tsegay et al., 2015). Blanket recommendations of Urea 

and DAP fertilizer (50 kg/ha and 100 kg/ha) were used as the 

source of N and P, respectively. 

 

Cultivation conditions and data collection  

The crop was sown at on sate of rain fall half of July when the 

field capacity of the soil is arrived. Application of urea was in two 

split, while the entire rate of phosphorus was applied at sowing 

in band. The experimental sites were prepared well. Each plot 

and block were separated by 0.50 m and 1.5 m, respectively. Tef 

variety Kuncho (Dz Cr-387) was used as a testing crop for the 

experiment. Important agronomic practices like land prepara-

tion and weeding were uniformly applied to all experimental 

plots as often as required (Tesfahunegn et al., 2015; Tesfay and 

Gebresamuel, 2016).  

Plant height at maturity (cm), number of tillers and number of 

effective tillers per plant, lodging (%), grain and biomass yield 

(kg/ha) were collected as growth and yield parameters of tef, 

then finally purified and arranged for further analysis 

(Tesfahunegn et al., 2015; Tesfahun, 2018). 

 

Partial budget analysis 

The partial budget analysis was calculated to compare gain and 

losses between one treatment and another (Abraha et al., 2017). 

It was done based on the following methodology prescribed by 

CIMMYT (1988). It was considered the analysis of gross benefit 

(GB), total variable cost (TVC) and the net benefit (NB).  

 

G.B= (YAXPA) + (YBXPB) 

TVC = (The sum of all the costs which vary between treatments. 

NB=GB-TVC 

 

Where,  

CIMMIT=International  Maize and Wheat improvement center    

G.B =Grose Benefit, NB=Net Benefit, YA=Grain Yield, PA= Price 

per unit of quintal of grain, YB =Straw yield and PB=Price of 

straw per quintal (Shekim). 

 

Statistical analysis 

 The analysis of variance (ANOVA) was carried out following 

statistical procedures appropriate for the experimental design 

using statistical analysis system (SAS) program package version 

9.0 (SAS, 2002). Whenever treatment effects were significant at 

0.01 or 0.05 level of significance, the means were separated by 

using the Duncan multiple range test (DMRT) procedures at 

0.05 probability level of significance. 
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RESULTS AND DISCUSSION 

 

Grain and biomass yield  

Grain yield was significantly (P < 0.05) affected by different 

seeding rate and inter row spacing at Woleh in the year 2014. 

The highest grain yield (1617 and 1705 kg/ha) was recorded 

from 20 cm inter row spacing and 15 kg/ha seeding rate respec-

tively whereas the lowest grain yield (1293 kg/ha) was recorded 

from broad casting sowing methods with a seed rate of 25 kg/ha 

at Woleh (Table 1). Similar result was reported by Getahun et al. 

(2018), who found that higher grain yield was obtained from 

20cm inter row spacing with 10 and 15 kg/ha seeding rates and 

lowest grain yield was recorded from broad casting sowing 

methods with 25 kg/ha seeding rates (Paff and Asseng, 2018). 

Whereas biomass yield and panicle length showed significance 

difference by seeding rates, but did not showed significance 

difference by inter row spacing’s. The highest biomass yield 

(6844 kg/ha) was recorded from 25kg/ha seeding rates broad 

casting seeding methods, whereas the lowest biomass yield was 

recorded from 20cm inter row spacing’s at Woleh location in 

2014 cropping seasons while days to heading, days to maturity,  

number of tilers, number of effective tillers, plant height and 

lodging percentage didn’t show any significant difference in 

both main effects of inter row spacing and seeding rates as well 

as their interactions at Woleh in 2014. The current result not in 

line with Bekalu and Arega (2016) who found that higher  

biomass yield was recorded from 5 kg/ha seeding rats than 10, 

20 and 25 kg/ha seeding rates.  

Table 1. Effects of seeding rate and inter row spacing on grain yield and other agronomic parameters of tef at Woleh in 2014  
cropping season. 

Factor  
Parameters 

DH DM NT NET PL PH LDG BM(Qt) GY(Qt) 

Row spacing 

15 53.30 80 5.21 4.06 40.28 116.12 58 61.37 15.15ab 

20 52.00 81 4.40 3.64 38.90 117.00 57 60.57 1617a 

25 52.93 80 5.72 4.60 40.37 116.00 65 64.57 13.92ab 

Local control 53.00 79 5.33 4.00 35.06 110.93 71 68.44 12.93b 

CV 2.39 2.44 14.9 25.43 7.93 5.76 10 10 14 

Duncan at 5% NS NS NS NS NS NS NS NS * 

Seed rate 

5 53.77 81.11 5.13 4.02 43.62a 117.77 58.88 62.51.9a 13.97ba 

10 52.22 81.00 5.60 4.55 39.68b 117.70 61.11 61.55.6ab 15.17ab 

15 52.66 79.77 5.31 4.02 38.42bc 114.80 62.22 6259.3ab 17.05a 

20 52.88 81.44 6.04 4.80 39.53b 114.53 51.66 56.88.9b 15.63b 

25 53.22 79.66 5.24 4.37 39.22b 116.68 67.55 67.33.0a 13.59ab 

Local control 53.00 79.00 5.33 4.00 39.22b 110.93 71.66 68.44a 12.93b 

Duncal at 5% NS NS NS NS * NS NS * * 

Where, DH= Days to heading, DM=Days to maturity, PH=Plant height, NT=Number of tillers per plant, NET, Number of effective tiller PL=panicle 
length BMY= Bio-mass, and , GY=Grain yield. And NS, Non significance,* statistically Significant and ** statistically Highly significant. 

Table 2. Effects of seeding rate and inter row spacing on  grain yield and other agronomic parameters of tef at Lalibela in 2013  
cropping season. 

Factor 
Parameters 

DAH DAM NT NET PL PH LDG BM(Qt) GY(Qt) 

Row spacing 

15 53a 98 1.81 1.81 38.73 112.33 58.33 85.60 16.71 

20 52b 97 1.65 1.65 39.77 116.13 54.53 82.40 16.22 

25 52bc 98 1.71 1.71 37.88 114.13 52.66 77.95 14.48 

Local control 52c 97 1.27 1.27 43.66 106.66 58 92.44 16.66 

CV 0.84 0.81 18.84 18.84 10.17 5.86 10.3 12.12 28.18 

Duncan at 5% * NS NS NS NS NS NS NS NS 

Seed rate 

5 52.00 98 1.95 1.98 39.62 118.44 53.88b 81.92 14.14 

10 53.00 97 1.52 1.52 38.64 114.44 62.72a 79.11 16.00 

15 53.00 98 1.69 1.69 40.80 110.88 51.44b 82.22 17.72 

20 53.00 98 1.80 1.80 37.00 110.88 53.88b 78.96 16.00 

25 52.72 98 1.63 1.63 37.75 116.33 53.85b 87.70 15.11 

Local control 52.33 97 1.27 1.22 43.66 106.33 58AB 92.44 16.66 

Duncal at 5% NS NS NS NS NS NS * NS NS 

Where, DH= Days to heading, DM=Days to maturity, PH=Plant height, NT=Number of tillers per plant, NET, Number of effective tiller HL=Head 
length BMY= Bio-mass, and , GY=Grain yield. and NS, Non significance,* statistically Significant and ** statistically Highly significance. 
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Effects on plant agronomical parameters 

The result indicated that there was no significance difference (p 

>0.05) on the parameters of days to maturity, number of tillers, 

number of effective tillers and plant height by the main effects 

of seeding rate and inter row spacing as well as their interaction 

for the year 2013 and 2014 except lodging percentage and days 

to heading in 2013 and number of tilers in 2014 cropping  

seasons at Lalibela (Table 2-4). The main effects of inter row 

spacing had significance effect (p<0.05) on days to heading at 

Lalibela location for the year 2013 cropping seasons. The 

heights days to heading was recorded from 15cm inter row 

spacing whereas all other treatments at par for the year 2013 

cropping seasons. Seeding rate showed significance effect on 

lodging percentage in 2013 cropping seasons at Lalibela  

location. The heights lodging was recorded from 10kg/ha  

seeding rates at Lalibela location in 2013 cropping seasons 

whereas other treatments did not show significance difference. 

At Lalibela seeding rate had no significance effect in all parame-

ters except number of tillers in 2014 cropping season. The  

current result did not agree with Wubante and Menzir (2017), 

who found that plant height, number of tillers and effective  

tilers and lodging percentage was affected by both the main 

effects of inter row spacing and its interaction with seeding 

rates and similarly, when the  seed rate increases from 5 kg/ha 

to 25 kg/ha the lodging percentages also increases dramatically 

(Tesfahunegn et al., 2015). 

Table 3. Effects of seeding rate and inter row spacing on grain yield and other agronomic parameters of tef at Lalibela in 2014  
cropping season. 

Factors 
Parameters 

DAH DAM NT NET PL PH LDG BM (Qt) GY(Qt) 

Row spacing 

15 48 94 2.00 1.22 43.36 197.00 8.40 75.02 18.75 

20 48 94 1.94 1.22 43.00 192.00 8.50 73.53 18.41 
25 48 94 2.05 1.26 44.00 199.00 8.10 77.68 18.93 

Local control 48 94 2.19 1.40 46.33 206.00 7.20 80.44 19.91 

Means 48 94 2.00 1.24 43.73 196.72 76.77 75.72 18.54 
CV 0.79 0.92 9.79 13.2 25.21 5.57 7.56 8.20 7.89 

Duncan at 5% NS NS NS NS NS NS NS NS NS 

Seed rate 

5 48 94 1.99ab 1.22 43.35 196.81 76.11 75.59 18.82 

10 48 94 1.99ab 1.21 43.60 197.03 76.11 74.88 18.50 
15 48 94 2.05ab 1.2 44.04 198.51 78.8 75.59 18.44 

20 48 94 1.82b 1.15 41.66 186.57 72.22 71.11 17.56 

25 48 94 2.14ab 1.32 45.15 201.47 79.44 79.70 19.65 
Local control 48 94 2.19a 1.40 46.33 206.33 80 8044 19.91 

Duncal at 5% NS NS * NS NS NS NS NS NS 

Where, DH= Days to heading, DM=Days to maturity, PH=Plant height, NT=Number of tillers per plant, NET ,Number of effective tiller HL=Head 
length BMY= Bio-mass,  and , GY=Grain yield. And NS, Non   significance, *statistically Significant and ** statistically Highly significance. 

Table 4. Grain yield and other agronomic parameters of tef as affected by seeding rate and inter row spacing combined by year at 
Lalibela (2013 and 2014). 

Factor 
Parameters 

DH DM NT NET PL PH LDG BMY(Qt) GY(Qt) 

Row spacing 

15 50.80a 96.23 2.73 2.33 41.04 154.67 67.66 80.31 17.44 

20 50.43ab 95.83 2.40 2.04 41.40 154.13 64.60 77.96 17.31 

25 50.32b 95.96 2.56 2.17 40.81 155.96 65.17 76.09 16.20 

Local control 50.16ab 95.83 1.92 1.53 45.00 156.49 64.6 86.44 16.02 

Means 50 96 2.52 2.14 41.00 155 66 78.69 17.09 

CV 1 0.61 35 41 8 6.3 11 10 18 

Duncan at 5% * NS NS NS NS NS NS NS NS 

Seed rate 

5 50.44 96.00 3.10 2.71a 41.48bc 157a 65 78.75 16.48 

10 50.55 95.83 2.16 1.77b 41.12bc 155ab 69 77.00 17.03 

15 50.50 96.11 2.52 2.12ab 42.00a 154ab 65 79.00 18.11 

20 50.66 96.05 2.57 2.24ab 39.00c 148b 63 75.03 16.78 

25 50.43 96.06 2.45 2.05ab 41.00bc 158a 66 81.41 16.58 

Local control 50.16 95.83 1.92 1.53b 41.00ab 156ab 69 86.44 18.28 

Duncal at 5% NS NS NS * * * NS NS NS 

Where, DH= Days to heading, DM=Days to maturity, PH=Plant height, NT=Number of tillers per plant , NET ,Number of effective tiller HL=Head 
length BMY= Bio-mass, and , GY=Grain yield. And NS, Non significance,* statistically Significant and ** statistically Highly significance. 
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Effects of seedling rate 

The combined analysis of seeding rate by location for the year 

2014 cropping season showed significance difference for the  

parameters of number of effective tillers, biomass yield and grain 

yield. The heights grain yield was recorded from 15kg/ha seeding 

rate (1741.5kg/ha), 20kg/ha seeding rate gave 1581.9 kg/ha and 

10kg/ha seeding rate gave 1558 kg/ha with no significance differ-

ence between these treatments. The lowest grain yield was  

recorded from5kg/ha seeding rate (1405kg/ha) and broad casting 

sowing methods (1480kg/ha). Based on the combined analysis of 

2014 cropping season of two location the heights biomass yield 

was recorded from broad casting sowing methods and the lowest 

biomass yield was recorded from 20kg/ha seeding rates. 

The combined analysis of the main effect of inter row spacing by 

locations for the year 2014 cropping season did not show  

significantly different all the parameters except days to heading 

the lowest days to heading was recorded from 20cm inter row 

spacing. Even through, the treatments had no significance  

difference on grain yield the heights grain yield was recorded 

from 20cm inter row spacing (1620kg/ha) and the lowest grain 

yield was recorded from broad casting sowing methods. 

The combined analysis of seeding rate by inter row spacing of tef 

for the year 2013 and 2014 cropping seasons showed significance 

difference (P<0.05) for the parameter of  days to heading in case of 

main effect of inter row spacing at Lalibela (Table 5). The combined 

analysis for the year 2013 and 2014 cropping season at Lalibela did 

not show significance difference for the parameters of days to ma-

turity, number of tillers, number of effective tillers, panicle length, 

plant height, lodging percentage, biomass yield and grain yield in 

case of main effect of inter row spacing, seeding rate and with their 

interactions (Tesfahunegn et al., 2015; Cheng et al., 2017). 

 

Partial budget analysis 

In this experiment, the costs for the seed rate was considered as 

variable cost where as other costs were constant for each treat-

ment (Table 6). In order to recommend the present finding in the 

study area, it was  necessary to estimate the  net benefit. Based 

on partial budget analysis independently an interaction of, 15kg 

ha-1 seed rate with 20cm row spacing were the highest net  

benefit (44995) Ethiopian birr  as compared to the treatment 

combination of  maximum seed rate with that of broadcasting 

(40362.50) Ethiopian birr (Abraha et al., 2017).   

Factor 
Parameter 

DAH DAM NT NET LP PH LDG BM(Qt) G.Y(Qt) 

Row spacing 

15 53.46a 89.43 4.34 3.76 21.4 58.77 58.5 73.48 15.93 
20 52.73b 89.6 4.16 3.63 22 60.80 55.86 71.49 16.20 
25 52.76b 89.10 4.39 3.83 21.24 59.92 58.83 71.26 14.20 
Local control 52.66b 88.33 3.50 2.83 23.83 58.36 64.83 80.44 14.80 
Means 52.96 89.23 4.25 3.68 21.41 59.59 58 72.60 15.40 
CV 10.77 2.62 8.9 11.79 11.79 9 10.97 10 22.58 
Duncan at 5% * NS NS NS NS NS NS NS NS 

Seed rate 

5 53.00 89.55 4.67 4.12 23.83 61.78 56.83 72.22bc 14.05b 
10 52.66 89.33 3.96 3.44 21.60 60.00 61.94 70.33c 15.58ab 
15 52.83 89 4.15 3.51 22.41 5800 56.83 72.40bc 17.41a 
20 53.11 89.77 4.68 4.06 20.97 58.46 52.77 6792.6c 15.81ab 
25 53.00 88.83 4.01 3.57 21.06 56.78 60.72 77.51ab 14.35ab 
Local control 52.66 88.33 3.50 2.83 23.83 56 64.83 80.44a 14.80b 
Duncal at 5% NS NS NS * NS NS NS * * 

Table 5. Grain yield and other agronomic parameters of tef as affected by seeding rate and inter row spacing combined by location  
by year 2013-2014. 

Where, DH= Days to heading, DM=Days to maturity, PH=Plant height, NT=Number of tillers per plant,   NET ,Number of effective tiller HL=Head 
length BMY= Bio-mass, and , GY=Grain yield. And NS, Non   significance,* statistically Significant and ** statistically Highly significance. 

Table 6. Partial budget analysis of tef as influenced by seed rate based on the combined analysis at Lalibela and Woleh locations in  2013 / 
2014 cropping season. 

Seedling Rate Inter row G.Y(Qt) UP Qt-1 UC/K.g TVC SY(Qt) UP Qt-1 (Shekim) GB NB 

5 15 13.30 1550 15.50 77.50 49.14 200 30443.00 30365.50 

10 15 15.40 1550 15.50 155.00 62.74 200 36418.00 36263.00 

15 15 16.73 1550 15.50 232.50 68.14 200 39559.50 39327.00 

20 15 15.88 1550 15.50 310.00 66.59 200 37932.00 37622.00 

25 15 14.57 1550 15.50 387.50 67.63 200 36109.50 35722.00 

5 20 15.34 1550 15.50 77.50 62.29 200 36235.00 36157.50 

10 20 15.11 1550 15.50 155.00 69.18 200 37256.50 37101.50 

15 20 19.65 1550 15.50 232.50 73.85 200 45227.50 44995.00 

20 20 17.10 1550 15.50 310.00 77.33 200 41971.00 41661.00 

25 20 16.65 1550 15.50 387.50 83.33 200 42473.50 42086.00 

5 25 15.17 1550 15.50 77.50 85.63 200 40639.50 40562.00 

10 25 16.02 1550 15.50 155.00 89.11 200 42653.00 42498.00 

15 25 15.20 1550 15.50 232.50 95.25 200 42610.00 42377.50 

20 25 14.68 1550 15.50 310.00 95.25 200 41804.00 41494.00 

25 25 14.68 1550 15.50 387.50 95.25 200 41804.00 41416.50 

Broad cast 14.00 1550 15.50 387.50 95.25 200 40750.00 40362.50 

Up =Unit Price, UC =Unit cost, TVC =Total variable cost, SY= straw Yield, GB= Gross Benefit, NB= Net benefit. 
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Conclusion 

 

In this study it was found that, seed rate and inter row spacing 

had significant effect on grain yield of tef at Woleh location in 

the year 2014 whereas, no significance difference on the grain 

yield of tef at Lalibela in 2013 and 2014 cropping seasons. The 

combined analysis of 2014 cropping season by location showed 

significance difference in case of seeding rates but, the  

combined analysis of the 2013 and 2014 cropping season at 

lalibela did not show significance effect in both seeding rate and 

inter row spacing as well as its interaction. Application of 15kg 

seed ha-1 with 20 cm gave the highest grain yield and maximum 

biological yield. It had a net benefit of 41233 Ethiopian birr ha-1 

from grain yield. Thus, it is possible to recommend that, sowing 

of tef with the rate of 15 kg ha-1and 20cm inter row spacing is 

effective in attaining higher grain yield and economic benefit in 

the study area. 
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 Limestone mining is an activity that can cause damage and negative impact on the environ-

ment. Revegetation is needed to be done so that the damaged land condition can be returned 

in accordance with its designation. Acacia mangium is one of the species that can be used in 

revegetation of mining area. This study aims to increase the A. mangium growth response at 

the limestone mining land that can be used as a tool for consideration in revegetation  

activities. The design used in this experiment was a complete randomized design (CRD)  

factorial with 2 factors. The first factor was the application of coconut shell charcoal and the 

second factor was the application of NPK fertilizer. The results showed that the addition of 

coconut shell charcoal could give effect to the number of nodules with the best dose of 90 g 

and NPK fertilizer was able to give effect to the growth of diameter and the number of root 

nodules with the best dose of 15 g. 
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INTRODUCTION 

 

Gunung Kapur Ciampea – Bogor  is an limestone ecosystem. 

