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ABSTRACT
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The water chemistry and macrozoobenthos assemblage of ten study stations in the Lagos
lagoon were studied from December 2016 to May 2017 to assess the impacts of sediment
mining on the water quality and the biological indices of the macrozoobenthos. Water and
composite benthic samples were collected monthly at each study station and analysed in the
laboratory following standard procedures. Except temperature, pH, TSS, salinity and conduc-

Keywords
Coastal lagoon
Hydrochemistry
Macrozoobenthos
Sediment mining

tivity showed no significant (P>0.05) difference, while the other parameters were not significantly (P<0.05) different among the stations. The sediment grain size analysis of the study area
indicated the dominance of sand in sediment. This could be as a result of the dredging of the
study area as Lagos lagoon is originally known to have muddy substratum. A total of 1,237
organisms belonging to 3 phyla, 4 classes, 10 families and 10 Species were recorded during the
study period. Analysis of benthic community structure of the study area reveals a community
dominated by mollusks, with the Bivalve, Aloides trigona contributing 54% and the gastropod,
Pachymelania aurita contributing 33% of the total benthic fauna assemblage during the period
of study. The fluctuations in the physicochemical parameters, sediments, and the composition,
abundance and diversity of the macrobenthic fauna of the study area were largely influenced
by the anthropogenic activities. In particular, stations with pronounced sediment mining
activities recorded highly turbid water, changed substratum type and defaunisation.
©2018 Agriculture and Environmental Science Academy
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INTRODUCTION

distortion and removal of sediment top would lead to erosion of

The act of sediment mining has serious environmental implica-

the epifauna and ultimately, to loss of biodiversity. Sediment
mining, in addition to the direct physical disturbance of the

tions on the estuarine ecosystem. In the Lagos lagoon, the incessant sediment mining with its associated contaminant upload

habitat, often produces long range impacts on communities
downstream which are not in the immediate sphere of activity.

threatens the ecosystem services that the benthic fauna provide
(Sogbamu et al., 2016). The survival of the benthic organisms is

The impact of suspended solids on benthic fauna has long been
studied. High levels of turbidity as well as siltation as a result of

hampered owing to sediment plume, and the change in
the chemical characteristics of the water column will impact

sand mining are known to have negative effects on species
diversity (Chutter, 1969).

negatively on the activities of the photosynthetic microphytes. As
a result of the increase in suspended sediments produced by

Benthic fauna perform a variety of roles that are essential for
the proper functioning and health of the aquatic ecosystem

mining activity, planktotrophic and lecithotrophic larvae of
benthic organisms would be buried by the settling sediment

(Wallace and Webser, 1996). The benthic secondary production
serves as natural food source to pelagic and bentho-pelagic

particles from overlying water (Nuttall and Bielby, 1973). Habitat

community. They accelerate detrital decomposition (Van de
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Bund et al., 1994, Wallace and Webster, 1996) thereby making

Collection and analysis of samples

food available for the detrital and deposit feeders. The benthic
fauna also release bound nutrients into solution by feeding

Water temperatures, dissolved oxygen (DO) and total dissolved
solids (TDS) were measured in-situ at every sampling station

activities, excretion and burrowing into the sediment (Covich et
al., 1999). Benthic fauna play key roles in the cycling of nutrients

with mercury in glass thermometer, hand held LaMotte DO
Meter (DO 6 PLUS) and LaMotte TDS Meter (TDS 6 PLUS)

and controlling nutrient outflows from the ecosystems by transforming organic detritus from sedimentary storage into

respectively. Water samples were collected at stations at subsurface level in Idm3 sterile capped containers following the

dissolved nutrients (Barnes and Hughes, 1988; Covich, 1999).
The distribution of benthic communities is not continuous but

methods described by APHA (2005). Sampling bottles were kept
in large, airtight plastic ice-cold cooler at 4°C and were trans-

patchy and influenced by several factors such as food distribution, environmental impacts, water flow and quality, dissolved

ported to standard laboratory for analysis. The pH, conductivity,
turbidity and salinity were measured in the laboratory with

oxygen and sediment stability. Biogeochemical processes that
take place in the sediment create significant horizontal and

water quality checker (Horiba-U10). Separate water samples
were collected in 250 ml dissolved oxygen bottles at each

vertical heterogeneities in the substrata that provide a physical
template for distinct niches (Covich et al., 1999). According to

station and incubated in a dark cupboard for five days for
completion of 5day biochemical oxygen demand determination

Teixeira et al. (2012), sediment characteristics have great
influence on the spatial structure of benthic assemblages.

as determined by APHA (2005).
Monthly composite benthic samples were collected with the use

Recently, sediment mining has become more intense in the
Lagos lagoon and its adjourning water bodies. The construction

of Van-Veen grab (0.25 m2) at each study area. Part of the sample for each study station was preserved in an aluminium foil

industry has created huge opportunities in the area of sediment
mining for both skilled and unskilled labour in Lagos. Sand

paper for sediment grain size analysis in the laboratory. The
remaining samples were sieved through 0.5 mm sieve. The

dredging in some places has been largely responsible for the loss
of breeding habitats for sea turtles, which depend on sandy

materials retained on the sieve were stored in plastic container
and preserved in 5% formalin for further analysis. The fixed

beaches for their nesting. Sediment mining could also permanently alter and destroy marine habitats, breeding, spawning

samples were transported to the Benthic Ecology Laboratory in
the Department of Marine Sciences, University of Lagos for

and feeding areas of fish stock both within the mined area and
surrounding area, raised turbidity impacting on many species,

analysis. Sorting of the samples was done with the aid of a handheld magnifying lens to get the clean samples of the macrozoo-

increased organic fallout causing oxygen depletion and die off,
burial and smothering of seabed organisms in the mining and

benthos. The sorted macrozoobenthos were counted and identified to species level where possible, and the numbers recorded.

surrounding areas. This study seeks to investigate the effects of
sediment mining on the hydrochemistry and the benthic

Identification of the benthic macrozoobenthos was done after
Edmunds (1978), Barnes (1980), Fischer et al. (1981), Hayward

macrofauna community of the coastal lagoon of Lagos, Nigeria.

and Ryland (1995) and Yankson and Kendall (2001).

MATERIALS AND METHODS

Analysis of data
The statistical package for social sciences (SPSS11.0) Windows

Study area
The study area (Figure 1) is located between latitude 6° 26' N

application and Microsoft Excel were adopted for the data analyses. Analysis of variance was calculated for the physicochemis-

and 6°38' N longitude 3° 23' E and 3° 43'E and is a major part of
the barrier-lagoon complex of the Nigerian coastal zone. The

try across study stations while PAST statistical program was
used to compute the biological indices such as Margalef’s index

barrier-lagoon complex extends eastwards for about 200km
from the Nigerian-Benin Republic border to the western limit of

for species richness, Shannon–Wiener and Simpson’s indices for
species diversity, and the Equitability index for evenness of the

the Transgressive Mud Coast and covers an area of about 208
km2 (FAO, 1981). The Lagos lagoon empties into the Atlantic

community. The diversity indices were computed following description by Ogbeibu (2005) as follows.

Ocean at the Lagos Harbour. The Lagos lagoon is a great
expanse of shallow waters and is generally between 0.5 – 2 m

Margalef’s species richness index

deep in most parts but more is more than 5 m in some dredged
parts of the lagoon. The interconnecting creeks are also very

The Species richness index (d) was used to evaluate the community structure. The equation below was applied and results were

shallow and are sites of active silting and deposition of mud. The
lagoon sediments range between mud, sandy mud, muddy sand,

recorded to two decimal places.

and sand (Ajao and Fagada, 1991). Ten sampling stations were
selected for this study along the north-western axis of the
lagoon taking into consideration, the extent of sediment mining
and dredging and its ecological impacts on the coastal lagoon.

Where:
d = Species richness index;

The exact locations of the stations were determined with the aid
of the global positioning system (GPS).

S = Number of species in a community;
N = Total number of individuals in species.
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Shannon and Wiener diversity index (H)

Simpson’s dominance index

Shannon and Wiener diversity index (H) is given by the
equation:

Simpson’s dominance index (C) (Ogbeibu, 2005).

Where:
Hs = Shannon and Wiener Diversity Index

Where:
C = dominance index;

i = Counts denoting the ith species ranging from i –n
Pi = Proportion that the ith species represents in terms of

n = the total number of organisms of a species;
N= the total number of organisms of all species.

numbers of individuals with respect to the total number of
individuals in the sampling space as whole.

RESULTS AND DISCUSSION

Species equitability or evenness index

Hydrochemistry

Species Equitability or Evenness index (j) (Ogbeibu, 2005) was
used to calculate how evenly the species are distributed in a

The mean values of the physico-chemical parameters in water
measured at the study stations during the period of study are

community. It is determined by an equation.

shown in Table 2. The spatiotemporal variations in the values of
major parameters measured during the study are represented in
Figures 2-9. The relatively high salinity and conductivity values
recorded in all the study stations are indicative of the season of

Where:

study. Nwankwo (1994) has classified the hydrological season in
Nigeria into two; the dry season (November to April) and the

J = Equitability index;
Hs = Shannon and Wiener index;

rainy season (May to October). The period of the current study
falls into the category of the dry season. The high evaporation of

S = Number of species in a community;

the surface water and the reduction in the introduction of fresh
water through precipitation or run-off, could have contributed
to the high values in salinity, conductivity and total dissolved
solids in the study area (Nkwoji et al., 2010).
The mean values of the water temperatures and pH across the
study stations showed very little or no variations (Table 2). This
agrees with Nkwoji (2016) that surface water temperature in
the Tropics is conservative and could only vary significantly with
seasons. The pH range of the water (6.48 to 7.00) was also conservative (Nkwoji et al., 2010). There was no significant (P<0.05)
difference in the pH values at the study stations (Table 2). Such
study stations as Majidun Entrance (Station 2), Ibeshe (Station
6) and Oreta (Station 10) recorded higher turbidity and total
suspended solids (TSS). These stations are areas of high level of
dredging and sediment mining. Stations 2 and 6 also recorded
lower dissolved oxygen values. This could be attributed to the

Figure 1. Map of the Lagos Lagoon showing study sites.

Table 1. Sampling locations and their coordinates.

reduction in photosynthetic activities as a result of increase in
the concentration of suspended particulate matters in the water
(Edokpayi and Nkwoji, 2007). In general, the dissolved oxygen
concentrations across the stations are not below of 5.0 mg/L

Station no.

Location

Average depth (m)

Coordinates

1
2
3
4
5
6
7
8
9
10

Agboyi
Magidun entrance
Magidun II
Ogolonto
NPA
Ibeshe
Owode Ilaje
Ofin I
Ofin II
Oreta

2.2
11.1
4.0
2.7
1.6
10.2
3.3
3.1
3.7
14.0

Latitude N 06° 33’ 37.0’’, Longitude E 003° 25’ 47.4’’
Latitude N 06° 35’ 33.8’’, Longitude E 003o 27’ 40.4”
LatitudeN 06° 36’ 09.4’’, Longitude E 003° 28’ 05.3’’
LatitudeN 06° 36’ 16.9’’,Longitude E 003° 28’ 53.4’’
LatitudeN 06° 35’ 49.0’’, Longitude E 003° 28’ 50.4’’
LatitudeN 06° 35’ 05.1’’, Longitude E 003° 29’ 02.0’’
LatitudeN 06° 34’ 11.6’’,Longitude E 003° 28’ 30.1’’
LatitudeN 06° 33’ 56.6’’,Longitude E 003° 28’ 20.3’’
LatitudeN 06° 33’ 06.8’’, Longitude E 003° 28’ 22.7’’
LatitudeN 06° 32’ 40.6’’,Longitude E 003° 28’ 44.2’’

12.23±1.72

5.85±0.52

7.72±0.56

TDS (mg/L)

DO (mg/L)

BOD (mg/L)

7.70±0.63

5.43±0.20

10.05±0.76

10.00±2.76

8.58±1.93

5.98±0.21

11.13±1.55

9.83±4.75

7.50±2.07

13.20±3.94

13.13±4.52

6.95±0.28

30.67±0.82

Mean±SD

Magidun II

6.48±1.22

6.42±0.08

11.92±0.59

10.17±5.27

8.00±0.89

9.77±2.27

12.58±3.65

6.75±0.19

30.67±0.82

Mean±SD

Ogolonto

189

0.46

0.57

0.76

0.40

Shannon-Wiener index (Hs)

Margalef index (d)

Equitability index (j)

Simpson's dominance index (C)

4

Total abundance (N)

Total species diversity (S)

Agboyi

0.56

0.55

0.75

0.38

205

4

Magidun Entrance

Mean±SD

NPA

0.43

0.70

0.67

0.42

90

4

Magidun 2

7.42±0.45

6.60±0.06

11.83±1.20

7.00±2.97

8.50±1.76

14.03±2.58

12.82±4.99

6.88±0.20

30.50±1.22

Table 3. Spatial variation in ecological indices of samples collected at the study stations.

9.17±1.17

11.33±0.82

9.50±1.05

TSS (mg/L)

9.42±1.02

12.70±3.34

6.48±0.17

14.17±3.33

12.48±3.90

Salinity (ppt)

Conductivity
(µS/cm)
Turbidity
(mg/L)

6.77±0.33

pH

30.83±0.98

Mean±SD

Mean±SD

30.67±1.37

Magidun Entrance

Agboyi

Water temp.
(°C)

Parameters

Table 2. The Mean±SD of the physico-chemical parameters of water sample in the study area.

0.74

0.47

0.52

0.22

48

3

Ogolonto

6.02±0.78

5.82±0.15

9.78±1.00

0.53

0.59

0.69

0.41

323

5

0.37

0.73

0.97

0.51

62

5

Ibeshe

6.55±0.67

6.57±0.19

11.28±0.62

9.42±2.15

7.00±1.79

13.53±2.48

12.47±5.68

6.92±0.17

30.33±1.37

Mean±SD

Owode Ilaje

NPA

10.83±3.82

11.17±1.60

11.30±2.00

13.35±4.29

6.60±0.24

30.67±1,86

Mean±SD

Ibeshe

0.39

0.79

0.73

0.48

61

4

Ofin II

0.85

0.30

0.46

0.14

74

3

Ofin 1

5.23±0.59

6.53±0.27

12.53±1.56

12.10±5.36

6.62±2.25

10.33±2.25

15.62±5.28

6.73±0.12

30.83±1.17

Mean±SD

Owode Ilaje

5.07±0.47

6.35±0.12

9.90±0.57

12.17±2.93

8.00±1.67

11.37±2.02

13.85±3.94

6.75±0.08

30.67±1.37

Mean±SD

Ofin I

0.46

0.60

0.93

0.42

75

5

Ofin 2

7.27±0.63

6.63±0.33

11.65±1.25

11.25±4.26

10.98±0.96

13.33±3.08

15.30±6.79

7.00±0.22

30.67±0.82

Mean±SD

Oreta

0.65

0.58

0.43

0.28

110

3

Oreta

P<0.05

P<0.05

P<0.05

P>0.05

P<0.05

P>0.05

P>0.05

P>0.05

P>0.05

P. stat
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stipulated as minimum level for normal aquatic life by Federal

Station 9 (Ofin2) study stations while number of individuals

Ministry of Environment of Nigeria (Odiete, 1999). The analysis
of variance showed significant (P<0.05) differences in the values

sampled was highest in Station 5 and least in Station 4
(Ogolonto). The general low abundance in macrozoobenthos

of turbidity and dissolved oxygen in the study stations. Although
the analysis of variance indicated no significant (P<0.05) differ-

assemblage could be attributed to habitat distortion and
destruction occasioned by the dredging of the lagoon and indis-

ence in total suspended solids values among the study stations,
the Post Hoc Tests of Multiple Comparison showed significant

criminate sediment mining in the study area. The maximum
species diversity and richness indices, 0.51 and 0.97 respective-

(P<0.05) difference in TSS values between Stations 2, 6 and 10
on one side, and the other stations on the other side.

ly, recorded in this study are very low compared to what have
been reported previously from the Lagos lagoon and some other

Sediment grain size analysis

coastal waters in Nigeria (Yakub and Igbo, 2014; Nkwoji et al.,
2010; Edokpayi and Nkwoji, 2007).

The mean spatial variation in sediment grain size of the study area
is presented in the Figure 9. The sediment particle is dominated

The percentage contribution of taxa to the overall macrozoobenthos community is presented in Figure 10. The bivalve mol-

by sand grains. This is at variance with previous studies on the
sediment type of the Lagos lagoon. Ajao and Fagade (1991) and

lusc, Aloides trigona contributed the highest (54%), followed by the
gastropod mollusc, Pachymelania aurita (35%). The polychaetous

Nkwoji et al. (2011) worked on the sediments of Lagos
lagoon and posit that the lagoon has predominantly muddy sedi-

annelids, Capitella capitata and Nereis sp., the crustacean, Clibanarius africanus and Sersama huzerdii, and the bivalve Crassostrea

ment. The dredging of the lagoon, and the indiscriminate mining
of the muddy top substratum, and the consequent exposure of

gazar, contributed less than 1% each to the benthic macrofauna
sampled during the period of study. The very low abundance of

the sandy, subsurface substratum may be responsible for the
change in sediment characteristics. The only study station that

the crustaceans in this study could be indicator to the stressed
nature of the study area. Nkwoji et al. (2016) have identified the

has higher percentage of its sediment composition as mud is Station 10. The station was highly dredged and relatively deeper that

crustacean species as sensitive to stressed environment.
The spatial percentage contribution and to the overall benthic

the other stations. Siltation from the surrounding shallower mud
substrates may have resulted in muddy top sediment recorded.

macrofauna assemblage in the study area is represented in
Figure 11. The relatively high abundance of the benthic organisms

The most obvious effect of sediment mining on the water quality
of any water body is the suspension of sediment particles in the

recorded in Station 5 could be attributed to the fact that this station was restricted from the indiscriminate sediment mining prev-

water column and these results to increased turbidity.

alent in the study area. Although Station 9 recorded lower numeric abundance, the diversity and richness indices are relatively

Macrobenthic community structure
The community structure of the macrozoobenthos sampled

high. Stations 1 and 5 recorded relatively high species and numeric abundance. The stations also recorded high diversity and rich-

during the period of study is presented in Table 3. Species abundance was highest in Station 5 (NPA), Station 1 (Agboyi) and

ness indices. There were no activities of dredging and sediment
mining in these study stations as at the period of this research.

Figure 2. Spatiotemporal variation in pH values.

Figure 3. Spatiotemporal variation of salinity.

Figure 4. Spatiotemporal variation in conductivity

Figure 5. Spatiotemporal variation in Turbidity
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Figure 6. Spatiotemporal variation of total dissolved solids.

Figure 7. Spatiotemporal variation of dissolved oxygen.

Figure 8. Spatiotemporal variation of biological oxygen demand .

Figure 9. Mean spatial variation of sediment grain size.
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Conclusion
The sediment mining increases the turbidity of the water and
reduces the photosynthetic layer. Consequently, the dissolved
oxygen of the water would reduce. Furthermore, the general
physicochemical characteristics of the water would be altered
and the health of the aquatic biota hampered. The benthic fauna
are the worst hit. Their habitat is distorted and destroyed leading to defaunisation. Also, their pelagic larvae are buried by the
settling sediment particles, leading to poor recruitment of the
benthos. The role of the benthic fauna in the aquatic ecosystem

Figure 10. Taxa contributions to the overal macrobenthic fauna.

cannot be over-emphasised. They are needed for a balanced energy transfer in the food web and their existence must be guaranteed by ensuring healthy water because their distribution and
diversity correlate with the water quality. The benthic ecologists
posit that the macrozoobenthos are reliable indices for assessing
the stability and health of the aquatic ecosystem. The impact of
sediment mining the water chemistry and the benthic fauna of
Lagos lagoon is grave. There should be regulations backed with
enforcements against this menace. Since the benthic fauna are
the worst affected by this act, benthic studies should be intensified on the lagoon to buttress the negative impact and forestall
the total collapse of this coastal body of water.
Open Access: This is open access article distributed under the
terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any

Figure 11. Spatial percentage distribution of benthic macrofauna.

medium, provided the original author(s) and the source are
credited.
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An attempt was made to assess surface water quality for irrigation collected from Sadar upazila
of Jamalpur district, Bangladesh. Total 22 water samples were collected from the study area and
analyzed for various physicochemical parameters following standard protocols at the
Department of Agricultural Chemistry, Bangladesh Agricultural University, Mymensingh. Major
cation and anion chemistry showed their dominance in order of Ca > K > Na > Mg and HCO3 > Cl
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Jamalpur Sadar
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> SO4 > BO3 > PO4 > CO3, respectively. The study revealed that 18, 14 and 6 samples were
unsuitable for irrigation in respect of HCO3, K and BO3 contents in water, respectively. Among
the heavy metals, the concentration of Pb, Mn, Cd and Cu in water were comparatively higher
than the standard limits, which makes 22, 14, 10 and 3 samples problematic for long term irrigation in the study area. Electrical conductivity (EC) and sodium adsorption ratio (SAR) reflected
that surface water samples were low to very high salinity (C1-C4) and low alkalinity (S1) hazards
classes. As regards to hardness, out of 22 water samples, 2 were very hard, 8 were hard, 11 were
moderately hard and only one was soft in quality. The study results concluded that HCO 3, BO3,
K, Pb, Mn, Cd and Cu were the major contaminants in the surface water of Sadar upazila of
Jamalpur district, Bangladesh. Finally, the study suggested that the surface water in this area
needs to treat to minimize the amount of contaminants before use for irrigation.
©2018 Agriculture and Environmental Science Academy

Citation of this article: Akter, A., Zakir, H.M., Rahman, A., Yesmeen, R. and Rahman, M.S. (2018). Appraisal of surface water quality
for irrigation collected from Sadar upazila of Jamalpur district, Bangladesh. Archives of Agriculture and Environmental Science, 3(3):
216-225, https://dx.doi.org/10.26832/24566632.2018.030302
INTRODUCTION

taminants including heavy metals to the soil (Zakir et al., 2017b;

Surface water pollution due to rapid growth of population,

Al-Zabir et al., 2016). Consumption of cereals and vegetables
grown in such contaminated soil can cause serious health hazard

urbanization and industrialization, discharge of waste products
and effluents are very common in all over the world including

to human (Aysha et al., 2017; Zakir et al., 2018; Haque et al., 2018).
Irrigation of crops using surface water is a common practice in

Bangladesh. There are two types of pollution - one is point
sources (i.e. emissions, effluents and solid discharge from indus-

Bangladesh. But the quality of water is always ignored by the
farmers of the country. If low quality water is applied for irriga-

tries, vehicle exhaustion and metals from smelting and mining
etc.) and the other is non-point sources (i.e. soluble salts, use of

tion, some ions may accumulate in soils as well as crops and
deteriorates soil environment ultimately affecting crop produc-

agrochemicals, disposal of industrial and municipal wastes in
agricultural land etc.) (Nriagu and Pacyna, 1988; McGrath et al.,

tion (Ayers and Westcot, 1985). Several studies reported that
the common identifiable contaminants in surface water of

2001; Begum et al., 2014; Zakir et al., 2017a). Each source of
contamination has negative effects to plants, animals as well as

Bangladesh are Pb, Cd, Cr, Cu, As, Zn, Mn, K, HCO3, Cl and SO4,
which have significant bad effect on irrigation water quality

to the environment, which ultimately affect the human health.
Waste water irrigation adds significant quantities of different con-

(Zakir et al., 2012; 2013; 2015; 2016; Bakali et al., 2014; Akter et
al., 2015; Hossain et al., 2015; 2017). So, it becomes a prime need
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to conduct field level investigations before using waters for irrigation practices in both rural and urban areas of Bangladesh.
Jamalpur district is famous in Bangladesh for the production of
different types of agricultural products. The district has significant
numbers of rice mills, brick fields, jute mills, sugar mill and fertilizer
industry (Banglabatayon, 2018). Considering the fact stated
above, this study was conducted to assess surface water quality
collected from the Sadar upazila of Jamalpur district, Bangladesh.
MATERIALS AND METHODS
Water sampling and processing

Figure 1. Map showing surface water sampling locations of Sadar upazlia
of Jamalpur district, Bangladesh.

Twenty two (22) surface water samples were randomly collected from the Sadar upazila of Jamalpur district, Bangladesh

Na2-EDTA. Sodium and potassium concentrations were meas-

during 15 March to 05 April, 2017 following the sampling
techniques as outlined by APHA (2012). The collected water

ured by using a flame photometer. Chloride concentration was
determined by silver nitrate titration. Carbonate and bicarbonate

samples were stored in 500 mL preconditioned clean,
high-density polythene bottles for different analysis. Before

concentrations were estimated by acid-base titration. Sulphate,
borate and phosphate concentrations were measured colorimetri-

collection of water samples, bottles were well rinsed following
the standard sampling procedures. All water samples were

cally using a spectrophotometer. Determination of different heavy
metals (Fe, Mn, Cu, Pb, Cr, Cd and Zn) in water samples were done

filtered through Whatman No.1 filter paper to remove unwanted solid and suspended material. Then 3-4 drops of nitric acid

by an atomic absorption spectrophotometer (AAS) (SHIMADZU, AA
-7000; Japan). Mono element hollow cathode lamp was employed

were added to the samples to avoid any fungal and other pathogenic growth. In laboratory, the samples were kept in a clean,

for the determination of each heavy metal of interest.

cool and dry place. The chemical analyses of water were done as
quickly as possible on arrival at the Laboratory of the Depart-

Evaluation of Irrigation Quality
To evaluate the suitability of water for irrigation purpose, the

ment of Agricultural Chemistry, Bangladesh Agricultural
University, Mymensingh-2202, Bangladesh. The locations and

following water quality parameters were considered. The ionic
concentrations were interpreted and calculated with irrigation

detailed information about the sampling sites has been presented in Figure 1 and Table 1, respectively.

indices using the following formulas of different parameters as
mentioned below:

Analytical methods

i) Sodium adsorption ratio (SAR) = Na+/ √(Ca2+ + Mg2+)/2
Ii) Soluble sodium percentage (SSP) = {(Na+ + K+)/( Ca2+ + Mg2+ +

Filtered surface water samples were analysed for various physicochemical parameters. The pH, electrical conductivity (EC) and

Na+ + K+)}× 100
iii) Residual sodium carbonate (RSC) = (CO32- + HCO3-) – (Ca2+ +

total dissolved solids (TDS) were measured within a few hours
by using a pH meter (Jenway 3505, UK) and a conductivity

Mg2+)
iv) Hardness (HT) = 2.5 × Ca2+ + 4.1 × Mg2+

meter (SensIONTM+EC5, HACH, USA), respectively. Calcium
and magnesium was determined titrimetrically using standard

Where, all ionic concentrations were expressed as meq L-1 but in
case of hardness, cationic concentrations were expressed as mg L-1.

Table 1. Detailed information of water sampling sites of Sadar upazila of Jamalpur district, Bangladesh.
Sample No.

Sampling location

Water sources

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Dighuli Primary School ( no. 13)
Tarif auto flour mill, BSCIC Industrial area, BSCIC
Rashidpur union
Rokeya chemical industries (RCI), BSCIC
Ayesa Abed Foundation, Blockprint unit, BSCIC
General hospital, Jamalpur
Dighirper, Chondra
Kendua bazar, Kendua union
Rana rice mill, Police line
National auto rice mill, Sontia bazar, Digpaith
Paurosova DC office
Map paper house, Police line
Kumaria canal, Govindopur, Sreepur union
Govt. Ashekh Mahmud College
Alberuni auto rice mill, BSCIC
BSCIC area
Solver Agrofarma, BSCIC
BDR camp
Narundi railway station, Narundi union
Laksmirchar union
Jagoroni canal, Piarpur, Itail union
Godasimla , Sharifpur union

Pond
Drain
Pond
Drain
Drain
Drain
Dighi (big pond)
Pond
Drain
Drain
Drain
Drain
Canal
Pond
Drain
Pond
Drain
Drain
Pond
River
Canal
Pond
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RESULTS AND DISCUSSION

5.0 me L-1 Mg is suitable for irrigating crops and soils. In the

Quality on the basis of pH, EC and TDS

study area, Mg content in all samples were below this range and
therefore they are suitable for irrigation. The minimum and

The pH value of all water samples were within the range of 4.40
to 7.42 with the mean value of 6.46 (Table 2). According to

maximum potassium content in surface water samples was 0.01
and 17.50 me L-1, respectively. The mean value was 1.57 me L -1

proposed Bangladesh Standards and Bangladesh Environment
Conservation Rule (ECR) the acceptable range of pH for irriga-

and it contributed 26% to the total cationic mass balance
(Figure 2b). According to Ayers and Westcot (1985), the recom-

tion water is 6.50 to 8.50 (DoE, 2005; ECR, 1997). Ayers and
Westcot (1985) reported the acceptable pH range for irrigation

mended value of K in irrigation water is 2.0 mg L-1 (0.05 me L-1).
Considering this value as standard, 14 samples of water collect-

water is from 6.5 to 8.4. The measured pH of 8 water samples
had lower pH (<6.5) than the acceptable range. Due to this rea-

ed from Jamalpur Sadar upazila of Jamalpur district could be
problematic for long-term irrigation. The content of Na in the

son, those 8 surface water samples were rated as unsuitable for
irrigation because these water might be harmful for successful

water samples was within the range of 0.08 to 3.12 me L-1 with
the mean value of 1.17 me L -1 (Table 2), and it contributed 20%

crop production. Electrical conductivity (EC) values of surface
water samples varied from 65.10 to 2470.00 µS cm -1 with the

to the total cationic mass balance (Figure 2b). Water generally
contained less than 40 me L-1 Na (Ayers and Westcot, 1985) is

mean value of 493.26 µS cm-1 (Table 2). According to Richards
(1968), 9 water samples were rated in the category C1 (EC=

suitable for irrigation. The recorded content of Na in all water
samples under investigation area was far below this acceptable

<250 µS cm-1); 8 samples were in the class C2 (EC= 250-750 µS
cm-1); 4 samples were in the category C3 (EC= 750-2250 µS cm-

limit. Considering the content of this ion, all surface water
samples of the study area could safely be used for long-term

1

) and only 1 sample was in the category C4 (EC > 2250 µS cm -1)
indicating low to very high salinity classes. Medium salinity class

irrigation without any harmful effect on soils and crops.

water might be applied with moderate level of permeability and
leaching. But higher EC value reflected the higher amount of

Quality on the basis of anionic constituents
The concentration of HCO3 in surface water samples collected

salt concentration which affected irrigation water quality related to salinity hazard (Agarwal et al., 1982). The maximum and

from the Sadar upazila of Jamalpur district ranged from 0.40 to
17.20 me L-1 with the mean value of 3.80 me L-1 (Table 3) and it

minimum value of measured total dissolved solids (TDS) of collected water samples in the investigated area were 1379.0 and

contributed the highest (82%) to the total anionic mass balance
(Figure 2a). According to Ayers and Westcot (1985), the recom-

44.2 mg L-1, respectively, and the mean value of TDS was 287.82
mg L-1 (Table 2). A sufficient quality of bicarbonate, sulphate and

mended maximum concentration of HCO3 for irrigation water
used continuously on soil is 1.50 me L-1. As per this standard,

chloride of Ca, Mg and Na caused high TDS values (Karanth,
1994). FAO standard range of TDS value for irrigation practices

HCO3 status in 18 water samples were exceeded the limit, thus
hazardous for irrigating crops and soils. Bicarbonates are

is 450 to 2000 mg L-1 (Ayers and Westcot, 1985).
Classification based on TDS as reported by Freeze and Cherry

derived mainly from the soil zone CO2 and dissolution of
carbonates and reaction of silicates with carbonic acid (Singh et

(1979), 21 water samples under investigation contained less
than 1000 mg L-1 TDS and classified as fresh water in quality.

al., 2009) although the carbonate content in the surface water
samples was trace (Table 3). Water sample collected from the

These waters would not affect the osmotic pressure of soil
solution and cell sap of the plants when applied to soil system as

study area contained Cl ranging from 0.23 to 5.81 me L-1 with
the mean value of 1.20 me L-1 (Table 3) and it contributed 15%

irrigation water. The results on TDS in water quality corroborated the findings of Rahman et al. (2012).

to the total anionic mass balance (Figure 2a). According to Bangladesh Standards, the maximum acceptable limit of chloride for

Quality on the basis of major cationic constituents

irrigation water is 600 mg L-1 (DoE, 2005). The maximum recommended limit of Cl for irrigation water is 4.0 me L-1 (Ayers and

Water samples collected from Jamalpur Sadar upazila contained
Ca within the range of 1.00 to 6.40 me L-1 with the average val-

Westcot, 1985). Considering these limits as standard, Cl
content in all water samples was found in suitable category for

ue of 2.17 me L -1 (Table 2), and it contributed 36% to the total
cationic mass balance (Figure 2b). The contribution of Ca con-

irrigation except sample no. 15 which contained 5.81 me L-1 Cl.
High concentration of chloride is considered to be the indicator

tent in water was largely dependent on the solubility of CaCO 3,
CaSO4 and rarely on CaCl2 (Karanth, 1994). Irrigation water

of pollution by high organic wastes of animal or industrial origin
(Selvakumar et al., 2017). Most of the chloride in water was pre-

containing less than 20 me L-1 Ca was suitable for irrigating
crops (Ayers and Westcot, 1985). Considering this value as

sent as sodium chloride (NaCl) but chloride content may exceed
sodium due to the base exchange phenomena (Karanth, 1994).

standard, all surface water samples could safely be used for
irrigation, which will not affect soil properties. The concentra-

Water sample collected from the Sadar upazila of Jamalpur
district contained PO4 ranging from 0.08 to 4.40 mg L-1 and the

tion of Mg in water samples varied from trace to 3.81 me L -1
with the mean value of 1.08 me L-1 (Table 2), and it contributed

mean value was 0.61 (Table 3). Accoding to Ayers and Westcot
(1985), the maximum acceptable limit of PO4 in water used for

18% to the total cationic mass balance (Figure 2b). According to
Ayers and Westcot (1985), irrigation water containing less than

irrigation is 2.00 mg L-1. On the basis of this limit, all water
samples under investigation area were not problematic for
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Table 2. pH, EC, TDS and major cationic constituents in surface water samples of Sadar upazila of Jamalpur district, Bangladesh.
Sample No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
Max.
Min.
Mean
SD

pH

EC (µs cm-1)

TDS (mg L-1)

Ca (me L-1)

Mg (me L-1)

K (me L-1)

Na (me L-1)

7.03
5.47
6.15
6.30
6.50
6.73
6.78
6.81
5.64
4.91
6.75
6.65
7.02
6.86
4.40
5.83
6.12
6.98
7.42
7.41
7.29
6.99
7.42
4.40
6.46
0.79

65.10
474.00
121.50
208.60
195.30
847.00
257.00
196.40
1036.00
1062.00
951.00
644.00
121.20
321.00
2470.00
121.10
211.50
258.00
512.00
348.00
87.00
344.00
2470.00
65.10
493.26
541.98

44.20
274.00
78.20
132.80
123.80
466.00
171.00
118.80
572.00
623.00
517.00
363.00
78.80
189.00
1379.00
116.20
128.20
150.10
276.00
181.00
162.00
188.00
1379.00
44.20
287.82
295.61

1.80
2.00
1.40
1.00
1.80
3.40
2.20
2.20
1.00
1.00
2.40
6.40
1.60
2.60
2.60
1.40
1.60
2.20
2.40
2.80
1.20
2.80
6.40
1.00
2.17
1.15

1.00
1.20
1.00
2.00
0.40
0.00
1.60
0.40
1.80
1.60
1.40
1.00
0.20
0.80
3.81
0.40
1.00
0.00
1.40
1.40
0.20
1.20
3.81
0.00
1.08
0.85

0.01
0.43
0.12
0.04
0.04
0.35
0.18
0.26
6.88
7.49
0.04
0.02
0.05
0.03
17.50
0.34
0.06
0.17
0.20
0.07
0.05
0.21
17.50
0.01
1.57
4.12

0.08
0.98
0.35
1.24
0.91
3.12
0.84
0.27
0.79
1.29
3.00
1.74
0.89
1.12
1.77
1.22
1.01
1.46
2.05
0.35
0.56
0.75
3.12
0.08
1.17
0.79

Figure 2. Contribution of individual major ions towards the total anionic (a) and cationic (b) mass balance in waters collected
from Sadar upazila of Jamalpur districts, Bangladesh.

irrigation except sample no. 16, which contained 4.40 mg L -1

problematic for irrigating soils and crops in respect of SO4

phosphate. The minimum and maximum sulphate (SO 4) content
in water samples were 1.42 and 66.51 mg L-1, respectively with

content in the study area. If the water has boron concentration
<1.0 then the water is excellent for irrigation purposes, if its

the mean value of 9.03 mg L-1 (Table 3) and it contributed 3% to
the total anionic mass balance (Figure 2a). On a global basis, one

values fall in between 1.0-2.0 then the water is good for
irrigation, 2.0-3.0 is permissible, 3.0-3.75 is doubtful and >3.75

third of the SO4 in aquatic systems derived from rock weathering (include two major forms of sulphur sedimentary rocks,

is unsuitable for irrigating tolerant crops as reported by Wilcox
(1955). The concentration of borate (BO3) in water samples

pyrite and gypsum), about 60% from fossil fuel combustion and
minor amounts from volcanism (5%) and cycling salts (2%)

varied from 0.21 to 2.68 mg L-1 with the mean value of 0.72
mg L-1 (Table 3). According to Ayers and Westcot (1985), the

(Berner and Berner, 1987; Singh et al., 2010). According to
Ayers and Westcot (1985), the acceptable limit of SO4 in

acceptable limit of BO3 in irrigation water is less than 0.75
mg L-1. As per this limit, out of 22 water samples, 16 samples

irrigation water is less than 20 mg L-1. As per this limit, 20 water
samples were found suitable for irrigating soils and crops, but

were not troublesome for irrigating soils and crops but the rest
6 samples were rated as problematic for irrigating soils and

the rest 2 samples (ID # 13 and 15) were unsuitable i.e.

crops.
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Table 3. Anionic constituents in surface water samples of Sadar upazila of Jamalpur district, Bangladesh.
Sample No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
Max.
Min.
Mean
SD

CO3 (me L-1)

HCO3 (me L-1)

Cl (me L-1)

SO4 (mg L-1)

PO4 (mg L-1)

BO3 (mg L-1)

Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
Trace
-

1.20
4.40
1.60
2.40
2.00
2.40
3.60
1.60
7.60
7.20
2.80
8.40
0.40
3.20
17.20
0.40
2.80
2.40
4.00
4.00
1.20
2.80
17.20
0.40
3.80
3.69

0.23
0.73
0.51
0.73
0.34
2.37
0.39
0.45
2.59
3.38
2.24
0.34
0.79
0.85
5.81
0.85
0.34
0.51
1.41
0.23
0.45
0.96
5.81
0.23
1.20
1.35

3.07
2.12
3.07
6.84
2.36
11.56
4.48
3.30
7.08
3.77
4.01
4.25
27.12
1.42
66.51
7.31
8.02
4.25
6.37
3.54
3.07
15.09
66.51
1.42
9.03
14.03

0.09
0.16
0.15
0.29
0.09
0.26
0.33
0.64
0.42
1.23
0.97
1.08
0.38
0.13
0.08
4.40
0.60
0.18
1.30
0.22
0.13
0.23
4.40
0.08
0.61
0.93

0.37
0.47
0.26
0.21
0.63
0.32
0.42
0.42
0.95
1.21
0.53
0.32
2.26
0.79
2.68
0.58
0.53
0.84
0.47
0.53
0.47
0.53
2.68
0.21
0.72
0.62

Table 4. Heavy metal constituents in surface water samples of Sadar upazila of Jamalpur district, Bangladesh.
Sample No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
Max.
Min.
Mean
SD

Fe (mg L-1)

Cd (mg L-1)

Mn (mg L-1)

Cu (mg L-1)

Zn (mg L-1)

Pb (mg L-1)

Cr (mg L-1)

0.005
0.005
0.006
0.008
0.103
1.606
0.003
0.159
0.645
1.390
0.006
0.008
0.147
0.004
4.605
0.006
0.004
0.008
0.009
0.004
0.005
0.518
4.605
0.003
0.421
1.037

0.021
0.011
0.008
0.022
0.016
0.022
0.004
0.015
0.013
0.008
0.009
0.012
0.005
0.006
0.006
0.012
0.002
0.011
0.005
0.008
0.001
0.005
0.022
0.001
0.010
0.006

0.012
0.652
0.019
0.303
0.340
0.419
0.213
0.018
6.090
9.843
0.567
0.398
0.334
0.021
15.274
0.019
0.018
0.015
0.239
0.015
0.013
2.946
15.274
0.012
1.717
3.858

0.005
0.006
0.005
0.005
0.495
0.005
0.012
0.015
0.027
0.037
0.026
0.007
0.204
0.315
0.082
0.012
0.003
0.008
0.017
0.011
0.011
0.003
0.495
0.003
0.060
0.123

0.008
0.015
0.016
0.073
0.181
0.046
0.002
0.011
0.037
0.096
0.003
0.012
0.089
0.014
0.309
0.012
0.016
0.012
0.005
0.009
0.003
0.016
0.309
0.002
0.045
0.073

0.063
0.037
0.012
0.017
0.040
0.013
0.015
0.017
0.030
0.011
0.014
0.046
0.012
0.017
0.013
0.017
0.022
0.015
0.018
0.021
0.015
0.017
0.063
0.011
0.022
0.013

0.002
0.007
0.005
0.006
0.008
0.012
0.003
0.001
0.008
0.003
0.007
0.008
0.008
0.004
0.005
0.006
0.008
0.005
0.006
0.005
0.008
0.008
0.012
0.001
0.006
0.003
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Quality on the basis of heavy metal content

the National Academy of Science has recommended that for

All the surface water samples collected from Jamalpur Sadar
upazila under the district of Jamalpur having a little amount of

continuous use irrigation effluent water should not contain
more than 0.20 mg L-1 Cu (Gibeault and Cockerham, 1985). The

Fe. The Fe concentration in the water samples was within the
range of 0.003 to 4.605 mg L-1 with the average value of 0.421

recorded amount of Cu in 19 water samples under investigation
was below this limit and the rest 3 samples contained higher

mg L-1 (Table 4). Ayers and Westcot (1985) reported the
maximum acceptable limit of Fe concentration for irrigation

amount of Cu than the standard limit. So, 19 samples of the
study area could be used safely for long-term irrigation without

water is 5.00 mg L-1. The Fe concentrations of all samples were
below the acceptable limit (5.00 mg L-1) and could be used safely

any harmful effect on soil and crops. The amount of Zn in
collected water samples was detected within the range of 0.002

for long term irrigation without any detrimental effect on soil. The
amount of Cd in water samples was varied from 0.001 to 0.022

to 0.309 mg L-1 with the mean value of 0.045 mg L-1 (Table 4).
The maximum permissible limit of Zn in water used for irrigation

mg L-1 with the mean value of 0.01 mg L-1 (Table 4). Water having
less than 0.01 mg L-1 Cd is safe for irrigation as reported by Ayers

is 2.0 mg L-1 (Ayers and Westcot, 1985). Considering this limit,
all water samples could be safely used for irrigation purpose.

and Westcot (1985). The detected values of Cd in 12 water samples under investigation were below this recommended limit, but

The detected concentration of Pb in collected water samples
was varied from 0.011 to 0.063 mg L-1 with the mean value of

the rest 10 water samples exceeded the standard value thus these samples of the study area could be problematic for long-term

0.022 mg L-1 (Table 4). According to ISI (De, 2005), the standard
of Pb for domestic water supplies is < 0.01 mg L -1. Similarly,

irrigation with detrimental effect on soils and crops. Manganese
concentration in water samples varied significantly among the

according to Proposed Bangladesh Standards, the maximum Pb
content for irrigation water is also 0.01 mg L -1 (DoE, 2005).

sampling locations and the range was 0.012 to 15.274 mg L-1 with
an average value of 1.717 mg L-1 (Table 4). According to Ayers and

Considering this limit as standard, Pb concentrations in all
surface water samples collected from the study area were found

Westcot (1985), the permissible limit of Mn in water used for
irrigation is <0.20 mg L-1. Considering this limit, 8 water samples

in unsuitable category for irrigation. The content of Cr in water
samples was within the range of 0.001 to 0.012 mg L -1 with the

could be safely used for irrigation, but the rest 14 water samples
were rated as unsuitable for irrigation and they could exert prob-

mean value of 0.006 mg L-1 (Table 4). According to Ayers and
Westcot (1985) water having less than 0.20 mg L-1 Cr is safe for

lematic effect on soil and crops grown in the study area.
The concentration of Cu in the water samples was within the

irrigation. The detected value of Cr in all collected water samples under investigation area was below this recommended

range of 0.003 to 0.495 mg L-1 with the average value of 0.06
mg L-1 (Table 4). According to Ayers and Westcot (1985), water

limit. Considering this value as standard, all samples of the study
area could be used safely for long-term irrigation without any

having less than 0.20 mg L-1 Cu is safe for irrigation. Similarly,

detrimental effect on soils and crops.