Based on its biophysical condition, the land cover (vegetation) 

should be maintained in the form of forest. Forest play 

important role in the life support systems, especially the 

function of the water system (hido-orology system) in the 

ecosystem. Forest conversion into other uses can threaten the 

existence of forest vegetation and environmental functions 

(Oksana et al., 2012). At Gunung Kapur Ciampea  has been 

granted permission for lime mining activities. Mining causes 

damage and negative impacts to the environment such as 

decreasing soil productivity, sedimentation, landslides, damage 

to flora and fauna, and changes the microclimate (Cakyayanti  

and Setiadi, 2014,  Wasis  and Andika, 2017). 

Lime rock is a C extract that is widely used in industrial or 

production activities (Sukandarrumidi, 2009). The high lime 

mining activities may result in the damage to vegetation and soil 

horizon, loss of top soil, low organic matter, high pH, high soil 

temperature, trace deposits, and low diversity of soil microbial 

populations (Prayudyaningsih, 2014). Therefore, to be able to 

restore the function of damaged ecosystems needs to be done 

rehabilitation activities in the form of land improvement and 

tree planting (revegetation). Land improvement is needed to 

repair the damaged soil, one of them are with the addition of 

coconut shell charcoal or NPK fertilizer. Coconut shell charcoal 

plays a role in increasing fertility and plant growth. Bio-charcoal 

has a more effective capability in reducing nitrogen nutrient 

leaching compared to rice husk charcoal (Hariz et al., 2015). 

NPK fertilizers include inorganic compounds that play a role in 

increasing the amount of nutrients in the soil (Liliane et al., 2001,  

Atkinson et al.,  2010). This fertilizer is easily dissolved in water 

and quickly absorbed by plants. 

Revegetation is an activity that has the potential to restore and 

improve the productivity of land that has been damaged by 

mining. The success of revegetation depends on the selection of 

plant species capable of recovering soil damage and its 

adaptability on the soil characteristics, climate, and the ultimate 

goal of revegetation (Cakyayanti and Setiadi, 2014; Wasis and 

Andika, 2017). One of the most potentially species selected for 
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revegetation is Acacia mangium. A. mangium is a fast growing 

plants that can grow well in marginal pastures and mining sites 

(Yamashita et al., 2008; Aggangan et al., 2010). The form of 

adaptation by this species is symbiotic with rhizobium bacteria 

and forming root nodules on its root system. This study aims to 

examine the growth response of A. mangium on the ex-limestone 

mining media (soil) as well as the influence of coconut shell 

charcoal and NPK fertilizer on A. mangium growth. 

 

MATERIALS AND METHODS  

 

Experimental design 

The research was conducted from February – July 2017 at Green-

house of Silviculture Division and Forest Influence Laboratory, 

Department of Silviculture, Faculty of Forestry, Bogor Agicutural 

University (IPB). The materials used were A. mangium seedlings (3 

month), coconut shell charcoal, NPK fertilizer, water, and media/

soil (from ex-limestone mining land in Ciampea, Bogor, West  

Java), polybag, digital scales, sprinkler, calipers, rulers, calculators, 

oven. Observed parameters were growth of height, diameter, 

shoot root ratio, number of root nodule, biomass (dry and wet 

weight), and nutrient content in media. Generally, the procedure 

of this research were as follows: 

  

Media preparation and planting 

The soil from ex-limestone mining were weighed as 1 kg in dry 

air condition and mixed with coconut shell charcoal and NPK 

fertilizer. Dose of each coconut shell charcoal applications were 

0 g, 30 g, 60 g, and 90 g. Dose of each NPK fertilizer applications 

were 0 g, 5 g, 10 g, and 15 g. A. mangium seedlings were planted 

into 48 prepared polybags (media) in the previous stage. 

 

Data collection 

Data collection was done by doing measurement of height and 

diameter of the seedlings. Beside that, total wet weight (TWW) 

and total dry weight (TDW) measurements were done after the 

harvesting. The harvested plants were separated between the 

root and shoot. Each part (root and shoot) was weighed using a 

digital scales. TWW was the sum of the weight of wet roots and 

wet shoot weight. TDW was measured after the plant part was 

dried in an oven at 70° C for 24 hours and then weighed using a 

digital scales. TDW was the sum of root dry weight and shoot 

dry weight. The calculation of the number of root nodules was 

done by counting the root nodules on each root of the plant  

observed. The root shoot ratio was calculated based on the ratio 

of the total dry weight of the shoot to the total dry weight value 

of the root. The analysis of nutrient content (in the media/soil) 

was conducted at the Laboratory of the Department of Soil  

Science and Land Resources, Faculty of Agriculture, IPB. 

 

Data analysis 

This experiment used completely randomized design factorial 

with 2 factors. Each treatment was done by 3 repetitions. The 

first factor was coconut shell charcoal (A0 = 0 g, A1 = 30 g, A2 = 

60 g, and A3 = 90 g). The second factor was NPK fertilizer (P0 = 0 

g, P1 = 5 g, P2 = 10 g, and P3 = 15 g). To analyze the treatment 

effect on each growth parameter observed, we used ANOVA 

analysis and Duncan’s Multiple Range Test to knowing the best 

treatment which affect the A. mangium’s growth. (Mattjik and 

Sumertajaya 2013;  Stell and Torries 1991; Wibisono, 2009) 

 

RESULTS AND DISCUSSION 

 

The result of this study that showing the effect of coconut shell 

charcoal and NPK toward the growth of A. mangium was showed 

on Table 1. 

This study showed that the addition of coconut shell charcoal gave 

a significant effect on the number of root nodule of A. mangium 

seedlings. The addition of NPK fertilizer gave a different effect on 

the growth of diameter and number of root nodule of A. mangium. 

Meanwhile, for the combination of coconut shell charcoal addition 

and NPK fertilizer did not give any significant effect on all parame-

ters. This study also showed that A. mangium could grow on media 

of ex-limestone mine. Growth is an increase in plant dimension that 

was influenced by genetic and environmental factors. This genetic 

factor is brought by plants that are inherited directly from the 

elder, while the environmental factor was the result of modification 

of the habitat of a plant (Wasis and Andika, 2017). A. mangium is a 

plant that able to grow well in critical land. This species has a good 

adaptability in various soil types and environmental conditions 

including limestone minerals (Krisnawati et al., 2011; 

Prayudyaningsih, 2014). 

Table 1.  Effect of coconut shell charcoal and NPK fertilizer impact on growth of A. mangium  seedlings. 

Parameter 
Treatment 

Coconut shell charcoal NPK fertilizer Coconut shell charcoal and NPK fertilizer 

Height 0.8056tn 0.8744tn 0.9138tn 

Diameter 0.7157tn 0.0336* 0.3376tn 

Total wet weight 0.7941tn 0.8532tn 0.2626tn 

Total dry weight 0.6562tn 0.6189tn 0.3055tn 

Root shoot ratio 0.3029tn 0.7352tn 0.8823tn 

Number of root nodules 0.0192* 0.0334* 0.3220tn 

Remarks:  * = treatment had significant effect on 95% confidence interval with significant value (P-value) <0.05 (α). tn = treatment had no significant 
effect on 95% confidence interval with significant value (P-value)> 0.05 (α) 
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Duncan test results (Table 2 and Figure 1) showed that the average 

growth of diameter of A. mangium on ex-limestone mining soil with 

0 g NPK fertilizer (control soil) had no significant effect on soil with 

5 g NPK (2.94%) and 10 g NPK (50%). However treatment with 15 

g NPK had a significant effect on the growth of diameter (75% from 

the control). It showed that A. mangium had the best diameter 

growth if planted on ex-limestone mining soil with the addition of 

15 g of NPK fertilizer. In the other hand, the lowest diameter 

growth of A. mangium planted on ex-limestone mining soil was 

showed by the treament of the addition of 5 g NPK fertilizer. Achiri 

et al. (2017) said that the  addition of NPK fertilizer affects to the 

growth of stem diameter. Nutrient content of N, P, and K have a 

great influence on the increase of stem diameter (Siregar and 

Utami, 2002;  Herdiana et al.,  2008; Prayudyaningsih 2014). 

Table 3 showed that the addition of coconut shell charcoal and 

NPK fertilizer had hight effect toward root shoot ratio (from 3.25 

to 5.12), except A2P1 treatment gave effect as 2.70. These results 

showed that shoot biomass was greater than that of root biomass, 

generally in this research. The results of this study indicated that 

root growth was very low as a result of low availability of water 

and nutrients generally in the medium of limestone soil. The value 

of root shoot ratio can be used to see the balance between root 

capability in absorbing water and nutrients as well as the ability of 

plant shoot in the process of transpiration and the rate of 

photosynthesis (Wahyudi, 2009; Wulandari and Susanti, 2012). 

Plant growth is called has well performance when it has a value of 

shoot root ratio ranging from 1-3 (Mokany et al., 2006,  Wasis  and 

Andika, 2017). 

          

A B 

C D 

Figure 1. Growth of A. mangium with the addition of NPK fertilizer dosage 0 g (A), dose 5 g (B), dose 10 g (C), and dose 15 g (D).  

Treatment Root shoot ratio Conformity to planted 

A2P1 2.70 Suitable 

A1P2 3.25 Not suitable 

A1P3 3.53 Not suitable 

A3P3 3.56 Not suitable 

A2P0 3.64 Not suitable 

A1P1 3.68 Not suitable 

A3P0 3.79 Not suitable 

A3P2 3.88 Not suitable 

A2P3 3.91 Not suitable 

A1P0 4.05 Not suitable 

A3P1 4.10 Not suitable 

A0P3 4.19 Not suitable 

A0P1 4.20 Not suitable 

A0P0 4.53 Not suitable 

A2P2 4.56 Not suitable 

A0P2 5.12 Not suitable 

Table 3. The average of root-shoot ratio and the comformity to planted of A. mangium.  

Remarks : Suitable = Root shoot ratio 1-3; Not suitable = Root shoot ratio > 3.  

Table 2.  Duncan test results of the effect of NPK fertilizer on the growth of seed diameter A. mangium. 

Treatment NPK fertilizer Average diameter growth (cm) Percent increase (%) 

Dose of 0 g 0.68b 0.00 

Dose of 5 g 0.70b 2.94 
Dose of 10 g 1.02ab 50.00 
Dose of 15 g 1.19a 75.00 

Remarks:  Number followed by the same letter showed no significant different treatment at 95% confidence interval. 
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Duncan test results (Table 4) showed that the number of root  

nodules of A. mangium seedlings on ex-limestone mine media 

by the addition 0 g of coconut shell charcoal (control) did not 

give significantly different effect with the 30 g coconut shell 

charcoal. However 60 g and 90 g coconut soil caharcoal 

additions gave a significantly different effect on the number of 

root nodule. These results showed that by increasing doses of 

coconut shell charcoal could increase the number of root nod-

ule of A. mangium seedling. Bio-charcoal has a porous structure 

and a large surface area that provides such advantages as a 

habitat for the root nodule-forming bacteria, stimulates nodu-

lation and fixation, and modifies the availability of N in the soil 

to be utilized by plants (Atkinson et al., 2010, Ogawa and 

Okimori, 2010,  Pereyra et al., 2015). 

Table 5 showed that the number of root nodule of A. mangium 

on ex-limestone mining media with NPK fertilizer dose 0 g 

(control) did not give significantly different effect with the 

addition of 5 – 10 g NPK fertilizer. However the addition of 15 

g NPK fertilizer was significantly effected on the root nodule 

number of A. mangium. This treatment could produce 145.45% 

increase of root nodule from the control treatment. The 

addition of NPK fertilizer in the media/soil was able to trigger 

the formation of root nodules. This phenomenon was  

indicated by the significant influence on the formation of the 

number of root nodule of A. mangium. Nutrients that played a 

role in the formation of the number of root nodules was 

phosphorus. This P element is indispensable for rapid and 

healthy root development and stimulates the formation of root 

nodule by Rhizobium sp. bacteria. (Singh et al., 2007). 

Tabel 6 showed the soil properties analysis on the media. This 

analysis compared the control treatment and the treatment 

with 60 g coconut shell charcoal (A2) and 5 g NPK fertilizer (P1). 

The A2P1 treatment was the best treatment which could 

produced the best root shoot ratio growth. Soil texture was 

determined by using the diagram of USDA soil texture triangle. 

Control treatment had sandy clay loam texture with 52.15% 

sand, 22.24% silt, and 25.61% clay. On the other hand, the  

addition of coconut shell charcoal and NPK fertilizer (A2P1 

treatment) had loam texture with 47.46% sand, 30.51% silt, 

and 22.13% clay. Loam soil is ideal soil texture to support the 

plant growth, and generally it contains 22.5-52.5% sand, 30-50% 

silt, and 10-30% clay (Hardjowigeno, 2003; Hanafiah, 2005).  

Organic C is an organic material that has an important role in the 

soil, especially in providing essential nutrients with sufficient 

quantities for plant growth (Wasis and Noviani, 2010; Wulandari 

et al., 2102). The result of soil chemical analysis showed that the 

control soil contained very low organic C (0.82%), while on the 

soil given the addition of coconut shell charcoal and NPK fertilizer 

(A2P1) had a high organic C content (3.27%). The high content of 

organic C in the soil might be caused by the addition of coconut 

shell charcoal. Coconut shell has highest chemical component 

such as lignin (Rodrigues and Pinto, 2007). Lignin is a compound 

that acts as an organic C-source (Kusuma et al., 2013). N element 

is an essential nutrient that needed by plants. The function of the 

N element is to improve and stimulate the growth of stems, 

branches, leaves and assist in the establishment of protein 

(Hardjowigeno, 2003; Lingga and Marsono, 2008). The result of 

soil chemical analysis showed that the control soil had a very low 

N-total content (0.08%), while media/soail with the addition of 

coconut shell charcoal and NPK fertilizer had a moderate N-total 

content (0.21%). This phenomenon showed that coconut shell 

charcoal and NPK fertilizer could increase the N content in the 

soil. Nitrogen can improve the process of photosynthesis, increas-

ing the number of leaves, and the plant could growth optimally 

(Mansur, 2013). 

In other hand, the addition of coconut shell charcoal and NPK 

fertilizer is also able to increase the P content in the soil. P 

element has a function to strengthen the stem, cell division, and 

root development (Hardjowigeno, 2003). The content of P 

available in the control was 120.03 ppm, while on the soil with 

the addition of coconut shell charcoal and NPK fertilizer had a 

higher P content (172.19 ppm). Coconut shell charcoal and NPK 

fertilizer contain phosphorus that can be utilized by plant 

growth. The use of NPK fertilizer and coconut shell charcoal can 

increase P content especially in poor nutrient soil (Gani, 2009; 

Roidah, 2013). The cation exchange capacity (CEC) is the 

number of cations that can be absorbed by the soil per unit of 

soil weight, CEC value can be used in determining the high level 

Table 4.  Duncan test results of coconut shell charcoal effect on the number of root nodules of A. mangium seedlings. 

Treatment coconut shell charcoal Number of root nodule Percent increase (%) 

Dose of  0 g 3.08b 0.00 

Dose of  30 g 6.08ab 97.40 

Dose of  60 g 11.50a 273.38 

Dose of  90 g 11.58a 275.97 

Remarks :  Number followed by the same letter showed no significant different treatment at 95% confidence interval. 

Table 5.  Duncan test results of NPK fertilizer effect on the number of root nodule of A. mangium seedlings. 

Treatment NPK fertilizer Number of root nodules Percent increase (%) 

Dose of 0 g 5.50b 0.00 

Dose of 5 g 5.00b -9.09 

Dose of 10 g 8.25ab 50.00 

Dose of  15 g 13.50a 145.45 

Remarks : Number followed by the same letter showed no significant different treatment at 95% confidence interval. 
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of soil fertility (Hardjowigeno, 2003). The result of soil analysis 

showed that CEC found in control and soil with the addition of 

coconut shell charcoal and NPK fertilizer had high CEC value 

were 36.01 me/100g and 35.09 me/100g, respectively. Those 

CEC condition were caused by soil condition which dominated 

by basic cations such as K, Na, Mg, and Ca. Soil with high CEC is 

dominated by alkaline cations will have high alkali saturation 

(Hardjowigeno, 2003). This condistion also supported by the 

presence of clay fraction with negative charges, so the cation 

excahange will be higher (Dharmawan and Siregar, 2008, Wasis 

and Noviani, 2010). 

Based on the cation arrangement, the control soil contains 

elements of K (0.83 me/100g), Na (0.86 me/100g), Mg (2.36 

me/100g), and Ca (78.27 me/100g). Soil with the addition of 

coconut shell and NPK fertilizer contained elements of K, Na, 

and Ca were very high (Table 6). The addition of coconut shell 

charcoal and NPK fertilizer were able to increase the element K, 

Na, Mg in the soil. Element K plays a role in the opening of 

stomata, root development, and increase resistance to drought 

and disease, while Mg plays a role in the formation of 

chlorophyll and activator enzyme that closely related to the 

metabolism of carbohydrates (Hardjowigeno, 2003; Kastono, 

2005). Na element is able to give effect to plant growth and 

production, but if Na ratio with other cation is too high then 

plant growth can be hampered (Hanafiah, 2005). Different with 

K, Na, and Mg elements, Ca in the ex-limestone mining soil was 

decreasing when the soil was treated by the addition of coconut 

shell charcoal and NPK fertilizer. However, Ca in the soil with 

the addition of coconut shell charcoal and NPK was still high. Ca 

with high condition due to an inhibition on A. mangium growth. 

White and Broadley (2003) said when Ca element was so high, it 

can be a toxic to the plant.  

Soil pH balance played a role in supporting plant growth due to 

soil pH could describe the condition of macro and micro nutrient 

availability in the soil. The soil chemical analysis results showed 

that the control soil has a neutral pH value (7.42), as well as with 

soil enhanced coconut shell charcoal and NPK fertilizer which 

has a neutral pH value (7.03). Soil with neutral pH has the ability 

to provide optimal nutrient for plant growth (Nduwumuremyi,  

2013). In addition, soil pH also played a role to support the root 

nodules establishement which has symbiosis with rhizobium 

bacteria in the soil. Rhizobium bacteria are able to grow well in 

soil with neutral pH. Wadhwa et al. (2017) said the optimum pH 

that supports rhizobial growth is about 6-7, while the minimum 

growth is about pH 8 and pH 9. Organism activities in the soil 

could be used as an indicators of soil quality. The benefits of soil 

organisms are to support the process of nutrient cycling, 

modification of soil structure, nitrogen fixation, soil 

decomposition, soil structure dynamics, and symbiosis with 

plants (Widyati, 2013; Barrios, 2007; Wasis et al., 2018). 

Coconut shell charcoal on marginal soil (ex-limestone mining 

soil) could invite the presence of soil organisms. Bio-charcoal 

has a function as a habitat for soil organisms and support their 

life cylce (Shalsabila et al., 2017). The soil organisms that found 

in the media were ants and earthworms. Ant is able to increase 

soil porosity, influence pH to be neutral, and increase nutrient 

content in soil (Frouz and Jilkova, 2008). Earthworms are a 

species that potentially to increase porosity and soil 

aggregation, and can play a role in restoring mine land (Shipitalo, 

2004, Boyer and Wratten, 2009). 

Table 6.  Soil (planting media) properties analysis. 

Number Treatment Control Criteria * 
Coconut shell charcoal and 

NPK fertilizer (A2P1) 
Criteria * 

1 Texture (%)         

  Sand 52.15 

Clay loam 

47.36 

Sandy clay loam   Silt 22.24 30.51 

  Clay 25.61 22.13 

2 Organic C (%) 0.82 Very low 3.27 High* 

3 Nitrogen (N)-total (%) 0.08 
  

Low 
0.21 Medium 

4 Phosphorus  (P) (ppm) 120.03 
  

Very high 
172.19 Very high 

5 CEC(me/100g) 36.01 High 35.09 High* 

6 pH 7.42 Netral 7.03 Netral* 

7 Cation     

 
Potasium (K) 
(me/100g) 

0.83 High 5.29 Very high 

 
Sodium (Na) 
(mg/100g) 

0.86 High 1.63 Very high tinggi 

 Magnesium (Mg) (me/100g) 2.36 High 3.41 High 

 
Calcium (Ca) 
(me/100g) 

78.27 Very high 68.97 Very high 

8 Alumunium (Al) (me/100g) Tr - Tr - 

9 Alkali Saturation (%) 100 Very high 100 Very high 

Remarks :  *= Criteria based on Balai Penelitian Tanah (2009) ; Tr = not measurable.   
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Conclusion 

 

The single increment of coconut shell charcoal or NPK fertiliza-

tion in the ex-limestone mining media gave a significant effect 

toward the growth of A. magium seedling, especially on its  

diameter growth and root nodule number. The best treatment 

for increasing the seedling’s diameter growth was 15 g NPK, 

where this treatment was not significantly different with 10 g 

NPK increment. In addition, these treatments also gave the best 

result on the root nodule growth. In other hand, the treatment 

of 90 g coconut shell charcoal addition also gave the best the 

growth of diameter. This treatment was not significantly differ-

ent with 60 g coconut shell charcoal addition. Generally, the 

increment of coconut shell charcoal and/or NPK fertilization 

could be supporting the growth of A. mangium seedling, also 

improving the soil (ex-limestone mining media) characteristic. 
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INTRODUCTION 

 

Rice is one of the most important staple foods for more 3.5  

billion people in the world (CGIAR, 2016).  Seventeen countries 

in Asia and the Pacific, nine countries in North and South  

America and eight countries in Africa mostly depend on rice for 

staple food (ibid). Rice provides 20 percent of the world’s  

dietary energy supply, while wheat and maize supplies 19 and 5 

percent respectively (Alexandratos and Jelle, 2012). From this 

perspective, rice is the most important strategic crop for food 

and nutrition security globally.  Two species of rice- Oryza sativa 

(Asian rice) and Oryza glaberrima (African rice) are known of 

their commercial value. However, Oryza glaberrima is cultivated 

in the very limited areas of South Africa. Oryza sativa the most  

important commercial species of rice is differentiated into three 

sub species- indica, japonica and javanica based on their commer-

cial production zones. The sub-species- indica refers to the  

tropical and sub-tropical varieties grown throughout South and 

in South-East Asia and Southern China. The variety japonica is 

grown in temperate areas of Japan, China, Nepal and Korea, 

while javanica varieties are grown in Indonesia.  

It is reported that rice in Nepal (and in India and Southeast Asia) 

was introduced from mainland China during the late 3rd millen-

nium BC (ricepedia.org). However, commercial production of 

rice in Nepal is believed to be started some five hundred years 

ago (Mallick, 1982; Agrama et al., 2010). Although Nepal  

contribute very little in global rice production and trade, but it 

plays significant role in the national economies. Rice dominates 

the country’s crop sector accounting for over 42.5 percent 

(168,047 ha) of the total area under food grains and shares 51.6 

percent in total food grain production (MOAD, 2017). As the 

most important staple food of Nepalese people, rice supplies 

http://crossmark.crossref.org/dialog/?doi=10.26832/24566632.2019.0401013&domain=pdf
https://orcid.org/0000-0003-0963-5654
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about 40% of the food calorie intake and contributes nearly 20% 

to the agricultural gross domestic product (AGDP) and almost 

7% to GDP (DoA/CDD, 2015). Rice only accounts for more than 

50% of the total calories of Nepalese people (Kharel et al., 2018). 

 

Global rice production and Rice Mega Environments (RMEs) 

The Asian countries dominate the global rice production (Table 

1). China tops the list of top 10 rice producing nations with a 

production of 145,500 million tons. The production record puts 

India in the second position as the country produces 103,500 

million tons. The list, which is dominated by the Asian countries, 

puts Brazil on the 9th position 8,000 million tons and Japan on 

the 10th position with 7,900 million tons. Indonesia, Bangladesh 

and Vietnam have found place among the top five rice producing 

countries. According to USDA projection global rice area, yield 

and production will increase by 3.8, 7.2 and 11.3 respectively by 

2025/26 (base year 2015/16). Although India has the largest 

rice areas in the world, yield is quite low (2.4 t/ha). The highest 

rice yield in the in the world during 2015/16 was achieved by 

Japan (4.91 t/ha) and followed by China (4.79 t/ha). 

It is expected that the demand for rice in the coming years will 

grow to at least 2035 (FAO, 2017). It is expected that in the 

world the demand for milled rice will increase to 496 million 

tons in 2020 to 439 million tons in 2010. By 2035, this require-

ment will increase to around 555 million tons. According to this 

report, especially in Africa and low-income Asian countries 

(Afghanistan, North Korea, Nepal and Vietnam), it will continue 

to grow in the future of rice consumption growth. However, per 

capita rice consumption has started to decline in the middle and 

high-income Asian countries like Japan, Taiwan and the Repub-

lic of Korea with growing prosperity as income grows, per capita 

rice consumption is decline as consumers substitute rice with 

high-cost quality food containing more protein and vitamins 

such as processed rice, vegetables, bread, fish and meat (Alias et 

al., 2005). In sub-Saharan Africa, rice is considered the fastest-

growing staple food with the annual per capita rice consumption 

nearly doubling since the 1970s and onwards. In the Caribbean 

and Latin America, rice consumption has increased by 40% in 

the last two decades. Other areas showing a significant increase 

in rice consumption are- the Middle East, in the United States 

and the members of the European Union (ibidem). 

Information on rice producing and consuming countries  

confirms that rice is grown in a variety of environments ranging 

from tropical to temperate and in different water regimes and 

topographic conditions. Rice is produced from the most humid 

regions of the world to the driest deserts. It occurs at the  

Arakan coast in Myanmar, where the growing season has an 

average rainfall of more than 5100 mm and in Al Hasa Oasis, 

Saudi Arabia, where annual rainfall is below 100 mm. Tempera-

tures are very different. In the Upper Sind in Pakistan, rice  

season is 33 °C; In Otaru, Japan, the average temperature of the 

growing season is 17 ° C. Crops are grown at sea level at sea 

level and in delta regions of Asia, up to 3,050 m on the slopes of 

Nepal. Rice is also grown in a very wide range of solar radiation 

up to a potential of 95% in southern Egypt and Sudan, from a 

25% potential in the main rice season in Myanmar, Thailand and 

Indian Assam regions (GRiSP, 2013). ). 

Until 1980s, there was a huge confusion and uncertainties in 

portraying precise terminologies to describe various rice  

environments (Swaminathan, 1984; Serraj et al., 2011). Classifi-

cation was important especially for international and national 

rice breeding programs for identifying, exchange and develop 

rice varieties in a scientific and strategic way. Based on this 

need, IRRI International Rice Research Conference held in 1982 

decided to establish a widely representative International  

Committee to develop classification system for rice growing 

environments at global level (Swaminathan, 1984; Peng et al., 

2008; Yuan, 2017). The committee in 1984 proposed rice  

environments into five major categories and each category were 

divided into distinct subcategories. Factors such as water  

regime (deficit, excess, or optimum), drainage (poor or good), 

temperature (optimum or low), soils (normal or problem), and 

topography (flat or undulating) were considered in naming the 

global rice production environments. 

More recent classification by Dawe et al. (2010) somehow  

departs from the former classification by Khush (1984; Singh et al., 

2002). According to this global rice production environments are 

classified into seven categories (Four irrigated, two rainfed and one 

for deep water rice). The feature of this classification is the integra-

tion of   the overall cropping systems with other criteria (Table 3). 

 

Rice Production Environments (RPEs) in Nepal 

In Nepal, rice is grown in three agro-ecological regions (Terai 

and Inner Terai- 67 to 900; Mid Hills- 1000 to 1500 masl; and 

High Hills- 1500 to 3050 masl) under two water regimes 

(Irrigated, Un-irrigated) and in two topographic conditions 

(lowland and upland). In general, Terai represent tropical climate 

where as mid hills and high hills correspond to sub tropical and 

warm temperate climates respectively. These variations have 

made classification of rice growing environment in Nepal a  

complex task.  By combining these factors and considering the 

Global Mega Rice Environments (MREs) criteria, Table 4  

summarizes major rice growing environments in Nepal. It can be 

noted that water regimes, agro-ecological types and topography 

are the major factors explaining the variability among rice  

production domains in the country.  

The Terai region, considered the granary of the country,  

accounts for about 70 percent of the country’s rice output; the 

hills produce 27 percent, and the mountain about 3 percent. 

Available data shows that only about 7% of the rice areas have 

assured irrigation during summer, winter and spring seasons 

allowing farmers to produce double rice crop in a years.  

Although in a very limited areas, farmers in the eastern Terai 

produce three rice crops in a year. In the mid hills and valleys 

(warm sub tropical climate) with year round assured irrigation 

facilities rice farmer grow spring rice in addition to main season 

rice. However, majority of the rice in the mid hills are produced 

as a single crop in the pond terraces. In the high hills up to 3,000 

m irrigated rice is grown only once in a year due to longer  

growing period. 
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In rainfed areas (in all the three ecologies) rice is transplanted with 

the onset of the monsoon rain between June and August and 

harvested from September to November. The monsoon rain first 

arrives in the eastern part of the country and gradually advances to 

the west. Majority of the rice areas in the terai and inner terai are 

rainfed. In the upland areas of the terai and the hills upland rice 

variety (Ghaiya) are grown. Due to extreme lower yield of local 

Ghaiya varieties farmers are gradually Ghaiya rice with the maize. In 

recent years, with the scientific innovations, farmers in the terai 

upland environment are producing hybrid rice (e.g. US 312) as 

intercrop with maize. This kind of cropping system is traditional for 

far west region where farmers mix Ghaiya and maize. However, 

farmers in the central terai are gradually being attracted with hybrid 

rice and maize intercropping due to higher yield and returns.  

Table 1. Area, production and yield of top 10 rice producing countries in the world, 2015/16 (USDA, 2016).    

S.N. Country Area (1000 ha) Yield (t/ha) Production (1000 tons) Area rank Yield rank Production rank 

1 China 30350 4.79 14550 II II I 
2 India 43200 2.40 10350 I  II 
3 Indonesia 12160 2.99 3630 III  III 
4 Bangladesh 12000 2.88 3460    
5 Vietnam 7660 3.68 2820  III  
6 Thailand 9650 1.70 1640    
7 Myanmar 6800 1.79 1220    
8 Philippines 4500 2.56 1150    
9 Brazil 2300 3.48 800    
10 Japan 1610 4.91 7900  I  
  World 159167 2.97 47349.8    

Table 2. Rice production environments in the world (Khus et al., 1984). 

Main Categories Sub-categories 

1. Irrigated Irrigated with favorable temperature 
Irrigated, low-temperature, tropical zone 
Irrigated, low-temperature, temperate zone 

2. Rainfed Lowland Rainfed shallow, favorable 
Rainfed shallow, drought-prone 
Rainfed shallow, drought-and submergence-prone 
Rainfed shallow, submergence-prone 
Rainfed medium deep, waterlogged 

3. Deep water Deep water 
Very deep water 

4. Upland Favorable upland with long growing season (LF) 
Favorable upland with short growing season (SF) 
Unfavorable upland with long growing season (LU) 
Unfavorable upland with short growing season (SU) 

5. Tidal wetlands Tidal wetlands with perennially fresh water 
Tidal wetlands with seasonally or perennially saline water 'Tidal wetlands with acid sulfate soils Tidal wetlands 
with peat soils 

Table 3. Rice mega-environments (RMEs), relative areas and major producing regions. 

RMEs 
Description 

Major regions 
Percentage of area (160 
*Mha)- average of 2008-10 Hydro-morphology Climate 

1 Irrigated Warm to hot—tropics (rice all  
seasons) and subtropics (double 
crop summer rice) 

Indonesia, Sri Lanka, Vietnam, the  
Philippines, south-eastern India, south-
ern China, Bangladesh 

25 

2 Irrigated Warm—tropics (higher altitudes) 
and subtropics (sole rice after  
winter crop) 

South Asia hills, Indo-Gangetic Plain,  
central China 

16 

3 Irrigated Temperate (summer rice after  
winter fallow, warm and humid) 

Japan, Korean peninsula, north-eastern 
China, southern Brazil, southern USA 

15 

4 Irrigated Temperate (summer rice after  
winter fallow, hot and dry) 

Egypt, Iran, Italy, Spain, California (USA), 
Peru, south-eastern Australia 

1 

5 Rainfed lowland Tropics Cambodia, North-East Thailand,  
eastern India, Indonesia, Myanmar, Nige-
ria 

31 

6 Rainfed upland Tropics South Asia, South-East Asia, Brazilian  
Cerrado, western Africa 

9 

7 Deep water Tropics River deltas of South Asia and South-East 
Asia, Mali 

3 

Percentage of world area; percentages apply to global rice area around 2008–10 (160 Mha). *Mha=Million hectare. 

Table 4. Major Rice Production Environments (RPEs) in Nepal. 

RPEs Agro-ecology (Climate) Hydro-morphology Topography Cropping system 

1. Irrigated Terai and Inner Terai Tropical Irrigated Lowland Single crop 
Terai and Inner Terai Tropical Irrigated Lowland Double crop 
Terai and Inner Terai Tropical Irrigated Lowland Triple crop 
Mid hill sub-tropical Irrigated Terraces Khet Double crop 
Mid hill sub-tropical Irrigated Terraces Khet Single crop 
High hill warm temperate Irrigated Terraces Khet Single crop 

2. Rainfed Terai and Inner Terai Tropical Rainfed Lowland Single crop 
Terai and Inner Terai Tropical Rainfed Upland Pakho Single crop 
Mid hill sub-tropical Rainfed Upland Pakho Single crop 
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Rice based cropping systems in Nepal under various RPEs  

Several crop combinations in rice based areas are in 

practice which is determined by agro -ecology and 

climate, hydro-morphology, topography, market and 

domestic needs. Some of the popular rice based cropping 

systems are summarized below.  

 

Rice-maize mixed cropping  

System of mixing direct seeds upland rice with maize 

under rainfed condition is a tradition practice in the far 

western terai and river basins areas. According to 

farmers the mixing practice ensures higher income, 

maintain better soil quality and reduce risks. In general 

rice and maize seeds are mixed in the ration of 5 to 10:1 

depending on farmers’ interest and needs.  

 

Rice-legumes intercropping systems  

Farmers in Nepal grow rice intercropped with soybean 

(Glycine max  L.), blackgram (Phaseolous mungo  L.), 

greengram (P. radialus  L.), pigeonpea (Cajanus cajan  L.) 

etc utilizing the bunds in the rice terraces. This practice 

is common in both the irrigated and rainfed systems.  

 

No till Relay cropping system  

The seed of succeeding winter crops like lentil, gram,  

pea, lathyrus etc. is broadcasted in muddy or marshy 

conditions of maturing rainy season rice fields during the 

month of November. The rice crop is harvested within 

few days, leaving the seeds to germinate and grow 

utilizing the residual soil moisture.  

 

Sequential cropping  

Several rice based sequential cropping systems prevails 

in Nepal depending upon the agro -climatic, hydro-

morphic and topographic conditions. Major sequential 

cropping systems in the rice growing areas include Rice -

wheat-fallow (Irrigated); Rice-wheat-rice (Irrigated); 

Rice-maize-rice or fallow (irrigated); Rice -wheat-maize 

(Irrigated);  Rice-fallow-fallow (rainfed); Rice-barley or 

wheat (irrigated) etc.  

 

Integrated rice farming  

Rice-Fish-Poultry and Rice-Fish-Duckery are also 

practiced in the terai regions of Nepal. This system 

ensures better yield for rice and poultry/duck. Birds and 

fish add manures in the soil and eat insect pests and help 

to circulate oxygen in the rice field. Fish grown in the 

paddy fields, is ideal use of land and easy source of cheap 

animal proteins. Thus fish culture can contribute to the 

socio-economic and nutrition welfare of rural populations.  