Table 5. Irrigation quality and suitability of collected surface water samples of Sadar upazila of Jamalpur district, Bangladesh.
Sample No.
3
5
6
7
8
9
10
11
12
13
15
12
18
20
24
25
26
27
31
32
36
38
Max.
Min.
Mean
SD

SAR

SSP

RSC

HT

0.06
0.77
0.32
1.01
0.87
2.40
0.61
0.23
0.66
1.13
2.18
0.90
0.94
0.86
0.99
1.28
0.89
1.39
1.49
0.24
0.67
0.53
2.40
0.06
0.93
0.58

2.82
30.57
16.39
29.81
30.03
50.57
21.12
16.89
73.22
77.14
44.47
19.24
34.28
25.26
75.05
46.42
29.12
42.64
37.16
9.10
30.28
19.42
77.14
2.82
34.59
20.30

-1.60
1.20
-0.80
-0.60
-0.20
-1.00
-0.20
-1.00
4.80
4.60
-1.00
1.00
-1.40
-0.20
10.79
-1.40
0.20
0.20
0.20
-0.20
-0.20
-1.20
10.79
-1.60
0.55
2.83

140.10
160.10
120.06
149.94
110.15
170.34
190.09
130.19
139.95
129.97
190.12
370.56
90.14
170.19
319.95
90.11
130.08
110.22
190.12
210.16
70.10
200.18
370.56
70.10
162.86
70.64

SAR1
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
-

Surface water class based on
SSP2
RSC3
Excellent
Suitable
Good
Suitable
Excellent
Suitable
Good
Suitable
Good
Suitable
Permissible
Suitable
Good
Suitable
Excellent
Suitable
Doubtful
Unsuitable
Doubtful
Unsuitable
Permissible
Suitable
Excellent
Suitable
Good
Suitable
Good
Suitable
Doubtful
Unsuitable
Permissible
Suitable
Good
Suitable
Permissible
Suitable
Good
Suitable
Excellent
Suitable
Good
Suitable
Excellent
Suitable
-

Legend: 1, 2, 3 & 4 = Todd (1980); Wilcox (1955); Ghosh et al. (1983) and Sawyer and McCarty (1967), respectively.

HT4
Medium hard
Hard
Medium hard
Medium hard
Medium hard
Hard
Hard
Medium hard
Medium hard
Medium hard
Hard
Very hard
Medium hard
Hard
Very hard
Medium hard
Medium hard
Medium hard
Hard
Hard
Soft
Hard
-
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Figure 3. Diagram for classifying surface water used for irrigation (Richards, 1968).
Suitability of water for irrigation usage

SAR as alkalinity hazard showed that out of 22 samples, 9 water

The important characteristics or properties of water to be
considered for irrigation usage are electrical conductivity,

samples were in the category of C1S1; 8 samples were in the
category of C2S1; 4 water samples were in the category of C3S1

salinity, percent sodium, sodium adsorption ratio and residual
sodium carbonate.

and the remaining 1 sample was in the category of C4S1, that
indicate low to very high salinity and low alkali hazard (Figure 3).

Sodium adsorption ratio (SAR)

Water having very high salinity hazard cannot be used for irrigation with restricted drainage and it requires special manage-

The classification on the basis of the salinity or total concentration of soluble salts in irrigation water can be expressed as low

ment for salinity control (i.e. good drainage, high leaching and
organic matter addition) and plants with good salt tolerance

(EC= <250 µS cm-1), medium (EC= 250-750 µS cm-1), high (EC=
750-2250 µS cm-1) and very high (EC= >2250 µS cm -1). In case of

should be selected for such area. Low sodium content water (S1)
can be used for irrigation on almost all soils with little danger of

high salinity (high EC) in water leads to formation of saline soil, a
high sodium concentration changes soil properties and reduce

the development of harmful levels of exchangeable sodium.

soil permeability, which leads to develop alkaline soil (Singh et
al., 2010). The detected sodium adsorption ratio of collected

Soluble sodium percentage (SSP)
For classification of irrigation water, electrical conductivity (EC) and

water samples was within the range of 0.06 to 2.40 with the
average value of 0.93 (Table 5). When the SAR value of water

sodium concentration are very important parameter. The suitability
of water quality for irrigation depends mostly on the Na percentage.

less than 10 is used for irrigation might not exert any detrimental effect to the crops (Todd, 1980). According to this classi-

Saleh et al. (1999) described that high Na in irrigation water causes
exchange of Na in water for Ca and Mg in soil, which reduces perme-

fication, all water samples were graded as excellent category for
irrigation purpose. The present study revealed that a good

ability and results soil with poor internal drainage. The salts present
in the water, besides affecting the growth of plants directly, also

proportion of Ca and Mg existed in all water samples. When
data was plotted on the US salinity diagram as described by

affects soil structure, permeability and aeration, which indirectly
affects plant growth (Saleh et al., 1999). The recorded SSP value of

Richards (1968), in which the EC is taken as salinity hazard and

all the collected water samples varied from 2.82 to 77.14% with the
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average value of 34.59% (Table 5). According to water classification

and Cu were comparatively higher than the standard limits, which

proposed by Wilcox (1955), 6 samples were classified as excellent
(SSP < 20%), 9 samples were rated as good class (SSP= 20-40%); 4

makes 22, 14, 10 and 3 samples problematic for long term irrigation in the study area. Classification on the basis of computed SAR

samples were rated as permissible class (SSP= 41-60%) and the rest
3 samples were rated as doubtful class (SSP= 61-80%). So, it can be

values indicates waters into low to very high salinity and low alkali hazard classes. As regards to hardness, out of 22 water samples,

inferred that most of water samples might safely be used for irrigating agricultural crops as regards to SSP.

2 were very hard and 8 samples were in hard category. So, the
substances/ materials which may cause contamination to the

Residual sodium carbonate (RSC)

surface water should be avoided through the use of good management agricultural practices, particularly agrochemicals

The quantity of bicarbonate and carbonate in excess of alkaline
earths also influence the suitability of water for irrigation

(fertilizers and pesticides) should be used in such a way which
maximizes their use by the crops and minimizes losses to the

purposes. When the sum of carbonates and bicarbonates is in
excess of calcium and magnesium, precipitation of Ca and Mg

ecosystem. Furthermore, peoples should be aware not to
discharge and/ or dispose any chemical substances/ materials

may occur (Raghunath, 1987). To quantify the effects of
carbonate and bicarbonate, RSC has been computed. A high RSC

without treatment which may ultimately contaminate surface
water. The study results concluded that HCO3, BO3, K, Pb, Mn, Cd

value in water leads to an increase in the adsorption of Na on soil.
Irrigation water having RSC values greater than 5 me L-1 are con-

and Cu were the major contaminants in the surface water of
Sadar upazila of Jamalpur district, Bangladesh. Finally, the study

sidered harmful to the growth of plants, while water with RSC
value above 2.50 me L-1 are not considered suitable for irrigation.

suggested that the surface water in this area needs to treat to
minimize the amount of contaminants before use for irrigation.

Hence, continued usage of high RSC water will affect the yields of
crop (Ghosh et al., 1983). The computed RSC value as obtained

Open Access: This is open access article distributed under the

from the data generated out of chemical analyses of water samples ranged from -1.60 to 10.79 me L-1 with mean value of 0.55

terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any

me L-1 (Table 5). Among the water samples under test, some samples contained negative value. According to Ghosh et al. (1983),

medium, provided the original author(s) and the source are
credited.
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In order to assess the effect of biofertilizer and weeding regimes and their interaction on the
performance of bush bean (Phaseolus vulgaris L.), a field experiment was conducted at the
Agronomy Field Laboratory, Bangladesh Agricultural University, Mymensingh following
randomize complete block design (RCBD) with three replications during winter season, in
2017. The experiment consisted of five treatments of biofertilizer (B0 = no biofertilizer, B1 = 1.0

Keywords
Bush bean (Phaseolus vulgaris L.)
Biofertilizer
Weeding regimes
Yield

Kg biofertilizer ha-1, B2 = 1.5 Kg biofertilizer ha-1, B3 = 2.0 Kg biofertilizer ha-1, B4 = 2.5 Kg biofertilizer ha-1) and four level of weeding W0 = No weeding, W1 = One weeding at 15 DAS, W2 =
Two weeding at 15 DAS and 30 DAS, W3 = Three weeding at 15 DAS, 30 DAS and 45 DAS.
Yield contributing characters were significantly influenced by biofertilizer and weeding
regimes. In case of attributes affected by yield factor for biofertilizer the highest plant height,
weight of seed plant-1, grain and stover yield in 1.5 Kg biofertilizer ha-1, number of seed
plant-1 in 1.0 Kg biofertilizer ha-1, weight of 1000 seeds in no biofertilizer and harvest index in
2.0 Kg biofertilizer ha-1 treatments were observed. Considering yield attributes against
weeding regimes, the highest plant height, grain yield, stover yield and harvest index in three
weeding, weight of seeds plant-1 and weight of 1000 seeds in two weeding were found. In case
of interaction effect highest plant height in B2W3, weight of seeds plant-1 in B4W2, weight of
1000 seeds in B1W3, grain yield in B3W3, stover yield in B3W3 and harvest index in B0W3 were
observed. The results obtained in experiment indicate that there is ample scope to increase the
yield of bush bean by applying proper dose of biofertilizer and management of weeding
regimes.
©2018 Agriculture and Environmental Science Academy
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INTRODUCTION

average yield of Bush bean is very low in Bangladesh due to vari-

Bush bean or French bean (Phaseolus vulgaris L.) is an important

ous reasons, where biofertilizer and weeding are considered as
one of the important factors. In Bangladesh, dry bean is

vegetable crop belonging to the family Leguminosae and subfamily Papiolionaceae, is known as ‘Farashi Seem’ (Rashid, 1993)

produced in 62870 ha of land, production is 51320 tones and
average yield is 816.3 Kg ha-1 (FAO, 2014). Its edible pods

or Jhar sheem (BARI, 2014) in Bangladesh. The cultivation of
Bush bean is very popular in Chittagong, Sylhet, North Bengal,

supply protein, carbohydrate, fat, fibre, thiamin, riboflavin, Ca
and Fe (Shanmugavelu, 1989) and the seed contains significant

Hill tracts and also many other places of Bangladesh. Now days,
it is considered as one of the most important exporting vegeta-

amount of thiamin, niacin, folic acid (Rashid, 1993). Bush bean
shows high yield potential, but unlike other leguminous crops it

bles of Bangladesh to earn foreign currency and is being exported by Horticultural Export Foundation, Dhaka, Bangladesh. The

does not modulate with the native rhizobia (Ali and Kushwaha,
1987). Therefore, requirement of nitrogenous fertilizers for the
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crop is of prime importance.

9) where non-calcareous dark-gray, floodplain soils are general-

Bush bean related research works are very few in our country
but in other crop like mungbean we can see biofertilizer effect.

ly pre dominant. The land was medium high and the soil was silty
loam well drained with low general fertility level and organic

Seed inoculation with effective Bradyrhizobium can play a vital
role in the formation of nodules to fix atmospheric nitrogen by

matter content (1.19%) with neutral in nature (pH 6.82).

symbiotic process in the root system of legume crops making
the nutrient available to the plants (Bhuiya et al., 1984;

Treatments and experimental deign
The experiment consisted of two factors viz. (A) Biofertilizer (B)

Chouwdhury et al., 2000; Anjum et al., 2006; Mia and
Shamsuddin, 2010; Mulas et al., 2011; Malik et al., 2014;

Weeding regimes. There were five levels of biofertilizer as
follows: B0 = Control (no biofertilizer), B1 = 1.0 Kg biofertilizer

Mmbaga et al., 2014). In Bangladesh, inoculation with Bradyrhizobium increased 57% effective nodules, 77% dry matter

ha-1 seed treatment, B2 = 1.5 Kg biofertilizer ha-1 seed treatment, B3 = 2.0 Kg biofertilizer ha-1 seed treatment and B4 = 2.5

production, 64% grain yield and 40% hay yield as compared with
uninoculated mungbean cultivation (Chanda et al., 1991). Uddin

Kg biofertilizer ha-1 seed treatment. The following four levels of
weeding were used: W0 = No hand weeding, W1 = One hand

et al. (2013) reported that mungbean produced higher yield with
response to different doses of phosphorus and planting date

weeding at 15 Days after sowing (DAS), W2 = Two hand weeding
at 15 and 30 Days after sowing (DAS) and W3 = Three hand

when seeds were inoculated with rhizobium at the time of
sowing. The yield contributing characters and yield of Bush

weeding at 15, 30 and 45 Days after sowing (DAS). The
experiment was laid out in a Randomized Complete Block De-

bean varieties were increased/decreased in compare to very
early or late sowing condition during Rabi season (Uddin et al.,

sign with three replications. Each replication had 20 unit plots.
The unit of plot size was 5m2 (2.5 m × 2 m). The blocks and unit

2017).
A research in China (Hussein and Joo, 2011) illustrates the

plots were separated by 1 m and 0.75 m spacing, respectively.
The Bradyrhizobium inoculums strains and seeds of bushbean

benefits of using effective microorganisms (EM) either fungal or
bacterial ones for the improvement of the Chinese cabbage

variety viz. BARI jharsheem-2 used in present study were
collected from Bangladesh Agricultural Research Institute

growth and crop yield, by increasing and enhancing the microbial density in soil significantly. An evaluation of the efficiency of

(BARI), Jaydebpur, Gazipur. Only one Bradtrhizobium strain was
used in this experiment.

EM cultures for improving biological nitrogen fixation of
uninoculated tropical food legumes, namely bush beans or

Crop husbandry

vegetable beans (Phaseolus vulgaris), was the basis of this investigation. The legume was selected on the basis of their nodulation

The field was prepared by three times ploughing and cross
ploughing followed by laddering. The weeds and stubble were

characteristics; bush bean is a species with low nitrogen-fixation
abilities (Lawn and Ahn, 1985; Graham, 1981).

removed from each plot and the field was leveled properly
before sowing. Layout of the experiment was done according to

Weed is an important factor responsible for low yield of crops
(Islam et al., 2006). Weed is very much ecofriendly with the

treatment combination. After layout the land was fertilized with
75 Kg and 40 Kg ha-1 of triple superphosphate and muriate of

growth and development of mungbean and yield losses due to
weed in mungbean ranges from 27 to 100% (Madrid and Vega,

potash, respectively. All fertilizers were applied at the time of
final land preparation. The fertilizers were applied by broadcast-

1971; BARI, 1985). Therefore, weed control is very essential for
mungbean cultivation. In Bangladesh, farmers do not interest to

ing and were mixed with soil thoroughly. The quantity of seed
required 35g for each plot was weighed on the basis of experi-

control weed in mungbean; possibly, it may be one of the causes
for low yield of mungbean in the country. The time of weeding

ment specification (five levels of biofertilizer viz., 0, 1.0, 1.5, 2.0
and 2.5 Kg -1), considering 90% purity, 80% germination, 20%

has an important effort on the growth and yield of mungbean.
Weeding at wrong time and wrong stage of the crop growth may

safety allowance. Then it was kept in polythene bags. Bradyrhizobium broth cultures were mixed thoroughly with seed per treat-

not be beneficial. Not much research work so far was done on
the effect of bio-fertilizer and weeding on bushbean growth and

ment with molasses and were placed in cool dry place. The seeds

yield. In this context, present study was undertaken to investigate the proper dose of rhizobium for yield performance of bush
bean, to investigate the effect of weeding regimes on yield attributes of bush bean (Phaseolus vulgaris L.) and to evaluate the
interaction effect of rhizobium and weeding regime on yield
performance of bush bean.
MATERIALS AND METHODS

were sown in line to line distance of 30 cm and plant to plant
distance 15 cm and were covered with soil. Seeds were sown at
70 Kg ha-1. Weeding was given in the plots as per treatment
specification. Thinning was done to remove diseased plants.
Hand irrigation was given in some plots where soils were dry.
Cutworm was successfully controlled by application of Savin 50
wp 2 Kg ha-1 rate mixing with rice husk and molasses.
Crop harvesting and data collection
The crop was harvested at 118 DAS from all plots. Before

The experiment was conducted at the Agronomy Field Labora-

harvesting five plants were selected randomly from each plot
and were uprooted for data recording. The rest of the plants

tory which is belongs to the Old Brahmaputra Floodplain (AEZ-

were harvested plot-1 wise and were bundled separated, tagged

Experimental site
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and brought to the threshing floor of Agronomy Field Laborato-

lizer (Bradyrhizobium). Gicharu et al. (2013) also found that the

ry. The crop bundles were sun dried for five days by placing
them on the open threshing floor. Seeds were separated from

number of nodules, total plant dry weight among the bush bean
cultivars differed statistically at P ≤ 0.05 due to response to

the plants by beating the bundles with bamboo sticks. The
collected seeds were dried in the sun for reducing the moisture

rhizobia strain used both in greenhouse and field experiment.
Pramanik et al. (2014) found the highest plant height (58.83cm)

content at a constant level. The dried seeds and stover were
cleaned and weighed.

was obtained at 60DAS from 4 Kg biofertilizer ha -1 and the highest dry weight plant-1 (17.78g) at 60DAS was produced from 2

Yield data was recorded from five randomly selected plants
from each plot on the following parameters: Plant height at

kg biofertilizer ha-1 in summer mungbean.

harvest (cm), number of pods plant-1, length of pod (cm), number
of seeds pod-1, number of seeds plant-1, weight of seeds plant-1

Effect of weeding regimes on yield contributing characters and
yield of Bush bean

(g), grain yield (Kg ha-1), stover yield (Kg ha-1), weight of 1000
seeds and harvest index (%). Harvest Index was calculated with

The effect of weeding regimes on plant height, number of pods
plant-1, weight of seeds plant-1, weight of 1000 seeds and grain

the following formula:
Harvest index = Grain yield / (Grain yield + Stover yield) ×100

and stover yield was significant. The highest plant height (34.80
cm), stover yield (1196.80 Kg ha-1), grain yield (770.59 Kg ha-1)

Statistical analysis of data

were obtained from three weeding and number of pod plant -1
(6.36), weight of seeds plant-1 (3.61 g) and weight of 1000 seeds

The collected data were first checked for normality distribution
and subjected to two-way analysis of variance (two-way

(232.33 g) were obtained from two weeding (Table 1). The
lowest plant height (27.48 cm), number of pod plant -1 (5.19),

ANOVA) followed by Duncan’s multiple range tests (Gomez and
Gomez, 1984) to evaluate the mean difference among the

weight of 1000 seeds (226.05 g), grain yield (493.15 Kg ha -1),
stover yield (799.35 Kg ha-1) was observed from no weeding

treatments with Computer package program MSTAT.

and the weight of seeds plant-1 (2.84 g) were observed from
three weeding treatment (Table 1). The effect of weeding re-

RESULTS AND DISCUSSION

gimes on length of pod, number of seeds pod-1, number of seeds
plant-1 and harvest index was not significant. Numerically, the

Effect of biofertilizer on yield contributing characters and
yield of Bush bean

highest length of pod (9.46 cm), number of seeds pod -1 (4.43)
from one weeding, number of seeds plant -1 (21.21) from two

The effect of biofertilizer on plant height, number of pods plant 1
, number of seeds plant-1, weight of seeds plant-1, weight of

weeding, harvest index (39.24%) from three weeding were observed (Table 1). The lowest length of pod (8.85 cm), number of

1000 seeds, grain and stover yield was significant. The highest
weight of 1000 seeds (237.22 g) from 0 Kg biofertilizer ha -1,

seeds pod-1 (4.05) and number of seeds plant-1 (16.00) and
harvest index (38.29%) were observed from no weeding (Table

plant height (34.39 cm), number of pods plant -1 (6.93), number
of seeds plant-1 (21.86) and weight of seeds plant -1 (3.6 g) from

1). Esmaeilzadeh and Aminpanah (2015) carried out an experiment to evaluate the effect of planting date and spatial pattern

1.5 Kg biofertilizer ha-1, grain yield (747.73 Kg ha-1) and stover
yield (1177.13 Kg ha-1) were obtained from 2.5 Kg biofertilizer

on common bean yield under weed-free and weed-infested
conditions and found that due to weed competition, seed and

ha-1 (Table 1). The lowest plant height (25.68 cm), number of
pods plant-1 (4.98) ,weight of seeds plant-1 (2.8 g), grain yield

pod yields were reduced by 11.6% and 7.6%, respectively.
Pramanik et al. (2015) reported that the entire yield contrib-

(544.99 Kg ha-1), stover yield (859.06 Kg ha -1) was observed
from 0 Kg biofertilizer ha-1 treatment, and number of seeds

uting characters of mungbean responded linearly with increasing the number of weeding treatment. Among the weeding

plant-1 (13.39) and weight of 1000 seeds (222.93 g) were
observed from 2 Kg biofertilizer ha -1 treatment (Table 1). The

regimes, the highest number of branches plant-1 (2.68), number
of pods plant-1 (20.14), pod length (5.44 cm), number of seeds

effect of biofertilizer on length of pod, number of seeds pod -1,
and harvest index was not significant. Numerically, the highest

pod-1 (16.30), seed weight plant-1 (24.63 g), 1000-seed weight
(39.35 g), seed yield (2.00 t ha-1), stover yield (2.99 t ha-1),

length of pod (9.57 cm) from 1.5 Kg biofertilizer ha -1, number of
seeds pod-1 (4.40) from 1 Kg biofertilizer ha -1 and harvest index

biological yield (4.99 t ha-1) were obtained from three time
weeding plots and two times weeding produced the highest

(39.19%) was obtained from 2.0 Kg biofertilizer ha-1 treatment
was observed. The lowest number of seeds pod -1 (4.13) from 0

harvest index (42.61%).

and 2 Kg biofertilizer ha-1, harvest index (38.21%) from 1.5 Kg
biofertilizer ha-1, length of pod (8.82 cm) was observed from 2 kg

Interaction effect of biofertilizer and weeding regimes
The effect of interaction on weight of seeds plant -1, length of

biofertilizer ha-1 dose (Table 1). In this connection, Islam et al.
(2006) reported that most of the plant growth parameters in

pod and grain yield was significant. The highest weight of seeds
plant-1 (5.16 g) from B4W2 (2.5 Kg ha-1 biofertilizer and two

mungbean such as number of branches plant -1, number of leaves
plant-1, number of effective nodules plant-1, number of non-

weeding), length of pod (10.27 cm) was obtained from B0W1 (no
biofertilizer and no weeding) treatment and grain yield (886.17

effective nodules plant-1, root dry weight plant-1, nodule dry
weight plant-1 was the height due to the application of bioferti-

Kg ha-1) was obtained from B3W3 (2 Kg biofertilizer ha-1 and
three weeding) were obtained. The lowest weight of seeds plant
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-1

treatment, number of seeds pod-1 (4.93) was obtained from

(1.61 g) and length of pod (7.60 cm) were observed from B 3W0
-1

(2 Kg biofertilizer ha and no weeding) treatment and grain
yield (388.37 Kg ha-1) from B0W0 (no biofertilizer and no weed-

B1W1, number of seeds plant-1 (29.72) was obtained from B4W2,
weight of 1000 seeds (240.27 g) was obtained from B 1W3 (1 Kg

ing) treatment was observed (Table 2). The effect of interaction
on plant height, number of pods plant-1, number of seeds pod-1,

biofertilizer ha-1 and three weeding) treatment (Table 2). On the
other hand, the lowest plant height (21.09 cm) and number of

and number of seeds plant-1 and weight of 1000 seeds was not
significant. Numerically, the highest plant height (38.47 cm)

pods plant-1 (4.23) from B0W0 treatment, number of seeds pod-1
(3.00), number of seeds plant-1 (4.89) and weight of 1000 seeds

from B2W3 (1.5 Kg biofertilizer ha-1 and three weeding) treatment, number of pod plant -1 (7.80) were obtained from B4W2

(216.87 g) were observed from B3W0 (2 Kg biofertilizer ha-1 and
no weeding) treatment (Table 2).

Table 1. Effect of biofertilizer and weeding regimes on yield and yield attributes of bushbean.
Biofertilizer
B0
B1
B2
B3
B4
CV (%)
Level of sig.
Weeding
regimes
W0
W1
W2
W3
CV (%)
Level of sig.

Plant
height at
harvest
(cm)
25.68c
29.48b
34.39a
34.19a
33.93a
6.54
**
27.48d
31.16c
32.70b
34.80a
6.54
**

Number
of pods
plant-1

Length
of pods
(cm)

No of
seeds
pod-1

No. of
seeds
plant-1

Weight of
seed
plant-1 (g)

Weight of
1000
seeds (g)

Grain
yield
(Kg/ha)

Stover
yield
(Kg/ha)

Harvest
index (%)

4.98c
5.18bc
6.93a
5.31bc
5.91b
5.45
**

9.21
9.36
9.57
8.82
8.95
11.54
NS

4.13
4.40
4.18
4.13
4.30
7.27
NS

17.05bc
20.11ab
21.86a
13.39c
19.63ab
12.25
**

2.8c
3.26b
3.6a
2.904c
3.414ab
6.22
**

237.22a
233.59b
230.67b
222.93c
223.30c
3.02
**

544.99d
607.73c
646.23b
734.82a
747.73a
5.69
**

859.06d
949.69c
1048.06b
1139.63a
1177.13a
7.45
**

38.67
38.97
38.21
39.19
39.02
8.85
NS

5.19b
5.75ab
6.36a
5.34b
5.45
**

8.85
9.46
9.33
9.07
11.54
NS

4.05
4.43
4.36
4.08
7.27
NS

16.00
18.71
21.21
17.70
12.25
NS

2.98b
3.43a
3.61a
2.84b
6.22
**

226.05c
229.11b
232.33a
230.68ab
3.02
**

493.15d
645.60c
715.86b
770.59a
5.69
**

799.35d
1020.05c
1122.65b
1196.80a
7.45
**

38.29
38.79
38.93
39.24
8.85
NS

In a column the figure bearing same letter(s) or without letter is identical and those having dissimilar letter differed significantly. *= Significant at 5%
level, **= Significant at 1% level, NS= Non significant; B0 = no biofertilizer, B1 = 1.0 kg ha-1 biofertilizer, B2 = 1.5 kg ha-1 biofertilizer, B3 = 2.0 kg ha-1
biofertilizer, B4 = 2.5 kg ha-1 biofertilizer; W0 = No weeding, W1 = One weeding at 15 DAS, W2 = Two weeding at 15 DAS and 30 DAS, W3 = Three
weeding at 15 DAS, 30 DAS and 45DAS.

Table 2. Interaction effects of biofertilizer and weeding regimes on yield and yield attributes of bushbean.
Treatment
Combination
(Biofertilizer×
Weeding
regimes)
B0×W0
B0×W1
B0×W2
B0×W3
B1×W1
B1×W2
B1×W3
B1×W4
B2×W0
B2×W1
B2×W2
B2×W3
B3×W0
B3×W1
B3×W2
B3×W3
B4×W0
B4×W1
B4×W2
B4×W3
CV (%)
Level of sig.

Plant
height
at
harvest
(cm)
21.09
26.78
25.98
28.87
25.98
28.85
31.60
31.50
31.35
33.48
34.24
38.47
31.48
32.97
34.80
37.53
27.52
33.71
36.86
37.62
6.54
NS

Number
of pods
plant-1

Length
of pods
(cm)

No. of
seeds
pod-1

No. of
seeds
plant-1

Weight
of seed
plant-1
(g)

Weight of
1000
seeds (g)

Grain
yield (Kg/
ha)

Stover
yield
(Kg/ha)

Harvest
index (%)

4.23
4.40
5.87
5.40
5.80
5.20
5.20
4.53
6.60
6.67
7.13
7.30
4.70
5.93
5.80
4.80
4.60
6.57
7.80
4.67
5.45

8.63cde
10.27a
9.20a-d
8.73b-e
9.17a-d
9.80abc
8.97a-d
9.50a-d
10.23a
9.73abc
9.13a-d
9.17a-d
7.60e
9.13a-d
9.33a-d
9.20a-d
8.63cde
8.37de
10.03ab
8.77b-e
11.54

4.33
4.60
3.53
4.07
4.93
4.00
4.13
4.53
4.13
4.53
4.20
3.87
3.00
4.80
4.87
3.87
3.87
4.20
5.07
4.07
7.27

17.62
17.46
16.17
16.93
19.52
18.42
21.57
20.94
22.61
23.61
20.29
20.93
4.89
16.09
18.33
14.25
15.35
17.96
29.72
15.47
12.25

3.32d-g
3.25d-g
2.46i
2.64hi
3.28d-g
2.82ghi
3.52cde
3.41c-f
3.88bc
4.26b
3.34d-g
2.9f-i
1.61j
3.7cd
3.57cde
2.72hi
2.84ghi
3.09e-h
5.16a
2.56i
6.22

233.07
238.53
240.10
237.17
230.30
232.20
240.27
231.60
227.97
229.60
232.67
232.43
216.87
222.27
225.97
226.63
222.03
222.93
222.67
225.57
3.02

388.37l
539.17ij
623.33fg
629.10fg
485.87k
596.67gh
645.00f
703.37e
526.48ijk
607.32fg
690.98e
760.12cd
500.00jk
730.00de
823.11b
886.17a
565.00hi
754.87d
796.87bc
874.17a
5.69

670.00
837.25
985.00
944.00
798.75
917.50
1005.00
1077.50
828.00
997.00
1119.75
1247.50
787.50
1132.50
1272.25
1366.25
912.50
1216.00
1231.25
1348.75
7.45

36.76
39.10
38.75
40.08
37.86
39.42
39.09
39.50
38.87
37.89
38.17
37.89
38.86
39.21
39.30
39.38
39.08
38.33
39.35
39.33
8.85

NS

**

NS

NS

**

NS

**

NS

NS

In a column the figure bearing same letter(s) or without letter is identical and those having dissimilar letter differed significantly.*= Significant at 5%
level, **= Significant at 1% level, NS= Non significant; B0 = no biofertilizer, B1 = 1.0 kg ha-1 biofertilizer, B2 = 1.5 kg ha-1 biofertilizer, B3 = 2.0 kg ha-1
biofertilizer, B4 = 2.5 kg ha-1 biofertilizer; W0 = No weeding, W1 = One weeding at 15 DAS, W2 = Two weeding at 15 DAS and 30 DAS, W3 = Three
weeding at 15 DAS, 30 DAS and 45DAS.
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Conclusion

Wilezek) as influenced by Bradyrhizobium inoculation and

The results obtained from this experiment indicated that yield

phosphorus
application.
Legume Research, 23(1):
15-20, https://arccjournals.com/journal/legume-research-

attributes differed with different levels of biofertilizer and
weeding regimes. The highest yield was produced from seed

an-international-journal/ARCC4054
Esmaeilzadeh, S. and Aminpanah, H. (2015). Effects of planting

inoculated with biofertilizer @ 2 Kg ha-1 with three weeding
followed by biofertilizer @ 2.5 Kg ha -1 with three weeding.

date and spatial arrangement on common bean (Phaseolus
vulgaris) yield under weed-free and weedy conditions.

Biofertilizer @ 2Kg ha-1 increased the yield of bushbean which is
beneficial than 2.5 Kg ha-1 and reduced the fertilizer loss and

Planta Daninha, 33(3): 425-432, http://www.scielo.br/pdf/
pd/v33n3/0100-8358-pd-33-03-00425.pdf

three weeding was found the best. Therefore, it can be concluded that with manipulation of biofertilizer dose and weeding

FAO (2014). UN Food and Agriculture Organization. http://
faostat.fao.org/beta/en/#data/QC

regimes, there is an ample potential to cultivate Bush bean in
Bangladesh context.