Table 5.  Major sequential cropping system in Nepal.  

i. Terai (<1000 masl) 

Irrigated area Rainfed area 

Rice-wheat-rice Rice-fallow-fallow 

Rice-wheat-fallow Rice-wheat-fallow 

Rice-wheat-Dhaicha Rice-lentil-fallow 

Rice-wheat-mung Rice-rapeseed –fallow 

Rice-maize-rice Rice- fallow-tobacco 

Rice/lentil-rice Jute-rapeseed-fallow 

Rice-chickpea, linseed Jute-wheat-fallow 

Rice-wheat-maize Maize-chickpea, lentil 

Rice-potato-Dhaicha Rice/lentil 

Rice-peasonpea (in bund)- wheat Maize-chickpea+rapeseed 

Rice-potato-maize   

ii. Mid-hill (1000-2000 masl)  

Irrigated area Rainfed area 

Rice-wheat-fallow Maize/millet-wheat 

Rice-wheat-rice Maize/millet-fallow 

Rice-wheat-maize Maize + soybean-rapeseed-fallow 

Rice-black gram (in bund)-wheat Maize-wheat 

Rice-barley Maize-oat 

Rice-maize Maize + upland rice 

Rice-rapeseed-maize Maize + upland rice- wheat 

Rice-rapeseed-rice   

Rice-potato-maize   

iii. High hill  

Irrigated area Rainfed area 

Rice-barley Maize –fallow 

Rice- necked barley (uwa) Maize –wheat 

Rice-wheat Wheat- finger millet (2 years cropping pattern) 

Buckwheat- necked barley (uwa) Maize- necked barley (uwa)-finger millet (2 years cropping pattern) 

Potato + necked barley (uwa) – fallow (2 years cropping  
pattern) 

Maize-wheat-finger millet 2 years cropping pattern) 

Rice-fallow-finger millet-barley-wheat (2 years cropping  
pattern) 

Potato-fallow, potato-buckwheat, maize-rapeseed, uwa-fallow, maize-
buckwheat 
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Conclusion 

 

Rice is a major food crop for Nepal and for the world. Its produc-

tion should be encouraged so that it could lead the country to 

achieve the sustainable food security. Rice is cultivated in  

diverse agro-ecosystems and its production is greatly affected 

by its growing environments. Identification and classification of 

precise rice growing environments helps national rice breeding 

program for accessing appropriate rice germplasm from inter-

national sources; develop environment specific rice varieties 

and agronomic practices.  
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 An experiment was undertaken in order to screening wheat genotypes against salinity under 

field condition with 14 wheat genotypes including 6 check varieties. The genotypes were  

tested in saline soil where the salinity of the experimental field ranges from 1.5 to 10.3 dS/m 

during the cropping period. Analysis of variance revealed significant variation among the  

genotypes for all characters. Phenotypic and Genotypic co-efficient of variation was low for 

almost all the characters. Phenotypic co-efficient of variation ranged from 8.42 to 23.45 for 

plant height and yield respectively, while the highest genotypic coefficient of variation (18.90) 

was observed in yield and lowest (6.83) was found in seed per spike. All of the trait exhibited 

moderate to high heritability in broad sense (h2b) coupled with a wide range of genetic  

advance and genetic advance in percentage of mean. Heritability ranged from 37.64`to 91.14 

for seed per spike and thousand seed weight respectively. Yield had significant positive  

correlation with spike length, spikelet per spike, seed per spike, thousand seed weight. On the 

other hand, yield was found to show a positive relationship with tiller per plant. Tiller per 

Plant, spikelet per spike, 1000 seed weight were responsible for reduction of yield per plant 

indirectly. Yield ranged from 1.14 ton/ha to 2.1 ton/ha. The present research work clearly 

demonstrated that based on field performance considering yield, the genotypes BARI Gom 25 

and BARI Gom 26 is best and other some genotypes BAW 1182, BAW 1177 respectively 

showed their most effective performance on saline soil. 
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INTRODUCTION 

 

Wheat (Triticum aestivum L.) is second after rice as a source of 

calories in the diets of consumers in developing countries and is 

the first as a source of protein (Braun et al., 2010). Wheat is an 

especially critical “stuff of life” for the approximately 1.2 billion 

“wheat dependent” to 2.5 billion “wheat-consuming” poor-men, 

women and children-who live on less than $US 2/day 

(FAOSTAT, 2010). The International Food Policy Research Insti-

tute (IFPRI, 1997) projections indicate that the world demand 

for wheat will rise from 552 million tons in 1993 to 775 million 

tons by 2020, and 60% in total by 2050 (IFPRI, 1997). Total  

production of wheat in the whole world mainly depends on two 

modern species: common or hexaploid bread wheat (Triticum 

aestivum, 2n = 6x = 42, AABBDD) and durum or tetraploid 

wheat (T. turgidum subsp. durum, 2n = 4x = 28, AABB). Though 

wheat has been classified as a salt tolerance plant, the response 

of different wheat cultivars to environmental stress and various 

types of target environments are not the same. Breeding for 

improved salinity tolerance (ST) is the only feasible way of  

improving yield in saline soil (Genc et al., 2007). Soil salinity is 

the major stress that plant face among all other stresses which 
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is associated with arid and semi-arid areas of the world (Ashraf 

and Wu, 1994). Salinity is a worldwide problem and total salt 

affected area in the world is about 955 m ha. This problem is 

also very serious in dry season because 6.67 m ha of arable land 

in are affected by various degrees of soil salinity. Exploiting the 

genetic potential of crop plants could be a serious approach to 

deal with the soil salinity for their adaptability to adverse soil 

conditions. And this strategy is a short term and enhances the 

crop cultivation on the salt affected fields. That’s why the 

screening of salt tolerant genotypes is necessary. Richards et al. 

(1987) suggested that improvement for salt tolerance might be 

achieved through selection from existing wheat varieties. 

Because of the huge spatial and temporal variability in soil  

salinity under field conditions screening of many genotypes is 

not possible (Richards, 1983). Therefore, the crop gene stocks 

are often screened in nutrient solution by adding appropriate 

amount of salt to develop the desired salinity levels. This meth-

od is comparatively quicker and more reliable than others for 

screening the genotypes against salinity condition. Filed screen-

ing of large numbers of cultivar or line for salinity tolerance is 

very difficult. Therefore, a multiphase screening method  

consisting of sequential or parallel various laboratory and field 

studies have been proposed by Houshmand et al. (2005). Some 

researchers believe that breeding and selection should focus on 

increasing yield capacity. Consequently, when high yielding  

cultivars planted in low or moderate saline conditions the yield 

become more than saline resistance cultivar. High grain yield 

under salinity stress was found to be a better criterion for salt 

tolerance than biomass, harvest index, or relative salt tolerance. 

However, low yielding varieties may be less sensitive to salinity 

than high-yielding cultivars. Therefore, the development of  

saline tolerant genotypes of wheat is the need of the day. Keep-

ing this in view, the present study was therefore, designed to 

genetic basis of grain yield components and develops a suitable 

selection criterion for future wheat breeding program. With 

conceiving the above scheme and discussion in mind, the  

present research work has been undertaken in order to screen 

the wheat genotypes against saline soil under field condition to 

assess their yield performance, to identify saline tolerant geno-

types of wheat and increase wheat areas and production by  

developing salt resistant varieties under field condition and to 

estimate the genetic variability and character association among 

of genotypes of wheat (T. aestivum). 

 

MATERIALS AND METHODS 

 

Site, soil and climate 

The research was conducted at farmer’s field at Kuakata,  

Kalapara, Patuakhali under on-farm Research Division, Bangla-

desh Agricultural Research Institute, Patuakhali. The area is 

under Agro ecological Zone (AEZ) –13 named Gangetic Tidal 

Floodplains. The area lies at 0.9 to 2.1 meter above mean sea 

level (Iftekhar and Islam, 2004). This zone occupies considerable  

areas of coastal saline lands of Patuakhali district. Soil charac-

teristics of the coastal zone are silty loams or alluvium. The soil 

of the experimental plot was loamy in texture and it was  

medium high land and belonging to the tidal flood plain. The  

organic matter content was low (0.93%) in most cases. General-

ly, Patuakhali region falls under the sub–tropical climate which 

is characterized by high temperature and humidity, heavy  

rainfall with occasional gusty winds in the month of April to  

September and less rainfall associated with moderately low 

temperature during October to March. 

 

Experimental design 

The experiment was laid out in Randomized Complete Block 

Design (RCBD) with four replications. The whole field was  

divided into four blocks and each block consisted of fourteen 

plots. The replications were separated from one another by 1m. 

The distance between plots was 50cm. The treatment was  

randomly assigned to each of the block. Plot size for genotype 

was 2.5m × 0.8m. and four rows consist a plot. A total of 14 

wheat genotypes were used in this experiment (Table 1).  

Among the materials, 6 check variety and rest are lines, all  

genotypes collected from Wheat Research Center (WRC), BARI, 

Gazipur. 

Table 1. Used plant genotype on experiment is given below. 

S.N. Genotype Type Source 

1 BARI Gom-25 Released variety WRC 

2 BARI Gom 26 Released variety WRC 

3 BARI Gom 27 Released variety WRC 

4 BARI Gom 28 Released variety WRC 

5 BARI Gom 29 Released variety WRC 

6 BARI Gom 30 Released variety WRC 

7 BAW 1135 Advance line WRC 

8 BAW 1157 Advance line WRC 

9 BAW 1170 Advance line WRC 

10 BAW 1177 Advance line WRC 

11 BAW 1182 Advance line WRC 

12 BAW 1193 Advance line WRC 

13 BAW 1200 Advance line WRC 

14 BAW 1202 Advance line WRC 



90 

 

S. Banik et al. /Arch. Agr. Environ. Sci., 4(1): 88-95 (2019) 

Collection of data 

Data were collected on different parameters such as plant 

height (cm), number of tiller per plant, spike length(cm), spikelet 

per spike, seed per spike, thousand seed weight(g), yield of T. 

estivum per plot etc. All the grains from the main stem and tiller 

were gathered together and its weight was taken as yield per 

plant the 1000 grain weight (g) of T. aestivum were taken and 

converted it into ton/hectare using the following formula: 

 

Grain yield (t/ha) = Field weight × 0.8 × (10000)/Area ×  

(100-MC)/85 

 

Adjusted yield = CF × Plot yield 

 

 

                  CF =  

 

Where, M = Total number of plant in the plot and N = Missing 

plant 

 

Statistical analysis 

The collected data on various parameters were statistically  

analyzed to find out the statistical significance of the  

experimental results. Analysis of variance was done for all the 

characters under study using the mean values (Singh and 

Chaudhury, 1985).  The significance of the difference between 

treatment means was evaluated by the Least Significance  

Difference (LSD) test for the interpretation of the results 

(Gomez and Gomez, 1984). 

  

Estimation of genetic parameters 

The following formulas were used in the calculation  

(Table 2). 

 

Genetic parameters Abbreviation/unit Formula 

Genotypic variance 
  

Phenotypic variance 
  

Genotypic co-efficient of variation GCV 

 

phenotypic co-efficient of variation PCV 

 

 Heritability 
 

 

 
Genetic advance 

GA 

 

Genetic advance in percent of mean 
 

 

Genotypic correlation coefficient 
 

 

phenotypic correlation co-efficient 
 

 

Table 2. List of formulas used in the calculation of genetic parameters.  

Note: GMS = Genotypic mean square, EMS = Error mean square, r = Number of replication, x̅ = Population mean, k = selection intensity, Cov(g) 1.2 = 

Genotypic covariance between the variable X1 and X2, Cov (ph) 1.2 = Phenotypic covariance between the variable X1 and X2. 
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RESULTS AND DISCUSSION 

 

Mean performance of check and advance line 

 

Plant height 

The maximum plant height was observed in BARI Gom-25 

(76.85cm) followed by BARI Gom 28 (74.04cm), BAW 1182 

(72.92 cm) and BAW 1200 (72.11 cm) and minimum plant height 

was observed in BARI Gom 30 (58.88cm) followed by BAW 

1157 (63.0cm) and BAW 1193 (63.51 cm) (Table 3). From these 

above results we can conclude that check variety found highest 

plant height compare to advance line. Many investigators  

determined the associations among different characters in 

wheat (T. aestivum). Moursi et al. (1975) mentioned that number 

of tiller per plant, plant height and 1000 seed weight had  

consistent positive and significant correlations with yield. 

 

Number of tiller per plant 

Number of tiller significantly varied among the treatment.  

Maximum number of tiller was found in BARI Gom-25 (2.81) 

followed by BAW 1193(2.26) and BAW 1182(2.21). And  

minimum number of tiller was found in BAW 1170 (1.27)  

followed by BAW 1202 (1.44) (Table 3). In this parameter also 

check variety showed better tillering capacity than the advance 

line. These results were in consistent with those of Chowdhury 

and Islam (1993) who also observed variable - plant heights, 

tiller per plant of different wheat cultivars/lines. 

 

Spike length 

In case of spike length of T. aestivum found not much significant 

variation among the treatment. Maximum spike length was 

found in BAW 1177 (8.26cm) followed by BAW 1182 (8.03 cm) 

and minimum was observed in BAW 1170 (5.87cm) followed by 

BARI Gom 29 (5.93cm) (Table 3). 

 

Number of spikelet’s/spike 

 Number of spikelets/spike of T. aestivum was significantly var-

ied from at final harvest among the treatments. The maximum 

spikelets/spike was observed in BARI Gom-25 (10.61) followed 

by BAW 1157 (10.39), BARI Gom 27 (9.9), BARI Gom 28 (9.86). 

And minimum spikelets/spike was observed in BARI Gom 29 

(8.37) followed by BARI Gom 30 (8.43) (Table 3). 

 

Seed/spike 

In case of seed/spike of T. aestivum maximum number of seed/

spike was found in BARI Gom-25 (27.25) followed by BAW 

1182 (26.88), BARI Gom 26 (26.73), BARI Gom 28 (25.6) and 

BARI Gom 29 (25.20). Minimum seed/spike was found in BARI 

Gom 30 (20.88) followed by BAW 1202 (21.76) and BAW 1200 

(22.5) (Table 3). From these above results we can conclude that 

check variety found maximum and minimum (seed/spike) com-

pare to advance line (Figure 1). Mohammedein and Idris (2017) 

found positive and significant correlation between yield and 

each of plant height, number of tiller per plant, number of seed 

per spike and thousand seed weight and emphasized the role of 

these traits in selection of high yield in wheat. 

 

Weight of 1000 seeds  

The weight of 1000 seeds of T. aestivum was significantly varied 

among the treatment. Maximum 1000 seed weight was found in 

BAW 1182 (45.39g) which was followed by BARI Gom-25 

(43.38g) (Table 3). And minimum was found I BARI Gom 30 

(31.13g). In case of 1000 seed I found advance line showed  

better seed weight than check although both BAW 1182 and BARI 

Gom-25 show statistically similar results. El-Shouny et al. (2005) 

and Akhtar (2001) identified different traits like spike length, 

spikelet per spike, seed per spikelet, 1000-seed weight as poten-

tial selection criteria in breeding programs aiming at higher yield. 

Table 3. Mean performance of wheat genotype in respect of plant height, number of tiller per plant, spike length, spikelets per spike,  

seed per spike, 1000 seed weight and yield. 

Genotype Plant height Tiller/plant Spike length 
Spikelets/

spike 
Seed/spike 

1000 seed 
weight 

Yield  
(t/ha) 

BARI Gom-25 76.85 a 2.813  a 7.488  a-d 10.61  a 27.25  a 43.38  a 2.175  a 

BARI Gom 26 65.85de 2.033   b-d 7.012  a-d 9.250  c-e 26.73  ab 37.96  bc 1.913  ab 

BARI Gom 27 70.46b-d 1.987   b-d 7.463  a-d 9.988  a-c 24.14  b-e 35.66  cd 1.300  cd 

BARI Gom 28 74.04 ab 2.058   b-d 7.438  a-d 9.863  a-c 25.67  a-d 36.83  cd 1.493  cd 

BARI Gom 29 67.19c-e 2.088   b-d 5.930  cd 8.375  e 25.20  a-d 37.90  b-d 1.360  cd 

BARI Gom 30 58.88  f 1.577   c-e 6.270  b-d 8.432  e 20.88  f 31.13  e 1.140  d 

BAW 1135 70.82b-d 1.883   b-e 6.912  a-d 8.613 de 23.85  c-e 35.00  d 1.280  cd 

BAW 1157 63.08 ef 1.992   b-d 6.813  a-d 10.39  a-c 23.83  c-e 37.53  b-d 1.418  cd 

BAW 1170 70.46bcd 1.270   e 5.875  d 9.738  a-d 24.14  c-e 38.33  bc 1.168  d 

BAW 1177 64.35 e 2.370  ab 8.262  a 10.76  a 26.44  a-c 40.33  b 1.425  cd 

BAW 1182 72.92 ab 2.210  a-c 8.030  a 10.55  ab 26.88  a 45.39  a 1.622  bc 

BAW 1193 63.51 ef 2.263  ab 7.507  a-c 9.215  c-e 23.17  d-f 37.16  cd 1.388  cd 

BAW 1200 72.11abc 2.013  b-d 7.662  ab 9.825  a-c 22.50  ef 37.33  cd 1.372  cd 

BAW 1202 65.92 de 1.440  de 6.325  b-d 9.377  b-e 21.76  ef 36.50  cd 1.175  d 

CV (%) 
LSD 
Level of significance 

6.80 
4.68 

  

7.74 
0.58 

** 

7.44 
1.37 

** 

7.88 
1.05 

** 

8.79 
2.30 

** 

5.81 
2.53 

** 

6.88 
0.32 

** 

Note: ** 1% level of significant, * 5% level of significant. In a vertical column, mean values having similar letter(s) are statistically identical and those 
having dissimilar letter(s) differ at 1%and 5% level of significance . 
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Yield (t/ha) 

Yield is the main factor in this experiment and significant varia-

tion was obtained for yield per plot. Yield of T. aestivum was 

ranged from 1.14 ton/ha to 2.1 ton/ha (Table 3). Maximum yield 

was observed in BARI Gom-25 (2.17 ton) followed by BARI Gom 

26 (1.91ton). And minimum was found in BARI Gom 30 

(1.14ton). Among the lines maximum yield was observed BAW 

1182 (1.62 ton) and BAW 1157 (1.42 ton) and minimum yield 

BAW 1170 (1.17 ton) (Figure 2). Sirisampan and Zoebisch 

(2005) also reported similar findings earlier from their experi-

ment. Plant heights are strongly associated with grain yield 

(Martin and Russell, 1984; Burak and Magoja, 1991; Singh and 

Dash, 2000; Umakanth et al., 2000), but Rather et al. (1999)  

reported the association of plant height with grain yield as  

non-significant. 