Gicharu, G.K., Gitonga, N.M., Hamadi, B., Cheruiyot, R.C. and
Maingi, J.M. (2013). Variation in nitrogen fixation among
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The study was aimed to find out the present status and causes of fish and shellfish diversity
reduction in the Rupsa River of Bangladesh. Studies were conducted for a period of 6 months
from July to December 2016. Focus group discussions (FGD), questionnaire interviews (QI)
and key informant interviews (KII) were done to collect appropriate data from the local fishers
and resource persons. A total of 62 species of fish and shellfish from 23 families were found in
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the river and 9 species disappeared in last 10 years. The species availability status was
remarked in three categories and obtained as 14 species were commonly available, 28 species
were moderately available and 20 species were rarely available. The highest percentage of
fishes was catfishes (24.19%). There was a gradual reduction in the species diversity from
previous 71 species to present 62 species with 12.68% declined by last 10 years. Average fish
catch per fishermen per day reduced from 8.35 kg to 2.95 kg in last 10 years. Combined effects
of some manmade and environmental factors are responsible for the loss of biodiversity.
Majority of the respondents (90%) agreed that two manmade factors namely overfishing and
navigation are mainly responsible for the loss of fish and shellfish diversity in the river followed
by use of illegal fishing gears (86%), pollution (72.5%) and urbanization (64%). During the
survey, 93.25% respondents reported water depth reduction as the main environmental factor
followed by siltation and sedimentation (91%), temperature (61.75%) and turbidity (56%). The
present work recommends preventing water pollution, maintaining fishing gears, increasing
fishers’ awareness, implementing fisheries laws and establishing fish sanctuary to conserve
finfish and shellfish diversity in the river. Moreover, counter and random surveys are also
recommended to crosscheck the fishes’ status and decline causes for ensuring their proper
management and conservation.
©2018 Agriculture and Environmental Science Academy
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INTRODUCTION

has various water resources including streams, floodplains,

Bangladesh is gifted with vast water resources. About 700

ponds, canals, beels, haors and a long coastline that are suitable
for high yields and considerable increase in fish production. In

rivers including tributaries flow through the country constituting a waterway of total length around 24,140 km (Banglapedia,

the last five decades, world fish food supply has overtaken
global population growth and today fish constitutes a significant

2012). There is about 4.7 million hectares inland open waters in
this country which contributes 83.85% to the fisheries sector

source of healthy food and animal protein for much of the
world’s residents (FAO, 2012). Fish and fisheries are the indis-

(DoF, 2017). According to the World Bank (1991), Bangladesh

pensable part of life and livelihood of the people of Bangladesh
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since immemorial time. It is an element of the country’s cultural

Description of the study sites

heritage (DoF, 2017).
Riverine capture fisheries in the form of common property and

The study has conducted from Rupsa Ghat to Chalna Bandar of

open access resources constitute a vital component of the agroecosystem of rural Bangladesh. Bangladesh has predominately

the Rupsa River. The study area was divided into 5 sites based
on availability of the fishermen. The sampling sites were Rupsa

four major river systems such as the Brahmaputra-Jamuna, the
Ganges-Padma, the Surma-Meghna and the Chittagong region

Ghat, Botiaghata, Phultola, Pankhali Ghat and Chalna Bandar.
The Rupsa River is a river in southwestern Bangladesh and flows

river systems (Banglapedia, 2012). The Rupsa River is a river in
southwestern Bangladesh and a distributary of the Ganges. It is

by the side of Khulna. It forms from the union of the Bhairab and
Atrai river. Its entire length is influenced by tides. Near Chalna,

one of the most important rivers of Bangladesh. It flows by the
side of Khulna and connects to the Bay of Bengal through Poshur

it changes its name as Pasur River and flows into the Bay of
Bengal at Mongla channel. Its latitude is 22°45'17.24" and

river at Mongla channel. It forms from the union of the Bhairab
and Atrai rivers and flows into the Pasur River. Its entire length is

longitude is 89°33'15.47". It is one of the most important rivers
of Bangladesh (Figure 1).

influenced by tides (Chowdhury, 2012). Near Chalna, it changes
its name to Pasur River and flows into the Bay of Bengal. The

Data collection

length of the river Rupsa is about 70 km. Among of this length 35
km are known as Bhairab and rest is known as Rupsa. The average

During collection of data, both primary and secondary sources
have considered. Primary data were collected from fishermen

width of the river was found as 0.25 km and average depth 7-8 m
but their depth varied from place to place. A significant number

through FGD, key informant interview (KII) and questionnaire
interviews (QI). The secondary information were collected from

of fisheries, dockyards, shipyards and factories are situated on the
bank of this river. A momentous number of families depend on

Rupsa and Phultola upazila fisheries offices, district fisheries office
of Khulna, projects of World Fish in Khulna, books and journals.

catching fish in the river all over the year.
According to IUCN Bangladesh (2015), about 64 freshwater

Focus group discussions (FGD)

species are threatened condition in Bangladesh. Among them, 9
species are listed as critically endangered, 30 as endangered and

Six focus group discussions (FGD) were arranged at different
places of 5 selected sites each with 8 to 12 members. The places

25 as vulnerable. Overfishing, rapid extraction of fish seed and
brood stock, destructive and unregulated fishing practices,

were Mokampur, Hazigram, Noshkarpur, Modhupur, Shoilpur
and Mollikpur where Upazila Fisheries Officer (UFO), union

pollution, introduction of exotic species, loss of aquatic habitat
due to siltation, dam construction and other anthropogenic

parishad Chairman and Members, Leader of the fishers’ community, fishermen, fish market leader, fish traders, fry traders and

activities are the main causes of fish diversity reduction. Losses of
this magnitude impact the entire ecosystem, depriving valuable

community people were joined in different meetings.

resources used to provide food, medicine and industrial
materials to human beings. Run off from agricultural and urban

Questionnaire interviews (QI)
In the study, a total 60 fishermen randomly selected for ques-

areas, the invasion of exotic species and the creation of dams and
water diversion have been identified as the greatest challenges to

tionnaire interviews from surrounding the 5 selected sites.
Under those sites, Mokampur, Hazigram, Noshkarpur,

freshwater environments (Allan and Flecker, 1993).
Biodiversity and its conservation are regarded as one of the

Modhupur, Chondonimohol, Shoilpur and Mollikpur villages
were selected for this study. The questionnaire interviews were

major issues of enabling sustainable use of natural resources.
Maintaining biodiversity is important because it is not always

done at homestead, during fishing in the river and market places
depending on the presence of the fishermen.

possible to identify which individual species are critical to aquatic ecosystems sustainability. Many fish species may provide
genetic material and may serve as ecological indicators. Aquatic
conservation strategies support sustainable development by
protecting biological resources in ways that will preserve
habitats and ecosystems (Jenkis and Williamson, 2003).
Considering the above facts and situation the following objectives were set for the present study: to assess the present status
of fish and shellfish diversity in the Rupsa River and causes of
loss of biodiversity in the Rupsa River of Bangladesh.
MATERIALS AND METHODS
The present research was carried out to assess the fish and
shellfish diversity and factors affecting the biodiversity of Rupsa
River in Khulna.

Figure 1. Map of the study area (Rupsa River).
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Cross-checking of information

Eels

Cross-check interviews were conducted with key resource
persons such as Upazila Fisheries Officer (UFO), District

During the study period 4 species of eel were identified by the
fishermen where Cuchia, Bamosh and Boro baim were moder-

Fisheries Officer (DFO), school teachers, local leaders and NGO
workers. The interviews (KII) of the respondents have conduct-

ately available species (Table 6).

ed in their office during office hour.

Perches
There were 9 species of perches recorded from the Rupsa River

Statistical analysis
Data were analyzed depending on collected data according to

where 1 species noticed commonly available and other 8 species
were moderately available (Table 7).

the questionnaire using Microsoft Office Excel 2010 and SPSS
statistical software (20 version). Table, pie-charts and graphs

Featherbacks

were used for data presentation.

During the present investigation, two featherback species were
recorded. Among them Chital was rarely available species and

RESULTS AND DISCUSSION

Foli was moderately available species in the river (Table 8).

Present status of fish and shellfish diversity in the Rupsa River
According to the availability of fish species, they were catego-

Loaches
Two species were recorded during study period where Bou Rani

rized into 3 groups like commonly available (CA), moderately
available (MA) and rarely available (RA) species. According to

was moderately available and Gutum was commonly available
species (Table 9).

the statement of local fishermen, a total of 62 fish species under
23 families were found during the period of investigation and 9

Shrimps and prawns

species were not available in the study area. These include
carps, catfishes, barbs and minnows, clupeids, snakeheads,

A few numbers of shrimp species were found in the Rupsa River.
Among the 6 identified species Harina, Chama, Bagda and Golda

perches, eels, shrimps and others miscellaneous fish species
which are discussed below:

chingri were commonly available. Among Khoira and Shada icha
were moderately available species (Table 10).

Carps

Miscellaneous fish species

During the period of present investigation, 7 species of carps
were recorded where Ruhu and Kalibasu were commonly

During the study period, 3 miscellaneous species were recorded
where Kakila and Potka were rarely available and Tulardani was

available and Catla, Mrigal and Gonia were moderately available. On the other hand, Bata and Bhangan were found as rarely

moderately available species (Table 11).
From the present survey, it was found that 14 species were

available species (Table 1).

commonly available, 28 species were moderately available and
20 species were rarely available. In percentage, there were 23%

Catfishes
Fifteen species of catfishes were recorded whereas Tengra,

commonly available, 45% were moderately available and 32%
rarely available species of fishes (Figure 2). During the study, it

Pabda and Shing were commonly available species. Golsha,
Nuna tengra, Batashi and Modhu Pabda were moderately availa-

is identified that rarely available fishes were found only one or
two times during the study period in the river. According to the

ble species and other 8 species were rarely available (Table 2).

local fishermen, those species might be disappeared very soon.
Among 62 available fish species, the highest percentage of fish-

Barbs and minnows
In the present investigation, 6 species barbs and minnows were

es was catfishes (19.56%) and lowest were feather backs
(3.23%) and loaches (3.23%). Among other groups, there were

listed in the study area where 2 species were moderately available and 4 species were rarely available in the study area (Table 3).

perches (14.52%), carps (11.29%), barbs and minnows (9.68%),
shrimps (9.68%), clupeids (6.45%), snakeheads (6.45%), eels
(6.45%) and miscellaneous (4.84%) (Figure 3).

Clupeids
In case of clupeids, one species (Chapila) was commonly available but Kachki and Chadana were rarely available and Ilish was

Changes in fish and shellfish species availability in the Rupsa
River

found moderately available in the study area (Table 4).

According to the statement of local fishermen, there were 71
species of fishes before 10 years which included carps (8), cat-

Snakeheads
Different 4 species of snakeheads were present in the study

fishes (16), barbs and minnows (7), clupeids (5), snakeheads (4),
eels (5), perches (10), feather backs (3), loaches (3), Shrimps (7)

area, where Taki was commonly available, Cheng and Shol were
moderately available and Gozar was rarely available during the

and other miscellaneous (3).
It revealed that there was gradual reduction in the biodiversity

study (Table 5).

from the earlier 71 species to present 62 species (12.68%
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declined) in the Rupsa River (Table 12). This situation reflects

non-mechanized boats mainly used for fishing. The fish habitat

the current scenario of fishes and shellfishes in the open water
bodies of Bangladesh that fish biodiversity is rapidly decreasing

is destroyed when it is used as navigation route. Boats pollute
the aquatic environment through oil spills, open dumping and

day by day. Average fish catch per fishermen per day was also
reduced from 8.35 kg to 2.95 kg in the river (Figure 4). It was

also sound pollution. For this reason, fish migrate to another
place and fish breeding is badly hampered by navigation. Alam et

clearly indicated that not only numbers of species were reduced
but also harvest was declined in the river.

al. (2012) noted that thousands of boats continuously polluted
the water of the Tanguar Haor through oil contamination which

The present finding represents the status of fishes and shellfishes on some specific points of the Rupsa River that is clearly rep-

would ultimately affect the fish production.
Chaki et al. (2014) commented that fishing by illegal gears had

resenting the declining trends of riverine fishes of Bangladesh.
The status of fishes in inland water was much appreciable in the

led abundance of indigenous fish population a stake in the Atrai
River. Above all, the proof is that use of illegal fishing gears

last century namely: Doha (1973) reported 106 species from
Mymensingh and Tangail district; Islam and Hossain (1983)

stands harmful to fish biodiversity. The waste products accumulated from a number of factories that are located on the bank of

recorded 110 species from the river Padma near Rajshahi,
whereas the status of fishes declined after twentieth century:

Rupsha River pollute its water. Agrochemicals including fertilizers and pesticides washed out with the rain water and drained

33 species are reported from Chitra and Fatki rivers (Hasan,
2007); 75 species from Pagla River (Zafar et al., 2007); 73

into the river also contaminate the water. These pollutants
could harmfully affect the spawning and feeding performance of

species from Padma River near Rajshahi (Bhuiyan et al., 2008)
and 59 species from Bangali River near Bogra (Moumita et al.,

fishes and shellfishes in the Rupsa River. Rivers surrounding and
nearby the townships are highly contaminated. Discharges of

2011). According to Afrose (2013), 39 species of fishes were
found in the Old Brahmaputra River from the interview with 30

untreated sewerage and industrial effluents into the waters
have been a concern for aquatic pollution resulting in fish kills in

fishers whereas 10-12 years ago it was recorded 60 to 65 fish
species. Fish habitat destruction by roads, embankments, aqua-

many occasions. Disappearances of many fish species from
Buriganga, Turag, Shitalakkha, Meghna, Karnaphuli, Surma and

culture, drainage and flood control and natural siltation along
with overfishing, are the causes of reduction of fisheries

Dhaleswari Rivers have been attributed to pollution of water
bodies by industries in many areas of the country (IUCN, 2015).

resources (Ali, 1997). The findings of the present study especially the statuses of fishes clearly focusing the declining trends of

Islam et al. (2011) noted that increase in human settlement and
habitation were the major threats for this unique ecosystem of

fish diversity in the study area which alerting the gradual
declination of fish diversity of Bangladesh.

the country.

Factors affecting the fish and shellfish diversity in the Rupsa

Natural causes
During this study period, majority of the fishermen (93.25%

River
Biodiversity of the river is decreasing day by day due to various

respondents) opined that water depth reduction is the main
environmental factor affecting species abundance and diversity

manmade and environmental factors that are described below:

in the river Rupsa whereas siltation and sedimentation (91%)
followed by temperature (61.75%) and turbidity (56%) survey

Manmade causes
According to the response of local fishermen, overfishing and

(Figure 6). Mohite and Samant (2013) noted that water level
fluctuation was one of the major limiting factors of the river

navigation are the main manmade factors followed by use of
illegal fishing gears (86%), wastage pollution (72.5) and urbani-

system in the Warna River basin of Western Ghats in India
where most of the fishermen (46% respondents) opined that

zation (64%) were mainly responsible for loss of fish biodiversity
in the Rupsa River (Figure 5).

decline in fish diversity was due to the water level fluctuation.
Hossain (2012) identified siltation as number one threat to fish

Islam et al. (2011) found similar results where 91% of the households commented that over exploitation of resources were the

biodiversity. Allan and Flecker (1993) said that loss of aquatic
habitat due to siltation was a great cause of fish species loss in

main threat to Hakaluki Haor. Islam (2012) carried out related
study in the wetland of Sujanagar upazila under Pabna district

wetlands. Islam (2012) presented that many fishes, plants and
other aquatic species going to be disappeared due to siltation and

and recorded overfishing as a major threat to wetland biodiversity. Afrose (2013) identified over exploitation of fishes as the

sedimentation of beels. Rahman (2013) noted most of the fishermen thought that high temperature and seasonal fluctuation of

highest threat to the fisheries biodiversity in the Old Brahmaputra River in Mymensing. Chaki et al. (2014) commented that due

temperature affected the fish production. Chaki et al. (2014)
established correlation between seasonal abundance of fishes

to overfishing abundance of indigenous fish population found
less in the Atrai River. So it is clear that overfishing is a harmful

and environmental parameters. Very high correlation was found
between fish species and physical environmental parameters (air

factor affecting fish biodiversity. Water way provides the
biggest mean of transportation in the river Rupsa of Bangladesh.

temperature, water temperature and water transparency). Above
all, it is clear that combined effects of manmade and environmen-

Mechanized and non-mechanized boats as well as small ships
are used for navigational purposes in the Rupsa River but

tal factors are responsible for the loss of biodiversity in the Rupsa
River.
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Table 1. A list of carp species as recorded during the period of present study.
S.N.

Family

Local name

Common name

Scientific name

Remarks

IUCN status

1

Cyprinidae

Catla

Indian major carp

2

Cyprinidae

Rohu

Indian major carp

Catla catla

MA

NO

Labeo rohita

CA

NO

3

Cyprinidae

Mrigal

4

Cyprinidae

Gonia

Indian Major carp

Cirrhinus cirrhosus

MA

NO

Kuria labeo

Labeo gonius

MA

EN

5

Cyprinidae

6

Cyprinidae

Kalibasu

Black rohu

Labeo calbasu

CA

EN

Bata

Minor carp

Labeo bata

RA

EN

7

Cyprinidae

Bhangan

Boga Labeo

Labeo boga

RA

CR

Table 2. A list of catfishes as recorded during the present study.
S.N.

Family

Local name

Common name

Scientific name

Remarks

IUCN status

1

Bagridae

Golsha

Long whiskered catfish

Mystus cavasius

MA

VU

2

Bagridae

Tengra

Srriped dwarf catfish

Mystus vittatus

CA

NO

3

Bagridae

Ayre

Long whiskered catfish

Sperata aor

RA

VU

4

Bagridae

Nuna tengra

Long whiskers catfish

Mystus gulio

MA

NO

5

Schilbeidae

Batashi

Indian potasi

Pseudeutropius atherinoides

MA

NO

6
7
8
9
10
11
12
13
14
15

Schilbeidae
Schilbeidae
Schilbeidae
Siluridae
Siluridae
Siluridae
Siluridae
Pangasidae
Plotosidae
Heteropneustidae

Kajoli
Bacha
Shilon
Boal
Modhu pabda
Kani pabda
Pabda
Deshi pangus
Kyne magur
Shing

Gangetic Ailia
Batchaw bacha
Silond catfish
Freshwater shark
Butter catfish
Indian butter catfish
Pabo catfish
Pungus
Canine catfish
Stinging catfish

Ailia coilia
Eutropiichthys vacha
Silonia silondia
Wallago attu
Ompok pabda
Ompok bimaculatus
Ompok pabo
Pangasius pangasius
Plotosus canius
Heteropneustes fossilis

RA
RA
RA
RA
MA
RA
CA
RA
RA
CA

NO
CR
EN
NO
EN
EN
EN
CR
VU
NO

Remarks

IUCN status

Table 3. A list of barbs and minnows as recorded during the present study.
S.N.

Family

Local name

Common name

Scientific name

1
2
3

Cyprinidae
Cyprinidae
Cyprinidae

Chela
Mola
Dhela

Finescalerazorbelly minnows
Carplet
Cotio

Chela phulo
Amblypharyngodon mola
Osteobrama cotio

RA
MA
RA

NO
NO
EN

4

Cyprinidae

Shar punti

Olive barb

Puntius sarana

MA

CR

5

Cyprinidae

Bhil

Indian trout

Raiamas bola

RA

EN

6

Cyprinidae

Koksha

Vagra baril

Barilius vagra

RA

EN

Table 4. A list of clupeids as recorded during the present study.
S.N.

Family

Local name

Common name

Scientific name

Remarks

IUCN status

1

Clupeidae

Chapila

Indian river shad

Guduasia chapra

CA

NO

2

Clupeidae

Kachki

Gang river sprat

Corica soborna

RA

NO

3

Clupeidae

Ilish

Indian river shad

Tenualosa ilisha

MA

NO

4

Clupeidae

Chadana

Toli shad

Tenualosa toli

RA

VU

Table 5. A list of snakeheads as recorded during the present study.
S.N.

Family

Local name

Common name

Scientific name

Remarks

IUCN status

1

Channidae

Taki

Spotted snakehead

Channa punctatus

CA

NO

2

Channidae

Cheng

Asiatic snakehead

Channa orientalis

MA

VU

3

Channidae

Shol

Snakehead murrel

Channa striatus

MA

NO

4

Channidae

Gozar

Giant snakehead

Channa marulius

RA

EN
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Table 6. A list of eels as recorded during the present study.
S.N.
1
2
3
4

Family
Synbranchidae
Anguillidae
Mastacembelidae
Mastacembelidae

Local name
Cuchia
Bamosh
Tara baim
Baro baim

Common name
Gangetic mud eel
Indian longfin eel
One striped spiny eel
Two-track spiny eel

Scientific name
Monopterus cuchia
Anguilla bengalensis
Macrognathus aculeatus
Mastacembelus armatus

Remarks
MA
MA
CA
MA

IUCN status
VU
VU
VU
EN

Table 7. A list of perches as recorded during the present study.
S.N.
1
2
3
4
5
6
7
8
9

Family
Anabantidae
Gobiidae
Gobiidae
Gobiidae
Gobiidae
Nandidae
Mugilidae
Mugilidae
Centropomidae

Local name
Koi
Bele
Sada Chauia
Chauia
Gule
Bheda
Khorshula
Persha
Vetki

Common name
Climbing perch
Bar eyed goby
Burrowing goby
Goby
Goby
Gangetic leaffish
Corsula mullet
Goldspot
Giant sea perch

Scientific name
Anabas testudineus
Glossogobius giuris
Trypauchen vagina
Psedapocryptes lanceolatus
Apocrptes bato
Nandus nandus
Rhinomugil corsula
Liza parsia
Lates calcarifer

Remarks
MA
MA
MA
MA
MA
MA
MA
MA
CA

IUCN status
NO
NO
NO
NO
NO
EN
NO
NO
NO

Table 8. A list of featherbacks as recorded during the present study.
S.N.

Family

Local name

Common name

Scientific name

1
2

Notopteriidae
Notopteriidae

Chital
Foli

Humped featherback
Bronze featherback

Notopterus chitala
Notopterus notopterus

Remarks

IUCN status

RA
MA

EN
VU

Remarks
MA
CA

IUCN status
EN
NO

Table 9. A list of loaches as recorded during the present study.
S.N.
1
2

Family
Cobitidae
Cobitidae

Local name
Bou rani
Gutum

Common name
Bengal loach
Guntea loach

Scientific name
Botia dario
Lepidocephalichthys guntea

Table 10. A list of shrimps and prawns as recorded during the present study.
S.N.
1
2
3
4
5
6

Family
Palaemonidae
Palaemonidae
Palaemonidae
Palaemonidae
Palaemonidae
Palaemonidae

Local name
Harina chingri
Chama chingri
Bagda chingri
Golda chingri
Khoira
Shada icha

Common name
Ginger shrimp
Fiddle prawn
Giant tiger prawn
Giant fresh water prawn
Uncta shrimp
Indian white prawn

Scientific name
Metapenaeus monoceros
Penaeopsis stridulans
Penaeus monodon
Macrobrachium rosenbergii
Parapenaeopsis uncta
Penaeus indicus

Remarks
CA
CA
CA
CA
MA
MA

IUCN status
NO
NO
NO
NO
NO
NO

Remarks
RA
MA
RA

IUCN status
NO
NO
NO

Table 11. A list of miscellaneous fishes as recorded during the present study.
S.N.
1
2
3

Family
Beloniidae
Silaginidae
Tetraodontidae

Local name
Kakila
Tulardani
Potka

Common name
Fresh water gar fish
Gangetic ghiting
Ocellated puffer fish

Scientific name
Xenentodon cancila
Sillaginopsis panijus
Tetraodon cutcutia

Table 12. Changes in fish availability in the Rupsa River.
Name of the groups

No. of available fish and shellfish species before 10 years

No. of species at present in the Rupsa River

Carps
Catfishes
Barbs and minnows
Clupeids
Snakeheads
Eels
Perches
Featherbacks
Loaches
Shrimps and prawns
Miscellaneous
Total

8
16
7
5
4
5
10
3
3
7
3
71

7
15
6
4
4
4
9
2
2
6
3
62 (12.68% reduced)
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Figure 2. Present status of fish and shellfish diversity in the Rupsa River.

Figure 3. Different types of fish groups recorded during the period of study.

Figure 4. Changes in the harvesting of fish per fisherman per day in the
Rupsa River.

Figure 5. Manmade causes responsible for fish biodiversity loss in the
Rupsa River.
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Figure 6. Natural causes responsible for fish biodiversity loss.

Conclusion
This study is an initial effort to evaluate the fish and shellfish
diversity and their decline causes on some particular points in
the Rupsa River of Khulna in Bangladesh. The outcome of the
study may not be the actual status of the species diversity of the
river as a whole. However, factors identified in this study should
be taken seriously and some actions like preventing water
pollution, maintaining fishing gears, ensuring water flow,
increasing fishermen’s awareness, implementing fisheries laws
and establishing fish sanctuary have been coming out to
conserve the finfish and shellfish diversity of the river. Besides,
counter and random surveys are suggested to crosscheck the
fishes’ status and decline causes for their proper management
and conservation.

REFERENCES
Afrose, S. (2013). Assessment of fish biodiversity with conservation measures of the Old Brahmaputra River. MS Thesis,
Department of Fisheries Management, Bangladesh Agricultural University, Mymensingh, pp. 36-62.
Alam, A.B.M.S., Chowdhury, M.S.M. and Sobhan, I. (2012).
Biodiversity of Tanguar Haor, a Ramsar Site of Bangladesh,
Volume I: Wildlife, IUCN Bangladesh, Dhaka, Bangladesh,
pp. Xi-176; https://portals.iucn.org/library/sites/library/
files/documents/2012-021.pdf
Ali, M.Y. (1997). Fish, water and people, reflections on inland
open water fisheries resources in Bangladesh. The University Press Limited, Dhaka, pp. 154.
Allan, J.D. and Flecker, A.S. (1993). Biodiversity conservation in
running waters. Bioscience, (43) 32-43; http://wwwpersonal.umich.edu/~dallan/pdfs/Allan_Flecker.pdf

239

Sazzad Arefin et al. /Arch. Agr. Environ. Sci., 3(3): 232-239 (2018)

Banglapedia, (2012). River and drainage system. Banglapedia:
National Encyclopedia of Bangladesh, Asiatic Society of
Bangladesh, Retrieved on 13 August 2018 from http://en.

fresh water ecosystem in Bangladesh. International Journal
of Environmental Sciences, 2(2): 946-956,
www.ipublishing.co.in/jesvol2no22.html

http://

banglapedia. org/ index. php? title =River_and_ Drainage_
System

Islam, M.S. and Hossain, M.A. (1983). An account of the fishes of
the Padma River near Rajshahi. Rajshahi Fish Bulletin, 1(2):

Bhuiyan, S.S., Joadder, M.A.R. and Bhuiyan, A.S. (2008).
Occurance of fishes and non-fin fishes of the river Padma,

1-31.
Islam, M.S. (2012). Present status of wetland biodiversity. a

near Rajshahi, Bangladesh. University Journal of Zoology
Rajshahi University, 27: 99-100, http://doi.org/10.3329/

study in Sujanagar Upazila, Pabna, Bangladesh. Journal of
Pharmacy and Biological Sciences,
3(1):
06-13,

ujzru.v27i0.1965
Chaki, N.S., Jahan, M.F., Fahad, H., Galib, S.M. and Mohsin,
A.B.M. (2014). Environment and fish fauna of the Atrai
River: global and local conservation perspective. Journal of

http://www.iosrjournals.org/iosr-jpbs/papers/vol3-issue1/
B0310613.pdf
IUCN, B. (2015). Red List of Bangladesh Volume 5: Freshwater
Fishes. IUCN, International Union for Conservation of Na-

http://doi.org/10.17017/

ture, Bangladesh Country Office, Dhaka, Bangladesh, pp
xvi+360, https://portals.iucn.org/library/sites/library/files/

Chowdhury, M.H. (2012). Rupsa-Pasur River. In Islam, Sirajul;
Jamal, Ahmed A. Banglapedia: National Encyclopedia of

documents/RL-549.3-003-v.5.pdf
Jenkins, M.D. and Williamson, (2003). Biodiversity and the

Bangladesh (Second ed.). Asiatic Society of Bangladesh,
http://en.banglapedia.org/index.php?title=Rupsa-

ecosystem approach in agriculture, forestry and fisheries
proceedings. Food and Agriculture Organization of the

Pasur_River
DoF (Depertment of Fisheries) (2017). National Fish Week

United Nations. Rome, Italy, pp. 100-116.
Mohite, S.A. and Samant, (2013). Impact of environmental

Compendium. Department of Fisheries, Ministry of Fisheries and Livestock, Dhaka, Bangladesh, pp. 160.

changes on fish and fisheries in warna river basin, Western
Ghats, India. International Research Journal of Environment

Doha, S. (1973). Fishes of the districts of Mymensing and
Tangail. Bangladesh Journal of Zoology, 1: 1-10.

Sciences, 2(6): 61-70.
Moumita, D., Hussain, M.A., Alam, M.M., Mazlan, A.G. and Simon,

FAO (Fisheries and Aquaculture Report) (2012). Workshop on
fishery stock indicators and stock status, Tehran, Iran. Food

K.D. (2011). Impact of Sariakandi fish pass on fisheries
diversity of Bangali river, Bogra, Bangladesh. AACL Bioflux,

and Agriculture Organization of the United Nations (FAO).
Rome, Italy, pp. 46.

4(5): 621-626.
Rahman, M.R. (2013). Studied on the changes of fisheries in

Hasan, M. (2007). Fisheries problems and potential of the Chitra
and Fatki rivers. Bangladesh Journal of Fisheries, 30: 105-

Gobarchapa Beel in the Sonatola upazila under Bogra
district, Bangladesh. MS Thesis, Department of Fisheries

111.
Hossain, M. (2012). Biodiversity of threatened fish species of

Management,
Bangladesh
Mymensingh, pp. 43-62.

Fisheries,
2(3):
jfish.v2i3.2014.46

163-172,

Agricultural

University,

Choto Jamuna River in Badalgachhi area under Naogaon
district. MS Thesis, Department of Fisheries Management,

World, B. (1991). Bangladesh strategy review. World Bank,
Washington DC, USA, pp. 55.

Bangladesh Agricultural University, Mymensingh, pp. 30-62.
Islam, M., Saha, N. and Rahman, M. (2011). Economic activities

Zafar, M.S., Amin, M.N. and Iqbal, M.J. (2007). Biodiversity of
fisheries organisms in the Pagla River of Bangladesh. Bang-

decreases biodiversity in Hakaluki Haor, the largest inland

ladesh Journal of Fisheries, 30: 165-175.

Archives of Agriculture and Environmental Science 3(3): 240-244 (2018)
https://doi.org/10.26832/24566632.2018.030305

This content is available online at AESA

Archives of Agriculture and Environmental Science
e-ISSN: 2456-6632

Journal homepage: www.aesacademy.org

ORIGINAL RESEARCH ARTICLE

Performance of chilli (Capsicum annuum L.) lines with different plantation time
during rainy season
M. Ratna1, R. Sarker1*

, Rumman Ara2, M.M. Hossain3 and M.M. Kamruzzaman4, 5

1

Scientific Officer, Regional Horticultural Research Station, BARI, Patuakhali, BANGLADESH
Scientific Officer, Spices Research Sub-centre, BARI, Faridpur, BANGLADESH
3
Senior Scientific Officer, Regional Spices Research Centre, BARI, Gazipur, BANGLADESH
4
Scientific Officer, Spices Research Centre, BARI, Bogura, BANGLADESH
5
Principle Scientific Officer, Spices Research Sub-centre, BARI, Faridpur, BANGLADESH
*
Corresponding author’s E-mail: rumpakbds@gmail.com
2

ARTICLE HISTORY

ABSTRACT

Received: 23 July 2018
Revised received: 10 August 2018
Accepted: 18 August 2018

The experiment was conducted during April to September, 2016 at Spices Research SubCentre, Faridpur to evaluate the performances of four chilli lines with BARI Morich-2 as check
and to select the suitable planting time during rainy season. The experimental field belongs to
high land of Low Ganges River Flood plain (AEZ 12) with clay loam in texture. The experiment
was laid out in RCB design with three replications. Four lines and a variety viz., C0711, C0712,

Keywords
Chili (Capsicum annuum L.)
Chilli lines
Performance
Planting time
Rainy season

C0713 and C0714 and BARI Morich-2 as check were evaluated with three planting time viz.,
01 April, 15 April and 30 April. Seedlings of 40 days old were transplanted maintaining of 50cm
× 50cm spacing in each case. The crop (Green chilli) was started to harvest from July and
completed on August-September, 2016. Among the lines, C0712 emerged as superior in terms
of maximum number of fruits/plant (225.7) and weight of fruits/plant (478.6g) and fresh yield
(15.43t/ha) while the highest single fruit weight (3.217g) was found from C0714. The 15 April
planting date emerged as best in terms of maximum weighed fruit (2.661g), weight of fruits/
plant (409.3g), number of fruits/plant (182.5) and fresh yield (12.14 t/ha). The interaction
effect showed that line C0712 transplanted on 15 April gave the heavier fruits/plants (542.2g)
with maximum number of fruits/plant (241.3) and maximum fresh yield (16.73 t/ha). The 15
April planting was ideal for rainy season chilli evaluation and the line C0712 was the most
stable performing line with respect to different planting dates.
©2018 Agriculture and Environmental Science Academy
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INTRODUCTION

C. pubescens Keep.) are domesticated and cultivated (Costa et al.,

Chili (Capsicum annuum L.) is a spice, a fruit vegetable widely

2009). Throughout the world, chili is consumed fresh, dried or in
powder (El-Ghoraba et al., 2013). It is rich in proteins, lipids,

cultivated in the world and which importance in human food is
capital (Dias et al., 2013). It is a diploid (2n=24) species and ge-

carbohydrates, fibers, mineral salts (Ca, P, Fe) and in vitamins A,
D3, E, C, K, B2 and B12 (El-Ghoraba et al., 2013). The fruits are

netically self-pollinated and chasmogamous crop whose flowers
open only after pollination (Lemma, 1998). However, 2 to 96%

an excellent source of health-related phytochemical compounds, such as ascorbic acid (vitamin C), carotenoids

out-crossing was observed under open pollination (AVRDC,
2000). Originated from South and Central America, chili, of the

(provitamin A), tocopherols (vitamin E), flavonoids, and capsaicinoids that are very important in preventing chronic diseases

genus Capsicum, has more than 25 species of which only five (C.
annuum L., C. chinense Jacq.,C. frutescens L., C. baccatum L. and

such as cancer, asthma, coughs, sore throats, toothache,
diabetes and cardiovascular diseases (Wahyuni et al., 2013).
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Moreover, the consumption of fresh fruits facilitates starchy food

spacing in each case. The land was fertilized with Cowdung-5 t/

digestion (Bhattacharya et al., 2010). Chili has antioxidant,
anti-mutagenesis, hypocholesterolemic and immunosuppressive

ha, N100, P66, K100 and S20 Kg/ha. Entire quantity of cow dung, P,
1/3 K and S were applied at the time of final land preparation. N

properties (El-Ghoraba et al., 2013) and also inhibits bacterial
growth and platelet agglomeration (Wahyuni et al., 2013). At

and K were applied in three equal splits at 25, 50 and 70 days
after transplanting. Five weeding were done at 25, 40, 60, 80

global level, chili is one of the spices that generate huge revenues
for producers and therefore contributes to poverty alleviation

and 100 DAP. To control thrips, tracer @ 0.4 ml/L of water was
sprayed five times. The crop (Green chilli) was started to harvest

and improvement of women’s social status (Karungi et al., 2013).
Chilli (Capsicum spp. L.) is one of the most popular vegetables,

from July and completed on August-September, 2016. The
weather data of Faridpur from April to September 2016 are

originated from South and Central America (Bahurupe et al.,
2013). It is the second most important solanaceous vegetable

presented in Tables 1 and 2. Data on yield and yield contributing
characters were processed for combined analysis and analyzed

after tomato grown worldwide both as a spice or vegetable crop
(Hasan et al., 2014). Though chilli production is possible

statistically using MSTAT computer program.

throughout the year (Kharif-1, Kharif-2 and Rabi) in Bangladesh,
but production is low in Kharif-2 due to some adverse environ-

RESULTS AND DISCUSSION

mental condition. Lack of potential germplasms, water logging
condition, high rainfall, high pest and disease incidences etc.

Effect of lines
Means of different yield and yield contributing characters of

These are responsible for low production which leads to high
price in that season. A number of local germplasms are cultivat-

chilli lines were shown in Table 3. The tested lines regarding
different characters exhibited significant differences except

ed in Faridpur region and meet the largest portion of demand of
chilli in Kharif-2. In the varietal developmental process, collec-

single fruit length. The single fruit weight (3.21g) recorded highest in C0714 while it was lowest (1.98 g) in BARI Morich-2. The

tion and evaluation of lines/germplasms is a continuous process
(Allard, 1960). A journey towards this direction is the selection

line C0712 possessed the maximum number of fruits per plant
(225.7) followed by C0713 (181.1) while the lowest number of

of better performing chilli lines for cultivating in rainy season.
Besides, delayed planting and wrong selection of varieties/

fruits per plant (132.4) was obtained from C0714. The line
C0712 gave the highest weight of fruits per plant (478.6 g)

cultivars resulted in inconsistent yield and poor return from
chilli cultivation. Optimum sowing time brings about proper

followed by C0713 (376.3 g) and C0714 (364.6 g). The highest
fresh yield (15.43t/ha) was obtained from C0712 followed by

growth and development of plants resulting in maximum yield of
the crop and economic use of land (Islam et al., 2010). The plant-

C0714 (11.20 t/ha) and C0713 (11.02 t/ha) while the lowest
fresh yield (7.25 t/ha) was obtained from C0711. Mehraj et al.

ing date should therefore be identified in such a way that the
crop has the required time for germination, growth, flowering

(2014) studied the performance of four chilli lines and found
variation on yield among the lines. Padda et al. (1970) observed

and seeding and appropriate synchronization of flowering with
temperatures so that it can use the maximum light and favorable

113.7 to 399.8 g fresh weight of fruits per plant of chilli varieties
in Punjab. The differential response by different varieties may

temperatures and produce a high quality yield (Nahardani et al.,
2013). However, information regarding the optimum time of

be due to differences in genetic constituents of the varieties and
variable environmental condition (Bergefurd et al., 2011).

planting as well as the interaction effect in combination with
chilli lines on the performance of chilli is scanty during rainy

Effect of planting time

season in Faridpur region. Considering the importance of chilli
and in view of the above-mentioned facts, the present study was

A perusal of data presented in Table 4 depicted that different
planting dates showed significant effect on the performance of

undertaken aiming to identify the suitable chilli line(s) and to
find out the optimum planting time of chilli (Capsicum annuum L.)

chilli lines. Seedlings transplanted at 15 April emerged as best in
terms of maximum weighed fruit (2.66g), weight of fruits/ plant

grown for rainy season.

(409.3 g), number of fruits/plant (182.5) and fresh yield (12.14 t/
ha). The increase in yield components with 15 April planting

MATERIALS AND METHODS

date may be attributed to availability of favorable environmental condition for appropriate synchronization of flowering and

The experiment was conducted during April to September, 2016
to evaluate the performances of chilli lines grown in rainy

subsequent transformation to fruits for producing optimum
yield (Nahardani et al., 2013). Reduction in fruit set in delayed

season at three planting time. The experimental field belongs to
high land of Low Ganges River Floodplain (AEZ 12) with clay

planting may be associated with decreased concentrations of
reducing sugars in flower buds and flowers that may results

loam in texture having 7.6-8.1 soil pH. Four lines and a variety
viz., C0711, C0712, C0713, C0714 and BARI Morich-2 as check-

failure of pollination and induce abscission of flowers under high
temperature condition (Erickson and Markhart, 2001).

were evaluated with three planting time viz., 01 April, 15 April
and 30 April. The experiment was laid out in RCB design with

Interaction effect

three replications. The unit plot size was 2.0m × 1.5m. Seedlings
of 40 days old were transplanted maintaining 50cm × 50 cm

The result indicated a significant interaction between planting
dates and chilli lines in respect of different yield contributing
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attributes (Table 5). The results showed that the line C0712

yield (16.73 t/ha) was obtained from C0712 when transplanted

when transplanting on 15 April gave the maximum number of
fruits per plant (241.3) and maximum weight of fruits per plant

on 15 April which was identical to C0712 × 30 April but significantly differed from other combinations. Besides, C0713 and

(542.2g). The lowest number of fruits per plant (122.0) was
obtained from C0714 when transplanted on 01 April. On the

C0714 also gave better performance than check in respect of
number of fruits per plant (192.7 and 143.7), weight of fruits per

other hand the lowest weight of fruits per plant was obtained
from C0711 when transplanted in 01 April. The highest fresh

plant (429 g and 386.2 g), fresh yield (12.40 t/ha and 12.50 t/ha)
when transplanting on 15 April.

Table 1. Month wise average temperature, humidity and total rainfall at Faridpur from April to September 2016.
Average maximum (oC)

Average minimum (oC)

Average relative humidity (%)

Total rainfall (mm)

April 2016

36.11

26.23

74.50

57.2

May 2016

33.22

24.71

79.80

222

June 2016

34.08

26.22

82.73

282.2

July 2016

32.28

26.35

88.13

497.3

August 2016

33.13

26.67

83.84

303.10

September 2016

33.31

26.36

86.03

124.7

Month

Table 2. Month wise number of rainfall days and range.
Month

Number of rainfall days

Range (mm)

April 2016

3

7.8-33

May 2016

14

0.9-43.5

June 2016

15

0.3-70.6

July 2016

26

0.7-90.1

August 2016

20

002.2-112.8

September 2016

18

000.4-025.4

Table 3. Yield and yield contributing characters of chilli lines as affected by different lines during 2015-16.
Fruit
length (cm)

Fruit breadth
(cm)

Single fruit
weight (g)

No. of fruits/
plant

Weight of
fruits/plant (g)

Fresh yield
(t/ha)

C0711

9.35 a

0.84 b

2.12 cd

144.7 d

275.3 d

7.25 d

C0712

9.34 a

0.80 b

2.24 c

225.7 a

478.6 a

15.43 a

C0713

9.52 a

0.87 ab

2.51 b

181.1 b

376.3 b

11.02 b

C0714

9.85 a

0.90 a

3.21 a

132.4 e

364.6 bc

11.20 b

BARI Morich-2

9.73 a

0.80 b

1.98 d

168.1 c

342.4 c

9.42 c

Line/ variety

Level of significance
CV (%)

NS

*

**

**

**

**

7.25

7.76

7.86

4.97

6.65

7.79

NS = Non significant, ** = 1% level of significance; In a column, means followed by the same letter did not differ significantly.

Table 4. Yield and yield contributing characters of chilli lines as affected by different planting times during 2015-16.
Fruit length
(cm)

Fruit breadth
(cm)

Single fruit
weight (g)

Number of
fruits/plant

Weight of
fruits/plant (g)

Fresh yield
(t/ha)

01 April

9.38 a

0.83 a

2.21 c

159.7 c

331.6 c

9.77 c

15 April

9.66 a

0.83 a

2.66 a

182.5 a

409.3 a

12.14 a

30 April

9.63 a

0.86 a

2.38 b

169.1 b

361.5 b

10.68 b

NS

*

**

**

**

**

7.25

7.76

7.86

4.97

6.65

7.79

Planting Time

Level of significance
CV (%)

NS = Non significant, ** = 1% level of significance; In a column, means followed by the same letter did not differ significantly.
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Table 5. Inter action effect of line/variety and planting date on different yield attributes of chilliduring 2015-16.
Treatments
Line/Variety

Planting date
01 April
15 April
C0711
30 April
01 April
C0712
15 April
30 April
01 April
C0713
15 April
30 April
01 April
C0714
15 April
30 April
01 April
BARI Morich-2
15 April
30 April
Level of significance
CV (%)

Fruit length
(cm)

Fruit
breadth (cm)

Single fruit
weight (g)

Number of
fruits/plant

Weight of
fruits/plant (g)

Fresh yield
(t/ha)

9.43 a
9.26 a
9.36 a
9.23 a
9.53 a
9.26 a
9.36 a
9.60 a
9.60 a
9.86 a
9.66 a
10.03 a
9.03 a
10.27 a
9.90 a
NS
7.25

0.87 a-c
0.78 c
0.86 a-c
0.81bc
0.83 a-c
0.78 c
0.80bc
0.92 ab
0.88 a-c
0.93 ab
0.85 a-c
0.94 a
0.77 c
0.80bc
0.84 a-c
*
7.76

1.99fg
2.35 de
2.03 e-g
2.04 d-g
2.40 d
2.28 d-f
2.26 d-f
2.87 c
2.40 d
3.03bc
3.38 a
3.23ab
1.72 g
2.28 d-f
1.95fg
**
7.86

132.3fg
161.3 e
140.3 f
214.7 b
241.3 a
221.0 b
169.0 de
192.7 c
181.7 cd
122.0 g
143.7 f
131.7fg
160.3 e
173.3 de
170.7 de
**
4.97

246.9 h
310.4 ef
268.8 gh
434.8 b
542.2 a
458.8 b
329.3 def
429.0 b
370.8 c
346.0 cde
386.2 c
361.6 cd
300.9fg
378.7 c
347.4 cde
**
6.65

6.47 h
8.28fg
7.00 gh
14.18 b
16.73 a
15.37 ab
9.75 d-f
12.40 c
10.91 d
10.09 de
12.50 c
11.02 cd
8.38fg
10.79 d
9.10 ef
**
7.79

NS = Non significant, ** = 1% level of significance; In a column, means followed by the same letter did not differ significantly.

Conclusion

Chakravarty, A. and Pal, S. (2010). Antioxidant constituents

The findings concluded that 15 April (Fresh yield is 12.14 t/ha)

and enzyme activities in chilli peppers. International Journal
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https://

was the most suitable time for rainy season chilli evaluation and
among the lines C0712 (Fresh yield is 15.43 t/ha) was the most
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and C0714 also gave better performance than check in respect
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An experiment was conducted at the Agronomy Field Laboratory, Bangladesh Agricultural
University, Mymensingh, during November 2016 to April 2017 to study the impact of nutrient
management on the performance of aromatic fine rice in Boro season. The experiment
comprised three varieties viz., BRRI dhan50, Basmati and BRRI dhan63; and seven nutrient
managements viz., poultry manure @ 5 t ha-1, recommended dose of chemical fertilizers (i.e.
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Aromatic fine rice
Boro season
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Yield performance

250, 126, 120, 100 and 10 kg N-P-K-S-Zn, respectively ha-1), 25% less than recommended dose
of chemical fertilizer + poultry manure @ 2.5 t ha-1, 50% less than recommended dose of chemical fertilizer + poultry manure @ 5 t ha-1, vermicompost @ 10 t ha-1, 25% less than recommended dose of chemical fertilizer + vermicompost 5 t ha-1, 50% less than recommended dose of
chemical fertilizer + vermicompost @ 10 t ha -1. The experiment was laid out in a randomized
complete block design with three replications. The results revealed that variety, nutrient management and their interaction exerted significant influence on yield components and yield of
aromatic fine rice in Boro season. The highest grain yield (4.09 t ha -1), straw yield (6.20 t ha-1)
and harvest index (39.37%) were obtained in BRRI dhan63 while the lowest grain yield (3.44 t
ha-1) and harvest index (36.54%) were found in Basmati. In case of nutrient management, the
highest grain yield (4.31 t ha-1) was recorded in recommended dose of chemical fertilizers (i.e.
250, 126, 120, 100 and 10 kg N-P-K-S-Zn, respectively ha-1) which was as good as 25% less
than recommended dose of chemical fertilizer + vermicompost @ 5 t ha -1and 25% less than
recommended dose of chemical fertilizer + poultry manure @ 2.5 t ha-1 while the lowest one
(2.74 t ha-1) was found in vermicompost @ 10 t ha-1. In case of interaction, the highest grain
yield (5.30 t ha-1) was obtained in BRRI dhan63 along with 50% less than recommended dose of
chemical fertilizer + vermicompost @ 10 t ha-1 while the highest straw yield (7.20 t ha-1) was
produced in BRRI dhan63 fertilized with recommended dose of chemical fertilizers (i.e. 250,
126, 120, 100 and 10 kg N-P-K-S-Zn, respectively ha-1). Therefore, it can be concluded that
BRRI dhan63 can be grown with 50% less than recommended dose of chemical fertilizer +
vermicompost @10 t ha-1 in Boro season to obtain the highest grain yield.
©2018 Agriculture and Environmental Science Academy
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INTRODUCTION

77.07% of cropped area of Bangladesh is used for rice produc-

Bangladesh is one of the most important rice growing countries

tion, with annual production of 34.71 million ton from 11.42
million ha of land (BBS, 2016). Boro rice covers about 41.94% of

of the world. In respect of area and production, Bangladesh
ranks fourth among the rice producing countries of the world

total rice area in the country (BBS, 2016). Aromatic rice contributes a small portion (10%) but an important subgroup of rice

following China, India and Indonesia (FAO, 2009). About

production. Total aromatic rice production is about 0.297
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million tons in 2013 from 0.158 million ha of land in Bangladesh.

Experimental design and treatment details

Sarkar et al. (2014) reported that Bangladesh has a bright prospect for export of fine rice thereby earning foreign exchange.

The experiment consisted of three varieties viz. BRRI dhan50,
Basmati and BRRI dhan63, and seven nutrient managements

The yield of fine rice is lower than that of coarse and medium
rice varieties. In recent years, aromatic rice has been introduced

viz., poultry manure 5 t ha-1, recommended dose of chemical
fertilizers (i.e. 250, 126, 120, 100 and 10 kg N-P-K-S-Zn, respec-

to the global market because of its taste, deliciousness and high
price to boost up the economic condition of the rice grower in

tively ha-1), 25% less than recommended dose of chemical fertilizer + poultry manure @ 2.5 t ha-1,50% less than recommended

the developing countries like Bangladesh. Because of its natural
chemical compounds which give it a distinctive scent or aroma

dose of chemical fertilizer + poultry manure @ 5 t ha-1,
vermicompost @ 10 t ha-1, 25% less than recommended dose of

when cooked, aromatic rice commands higher price than nonaromatic rice. The demand of aromatic rice for internal

chemical fertilizer + vermicompost @ 5 t ha-1, 50% less than
recommended dose of chemical fertilizer + vermicompost @ 10

consumption and also for export is increasing day by day. For
this reason, farmers are willing to grow aromatic fine rice to

t ha-1. The experiment was laid out in a randomized complete
block design with three replications. At the time of final land

obtain higher economic return. So, it is high time to increase the
production of aromatic fine rice through increasing the yield per

preparation, respective unit plots were fertilized with different
levels of vermicompost, poultry manure according to treat-

unit area by following proper management system of crop cultures especially through developed variety and nutrient man-

ments. The manures were thoroughly mixed with the soil. The
amount of nitrogen, phosphorus, potassium, sulphur and zinc

agement. In Bangladesh, more than 37 aromatic rice cultivars
are grown. Such common cultivars are Kataribhog, Chinigura,

required for each unit plot was calculated on ha-1 basis and
applied in the form of urea, triple super phosphate, muriate of

Chinisagar, Badshabhog, Rasulbhog, Radhunipagol, Kalizira,
Tulshimala, Dulabhog, Basmati, BRRI dhan34, BRRI dhan37,

potash, gypsum and zinc sulphate, respectively. Triple super
phosphate, muriate of potash, gypsum and zinc sulphate was

BRRI dhan38, Binadhan-9 and Binadhan-13. Most of the scented rice varieties in Bangladesh are of traditional type, photoper-

applied at final land preparation as per treatment. Urea was
applied in three equal splits at 15, 30 and 45 days after trans-

iod sensitive, and cultivated during the Aman season. One
variety is recommended for Boro season namely, BRRI dhan50

planting (DAT).

(Banglamoti) developed by the Bangladesh Rice Research Institute (BRRI) has gained huge popularity among farmers for its

Transplantation of seedlings and collection of data
Thirty-five days old seedlings were uprooted carefully without

fragrance and relatively high productivity. Like other crops, the
yield level of rice, the staple food grain of the country, is very

causing any mechanical injury to the root. Healthy seedlings
were transplanted in the well puddled experimental plots on 21

low (2.876 t ha-1) (BBS, 2016) compared to other rice growing
countries like South Korea and Japan where the average yield is

December 2016. Intercultural operations were done for ensuring and maintaining normal growth of the crop when necessary.

6.00 and 5.22 t ha-1, respectively (FAO, 2004). The reason for
low yields are mainly associated with lack of improved varieties

Prior to harvest five hills (excluding border hills) were selected
randomly from each unit plot and uprooted to record data on

and judicious fertilizer management especially of organic
manure like cowdung, vermicompost, poultry manure and/or

crop characters and yield components. After sampling, the
whole plot was harvested at maturity when 90% of the grains

their integration with inorganic fertilizers. In Bangladesh,
nutrient stresses of soils are increasing day by day. The produc-

became golden yellow in color. BRRI dhan63 was harvested on
23 April, 2017 and BRRI dhan50 and Basmati were harvested on

tivity of aromatic fine rice in Bangladesh is very low due mainly
to proper nutrient management. The efficient nutrient manage-

30 April 2017. The harvested crops of each plot was separately
bundled, properly tagged and then brought to threshing floor.

ment increases crop yield and at the same time reduces fertilization cost. Therefore, extensive research works are necessary to

Threshing was done manually. The grains were cleaned and sun
dried to 14% moisture content. Straws were also dried properly.

find out appropriate variety and optimum rate of poultry
manure, vermicompost in combination with inorganic fertilizers

Finally grain and straw yields plot-1 were recorded and converted to t ha-1. Harvest index (%) was calculated with the following

to obtain satisfactory yield and quality of fine rice.

formula:

MATERIALS AND METHODS
Description of study site
The experiment was conducted at the Agronomy Field Laboratory, Bangladesh Agricultural University, Mymensingh, during
November 2016 to April 2017.This experimental site is located at

Statistical analysis of data
Data were analyzed statistically using “Analysis of Variance”

24°75´ N latitude and 90°50´E longitude having an altitude of

technique and differences among treatments means were
adjudged by Duncan’s Multiple Range Test (DMRT) (Gomez and

18m. The experimental site belongs to the Sonatala series of Old
Brahmaputra Floodplain Agroecological Zone (AEZ-9) having non
-calcareous dark grey floodplain soils (UNDP and FAO, 1988).

Gomez, 1984).
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RESULTS AND DISCUSSION

than recommended dose of chemical fertilizer + poultry manure

Varietal performance

@ 5 t ha-1 and the lowest one (91.11) was found in vermicompost @ 10 t ha-1. Combined application of manures and fertiliz-

Yield components and yield of aromatic fine rice were significantly influenced by variety (Table 1). BRRI dhan50 produced

ers increased number of grains panicle-1 was reported
elsewhere (Jahan et al., 2017; Sarkar et al., 2016; Parvez et al.,

the highest plant height (69.43 cm), which was statistically
identical to Basmati (67.48 cm) and the lowest one (66.30 cm)

2008 and Rahman et al., 2007). The highest number of total
spikelets panicle-1 (107.7) was recorded in 50% less than recom-

was found in BRRI dhan63. The variation in plant height among
the varieties was probably due to heredity or varietal charac-

mended dose of chemical fertilizer + poultry manure at 5 t ha -1
and the lowest one (99.78) was found in recommended dose of

ters. Similar results were reported elsewhere (Paul et al., 2016;
Ray et al., 2015 and Kirttania et al., 2013). The highest number of

chemical fertilizers (i.e 250, 126, 120, 100 and 10 kg N-P-K-SZn, respectively ha-1). The highest number of sterile spikelets

total tillers hill-1 was produced by Basmati (10.47), which was
statistically identical to BRRI dhan50 (10.33) and the lowest one

panicle-1 (14.33) was produced in poultry manure 5 t ha -1 while
the lowest one was found in 50% less than recommended dose

(9.47) was found in BRRI dhan63. Shaha et al. (2014) reported
that number of tillers hill-1 was influenced by variety. BRRI

of chemical fertilizer + vermicompost @ 10 t ha-1. Recommended dose of chemical fertilizers (i.e. 250, 126, 120, 100 and 10 kg

dhan50 and Basmati produced the highest and same number of
effective tillers (9.00) and statistically identical panicle length

N-P-K-S-Zn, respectively ha-1) produced the highest grain yield
(4.31 t ha-1). However, 25% less than recommended dose of

(21.29 cm and 21.10 cm, respectively) while the lowest of these
parameters were found in BRRI dhan63. Due to varietal charac-

chemical fertilizer + poultry manure 2.5 t ha-1 (4.15 t ha-1) and
25% less than recommended dose of chemical fertilizer + ver-

teristics production of effective tillers hill -1 varied significantly
(Sarkar et al., 2014). Shaha et al. (2014) reported that panicle

micompost @ 5 t ha-1 (4.25 t ha-1) were as good as treatment of
recommended dose of chemical fertilizers (i.e. 250, 126, 120,

length was influenced with variety. Basmati and BRRI dhan63
produced the highest and same number of non-effective tillers

100 and 10 kg N-P-K-S-Zn, respectively ha-1 in respect of grain
yield. The lowest grain yield (2.74 t ha-1) was produced in poul-

(1.47) and the lowest one (1.33) was found in BRRI dhan50. The
highest number of grains panicle-1 (97.67) and number of total

try manure @ 5 t ha-1(N1) (2.87 t ha-1) and vermicompost @ 10 t
ha-1. Similar results were reported by Shaha et al. (2014) and

spikelets panicle-1(107.8) was found in BRRI dhan50 while BRRI
dhan63 produced the highest number of sterile spikelets panicle

Sarkar et al. (2014). The highest straw yield (6.64 t ha-1) was
produced in 25% less than recommended dose of chemical ferti-

-1

(15.29), 1000-grain weight (20.96 g), grain yield (4.09 t ha -1),
straw yield (6.20 t ha-1), biological yield (10.29 t ha-1) and

lizer + poultry manure @ 2.5 t ha -1 and the lowest (5.04 t ha-1)
was found in vermicompost @ 10 t ha-1 which was at par with

harvest index (39.37%). The lowest grain yield (3.44 t ha -1) and
harvest index (36.54%) were found in Basmati and the lowest

poultry manure @ 5 t ha-1 (5.08 t ha-1). Combined application of
inorganic fertilizers with organic manures produced the highest

straw yield (5.78 t ha-1) was found in BRRI dhan50. Significant
variation of grain and straw yields among the rice genotypes

straw yield (Jahan et al., 2017). The highest biological yield
(10.80 t ha-1) was found in 25% less than recommended dose of

were reported elsewhere (Pal et al., 2016, Mittra, 2005,
Muniruzzaman, 2004 and Hossain et al., 2003).

chemical fertilizer + poultry manure @ 2.5 t ha-1 which was at
par with recommended dose of chemical fertilizers (i.e. 250,

Effect of nutrient management

126, 120, 100 and 10 kg N-P-K-S-Zn, respectively ha-1), and
25% less than recommended dose of chemical fertilizer + ver-

Nutrient management exerted significant influence on yield
components and yield of fine rice varieties except panicle length

micompost @ 5 t ha-1 while the lowest one (7.79 t ha-1) was recorded in vermicompost @ 10 t ha -1. The highest harvest index

and 1000-grain weight (Table 2). The highest plant height (69.00
cm) was produced in 25% less than recommended dose of chem-

was produced by recommended dose of chemical fertilizers (i.e.
250, 126, 120, 100 and 10 kg N-P-K-S-Zn, respectively ha-1)

ical fertilizer + poultry manure @ 2.5 t ha-1, which was statistically identical to 50% less than recommended dose of chemical

(40.36%) which was at par with 25% less than recommended
dose of chemical fertilizer + vermicompost @ 5 t ha-1 (39.91%)

fertilizer + vermicompost @ 10 t ha-1 and 25% less than recommended dose of chemical fertilizer + vermicompost @ 5 t ha-1.

and 50% less than recommended dose of chemical fertilizer +
vermicompost @ 10 t ha-1 (39.85%) and the lowest one (35.24%)

The highest number of total tillers hill -1 (12.22) was produced in
25% less than recommended dose of chemical fertilizer +

was found in vermicompost @ 10 t ha-1.

vermicompost @ 5 t ha-1 and the lowest one (9.55) was found in
poultry manure 5 t ha-1. Similar results were reported by Shaha

Interaction effect of variety and nutrient management
Crop characters, yield components and yield of aromatic fine

et al. (2014). The highest number of effective tillers hill -1 (10.56)
was produced in 25% less than recommended dose of chemical

rice were significantly influenced by the interaction between
variety and nutrient management (Table 3). The tallest plant

fertilizer + vermicompost @ 5 t ha-1 while 50% less than recommended dose of chemical fertilizer + vermicompost @ 10 t ha -1

(72.00 cm) was recorded in Basmati fertilized with 25% less than
recommended dose of chemical fertilizer + vermicompost @ 5 t

produced the highest non-effective tillers hill-1 (2.00). The highest number of grains panicle (95.11) was produced in 50% less

ha-1 while BRRI dhan63 fertilized with 50% less than recommended dose of chemical fertilizer + poultry manure @ 5 t ha-1

66.30b

0.766

BRRI
dhan63(V3)

Sx̄

5.32

4.81

**

0.106

9.47b

10.47a

10.33a

Number of
total tillers
hill–1

5.43

**

0.103

8.00b

9.00a

9.00a

Number of
effective
tillers hill–1

11.80

**

0.037

1.47a

1.47a

1.33b

Number of
noneffective
tillers hill–1

3.97

**

0.181

20.33b

21.10a

21.29a

Panicle
length
(cm)

3.75

**

0.753

85.28c

92.81b

97.67a

Number
of grains
panicle-1

4.27

**

0.970

101.0b

103.5b

107.8a

Number
of total
spikelets
panicle-1

10.38

**

0.273

15.29a

10.67b

10.14b

Number of
sterile
spikelets
panicle-1

3.64

**

0.160

20.96a

18.14b

21.38a

1000grain
weight (g)

6.01

**

0.049

4.09a

3.44c

3.60b

Grain
yield
(t ha–1)

3.77

**

0.050

6.20a

5.94b

5.78c

Straw
yield
(t ha–1)

4.61

**

0.097

10.29a

9.38b

9.39b

Biological yield
(t ha-1)

5.32

4.81

**

9.55c
10.80b
10.89b
9.33c
8.22d
12.22a
10.67b
0.162

Number of
total
tillers hill–1

5.43

**

8.33c
8.44c
9.33b
8.22c
7.11d
10.56a
8.66c
0.157

Number of
effective
tillers hill–1

11.80

**

1.22cd
1.33c
1.55b
1.11d
1.11d
1.66b
2.00a
0.056

Number of
non-effective
tillers hill–1

3.97

NS

20.67
21.22
20.78
20.67
21.22
21.00
20.78
0.277

Panicle
length
(cm)

3.75

**

91.89ab
91.10b
93.22ab
95.11a
91.11bc
92.11ab
92.11ab
1.15

Number of
grains
panicle-1

4.27

**

106.2ab
99.78c
105.7ab
107.7a
102.0bc
104.3abc
103.0abc
1.48

Number of
total spikelets panicle-1

10.38

**

14.33a
11.89bc
11.33bc
12.55b
10.89c
12.33b
10.89c
0.416

Number of
sterile spikelets panicle-1

3.64

NS

20.13
20.08
20.33
20.17
20.14
20.07
20.18
0.245

1000grain
weight (g)

6.01

**

2.87c
4.31a
4.15a
3.72b
2.74c
4.25a
3.92b
0.075

Grain
yield
(t ha–1)

3.77

**

5.08d
6.37b
6.64a
6.43ab
5.04d
6.42ab
5.83c
0.076

Straw
yield
(t ha–1)

4.61

**

7.95c
10.68a
10.80a
10.15b
7.79c
10.68a
9.75b
0.149

Biological
yield
(t ha-1)

3.49

**

36.15cd
40.36a
38.48b
36.72c
35.24d
39.91a
39.85a
0.422

Harvest
index
(%)

3.49

**

0.290

39.37a

36.54c

38.39b

Harvest
index (%)

In a column, figures with same letter (s) or without letter do not differ significantly whereas figures with dissimilar letter differ significantly (as per DMRT) ** =Significant at 1% level of probability. Poultry manure @ 5 t ha-1 (N1), N-P-K-S-Zn @ 250, 126, 120, 100, 10 kg ha-1 (recommended dose) (N2), 25% less than recommended dose of chemical fertilizer + poultry manure @ 2.5 t
ha-1(N3), 50% less than recommended dose of chemical fertilizer + poultry manure @ 5 t ha -1(N4), Vermicompost @ 10 t ha-1 (N5), 25% less than recommended dose of chemical fertilizer +
vermicompost @ 5 t ha-1(N6), 50% less than recommended dose of chemical fertilizer + vermicompost @ 10 t ha-1 (N7).

CV (%)

**

64.56b
64.22b
69.00a
64.33b
63.67b
67.11ab
68.67a
1.17

N1
N2
N3
N4
N5
N6
N7
Sx̄

Level of
significance

Plant
height
(cm)

Nutrient
management

Table 1. Effect of variety on crop characters, yield components and yield of aromatic fine rice in Boro season.

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

CV (%)

**

67.48a

Basmati (V2)

Level of
significance

69.43a

BRRI
dhan50 (V1)

Variety

Plant
height (cm)

Table 1. Effect of variety on crop characters, yield components and yield of aromatic fine rice in Boro season.
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65.67abcde

71.00abc

71.00abc

70.00abc

70.33abc

69.00abcd

64.67cdef

68.00abcd

71.67ab

65.00bcdef

63.00defgh

72.00a

68.00abcd

60.00efgh

59.00efgh

64.33cdefg

57.00h

58.00gh

59.00fgh

69.00abcd

V 1 × N2

V 1 × N3

V 1 × N4

V 1 × N5

V 1 × N6

V 1 × N7

V 2 × N1

V 2 × N2

V 2 × N3

V 2 × N4

V 2 × N5

V 2 × N6

V 2 × N7

V 3 × N1

V 3 × N2

V 3 × N3

V 3 × N4

V 3 × N5

V 3 × N6

V 3 × N7

5.32

**

4.81

**

0.281

10.67cd

12.33a

7.00h

7.00h

11.67ab

8.33g

9.33ef

10.33cd

12.3a

8.67fg

9.33ef

10.00de

12.3a

10.33cd

11.00bc

12.0a

9.00fg

11.67ab

11.00bc

8.66fg

9.00fg

Number
of tillers
hill–1

5.43

**

0.272

8.670de

10.33ab

6.000g

6.000g

9.670bc

7.330f

8.000ef

8.330de

10.67a

7.330f

8.330de

8.670de

10.67a

9.000cd

9.000cd

10.67a

8.000ef

10.33ab

9.670bc

7.330f

8.000ef

Number of
effective
tillers
hill–1

11.80

**

0.097

2.00a

2.00a

1.00d

1.00d

2.00a

1.00d

1.33c

2.00a

1.67b

1.33c

1.00d

1.33c

1.67b

1.33c

2.00a

1.33c

1.00d

1.33c

1.33c

1.33c

1.00d

Number of
non-effective
tillers
hill–1

3.97

NS

0.479

20.67

20.33

20.33

20.00

20.33

20.33

20.33

20.67

21.00

21.00

21.00

21.33

22.33

20.33

21.00

21.67

22.33

21.00

20.67

21.00

21.33

Panicle
length
(cm)

3.75

**

1.99

91.33defg

83.00h

82.33h

86.00gh

86.00gh

81.00h

87.33fgh

94.00cdef

90.33defg

94.00cdef

91.33defg

99.00bc

89.67efg

91.33defg

91.00defg

103.0ab

97.00bcd

108.0a

94.67cde

93.00cdef

97.00cd

Number of
grains
panicle-1

10.33gh
10.33gh
9.00gh
9.66gh

105.0 bcd
118.3 a
106.0 bc
112.3 ab

8.33h
13.33cde
9.00gh
11.00fg

107.3 bc
104.7 bcd
103.0 cde
101.3 cde

14.00cd
14.67bcd
16.33b

104.7 bcd
100.0 cde
97.00 de
99.33 cde

4.27

**

2.57

10.38

**

0.721

12.67def

15.33bc

95.33 e

104.0 bcd

19.67a
14.33bcd

107.0 bc

10.00gh

10.00gh

99.67 cde

104.0 bcd

13.00def

104.3 bcd

10.00gh

11.33efg

104.3 bcd

101.0 cde

10.33gh

Sterile
spikelets
panicle-1

107.3 bc

Total
spikelets
panicle-1

3.64

NS

0.424

20.90

21.03

21.10

21.20

21.13

20.60

20.73

18.13

18.00

17.90

17.90

18.47

18.40

18.17

21.50

21.17

21.43

21.40

21.40

21.23

21.50

1000- grain
weight (g)

6.01

**

0.129

5.30a

4.37bcd

2.70j

4.27cd

4.40bcd

4.77b

2.83ij

3.17ghi

4.33cd

2.57j

3.53fg

4.03de

3.67ef

2.80ij

3.30fgh

4.07de

2.97hij

3.37fgh

4.03de

4.50bc

2.98hij

Grain
yield
(t ha–1)

3.77

**

0.130

7.10ab

6.63cd

5.30fg

5.67ef

6.63cd

7.20a

4.87h

5.50ef

6.87abc

4.90h

6.90abc

6.33d

5.48ef

5.60ef

4.90gh

5.77e

4.93gh

6.73bcd

6.97abc

6.43d

4.78h

Straw
yield
(t ha–1)

4.61

**

0.258

12.40a

11.00b

8.00fgh

9.93c

11.03b

11.97a

7.69gh

8.670ef

11.20b

7.470h

10.43bc

10.36bc

9.15de

8.40efg

8.20fgh

9.83cd

7.90fgh

10.10c

11.00b

10.93b

7.76gh

Biological
yield
(t ha-1)

3.49

**

0.766

42.74a

39.71bcde

33.75h

42.95a

39.88bcde

39.84bcde

36.74fg

36.55fg

38.68cdef

34.38gh

33.87h

38.89bcdef

40.08bcde

33.33h

40.24bcd

41.35ab

37.58ef

33.33h

36.65fg

41.16abc

38.40def

Harvest
Index
(%)

In a column, figures with same letter (s) or without letter do not differ significantly whereas figures with dissimilar letter differ significantly (as per DMRT) ** =Significant at 1% level of probability,* =Significant at
5% level of probability, NS = Not significant, BRRI dhan50 (V1), Basmati (V2) and BRRI dhan63(V3) Poultry manure @ 5 t ha-1 (N1), N-P-K-S-Zn @ 250, 126, 120, 100, 10 kg ha-1 (recommended dose) (N2), 25% less
than recommended dose of chemical fertilizer + poultry manure @ 2.5 t ha-1(N3), 50% less than recommended dose of chemical fertilizer + poultry manure @ 5 t ha-1(N4), Vermicompost @ 10 t ha-1 (N5), 25% less
than recommended dose of chemical fertilizer + vermicompost @ 5 t ha-1(N6), 50% less than recommended dose of chemical fertilizer + vermicompost @ 10 t ha-1 (N7).

CV (%)

Level of sig.

2.02

69.00abcd

V 1 × N1

Sx̄

Plant
height (cm)

Interaction
(Variety × nutrient
management)

Table 3. Interaction effects of variety and nutrient management on crop characters, yield components and yield of aromatic fine rice in Boro season.
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produced the shortest one (57.00 cm). The highest number of
-1

the highest straw yield (7.20 t ha-1) was produced in BRRI

total tillers hill (12.33) was obtained in BRRI dhan63 fertilized
with 25% less than recommended dose of chemical fertilizer +

dhan63 fertilized with recommended dose of chemical fertilizers (i.e. 250, 126, 120, 100 and 10 kg N-P-K-S-Zn, respectively

vermicompost @ 5 t ha-1 which was similar to BRRI dhan50 fertilized with recommended dose of chemical fertilizers (i.e. 250,

ha-1). Therefore, it can be concluded that BRRI dhan63 can be
grown with 50% less than recommended dose of chemical

126, 120, 100 and 10 kg N-P-K-S-Zn) and Basmati along with
25% less than recommended dose of chemical fertilizer +

fertilizer + vermicompost @10 t ha-1 in Boro season to obtain the
highest grain yield.

vermicompost @ 5 t ha-1, BRRI dhan50 fertilized with 50% less
than recommended dose of chemical fertilizer + vermicompost
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The present investigation was carried out to determine the contamination, enrichment and
translocation of heavy metals in vegetables viz., spinach (Spinacia oleracea L.), fenugreek
(Trigonella foenum-graecum L.) and coriander (Coriandrum sativum L.) grown in the composite
effluent (mixture of industrial and domestic wastewater) irrigated soil. The composite effluent
of Hindon River was significantly (P<0.05/P<0.01) loaded with different physical (TDS, EC),

Keywords
Accumulation
Composite effluent
Heavy metals
Hindon River
Translocation
Vegetables crops

chemical (pH, BOD5, COD, Cl -, TKN, PO43-, SO42-, Na+, K+, Ca2+, Mg2+), heavy metals (Cd, Cr, Cu,
Fe, Mn, Pb, Zn) and microbial (total bacteria, total fungi, total coliform and yeast) parameters
in comparison to the ground water. The composite effluent irrigation significantly (P<0.05)
altered the soil characteristics like EC, pH, PO43-, K+, Cd, Cr, Cu, Fe, Mn and Pb in the soil used
for the cultivation of S. oleracea, T. foenum-graecum and C. sativum. The composite effluent
irrigation significantly increased the contents of Cd, Cr, Cu, Fe, Mn, Pb and Zn in the S. oleracea,
T. foenum-graecum and C. sativum. The enrichment factor of Cd, Cr, Cu, Fe, Mn, Pb and Zn in
vegetables was recorded to be plant part specific after irrigation with composite effluent. The
enrichment factor of Cd, Cr, Cu, Fe, Mn, Pb and Zn were recorded in the order of Cd>Zn>Pb>
Fe>Cr>Mn>Cu for S. oleracea, Cd>Zn>Fe>Mn>Pb>Cr>Cu for T. foenum-graecum and
Cd>Zn>Pb>Fe>Cu>Mn>Cr for C. sativum after irrigation with composite effluent. Therefore,
disposal of sewage and industrial effluents in the Hindon River must be strictly prohibited to
save the existence of the Hindon River and irrigation practices using composite effluent should
also be banned to prevent the possible health hazards due to consumption of contaminated
vegetables.
©2018 Agriculture and Environmental Science Academy
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INTRODUCTION

wastewater and industrial effluent contain an extensive range

The ever increasing human population, industrialization and

of chemicals, heavy metals and microbial pathogens. Pollution of
the soil and water and agricultural crops with heavy metals is

urbanization severely deteriorated the quality of aquatic
resources like pond, lakes, rivers and streams (Chopra et al.,

currently of great concern to human health (Arora et al., 2014;
Chaturvedi et al., 2013; Kumar and Chopra, 2013). The enrich-

2013; Kumar and Chopra, 2012a). The untreated or partially
treated sewage and industrial effluents collectively is directly

ment of pollutants especially heavy metals in the water, soil and
then in agricultural crops due to urbanization and industrializa-

disposing in the aquatic environment (Kumar and Chopra, 2013,
2015; Pathak et al., 2011; Qadir et al., 2009). The domestic

tion is one of the major environmental problems globally
(Chopra et al., 2013; Clemente et al., 2008). Heavy metals are
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considered one of the most widespread pollutant having toxic

Hindon River at Saharanpur (Uttar Pradesh), India (Figure 1).

effects on plants and animals (Chopra et al., 2011; Kumar and
Chopra, 2012b). These heavy metals come in to the environ-

The Hindon River is originated form Shivalik Hills of Western
Himalaya. The Hindon River is a tributary of the Yamuna River

ment from diverse industrial processes, domestic wastewater
discharge and use of chemicals in agricultural practices

and flows (total catchment area 7083 Km2) in the Saharanpur,
Muzaffarnagar, Meerut, Baghpat, Ghaziabad, Noida and Greater

(Sridhara et al., 2008; Al-Lahham et al., 2003). These metals
enter in the living beings through food chain, accumulate,

Noida districts of western Uttar Pradesh and merged in the
Yamuna River at Greater Noida. The Hindon River obtain the

magnify and cause various health problems beyond a prescribed
level (Kumar and Chopra, 2012a, b; Wang et al., 2007;

treated or untreated sewage and industrial effluents of about
45 major industries including sugar mills, distilleries, paper mills

Muchuweti et al., 2006; Sharma et al., 2006).
Globally, the fresh water resources are continuously shrinking

and Food processing industries during her journey. The Hindon
River is adversely polluted due to the discharge of untreated or

due to over exploitation, pollution activities, uneven distribution
of rain fall and frequent drought. On the other hand the use of

partially treated sewage wastewater and industrial effluent
from ITC, Star Paper Mill Saharanpur and many other small

aquatic resources as a medium for the disposal of the domestic
and industrial wastewater is becoming increasingly common

scales chemical based industries. The Hindon River receives
about 50 million liter wastewater (sewage and industrial efflu-

(FAO/WHO, 2011; Sharma et al., 2006; Yadav et al., 2002). In
many developing countries, rivers are severely polluted due to

ents) per day through her tributaries like Dhamola, Paondhoi
and Nagdehi River along with Star Paper Mill effluent drain at

the discharge of untreated or partially treated effluents (Javed
et al., 2016; Kumar and Chopra, 2013; Chopra et al., 2013). The

Paragpur Must village of Saharanpur city. The study area is
characterized with loamy sandy soil and a wide variation in the

contaminated wastewater of these rivers is frequently used in
the agricultural practices by the farmers due to the scarcity of

mean monthly temperature from 12 °C in December and

irrigation water, high cost of chemical fertilizers and easy access
and rich nutrients contents of wastewater. Therefore, use of

tion in the study area is about 10 to 20 mm from July to September thus this region comes under semiarid agro-climatic zone of

contaminated wastewater in the cultivation of agricultural crops
may enhance the contents of different heavy metals and micro-

the country. Therefore, evapotranspiration rate is also very high
due to high temperature regime which affects the irrigation

bial pathogens in the soil and then in the crop plants (Arora et al.,
2014; Kumar and Chopra, 2012a, b).

practices and their schedule in the study region. The farmers are
using the water of Hindon River to irrigate their agricultural

Intake of contaminated vegetables with heavy metals and
microorganisms may cause different health hazards (Muchuweti

crops since more than 25 years. However, during the last
decade rapid industrialization and urbanization severely deteri-

et al., 2006; Sharma et al., 2006). In the recent past various studies have been conducted on the characteristics of water flowing

orated the quality of water flowing in the Hindon River. Now
days the farmers are using the amalgam of domestic as well as

in different polluted rivers worldwide and their utilization in the
cultivation of agricultural crops (Javed et al., 2016; Sharma et al.,

industrial effluents in the cultivation of agricultural crops in the
vicinity of the Hindon River at Saharanpur and other districts of

2014; Lewis, 2007). Although, there are few scientific reports
are available on the water quality of the Hindon River but com-

the Uttar Pradesh state. The spinach (Spinacia oleracea), fenugreek (Trigonella foenum-graecum) and coriander (Coriandrum

prehensive research should be required on the chemical, heavy
metals and microbial load of water of the Hindon River, and

sativum) are the most common crops and widely cultivated in
this region and used for making various dishes and green

their impact on the soil and cultivated agricultural crops in the
vicinity of the Hindon River, India (Sharma et al., 2014; Lewis,

veggies as these green leafy vegetables are packed with minerals and vitamins (Kumar and Chopra, 2012b).

2007). Therefore, regular monitoring of the water quality of the
rivers, its impact on soil and vegetable crops can prevent the

Experimental design

possible health hazards due to the consumption of contaminated vegetables. Keeping in view the global river pollution and the

The present study was carried out at Paragpur Must village
located at the bank of the Hindon River during the year 2015

importance of rivers in the developments, the present investigation was aimed to determine the contamination, enrichment and

(Figure 1). During the present study, the experimental area was
divided into eighteen subplots (4×4 m2) for the cultivation of

translocation of heavy metals in different leafy vegetables viz.,
spinach (Spinacia oleracea L.), fenugreek (Trigonella foenum-

spinach (Spinacia oleracea L.), fenugreek (Trigonella foenumgraecum L.) and coriander (Coriandrum sativum L.). Thus, six plots

graecum L.) and coriander (Coriandrum sativum L.) grown in
composite effluent irrigated soil in the vicinity of Hindon River,

were used for the cultivation of each crop. The experiments
were conducted under completely randomized design. The soils

India.

of the plots were prepared for sowing of the seeds of S. oleracea,
T. foenum-graecum and C. sativum. The seeds of S. oleracea, T.

MATERIALS AND METHODS

foenum-graecum and C. sativum were sown during the end of the
October, 2015. The composite effluent is pumped from the

Description of study area
The present investigation was carried out in the vicinity of

Hindon River using pumping sets to the agricultural fields
through the plastic or PVC pipes and used to irrigate the

January and 44 °C in May and June. Average annual precipita-
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agricultural crops through the small irrigation channels. The

Collection of vegetable samples and their analysis

plants were irrigated once in a week with the composite
(amalgam of sewage and industrial effluent) effluent of the

The samples of S. oleracea, T. foenum-graecum and C. sativum
cultivated in the composite effluent and ground water (control)

Hindon River through the irrigation channel at the agriculture
fields. Similarly, groundwater irrigated plants of S. oleracea; T.

irrigated agricultural fields were procured from the local farmers of the Paragpur Must village. The samples were washed

foenum-graecum and C. sativum were considered as controls.

thoroughly and their root, stem, leaves and fruits were separated using a sharp knife. The samples were then oven dried and

Collection of effluent, soil samples and their analysis
The effluent used for irrigation of S. oleracea, T. foenum-graecum

used for metals extraction using di acid (H2SO4 and HClO4)
digestion method separately. The samples of root, stem, leaves

and C. sativum was analyzed for various physico-chemical and
microbiological parameters viz., total dissolved solids (TDS),

and fruits of S. oleracea, T. foenum-graecum and C. sativum were
analyzed for Cd, Cr, Cu, Fe, Mn, Pb, Zn using atomic absorption

electrical conductivity (EC), pH, biochemical oxygen demand
(BOD5), chemical oxygen demand (COD), chlorides (Cl -), total

spectrophotometer following standard methods (Chaturvedi
and Sankar, 2006; APHA, 2012). The enrichment factor is the

Kjeldhal nitrogen (TKN), phosphate (PO43-), sulphate (SO42-),
sodium (Na+), potassium (K+), calcium (Ca2+), magnesium (Mg2+),

ratio of the mean metal concentration of the effluent irrigated
sample and control (groundwater). The enrichment factor of

cadmium (Cd), chromium (Cr), copper (Cu), iron (Fe), manganese
(Mn), lead (Pb), zinc (Zn), total bacteria, total fungi, actinomy-

different heavy metals in the soil and S. oleracea, T. foenumgraecum and C. sativum were calculated following the equation:

cetes, total coliform and yeast following standard methods
(Chaturvedi and Sankar, 2006; APHA, 2012). The samples of the
soil (18) used for the cultivation of spinach (Spinacia oleracea L.),
fenugreek (Trigonella foenum-graecum L.) and coriander
(Coriandrum sativum L.) after composite effluent irrigation were
collected from the agricultural fields of Paragpur Must village

Statistical analysis of the data

located at the bank of the Hindon River. Similarly, the ground
water irrigated soil used for the cultivation of S. oleracea, T.