S. Banik et al. /Arch. Agr. Environ. Sci., 4(1): 88-95 (2019) 

Analysis of variance of the experimental materials 

Results showed that there were significant variations among the 

materials for all the characters studied except plant height (Table 

4). This showed the presence of considerable genetic variability 

among the check variety and the advance line. No significant varia-

tion was found among the replication. Flowers et al. (2004) stated 

that salinity tolerance is complex both genetically and physiologi-

cally with wide variation in physiological response to salinity 

stress. Savvas and Lenz (2000) stated that salt tolerance varieties 

greatly improved among plant genotypes and species. 

 

Heritability, genetic advance and genetic advance in percent-

age of mean  

It was found that the phenotypic co-efficient variation was  

higher than genotypic co-efficient of variation for all characters 

Figure 1. Bar graph showing mean Performance of wheat genotype in respect of spike length, spikelets/spike, seed/spike. 

Figure 2. Performance of wheat genotype in respect of yield (t/ha). 
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(Table 5) indicating that all interacted with the environment to 

some extent. Phenotypic co-efficient of variation ranged from 

8.42 to 23.45 for plant height and yield of T. aestivum, respec-

tively. High genotypic and phenotypic variance was observed in 

tiller per plant and yield per plant. Low magnitude of genotypic 

and phenotypic variance was observed in plant height, thousand 

seed weight, spikelet per spike, spike length, seed per spike 

length. High genotypic co-efficient of variation of these traits 

indicated the scope for effective selection. In contrast, low value 

of genotypic co-efficient of variation for plant height, thousand 

seed weight, spikelet per spike, spike length, seed per spike 

length of T. aestivum indicated low genetic variability and limited 

scope for improvement. In the present study heritability values 

in broad sense were high in thousand seed weight and low in 

seed per spikelet. High genetic advance was observed for plant 

height and thousand seed weight and high genetic advanced in 

percent mean was observed in tiller per plant and yield per plant 

of T. aestivum. In this study it is suggested that the heritability is 

due to additive gene effects and selection may be effective. 

Khatun et al. (2010) reported high heritability values accompa-

nied with high genetic advance for yield and yield contributing 

characters in jute.  

 

Genotypic correlation among 7 yield and yield contributing 

characters 

Plant height of T. aestivum showed positive correlation (Table 6) 

with tiller per plant (0.479), spike length (0.324), spikelet per 

spike (0.417) and significant positive correlation with seed per 

spikelet (0.564), thousand seed weight (0.589), and yield per 

plant (0.553). Tiller per plant showed significant positive  

correlation with spike length (0.780), spikelet per spike (0.577), 

thousand seed weight (0.628), yield per plant (0.823) and  

positive correlation with spike length (0.324). Spike length 

showed significant positive correlation with spikelet per spike 

(0.753), seed per spikelet (0.544), spikelet per spike (0.577), and 

positive correlated with thousand seed weight (0.524), yield per 

plant (0.502), respectively. Spikelet per spike showed significant 

positive correlation with seed per spikelet (0.711), thousand 

seed weight (0.799), spike length (0.544), plant height (0.780), 

tiller per plant (0.564) and showed positive correlation with 

yield per plant (0.395). Seed per spikelet showed highly positive 

significant correlation with thousand seed weight (0.935) and 

yield per plant (0.889) spikelet per spike (0.589), tiller per plant 

(0.6280), plant height (0.799) and positive correlation with spike 

length (0.524). Thousand seed weight showed highly positive 

significant correlation with yield per plant (0.677). Seed per 

spikelet (0.889), tiller per plant (0.823), Plant height (0.553) and 

positive correlation with spikelet per spike (0.502) and spike 

length (0.395) of T. aestivum. 

 

Phenotypic correlation among 7 yield and yield contributing 

characters 

In this investigation (Table 7) plant height of T. aestivum showed 

positive correlation with tiller per plant (0.348), spike length 

(0.303), spikelet per spike (0.384) seed per spikelet (0.466), 

thousand seed weight (0.479), yield per plant (0.447). Tiller  

per plant showed significant positive correlation with spike 

length (0.577), yield per plant (0.614) and positive correlation 

with spikelet per spike (0.379), seed per spikelet (0.470),  

thousand seed weight (0.524), respectively. Spike length 

showed positive correlation with spikelet per spike (0.533), seed 

per spikelet (0.352), thousand seed weight (0.450), yield per 

plant (0.311), tiller per plant (0.379), plant height (0.384).  

Spikelet per spike showed significant positive correlation with 

thousand seed weight (0.542) and showed positive correlation 

with seed per spikelet (0.292), yield per plant (0.286), plant 

height (0.4660), tiller per plant (0.352), spike length (0.470). 

Seed per spikelet showed highly significant correlation with 

thousand seed weight (0.557) and yield per plant (0.611).  

Thousand seed weight showed positive correlation with yield 

per plant (0.506), spikelet per spike (0.286), spike length (0.311),  

plant height (0.447) and positive significant correlation  

with tiller per plant (0.614), seed per spikelet (0.611) of  

T. aestivum. 

Table 4. Analysis of variance (mean squares) for different characters. 

Source 
  

d.f 

Plant height 

(cm) 

Tiller/

plant 

Spike              

length   (cm) 

Spikelets /

spike 

Seed /

spike 

 1000 seed   

weight (g) 

Yield 

ton/ha 

Replication 3 83.7 .58 3.41 16.77 21.24 2.91 0.82 

Genotype 13 24.89 .60 2.26 2.55 15.79 7.86 0.33 

Error 39 10.73 .16 .92 1.05 4.62 3.13 0.15 

Table 5. Estimation heritability, genetic advance and genetic advance in percentage of  mean. 

Characters 
   

PCV GCV h²b (%) GA % GA 

Plant height 22.327 10.736 33.063 8.42 6.92 67.53 8.00 11.71 

Tiller per plant 0.135 0.065 0.200 22.34 18.35 67.48 0.62 31.05 

Spike length 0.498 0.277 0.774 12.44 9.98 64.26 1.16 16.47 

Spikelet per spike 0.496 0.578 1.074 10.75 7.31 46.20 0.99 10.23 

Seed per spikelet 2.792 4.625 7.417 11.13 6.83 37.64 2.11 8.63 

Thousand seed weight 11.681 1.136 12.817 9.45 9.02 91.14 6.72 17.74 

Yield per plant 0.003 0.002 0.005 23.45 18.90 64.91 0.09 31.36 
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Conclusion 

 

Genetics analysis of the selected genotypes of T. aestivum to 

identify tolerant genotypes that may sustain a reasonable yield 

on salt affected soil. Significant variation for yield and yield con-

tributing characters indicate the presence of genetic variations 

among the genotypes for these characters except plant height. 

Among all lines of wheat BAW 1182, BAW 1177 showed higher 

value in all character. Genotypic and phenotypic co-efficient of 

variation was low for almost all of the characters studied in the 

present study. The phenotypic co-efficient of variation (PCV) 

were higher than their corresponding genotypic co-efficient of 

variation (GCV) for all the characters studied indicating that 

they all interacted with the environment to some intent. Pheno-

typic co-efficient of variation ranged from 8.42 to 23.45 for 

plant height and yield respectively. All of the characters exhibit-

ed moderate to high heritability in broad sense (h2
b) coupled 

with a wide range of genetic advance and genetic advance in 

percentage of mean. Heritability ranged from 37.64 to 91.14 for 

seed per spike and thousand seed weight, respectively. In case 

of character association, yield had a significant positive correla-

tion with spike length, spikelet per spike, seed per spike, thou-

sand seed weight. On the other hand, yield was found to display 

a positive relationship with tiller per plant. Yield ranged from 

1.14 ton/ha to 2.1 ton/ha. The present research work clearly 

demonstrated that based on field performance considering yield 

the genotypes BARI Gom 25 and BARI Gom 26 is best and other 

some genotypes BAW 1182, BAW 1177, respectively showed 

their most effective performance on saline soil. Overall yield 

performances of all the genotypes were very low it is due to 

showering at germination and flowering stage. Salinity of the 

trail plots increased with time and it ranges 2.5 to 10.3 in the 

whole growing period. However, the present research work 

clearly demonstrated that based on field performance consider-

ing yield the genotypes BARI Gom 25 and BARI Gom 26 is best 

and other some lines BAW 1182, BAW 1177, respectively 

showed their most effective performance on saline soil. 
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INTRODUCTION 

 

Several researchers have reported the isolation of bacteria be-

longing to different genera from fish as an indicator of pollution 

study (Adewoye and Lateef, 2004; Hamed et al., 2013; Kolawole 

et al., 2011). Fish can harbor varieties of pathogens on or inside 

its body as they reside at the top of the food chain (Dahunsi et 

al., 2012). Fishes are extremely susceptible to bacterial contami-

nation due to their soft body organs. Use of fish as a bioindicator 

of bacterial pollution can provide cumulative effect of different 

pollutant in the ecosystem (Santos et al., 2011). The presence of 

FC as E. coli serves as an indicator for the possible presence of 

other disease-causing pathogens (Rajkumar and Sharma, 2013). 

Currently, coliforms and E. coli are of great importance among 

bacterial indicators used in water quality definition and health 

risk (Giannoulis et al., 2005). Pathogens are a serious concern for 

managers of water resources, because excessive amounts of 

faecal bacteria in sewage and urban run-off have been known to 

indicate risk of pathogen-induced illnesses in humans. The  

pathogens that may occur in surface water as a result of fecal 

contamination vary depending on the source of the contamina-

tion. Human fecal pollution may cause the greatest health risk 

because humans act as reservoirs for human enteric bacteria 

such as Salmonella sp. and Shigella sp. (McLellan and Salmore, 

2003). Thus, detection and an enumeration of indicator organ-

isms are of primary importance for the monitoring of sanitary 

and microbiological quality of water (Gunnison, 1999). 

The Bakkhali river estuary located at the south-eastern part of 

Bangladesh serves an important harbor in the economics of 

local fishery of Cox’s Bazar district (Hena et al., 2007). It is  

enriched with about 490 species of fishes (Hossain, 1971) and 

19 species of shrimps/prawn (Chowdhury and Sanaullah, 1991) 

http://crossmark.crossref.org/dialog/?doi=10.26832/24566632.2019.0401015&domain=pdf
https://www.google.com/search?q=Pomadasys+hasta+fish&tbm=isch&source=univ&client=firefox-b&sa=X&ved=2ahUKEwiquq26043gAhWOXSsKHYdmB3YQsAR6BAgFEAE&biw=1366&bih=654
https://orcid.org/0000-0002-4194-8856
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that ensure sustainable livelihood of a large number of fishing 

households. This estuarine river also possesses an extensive 

environment for different aquatic organisms, which serves as 

feeding, breeding and nursery grounds for a variety of animals. 

It is highly productive in terms of nutrient input from different 

sources that promotes other living resources (Kamal and Khan, 

2009). However, continuous environmental disturbance like 

sedimentation, urban runoff and pollution are badly affecting 

the ecosystem of this estuary (Hena et al., 2012). Bakkhali river 

is the main discharge point of the city waste of Cox’s Bazar. 

Most of the indigenous effluents come from Cox’s Bazar city and 

eventually flow into the Bakkhali river through a system of  

canals. As there are no potential industries in Cox’s Bazar,  

municipal and domestic wastes and discharges from small indus-

tries constitute the main pollution source of this estuarine river. 

Waste discharge and chemical spills are mainly connected with 

boat repair industry that represents an additional source of  

pollutants to the water and sediments. 

However, several studies have been conducted on pollution and 

other entities of Bakkhali river estuary (Siddique et al., 2012; 

Rashed-Un-Nabi et al., 2011; Hena et al., 2012). But information 

regarding bacterial pollution of this estuarine system is lacking. 

The present study was therefore designed to evaluate the bac-

terial load in different organs of fishes to evaluate the current 

pollution status of this estuarine river.   

 

MATERIALS AND METHODS 

 

Collection of sample 

A total of 50 fish species (25 of and 25 of) were collected from 

two sampling stations namely Station-1 (Rumalia chara) and 

Station-2 (Kusturi Ghat) (Figure 1). A total of 50 fish species (25 

of species 1 and 25 of species 2) were collected from the select-

ed two sampling stations. Species-1 was Pomadasys hasta and 

Species-2 was Glossogobius giuris. Station-1 was characterized 

by less polluted areas and Station-2 was contaminated with 

anthropogenic and industrial activities where large amount of 

organic and inorganic wastes are being discharged. The fishes 

were collected from local fisherman in the morning. Gill nets of 

about 12.192 m long and 1.828 m wide with a cork line at the 

top rope and metal line with the ground rope made locally of 

nylon were used for fishing. The collected fishes were transport-

ed with sterilized plastic bucket to the laboratory.  

 

Preparation of samples 

In the laboratory, fish samples were washed with phosphate 

buffer saline and the various organs were separated with  

sterilized knife. Twenty (20) gram of each part (skin, gill and  

intestine) was homogenized separately in 250 mL of 0.1% (w/v) 

PBS using vortex machine (Model iSwix VT) before serial  

dilution using the method of Odoli (2006). All the samples were 

collected in triplicates.  

 

Bacterial analysis  

Bacterial analysis was conducted in the microbiology laboratory of 

Bangladesh Fisheries Research Institute (BFRI), Marine Fisheries & 

Technology Station, Cox’s Bazar, Bangladesh. Spread plate method 

was carried out to count the bacterial density. 0.1 ml of diluted 

samples was incubated in the petri-dish containing the culture 

media. Enumeration of Total heterotrophic bacteria (THB) was 

done on nutrient agar media (HiMedia) after incubating at 37° C 

for 18-24 h. MacConkey agar and EMB agar were used to the  

enumeration of Escherichia coli. Pink colonies that occur in  

MacConkey agar plate after the incubation period of 18-24 h at 

37°C were recultured in EMB agar plate at 44-44.5° C for over-

night. Colonies appearing as green metallic sheen in EMB agar 

were further subjected to biochemical test (iMVIC test) for the 

confirmation of the presence of E. coli. Vibrio spp., Salmonella spp. 

and Shigella spp. were enumerated using TCBS agar and SS agar 

plate (HiMedia) after incubation at 37° C for 18-24 h. Yellow with 

opaque centers colonies were considered as Vibrio spp.; and  

colourless transparent and black centers colonies were considered 

as Salmonella spp. Colonies were counted on a digital colony  

counter as colony forming unit per gram (Cfu/g) of the sample. 

 

Statistical analysis  

The data were analyzed by the use of Statistical Package for 

Social Science (SPSS software Version 20.0). T-test was used to 

show the difference between the bacterial counting of two 

study sites at significance level of p < 0.05.  

Figure 1. Sampling stations in Bakkhali river estuary.  

https://www.google.com/search?q=Pomadasys+hasta+fish&tbm=isch&source=univ&client=firefox-b&sa=X&ved=2ahUKEwiquq26043gAhWOXSsKHYdmB3YQsAR6BAgFEAE&biw=1366&bih=654
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RESULTS AND DISCUSSION 

 

Mean bacterial count 

Mean bacterial count of fishes at two different sampling  

stations is shown in Table 1. Counting showed a significant  

difference in THB, E. coli, Vibrio spp., Salmonella spp. and Shigella 

spp. between the two study locations, whereas significantly 

higher bacterial count was found at Station-2 in both of the two 

fish species. However, irregular pattern in bacterial count was 

observed between the fish species. The maximum microbiologi-

cal limit for the THB, which separates the good quality products 

from bad quality, is 500000 cfu/g (ICMSF, 1986). The THB of 

the studied samples was below the maximum acceptable limit. 

Pathogenic bacteria i.e. E.  coli, Salmonella spp., Shigella spp. and 

vibrio spp. isolated from the studied fish species were also  

beyond the limit of microbiological guidelines for foodborne 

pathogens as cited by Gilbert et al. (2000). Zambuchini et al. 

(2008) reported that the Enterobacteriaceae count is consid-

ered as the index of fish quality. Claucas et al. (1996) showed 

that when pathogens such as Salmonella spp., Shigella spp., Vibrio 

spp. present in food they are most likely to cause foodborne 

diseases. Therefore, monitoring of these microorganisms has 

been suggested as a measure of fish quality as well as environ-

mental quality. According to Sichewo et al. (2014), the presence 

of coliforms in fish demonstrates the level of pollution of their 

environment because coliforms are not the normal bacterial 

flora in fish. The highest pathogenic bacterial count at Station-2 

might be due to the poor sanitation system in that surrounding 

area where latrines directly connected with the river discharg-

ing of municipal and domestic wastes and industrial pollution. 

Runoff from vegetable and fish market which carry animal 

wastes was also a significant source of higher bacterial count in 

the Bakkhali river estuary.  

Bacterial counts in different organs 

Bacterial count in different organs of the fish species at the two 

studied sites is shown in Table 2. THB count was found highest at 

Station-2 in the skin of Species-1 (147333.33±21361.96 cfu/g) and 

the lowest in the gill of Species-2 (1600.00±529.15 cfu/g) at Station

-1. Skin of Species-1 (6260.00±1080.56 cfu/g) was found vastly 

contaminated with E. coli at Station-2; however, Vibrio spp. count 

was the highest at the same Station in Species-2 (1343.33±496.62 

cfu/g). Salmonella spp. and Shigella spp. count were observed higher 

at Station-2 in the skin of Species- 2 (3346.67±423.36 cfu/g and 

1536.67±272.27 cfu/g, respectively). Similarly, Sujatha et al. (2011) 

isolated E. coli, Shigella spp. and Salmonella spp. from the gills, intes-

tines and skin of Megalaspis cordyla and muscles of Priacanthus 

hamrur, whereas they reported higher bacterial count in the skin of 

the fishes. The higher bacterial count in the skin of fishes in both 

Station-1 and Station-2 might by due to the higher bacterial load in 

the water. However, in the present study, higher bacterial count in 

the fishes of Station-2 might be due to more polluted water of this 

Station. Similar observation was also made by Latha and Mohan 

(2013), where they reported that in polluted water fish showed 

higher load of microorganisms count in skin due to the pollution of 

water body. In the present study, the bacterial load was lower in 

gills of both the fish species compared to other organs. That might 

be due to the nature of the gills, where micro flora was unlikely 

unable to alter significantly the physical and chemical environment 

of the gill (Latha and Mohan, 2013). In the present study, the pollu-

tion nature of the water body was found to determine the bacterial 

load of intestine of the fishes. The growth promoting and inhabiting 

substances were found to decrease the bacterial count in the intes-

tine compared to the skin of the studied fishes as similar to the find-

ings of Austin (2002). Therefore, the present study has displayed 

that Station-2 was more contaminated representing a potential 

hazard to the health of local people.  

Table 1. Mean bacterial count (cfu/g) of fishes. 

  Station-1 Station-2 t-value P-value 

Species -1       

THB 3366.67±1830.30 107066.67±42411.17 -7.329 0.000 

E. coli 255.56±88.19 4217.78±1898.54 -6.254 0.000 

Salmonell spp. 211.11±105.41 2537.78±1015.16 -6.839 0.000 

Shigella spp. 15.56±18.10 847.78±604.89 -4.126 0.001 

Vibrio spp. 17.78±17.16 883.33±581.98 -4.730 0.000 

Species -2         

THB 2766.67±1072.38 61444.44±19626.46 -8.956 0.000 

E. coli 300.00±239.79 3133.33±1268.52 -6.584 0.000 

Salmonell spp. 233.33±150.00 2333.33±849.44 -4.460 0.000 

Shigella spp. 31.11±34.08 1058.89±676.97 -4.549 0.000 

Vibrio spp. 13.33±12.25 681.11±423.39 -7.304 0.000 
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Conclusion 

 

Presence of large amount of pathogenic bacteria i.e. E. coli, 

(4217.78±1898.54 cfu/g in Species-1 at Station-2) Salmonella 

spp. (2537.78±1015.16 cgu/g in Species-1 at Station-2), Shigella 

spp. (1058.89±676.97 cgu/g in Species-2 at Station-2) and Vibrio 

spp. (883.33±581.98 in Species-1 at Station-2) in the two fish 

species collected from Bakkhali river estuary river of Cox’s ba-

zar indicated high levels of faecal contamination in the river due 

to heavy load of improper sewage   dumping, municipal waste 

and industrial waste water. There may be a potential hazard of 

infection from food borne diseases to the residents from the 

encircling inhabitants from consuming the fish. Further research 

work should be conducted on overall pollution status of Pasur 

river estuary.  
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 A field experiment to evaluate CROPWAT model estimations was conducted during the year 

2014 and 2015 on Ziqualla and Abergelle. This field experiment was therefore conducted to 

determine net irrigation requirements and irrigation schedules of hot pepper (Capsicum annum 

L.) using CROPWAT computer model and to validate using field trial. A split plot design with 

the main plot of water depth and subplot of irrigation frequency has been used. Three levels of 

water amount with (I1), (I2), and (I3) CROPWAT generated depth and three levels of irrigation 

frequency at (5), (7) and (9) days interval were used as a treatment. Additionally, one treat-

ment farmer practice irrigation depth and interval has been used as a control. The experi-

mental result showed that irrigation application of I1 CROPWAT generated depth at 5 days 

irrigation interval obtained a relatively higher and statistically significant marketable yield, 

water productivity on both Ziqualla and Abergelle. In terms of economic profitability, it was 

found that irrigation application I1 CROPWAT generated depth at 5 days irrigation interval 

had 7.7ton/ha and 6ton/ha economically yield advantageous associated that I2 CROPWAT 

generated depth with 7 days irrigation interval on Ziqualla and Abergelle, congruently.  

Considering the above results, irrigation application of I1 CROPWAT generated depth at 5 

days interval was found economically feasible and recommended to improve crop and water 

productivity of the irrigation schemes by saving a significant amount of water for irrigating 

additional lands for hot pepper (C. annum) crop production both Ziqualla and Abergelle small-

scale irrigation schemes.    
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INTRODUCTION 

 

Hot pepper (Capsicum annum L.) is an important commercial 

crop, cultivated for vegetable, spice, and value-added processed 

products (Nalla et al., 2017). It originated from the American 

with their cultivars are now grown around the world because 

they are widely used as food and medicine (Mazourek et al., 

2009). Peppers are one of the most susceptible horticultural 

crops to drought stress due to its broad range of transpiring leaf 

surface, high stomatal conductance (Alvino et al., 1994) and  

shallow root system (Kulkarni and Phalke, 2009, Liu et al., 2012). 

Pepper production accounts for 34% of the total spice produc-

tion in the three regions of Ethiopia namely Amhara, Oromia 

and Southern Nations Nationalities and Peoples Regional States 

(Roukens et al., 2005). FAO, (2017) the report indicated that the 

estimated production of peppers in Ethiopia was 220,791ton 

from 97,712ha in green form and 118,514 ton of dry pepper 

from an area of 300,000ha.  

Increase in population has led to an upsurge in the demand of 

food (pepper) and fiber which has also resulted in the adoption 

of irrigation to sustain plant growth (Delfine et al., 2015). As 

population rises and development calls for, the distributions of 

ground and surface water for domestic, agriculture and  

industrial sectors augmented; as a result, the pressure on water  
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resources strengthens. The increasing stress on freshwater  

resources transported about by an ever-rising demand for  

water is of thoughtful concern (FAO, 2017). Notwithstanding 

the increase in water use by subdivisions other than agriculture, 

irrigation carries on to be the main water user on a worldwide. 

Irrigated agriculture consumes more than 70% of the water 

demanding from the rivers of the world and for the developing 

world; the proportion can reach 80% (FAO, 2017). The condition 

is no more different in Ethiopia. It has been obviously and noisily 

stated that if Ethiopia is to feed its ever-increasing population, 

lessen the risk of disasters caused by drought, and increase  

population density in the dry and thinly populated areas, inces-

sant and extensive effort need to be made towards developing 

irrigated agriculture and intensifying agricultural production. 

Irrigation will, therefore, play a progressively important role 

now and in the upcoming years both to increase the agricultural 

yield from already refined land and to permit the cultivation of 

what is currently known as marginal or unusable land due to the 

moisture deficiency. 

Water availability is the most limiting factor for crop production 

in the dry-land areas of Ziqualla and Abergelle. Moreover, lack 

of crop water requirement studies for major crops had been a 

challenge for appropriate utilization of scarce water resource in 

irrigated agriculture and it leads to low water use efficiency 

through improper irrigation scheduling. Determination of water 

requirement of the crop, appropriate irrigation scheduling can 

be designed, which can lead to improvements in the yield,  

income, and water saving (Bossie et al., 2009). To ensure the 

highest crop production with the least water use, it is important 

to know the water requirement of the crops (Tyagi et al., 2000). 

This improves the efficient and economic use of irrigation water. 

However, effective irrigation water management is possible 

only with regular monitoring of soil water and crop develop-

ment conditions in the field, and with the forecasting of future 

crop water needs. Delaying in the irrigation until crop stress is 

evident, or using too little water, that can result in substantial 

yield loss of the crops. Applying too much water to the plot of 

land will cause to extra pumping costs, wasted water due to 

evaporation and runoff, and increased risk for leaching valuable 

agrichemicals below the rooting zone. Proper timing of irriga-

tion water applications is therefore an important decision tool 

for a farm manager to meet the water needs of the crop, to  

prevent yield loss due to water stress, and for maximizing the 

irrigation water use efficiency which resulted in beneficial use 

and conservation of the scarce water resources, and minimize 

the leaching potential of nitrates (Valipour, 2015). Ziqualla and 

Abergelle woreda, small-scale irrigation scheme is typically ap-

plied on a monotonous basis without scheduling and inadequate 

management of irrigation water has been an important limiting 

factor to pepper production. Growers generally lack knowledge 

on features of soil-water-plant relationship and they apply  

water to the crop irrespective of the plant needs. They seem to 

relate irrigation occurrence to days after planting with fixed 

intervals and water amounts rather than to crop stage progress. 

The information of the proper irrigation time and scheduling, 

when to irrigate the crops and how much water to apply in  

irrigation, is essential to optimize crop production per unit water 

and for sustaining irrigated agriculture on permanent footing 

(Kirda, 2002). Therefore, this study was conducted with the  

objective of determining the net irrigation requirements and 

irrigation schedules of hot pepper (Capsicum annum L.)  

using CROPWAT computer model and to validate using a field 

trial. 

 

MATERIALS AND METHODS 

 

A field experiment was conducted during 2014 and 2015 in 

Ziqualla and Abergelle district, Wag Himra Administrative Zone 

of Amhara Region (Figure 1). The study sites are located at 

1414332N and 475070E at Ziqualla; 1425280N and 495749E 

at Abergelle. The altitude of the study areas are 1465m and 

1260m Ziqualla and Abergelle m.a.s.l., respectively. The sites are 

characterized by clay texture soils. The soil particle size distribu-

tion of clay, silt, and sand is 41.29%, 29.92%, 28.79% at Ziqualla 

and 41.3%, 26.7%, 32% at Abergelle, respectively. Field capacity 

and permanent wilting point of the sites are 32.92% and 19.03% 

for Ziqualla (Tsitsika small-scale irrigation scheme) and 32.51% 

and 16.28% for Abergelle (Bahir small-scale irrigation scheme).   

 

Experimental setup 

A field experiment to evaluate the CROPWAT model estima-

tions was conducted during the 2014 and 2015. The experiment 

plot of 2.8m by 3m was used to test irrigation regimes. Hot pep-

per (Capsicum annum L. var. Marko fana) was selected as the test 

crop. The selected marko fana has a production cycle of 125 

days including transplanting up to second harvesting with the 

initial crop growth stage of about 20 days, crop development 

stage of 35 days, mid-season stage of 50 days and late season 

stage of 20 days, which was derived from CROPWAT software. 

Plant spacing was set at 70cm and 30cm between rows and 

plants, respectively. Blanket recommended fertilizer rate of Dia 

Ammonium Phosphate 100kg/ha at transplanting and urea ferti-

lizer of 100kg/ha at half transplanting and half 45 days was  

applied in both experimental sites. Both diseases and weed  

infestations were regularly monitored, and proper management 

action has been undertaken timely. Cutworms were observed 

during the early seedling establishments on the actual field, 

whereas Fusarium wilt was a problem at a vegetative and plant 

development stages. Karate and Mancozeb (3kg/ha) were used 

to control the disease infestation which was practiced according 

to the label (EIAR, 2004).   

CROPWAT optimum depth and interval was considered as a 

benchmark to set ten irrigation regime treatments including 

farmers practice. A split-plot design with three replications was 

used at which water depth assigned as main plot and interval as 

subplot treatments. The depth of irrigation was fixed at (I3), (I2), 

and (I1) of optimum CROPWAT generated depth and irrigation 

interval of (5), (7), and (9) days (Table 1). The hand held watering 

cane was used to control the amount of water entering each 

furrow with the experimental plot (Yihun, 2015). 
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 Determination of reference evapotranspiration 

The reference evapotranspiration (ETo) on daily basis was  

calculated by applying the modified FAO Penman-Monteith 

equation based on daily record of climatic data (Allen et al., 

1998) using FAO CROPWAT software version 8.0. The input 

data for the CROPWAT software includes location i.e. altitude, 

latitude, and longitude of the meteorological station, daily  

values of maximum and minimum air temperatures, air  

humidity, sunshine duration, and wind speed were used from 

the nearest meteorological station located on the experimental 

field.  

 

Determination of crop water requirement using CROPWAT 

The amount of water needed (CWR) to compensate the amount 

of water lost through evapotranspiration (ETc), requires  

reference evapotranspiration (ETo) and hot pepper crop  

coefficient (Kc) given by (Allen et al., 1998) as 0.5 for the initial 

stage, 0.5<Kc<1.15 for the crop development stage, 1.15 for the 

mid-season stage and 0.6 for the late season stage. Calculation 

of crop water requirement (ETc) using CROPWAT software 

over the growing season was from ETo and crop coefficient (Kc). 

            

ETc=ETo*Kc          Eq. (1) 

 

Where,  ETc = actual evapotranspiration (mm/day), Kc = crop 

coefficient, and ETo = reference crop evapotranspiration (mm/

day). The net irrigation requirement was calculated using the 

CROPWAT software based on (Allen et al., 1998) as follows: 

 

IRn=ETc-Pe           Eq. (2) 

 

Where, IRn =Net irrigation requirement (mm), ETc in mm and Pe 

= effective rainfall (mm) which is part of the rainfall that enters 

into the soil and makes available for crop production. The  

effective rainfall (pe) was estimated using the method given by 

(Allen et al., 1998) as. 

 

Pe = 0.6 * P – 10/3 for P month <= 70 mm or        Eq. (3) 

Pe = 0.8 * P – 24/3 for P month > 70 mm        Eq. (4) 

 

Where, Pe (mm) = effective rainfall and P (mm) = total rain fall. 

 

The gross irrigation requirements account for losses of water 

incurred during conveyance and application to the field. This is 

expressed in terms of efficiencies when calculating project gross 

irrigation requirements from net irrigation requirements, as 

shown below: 

Figure1. Location map of study area in Amhara Region, Ethiopia. 

Table 1. CROPWAT fixed application depth and optimal time of application on amount of applied water (mm) treatments in the  
experimental area. 

Treatments 
 Amount of applied water (mm) 

   Ziqualla Abergelle 

125% (I3) CROPWAT fixed depth ( and optimal time of application at 5-day interval     455.3  445.7  

125%(I3) CROPWAT fixed depth and optimal time of application at 7-day interval     406.9 397.2  

125% (I3) CROPWAT fixed depth and optimal time of application at 9-day interval      343.2 338.1  

100% (I2) CROPWAT fixed depth and optimal time of application at 5-day interval      288.2 295.3  

100%(I2) CROPWAT fixed depth and optimal time of application at 7-day interval     284.8 279.4  

100%(I2) CROPWAT fixed depth and optimal time of application at 9-day interval     251.1 247.9  

75%(I1) CROPWAT fixed depth and optimal time of application at 5-day interval     225.7 229.1  

75%(I1) CROPWAT fixed depth and optimal time of application at 7-day interval     233.9 240.7  

75%(I1) CROPWAT fixed depth and optimal time of application at 9-day interval     222.9  218.2 

Farmer's practice irrigation depth (Fd) and irrigation interval in days (Ff)        728.5 796.5  



104 

 

Aemro Wale and Gebrehana Girmay /Arch. Agr. Environ. Sci., 4(1): 101-108 (2019) 

IRg=IRn/Ea           Eq. (5) 

 

Where, IRg= gross irrigation requirement(mm) 

Ea= irrigation efficiency 

 

Composite soil samples were collected from field plots and the 

soil textural analysis was done by hydrometer soil analysis 

method and soil textural class was determined from soil textural 

triangle. Field capacity, permanent wilting point, and moisture at 

saturation were determined using Pressure plate apparatus 

from laboratory analysis of soil samples. Total Available  

Moisture in the soil for the crop during the growing season was 

calculated as field capacity minus wilting point times the rooting 

depth of the crop. 

Readily Available Moisture (RAM) was calculated as TAM*P, 

Where P is the depletion fraction as defined by the crop  

coefficient (Kc) files. Water productivity, also known as water 

use efficiency, was determined as the ratio of crop yield per unit 

area, in terms of grain, to crop evapotranspiration (mm), and was 

expressed as kg of grain or biomass per m3 of consumed water.   

 

 

        

 

Data analysis  

All the agronomic data like plant height, pod length, pod diame-

ter, canopy diameter, yield and water productivity were record-

ed and being subjected to analysis. Analysis of variance and  

correlation was performed using SAS Statistical Software  

Version 9.1. Effects were considered significant in all statistical 

calculations if the P-values were ≤ 0.05.  Means were separated 

using Fisher’s Least Significant Difference (LSD) test.  

 

RESULTS AND DISCUSSION 

 

An interaction effect of depth and frequency on marketable 

yield, total yield, and water productivity on Ziqualla (Table 2). 

The result revealed that I1 and I2 CROPWAT generated depth 

using 5 and 7 days irrigation interval improved marketable yield, 

total yield and water productivity of hot pepper (C. annum) crop 

production, respectively. But farmers’ irrigation scheduling and 

depth application practices are low yield gain because of more 

apply water and some of gap irrigation intervals cause water 

logging, plants are not freely aired. In general, I1 CROPWAT 

generated depth at 5 days irrigation interval provided a better 

yield and yield related components. The result in agreement 

with the finding of (Khalkho et al., 2013) reported that yield and 

growth parameter data shown that the crop receiving irrigation 

at 60% available soil moisture offered the maximum green hot 

pepper yield of 9.1ton/ha (Yang et al., 2017) stated that water 

deficit from reducing irrigation amounts to 1/3 to 2/3 of full 

irrigation during the development and middle stages did not 

affect pepper yield; compared with full irrigation, the water defi-

cit even increased fruit yields. These results occurred mainly 

because the water content under deficit irrigation in the study 

by (Yang et al., 2017) still reached higher than 70% of FC, which 

is sufficient for pepper growth (Liu et al., 2012). At the same 

time, full irrigation with a water content of 100% of FC in their 

study is very high and can reduce pepper yields (Liu et al., 2012). 

This study could be used for irrigating an additional land of 0.28 ha. 

The  finding in line with (Serna Perez and Zegbe, 2012) described 

that hot pepper study, a water deficit of 15–45% can conserve 8–

30% of irrigation water, and compared with full irrigation, a water 

deficit of 60% produced the highest percentage of marketable 

fruit but at similar yields as those under full irrigation in 2 of 3 

years, consequently increasing irrigation water productivity. Asso-

ciated with full irrigation, deficit irrigation can reduce irrigation 

depths by 20–50% and ultimately result in a higher water produc-

tivity (Dorji et al., 2005, Gençoğlan et al., 2006, Gonzalez-Dugo et 

al., 2007, Yang et al., 2018, Al-Ghobari and Dewidar, 2018;  

Abayomi et al., 2012). Moreover, those studies I1 CROPWAT  

generated depth application at 5 days irrigation interval as  

compared to farmer's practice, irrigation scheduling and applica-

tion depth saved 5028m3/ha amount of irrigation water. This 

amount of irrigation water could be used to irrigate an additional 

irrigation land of 2.2ha with a yield benefit of 25.2 ton/ha of hot 

pepper (C. annum) crop production. 

While observing variations among treatments, the only varia-

tion for the experiment was water application depth and time of 

application among treatments throughout the hot pepper 

growth stage. The variation in water amount applied each irriga-

tion was attributed to the Kc value variations in the stages of 

crop growth. As it is observed from the experiment, crop water 

requirement was low at the initial stage, increased during the 

development stage, reached a maximum at the mid-season 

stage, and declined during the late-season stage.   

Table 2. Interaction effects of depth and frequency on marketable yield, total yield, and water productivity in Ziqualla. 