The data was statistically analyzed for one way analysis of
variance (ANOVA) to determine the significant difference in the

foenum-graecum and C. sativum was considered as control. The soil
samples were analyzed for various physico-chemical and microbi-

characteristics of soil and vegetable crops S. oleracea, T.
foenum-graecum and C. sativum before and after composite

ological parameters viz., EC, pH, Cl -, TOC, TKN, PO43-, SO42-, Na+,
K+, Ca2+, Mg2+, Cd, Cr, Cu, Fe, Mn, Pb, Zn, total bacteria, total

effluent irrigation using SPSS 16. Student t test was performed
to differentiate the characteristics of composite effluent and

fungi, actinomycetes, coliform bacteria and yeast following standard methods cited by Chaturvedi and Sankar (2006).

ground water using MS Excel 2013. Graphs were plotted using
Origin 8.5.

Figure 1. Map of the Hindon River showing different drains and sampling site at Saharanpur (Uttar Pradesh), India
(Source: Lewis, 2007; Modified by the authors).
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RESULTS AND DISCUSSION

teristics like EC, pH, PO43-, K+, Cd, Cr, Cu, Fe, Mn and Pb in the

Characteristics of composite effluents

soil used for the cultivation of S. oleracea, T. foenum-graecum and
C. sativum were found to be highly significantly (P<0.01) differ-

In the present study the characteristics of the composite
effluent of Hindon River showed that the effluent was signifi-

ent in comparison to the control soil. The values of Cl -, TOC,
TKN, SO42-, Na+, Ca2+, Mg2+ and Zn in the soil used for the culti-

cantly (P<0.05/P<0.01) loaded with different physical (TDS, EC),
chemical (pH, BOD5, COD, Cl -, TKN, PO43-, SO42-, Na+, K+, Ca2+,

vation of S. oleracea, T. foenum-graecum and C. sativum were
found to be highly significantly (P<0.01) different in comparison

Mg2+), heavy metals (Cd, Cr, Cu, Fe, Mn, Pb, Zn) and microbial
(total bacteria, total fungi, total coliform and yeast) parameters

to the control soil. Moreover, the values of total bacteria, total
fungi, actinomycetes, coliform bacteria and yeast in the soil used

in comparison to the ground water (Control) (Table 1). The
values of TDS, BOD5, COD, Cl -, TKN, Ca2+, Cd, Cr, Cu, Fe, Mn,

for the cultivation of S. oleracea, T. foenum-graecum and C.
sativum were recorded more significantly (P<0.001) in compari-

Pb, Zn, total bacteria and coliform bacteria were observed
beyond the irrigation standard prescribed by BIS (2010). The

son to the control soil (ground water irrigated soil) (Table 2).
Additionally, the characteristics viz., EC, Cl-, TOC, TKN, PO43-,

higher values of EC in the composite effluent indicated the presence of more ionic species (Na+, K+, Ca2+, Mg2+, Cl -, PO43-, SO42-)

SO42-, Na+, K+, Ca2+, Mg2+, Cd, Cr, Cu, Fe, Mn, Pb, Zn, total bacteria, total fungi, actinomycetes, coliform bacteria and yeast of the

and which may produce salinity of the soil if the effluent used
frequently for irrigation. Kumar and Chopra (2012a) also

soil used for the cultivation of S. oleracea, T. foenum-graecum and
C. sativum were recorded to be positively correlated with the

reported more values of EC in the paper mill effluent due to the
presence of higher ionic species in the paper mill effluent. More

characteristics of the composite effluent (Table 3). The higher
contents of TOC, TKN and PO43- in the composite effluent

values of TDS, BOD5, COD and TKN of the composite effluent
are associated with the presence of more oxidizable organic

irrigated soil are associated with the more quantity of organic
matter in the composite effluent as earlier reported by Arora et

matter in the effluent and it is likely due to the discharge of
sewage wastewater in the Hindon River (Table 1). The findings

al. (2014). The more EC of the soil is directly related to the
presence of more ionic (Cl -, PO43-, SO42-, Na+, K+, Ca2+, Mg2+)

of the present study are in the close conformity of Muchuweti et
al. (2006) who reported higher values of TDS, BOD5, COD and

species in the composite effluent and which may contribute the
soil salinity as earlier reported by Kumar and Chopra (2012a).

TKN in the sewage and industrial effluent. The more contents of
heavy metals Cd, Cr, Cu, Fe, Mn, Pb and Zn were recorded in the

The more contents of TOC are generally associated with the
presence of more heavy metals (Cd, Cr, Cu, Fe, Mn, Pb and Zn) in

composite effluent of Hindon River and it might be due to the
discharge of industrial effluent from Star Paper mill, ITC and

the soil. The higher contents of organic matter in the soil
supports the more population of microorganisms in the soil as

other small scale chemical based industries located in the vicinity of the Hindon River (Table 1). These findings are in the agree-

earlier reported by Javed et al. (2016). In addition to that the
enrichment factor of different heavy metals Cd, Cr, Cu, Fe, Mn,

ment of Arora et al. (2014) who reported higher values of Cd, Cr,
Cu, Fe, Mn, Pb and Zn in the industrial effluent discharged from

Pb and Zn in the soil used for the cultivation of S. oleracea, T.
foenum-graecum and C. sativum were recorded in the order of Pb

the State Infrastructure and Industrial Development Corporation of Uttarakhand Limited (SIDCUL) Industrial Estate (IE),

> Zn > Mn > Fe > Cd > Cr > Cu for S. oleracea, Pb > Mn > Fe > Zn
> Cr > Cd > Cu for T. foenum-graecum and Mn > Pb > Cr > Fe > Zn

Haridwar in the Ranipur Rao River at Haridwar, India. The considerable microbial load as total bacteria, total fungi, coliform

> Cd > Cu for C. sativum after composite effluent irrigation
(Figure 2). Thus, the increase in the various attributes of the soil

bacteria and yeast were observed in the composite effluent of
the Hindon River and these characteristics are in the conformity

used for the cultivation of S. oleracea, T. foenum-graecum and C.
sativum are in the conformity of the presence of the chemicals,

of more organic matter in the effluent due to discharge of
domestic sewage in the Hindon River. Pathak et al. (2011) also

heavy metals and microorganisms in the composite effluent
flowing in the Hindon River and used for the irrigation practices

reported the more values of total bacteria, total fungi and
coliform bacteria in the sewage effluent. Generally, our aquatic

by the adjoining farmers. Therefore, composite effluent irrigation significantly increased the chemicals, heavy metals and

resources like lakes, steams and rivers are converting in to
adversely polluted water courses due to discharge of the munic-

microorganisms in the soil used for the cultivation of S. oleracea,
T. foenum-graecum and C. sativum in the vicinity of the Hindon

ipal sewage and industrial effluents due to inadequate, unsatisfactory, unscientific and costly treatment technologies as

River.

reported by Pathak et al. (2011). Therefore, the composite effluent flowing in the Hindon River contain higher chemical and

Translocation and enrichment of heavy metals in vegetable
crops

microbial load due to discharge of the sewage wastewater and
industrial effluent.

During the present investigation composite effluent irrigation
significantly (P<0.05/P<0.01) increased the contents of heavy

Effects of composite effluent on soil characteristics

metals Cd, Cr, Cu, Fe, Mn, Pb and Zn in different parts (root,
stem, leaves and fruits) of S. oleracea, T. foenum-graecum and C.

The results of the present investigation showed that composite
effluent irrigation significantly (P<0.05) altered the soil charac-

sativum in comparison to control (Tables 4, 5). The translocation
of different heavy metals Cd, Cr, Cu, Fe, Mn, Pb and Zn in the S.

256

Vinod Kumar et al. /Arch. Agr. Environ. Sci., 3(3): 252-260 (2018)

oleracea were observed in the order of leaves > stem > root >

of Cd >Zn > Pb > Fe > Cr > Mn >Cu for S. oleracea, Cd > Zn > Fe >

fruit for Cd, root > stem > leaves > fruit for Cr and Pb, leaves >
stem > fruit > root for Cu and Mn, leaves > fruit > stem > root

Mn > Pb > Cr > Cu for T. foenum-graecum and Cd > Zn >Pb >Fe >
Cu > Mn > Cr for C. sativum after irrigation with composite efflu-

for Fe and Zn after composite effluent irrigation (Figure 3). The
order of these metals in T. foenum-graecum was noted as leaves

ent (Figure 6). The enrichment ant translocation of Cd, Cr, Cu,
Fe, Mn, Pb and Zn in S. oleracea, T. foenum-graecum and C.

> stem > root > fruits for Cd and Cu, root > stem > leaves > fruit
fro Cr and Pb, leaves > fruit > stem > root for Fe, leaves > stem >

sativum was recorded to be plant part specific and it is likely due
to the specific uptake strategy for different heavy metals and

fruit > root for Mn and leaves > fruit > stem > root for Zn after
composite effluent irrigation (Figure 4). Similarly, the transloca-

protection mechanism of the crop plants against the toxicity of
the heavy metals as earlier reported by Muchuweti et al. (2006).

tion of these heavy metals in C. sativum was recorded in the
order of leaves > stem > root > fruit fro Cd, root > stem > leaves

Although, the contents of Cr, Cu, Fe, Mn, Pb and Zn except Cd in
the S. oleracea, T. foenum-graecum and C. sativum were recorded

> fruit for Cr and Pb, leaves > stem > fruit > root for Cu, Fe and
Mn, leaves > fruit > stem > root for Zn after composite effluent

below the permissible limit of Cd (0.20 mg Kg -1), Cr (2.30 mg
Kg-1), Cu (40.0 mg Kg-1) and Zn (60.0 mg Kg-1) prescribed by

irrigation (Figure 5). Therefore, diverse translocation of different heavy metals Cd, Cr, Cu, Fe, Mn, Pb and Zn was observed in

FAO/WHO (2011) but long term irrigation practices may
enhance the gradual build up of these heavy metals in the vege-

different parts of S. oleracea, T. foenum-graecum and C. sativum
and it might be due to the specific nature of these plants for the

table crops and pose a serious health hazard. Kumar and Chopra
(2013) also reported the diverse accumulation of Cd, Cr, Cu, Fe,

translocation of these metals. In the present study, the enrichment of Cd, Cr, Cu, Fe, Mn, Pb and Zn was recorded in the order

Mn, Pb and Zn in the root, stem, leaves and fruits of French bean
(Phaseolus vulgaris L.) grown in sewage sludge amended soil.

Table 1. Characteristics of groundwater, composite effluent discharged in Hindon River and BIS standards of effluent disposal.
Parameter

Groundwater (control)

Composite effluent

BIS disposal standards

TDS (mg L-1)

198.50±3.65

5676.00***±5.85

1900

0.34±0.04

8.96***±0.08

-

-1

EC (dS cm )
pH

7.50±0.12
-1

BOD5 (mg L )

3.83±1.06

-1

*

8.82 ±0.14

5.5-9.0

***

100

***

1238.96 ±6.90

COD (mg L )

5.88±0.32

1699.78 ±5.80

250

Cl - ( mg L -1)

148.52±2.15

658.47**±3.67

500

-1

TKN (mg L )

24.27±0.55

PO43- (mg L-1)

0.14±0.02

SO42- ( mg L -1)
+

17.64±0.36

-1

**

100

***

-

***

1000

***

118.24 ±2.99
219.78 ±2.81
684.36 ±4.19

Na (mg L )

9.65±0.74

219.58 ±3.22

-

K+ (mg L-1)

5.54±0.88

278.37***±3.41

-

2+

-1

Ca (mg L )
2+

23.46±1.20

-1

Mg (mg L )

12.15±0.87

***

200

***

-

662.39 ±6.57
158.96 ±3.67

-1

Cd (mg L )

0.01±0.00

5.24 ±0.09

2.00

Cr (mg L-1)

0.01±0.00

2.26***±0.08

2.00

-1

Cu (mg L )
-1

Fe (mg L )

***

***

0.04±0.00

6.78 ±0.16

3.00

0.28±0.02

***

1.00

14.86 ±0.24

-1

Mn (mg L )

0.02±0.00

4.45 ±0.12

1.00

Pb (mg L-1)

0.01±0.00

0.28***±0.02

1.00

-1

Zn (mg L )

0.06±0.00
-1

3

Total bacteria (CFU ml )

4.8×10 ±4.56

-1

2

Total Fungi (CFU ml )

5.7×10 ±6.32

Actinomycetes (CFU ml -1)

BCL
-1

Total coliform (MPN 100 ml )
-1

Yeasts (CFU ml )

2

2.4×10 ±1.85
3

1.20×10 ±4.69

***

***

9.84 ±0.55
7.96×10
5.7×10

16***

±3.75

8***

±2.85

BCL

15.00
10000
-

6.87×10

19***

5000

8.90×10

14***

-

±3.15
±4.26

Least Squares Means; ns, *, **, *** non-significant or significantly different to the control at P<0.05 or P<0.01, or P<0.001, respectively; BCL- Below
countable limit
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Table 2. Effects of composite effluent irrigation on soil characteristics used for the cultivation of S. oleracea, T. foenum-graecum and C.
sativum.
Parameter
-1

EC (dS cm )
pH
Cl -(mg Kg-1)
TOC (mg Kg-1)
TKN (mg Kg-1)
PO43- (mg Kg-1)
SO42- (mg Kg-1)
Na+ (mg Kg-1)
K+ (mg Kg-1)
Ca2+ (mg Kg-1)
Mg2+ (mg Kg-1)
Cd (mg Kg-1)
Cr (mg Kg-1)
Cu (mg Kg-1)
Fe (mg Kg-1)
Mn (mg Kg-1)
Pb (mg Kg-1)
Zn (mg Kg-1)
Total bacteria (CFU g -1)
Total Fungi (CFU g -1)
Actinomycetes (CFU g -1)
Total coliforms (MPN 100 g -1)
Yeasts (CFU g -1)

Groundwater
irrigated soil
(control)
1.92±0.05
7.64±0.14
45.87±1.26
1.08±0.09
36.88±1.10
64.24±1.07
124.50±1.35
25.48±0.52
165.88±0.94
29.67±1.32
48.85±1.85
0.52±0.02
0.19±0.06
1.34±0.05
2.58±0.12
0.56±0.32
0.08±0.00
1.78±0.01
5.63×102±4.25
2.85×106±4.28
5.30×104±5.00
4.87×103±6.35
5.46×105±7.45

Composite effluent irrigated soil
S. oleracea
*

5.66 ±1.02
7.94ns±0.16
134.55**±2.45
6.85**±1.02
82.36**±2.01
96.79*±1.14
345.60**±1.26
133.96**±0.64
192.86ns±0.78
269.88**±1.42
172.32**±1.65
1.56*±0.06
0.29ns±0.02
1.78*±0.06
8.86*±0.15
2.96*±0.21
0.75*±0.02
9.77**±0.25
9.33×108***±3.85
5.60×1012***±3.87
3.56×1010***±8.57
7.58×1015***±5.87
8.90×108***±4.50

T. foenum-graecum
*

7.78 ±1.04
8.15ns±0.18
222.50**±3.27
8.66**±0.08
174.33**±2.18
143.85*±1.06
458.30**±1.28
160.85**±0.88
248.68*±0.67
298.65**±2.45
178.69**±1.74
1.94*±0.08
0.74*±0.07
2.06*±0.05
12.96*±0.23
4.30*±0.08
0.87**±0.05
8.36**±0.23
5.86×106***±6.25
4.87×109***±5.10
6.44×1012***±7.65
4.82×1014***±7.58
7.65×109***±6.20

C. sativum
9.86*±1.08
8.52*±0.21
187.45**±1.88
10.43***±0.11
295.29**±2.36
184.25**±1.18
388.60**±1.34
177.86**±0.88
278.98*±0.85
228.52**±2.36
185.55*±1.80
2.11**±0.04
0.99*±0.08
2.36**±0.07
10.78**±0.34
6.87**±0.75
0.69**±0.04
7.25**±0.36
7.34×105***±3.88
4.8×107***±6.00
8.70×109***±6.48
4.80×1010***±8.50
6.94×107***±3.50

Least Squares Means; ns, *, **, *** non-significant or significantly different to the control at P<0.05 or P<0.01, P<0.001, respectively

Table 3. Coefficient of correlation (r) between composite effluent and characteristics of the soil used for the cultivation of S. oleracea,
T. foenum-graecum and C. sativum.
Composite effluent/Soil characteristics

S. oleracea

T. foenum-graecum

C. sativum

Composite effluent vs soil EC
Composite effluent vs soil Cl Composite effluent vs soil TOC
Composite effluent vs soil TKN

+0.78
+0.90
+0.84
+0.88

+0.82
+0.90
+0.88
+0.90

+0.86
+0.92
+0.92
+0.94

Composite effluent vs soil PO43Composite effluent vs soil SO42Composite effluent vs soil Na+
Composite effluent vs soil K+

+0.80
+0.92
+0.72
+0.74

+0.86
+0.94
+0.72
+0.78

+0.94
+0.96
+0.78
+0.82

Composite effluent vs soil Ca2+
Composite effluent vs soil Mg2+
Composite effluent vs soil Cd

+0.72
+0.80
+0.90

+0.76
+0.80
+0.94

+0.80
+0.84
+0.96

Composite effluent vs soil Cr
Composite effluent vs soil Cu
Composite effluent vs soil Fe
Composite effluent vs soil Mn

+0.86
+0.92
+0.98
+0.70

+0.92
+0.94
+0.98
+0.72

+0.94
+0.96
+0.99
+0.76

Composite effluent vs soil Pb
Composite effluent vs soil Zn
Composite effluent vs soil Total bacteria

+0.84
+0.92
+0.64

+0.86
+0.96
+0.97

+0.88
+0.98
+0.99

Composite effluent vs soil Total fungi
Composite effluent vs soil Actinomycetes
Composite effluent vs soil Coliform bacteria
Composite effluent vs soil Yeast

+0.72
+0.62
+0.70
+0.74

+0.70
+0.60
+0.66
+0.72

+0.68
+0.56
+0.64
+0.70
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Table 4. ANOVA for the effects of heavy metals accumulated in S. oleracea, T. foenum-graecum and C. sativum irrigated with composite
effluent.
Source

Cd

Cr

Cu

Fe

Mn

Pb

Zn

Composite effluent (CE)
Ground water (GW)
Entire plant (EP)
Interaction
CE×GW×EP

*
ns
*

*
ns
*

**
ns
**

**
ns
**

*
ns
*

*
ns
*

**
ns
**

*

*

**

**

*

*

**

ns, *, ** not significant or significant at P<0.05 or P<0.01, ANOVA

Table 5. ANOVA for the effects of heavy metals translocated in plant parts of S. oleracea, T. foenum-graecum and C. sativum irrigated
with composite effluent.
Source

Cd

Cr

Cu

Fe

Mn

Pb

Zn

Composite effluent (CE)

*

*

**

**

*

*

**

Ground water (GW)

ns

ns

ns

ns

ns

ns

ns

Plant parts (PP)
Interaction
CE×GW×PP

*

*

*

*

*

*

*

*

*

*

*

*

*

*

ns, *, ** not significant or significant at P<0.05 or P<0.01, ANOVA.
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Figure 2. Enrichment factor of various heavy metals in the soil used for the
cultivation of S. oleracea, T. foenum-graecum and C. sativum after irrigation
with composite effluent. Error bars are standard error of the mean.
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Figure 3. Translocation of various heavy metals in different parts of S.
oleracea after irrigation with composite effluent. Error bars are standard
error of the mean.
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Figure 4. Translocation of various heavy metals in different parts of T.
foenum-graecum after irrigation with composite effluent. Error bars are
standard error of the mean.
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Figure 5. Translocation of various heavy metals in different parts of C.
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Al-Lahham, O., El Assi, N.M. and Fayyad, M. (2003). Impact of
treated wastewater irrigation on quality attributes and
contamination of tomato fruit. Agriculture Water Management, 61: 51-62, https://doi.org/10.1016/S0378-3774(02)
00173-7
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Arora, T., Mishra, A., Matta, G., Chopra, A.K., Kumar, A., Khanna,
D.R. and Kumar, V. (2014). Human health risk assessment
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Figure 6. Enrichment factor of various heavy metals in S. oleracea, T. foenum
-graecum and C. sativum after irrigation with composite effluent. Error bars
are standard error of the mean.

Conclusion
In conclusion of this investigation, the Hindon River is being
adversely polluted due to the disposal of the domestic sewage
wastewater and industrial effluents of different industries located in the vicinity of the Hindon River. The composite effluent
irrigation significantly (P<0.05/P<0.01/P<0.001) increased the
EC, Cl-, TOC, TKN, PO43-, SO42-, Na+, K+, Ca2+, Mg2+, Cd, Cr, Cu,
Fe, Mn, Pb, Zn, total bacteria, total fungi, actinomycetes, coliform bacteria and yeast of the soil in comparison to control
(ground water irrigated soil). Moreover, composite effluent irrigation significantly (P<0.01/P<0.001) increased the contents of
Cd, Cr, Cu, Fe, Mn, Pb and Zn in S. oleracea, T. foenum-graecum
and C. sativum. The translocation of Cd, Cr, Cu, Fe, Mn, Pb and
Zn in different parts like root, stem, leaves and fruits of S.
oleracea, T. foenum-graecum and C. sativum were observed
diverse in nature. The enrichment factor of Cd, Cr, Cu, Fe, Mn,
Pb and Zn were recorded in the order of Cd >Zn > Pb > Fe > Cr >
Mn >Cu for S. oleracea, Cd > Zn > Fe > Mn > Pb > Cr > Cu for T.
foenum-graecum and Cd > Zn >Pb >Fe > Cu > Mn > Cr for C. sativum after irrigation with composite effluent. Thus, the quality
of the water (truly wastewater) flowing in the Hindon River is
not suitable for irrigation purposes and it may deteriorate the
soil and vegetables quality and pose serious health hazards if
used frequently for irrigation. Therefore, discharge of domestic
sewage and industrial effluent should be stopped and irrigation
practices should be banned. Further studies and regular
monitoring should be required on the drainage activities and
irrigation practices in the vicinity of the Hindon River.
Open Access: This is open access article distributed under the
terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any
medium, provided the original author(s) and the source are
credited.
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The effects of cotton (Gossypium hirsutum L.): soybean [Glycine max (L.) Merr.] rotations on the
respective crops are limited. This manuscript discusses the response of irrigated soybean in
crop rotation with cotton. An irrigated soybean: cotton rotation experiment was conducted
from the year 2012 through 2015 near Elizabeth, MS. The crop rotation sequences were
included continuous soybean (SSSS), continuous cotton (CCCC), cotton followed by soybean

Keywords
Cotton (Gossypium hirsutum L.)
Crop rotation
Crop yield
Soybean [Glycine max (L.) Merr.]

(SCSC), soybean followed by cotton (CSCS), soybean followed by two year of cotton (SCCS),
and cotton followed by two year of soybean (CSSC). The rotations were grown under two
production systems conventional and transgenetic with respect to weed control. During this
study, a weed control treatment of (pendimethalin pre-emergence vs. glyphosate postemergence) as included on the soybean plots was used. The soybean yields across rotations
within a year were not significantly different. The means yields differed among years (3655.1,
3023.6, 3500.6 and 2600.3 Kg ha-1 for the year 2012, 2013, 2014 and 2015, respectively) and
appear related to difference in rainfall/irrigation amounts. The results revealed that the
weights of 100 seed samples averaged 13.9g in the year 2015 which differed from the
previous years (16.2, 15.6, and 16.2g; 2012, 2013 and 2014, respectively). Therefore, the
rotations of cotton with soybean appear to have neither a beneficial or negative effect on
soybean yield.
©2018 Agriculture and Environmental Science Academy
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INTRODUCTION

published showing benefits from such practices. Wesley et al.

Crop rotations of many kinds have been practice worldwide for

(2001) compared deep soil tillage of heavy clay soils in autumn
to conventional tillage in the Mississippi Delta. The rotation

centuries and numerous scientific articles are available about
rotations of various crop species (Bruns, 2012). However, for

sequences with cotton and soybean increased yields of both
crops when grown in combination with deep tillage. Guidy et al.

many years prior to the mid-1990’s, continuous cotton production was a normal practice for much of the Cotton Belt of the

(2001) reported data from a 10 year crop rotation study that a
cotton-cotton-soybean rotation yielded economic returns

United States because, even in rotation with other crops, the
financial return per hectare would not match that of a monocul-

above direct costs of $122.73 (U.S.) and $327.03 (U.S.) over
continuous cotton and soybean respectively. Bryson et al.

ture of cotton and soybean (Hake et al., 1991; Ashworth et al.,
2017). By the late 1990’s changes in farm commodity support

(2003) found a reduction in populations of the weed, purple
nutsedge (Cyperus rotundus), in rotations of transgenic cotton

programs in the United States made the production of other
crops besides cotton financially feasible. In the year 2001

and soybean. Using cotton, maize (Zea mays L.) and soybean in
various rotation schemes, Ashworth et al. (2016) reported

several experiments on crop rotations with cotton begin to be

increasing crop diversity with these two crops in one or two
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years of a four year cycle with cotton stabilized cotton seed

days prior to harvest. Four center row pairs were machine har-

yield in the long-term. Pettigrew et al. (2016) recently reported
from this experiment lint yield increases of cotton following

vested with a Kincaid 8X-P (Kincaid Equipment Mfg. Haven, KS)
combine equipped with a Harvest Master weighing system

soybean were likely a result of increased soil-N fixed by the
previous soybean crop and/or altered microbial populations

(Juniper Systems, Logan, UT), sampled and seed weights
accumulated. Data were analyzed using PROC MIXED of the

favorable to cotton. Potential rotations of these two species
exist due to annual changes in markets for these commodities.

SAS system (Cary, NC).

Therefore the present investigation was conducted to study the
response of irrigated soybean (Glycine max L. Merr.) in rotation

RESULTS AND DISCUSSION

with cotton (Gossypium hirsutum L.) in the Mississippi Delta,
USA.

The results of irrigated soybean seed yields in four rotation
schemes with cotton in the Mississippi Delta over four years are

MATERIALS AND METHODS

given in Table 1. The results indicated that the herbicide treatments were found to have no impact on seed yields nor seed

The soybean: cotton rotation experiment was conducted from

weights and therefore were combined in the analysis of rotation
sequences. The statistical analysis of data on the seed yields in

the year 2012 through 2015 on a Dundee silty loam (fine-silty,
mixed active, thermic Typic Ochraqualf) site 1.0 km north of

the years 2012 > 2014 > 2013 > 2015 were noted insignificantly
(P<0.05) different among different years (Table 1). Additionally,

Elizabeth, MS and leased by the Crop Production Systems
Research Unit of the USDA-ARS at Stoneville, MS as described

the statistical analysis also indicated that within years, yields
across rotation schemes were not significantly different. The

by Pettigrew et al. (2016). Rotation sequences were; continuous
soybean (SSSS), continuous cotton (CCCC), cotton followed by

mean yield differences between years are most likely related to
the amount of available water each year by both rainfall and

soybean (SCSC), soybean followed by cotton (CSCS), soybean
followed by two year of cotton (SCCS), and cotton followed by

irrigation (Table 2). Cotton is known to benefit from some
drought stress between irrigations and that excessive irrigation

two year of soybean (CSSC). The rotations were grown under
two production systems conventional and transgenetic with

can result in more vegetative grow, shading of the lower canopy
thus causing boll drop and reduced yields (Munk and Farah,

respect to weed control. Both herbicide treatments were
applied according to label recommendations along with cultiva-

2017). Numerous research articles demonstrate that soybean
yields decline with drought stress, especially during reproduc-

tion at plant growth stage R1 (Hanway and Thompson, 1967).
Seven d prior to crop planting the entire experimental area was

tive growth. Mean weights of 100 seed samples were similar to
observations on seed yield. Moreover, no statistically significant

sprayed with 1.1 Kg a.i. ha-1 of paraquat for early vegetation
control. For both transgenic and conventional soybean manage-

differences were observed between rotation sequences within a
given year.

ment systems both S-metolachlor and pendimethalin at 1.1 Kg
a.i. ha-1 each were applied pre-emergence. In the transgenic
management system 0.9 Kgs a.i. ha-1 of glyphosate was applied
approximately 28 d post emergence and again at R1. For the
conventional management system 1.1 Kg a.i. ha -1 S-metolachlor
plus 0.27 Kg ai ha-1 fomesafen were applied 28 d post emergence followed by chlorimuron at 151 g a.i. ha -1 applied at R1.
Field preparation began with disking and forming 51cm high
ridges, spaced 102 cm apart. In late winter 67.2 Kg K ha -1 as
murate potash was applied with no other fertilizer application

Table 1. Irrigated soybean seed yields in four rotation schemes
with cotton in the Mississippi Delta over four years.
Rotation
Scheme
SSSS
SCSC
SCCS
CSCS
CSSC
MEAN‡

Yield† (kg ha-1)
2013
2014
2976.5
3574.5
3467

2012
3621.5
3735.8
3621.5

3016.8
3084
3023.6

3655.1

2015
3714.5
2515.9
2566.7

3467
3500.6

2600.3

later. Rows were harrowed to form a seed bed approximately
12” across each ridge. The cultivar used, was Dekalb brand DKR

†

4744 R2/S (Monsanto, St. Louis, MO). Though it was a glyphosate resistant cultivar, it was used in both the transgenic and

Table 2. Total available water to a cotton: soybean rotation
experiment near Elizabeth, MS during May to August.

conventional management systems. The seeding rate for
soybean was 121,500 seeds A-1 in twin-row spaced 25.0 cm

Source

apart with 102 cm between row pairs. An experimental unit was
eight row pairs 21 m long. Seeding dates for both crops were 24
April, 30 April, 5 May and 30 April for the years 2012, 2013,
2014 and 2015, respectively. Two furrow irrigations of 25.0 mm
-1

were applied in 2012, three in 2013, two in 2014 and four in
2015. Irrigation applications in this experiment were made
primarily to meet water management requirements for cotton.
The Paraquat was applied as a desiccant at 1.1 Kg a.i. ha-1 14

‡

Means of 12 replications; Means of 12 replications and 3 rotation
schemes, LSD0.05=100.8.

mm ha-1
2012

2013

2014

2015

Rainfall†

386.1

191.8

351.8

164.3

Irrigation

50.8

76.2

50.8

101.6

TOTAL

436.9

268.0

402.6

265.9

†

Mississippi State University Extension Service (MSUES). 2016. Delta
Agricultural Weather Center. Mississippi State University, Mississippi
State, MS. (Source: http://www.deltaweather.msstate.edu accessed on
28 February, 2017).
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However, the mean 100 seed weights were 16.2, 15.6, 16.2 and
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In this investigation, the impact of bauxite mine to natural forest biomass and soil properties in
Kas Island, Riau Island Province in Indonesia was investigated. On the island of Kas, bauxite
mining permits have been issued. Mining activities will cause the destruction of natural forests
as a source of wood, loss of flora and fauna, water regulator and medicines, besides it will also
cause damage to land and the environment. Reclamation activities undertaken aimed at

Keywords
Bauxite mine
Kas island
Forest biomass
Riau Island Province Indonesia
Soil properties

improving the vegetation structure and soil characteristics that undergo changes due to mine.
The research method used is the analysis of vegetation and soil sampling is done by purposive
sampling. Laboratory test data from physical and chemical properties of the soil, were analyzed
by descriptive and statistical tests. Bauxite mining activities have caused the loss of biomass of
natural forests by 168.8 tons / ha. Revegetation activities on bauxite mining sites should be
restored through planting trees of Pulcherrimum sp, Laplacea subintegerrima, Calophyllum
soulatri, Thesposia populnea, Diosphyros sp, Schima wallichii and Hopea mangarawan. Bauxite
mining activities cause changes in soil properties, namely a significant increase in bulk density
of 0.55 (76.39%) and a significant decrease in porosity of 22.39 (30.21%), drainage pore of 6.57
(52.77%), water available at 6.41 (36.59 %), permeability is 19.59 (82.69%), C-organic is 12.20
(93.99%), N is 0.47 (85.45%), and P is 29.88 (85.91%). Therefore, bauxite mine activity leads to
significant changes in physical properties and soil chemistry properties for bulk density
parameters, porosity, drainage pores, available water, and permeability, C-organic, nitrogen
(N) and phosphorus (P) of the soil.
©2018 Agriculture and Environmental Science Academy
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INTRODUCTION

caused by mining shall be taken into account. One that can be

Kas island was bauxite issued mine permit area of 93 ha. On the

done is post-mining land revegetation and utilization of mining
waste. To undertake land reclamation activities, information on

island there is a tropical rainforest (Wasis and Fathia, 2011;
Wasis, 2012; Wasis and Andika, 2017). Excessive exploitation of

changes in vegetation structure and changes in soil characteristics due to mining activities (Bappenas, 2003; Soerianegara and

natural resources and no attention to environmental aspects
will impact on natural damage and land quality degradation.

Indrawan, 2005; Wasis, 2012).
Mining activities have potential to provide income for large

One of the activities of exploitation of natural resources that
impact on the degradation of land quality is the mining activities

regions and countries. However, mining activities also have a
negative impact on the environment if production activities and

of mining materials, one of which is sand mining. This mining is
very commonly done by companies and local communities tradi-

waste produced are not treated properly (Setiawan and
Qiptiyah, 2014, Siregar et al., 2018). The negative impacts of

tionally. Recovery and prevention of environmental damage

mine production activities include the deterioration of soil and
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environmental conditions and quality, loss of flora and fauna,

magnesium(Mg), potassium (K) and sodium (Na). The location of

source of diseases, loss of soil solum, changes in soil
morphology, damage to physical, chemical and biological

sample skill in natural forest and post mining land area is
located side by side, so the differences of soil type, topography,

properties of soil, soil erosion, landslides, surface runoff, the
emergence of toxic compounds and water pollution (Wasis and

climate and others are relatively assumed the same.

Noviani, 2010; Abdullah et al., 2010; Wasis and Fathia, 2011;
Wasis and Andika, 2017). Bauxite mining activities on Kas Island

Statistical analysis of data
Data of laboratory test of soil physical and chemical properties

are thought to cause forest biomass loss and changes in soil
properties that have a major negative impact to small island

are analyzed by statistical test. Descriptive analysis is done by
describing the average value of each variable on three replicates

capabilities. Mining activities on the small island will have a
greater negative impact than mines on the big island. These

and categorized based on the criterion of the soil properties.
Statistical analysis is conducted by using T Test at 95% confidence

activities will cause damage to other ecosystems such as natural
forest, mangrove forests, seagrass and coral reefs (Wasis and

interval. This is to determine the impact on soil physical and
chemical properties as a result of the forest encroachment.