 Frequency 

Total yield (ton/ha) Marketable yield (ton/ha) Water productivity (kg/m3) 

Depth Depth Depth 

I1 I2 I3 Fd I1 I2 I3 Fd I1 I2 I3 Fd 

5 days 11.5  9.3 9.2   11.2 9.0 8.9       5.06     3.85     2.63   
7 days 9.1 11.6 9.1   8.8 11.3 8.8      2.86    4.55      2.87   
9 days 3.1  3.1 3.4   2.8 2.7 3.1      1.82     1.56      1.33   
Ff        5.7       5.4         1.64 
LSD 0.9 1.0   0.57 

Cv (%) 10.09 10.13    15.21 

Where, I1=75% crop water requirement, I2=100% crop water requirement, I3=125% crop water requirement, Fd=farmer practice irrigation depth, 
Ff=farmer practice irrigation interval. 
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There were non-interaction effects in both depth and frequency 

on pod length, pod diameter, number of pod per plant, plant 

height, canopy diameter and the unmarketable yield on Ziqualla 

experimental site (Table 3). The optimum application of I1, I2, 

CROPWAT generated depth had better pod length, pod diame-

ter and a number of pod per plant compared with irrigation ap-

plication of farmers' practice. Considering the interval of the 

irrigation application, statistically, there was non-significance 

difference in terms of pod length, pod diameter, number of pod 

per plant, canopy diameter and unmarketable yield for 5 and 7 

days interval. For instance, the farmer’s irrigation practices con-

tributed to the lowest pod length of 6.42 cm whereas irrigation 

application with 5, 7, days irrigation interval had 9.4, 8.96 cm, 

respectively. This result in line with (Delelegn, 2011) informed 

that hot pepper which obtained a better pod diameter and pod 

length using Mareko Fana at Jimma areas. Larger and wider hot 

pepper pods are considered to be the best in quality and have 

better demand for fresh as well as dry pod use in Ethiopian mar-

kets (Beyene and David, 2007). It can be taken as a suggested I1 

CROPWAT generated depth and irrigation application of 5 days 

irrigation interval offered the highest value for the yield and 

yield related parameters of Ziqualla experimental site (Table 2). 

The result indicated that the variability of the amount of water 

application and irrigation interval has a significant effect on yield 

and yield correlated component for hot pepper (C. annum).  

Correlation analysis between yield parameters was tested using t-

test as shown in Table 4. The result revealed a highly correlation 

coefficient (r≥0.9) of marketable yield with a number of pod per 

plant, total yield, and water productivity. Similarly, water produc-

tivity had also a highly significant correlation (r≥0.8) with the num-

ber of pod per plant. However, unmarketable yield was negatively 

correlated with other parameters at P<0.05 probability (Table 4). 

Table 3. Effects of depth and frequency on pod length, pod diameter, no. of pod per plant, plant height, canopy diameter and  
unmarketable yield at Ziqualla experimental site. 

Treatment 
Pod length 

(cm) 
Pod diameter 

(cm) 
No. of pod 
per plant 

Plant 
height (cm) 

Canopy diameter  
(cm) 

Unmarketable 
yield (ton/ha) 

Depth             
I1 9.06a 1.47a 18.78a 71.33a 39.34a 0.24a 
I2 8.80a 1.45a 20.15a 70.62a 38.97a 0.27a 
I3 8.92a 1.41a 19.65a 69.07a 38.01ab 0.26a 
Fp 6.42b 1.18b 13.96b 64.30a 34.56b 0.27a 
LSD 1.97 0.19 3.15 9.95 3.67 0.09 
Cv (%) 17.09 10.57 12.47 10.71 7.18 27.14 
Frequency             
5 days 9.40a 1.51a 23.85a 76.32a 42.28a 0.25a 
7 days 8.96a 1.45a 22.36a 71.82ab 42.44a 0.24a 
9 days 8.42a 1.37ab 12.37b 62.90b 31.60b 0.27a 
Fp 6.42b 1.18b 13.96b 64.30b 34.56b 0.29a 
LSD 1.97 0.19 3.15 9.95 3.67 0.09 
Cv (%) 17.09 10.57 12.47 10.71 7.18 27.14 

Table 4. Correlation coefficient of the different parameter (number of pod per plant, marketable yield, unmarketable yield, total 
yield, and water productivity) from the study data.  

Parameters   
Number of pod per 

plant 
Marketable 

yield 
Unmarketable 

yield 
Total yield Water productivity 

Number of pod per plant 1     

Marketable yield 0.93*** 1    

Unmarketable yield -0.11ns -0.15 ns 1   

Total yield 0.93*** 0.99*** -0.12ns 1  

Water productivity 0.84** 0.90*** -0.13ns 0.90*** 1 

(P≤0.05) *** Very highly significant, ** Very significant, * significant, ns none significant 

Table 5. The interaction effects of depth and frequency on number of pod per plant, total yield, marketable yield and water  
productivity in Abergelle experimental site. 

 Frequency 

No. of pod per plant Total yield (ton/ha) Marketable yield (ton/ha) Water productivity (kg/m3) 

Depth Depth Depth Depth 

I1 I2 I3 Fd I1 I2 I3 Fd I1 I2 I3 Fd I1 I2 I3 Fd 

5 days 19.6 17.6 17.3   9.2 8.0 7.6   8.8 7.8 7.2   4.10   3.14   2.00   

7 days 13.9 20.0 18.7   7.8 8.9 7.9   7.5 8.6 7.5   2.92 4.09   2.73   

9 days 10.4 12.9 14.4   3.0 2.8 3.0   2.6 2.5 2.7   1.91 1.29   1.19   

Ff       13.0       6.0       5.7       0.88 

LSD 2.30  0.7 0.7  0.35 

Cv (%) 10.96   8.35  8.89  10.97 

Where, I1= 75% crop water requirement, I2=100% crop water requirement, I3 = 125% crop water requirement, Fd = Farmer practice irrigation depth, 
F+ = Farmer practice irrigation interval. 
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There was an interaction effect both in depth and irrigation  

frequency on a number of pods per plant, marketable yield, total 

yield, and water productivity in a situation of Abergelle (Table 5). 

The effect indicated that irrigation application of I1 and I2 CROP-

WAT generated depth with 5 and 7 days irrigation intervals were 

recorded the highest pods per plant, marketable yield, total yield, 

and water productivity, respectively. These results were statisti-

cally significant pods per plant, marketable yield, total yield, water 

productivity compared with other treatments. They had a yield 

enhancement of 3.1ton/ha and 2.8ton/ha in that order related to 

the farmer's irrigation application practices. In relationships of 

water productivity, irrigation application of CROPWAT generat-

ed depth I1 and I2 with 5 days irrigation interval, about 662m3/ha 

amount of irrigation water was saved which would like to irrigate 

an additional lands of 0.29ha that produce 2.6ton/ha. The yield 

variance between the two application depths was 3.7ton/ha of 

hot pepper (C. annum) crop yield advantages by using I1 CROP-

WAT generated depth. In the same way, as compared to farmer 

irrigation practices, 5675m3/ha amount of irrigation water, which 

could confine to irrigate another land of 2.4ha that produces 

22.1ton/ha yield gain of hot pepper production in Abergelle areas. 

In irrigation studies, Zegbe-Dominguez et al. (2004) and Kang et 

al. (2001) reported that for optimum irrigation scheduling, sound 

knowledge of the soil-water status, crop water requirements, 

crop stress status, potential yield reduction if the crops remain in 

stressed condition is required to maximize yield and optimizes 

water productivity.  

Not at all interaction effects in both depth and frequency on 

pod length, pod diameter, plant height, canopy diameter and 

unmarketable yield of a hot pepper crops trendy instance of 

Abergelle. Since, irrigation interval point of view, the table  

exhibited that there were the non-significance difference  

between irrigation application of 5 and 7 days in terms of pod 

length, pod diameter, plant height, and canopy diameter.  

The correlation coefficient analysis such as indicated that  

marketable yield was significantly correlated (r≥0.9) with total 

yield, and also water productivity was significantly correlated 

through marketable yield and total yield (r≥0.8), but negatively 

correlated with unmarketable yield (Table 7). The t-test analysis 

for correlation coefficient with 95% confidence interval showed 

that there was a significant difference in all the parameters  

except unmarketable yield. 

Table 6. Effects of depth and frequency on pod length, pod diameter, plant height, canopy diameter and the unmarketable yield of 
hot pepper (C. annum) in Abergelle. 

Treatment 
Pod length  

(cm) 
Pod diameter 

(cm) 
Plant height 

(cm) 
Canopy diameter 

(cm) 
Unmarketable 
yield (ton/ha) 

Depth           

I1 8.41a 0.80ab 69.90a 39.48a 0.31ab 

I2 8.21a 0.85a 69.02a 37.91ab 0.25b 

I3 8.24a 0.86a 68.95a 38.05ab 0.34a 

Fd 7.41a 0.65b 68.00a 32.26b 0.33ab 

LSD 1.67 0.15 9.66 6.90 0.08 

Cv (%) 15.28 13.94 10.49 13.68 19.72 

Frequency           

5 days 9.46a 0.93a 72.22a 41.82a 0.35a 

7 days 8.83ab 0.90a 70.87a 41.65a 0.27b 

9 days 6.58c 0.67b 64.77a 31.97b 0.28ab 

Ff 7.41bc 0.65b 68.00a 32.26b 0.33ab 

LSD 1.67 0.15 9.66 6.90 0.08 

Cv (%) 15.28 13.94 10.49 13.68 19.72 

Table 7. Correlation coefficient of different parameters (number of pod per plant, marketable yield, unmarketable yield, total yield, 

and water productivity) from the study data.  

Parameters   
Number of pod per 

plant 
Marketable 

yield 
Unmarketable 

yield 
Total yield Water productivity 

Number of pod per plant 1     

Marketable yield 0.78* 1    

Unmarketable yield 0.04ns 0.09 ns 1   

Total yield 0.78* 0.99*** 0.12 ns 1  

Water productivity 0.73* 0.81** -0.08ns 0.80 ** 1 

(P≤0.05) *** Very highly significant, ** Very significant, * significant, ns none significant 
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Conclusion  

 

The results of the experiment was conducted at Ziqualla,  

Tsitsika small-scale irrigation scheme, and Abergelle, Bahir small-

scale irrigation scheme showed that research intervention was 

very important for improving crop production of hot pepper (C. 

annum) by saving a significant amount of water for irrigating the 

additional land. Application of irrigation depth at specific irrigation 

interval has shown a significant effect on yield and water produc-

tivity when compared with farmers' irrigating practices. Irrigation 

application of I1 and I2 CROPWAT generated depth at 5 and 7 days 

irrigation interval provided a relatively significant and higher value 

in terms of many yield parameters including marketable yield and 

water productivity both on Ziqualla and Abergelle. Comparing 

with farmers' practice, I1 CROPWAT generated depth at 5 days 

irrigation intervals saved irrigation water that would irrigate an 

additional land of about 2.2ha on Ziqualla, 2.4ha, on Abergelle. 

However, considering the economic advantage of water productivi-

ty between I1 CROPWAT generated depth at 5 days irrigation  

interval and I1 CROPWAT generated depth at 7 days irrigation 

interval, I1 depth at 5 days interval had a relatively higher yield  

advantage of 7.8 ton/ha and 6.1ton/ha on Ziqualla and Abergelle, 

respectively. The main agricultural water management strategy for 

dry land and water scarcity areas like Wag-himra is primarily to 

improve the agricultural productivity and hence the income of the 

farmers by applying optimum amount of water and saving a signifi-

cant amount of water for irrigation additional hot pepper crop land. 

Considering this, the irrigation application of I1 CROPWAT gener-

ated depth at 5 days irrigation interval was found economically 

feasible. Accordingly, it is recommended to be used by the farmers 

and other water users in Ziqualla and Abergelle woreda and other 

similar agro-ecological zones. Furthermore, further research on 

fertilizer rate for hot pepper under irrigation is suggested.  
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 The aim of the study was to re-describe the egg parasitoid Brachygrammatella indica  

Viggiani and Hayat with some additional morphometric characters, especially of the genitalic 

component with SEM photography, they are mostly attacked on eggs of hemipterous insect 
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collection. In this paper Brachygrammatella indica Viggiani & Hayat is re-described with some 

new distributional records and key to Indian species of genus Brachygrammatella Girault also 
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INTRODUCTION 

 

Species of genus Brachygrammatella Girault are important egg 

parasitoids of hemipterous insect pest and they keep the popu-

lation of insect pests under check and balance (Lotfalizadeh et 

al., 2016; Moravvej et al., 2016). It is represented by 9 species 

worldwide: B. coniclavata (Lin, 1993); B. hilli (Viggiani, 1968); B. 

indica (Viggiani and Hayat, 1974); B. jaipurensis (Yousuf and  

Shafee, 1988); B. nebulosi (Girault, 1915); B. perplexa (Girault, 

1915); B. salutaris (Doutt, 1969); B. speciosissima (Girault, 1912) 

and B. ventralis (Doutt, 1969) of which two species, B. indica  

Viggiani & Hayat and B. jaipurensis Yousuf and Shafee are  

recorded from India. Hayat (2008) synonymized B. aligarhensis 

Khan, B. longiclavata Khan and B. indica Khan with B. indica  

Viggiani & Hayat. In this paper Brachygrammatella indica Viggiani 

& Hayat (both ♂&♀) re-described with some additional  

characters. Key to Indian species of genus Brachygrammatella 

Girault is also updated with some new distributional records 

(Yousuf et al., 2015). 

This short communication focused for lighting the keys to Indian 

species of genus Brachygrammatella Girault (Hymenoptera: 

Trichogrammatidae) with re-description of B. indica and  

evaluation of some new distributional records. 

 

MATERIALS AND METHODS 

 

Study design and sample processing 

The materials were collected from the forestry and adjoining 

agro-forestry areas of Bihar, Haryana, Punjab, Uttarakhand and 

Uttar Pradesh. Two methods were used during collection, 

sweeping and parasitized eggs collection. Sorted out specimens 

from collected samples and emerged parasitoids from eggs 

were preserved in 70% alcohol. Following the normal process of 

dehydration, specimens were dissected in clove oil under stere-

oscopic microscope for studying the important taxonomic  

characters; dissected body parts were kept in a drop of euparol 

on slides and covered with coverslips.  

 

Apparatus and instruments 

Only body lengths of specimens were measured in millimeters, 

all other measurements were taken from the divisions of a  

linear scale micrometer placed in the eye piece of a Nikon  
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Digital Sight attached with Optiphot Microscope, at 10×, 20× and 

40× for slide-mounted parts. Scales were placed on photographs 

of slide mounted parts and measurements were taken with the 

help of NIS-ELEMENT software in micrometer (µm). Photographs 

of slide–mounted specimens were taken with digital camera 

“Nikon Digital Sight attached with Optiphot Microscope (Japan)” 

fitted over a compound microscope (Leica’s Leitz Labor Lux S). For 

scanning electron microscopy (SEM), the specimens were  

dehydrated in ascending grades of ethanol and then subjected to 

critical point drying. These were then glued on stubs with double  

sided sticky tape and gold coated. The Scanning electron  

micrographs were taken by JSM. 6510LV-JOEL (Japan).  

The following abbreviations are used: OOL = Ocello-ocellar 

length; POL= Post-ocellar length; C1 & C2= Club segments 1 & 2; 

STV= Stigmal vein; MV= Marginal vein; PM= Pre marginal vein. 

 

RESULTS AND DISCUSSION 

 

Key to Indian species of Brachygrammatella Girault based on 

females 

 

B. indica Viggiani & Hayat 

Antennae with club about 2× as long as wide, pedicel less than 

1.5× as long as wide,   two anelli present, scape less than 3× as 

long as wide; marginal fringe absent (Figures 1-3). 

 

B. jaipurensis Yousuf & Shafee 

Antennae with club less than 2× as long as wide, pedicel more 

than 1.5× as long as wide, single anellus, scape slightly more 

than 3× as long as wide; marginal fringe very short, less than 

1/10th  of wing width. 

 

Brachygrammatella indica Viggiani & Hayat  

Brachygrammatella (Pseudbrachygramma) indica Viggiani & 

Hayat, 1974: 150. Brachygrammatella indica Khan, 1975a: 431. 

Synonymized by Hayat, 2008: 3. 

Brachygrammatella aligarhensis Khan, 1976: 392. Synonymized 

by Hayat, 2008: 3. 

Brachygrammatella longiclavata Khan, 1975b: 635. Synonymized 

by Hayat, 2008: 3. 

 

Re-description 

 

Female 

 

Length 0.65 mm (Figure 1A). Head with fronto-vertex pale  

yellow; eyes and ocelli red; Mandibles golden yellow with tip 

brown. Antennae with scape and pedicel yellow except club 

brown in colour. Midlobe of mesoscutum yellow except 

dorsellum and propodeum parts with light bright yellow. Fore 

and hind wings hyaline except light infuscation beneath  

venation.  

 

Head 

(facial view) (Figure 3A) 1.12× as broad as long (260: 232). Ocelli 

arranged in equailateral triangle, OOL 2.8× as long as POL; eyes 

3× as long as malar space; mandibles with tri-denticles (Figure 

1D). Antennae (Figure 1B) with scape 2.84× as long as broad (74: 

26); pedicel 1.32× as long as broad (45: 34); two anelli present; 

funicle about 2× wider than long; club two–segmented (C1 and 

C2), about 2× as long as broad (87: 41). 

 

Mesosoma 

(Figure 1E) Midlobe of mesoscutum about 1.36× wider than long 

(167: 123) with 2 pairs of short setae present on dorsal surface; 

midlobe of scutellum 1.61× wider than long (150: 93) with 2 

pairs of setae, dosrsellum 0.53× as long as propodeum (16: 30). 

Fore wings (Figure 1F) with dens setae, about 2× as long as 

broad (559: 263), marginal fringe absent, MV broad with numer-

ous stae, almost as long as PM, STV rudimentary. 

 

Metasoma 

(Figures 1E and 3D) Gaster longer than mesosoma; ovipositor 

short (Figure 2A), not extending upto apex of genitalia, about 

0.90× as long as hind tibia. 

 

Male 

Similar to the female. Antenna (Figure 1C) with scape about 4× 

as long as wide (78: 20), pedicel 1.33× as long as wide (44: 33), 2 

anelli, funicles (F1 & F2) 1.6× wider than long; club 2 segmented, 

1.7× as long as wide. 

 

Genitalia 

(Figures 2B and 3E) Tubular in shape; about 0.70× shorter than 

hind tibia (115:165). 