Noviani, 2010; Soerianegara and Indrawan, 2005; Wasis and
Fathia, 2011; Wasis and Andika, 2017). The purpose of this

Software used in statistical analysis is SPSS 16.00 (Mattjik and
Sumertajaya, 2013; Stell and Torries, 1991; Wibisono, 2009).

research is to analyze the impact of bauxite mine on natural
forest biomass and soil properties in in Kas Island, Karimun

RESULTS AND DISCUSSION

District, Riau Island Province of Indonesia.
General condition of Kas Island and forest biomass
MATERIALS AND METHODS

The island of Kas in the natural forest has soil type of podsolic
and litosol. Regosol soil found in coastal areas has generally

Time and location and research materials
This study was conducted from June to December 2010. Data

been damaged. Alluvial soil types are commonly found in
mangrove and swamp forests. In the hilly area is a very sensitive

collection was conducted on natural forest and damaged land
(former bauxite mine) in Kas Island, Karimun District, Riau

area of erosion. This area has curving slopes - rather steep (3 25%), so this area is prone to erosion and landslides. Kas Island

Islands Province. The research material used by the land came
from Kas Island, Karimun District, Riau Islands Province.

has a soil solum with the depth of 20 - 70 cm, the main rocks
about 3 - 4 m and layer of clay (kaolinite) on the bottom. The

Preparation of forest observation plots

condition of Kas Island vegetation in hilly (foot to ridge) is
natural forest, and few mixed rubber garden, while in coastal

Measurements and observations of potential timber were
conducted on 20 meters × 20 meters for trees (natural forest

area is mangrove forest found. In natural forest, there are 7
(seven) tree species such as Pulcherrimum sp, Laplacea

trees), and 10 meters × 10 meter plot for trees (mangrove forest
trees). Limits for trees in natural forests if trees have stem

subintegerrima, Calophyllum soulatri, Thesposia populnea,
Diosphyros sp, Schima wallichii and Hopea mangarawan with

diameters > 20 cm and mangrove forests if trees have stem
diameters > 10 cm (Kusmana and Istomo, 1995, Soerianegara

biomass potential of 168.7 ton / ha. In the mangrove forest
found 1 (one) type of tree that is Rhizophora mucronata with

and Indrawan, 2005). The measurement results are recorded in
tally sheets that have been distinguished in each plot size.

biomass potential of 36.4 tons / ha. While in the natural forest of
ex-bauxite mine land is not found natural forest vegetation

Soil sampling and analysis

again because it has been felled and the soil solum has also been
lost due to peeling the soil. At open sites, there are Imperata

Soil sampling is done by purposive sampling on mined land, and
natural forest on Kas Island. The study was conducted on three

cylindrica, Pandanus tectorius, Melastoma malabathricum,
Ischemum aristritum, and Matteuccia struthiopteris (Table 1).

plots on ex-mining land, natural forest, and mangrove forests of
20 m × 20 m (0.04 ha) each. Within the mine and natural forest

Types of vegetation that can be used as a source of medicines
are Rhizophora mucronata, Imperata cylindrica, Pandanus tectorius,

plots, three subplots of 1m × 1m were placed randomly for
ground sampling. Then the soil sample is composited. Soil

Ischemum aristritum, and Matteuccia struthiopteris. The loss of
natural forest vegetation on Kas Island as a result of bauxite

sampling for the chemical properties and biological properties
of soil is taken evenly on the soil surface of 0-20 cm deep. Soil

mine causes loss of environmental function, loss of flora and
fauna and loss of timber, food sources and medicines (Abdullah

taking is done by composite as much as 1 Kg. Soil sampling for
soil physical properties was done at ground level of 0 - 20 cm

et al., 2010; Takoy et al., 2013; Setiawan and Qiptiyah, 2014).
The benefits and functions of natural forest ecosystems are

depth. Intake of soil is done intactly by using ring sample
diameter of 7 cm with the height of 5 cm. The soil taken from the

water regulator, carbon sequestration, wildlife habitats, erosion
and flood defenses, protecting shallow water ecosystems such

field is then analyzed in the laboratory. Soil analysis for physical
properties of soil density, porosity, drainage pore, available

as coral reefs and seagrass beds and so forth (Lee, 1990; Asdak,
1995; Tan, 1995; Wasis, 2012). Revegetation activities on

water and permeability. Chemical properties analyzed are soil
pH, C-organic, nitrogen (N), phosphorus (P), calcium (Ca),

bauxite mining sites should be restored through planting trees
of Pulcherrimum sp, Laplacea subintegerrima, Calophyllum soulatri,

266

Basuki Wasis et al. /Arch. Agr. Environ. Sci., 3(3): 264-269 (2018)

Thesposia populnea, Diosphyros sp, Schima wallichii and Hopea

value has decreased compared to the forest land. This is caused

mangarawan. As for the closure of ex-bauxite mine land can be
used endemic plants such as Pandanus tectorius, Melastoma

by the internal erosion where the pore is blocked by dust and
clay and damaged soil structure. The difficulty of water

malabathricum, Ischemum aristritum, and Matteuccia struthiopteris.

penetrating the underground layer is due to the high value of
bulk density (Hardjowigeno, 2007; Wasis, 2012). Forests are

Physical properties of the soil
Soil physical properties variable observed and measured in this

most effective in preventing soil damage and erosion because
the leaves are tight. For erosion prevention, at least 70% of soil

research were bulk density, porosity, drainage pore, water
availability and permeability. Here are the results of laboratory

should be covered with vegetation (Lee, 1990; Hardjowigeno,
2007). Closure of tropical rain forests is most effective in

analysis of soil physical properties that have been done as
presented in Table 2. Mining activities have caused damage to

preventing erosion compared to other land uses because the
ability of soil to reduce rain drops through layered canopy

soil physical properties, namely a significant increase in bulk
density of 0.55 (76.39%), a significant reduction in porosity of

stratification, litter piles on the forest floor, high organic matter
content, good soil structure and low soil density becomes the

22.39 (30.21%), drainage pore of 6.57 (52.77%), water available
at 6.41 (36.59%) and permeability of 19.59 (82.69%). Damage to

reasons for forest cover have the best water protection function
(Richards, 1957; Lutz and Chandler, 1965; Lee, 1990; Ashdick,

the physical properties of the soil is caused by the loss of soil
solum, damage to soil structure, decrease in clay fraction and

1995; Tan, 1995; Wasis, 2012). The loss of natural forest
vegetation, soil compaction and the destruction of this soil

decrease in soil organic matter.
The higher the value of bulk density indicates the denser the

structure that causes soil erosion and contamination of seawater
on Island Kas. The destruction of natural forests on Kas Island

land. Mining processes that use heavy equipment or other
mechanical tools impacted the formation of plow sole plates

will damage the environment, destroy wildlife habitat and loss of
vegetation and genetic sources. Tropical rainforests are the

that cause the compaction process on the soil. According to
Hardjowigeno (2007), the denser a soil or the higher the bulk,

ecosystems also have the highest biodiversity on earth so that
food sources and medicines are all available in the ecosystem.

density it will cause the inhibition of plant growth. Land with
high bulk density will certainly have a low total pore space. The

Widespread destruction of tropical rainforests will undoubtedly
endanger civilization on earth (Richards, 1957, Abdullah et al.,

soil compaction process will cause the soil pore to become small.
Porosity is the proportion of total pore space (empty space)

2010; Takoy et al., 2013; Setiawan and Qiptiyah, 2014).

contained in units of ground volume that can be occupied by
water and air. According to the data presented in Table 2, of

Chemistry properties of the soil
The soil chemistry properties measured and the lab tests were

forest soil that has lower bulk density than the land on mining
land. Soil without vegetation cover will cause rainfall that drops

pH, C-organic, N Total, Bray P, Ca, Mg, K and Na. The following
is the result of laboratory analysis which has been done as

directly on the soil surface that affects internal erosion (clay
pore blockage by clay and dust) due to lack of pore maturity

presented in Table 3.
Bauxite mining activities have caused damage to soil chemical

(Hanafiah, 2005; Wasis, 2012). Lands that have macro pores will
tend to be very fast in continuing the movement of air and

properties, namely a significant reduction in organic C by 12.20
(93.99%), N by 0.47 (85.45%) and P by 29.88 (85.91%). Damage

water. Soils with coarse or sandy textures such as eroded soils
and minerals have a low porosity because they have more macro

to the soil's chemical properties is caused by the loss of the top
soil layer (A horizon) and loss of vegetation cover. The variables

pores making it harder to hold water (Soepardi, 1983;
Hardjowigeno, 2007). Pore drainage shows the maturation of

of pH, Ca, Mg and K show higher values on bauxite mine land
than those in natural forest. While the variables of C-organic, N

the soil in a well-aerated land. If aeration pores are above 10%
of the volume, the plants will have sufficient aeration, except on

total, bray P and Na analysis results show the land in natural
forest has a higher value than the other. In the variable of pH of

shallow surface soils (Hardjowigeno, 2007; Wasis, 2012). Soft
textured soil granulation facilitates aeration, not because of the

the soil, Difference between the two sites is 0.07 which does not
statistically show the real difference. This is caused by the loss

increased amount of pore space but because the macro pore
space to micro pore space increases. Soils that have high

of vegetation cover on ex-mining soil, causing dry soil and
dissolved metals and minerals due to mining activities. In very

porosity will have high water availability as well. Soil treatment
actually decreases the pore space. The mining process also

dry areas (arid), soil pH is occasionally very high (pH greater
than 9.0) because it contains many metals such as Ca, Mg, K and

causes the high particles of sandy soil due to the excavation
process to the subsoil part which is generally sandy clay

Na (Richards, 1957; Lutz and Chandler, 1965; Tan, 1995;
Hardjowigeno, 2007; Fathia, 2011; Wasis and Andika, 2017). In

(Hardjowigeno, 2007; Soepardi, 1983).
Land that has high bulk density value will have a lower

natural forest ecosystem, nutrients such as N, Ca, Mg and K and
others that decompose from soil organic matter will be

permeability value. This is evident in this study in which forest
lands with low bulk density have higher permeability.

reabsorbed by forest roots, resulting in nutrient conservation
due to the occurrence of closed nutrient cycle. In Kas Island’s

Permeability refers to the speed of water in the soil mass
medium. In the former land of bauxite mine, the permeability

mine land indicates that pH, Ca, Mg and K increase are
attributable to the breakdown of primary rock minerals. Mined

267

Basuki Wasis et al. /Arch. Agr. Environ. Sci., 3(3): 264-269 (2018)

soil will cause disruption of nutrient balance.Therefore, organic

addition, the process of direct infiltration of rainwater to the soil

matter and nutrients will be lost due to erosion that will be
carried through the flow of the surface to the river and sea.

causes erosion and effluent streams that affect the loss of nitrate
ion (NO3-) due to leaching (Lutz and Chandler, 1965; Foth, 1994;

The growing vegetation is a major supplier of soil organic
matter. The primary source of soil organic matter comes from

Hardjowigeno, 2007; Wasis, 2006 and Wasis, 2012).
The availability of vegetation as the main source of organic

the organic tissues of plants in the form of fruits, leaves, twigs,
stems / branches, and roots, while the secondary source is an

matter is the major factor in the high content of phosphorus in
natural forest land on the island of Kas. Element P in the soil

organic tissue fauna that includes the dirt and microflora. The
high value of C-organic in natural forest land is supplied by the

derives from organic matter and minerals in the soil (apatite).
Besides, the absence of land cover to the ex-mining land

amount of vegetation and fauna present in the forest (Richards,
1957; Lutz and Chandler, 1965; Wasis, 2012). The logging

resulted in high levels of internal erosion and high surface flow,
triggering in the process of washing of nutrients. The origin of

process causes half of the soil organic matter to move. The loss
of vegetation growth on the soil and the activity of soil

calcium in soils is from primary minerals, carbonates, simple
salts, and calcium phosphate. Calcium is secondary essential

microorganisms is the main cause of this. C-organic soil is the
main constituent of soil organic matter that is very influential on

mineral elements similar to magnesium and sulfur. Calcium is
taken from plants in the form of Ca2+. The low amount of

soil fertility. Organic matter is the main source of N in the soil.
Nitrogen in the soil comes from soil organic matter, binding by

calcium in natural forests is caused by the uptake of vegetation
and retrieval by microorganisms. (Hardjowigeno, 2007; Wasis et

microorganisms and N in the air, fertilizer and rainwater. In

al., 2012; Wasis et al., 2018).

Table 1. Biomass in natural forest, mangrove forest and post mining land.
Cover land
Natural forest
Mangrove forest
Post mining land

Type of vegetation
Pulcherrimum sp, Laplacea subintegerrima, Calophyllum soulatri, Thesposia
populnea, Diosphyros sp, Schima wallichii, Hopea mangarawan
Rhizophora mucronata
-

Biomass (ton/ha)
168.7
36.4
0

Table 2. Impact of bauxite mining on soil physical properties.
Phisical properties
Bulk density (g cm-3)
Porosity (%)
Drainage pore (%)
Available water (%)
Permeability (cm hour-1)

Natural forest
0.72± 0.13*
74.11±3.81*
12.45±3.32*
17.52±1.95*
23.69±3.47*

Post mining land
1.27± 0.03
51.72±1.12
5.88±0.64
11.11± 0.50
4.10±1.67

Change
+0.55 (76.39 %)
- 22.39 (30.21 %)
-6.57 (52.77%)
-6.41(36.59%)
-19.59(82.69%)

Post mining land
5.30±1.10
0.78 ± 0.13
0.08± 0.01
4.90± 0.50
6.56±1.57
2.40±1.22
0.58± 0.16
0.24± 0.03tn

Change
+0.07 (1.34 %)
-12.20 (93.99 %)
-0.47 (85.45%)
-29.88 (85.91 %)
+0.63 (10.62 %)
+0.46 (23.71%)
+0.01(1.75 %)
-0.02(7.69 %)

*

Significant at 95 % confidence interval.

Table 3. Impact of bauxite mining on soil chemical properties.
Chemical properties
pH
Organic C (%)
Nitrogen (N) (%)
Phosphorus (P) (ppm)
Calcium (Ca) (me 100 g-1)
Magnesium (Mg) (me 100 g-1)
Pottasium (K) (me 100 g-1)
Sodium (Na) (me 100 g-1)

Natural forest
5.23± 0.77 tn
12.98± 0.78*
0.55± 0.01*
34.78±5.52*
5.93±1.67tn
1.94± 0.85tn
0.57± 0.13tn
0.26± 0.02tn

*Significant at 95 % confidence interval.

Figure 1. The change of soil physical propertieson natural forest and post
mining land. Description : BD (Bulk density : gram/cm3), PR (Porosiys : %), DP
(Drainage pore : %), AT (Available water: %) PM (Permeability : cm/hour).

Figure 2. The change of soil chemistry properties on natural forest and
post mining land; Description : pH (pH), organic C ( %), N (Nitrogen : %),
P (Phosphorus : ppm), Ca (calcium : me/100 g), Mg (magnesium : me/100
g), K (pottasium: me/100 g), Na (sodium : me/100g).
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Conclusion

Persada. Jakarta, Indonesia.

The present investigation concluded that the bauxite mining

Hardjowigeno, S. (2007). Ilmu Tanah. Akademia Akapressindo.
Jakarta, Indonesia.

activities have caused the loss of biomass of natural forests by
168.8 tons / ha. Revegetation activities on bauxite mining sites

Kusmana, C. and Istomo. (1995). Forest Ekology. Faculty of
Forestry IPB, Bogor, pp. 190.

should be restored through planting trees of Pulcherrimum sp.,
Laplacea subintegerrima, Calophyllum soulatri, Thesposia populnea,

Lee, R. (1990). Hidrologi Hutan. Gadjah Mada University Press.
Lutz, H.J., and Chandler, R.F. (1965). Forest Soil. John Wiley &

Diosphyros sp., Schima wallichii and Hopea mangarawan. Bauxite
mining activities cause changes in soil properties, namely a

Sons, Inc. New York.
Mattjik, A.A. and Sumertajaya, I.M. (2013). Experimental Design

significant increase in bulk density of 0.55 (76.39%) and a
significant decrease in porosity of 22.39 (30.21%), drainage pore

with SAS Applications and Minitab. IPB Press. Bogor,
Indonesia.

of 6.57 (52.77%), water available at 6.41 (36.59 %), permeability
is 19.59 (82.69%), C-organic is 12.20 (93.99%), N is 0.47

Richards, F. W. (1957). The Tropical Rain Forest an Ecological
Study. Cambridge University Press. London, pp. 407.

(85.45%), and P is 29.88 (85.91%). Bauxite mining activities
causes changes in soil chemical properties, such as an increase in

Setiawan, H and Qiptiyah, M. (2014). Ethnobotany study of
moranene ethnic community in Rawa Aopa Watumohai

the content of pH, Ca, Mg and K variables and a decrease in the
content of C-organic, N total, bray, and Na. The result of statistical

National Park. Jurnal Penelitian Kehutanan Wallacea, 3 (2):
107-117,
http://www.jurnal.balithutmakassar.org/index.

analysis using T test showed the significant differences on the Corganic, N total, and P Bray variables while the pH, Ca, Mg, K and

php/wallacea/article/view/38
Siregar, Y.F., B. Wasis, B. and Hilwan, I. (2018). Carbon stock

Na variables does not show any significant differences. Therefore,
the results of this study clearly indicated that bauxite mine

potential of Narundong Forest KPH Region VI North
Sumatera. Indonesian Journal of Agricultural Science (JIPI), 23

activity leads to significant changes in physical properties and soil
chemistry properties for bulk density parameters, porosity,

(1): 67-73, http://jurnal.ipb.ac.id/index.php/JIPI/article/
viewFile /21163/14444

drainage pores, available water, and permeability, C-organic,
nitrogen (N) and phosphorus (P) of the soil.

Soerianegara, I. and Indrawan, A. (2005). Indonesian Forest
Ecology. Department of Forest Management, Faculty of
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The experiments were conducted at the Agronomy Field Laboratory, Agricultural University,
Mymensingh in Bangladesh during December 2015 to April 2016 to investigate the effect of
variety and plant spacing on yield attributes and yield of maize. The experiment comprised of
five varieties viz., Khoi bhutta, BARI hybrid maize 7, BARI hybrid maize 9, C-1921, P-3396 and
five plants spacing viz., 75 cm × 20 cm, 75 cm × 25 cm, 75 cm × 30 cm, 75 cm × 35 cm and 75 cm

Keywords
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Maize varieties
Planting spacing
Yield attributes and yield

× 40 cm. The experiment was laid out in a randomized complete block design with three replications. Results revealed that variety and plant spacing had significant effect on the studied
crop characters and yield. The highest plant height, highest number of leaves plant -1, longest
cob, maximum diameter of cob, highest number of kernel cob -1, the highest 1000-grain weight,
maximum grain yield and stover yield were observed in BARI hybrid maize 7. On the other
hand, the shortest plant, lowest number of cob, diameter of cob, lowest number of grains cob -1,
1000-grain weight, grain yield and stover yield were observed in Khoi bhutta. The longest
plant, highest cob, maximum diameter of cob, highest number of kernel cob -1 the highest 1000grain weight, maximum grain yield and stover yield was observed in the spacing of 75 cm × 25
cm. In contrast, the spacing of 75 cm × 30 cm produced the lowest values of the above mentioned plant parameters and also showed the lowest grain yield. In regard to interaction effect
of variety and spacing, the highest plant height (232.67 cm), maximum number of cob plant -1
(1.73), maximum diameter of cob (4.60 cm), highest number of kernel cob -1 (34), maximum
stover yield (12.38 t ha-1) were observed at the spacing of 75 cm × 25 cm with BARI hybrid
maize 7 and resulting in the highest grain yield (9.04 t ha-1). The lowest values of the above
parameters were recorded in the narrowest plant spacing of 75 cm × 35 cm with Khoi bhutta.
Based on the experimental results, it may be concluded that maize (cv. BARI hybrid maize 7)
can be cultivated with a spacing of 75 cm × 25 cm for appreciable grain yield.
©2018 Agriculture and Environmental Science Academy
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INTRODUCTION

million metric tons grains (BBS, 2016; Zamir et al., 2011). Its

Maize (Zea mays L.) is one of the most important cereal crops of

demand is increasing day by day as various food items, fodder
for livestock, and feed for poultry, fuel and raw materials for

the world and hence it may be acceptable as third cereal crop in
Bangladesh for its higher productivity (FAO, 2012). In Bangla-

industry (Tajul et al., 2013). Maize can be consumed directly as
green cob, roasted cob or popped grain. Its grain can be used for

desh, it covers about 0.35 million hectares of land producing 2.3

human consumption in various ways, such as corn meal, fried
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grain and flour. Its grain has high nutritive value containing

bhutta, BARI hybrid maize 7, BARI hybrid maize 9, C-1921,

66.2% starch, 11.1% protein, 7.12% oil and 1.5% minerals.
Moreover, it contains 90 mg carotene, 1.8 mg niacin, 0.8 mg

P-3396 and five plant spacing viz., 75 cm × 20 cm, 75 cm × 25
cm, 75 cm × 30 cm, 75 cm × 35 cm and 75 cm × 40 cm. the whole

thiamin and 0.1 mg riboflavin per 100 g grains (Chowdhury and
Islam, 1999). Maize oil is used as the best quality edible oil.

area was divided into 3 blocks and then each block was
subdivide into 25 plots. The size of the unit plot was 9 m 2 (3m ×

Green parts of the plant and grain are used as livestock and
poultry feed, respectively. Stover and dry leaves are used as

3m) and thus the total number of plots were 75. The distance
between plots were one meter.

good fuel (Ahmed, 1994). Maize has a great utility in
agro-industry for the production of corn syrup, soft drink, juice,

Raising of experimental crops

beer, chewing gum, candy, chips, corn flakes and starch. So,
maize can contribute in food and nutritional security program in

The land was prepared with power tiller ploughed for several
times until it got the desirable tilth condition. Then the plots

Bangladesh because of its higher productivity and nutritional
value. The average yield of maize in the country is not satisfacto-

were prepared according to the design of the treatments. The
plots were fertilized with Urea, TSP (Triple super phosphate),

ry. It is rather very low compared with leading maize growing
countries of the world. The national average yield is only 6.45 t

MoP (Muriate of potash), Gypsum and Zn SO4 at the rate of 500,
240, 180, 240 and 10 kg/ha, respectively. The total amount of

ha-1, whereas, the newly released varieties have the potential to
produce more than 8.0 t ha-1 (AIS, 2015).

TSP, MP, Gypsum and ZnSO4 were broadcasted and incorporated to the soil at final land preparation. First 1/3 rd of urea was

Plant variety and planting spacing usually affect crop environment, which influence crop growth and yield. Maize varieties

applied at final land preparation. The rest of the urea were top
dressed in 2 installments: 1/3rd at 25 DAS and the other 1/3rd at

have great impact on yield. Hybrid varieties produce more than
double than local varieties. Cultivation of hybrid varieties along

45 DAS. Seeds were sown on 12 December, 2015 as per experimental spacing apart by opening 3-4 cm deep furrows with tine.

with various planting spacing can increase production of maize.
Adjustment of proper plant spacing in the maize field is

Two seeds were sown in each hill -1. Weeding was done at 25
DAS and 55 DAS. Only one healthy seedling hill -1 was kept and

important to ensure maximum utilization of solar energy by the
crop and reduce evaporation of soil moisture (FAO, 2012).

the rest were thinned out at 14 DAS. The crop was irrigated two
times at 40 and 80 DAS.

Radiation intercepted by the leaf surface and the efficiency or
its use in developing biomass govern the total dry matter

Observation and data collection

production. Population levels should be sustained to exploit
maximum natural resources, such as nutrients, sunlight, soil

Five plants were randomly selected from each plot for collecting
data on yield attributes and yield. At full maturity, the crop was

moisture etc. and to ensure satisfactory yield. Very closest
planting is undesirable because it encourages inter-plant

harvested plot-wise on 16 April, 2016. Cobs were dried in bright
sunshine, shelled and the grains were cleaned properly. Grains

competition for resources. Biomass production of a crop largely
depends on the function of leaf area development and conse-

and stalk were thoroughly dried plot by plot individually before
their weights were recorded. Grains obtained from each unit

quential photosynthetic activity (Natr, 1992). Thus different
varieties and appropriate plant spacing have to be ensured with

plot were sun-dried to 14% moisture and weighed carefully and
the plot yield was recorded in metric tons per hectare (t ha -1).

a view to maximizing maize yield. With the above view, an
experiment was carried out to study the effect of variety and

Stalks obtained from each unit plot were dried in sun and final
stalk yield per plot was recorded in t ha-1. Harvest index (%) was

spacing on the yield performance of maize in old Brahmaputra
floodplain area.

calculated using the following formula:

MATERIALS AND METHODS
Description of experimental site

Statistical analysis of data

The experiments were performed at the Agronomy Field
Laboratory, Bangladesh Agricultural University, Mymensingh in

Data were compiled and tabulated in proper form for statistical
analysis. The recorded data were statistically analyzed to find

the December 2015 to April 2016. The experimental site is
located at 24° 75´ N latitude and 90° 50´ E longitude in the south

out the significance of variation resulting from the experimental
treatments. All the collected data were analyzed and adjudged

-west part of Brahmaputra at an elevation of 18 m above the sea

by Duncan’s Multiple Range Test.

level. This site belongs to non-calcareous dark grey floodplain
soil under the agro-ecological zone Old Brahmaputra Floodplain

RESULTS AND DISCUSSION

“AEZ-9” (UNDP and FAO, 1988).
Experimental design
The experiment was done in a randomized complete block
design with three replications having five varieties viz., Khoi

Crop characteristics and yield attributes
The number of leaves plant-1, rows cob-1, kernel cob-1, and
thousand grain weights were significantly influenced by various
varieties (Table 1). The highest number of leaves plant-1 was
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observed in BARI hybrid maize 9 (15.6) and the lowest number

cm. (Table 2). The highest number of cobs plant -1 (1.73) was

of leaves was observed in Khoi Bhutta (12.0) (Table 1). Highest
number of rows cob-1 (16.00) was found in BARI hybrid maize 7

obtained from 75 cm × 20 cm spacing and the less number of
cobs plant-1 (1.33) was recorded at a spacing of 75 cm × 40 cm

and the lowest number of rows cob-1 (12.00) was obtained in
P-3396 (Table 1). The highest number of kernel cob -1 (35.49)

(Table 2). The highest rows cob-1 (16.00) was obtained from 75
cm × 20 cm spacing and 75 cm × 35 cm spacing produced lowest

was found in khoi bhutta and the lowest number of kernel cob -1
(28.00) was obtained with P-3396 (Table 1). The highest thou-

(Table 2). The plants grown in 75 cm × 25 cm spacing produced
the highest number of kernel cob-1 (34.00) and the lowest num-

sand-grain weight (351.33 g) was obtained from BARI hybrid
maize 9 and the lowest thousand-grain weight (155.00 g)

ber of kernel cob-1 (29.33) was produced when the crop was
sowing at 75 cm × 40 cm (Table 2). Thousand-grain weight

achieved with khoi bhutta (Table 1). A similar result was also
reported Zamir et al. (2011). They have used two hybrids maize

differs with plant spacing. Maximum thousand-grain weight
(351.33 g) was observed in 75 cm × 30 cm spacing which was

varieties H 1 (30 Y 87) and H 2 (31 R 88) having density levels S
1 (15 cm), S 2 (20 cm), S 3 (25 cm) and S 4 (30 cm) were sown at

similar with 75 cm × 20 cm spacing and 75 cm × 40 cm spacing
produced lowest (Table 2). The lowest values for yield attributes

row spacing of 60 cm. The hybrid 30 Y 87 was early in maturity,
produced more number of cobs per plant, more number of grain

in closer spacing were due to high competition for the resources
such as sun light, moisture, nutrient and air. Similar trend was

rows per cob, less number of grains per row and less cob length
than the hybrid 31 R 88. Similarly 1000-grain weight, grain yield

reported elsewhere (Dawadi and Sah, 2012). They have conducted an experiment National Maize Research Program Farm,

and straw yield of hybrid H 1 (30 Y 87) was significantly greater
than the hybrid H 2 (31 R 88 Although narrow plant spacing (15,

Rampur, Nepal and found that plant density of 66,666 plants/ha
produced the higher grain yield (11.19 t/ha) compared to that of

20 cm) caused substantial reduction in yield components such as
grains/cob, number of cobs/plant and 1000-grain weight

55,555 plants/ha (9.52 t/ha). However, grain yield at 66,666
plants/ha did not show a significant difference with that of

compared to the wide plant spacing (30 cm) yet it gave the
maximum yield (7.69 t ha -1) against the minimum of (5.01 t ha -1)

83,333 plants/ha (10.54 t/ha). Increasing plant density from
55,555 plants/ha to 83,333 plants/ha had increased the stover

in the latter.
Spacing had a significant effect on leaves plant-1, cobs plant-1,

yield, whereas, the Harvest Index (HI) and grain stover ratio
were not significantly influenced by plant densities. Similarly,

rows cob-1, kernel cob-1, thousand-grain weight. The highest
leaves plant-1 (15.67) was obtained from 75 cm × 20 cm spacing

200 kg/ha N application produced a higher grain yield (10.9 t/
ha) than 120 kg/ha N application (9.76 t/ha), but was in par with

the lowest number of leaves (12.00) was found with 75 cm × 35

160 kg/ha N application (10.59 t/ha).

Table 1. Effect of variety on the crop characters and yield contributing characters of maize.
Plant height
(cm)

Leaves plant-1
(no.)

Cobs plant-1
(no.)

Rows
cob-1 (no.)

Kernel cob-1
(no.)

1000- Grain
weight (g)

Khoi Bhutta

217.0

12.0c

1.47

15.00d

35.49a

155.00bc

BARI hybrid maize 7

209.0

14.0ab

1.67

16.00a

34.00b

346.33ab

BARI hybrid maize 9

232.6

15.6a

1.73

15.08c

33.00c

351.33a

C-1921

191.3

12.3bc

1.60

15.33b

32.81d

336.33ab

P-3396

217.6

12.3bc

1.40

12.00e

28.00e

329.33b

CV (%)

8.51

7.66

16.98

6.94

7.01

4.34

NS

**

NS

*

*

**

Variety

Level of significance

In a column figures with same letters do not differ significantly whereas figures with dissimilar letters differ significantly (as per DMRT).

Table 2. Effect of planting spacing on the crop characters and yield contributing characters of maize.
Plant height
(cm)

Leaves plant-1
(no.)

Cobs plant-1
(no.)

Rows cob-1
(no.)

Kernel cob-1
(no.)

1000-grain
weight (g)

75 × 20

217.67

15.67a

1.73a

16.00a

33.08c

351.33a

75 × 25

227.67

14.67a

1.33c

15.33bc

34.00a

350.67b

75 × 30

232.67

14.00ab

1.67ab

15.33bc

33.22bc

351.33a

75 × 35

227.67

12.00b

1.40bc

12.00c

33.33b

346.33c

75 × 40

224.33

12.33b

1.33c

15.67b

29.33d

320.00d

CV (%)

5.84

8.72

10.09

4.91

4.61

2.92

NS

*

*

**

*

*

Spacing (cm × cm)

Level of significance

In a column figures with same letters do not differ significantly whereas figures with dissimilar letters differ significantly (as per DMRT).
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Table 3. Interaction effect of variety and plating spacing on the crop characters and yield contributing characters of maize.
Interaction
(Variety × Spacing)
V1 × S1
V1 × S2
V1 × S3
V1 × S4
V1 × S5
V2 × S1
V2 × S2
V2 × S3
V2 × S4
V2 × S5
V3 × S1
V3 × S2
V3 × S3
V3 × S4
V3 × S5
V4 × S1
V4 × S2
V4 × S3
V4 × S4
V4 × S5
V5 × S1
V5 × S2
V5 × S3
V5 × S4
V5 × S5
CV (%)
Level of
significance

Plant height
(cm)
196.3abcd
217.0abcd
205.3abcd
194.3abcd
204.3abcd
188.3bcd
200.0abcd
209.0abcd
201.0abcd
133.7e
211.0abcd
227.6ab
232.6a
227.6ab
224.3abc
184.6bcd
176.3de
191.3abcd
182.6cd
190.0abcd
217.6abcd
215.6abcd
200.6abcd
205.3abcd
201.0abcd
13.12

Leaves plant-1
(no.)
10.6e
11.0e
12.0de
12.0de
11.6e
14.0de
13.6bcd
14.0abc
12.0de
11.6e
15.6a
14.6ab
13.6bcd
12.0abc
12.3cde
12.3cde
12.3cde
12.3cde
11.6e
11.6e
12.3cde
12.0de
12.0de
11.6e
12.0de
9.53

Cobs plant-1
(no.)
1.33
1.20
1.47
1.33
1.33
1.33
1.33
1.67
1.20
1.33
1.73
1.33
1.60
1.40
1.33
1.60
1.33
1.07
1.33
1.33
1.40
1.33
1.40
1.13
1.07
16.72

Rows cob-1
(no.)
15.00
15.00
14.33
13.66
14.33
16.00
15.33
14.66
16.00
15.66
15.07
14.00
15.00
14.66
15.00
14.33
15.00
15.33
14.33
15.00
15.33
14.33
15.00
14.00
14.33
8.85

Kernel cob-1
(no.)
33.08abc
32.78abc
33.22abc
29.10ef
31.21abcdef
32.76abc
34.00a
30.51bcdef
33.25abc
33.41ab
32.66abcd
30.66abcdef
32.33abcde
30.00cdef
32.33abcde
28.33f
30.00cdef
32.00abcde
31.00abcdef
32.80abc
29.33def
30.33bcdef
30.66abcdef
33.33abc
30.66abcdef
6.50

1000-Grain weight
(g)
155.00f
146.33f
147.33f
149.33f
148.33f
346.333abc
344.66abcd
342.33abcde
346.33abc
346.33abc
351.33a
350.66ab
351.33a
345.00abcd
343.66abcde
334.66abcde
335.00abcde
336.33abcde
333.33bcde
335.00abcde
328.33de
328.33de
329.33cde
328.66cde
326.00e
3.63

*

*

NS

NS

*

*

In a column figures with same letters do not differ significantly whereas figures with dissimilar letters differ significantly (as per DMRT); V1= Khoi
Bhutta, V2= BARI hybrid maize 7, V3= BARI hybrid maize 9, V4= C-1921 and V5= P-3396; S1= 75 cm x 20 cm, S2= 75 cm x 25 cm, S3= 75 cm x 30 cm,
S4=75 cm x 35 cm and S5=75 cm x 40 cm.

There was significant interaction effect between variety and
plant spacing on plant height, leaves plant -1, cob diameter,
kernel cob-1, thousand-grain weight. BARI hybrid maize 9 with
75 cm × 30 cm spacing showed the tallest plant height (232.6
cm) and the lowest plant height (133.7 cm) was recorded from
BARI hybrid maize 7 with 75 cm × 40 cm (Table 3). Maximum
numbers of leaves (15.6) were found in BARI hybrid maize 9
with 75 cm × 20 cm spacing and the lowest number of leaves
plant-1 (10.0) was obtained from Khoi bhutta with 75 cm × 20
cm spacing (Table 3). Maximum numbers of cob diameter were
found in BARI hybrid maize 7 with 75 cm × 20 cm spacing (4.60)
Figure 1. Effect of variety on grain yield and stover yield of maize.

followed by BARI hybrid maize 9 with 75 cm × 25 cm spacing
while the lowest was in khoi bhutta with 75 cm × 30 cm (3.76)
(Table 3). The highest number of rows cob-1 (16.00) was BARI
hybrid maize 7 with 75 cm × 20 cm spacing while the lowest
(3.76) was in Khoi bhutta with 75 cm × 30 cm spacing (Table 3).
The highest number of kernel cob-1 (34.00) was found from
BARI hybrid maize 7 with 75 cm × 25 cm spacing and the lowest
number of kernel cob-1 (28.33) was obtained from C-1921 with
75 cm × 25 cm (Table 3). BARI hybrid maize 9 with 75 cm × 20
cm spacing produced the highest thousand-grain weight
(351.33 g) followed by BARI hybrid maize 9 with 75 cm × 30 cm
spacing (351.33 g) while the lowest was in Khoi bhutta with 75
cm × 25 cm spacing (146.33 g) (Table 3).

Figure 2. Effect of spacing on grain yield and stover yield of maize.
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L.) towards different plant spacing. Cercetari Agronomice in
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In this experiment, we assessed the phytoremediation potential of water hyacinth (Eichhornia
crassipes) for pollutants removal from sugar mill effluent amended at different concentrations
and further biogas production from its grown biomass co-digested with cow dung in a laboratory scale anaerobic digester. The results showed that the maximum values of kinetic growth
rate (2.56gg-1d-1), total chlorophyll content (4.10±0.10mg/gfwt.) and fresh plant biomass

Keywords
Biogas production
Modified Gompertz kinetic model
Phytoremediation
Plant growth kinetics
Sugar mill effluent
Water hyacinth

(393.87±4.67g/Kg) of E. crassipes were achieved in 75% concentration of sugar mill effluent
after 60 days of phytoremediation experiments. Also, the enrichment factor (Ef) and bioaccumulation factor (Bf) of heavy metals were greater than or equal to 1 in the roots and leaves of E.
crassipes which indicated efficient elimination of these metals from the sugar mill effluent.
Significant values of cumulative biogas production (5195 ml) and predicted by modified
Gompertz kinetic model (5238.71 ml) were found after 15 days of anaerobic digestion at 40°C
with maximum reduction of COD (83.11%) of the substrate slurry. The plot of log(COD) vs. t
(HRT) suggested good fitness of first order kinetic equation (R 2= 0.9746) for reduction of
co-substrate COD. The different kinetic parameters of COD reduction for biogas production
viz., a, xc and k were noted as 6096.12, 7.73 and 0.26, with R2 value of 0.99, respectively. The
findings of this study concluded that E. crassipes can be used for the phytoremediation of heavy
metals and other pollutants most efficiently in 75% concentration of the sugar mill effluent.
Additionally, the biomass of E. crassipes grown during phytoremediation can be used for
enhanced biogas production.
©2018 Agriculture and Environmental Science Academy
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INTRODUCTION

ture of sugar contains a greater amount of pollution load mainly

Globally, the species of the aquatic macrophytes are frequently

the suspended solids, organic matters, press-mud, bagasse and
higher microbial load (Daulta et al., 2014). Farmers have been

being tested for their phytoremediation potential using diverse
nature of industrial effluents with varied characteristics (Kumar

frequently using these effluents for the irrigation purpose in the
field crops due to its higher nutrient values while continuously

and Chopra, 2016). The rapid and continuous growth of industrial sector has raised the economy of the nation, but, on the

irrigation gradually affect the soil health and accumulate numerous toxicants. In the aquatic environment, addition of different

other hand it has also degraded all part of the environment as
air, water and soil (Mishra and Maiti, 2016). The sugar industry

pollutants such as chloride, sulphate, phosphate, magnesium
and nitrate of the sugar mill effluent are responsible for

effluent has various pollutants which cause water pollution in
the aquatic as well as soil ecosystems when released without

eutrophication in the water bodies. Therefore, disposal of the
sugar mill effluent in the aquatic resources severely affect the

proper treatments. The effluent produced during the manufac-

survival of living organisms (Ayyasamy et al., 2008). The major

Vinod Kumar et al. /Arch. Agr. Environ. Sci., 3(3): 275-288 (2018)
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shortcomings of the electric-current, physical, chemical, filtra-

78°70'23''E. For this, sugar mill effluent samples were taken

tion and adsorbent based technologies for the large scale treatment of the wastewater are the higher input cost and complex

from the effluent disposal site of Uttam Sugar Mills Ltd. in
Libberheri village of Roorkee, Haridwar (Uttarakhand) (29°

manufacture, operation, and maintenance practices makes them
limited (Annadurai et al., 2002; Mishra and Maiti, 2016).

44'38"N and 77°51'14"E) into 25 liter capacity plastic canes.
The samples were brought to the laboratory and analyzed for

The phytoremediation is an alternate biological method to
remediate the excess nutrients and heavy metal contaminants

various physico-chemical, microbiological and heavy metals. The
phytoremediation experiments were carried out in the glass

from the wastewaters. Phytoremediation technology is continuously receiving attention as an innovative, profitable substitute

aquariums (25 liters capacity) in different concentrations (25%,
50%, 75% and 100%) of the sugar mill effluent. The different

for the treatment of industrial effluents (Kumar et al., 2016). The
efficiently capable aquatic macrophytes are widely used to

concentrations i.e., 25% (5 liter sugar mill effluent + 15 liter bore
well water), 50% (10 liter sugar mill effluent + 10 liter bore well

eliminate a wide range of micro and macro elements, metals by
means of surface adsorption and/or absorption (Fernando et al.,

water), 75% (15 liter sugar mill effluent + 5 liter bore well water)
and 100% (absolute effluent) of the sugar mill effluent were

2008). These plants absorb the nutrients from the wastewaters
and grow more rapidly which makes the process more sustaina-

achieved by diluting the sugar mill effluent with bore well water.
A total twenty liter of treatment sample was taken in the glass

ble to reduce the load efficiently. Hence, such plants are playing
prominent role in effective management of industrial

aquarium and three pre-weighed healthy plants of E. crassipes
were transplanted in the effluent. The experiment was run for a

wastewaters by recycling the contaminants and help in making
aquatic ecosystem cleaner (Kumar et al., 2017a).

period of 60 days and replicated three times and arranged in
block design. A control investigation was also undertaken to

Water hyacinth (E. crassipes) is magnificent aquatic macrophytes
as it has high potential to decontaminate the submerged aquatic

grow E. crassipes in bore well water. The experiments were
performed with retention time of 24 hrs. and lasted for 60 days.

ecosystems. The dense hairy roots of E. crassipes play major role
in effectively absorbing a wide range of nutrients and heavy

The various physico-chemical, microbiological and heavy metals
parameter of sugar mill effluent viz., pH, electrical conductivity

metals from their supplemented medium and further translocate them in different aerial parts (stem and leaves) by means of

(EC), total dissolved solid (TDS), biological oxygen demand
(BOD), chemical oxygen demand (COD), total Kjeldhal nitrogen

biological filtration system (Dhote and Dixit, 2009). The water
hyacinth plants are also biochemically rich in hemicellulosic

(TKN), phosphorus (P), calcium (Ca), magnesium (Mg), sodium
(Na) and potassium (K); standard plate count (SPC), most proba-

content (22–33.97% dry weight) and carbon/nitrogen ratio
(20–35) which makes it good substratum for production of

ble number (MPN); cadium (Cd), copper (Cu), chromium (Cr),
iron (Fe), lead (Pb), manganese (Mn) and zinc (Zn) were analyzed

biofuels (Jayaweera et al., 2007).
Utilization of the plant-based biomass for production of biogas

by following the standard methods prescribed by AOAC (2005)
and APHA (2012).

has become an innovative and emerging approach for fulfilling
the global energy demands. The biomass of aquatic macro-

Description and collection of the test plant species (E. crassipes)

phytes grown during the phytoremediation process has good
potential for generation of biogas and, furthermore, the left

E. crassipes is a free floating, invasive weed and perennial aquatic
macrophytes which belongs to the family Pontederiaceae. It is

over digested substrate can be used as biofertilizer (Kumar et al.,
2017a). Using plant biomass with diverse types of

dominantly found in the local aquatic bodies of Northern India
and able to grown in a wide range of highly enriched water

co-substrates increases the biofuel production efficiency
(Mishra and Maiti, 2016; Kumar et al., 2017a, b).

bodies like ponds, lakes and wetlands. Having good ability to
absorb or accumulate a wide variety of contaminants in their

Thus, no comprehensive report is available on the phytoremediation of the sugar mill effluent by water hyacinth and

vegetative parts also makes this species more suitable for
phytoremediation. Healthy plants of E. crassipes were collected

the use of grown biomass of for biogas production. Keeping
in view, the present investigation was planned to assess the

from the pond situated at Jamalpur Kalan (29°91ʹ20ʹʹN and 78°

potential of E. crassipes for pollutant elimination from sugar
mill effluent and further biogas production using its grown

(Uttarakhand), India. The plants of E. crassipes were familiarized

13ʹ08ʹʹE) near Gurukula Kangri Vishwavidyalaya Haridwar

biomass.

in the MEA for one week by placing them in a common macrophytes culture pond to let adapt in the new environment. Final-

MATERIALS AND METHODS

ly, the plants of the equal size and weight were transplanted in
the glass aquariums for the phytoremediation process.