 

Examinations in the Indian states 

 

Haryana 

Panchkula, 6♀ & 4♂, 15.ix.2015, R. B. Singh, by sweeping;  

Mahendragarh, Faizabad, 1♀, 14.vii.2018; Kukshi, 1♂; Jhajjar, 

Babarpur, 1♀,  17.vii.2018; Chandol, 1♀; Dawla, 1♀; ex. eggs of 

Oxyrachis tarandus (Fabricius) on Prosopis juliflora. Faridabad, Pali 

Village, 1♀, 29.v.2018, S.  Khan, by sweeping; Nuh, Ghasera, 1♀, 

M. Ikram, ex. eggs of Oxyrachis tarandus (Fabricius) on Acacia sp.  

 

Bihar 

Kaimur, Passoiya, 1♀, 18.vi.2018; Pateri, 1♀, M. Ikram; Pusauli, 

1♀, M. Ikram, by sweeping.  

 

Punjab 

Taran Tarn, Muradnagar, 1♀, 11.ix.2013; M. Yousuf, by  

sweeping.  

 

Uttar Pradesh 

Mirzapur, Bokaria, 1♀, 18.vi.2018; Saharanpur, Biharigarh, 

21.viii.2018, 2♀; Jhansi, Simra, 02.ix.2018; 1♂& 2♀; Jhansi,  

Lokar, 1♀; A.K. Mishra, by sweeping; Varanasi, Parjanpur, 1♀, 

19.vi.2018; Bithalpur, 1♀, 19.vi.2018; Gopipur, 1♀;  Manorath-

pur, 1♀, M. Ikram, by sweeping.  
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Uttarakhand 

Dehradun, New Forest, 1♀, 23.vii.2018, M. Ikram, by sweeping; 

1♀, 31.vii.2018; M. Ikram. Ex. Eggs of Oxyrachis tarandus 

(Fabricius) on Prosopis juliflora and Acacia nilotica. 

 

Habit and habitats 

 

Host 

Eggs of Oxyrachis tarandus (Fabricius) on Prosopis juliflora and 
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Acacia sp. 

 

Distribution 

INDIA: Maharashtra, Punjab, Tamilnadu, Uttar Pradesh, (Khan 

1975a & b). 

 

Present records 

Punjab (Tarn taran); Uttarakhand (Dehradun); Uttar Pradesh 

(Saharanpur, Jhansi, Varanasi); Haryana (Panchkula,  

Mahendragarh, Jhajjar, Faridabad, Nuh). 

Figure 1. Brachygrammatella indica Viggiani & Hayat. (A) adult ♀; (B) antenna ♀; (C) antenna ♂; (D) mandibles ♀; (E) mesosoma 
♀ and (F) forewing ♀. 

Figure 2. Brachygrammatella indica Viggiani & Hayat. (A) Genitalia ♀ and (B) 
Genitalia ♂. 

Figure 3. Brachygrammatella indica Viggiani & Hayat. (A) head and  
antenna ♀; (B) head and antenna ♂; (C) mesosoma ♀; (D) metasoma  ♀ and 
(E) metasoma ♂. 
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Conclusion 

 

Brachygrammatella indica was described by Viggiani & Hayat, 

based on female, later (Hayat, 2008) synonymized B. aligarhensis 

Khan, B. longiclavata Khan and B. indica Khan with B. indica  

Viggiani & Hayat. Earlier worker described it poorly, so authors 

have re-described with some additional morphometric charac-

ters and provided SEM (Scanning electron micrograph) images, 

which will be helpful for further identification. 
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 The experiment was laid out in split plot design: three establishment methods were designed  

(Puddled transplanted rice, Non- puddled transplanted rice, Conventional dry tillage +DSR) as  

a main plot and four levels of nitrogen rate (0, 60, 120, 180) as sub plot and replicated three 

times during summer season of 2015 and 2016 at RARS, Parwanipur. Grain yield and other 

yield attributes like plant height, penicle length and number of tiller per m2 of rice was 

observed significantly differed (p<0.05) between different establishment methods and 

nitrogen levels. In 2015 there was not significant effect of establishment practices on grain 

yield but significntly highest grain yield (4603 kg/ha) was obtained from application of 

nitrogen@120 kg/ha and grain yield decreased with increased of nitrogen application @ 180 

kg/ha (4365 kg/ha). Results reveled that significantly higher grain yield was obtained under 

non puddled transplanted  rice (3314 kg/ha) than puddle transplanted rice (3280 kg/ha) which 

were at par with conventional tillage plus DSR (2123 kg/ha) and significntly highest grain yield 

(3424 kg/ha) was obtained from application of nitrogen@180 kg/ha during 2016. In both years 

the highest grain yield was obtained from puddled transplanted rice with the nitrogen 

application @ 120kg/ha. Based on two years results, it can be concluded that N is limiting 

factor for the productivity of rice in Parwanipur. Therefore 120 kg/ha nitrogen could be 

optimum dose for puddled transplanting and direct seeded rice at Parwanipur condition. 
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INTRODUCTION 

 

Rice is the most important among all cereals used as a food grain 

in the world (Kumar and Malyan, 2016). Rice is the major cereal 

crop in Nepal and rank 1st in terms of production but its average 

yield is very low as compared to neighboring countries like India 

and China (FAO, 2018). With the existing semi-dwarf 1 (sd1) 

high yielding and input responsive varieties, there is enormous 

potential of obtaining higher crop productivity by adopting  

production technology such as appropriate seed rates, sowing 

date, and NPK rates (Khush, 1997). Seed rate is considered as an 

important management factor for improved yield of rice  

because it is under the farmer's control in most cropping  

systems. Optimum seed rate and suitable fertilizer level play an 

important role in achieving its potential yield. Among the ferti-

lizer, N is most important for proper growth and development 

(Ranjan et al., 2019). N fertilizer has economic and ecological 

implication by its excessive use in the form of GHG gas emission 

or leaching of NO3 in ground water table (Malyan et al., 2016a; 

Kumar et al., 2016). Due to increase in price of fossil fuel, the 

raise in price of N fertilizer limits its application by farmers in 

field. Appropriate doses of N fertilizer and establishment  

method are the need for increase nitrogen use efficiency (NUE) 

in rice (Ranjan and Yadav, 2019) results lowering N fertilizer  

application with same level of yield. 

Direct seeding method of rice cultivation has been emerged as 

http://crossmark.crossref.org/dialog/?doi=10.26832/24566632.2019.0401018&domain=pdf
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attractive alternative to transplanting and regarded as a resource 

conserving technology (Malyan et al., 2016b; Aslam et al., 2008). 

The input for DSR is much lower than transplanted rice (Bhullar 

et al., 2018). This technology has been advanced with seed drill 

planting under zero tillage condition for more précised planting 

and residue retention in rice wheat system. However, instability 

in yields of direct-seeding compared with those of transplanting 

rice hindering its widespread use. Nutrient and weed  

management are identified as major problems need to be  

optimized to capture the benefit of this technology at the farm 

level Rao et al. (2007). Nutrient management is highly location 

specific varies with different methods of crop establishment 

techniques; no general recommendation is possible for all the 

situations. Direct seeded rice encounter diverse and heteroge-

neous soil environment as opposed to the more uniform condi-

tions in transplanted rice (Kumar and Harikesh, 2018). In such 

cases N is subject to more losses if not applied with appropriate 

amount and timing. Thus N management options developed for 

transplanted rice are unlikely suitable for direct seeded rice. 

Similarly, weeds are another major constraint and are often 2-3 

times higher in DSR than in transplanted rice. The establishment 

of DSR in zero till condition is subject to change in weed flora 

and fauna than in transplanted rice because flooding and  

puddling provides control over weeds. Earlier research in this 

regards also suggested that the weed dynamics is changed with 

the change in N dynamics (Parameswari et al., 2014). Also, NUE 

for rice grown under different N doses and establishment meth-

ods is little understood, based on this, experiment was design to 

know the response of different nitrogen levels and establish-

ment practices of rainfed lowland rice at RARS, Parwanipur, 

Bara. 

 

MATERIALS AND METHODS 

 

Climate of experimental site 

Parwanipur is located northern of Nepal at altitude of 215 MSL, 

longitude 70.2ºE with latitude 25.5ºNE. The region falls under 

tropical condition with extreme summer and winter. However, 

the weather condition was quite favorable to the development 

of crop. 

 

Experimental site and treatment details 

The experiment was laid out in split plot design with crop estab-

lishment as main plot (Puddled transplanted rice (PTR), Non- 

puddled transplanted rice (NPTR), Conventional dry tillage 

(CDT) and direct seeded rice (DSR) and nitrogen rate as sub plot

(N1: 0 kg, N2: 60 kg ha-1: 30 kg ha-1 at planting and 30 kg ha-1  at 

panicle initiation, N3: 120 kg ha-1’: 60 kg ha-1 at planting, 60 kg 

ha-1 at panicle initiation and N4: 180 kg ha-1: 90 kg ha-1 at 

planting, 90 kg ha-1 at panicle initiation) at RARS, Parwanipur. 

All plots receive same rate of P and K (60 kg/ha P, 40 kg/ha K)

and seeding was done on 5th July, 2015 and transplanted on 

2nd August, 2015. The same treatment was applied during 

summer i.e on 10th July 2016 and transplanted on 12th  August, 

2016. 

Observations of plant growth 

Five plants of each plot was randomly selected and tagged in the 

begining of study. Thses tagged plants were used to note the 

morphological observations of rice crop. The observation 

observed at 30, 60, 90 days after transplanting (DAS) and also at 

harvesting stage. The different parameters of crops was 

observedin present investigation. 

 

Plant hight (cm) 

After the emergnce of the penicals, the hight of previously tagged 

plant (cm) was measured from the base of tiller to leaf tip.  

 

Numbers of tiller (m-2) 

The number of tiller fron each tagged plant was countedand  the 

average of all tiller was presented in results. 

 

Penical length (cm) 

Five plant in each plot were selected for penical length 

measurement. The length of selected penicals was measured 

from base to tip with the help of scale (meter). the average of all 

penicals were presented in results. 

 

Numbers of gain filled/unfilled penical-1 

Five plant tagged at the begining of experiment was used for 

counting the numbers of grain filled or unfilled. The grain from 

these tagged plants were taken and healthy grain was 

substracted from total grain by manually. The nuber of filled and 

unfilled grain was noted and their means were presented in 

results. 

 

Grain yield (kg-1) 

The crop yield obtained from each plot was weight with the help 

of appropiate blance. 

 

Straw yield (kg-1) 

The straw yield from each plot collected and their weight was 

calculated by substrating grain yield from biological yield. 

 

Harvest index (HI) 

It is the ratio of economic yield and biological yield. 

 

 

 

 

 

RESULTS AND DISCUSSION 

 

The effect of different establishment methods was significant 

for HI, panicle length and Number of tiller per m2 and non signifi-

cant for rest for year 2015 and was significant for Grain yield, HI 

and  was non-significant for rest i.e., Plant height, panicle length, 

Number of tiller per m2, Filled grains panicle-1, sterility % and 

TGW for year 2016. The result also showed puddled transplant-

ed method yield (grain) more than other 2 methods in both 

years. But HI was more in non-puddled transplanted in both 
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years as Table 1. Even the yield was more in puddled transplant-

ed but HI was low because of excessive biological yield (straw 

yield + grain yield) in puddled transplanted method result low 

HI. Other yield contributing factors like panicle length, Number 

of tiller per m2, Filled grains panicle-1 and sterility % was non 

significant to all the establishment method as in Table 2, table 3.  

There might be other traits above these that contribute signifi-

cant grain yield in year 2015. Thousand grain weights were  

taken year 2015 and data showed that it's more in conventional 

tillage + DSR but there is not much variation for all the three 

established method as in Table 2. 

The analysis at different level of N was significant for grain yield, 

straw yield, HI, panicle length, number of tiller per m2 and TGW 

and non significant for rest for the year 2015 whereas signifi-

cant for grain yield, straw yield, plant height, panicle length, 

Number of tiller per m2 and TGW and non significant for rest for 

the year 2016 as in Tables. Grain yield was recorded highest for 

N@120 kg/ha for both the year. Straw yield data was highest for 

N@180 kg/ha in year 2015 revealed that adding of more N ferti-

lizer above 120 kg/ha result increased only in vegetative growth 

without translocation its component to grain yield. HI was more 

in N@0 kg/ha in year 2015 revealed that low biological yield  

result high HI as in Table 1. Data for year 2015 for Number of 

tiller per m2 and TGW was high for N@120 kg/ha.  These two 

component was contributing for higher yield.  By these data we 

can reveal 120 kg/ha nitrogen could be optimum dose for puddled 

transplanting and direct seeded rice at Parwanipur condition as  

Figure 1 (a-b) Individual trait wise is described below. 

Table 1. Yield and its related characters of rice at different establishment methods and nitrogen levels RARS, Parwanipur during 
2015 and 2016. 

Treatments Grain yield Straw yield HI 

Years 2015 2016 2015 2016 2015 2016 

Establishment method 

PTR 4488 3280 8085 6808 36 33 

NPTR 4220 3314 6203 6203 41 35 

DSR 3643 2123 10477 6433 27 25 

F test ns * ns ns * * 

LSD - 850.9 - - 5.599 6.9 

Nitrogen levels 

0 3257 2008 4879 3927 41 35 

60 4242 2956 8209 6778 35 30 

120 4603 3236 9924 7297 33 30 

180 4365 3424 10007 7924 31 30 

F test ** ** ** ** ** ns 

LSD 442.1 421.5 1444.5 985.3 4.74 - 

CV % 10.8 14.6 17.7 15.3 13.7 15.3 

** and * denotes significant at  1 and 5 % level of significance respectively and ns stands for non significant. 

Figure 1 (a-b). Relationship between nitrogen level and grain yield. 

a b
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Grain Yield 

Grain yield is most important trait and is depend on other 

component traits. Grain yield was found higher in puddled 

followed by non-puddled transplanted rice where different level 

of nitrogen doses were showed  significant  affected yield of rice 

in both the year. Grain yield of rice increasd with increasing 

Ndose upto 120 kgha-1 and get reduced when N@ 180 kgha-1 in 

all three establishment methods in both the year. 

 

Plant height (cm) 

Introduction of dwarfing gene (sd1) reduced the plant height of 

most of the introduced varieties in Nepal. Plant with higher 

height tends to lodge most and result heavy reduction in yield 

and quality character of rice. The mean plant height (cm) of  

direct seeded rice (CDT-TPR) was higher than Puddled trans-

planted rice (TPR) and Non- puddled transplanted rice (NP-TPR) 

observed in both year. The height of plant was found to increase 

from 60 kg N-1 to 120 kg N-1 in all practices. Maximum height 

(113 cm) was noticed in DSR with optimum height at 120 kg 

(114 cm) (Table 1). 

 

No. of tillers m-2 

This trait is most important component for yield. The maximum 

tillering (no. of tillers) of plant was obtained with 120 kg N in 

DSR. The mean number of tiller was 221 and 284 for 2015 and 

in DSR at 120 kg/ha for respective years. 

 

Panicle length (cm) 

Panicle length too decides the yield with its significant contribu-

tion. We got different results with panicle length where 180 kg 

N was found most effective for panicle length (Table 1). Howev-

er, significant variation was observed in panicle length with  

increased dose of N (Tukey’s test, p < 0.05) in both year 2015 

and 2016. The mean length of panicle was more in DSR practices 

as compared to other two practices but was not significant. 

 

Filled grain panicle-1 

Plant with fertile grain decides the total yield. This trait is non 

significant for different N doses and establishment methods. 

 

Unfilled grain panicle-1 

Sterile or unfilled grain is due to high temperature stress during 

flowering and most yield reducing factor. The higher unfilled 

grains were noticed at 120 kg N in both PTR and CDT-TPR prac-

tices. The numbers of unfilled grains found in CDT-PTR were 

less than other practices but was NS with practices and N doses. 

 

Straw yield (kgha-1) 

Similar to other parameters of growth, maximum straw yield 

was obtained with 180 kg N-1 during 2015 but non significant 

during 2016. The mean grain yield of NPTR practice was higher 

than other practices while the mean yield of straw was more in 

DSR practice during 2015 and NS during 2016. 

 

Harvest Index 

HI is most important factor to show the relative contribution of 

economic yield in relation to total biomass yield. It shows the 

ability of total photosynthate to convert to economic or grain 

yield. HI is more for 60Kg N and NPTR practices during 2015 

and 2016. 

Table 2. Yield attributing traits of rice at different establishment methods and nitrogen levels RARS, Parwanipur during 2015 and 
2016. 

Treatments Plant height (cm) Panicle length (cm) Number of tiller per m2 

Years 2015 2016 2015 2016 2015 2016 

Establishment method 

PTR 108.92 94.6 27.17 22.5 247.9 303 

NPTR 105.42 93 27.33 23.0 246.3 311 

DSR 113.42 98 27.33 24.2 275.6 328 

F test ns ns ns ns ns ns 

LSD - - - - - - 

Nitrogen levels 

0 96.56 87.2 25.44 20.8 221.4 231 

60 108.33 98 27.11 23.6 243.8 304 

120 114.33 100.3 28.11 24.3 284.7 350 

180 117.78 95.3 28.44 24.2 276.6 370 

F test ns ** ** ** ** ** 

LSD - 4.4 1.338 1.4 36.35 31.3 

CV % 5.3 4.7 5.0 6.2 14.3 10.1 

** and * denotes significant at  1 and 5 % level of significance respectively and ns stands for non significant. 
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Direct seeding, which does not require seedlings to be raised or 

transplanted, is regarded as the most effective method of reduc-

ing costs, labor, drudgery and resource competitions. Direct 

seeding offers substantial saving in water, labor and enable  

early establishment of rice crop with noticeable reduction in 

drudgery involved in transplanting (Tripathi et al., 2002; 2004; 

Gupta et al., 2000). It increases cropping intensity and provides 

options to diversify rice based cropping systems particularly 

due to early harvesting and time saving. Direct seeding avoids 

puddling and its negative effect on soil physical and chemical 

properties which also benefit the following crop in rice based 

cropping system (Hobbs and Morris, 1996). The development of 

suitable varieties, improvement in management practices and 

increased availability of appropriate herbicides have increased 

the adoption of direct seeded rice in many Asian countries 

(Pandey and Velasco, 2002). However, development of a pack-

age of practices for direct seeding is underway; many things are 

yet to be understood correctly and materialized them accord-

ingly as Khan, 1996 reported that 125 kg ha-1 is the ideal seed 

rate to obtain higher grain yield. 

 

Conclusion 

 

Based on two years results, it can be concluded that N was a 

limiting factor for the productivityof rice in Parwanipur areas. 

Yield increased with increasing level of nitrogen but there was 

not significant response beyond 120 kg/ha nitrogen application. 

Therefore 120 kg/ha nitrogen could be optimum dose with  

puddle transplanting at Parwanipur condition. 
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