Experimental setup, collection and characterization of sugar
mill effluent
The phytoremediation experiments were conducted in the
Multipurpose Experimental Area (MEA) of the Department of
Zoology and Environmental Science, Gurukula Kangri Vishwavidyalaya, Haridwar (Uttarakhand), India (29°55'13''N and

Calculation of percent pollutants removal efficiency (Re)
The percent removal efficiency of pollutants from sugar mill
effluent by E. crassipes was calculated by using the Equation 1
(Hurst, 1997; Kumar et al., 2017a, b):
(1)
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Where, Ci is the initial concentration of the pollutant in the

the accumulation of pollutant within the plant tissues. For

medium and Cf is the final concentration of the pollutant in the
medium.

plants, the Bf is used as a measure of the efficiency of metal
accumulation, whereby the value greater than 1 is the indication

Heavy metals analysis

of plant’s best potential to phytoextraction or phytoremediation
(Santillan et al., 2010; Dowdy and McKone, 1997). Bioaccumula-

Both the sugar mill effluent and plants were analyzed for heavy
metal (Cd, Cu, Cr, Fe, Pb, Mn and Zn) during the

tion factor was calculated using Equation 4 (Eze, 2014).

phytoremediation experiments. For this, 10 mL of sugar mill
effluent and 1.0g of air dried root and leaves samples of E.

(4)

crassipes were taken out in the digestion tubes separately and 3
mL of conc. HNO3 was added. Each digestion tube was digested

Where, Cp is the mean metal concentration in plant tissue and
Cm is the mean metal concentration in the wastewater medium.

in an electrical heating block for a period of 1 hr. at 150°C. The
mixtures were cooled and filtered using Whatman No. 42 filter

Translocation factor (Tf) is the screening index of hyper accumulator plants for phytoextraction of specific heavy metals.

paper. The final volume was made to 50 mL by addition of 1%
HNO3 and further used for heavy metals analysis using an

This ratio is an indication of the ability of a plant to translocate
metals from its roots to its aerial parts (Mellem et al., 2012).

atomic absorption spectrophotometer instrument(PerkinElmer,
Analyst 800 AAS, GenTeh Scientific Inc., Arcade, NY) following

Tf was calculated by using Equation 5.

the standard methods (AOAC, 2005; Chaturvedi and Sankar,
2006; APHA, 2012).

(5)

Calculation of plant growth parameters

Where, CL and CR is the concentration of metal in leaves and
roots respectively.

Fresh weight and total chlorophyll content of E. crassipes plants
were at intervals of 0, 15, 30, 45 and 60 days in each treatment

Metals that are accumulated by plants and largely stored in the
roots of the plants are indicated by Tf values less than 1, with

of the sugar mill effluent. Fresh weight of E. crassipes was determined by using a digital balance. The total chlorophyll content

values greater than 1 indicates translocation to the aerial parts
of the plant (Mellem et al., 2009).

of E. crassipes was analyzed using acetone extraction method
and the absorbance were recorded in a spectrophotometer

Design of anaerobic bioreactor for batch mode biogas

(Agilent 60 Cary, UV-Vis Spectroscopy); (Aron, 1949).

production
A laboratory scale anaerobic bioreactor set up was designed for

Calculation of kinetic growth rate
The kinetic growth rate of E. crassipes plants was calculated by

the bio gas production by anaerobic digestion of co-substrate. A
glass aquarium (30×30×30cm) was used as the chamber and the

evaluating the initial weight with the final weight. The kinetic
growth rate was calculated by using the Equation 2 (Hunt,

outer walls of the bioreactor were covered with poly-styrene
plastic sheet in order to avoid the temperature loss. An aspira-

1978):

tor glass jar of 2 liters capacity was used as a bioreactor for the
digestion of different co-substrate which was placed inside the
(2)

substrate digestion unit having 10 liter water. A digital temperature controller (thermostat unit) was fitted inside the substrate

Where, InWa and InWz are the logarithms of initial fresh
biomass and final fresh biomass at harvest, respectively, while

digestion unit to maintain the temperature of water inside the
bioreactor (40°C). The biomass of E. crassipes grown in the

(t2-t1) is the duration of the experiment in days. The results were
expressed as increase of biomass per unit mass per day (gg -1d-1).

different concentrations of the sugar mill effluent was rinsed
with distilled water and dried and then grinded with mechanical

Calculation of enrichment (Ef), bioaccumulation (Bf) and

mixer to convert the biomass into granular powder. Dry powder
of E. crassipes (200g), sugar mill effluent (200mL), cow dung

translocation (Tf) factors of heavy metals in tissues of E.
crassipes

(200g) and 200 ml of distilled water were mixed thoroughly to
prepare the substrate slurry. The slurry was further diluted in

The enrichment factor (Ef) of Cd, Cu, Fe, Cr, Pb, Zn and Mn in the
roots and leaves E. crassipes was calculated using the Equation 3

1:5 ratios with distilled water. 1 liter of the finally prepared
sample of the co-substrate slurry was filled in the aspirator glass

(Kim and Kim, 1999):

jar. A gas collection unit and water collection unit was also fitted
in the aspirator glass bottle using IV set and rubber cork. The
(3)

bioreactor was run for 15 days at 40°C for the anaerobic
co-digestion of the substrate and generation of biogas. The

Where, Cs is the mean metal concentration of treated sample
and Cr is the mean metal concentration of reference.

quantification of biogas was performed by water displacement
method per day basis. However, the theoretical estimation of

Bioaccumulation factor (Bf) is the ratio of metal concentration in
the plant to the metal concentration in its medium. It describes

methane was performed based on the reduction in the chemical
oxygen demand (COD). The cumulative biogas production was
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recorded continuously till 15 days by following the standard

parameters

viz.,

EC

(2.25±0.04

dSm-1,

33.55%),

TDS

-1

method suggested by Goswami et al. (2016).

(422.74±0.69 mgL , 66.98%), BOD (94.28±0.16 mgL-1, 71.82%),
COD (137.80±1.12 mgL-1, 76.09%), TKN (11.22±0.17 mgL-1,

Characterization of physico-chemical parameters of cosubstrate

88.22%), P (17.57±0.16 mgL-1, 79.22%), Ca (31.01±0.49 mgL-1,
72.90%), Mg (21.07±0.82 mgL-1, 76.10%), Na (23.54±0.81 mgL-1,

The slurry of co-substrates was analyzed for pH, chemical
oxygen demand (COD), total organic carbon (TOC), total

79.24%) and K (67.17±0.13 mgL-1, 66.71%) of the sugar mill
effluent was observed in 75% concentration of sugar mill efflu-

Kjeldahl’s nitrogen (TKN) and carbon/nitrogen ratio (C/N ratio)
before and after co-digestion by following standard methods

ent at statistical significance of F>prob (P<0.05/P<0.01/
P<0.001). For the microbiological parameters of the effluent, the

cited in APHA (2012). The total solids (TS) and volatile solids
(VS) of the slurry were determined after drying a small portion

most reduction of MPN (1.059×103±43.15 100mL-1, 66.10%)
and SPC (2.019×103±24.12 CFU mL-1, 67.29%) was also found in

of the slurry at 105ºC for 24 hrs. (Kumar et al., 2018).

the 75% treatment. Though, there was a lag phase between 0 to
15 days where the reduction was not significant (P>0.05), there-

Biogas Prediction analysis using modified Gompertz kinetic
model

after, between 15 to 45 days or log phase, the most significant
removal was observed (P<0.05/P<0.01/P<0.001). Finally, the

The equation of Modified Gompertz Kinetic Model was
employed to predict the cumulative biogas production and

time between 45 to 60 days can be termed as the stationary or
decline phase as there was very less or no significant reduction

verified to fit the experimental data in order to determine some
important kinetic parameters necessary for digester design and

again in the medium. The findings of the present study are in
good agreement with previous reports of Kumar and Chopra

optimal operation required for large scale anaerobic plants. The
equation was estimated by using nonlinear curve fitting tool,

(2017) who observed higher values of TDS, BOD5, COD and
others pollutants of sewage effluent were reduced more effi-

obtained by using optimization tool i.e. OriginLab Pro (version
9.1) software. Gompertz model has already been used by

ciently at 50% concentration who carried out phytoremediation
using aquatic macrophyte water caltrop (Trapa natans L.). Alade

various authors (Atlas, 2009; Lin and Shei, 2008; Li et al., 2008)
for successful prediction of maximized biogas production for a

and Ojoawa (2009), Akinbile and Yusoff (2012) and Kouamé et
al. (2016) demonstrated reduction of COD, TKN, NO3-, NH3 and

perfect lag time. This model can be expressed as Equation 6.

PO43- load from the wastewater using water hyacinth and water
lettuce. Kumar et al. (2017a) reported that the water hyacinth
(6)

(E. crassipes) has potentially treated the paper effluent and it can
be used for the elimination of nitrogen, phosphorus, calcium,

Where, Y(t) = Cumulative biogas production, P = Maximum
biogas production potential, µm = Maximum specific biogas

magnesium and parameters as MPN and SPC of the effluent.
Dar et al. (2011) also described that water hyacinth has future

production (ml), λ = lag time (days) and t= Observation time of

prospective for the treatment of wastewater.

biogas production (days).
Statistical analysis of the data

Reduction of heavy metals of sugar mill effluent during
phytoremediation using E. crassipes

The values reported in this study were the mean of three
replicates. The means were calculated using MS Excel 2010

A significant (P<0.05/P<0.01/P<0.001) reduction of heavy
metals viz., Cd (94.99%), Pb (94.44%), Zn (79.70%), Cr (79.31%),

while the graphs were plotted using of OriginLab Version 9.1
and Microsoft Excel, 2010 packages. Data was statistically

Mn (73.13%), Cu (70.67%), Fe (66.58%), and was noted in 75%
concentration of the sugar mill effluent after 60 days of

analyzed to determine the levels of significance using one-way
analysis of variance (ANOVA).

phytoremediation experiments (Table 2). The less reduction in
the minimal concentration of sugar mill effluent may be subject-

RESULTS AND DISCUSSION

ed to the bioavailability of the net metal content in the medium
as already discussed in our previous study (Kumar et al., 2017).

Changes in the physico-chemical and microbiological parame-

Higher concentration of heavy metals in the medium increases
its toxicity and tends to decrease plants ability to survive in such

ters of sugar mill effluent during phytoremediation
The significant changes in the various physico-chemical and

stressful conditions. These results are parallel to the findings of
Dhir et al. (2009) and Kisholay and Das (2015), who found

microbiological parameters of sugar mill effluent E. crassipes was
recorded during 60 days of phytoremediation experiment as

significant reduction of Cd, Cr, Cu, Fe, Pb, Mn and Zn metals
present in the paper mill effluent. These findings are also in

presented in the Table 1. The pH of the sugar mill effluent in
different was reduced by 5.60%, 7.72%, 8.95%, 9.05% and

accordance with Solomon and Marcus (2016) who reported that
E. crassipes significantly reduced the in the content of heavy

7.28% in BWW, 25, 50, 75 and 100% treatments, respectively.
The most changes in the pH was found maximum if the sugar

metals and others pollutants.

mill effluent concentration was less or equal to 75%. Similarly,
reduction of other physico-chemical and microbiological

Occurrence of heavy metals in tissues of E. crassipes
The contents of Cd, Cu, Fe, Cr, Pb, Zn and Mn in the roots and
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Table 1. Changes in physico-chemical and microbiological characteristics of sugar mill effluent before and after phytoremediation and removal efficiency of
E. crassipes in percent.
Parameters

pH

EC
(dS m-1)

TDS
(mg L-1)

BOD
(mg L-1)

COD
(mg L-1)

TKN
(mg L-1)

P
(mg L-1)

Ca
(mg L-1)

Mg
(mg L-1)

Na
(mg L-1)

K
(mg L-1)

MPN
(100 ml-1)

SPC
(cfu ml-1)

Concentration

Before
phytoremediation

15 Days

30 Days

45 Days

60 Days

Removal
(%) at 60
days

BWW (0%)
25%
50%
75%
100%
BWW (0%)
25%
50%
75%
100%
BWW (0%)
25%
50%
75%
100%
BWW (0%)
25%
50%
75%
100%
BWW (0%)
25%
50%
75%
100%
BWW (0%)
25%
50%
75%
100%
BWW (0%)
25%
50%
75%
100%
BWW (0%)
25%
50%
75%
100%
BWW (0%)
25%
50%
75%
100%
BWW (0%)
25%
50%
75%
100%
BWW (0%)
25%
50%
75%
100%
BWW (0%)
25%

7.61±0.06
7.71±0.08
7.76±0.07
7.78±0.07
7.81±0.09
0.49±0.04
1.16±0.04
2.32±0.05
3.48±0.06
4.64±0.07
144.33±0.40
426.66±0.23
853.36±1.13
1280.08±2.62
1706.79±2.72
3.13±0.05
111.98±0.40
224.04±0.60
335.72±0.62
447.88±4.56
8.28±0.62
192.59±1.96
385.72±0.62
576.23±0.66
770.88±1.15
6.44±0.48
33.78±0.94
67.58±1.53
100.37±1.52
135.18±1.56
3.67±0.09
28.19±1.09
56.40±1.41
84.57±2.55
112.79±1.54
14.22±0.50
38.15±1.23
76.32±1.67
114.45±1.98
152.63±2.01
12.03±0.30
29.39±0.79
58.80±1.01
88.19±.03
117.58±1.18
13.69±0.47
37.80±1.04
75.72±1.57
113.39±2.09
151.38±1.97
8.73±0.37
67.17±1.19
134.35±1.45
201.76±2.12
268.74±1.85
1.04×103±30.57

7.60ns±0.05
7.60ns±0.01
7.57ns±0.04
7.53ns±0.03
7.70ns±0.03
0.47ns±0.04
1.06ns±0.04
2.19ns±0.02
3.27ns±0.02
4.51ns±0.02
132.12ns±0.20
392.81ns±1.52
728.41ns±1.48
933.86ns±1.73
1623.90ns±1.41
3.05ns±0.03
95.26ns±0.19
172.69ns±0.27
229.35ns±0.53
428.72ns±0.63
7.63ns±0.54
171.46ns±1.61
289.35ns±0.53
421.71ns±0.26
701.14ns±1.09
5.02ns±0.27
29.36ns±1.84
53.82ns±1.47
74.75ns±1.03
120.03ns±1.23
3.19ns±0.06
21.79ns±1.16
44.35ns±0.55
57.15ns±2.34
103.02ns±0.76
12.15ns±0.36
32.05ns±0.70
57.96ns±0.62
76.52ns±1.57
146.85ns±0.81
10.59ns±0.18
22.22ns±0.88
45.22ns±0.75
65.77ns±0.45
104.70ns±0.85
11.56ns±0.32
30.02ns±1.13
52.57ns±1.09
84.42ns±1.22
138.36ns±0.93
7.46ns±0.51
52.93ns±0.52
110.36ns±1.03
163.86ns±1.79
245.08ns±1.28
0.58×103*±22.68

7.44ns±0.02
7.44ns±0.04
7.24ns±0.03
7.27ns±0.03
7.45ns±0.04
0.45ns±0.03
1.04ns±0.03
2.08ns±0.03
3.07ns±0.04
4.24ns±0.03
110.53ns±0.85
376.18ns±1.01
636.42ns±1.85
804.45*±1.51
1586.14ns±1.03
2.63ns±0.03
77.88ns±0.17
143.28*±0.20
211.30ns±0.46
401.78ns±0.62
7.10ns±0.08
131.93ns±1.48
221.30ns±0.46
331.53*±0.34
689.22ns±0.57
4.26ns±0.10
22.08ns±2.95
44.59*±1.58
42.74*±1.51
112.85ns±1.47
2.91ns±0.07
16.75ns±0.98
34.44ns±0.41
41.81ns±0.61
87.02ns±0.46
10.61ns±0.27
28.65ns±0.52
53.27ns±0.21
61.32*±1.49
138.66ns±0.21
9.62ns±0.17
17.66ns±0.83
36.55*±0.67
37.95*±0.35
96.88ns±0.42
10.53ns±0.14
24.05ns±1.03
42.80ns±1.08
63.52*±1.50
130.46ns±0.50
6.97ns±0.07
41.81ns±0.61
95.16*±0.97
101.48*±1.36
235.91ns±0.77
0.72×103*±19.86

7.21ns±0.03
7.11ns±0.02
7.02ns±0.02
7.06ns±0.03
7.24ns±0.04
0.40ns±0.04
0.96ns±0.04
1.87ns±0.03
2.35ns±0.04
4.05ns±0.04
96.22*±0.42
313.08ns±1.01
563.82ns±1.20
425.56**±1.24
1538.47ns±1.16
2.14ns±0.03
58.63*±0.15
111.60*±0.16
99.44**±0.24
397.50ns±0.54
6.92ns±0.06
103*.03±1.24
198.72*±0.37
142.71**±0.32
666.47ns±0.33
3.88ns±0.06
17.50ns±1.53
32.43*±1.16
14.62**±0.53
108.70ns±1.02
2.14ns±0.03
13.93ns±0.43
26.32*±0.19
21.77*±0.55
83.89*±0.31
9.71ns±0.16
22.48*±0.44
43.17*±0.06
33.06**±0.86
132.18ns±0.06
9.07ns±0.05
14.39*±0.36
29.72*±0.45
23.13**±0.94
91.31ns±0.45
9.56ns±0.12
15.63*±0.77
30.74*±0.63
28.85*±1.00
124.51ns±0.55
5.54ns±0.11
31.54*±0.10
63.50*±0.29
71.51**±0.51
228.81ns±0.67
0.58×103*±16.70

7.19ns±0.02
7.09ns±0.02
7.02ns±0.02
7.04ns±0.01
7.22ns±0.01
0.38ns±0.04
0.95ns±0.04
1.84ns±0.05
2.25*±0.04
4.02ns±0.01
94.79*±0.54
305.48*±0.62
560.06*±0.99
422.74**±0.69
1528.09ns±1.02
2.12ns±0.02
55.23*±0.09
107.28**±2.66
94.6**±0.16
395.96ns±0.13
6.90ns±0.04
101.91*±1.20
191.72*±0.37
137.80***±0.12
662.30ns±0.32
3.83ns±0.02
15.17*±1.01
28.53**±0.95
11.22***±0.17
106.07*±0.51
2.11ns±0.03
10.91*±0.22
21.62**±0.26
17.57***±0.16
82.06*±0.06
9.10*±0.01
20.47*±0.27
40.12*±0.06
31.01***±0.49
130.03ns±0.02
8.06ns±0.03
12.11*±0.33
27.09*±0.51
21.07***±0.82
87.75*±0.35
9.06ns±0.04
13.44*±0.63
25.59*±0.56
23.54**±0.81
123.31ns±0.09
5.42ns±0.09
31.69*±0.17
62.34**±0.19
67.17***±0.13
227.66ns±0.23
0.56×103*±9.85

5.60
7.96
9.58
7.59
7.55
22.33
18.16
20.83
33.55
13.37
34.32
28.40
34.37
66.98
10.47
32.09
50.68
52.11
71.82
11.59
16.67
47.08
50.30
76.09
14.08
40.50
55.11
57.78
88.82
21.53
42.47
61.29
61.66
79.22
27.25
36.01
46.33
47.44
72.90
13.51
33.05
58.80
60.25
76.10
25.37
33.81
64.46
66.07
79.24
18.55
37.90
52.82
53.60
66.71
15.29
45.52

50%

2.085×103±61.25

1.738×103*±60.91

1.457×103*±42.52

1.177×103*±36.69

1.135×103*±27.07

45.57

3

After phytoremediation

3*

3**

3**

3

75%

3.124×10 ±96.10

2.59×10 ±87.10

2.073×10 ±66.03

1.106×10 ±59.34

1.059×10** ±48.82

66.10

100%
BWW (0%)

4.163×103±97.73
-

3.830×103*±86.07
-

3.675×103*±71.30
-

3.505×103*±40.08
-

3.440×103*±43.15
-

55.84
-

25%

2.051×103±56.36

1.753×103*±38.16

1.436×103*±26.27

1.376×103*±30.05

1.26×103**±37.77

38.30

2.188×103**±37.03

46.86

50%

3

4.119×10 ±108.67
3

3*

3.536×10 ±81.74
3*

3*

2.925×10 ±76.96
3**

3*

2.259×10 ±53.70
3**

3**

75%

6.173×10 ±133.35

5.460×10 ±81.74

3.534×10 ±71.08

2.076×10 ±50.85

2.019×10 ±42.12

67.29

100%

8.327×103±151.29

7.912×103*±77.54

7.477×103*±64.73

7.350×103*±41.71

7.206×103*±10.41

13.47

Values are presented in the table are the means ± SD of three replicates; -: Non detectable; BWW (0%): - Bore well water; ns-non significant; *, **, ***- Significantly at
P<0.05 or P<0.01 or P< 0.001 level of ANOVA, respectively.

0.012ns±0.005
0.017ns±0.006

0.020±0.014
0.008±0.005

0.016±0.007

0.025±0.010

0.032±0.010
0.307±0.074

0.615±0.124

0.922±0.010

1.228±0.039
0.003±0.002

0.006±0.005

0.010±0.006

0.012±0.007
0.008±0.005

0.016±0.008

0.024±0.013

0.032±0.013
0.073±0.032

0.146±0.065

0.221±0.069

0.292±0.054
0.297±0.069

0.594±0.115

0.892±0.130

1.188±0.160

100%
% (BWW)
25%

50%

75%

100%
% (BWW)
25%

50%

75%

100%
% (BWW)
25%

50%

75%

100%
% (BWW)
25%

50%

75%

100%
% (BWW)
25%

50%

75%

100%
% (BWW)
25%

50%

75%

100%

1.111ns±0.024

0.671*±0.061

0.476ns±0.119

0.280ns±0.041
0.273ns±0.047

0.117*±0.025

0.111ns±0.020

0.030ns±0.012
0.057ns±0.016

0.010ns±0.004
0.007ns±0.005

0.005*±0.003

0.003ns±0.002

1.164ns±0.023
0.002ns±0.002

0.707*±0.010

0.478*±0.119

0.029ns±0.009
0.285ns±0.066

0.018ns±0.005

0.012ns±0.005

0.018*±0.010
0.006ns±0.003

0.010ns±0.005

0.015±0.012

0.007ns±0.004

0.010±0.005

15 Days
0.004ns±0.004

75%

Zero Days
0.005±0.006

Before phytoremediation

50%

% (BWW)
25%

Concentration

1.068ns±0.020

0.510*±0.101

0.463ns±0.050

0.276ns±0.038
0.239ns±0.042

0.105*±0.016

0.108**±0.016

0.029ns±0.012
0.052ns±0.013

0.014*±0.007

0.010ns±0.003

0.009ns±0.003
0.006ns±0.004

0.004*±0.003

0.002*±0.001

1.159ns±0.020
0.002ns±0.002

0.614*±0.004

0.468*±0.044

0.027ns±0.006
0.259*±0.065

0.014*±0.005

0.009*±0.002

0.016ns±0.008
0.005ns±0.002

0.007ns±0.002

0.006ns±0.003

1.059ns±0.014

0.243**±0.057

0.353*±0.037

0.272ns±0.036
0.204ns±0.013

0.048*±0.009

0.102**±0.013

0.027ns±0.011
0.049*±0.011

0.005**±0.004

0.006*±0.006

0.009ns±0.003
0.004ns±0.002

0.003*±0.002

0.002*±0.001

1.128ns±0.006
0.002*±0.001

0.310**±0.002

0.432*±0.049

0.025ns±0.006
0.243*±0.053

0.008**±0.003

0.006*±0.003

0.014ns±0.007
0.004ns±0.002

0.002ns±0.002

0.005ns±0.006

45 Days
0.003ns±0.001

After phytoremediation
30 Days
0.003ns±0.002

1.052ns±0.010

0.240***±0.054

0.342*±0.035

0.271ns±0.034
0.199*±0.007

0.045**±0.007

0.080**±0.017

0.026ns±0.007
0.046*±0.008

0.003***±0.002

0.006*±0.006

0.009ns±0.003
0.004*±0.003

0.002***±0.001

0.001*±0.001

1.127ns±0.004
0.001*±0.001

0.308**±0.004

0.429*±0.053

0.024ns±0.004
0.240*±0.054

0.007***±0.002

0.005**±0.001

0.013ns±0.006
0.003*±0.001

0.002***±0.001

0.004*±0.003

60 Days
0.002*±0.001

11.44

73.13

42.48

7.19
33.00

79.70

45.08

19.79
36.82

94.44

64.58

27.78
56.00

79.31

78.95

8.20
60.00

66.58

30.30

25.26
21.63

70.67

67.25

36.07
60.00

94.99

62.07

50.00

Removal (%) at 60 days

Values are presented in the table are the means ± SD of three replicates; -: Non detectable; BWW (0%): - Bore well water; ns-non significant; *, **, ***- Significantly at P<0.05 or P<0.01 or P< 0.001 level of ANOVA,
respectively.

Mn
(mg L-1)

Zn
(mg L-1)

Pb
(mg L-1)

Cr
(mg L-1)

Fe
(mg L-1)

Cu
(mg L-1)

Cd
(mg L-1)

Parameters

Table 2. Changes in heavy metals characteristics of sugar mill effluent before and after phytoremediation using E. crassipes and removal efficiency in percent.
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Changes in the physico-chemical parameters of co-substrate

begins to exert a toxic effect on the methanogenic bacteria

The selected physico-chemical parameters of the substrates
slurry viz., TS, COD, VS, TOC and C/N, were significantly

(Wilkie et al., 2000). Generally, to maintain the C/N level of the
digester substrate at optimum levels, substrate of high C/N ratio

reduced after 15 days of anaerobic digestion. The initial values
of pH (7.88), TS (64.22%), COD (2865mgL-1), VS (58.88%), TOC

can be co-digested with substrate of low C/N ratio (Sawant et al.,
2007). The total Kjeldhal nitrogen (TKN) and total organic

(36.54%), TKN (1.36%), and C/N ratio (26.86) and were found
reduced to 6.22, 26.98%, 484 mgL-1, 27.44%, 13.99%, 0.76% and

carbon (TOC) of the substrate such as 1.36% - 0.76 and 36.54%
– 13.39% was observed after digestion process for the produc-

18.41 after 15 days of HRT at 40°C (Table 5). These changes
occurred due to the secretion of some acids, breakdown of

tion of biogas. The similar results were reported by Kumar et al.
(2017b).

lignocellulosic contents, reclamation of other organic
compounds and formation of other low molecular weight com-

Prediction analysis for biogas production using modified

pounds during the anaerobic digestion process by activity of the
numerous enzymes (Mathew et al., 2014; Kumar et al., 2017b).

Gompertz kinetic model
Biogas production was monitored using water displaced method

Total solid content (%) in substrate was reduced up to 26.98%
due to reduction of organic fraction present in the substrate.

and measured until there was no more biogas production. The
modified Gompertz model was used to estimate the fitness for

The most suitable condition for the anaerobic digestion process
in context of digestion was at a temperature of 40°C as earlier

prediction of cumulative biogas production. Results showed that
the cumulative biogas production (5195 mL) and using modified

reported in our another study (Kumar et al., 2018). Manjula and
Mahanta (2014) also reported the similar results of total solids

Gompertz kinetic model (5238.71 mL) were achieved after 15
days of anaerobic digestion (Figure 15). The value of different

and volatile solids in the co-digestion of food waste and pig
manure at 37°C. The anaerobic digestion process is very

kinetic parameters for the model viz., a, xc and k were 6096.12,
7.73 and 0.26, respectively with R2 (coefficient of determina-

effective to convert large quantities (>50%) of COD present in
the substrate slurry into biogas (Wilkie et al., 2000; O’Sullivan et

tion) value of 0.99. The modified Gompertz model gave the
satisfactory result in predicting biogas production for all

al., 2010). COD of the substrate was decreased from 2865 mgL -1
to 484 mgL-1 (83.11%) in 15 days of period at 40°C (Figure 14).

variables as earlier reported by previous findings by Budiyono et
al. (2014) and Kumar et al. (2018).

Manjula and Mahanta (2014) observed the similar removal of
COD of co-substrate during the biogas production process.

Kinetics of co-substrate COD reduction

O’Sullivan et al. (2010) noted the quite lower, approximately
50% reduction in COD during the utilization of dairy effluents in

The kinetics of COD reduction was studied by applying a first
order kinetic equation, by plotting log(COD) vs. t (HRT) which

biogas production. Moreover, the best percentile reduction in
COD may be subjected to a higher retention time as the COD

showed the good of fitting correlation coefficient (R2= 0.9594)
as presented in Figure 15. The reduction pattern of COD

reduction increase with increasing HRT (Bhadouria and Sai,
2011). The C/N ratio was altered from 26.86 to 18.41. The ideal

indicates the effectiveness of methanogenic activity and the
temperature near to 40°C may also be termed as optimum for

C/N ratio for anaerobic digestion is considered to be in the
range of 20-30 C/N ratio (Doraisamy et al., 2013; Kumar et al.,

mesophilic condition where the best condition for maximum
COD reduction was observed. The values of the rate constant

2017b). The high C/N ratio refers the rapid consumption of
nitrogen by the methanogenic bacteria to meet their protein

and R2 were 0.0337 and 0.9746, respectively. These results are
in good agreement with the findings of Samuel et al. (2017) who

requirement and as a result, the biogas production was reduced
(Wang et al., 2014). When pH value rose higher than 8.5, it

reported the good fitness of first order kinetic equation to
evaluate the COD reduction during biogas production.

1

2

Figure 1-2. Enrichment factor (Ef) of different heavy metals in the roots of E. crassipes after phytoremediation at different days.

Vinod Kumar et al. /Arch. Agr. Environ. Sci., 3(3): 275-288 (2018)

282

leaves of E. crassipes were progressively enhanced from 15 to 45

microbial growth in the medium (Chandra et al., 2017). Figures 5

days as the maximum uptake was occurred during this period.
We observed significant (P<0.05/P<0.01) enrichment of differ-

-6 and 7-8 represents the bioaccumulation factor (Bf) of different heavy metals accumulated in the roots and leaves of E.

ent heavy metals in the roots and leaves of E. crassipes as
presented in Tables 3 and 4. The quantity of different heavy

crassipes, respectively. We found that maximum bioaccumulation of all selected heavy metals were observed in the 75%

metals in the roots and leaves of E. crassipes were observed highest in 75% concentration of the sugar mill effluent. However,

concentration of sugar mill effluent. However, the order of their
bioaccumulation was varied as Cr>Fe>Cu>Mn>Mg for roots

the order of their accumulation as per quantity was noted in the
order of Fe>Mn>Zn>Cu>Cr>Pb>Cd. The diverse absorption

and Cr>Fe>Cu>Mn>Mg for leaves, respectively. The Bf value of
all heavy metals was greater than 1 (<1) which showed good

and accumulation of different heavy metals indicated speckled
uptake due to self-protection mechanism of the E. crassipes

potential of E. crassipes for the removal heavy metals which
supports to consider this as hyper-accumulative plant for

against different metals depends on the affinity of these metals
in different physiological processes, growth and development.

phytoremediation purposes (Santillan et al., 2010). Mellem
(2009) and Chandra et al. (2017) reported the Bf values viz., 1-2

In the similar way, the varied accumulation of different metals in
the tissues of Eichhornia, Pistia, Lemna, and Vallisneria aquatic

and conferring E. crassipes having high ability to accumulate
heavy metals from the contaminated water bodies.

plants has also been reported by Sharma et al. (2004) and Kumar
et al. (2016) which supports the data of this study.

Translocation of heavy metals in the tissues of E. crassipes

Enrichment of heavy metals in tissues of E. crassipes

The transportation of heavy metals from roots to leaves of E.
crassipes is due to nutritional and metabolic requirements,

Generally, the hyper accumulator plant having enrichment
factor (Ef) values greater than or equal to 1 (Ef≥1) tells that the

which is strongly regulated by the several physiological and
biochemical processes (Chandra et al., 2017). Data in the

selected plant is decent for phytoremediation process. It also
indicates that the plant has high capability of to accumulate and

Figures 9-10 shows the translocation factor (Tf) of selected
heavy metals from roots to leaves of E. crassipes. It was observed

tolerate toward higher concentration of heavy metals in its medium. In this study, Figures 1-2 and 3-4 shows the enrichment

that the translocation factor reached maximum in 75% concentration of the sugar mill effluent with an elemental order of

factor of different heavy metals in the roots and leaves of E.
crassipes grown in sugar mill effluent amended at different con-

Cd>Zn>Pb>Fe>Cr>Mn>Cu, respectively. Similarly, previous
study carried out by Chandra et al. (2017) also reported the

centrations, respectively. The results revealed that the heavy
metals enrichment in the root of E. crassipes was observed high

translocation factor of selected plant greater 1 when used for
phytoremediation of pulp and paper industry effluent.

as compared to the leaf parts. The order of heavy metal enrichment for roots was observed as Mn>Cd>Fe>Zn>Cu>Pb>Cr;

Changes in plant growth parameters of E. Crassipes during

while for leaves it was found as Cd>Fe>Mn>Zn>Pb>Cu>Cr. This
defines that E. crassipes has varied heavy metal enrichment

phytoremediation
Figures 11-13 shows the kinetic growth rate, total plant fresh

behavior toward several metals, as; a few of them easily
enriched in the root parts while some are not. Similarly, for leaf

biomass and total chlorophyll content of E. crassipes grown
different concentration of sugar mill effluent, respectively. The

parts some metals were actively transported to the leaf easily,
while, some were retained in the roots. This might be due to the

maximum values of kinetic growth rate (2.56 gg-1d-1), total fresh
plant biomass (339.87±4.64 g/kg) and total chlorophyll content

affinity of plant towards the transportation of the heavy metals
from roots to leaves, which is related with the biochemistry of

(4.10±0.10 mg/gfwt) were observed highest in 75% concentration (Figures 11-13). This might be due to the presence of the

the plant, where special plant proteins together bind with heavy
metals and further transport them through the plant body.

favorable concentration of different plant nutrients in the sugar
mill effluent which trigged the plant growth to reach maximum as

Srivastava et al. (2014) reported varied enrichment factor of
different heavy metals in the tissues of the plant of E. crassipes as

earlier reported by (Sooknah and Wilkie, 2014; Kumar et al.,
2016). However, in the 100% concentration treatment, the plant

Cr>Fe>Cu>Mn>Mg, when grown in Sulem Sarai wetland of
Allahabad, Uttar Pradesh, India. They reported that E f of

growth was progressively declined after 45-60 days as compared
to other treatments, which may be due to metal induced inhibi-

different heavy metals extended 1.02 to 1.07 in roots of E.
crassipes whereas 1.02 to 1.85 in the leaves of E. crassipes during

tion of physiological processes and biosynthesis (Mukherjee and
Kumar, 2005). A similar type of reduction in the total chlorophyll

phytoremediation, which is in good agreement with the results
of present study.

content of water lettuce was reported in a previous study and
concluded that it was due to the presence of Hg toxicity in the

Bioaccumulation of heavy metals in the tissues of E. crassipes

wastewater (De et al., 1985), Cd and Hg treatment by Hydrilla
verticillata and Lemna minor (Chatterjee and Nag, 1991), Pb

The bioaccumulation by the plants is defined as their capability
to accumulate heavy metals into their different body parts,

treated by the Salvina natans (Sen and Bhattacharyya, 1993), Pb
and Cr treatment by Ipomea aquatica (Alam and Chatterjee, 1994)

however, it is strongly affected by numerous external as well as
internal factors like; nutrient availability, plant metabolism and

and Zn, Cu, Cd and Cr treatment of wastewater using water
hyacinth and water lettuce (Kouamé et al., 2016).
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4

Figure 3-4. Enrichment factor (Ef) of different heavy metals in the leaves of E. crassipes after phytoremediation at different days.

5

6

Figure 5-6. Bioaccumulation factor (Bf) of different heavy metals in the roots of E. crassipes after phytoremediation at different days

7

8

Figure 7-8. Bioaccumulation factor (Bf) of different heavy metals in the leaves of E. crassipes after phytoremediation at different days.

9

10

Figure 9-10. Translocation factor (Tf) of different heavy metals in the roots to leaves of E. crassipes after phytoremediation at different days.
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Table 3. Heavy metals concentration in roots of E. crassipes before and after phytoremediation grown in sugar mill effluent.
Parameters

Cd
(mg/kg)

Cu
(mg/kg)

Fe
(mg/kg)

Zn
(mg/kg)

Pb
(mg/kg)

Mn
(mg/kg)

Cr
(mg/kg)

Concentration
% (BWW)
25%
50%
75%
100%
% (BWW)
25%
50%
75%
100%
% (BWW)
25%
50%
75%
100%
% (BWW)
25%
50%
75%
100%
% (BWW)
25%
50%
75%
100%
% (BWW)
25%
50%
75%
100%
% (BWW)
25%
50%
75%
100%

After phytoremediation
Zero days

0.049±0.006

0.375±0.004

5.613±0.057

1.164±0.013

0.172±0.008

3.490±0.022

0.207±0.004

15 days

30 days

45 days

60 days

0.049ns±0.006
0.049ns±0.006
0.050ns±0.005
0.049ns±0.005
0.375ns±0.004
0.376ns±0.006
0.377ns±0.006
0.376ns±0.006
5.618ns±0.060

0.049ns±0.006
0.049ns±0.006
0.051ns±0.007
0.050ns±0.006
0.376ns±0.006
0.378ns±0.007
0.379ns±0.008
0.377ns±0.006
5.625ns±0.057

0.051ns±0.005
0.050ns±0.005
0.051ns±0.007
0.051ns±0.008
0.377ns±0.006
0.382ns±0.007
0.383ns±0.009
0.378ns±0.007
5.630ns±0.053

0.050ns±0.003
0.051ns±0.008
0.052*±0.008
0.052*±0.008
0.378ns±0.008
0.385*±0.010
0.384*±0.010
0.379ns±0.008
5.635ns±0.059

5.663ns±0.058
5.703ns±0.088
5.637ns±0.062
1.171ns±0.010
1.174ns±1.174
1.198*±0.015
1.173ns±0.012
0.172ns±0.008
0.173ns±0.009
0.173ns±0.009
0.173ns±0.009
3.502ns±0.087

5.673ns±0.067
5.713ns±0.098
5.639ns±0.064
1.173ns±1.346
1.179ns±1.179
1.203*±0.026
1.180ns±0.013
0.172ns±0.008
0.174ns±0.010
0.174ns±0.010
0.173ns±0.009
3.502ns±0.087

5.694ns±0.074
5.884*±0.077
5.653ns±0.081
1.174ns±1.347
1.181ns±1.181
1.210*±0.030
1.182ns±0.011
0.173ns±0.009
0.175ns±0.011
0.176*±0.012
0.173ns±0.009
3.506ns±0.089

5.703ns±0.083
5.948*±0.069
5.759ns±0.069
1.175ns±1.349
1.183*±1.183
1.213*±0.035
1.183*±0.013
0.174ns±0.010
0.176ns±0.012
0.177*±0.013
0.174ns±0.010
3.581*±0.097

3.530ns±0.048
3.547ns±0.076
3.530ns±0.048
0.207ns±0.004
0.208ns±0.004
0.208ns±0.005
0.207ns±0.004

3.545ns±0.075
3.557ns±0.081
3.539ns±0.071
0.207ns±0.005
0.208ns±0.005
0.208ns±0.005
0.208ns±0.004

3.573*±0.093
4.090**±0.084
3.555ns±0.077
0.207ns±0.005
0.210ns±0.006
0.210ns±0.006
0.208ns±0.005

3.636*±0.110
4.101**±0.086
3.582*±0.084
0.208ns±0.006
0.211*±0.007
0.210ns±0.006
0.210ns±0.006

Values are presented in the table are the means ± SD of three replicates; -: Non detectable; BWW (0%): - Bore well water; ns-non significant; *, **, ***- Significantly at
P<0.05 or P<0.01 or P< 0.001 level of ANOVA, respectively.
Table 4. Heavy metals concentration in leaves of E. crassipes before and after phytoremediation grown in sugar mill effluent.
Parameters

Cd
(mg/kg)

Cu
(mg/kg)

Fe
(mg/kg)

Zn
(mg/kg)

Pb
(mg/kg)

Mn
(mg/kg)

Cr
(mg/kg)

Concentration

After phytoremediation
15 days

30 days

45 days

60 days

0.035ns±0.004
0.035ns±0.005
0.038ns±0.007
0.036ns±0.005
0.285ns±0.004
0.286ns±0.005
0.287ns±0.004
0.286ns±0.005
4.921ns±0.049
4.975ns±0.513
5.005*±0.003
4.930±0.044
-

0.035ns±0.005
0.035ns±0.005
0.044*±0.010
0.037ns±0.005
0.286ns±0.004
0.288ns±0.006
0.292ns±0.005
0.287ns±0.005
4.923ns±0.049
4.998ns±0.461
5.185*±0.028
4.939±0.044
-

0.035ns±0.005
0.036ns±0.006
0.055(±0.011
0.037ns±0.005
0.287ns±0.005
0.295ns±0.007
0.295ns±0.012
0.288ns±0.006
4.930ns±0.049
4.999*±0.462
5.820*±0.074
4.947±0.033
-

0.036ns±0.006
0.038ns±0.007
0.064*±0.013
0.038ns±0.005
0.289ns±0.005
0.299*±0.010
0.298*±0.013
0.291ns±0.004
4.944ns±0.049
4.999*±0.462
5.911**±0.055
4.956±0.022
-

1.346ns±0.009
1.346ns±0.009
1.412*±0.035
1.337ns±0.003
0.162ns±0.007
0.162ns±0.007
0.166ns±0.011
0.162ns±0.007
3.263ns±0.071
3.288ns±0.073
3.398*±0.076
3.268ns±0.070
-

1.346ns±0.009
1.351ns±0.009
1.424*±0.055
1.338ns±0.005
0.162ns±0.007
0.163ns±0.009
0.168ns±0.012
0.163ns±0.009
3.283ns±0.079
3.298ns±0.079
3.498*±0.097
3.278ns±0.095
-

1.347ns±0.007
1.387ns±0.011
1.472*±0.062
1.338ns±0.005
0.163ns±0.009
0.166ns±0.011
0.174*±0.009
0.163ns±0.009
3.297ns±0.080
3.328*±0.085
3.748*±0.088
3.290ns±0.115
-

1.349ns±0.007
1.390*±0.008
1.473*±0.065
1.339ns±0.006
0.165ns±0.010
0.167ns±0.012
0.179*±0.010
0.163ns±0.009
3.302*±0.094
3.340*±0.098
3.798*±0.101
3.293ns±0.118
-

0.204ns±0.003
0.204ns±0.004

0.204ns±0.003
0.205ns±0.004

0.204ns±0.003
0.206ns±0.004

0.205ns±0.004
0.206ns±0.005

75%

0.205ns±0.004

0.207ns±0.005

0.209*±0.006

0.209*±0.006

100%

0.204ns±0.003

0.205ns±0.003

0.206ns±0.004

0.206ns±0.005

% (BWW)
25%
50%
75%
100%
% (BWW)
25%
50%
75%
100%
% (BWW)
25%
50%
75%
100%
% (BWW)
25%
50%
75%
100%
% (BWW)
25%
50%
75%
100%
% (BWW)
25%
50%
75%
100%
% (BWW)
25%
50%

Zero days

0.035±0.004

0.285±0.004

4.905±0.056

1.336±0.003

0.162±0.007

3.248±0.060

0.204±0.003

Values are presented in the table are the means ± SD of three replicates; -: Non detectable; BWW (0%): - Bore well water; ns-non significant; *, **, ***- Significantly at
P<0.05 or P<0.01 or P< 0.001 level of ANOVA, respectively.
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Figure 11. Kinetic growth rate (KGR) of E. crassipes after phytoremediation
at different days.

Figure 12. Total fresh plant biomass of E. crassipes after phytoremediation
at different days.

Figure 13. Total chlorophyll content of E. crassipes after phytoremediation
at different days.

Figure 14. Plot of log(COD) vs t (HRT) for kinetic reduction of co-substrate
at 40°C.

Figure 15. Biogas production (mL/Day) and cumulative biogas production (actual and predicted by modified Gompertz
kinetic model).

286

Vinod Kumar et al. /Arch. Agr. Environ. Sci., 3(3): 275-288 (2018)

Table 5. Changes in parameters of co-substrate used for biogas production at different digestion days.
Days
0 day
5th day
10th day
15 th day

Temperature

pH

TS (%)

COD (mg/l)

VS (%)

TOC (%)

TKN (%)

C/N

40°C

7.88
7.07ns
6.26*
6.22*

64.22
49.54**
33.21**
26.98**

2865
1709*
932**
484**

58.88
44.33**
35.46**
27.44**

36.54
23.76**
19.54**
13.99*

1.36
1.16*
0.99**
0.76**

26.86
20.48*
19.73*
18.41*

*

Level of significant at P<0.05; ** Level of significant at P<0.01; ns* Not significant

Conclusion

heavy metals from water using banana and orange peels.

The dual approach of this study is to add benefits to phytoremediation of sugar mill effluent by growing water hyacinth and

Water Science and Technology, 47(1): 185-190, https://
doi.org/10.2166/wst.2003.0049

further evaluation of biomass for biogas production. The results
of this experiment concluded that E. crassipes significantly

AOAC (2005). In: Official methods of analysis of the association
of official analytical chemists. 13th edition, 2005; pp.545-567

reduces both the organic and inorganic pollutants present in the
sugar mill effluent. The plant growth attributes of E. crassipes

APHA (2012). In: Standard methods for the examination of
water and waste water. American Public Health and

viz., fresh weight; total chlorophyll content and kinetic growth
rate were found highest in 75% concentration of the sugar mill

Association (APHA). Washington, D.C. 2012; pp. 2462
Arnon, D.I. (1949). Copper enzymes in isolated chloroplasts.

effluent during 15-60 days. Beside this, the fresh weights, total
chlorophyll content and kinetic growth rate of E. crassipes was

Altaş, L. (2009). Inhibitory effect of heavy metals on methane-

decreased when 100% concentration of sugar mill effluent was
used. Additionally, the plant biomass which was grown in the

producing anaerobic granular sludge. Journal of Hazardous
Materials, 162(2-3): 1551-1556, https://doi.org/10.1016/

sugar mill effluent was found to have high potential of biogas
production. The by-products of the bioreactor residue can be

j.jhazmat.2008.06.048
Ayyasamy, P.M., Yasodha, R., Rajakumar, S., Lakshmanaperum-

Polyphenoloxidase in Beta vulgaris. Plant physiology, 24(1): 1.

further used as organic fertilizer.

alsamy, P., Rahman, P.K.S.M. and Lee, S. (2008). Impact of
sugar factory effluent on the growth and biochemical
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The experiment was conducted at the Agronomy Field Laboratory, Bangladesh Agricultural
University, Mymensingh during the period from June to December 2016 to evaluate the
suppression of weed growth through combined application of buckwheat and marsh pepper
residues in transplant aman rice. The experiment consisted of three cultivars i.e. BRRI dhan56,
Binadhan-12 and Nizershail, and five different crop residues with their combination such as no
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residues, 2.0 t ha-1 buckwheat residues, 2.0 t ha-1 marsh pepper residues, combined 0.5 t ha -1
buckwheat and 1.0 t ha-1 marsh pepper residues, combined 1.0 t ha-1 buckwheat and 0.5 t ha-1
marsh pepper residues. The experiment was laid out in a randomized complete block design
with three replications. Weed population and weed dry weight were significantly affected by
cultivars and crop residues treatment. The maximum weed growth was noticed with no
residues treatment and the minimum was found in combined 0.5 t ha-1 buckwheat and 1.0 t ha-1
marsh pepper residues. The grain yield as well as the yield contributing characters produced at
BRRI dhan 56 was the highest among the studied varieties. The highest reduction of grain yield
was obtained in no residues) treatment and the lowest was obtained when combined 0.5 t ha-1
buckwheat and 1.0 t ha-1 marsh pepper residues were applied. The highest numbers of
effective tillers hill-1, number of grains panicle-1, 1000-grain weight, and grain and straw yields
were observed in W3 treatment. BRRI dhan56 under 0.5 t ha-1 buckwheat and 1.0 t ha-1 marsh
pepper residues treatment produced the highest grain yield. Results of this study indicates that
combination of 0.5 t ha-1 buckwheat and 1.0 t ha-1 marsh pepper residues showed potentiality
to suppress weed growth. Therefore, crop residues could be used as an alternative tool for
sustainable weed management.
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INTRODUCTION

of 33.83 million tons from 11.41 million hectares of land (BBS,

Bangladesh is an agricultural country with plenty of water and

2013). Food production in Bangladesh is at far with increase in
population growth. The population of Bangladesh is still growing

suitable climatic condition for rice production. In respect of the
area and production, Bangladesh ranks fourth among the rice

by two million every year and may increase by another 30
million over the next 20 years which will require about 27.26

producing countries of the world following China, India and
Indonesia (FAO, 2009). About 75.61% of cropped area of

million tons of rice for the year 2020 (BBS, 2011). On the other
hand, agricultural land is decreasing day by day. Average yield of

Bangladesh is used for rice production, with annual production

rice is low compared with other rice producing countries like
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China, Korea, Japan, Indonesia etc. and this is due to traditional

Mymensingh during the period from June 2016 to December

local varieties, high weed infestation and poor crop management. Among these reasons high weed infestation are most seri-

2017. The experimental site is located at 24°75' N latitude and

ous problems for low production of rice. Hence there is strong
need to use modern science along with indigenous wisdom of

level. The experimental area is characterized by non-calcareous
dark grey floodplain soil belonging to the Sonatola Soil Series

farmers to use crop residues of rice production.
Weeds are one of the worst biological constrains to rice cul-

under the Old Brahmaputra Floodplain, Agro-Ecological Zone 9
(UNDP and FAO, 1988). The soil of the experimental field was

tures. Weed competes with rice plants severely for space, nutrient, air, water and light. So, it is often said that “Crop production

more or less neutral in reaction with pH value 6.8, low in organic
matter and fertility level. The land type was medium high with

is a fight against weeds” (Mukhopadhyay and Ghosh, 1981).
High competitive ability of weeds exerts a serious negative

silty loam in texture. The experimental treatments consists of
three varieties such as BRRI dhan56 (V1), Binadhan-12 (V2),

effect on crop production causing significant losses in crop yield.
In Bangladesh, weed infestation reduces the grain yield by, 70-

Nizershail (V3) and five crop residues application viz. no crop
residues (W0), 2.0 t ha-1 buckwheat residues (W1), 2.0 t ha-1

80% in aus rice (early summer), 30-40% for transplanted aman
rice (late summer) and 22-36% for modern boro rice cultivars

marsh pepper residues (W2), 0.5 t ha-1 buckwheat and 1.0 t ha-1
marshpepper residues (W3) and 1.0 t ha-1 buckwheat and 0.5 t

(winter rice) (Mamun, 1990; BRRI, 2008). Many investigators
have reported great losses in the yield of rice due to weed infes-

ha-1 marshpepper residues (W4). The experiment was laid out in
a randomized complete block design with three replications.

tation in different parts of the world (Nandal and Singh, 1994).
Weeds are very serious problem in transplanted rice (Walia et

Cultivation practices of rice

al., 2006). Therefore, weed management have been a major
challenge for crop producers from the start of agriculture. The

Buckwheat and Marsh pepper were grown at the Agronomy Field
Laboratory, Bangladesh Agricultural University and were har-

weed species are suppressed differently by residual effect. The
term allelopathy denotes the toxic effect of chemicals which are

vested at the time of ripening stage to collect crop residues. After
collection, the crop residues were dried under shade. The studied

produced by one plant to another. Allelo-chemicals are released
from crop plants through leaching, decomposition, root exu-

crop residues were cut into pieces by using sickle. The field was
ploughed with tractor followed by laddering. The experimental

dates of plants (Inderjit et al., 1999). Allelopathic substances are
most commonly found in plants extracts and in plant residues in

plots were fertilized with urea, triple super phosphate, muriate of
potash, gypsum and zinc sulphate @ 90, 52, 60, 45, 4 kg ha-1,

soil, in live plant exudates and as volatile gases liberated from
leaves and rhizomes (Keely, 1987). To determine the most cost-

respectively. The entire amounts of triple super phosphate, muriate of potash, gypsum and zinc sulphate were applied at the time

effective weed control method and sustainable crop production
is the main theme in agricultural production system all over the

of final land preparation. Urea was applied in three equal installments at 15, 30 and 45 days after transplanting (DAT). The pre-

world. Currently, researches are giving more emphasis using
different crop residues to suppress weed growth. Information

pared buckwheat and marsh pepper residues were applied at 7
days before transplanting of T. aman rice. After that crop residues

regarding crop residues for suppression of weed is very limited
in Bangladesh. By using phytotoxic crop residues, our resource-

were mixed well with the soil to the respective plots. Thirty eight
days old seedlings were transplanted in the well prepared

poor farmers will be benefited through reduction of weed
control cost as well as maintain the good soil condition and no

puddled field on 30 July 2016 @ 3 seedlings hill-1 maintaining 25
cm × 15 cm spacing. The crops were harvested at full maturity.

technical knowledge is needed to adopt this technique. Control
of weeds in T. aman rice with environmentally sound weed

Then the harvested crops of each plot was bundled separately,
properly tagged and brought to threshing floor. The crops were

management practices will increase crop productivity along
with economically suitable practice.

then threshed and the fresh weights of grain and straw were
recorded from an area of 1 m2 in the middle of each plot. The

Information regarding buckwheat and marsh pepper residues
for weed management is limited in our country. However, in our

grains were cleaned and finally the weight was adjusted to a
moisture content of 14%. The straw was sun dried and the yields

country, so far, a little approach has been done to work for feasible weed control achievements in this area. So the study

of grain and straw plot-1 were recorded and converted to t ha-1.

deserves to keep the significance in the current research
interest in home and abroad of buckwheat and marsh pepper

Statistical analysis of data
The recorded data were compiled and tabulated for statistical

residues residual effects on weed suppressing ability and yield
performance of transplant aman rice.

analysis. Analysis of variance was done with the help of
computer package, MSTAT-C program. The mean differences

MATERIALS AND METHODS

among the treatments were adjudged by Duncan’s Multiple
Range Test as laid out by Gomez and Gomez (1984).

Experimental design and treatments

RESULTS AND DISCUSSION

The experiment was carried out at the Agronomy Field
Laboratory of Bangladesh Agricultural University (BAU),

Infested weed species in the experimental field

90°50' E longitude at an elevation of 18m above the mean sea
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Five weed species belonging to 4 families infested the

Percent inhibition of weed was the highest in V 1W3 (BRRI

experimental field. The weeds of the experimental plots were
Echinochloa crusgalli, Scirpus juncoides, Monochoria vaginalis, Cyperus

dhan56 × Buckwheat residues at 0.5 t ha -1 and Marsh pepper
residues at 1.0 t ha-1) treatment and the lowest one was

difformis and Nymphea nouchali. Bari et al. (1995) in the experimental
at BAU reported that the three important weeds of rice fields were

observed in V3W0 (Nizershail × no residues) treatment (Table 1).

Echinochloa crusgalli, Scirpus juncoides and Cyperus difformis.

Variety and crop residues interaction influence on Panikachu
(Monochoria vaginalis)

Variety and crop residues interaction influence on Shama
(Echinochloa crusgalli)

The interaction between variety and crop residues was found to
be significant of weed population, dry weight and percent inhibi-

The interaction between variety and crop residues was found to
be significant for weed population, dry weight and percent inhi-

tion. The highest weed population (17.33) was found in V3W0
(Nizershail × No residues) followed by V1W0 and the lowest was

bition. The highest weed population (6.67) was found in V 3W0
(Nizershail × no residues) followed by V2W0 and the lowest

found in V2W2, V2W3, and V2W4 treatment (Table 2). The highest
weed dry weight (9.19 g) was found in V3W0 (Nizershail × No resi-

(0.47) was found in V1W3 (BRRI dhan56 × Buckwheat residues
at 0.5 t ha-1 and marsh pepper residues at 1.0 t ha -1) treatment

dues), and the lowest weed dry weight (1.25) was in V2W2
(Binadhan-12 × Marsh pepper residues at 2.0 t ha-1) treatment

(Table 1). The highest weed dry weight (7.15 g) was found in
V3W0 (Nizershail × no residues), and the lowest weed dry weight

(Table 2). Percent inhibition of weed was the highest in V2W3
(Binadhan-12× Buckwheat residues at 0.5 t ha-1 and marsh

(0.83) was in V1W3 (BRRI dhan56 × Buckwheat residues at 0.5 t ha
-1
and Marsh pepper residues at 1.0 t ha-1) treatment (Table 4).

pepper residues at 1.0 t ha-1) treatment and the lowest one was
observed in V1W0, V2W0 , and V3W0 treatment (Table 2).

Figure 1. Grain yield as influenced by variety (Bar represents standard error
mean).

Figure 3. Straw yield as influenced by variety (Bar represents standard error
mean).

Figure 2. Grain yield as influenced by buckwheat and marsh pepper residues
(Bar represents standard error mean). W0= No residues, W1= Buckwheat
residues at 2.0 t ha-1, W2= Marsh pepper residues at 2.0 t ha-1, W3= Buckwheat residues at 0.5 t ha-1 and marsh pepper residues at 1.0 t ha-1, W4=
Buckwheat residues at 1.0 t ha-1 and marsh pepper residues at 0.5 t ha-1.

Figure 4. Straw yield as influenced by buckwheat and marsh pepper residues
treatment (Bar represents standard error mean).W0= No residues, W1= Buckwheat residues at 2.0 t ha-1, W2= Marsh pepper residues at 2.0 t ha-1 , W3=
Buckwheat residues at 0.5 t ha-1 and marsh pepper residues at 1.0 t ha-1, W4=
Buckwheat residues at 1.0 t ha-1 and marsh pepper residues at 0.5 t ha-1.
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Variety and crop residues interaction influence on Pani shapla

t ha-1 and marsh pepper residues at 1.0 t ha-1 and Binadhan-12

(Nymphea nouchali)
The interaction between variety and crop residues was found to

produced the shortest plant in no residues treatment. Significant variation was found in number of effective tillers hill-1 due

be significant of weed population, dry weight and percent inhibition (Table 3). The highest weed population (33.33) was found in

to interaction between variety and crop residues (Table 6). The
highest number of effective tillers hill-1 was produced by BRRI

V3W0 (Nizershail × No residues) followed by V2W0 and the
lowest (6.67) was found in V 1W3 (BRRI dhan56 × Buckwheat

dhan56 in buckwheat residues at 0.5 t ha -1 and marsh pepper
residues at 1.0 t ha-1 treatment, while the lowest number of

residues at 0.5 t ha-1 and marsh pepper residues at 1.0 t ha-1)
treatment (Table 3). The highest weed dry weight (6.67 g) was

effective tillers hill-1 was found from Nizershail in no residues
treatment. Panicle length was not significantly influenced by

found in V3W0 (Nizershail × No residues), and the lowest weed
dry weight (0.69) was in V1W3 (BRRI dhan56 × Buckwheat

variety and crop residues. However the longest panicle was
observed in V1W3 (BRRI dhan56 × Buckwheat residues at 0.5 t

residues at 0.5 t ha-1 and marsh pepper residues at 1.0 t ha-1)
treatment. Percent inhibition of weed was the highest in V 1W3

ha-1 and marsh pepper residues at 1.0 t ha-1) and the shortest
one was found in V3W0 (Nizershail × no residues) treatment

(BRRI dhan56 × Buckwheat residues at 0.5 t ha-1 and marsh pepper residues at 1.0 t ha-1) treatment and the lowest one was

(Table 6).There was non-significant relationship among interaction of variety and crop residues in case of weight of 1000

observed in V1W0, V2W0 , and V3W0 treatment (Table 3).

grains . But apparently, the highest weight of 1000 grains was
recorded in V1W3 (BRRI dhan56 × Buckwheat residues at 0.5 t

Variety and crop residues interaction influence on sabuj
nakphul (Cyperus difformis)

ha-1 and marsh pepper residues at 1.0 t ha-1) treatment.
The studied different varieties significantly affected the grain

The interaction between variety and crop residues was found to
be significant of weed population, dry weight and percent inhibi-

yield. The highest grain yield (4.19 t ha-1) was obtained in BRRI
dhan56 (Figure 1) followed by Binadhan-12 (4.09 t ha-1). The

tion (Table 4). The highest weed population (22.67) was found in
V3W0 (Nizershail × No residues) followed by V1W0 and the low-

lowest grain yield (3.31 t ha-1) was obtained in Nizershail (Figure
1). This difference was observed due to different varietal char-

est (1.33) was found in V 2W3 treatment (Table 4). The highest
weed dry weight (9.13 g) was found in V3W0 (Nizershail × No

acteristics of rice plant. BRRI (2005) also reported variation in
grain yield among the varieties. Grain yield was significantly

residues), and the lowest weed dry weight (1.25) was in V2W2
(Binadhan-12 × Marsh pepper residues at 2.0 t ha -1) treatment

influenced by buckwheat and marsh pepper residues. The highest grain yield (4.66 t ha-1) was produced by Buckwheat residues

(Table 4). Percent inhibition of weed was the highest in V2W3
(Binadhan-12× Buckwheat residues at 0.5 t ha-1 and marsh

at 0.5 t ha-1 and marsh pepper residues at 1.0 t ha -1 treatment,
followed by Buckwheat residues at 1.0 t ha-1 and marsh pepper

pepper residues at 1.0 t ha -1) treatment and the lowest was
observed in V1W0, V2W0 , and V3W0 treatment (Table 4).

residues at 0.5 t ha-1 treatment (4.08 t ha-1) and lowest one (3.31
t ha-1) was produced by W0 (no residue) treatment (Figure 2).

Variety and crop residues interaction influence on Chechra

Uddin and Pyon (2010) also reported the similar results, where
crop residues influenced in crop performance.

(Scirpus juncoides)
The interaction between variety and crop residues was found to

Straw yield was significantly influenced by three varieties. The
highest straw yield (4.75 t ha-1) was found in BRRI dhan56

be significant of weed population, dry weight and percent inhibition (Table 5). The highest weed population (38.67) was found in

followed by Binadhan-12 (4.66 t ha-1) and the lowest straw yield
(3.80 t ha-1) was found in Nizershail (Figure 3). Straw yield was

V3W0 (Nizershail × no residues) followed by V2W0 and the
lowest (6.67) was found in V 1W3 (BRRI dhan56 × Buckwheat

significantly influenced by buckwheat and marsh pepper
residues. The highest straw yield (5.23) was observed in

residues at 0.5 t ha-1 and marsh pepper residues at 1.0 t ha-1)
treatment (Table 5). The highest weed dry weight (6.60 g) was

Buckwheat residues at 0.5 t ha-1 and marsh pepper residues at
1.0 t ha-1 treatment and the lowest straw yield (3.88) was

found in V3W0 (Nizershail × No residues), and the lowest weed
dry weight (0.57) was in V1W3 (BRRI dhan56 × Buckwheat

observed in W0 (no residues) treatment (Figure 4). Biological
yield was significantly influenced by the interaction between

residues at 0.5 t ha-1 and marsh pepper residues at 1.0 t ha-1)
treatment (Table 5). Percent inhibition of weed was the highest

variety and crop residues. The highest biological yield was
produced by V1W3 (BRRI dhan56 × Buckwheat residues at 0.5 t

in V1W3 (BRRI dhan56 × Buckwheat residues at 0.5 t ha-1 and
marsh pepper residues at 1.0 t ha-1) treatment and the lowest

ha-1 and marsh pepper residues at 1.0 t ha-1) treatment and the
lowest biological yield was produced by V3W0 (Nizershail × no

was observed in V3W0, V1W0 and V2W0 treatment (Table 5).

residues) treatment (Table 6). Harvest index was significantly
influenced by the interaction between variety and crop

Variety and crop residues interaction influence on yield
contributing characters and yield

residues. The highest harvest index was observed in V1W3 (BRRI
dhan56 × Buckwheat residues at 0.5 t ha-1 and marsh pepper

The effect of interaction between variety and crop residues was
not significant for plant height (Table 6). Numerically, the tallest

residues at 1.0 t ha-1) treatment and the lowest harvest index
was observed in V3W0 (Nizershail × No residues) treatment

plant was obtained from Nizershail in buckwheat residues at 0.5

(Table 6).
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Table 1. Combined effects of variety and buckwheat and marsh pepper residues on number, dry weight and percent inhibition of
weed shama in T. aman rice.
Variety × Crop residues

Number of weed
quadrate-1 (25×25) cm2

Dry weight (g) of weed
quadrate-1 (25×25) cm2

% Inhibition of weed

V1W0

4.00 c

3.33 d

0.00 i

V1W1

1.33 e

1.98 gh

40.46 g

V1W2

1.00 ef

1.28 j

60.57 d

V1W3

0.47 g

0.83 k

74.88 a

V1W4

0.72 fg

1.06 jk

67.98 c

V2W0

5.33 b

4.12 c

0.00 i

V2W1

2.67 d

2.53 ef

38.50 g

V2W2

1.15 ef

1.68 hi

59.14 e

V2W3

0.72 fg

1.17 jk

70.52 b

V2W4

0.92 ef

1.36 ij

66.83 c

V3W0

6.67 a

7.15 a

0.00 i

V3W1

2.67 d

4.66 b

34.72 h

V3W2

1.33 e

3.16 d

55.70 f

V3W3

0.83 fg

2.28 fg

68.06 c

V3W4

1.02 ef

2.63 e

63.16 d

LSD0.05

0.140

0.114

0.702

**

**

**

Level of sig.

In a column, figures with same letter(s) or without letter do not differ significantly whereas figures with dissimilar letter differ significantly as per DMRT. ** =
Significant at 1% level of probability. Here, V1= BRRI dhan56, V2= Binadhan-12, V3= Nizershail; W0= No residues, W1= Buckwheat residues at 2.0 t ha1
, W2= Marsh pepper residues at 2.0 t ha-1, W3= Buckwheat residues at 0.5 t ha-1 and Marsh pepper residues at 1.0 t ha-1, W4= Buckwheat residues at
1.0 t ha-1 and marsh pepper residues at 0.5 t ha-1.

Table 2. Combined effects of variety and buckwheat and marsh pepper residues on number, dry weight and percent inhibition of
weed panikachu in T. aman rice.
Number of weed
quadrate-1 (25×25) cm2

Dry weight (g) of weed
quadrate-1 (25×25) cm2

V1W0

14.67 b

4.83 b

0.00 h

V1W1

13.33 c

2.33 f

51.71f

V1W2

12.00 d

2.06 f

57.15 e

V1W3

6.67 h

1.28 g

73.41 b

V1W4

8.00 g

0.53 g

68.24 c

V2W0

12.00 d

3.31 d

0.00 h

V2W1

9.33 f

1.46 g

55.68 e

V2W2

5.33 i

1.25 g

62.25 d

V2W3

5.33 i

0.79 h

76.21 a

V2W4

5.33 i

1.27 g

61.69 d

V3W0

17.33 a

9.19 a

0.00 h

V3W1

13.33 c

5.12 b

44.27g

V3W2

12.00 d

4.13 c

55.03 e

V3W3

8.670 fg

2.70 e

70.62 c

V3W4

10.67 e

3.53 d

60.55 d

0.325

0.117

0.953

**

**

**

Variety × Crop residues

LSD0.05
Level of sig.

% Inhibition of weed

In a column, figures with same letter(s) or without letter do not differ significantly whereas figures with dissimilar letter differ significantly as per DMRT. ** =
Significant at 1% level of probability. Here,V1= BRRI dhan56, V2= Binadhan-12, V3= Nizershail; W0= No residues, W1= Buckwheat residues at 2.0 t ha1
, W2= Marsh pepper residues at 2.0 t ha-1 , W3= Buckwheat residues at 0.5 t ha-1 and Marsh pepper residues at 1.0 t ha-1, W4= Buckwheat residues at
1.0 t ha-1 and marsh pepper residues at 0.5 t ha-1.
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Table 3. Combined effects of variety and buckwheat and marsh pepper residues on number, dry weight and percent inhibition of
weed pani shapla in T. aman rice.
Number of weed
quadrate-1 (25×25) cm2

Dry weight (g) of weed
quadrate-1 (25×25) cm2

% Inhibition of weed

V1W0

14.67 cd

3.11 d

0.00 j

V1W1

10.67 e

0.57 hi

49.35 h

V1W2

9.33 ef

1.20 j

61.35 e

V1W3

6.67 g

0.69 k

77.68 a

V1W4

9.3 ef

1.01 jk

67.29 c

V2W0

18.67 b

4.57 b

0.00 j

V2W1

14.67 cd

2.35 ef

48.62 h

V2W2

10.67 e

1.91 gh

58.09 f

V2W3

7.670 fg

1.24 ij

72.89 b

V2W4

10.67 e

1.61 h

64.65 d

V3W0

33.33 a

6.67 a

0.00 j

V3W1

16.00 c

3.61 c

45.82 i

V3W2

13.33 d

2.96 d

55.51 g

V3W3

9.330 ef

2.08 fg

68.76 c

V3W4

10.67 e

2.55 e

61.76 e

0.645

0.118

0.844

**

**

**

Variety × Crop residues

LSD0.05
Level of sig.

In a column, figures with same letter(s) or without letter do not differ significantly whereas figures with dissimilar letter differ significantly as per DMRT. ** =
Significant at 1% level of probability. Here,V1= BRRI dhan56, V2= Binadhan-12, V3= Nizershail; W0= No residues, W1= Buckwheat residues at 2.0 t ha1
, W2= Marsh pepper residues at 2.0 t ha-1 , W3= Buckwheat residues at 0.5 t ha-1 and marsh pepper residues at 1.0 t ha-1, W4= Buckwheat residues at
1.0 t ha-1 and marsh pepper residues at 0.5 t ha-1.

Table 4. Combined effects of variety and buckwheat and marshpepper residues on number, dry weight and percent inhibition of
weed sabuj nakphul in T. aman rice.
Variety × Crop residues

Number of weed quadrate-1
(25×25) cm2

Dry weight (g) of weed
quadrate-1 (25×25) cm2

% Inhibition of weed

V1W0

20.00 b

9.11 a

0.00 i

V1W1

8.00 f

5.73 b

37.08 h

V1W2

5.33 g

3.86 c

57.55 e

V1W3

2.67 h

2.53 e

72.19 ab

V1W4

5.33 g

2.83 de

68.89 cd

V2W0

10.67 d

3.13 d

0.00 i

V2W1

6.67 fg

1.75 f

44.09 g

V2W2

5.33 g

1.25 fg

60.09 e

V2W3

1.33 h

0.80 g

74.45 a

V2W4

2.67 h

0.93 g

70.19 bc

V3W0

22.67 a

9.13 a

0.00 i

V3W1

14.67 c

5.86 b

35.76 h

V3W2

9.33 e

4.31 c

52.81 f

V3W3

6.67 fg

2.75 de

69.88 bc

V3W4

6.67 g

3.06 de

66.42 d

LSD0.05

0.445

0.184

1.03

**

**

**

Level of sig.

In a column, figures with same letter(s) or without letter do not differ significantly whereas figures with dissimilar letter differ significantly as per DMRT. ** =
Significant at 1% level of probability. Here,V1= BRRI dhan56, V2= Binadhan-12, V3= Nizershail; W0= No residues, W1= Buckwheat residues at 2.0 t ha1
, W2= Marsh pepper residues at 2.0 t ha-1 , W3= Buckwheat residues at 0.5 t ha-1 and marsh pepper residues at 1.0 t ha-1, W4= Buckwheat residues at
1.0 t ha-1 and marsh pepper residues at 0.5 t ha-1.
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Table 5. Combined effects of variety and buckwheat and marsh pepper residues on number, dry weight and percent inhibition of
weed chechra in T. aman rice.
Variety × Crop residues

Number of weed quadrate-1
(25×25) cm2

Dry weight (g) of weed
quadrate-1 (25×25) cm2

% Inhibition of
weed

V1W0

21.33 d

6.27 a

0.00 h

V1W1

20.00 de

3.23 de

48.36 de

V1W2

18.67 e

2.59 g

58.56 bc

V1W3

6.67 h

0.57 i

74.79 a

V1W4

8.00 h

2.27 g

63.62 b

V2W0

28.00 b

6.31 a

0.00 h

V2W1

25.33 c

3.50 d

44.28 ef

V2W2

24.00 c

3.27 d

48.00 def

V2W3

8.00 h

1.93 h

69.32 a

V2W4

10.67 g

2.91 ef

53.63 cd

V3W0

38.67 a

6.60 a

0.00 h

V3W1

28.00 b

4.16 b

36.87 g

V3W2

25.33 c

3.83 c

41.92 fg

V3W3

14.67 f

2.59 fg

60.81 b

V3W4

25.33 c

3.45 d

47.73 def

0.690

0.110

1.94

**

**

**

LSD0.05
Level of sig.

In a column, figures with same letter(s) or without letter do not differ significantly whereas figures with dissimilar letter differ significantly as per DMRT. ** =
Significant at 1% level of probability. Here, V1= BRRI dhan56, V2= Binadhan-12, V3= Nizershail; W0= No residues, W1= Buckwheat residues at 2.0 t ha1
, W2= Marsh pepper residues at 2.0 t ha-1, W3= Buckwheat residues at 0.5 t ha-1 and marsh pepper residues at 1.0 t ha-1, W4= Buckwheat residues at
1.0 t ha-1 and marsh pepper residues at 0.5 t ha-1.

Table 6. Combined effect of variety and treatment on yield and yield contributing characters of rice.
Variety ×Treatment
V1W0
V1W1
V1W2
V1W3
V1W4
V2W0
V2W1
V2W2
V2W3
V2W4
V3W0
V3W1
V3W2
V3W3
V3W4
LSD0.05
Level of sig.
CV (%)

Plant height
(cm)

No. of effective
tillers hill–1

Panicle
length (cm)

1000 grain
weight (g)

Biological yield
(t ha–1)

Harvest
index (%)

117.73
117.93
120.67
127.33
123.07
95.27
97.80
97.87
109.40
98.60
143.67
148.07
149.00
151.40
149.60
3.05

6.53 de
6.60 de
7.87 b
9.13 a
8.93 a
5.97 fg
6.33 ef
6.73 cde
9.07 a
7.20 c
5.67 g
6.23 ef
6.53 de
8.33 b
6.87 cd
0.164

23.32
24.05
24.46
24.53
24.53
23.16
23.91
23.91
24.46
24.40
21.68
22.06
22.14
23.14
22.92
0.499

21.83
23.23
24.40
24.53
24.43
21.60
22.30
23.30
23.43
23.37
20.77
21.40
22.17
22.37
22.23
0.603

7.87
8.33
8.69
10.66
9.25
7.63
8.10
8.40
10.51
9.19
6.12
6.47
6.86
8.50
7.63
0.171

46.18
46.83
46.97
47.20
47.04
46.07
46.49
46.84
47.10
46.97
45.78
46.39
46.32
47.04
46.82
0.413

NS

**

NS

NS

NS

NS

4.29

3.95

3.67

4.59

3.58

0.53

In a column, figures with same letter(s) or without letter do not differ significantly whereas figures with dissimilar letter differ significantly as per DMRT. ** =
Significant at 1% level of probability. * = Significant at 5% level of probability; NS = Not significant; Here, V 1 = BRRI dhan56, V2 = Binadhan-12, V3 =
Nizershail; W0= No residues, W1= Buckwheat residues at 2.0 t ha-1, W2= Marsh pepper residues at 2.0 t ha-1 , W3= Buckwheat residues at 0.5 t ha-1 and
marsh pepper residues at 1.0 t ha-1, W4= Buckwheat residues at 1.0 t ha-1 and marsh pepper residues at 0.5 t ha-1.
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BRRI (2005). Adhunik Dhaner Chash. Bangladesh Rice Research

Conclusion
From the above results and discussion it was found that the variety BRRI dhan56 and W3 (Buckwheat residues at 0.5 t ha-1 and

Institute, Joydevpur, Gazipur, Bangladesh. pp. 12, 20-21,
23.

marsh pepper residues at 1.0 t ha-1) treatment exhibited the
superior effect followed by Binadhan-12 and W4 (Buckwheat

FAO (2009). Production Year Book. Food and Agric. Organ. Of
the United Nations, Rome. 45: 72-73.

residues at 1.0 t ha-1 and marsh pepper residues at 0.5 t ha-1)
treatment for most of the studied traits. Results of present

Gomez, M.A. and Gomez, A.A. (1984). Statistical Procedures for
Agricultural Research. John Willey and Sons. New York,

study reveal that combined effect of buckwheat and marsh pepper residues showed herbicidal activity for suppressing weed

Chichester, Brisbane, Toronto. pp. 207-215.
Inderjit, Dakshini, K.M., and Foy C.L. (1999). Principles and prac-

growth. Therefore, buckwheat and marsh pepper residues could
be a potential source of weed management tool for sustainable

tices in plant ecology: allelochemical interaction. CRC Press
LLC, USA, 589s.
Keely, P.E. (1987). Interference and interaction of purple and
yellow nutsedge (C. rotundus and C. esculentus ) with crops.

crop production.
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In order to germplasm management, conservation, parental identiﬁcation and proper utilization of aromatic rice germplasm of Bangladesh genetic diversity assessment and molecular
characterization is necessary. We used ten microsatellite markers across twenty aromatic rice
landraces along with four improved varieties to discriminate and characterize among them.
The number of alleles per locus ranged from 2 to 8, with an average of 4.30 alleles across 10
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loci. A total of 43 polymorphic alleles were detected. The values of Polymorphic information
content (PIC) ranged from 0.217 to 0.835 (average 0.495) which indicate high genetic diversity
among the studied aromatic rice genotypes. It was concluded by the PIC value of RM5339 that
it might be the ﬁnest marker for diversity estimation and characterize of these aromatic rice
genotypes, followed by RM334, RM414 and RM28502 markers. The UPGMA cluster dendrogram constructed in this study identiﬁed seven clusters with a correlation coefﬁcient 0.874.
Molecular characterization of aromatic rice landraces of Bangladesh exhibited large variations
among the genotypes. Five rice genotypes namely BRRI dhan38, BRRI dhan50, Bashmoti safed,
Malaysira, Khas-kani showed highest genetic dissimilarity among the studied rice genotypes.
The ﬁndings of this study would be useful for background selection in backcross breeding
programs for aromatic rice improvement as well as identiﬁcation of genetically distant and
genetically close accessions for maintenance and conservation.
©2018 Agriculture and Environmental Science Academy
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INTRODUCTION

million hectares in Bangladesh (Sajib et al., 2012).

Rice (Oryza sativa L.) is a cereal grain and it is the most widely

Aromatic rice is a small sub-group of rice. In several aromatic
rice varieties an aroma component 2-acetyle-l-pyrroline (similar

consumed staple food for a large part of the world's human
population, especially in Asia. Around the world rice is cultivated

to popcorn), has been found as an imperative flavor component
(Weber et al., 2000). The aroma, flavor and texture of aromatic

in approximately hundred countries covering almost 158 million
hectares of cultivated land and its annual production is above 700

rice make it high graded in quality and so procure higher price
compared to high quality non-aromatic rice in international

million tons (Anonymous, 2018). Rice cultivation is well-suited to
countries and regions with low labor costs and high rainfall, as it is

market. For example, Aromatic rice such as Basmati from
Pakistan, Nepal, and India and Sadri from Iran are highly valued

labor-intensive to cultivate and requires ample water. As a result,
rice occupies about 70% of the total cropped area of about 13.9

for their aroma and quality (Garris et al., 2005). Aromatic rice is
widely accepted not only in Asia but also in Europe and USA
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(Sajib et al., 2012). Though their high importance, improvement

Methods for SSR genotyping

of aromatic rice has been relatively slow. Historically, aromatic
rice are cultivated in small areas of Bangladesh. According to

DNA was extracted from the leaf tissues of 21 days old seedlings (a single seedling per genotype), based on a modiﬁed acetyl

conventional taxonomy, Bangladeshi (Indian sub-continent)
aromatic rice have been identiﬁed as indicas (Khush et al., 2000).

trimethyl ammonium bromide (CTAB) method described by
(Stein et al., 2001). Twelve SSR markers, one from each chromo-

Most of the aromatic landraces are low yielding and medium
ﬁne grain with strong aroma. After introduction of high yielding

some were selected. Among them the primers that showed
polymorphic band were selected and primers that showed

rice varieties, the cultivation of land races reduced drastically.
As a result, a many aromatic rice as well as other land races have

monomorphic band were excluded. Finally, 10 microsatellite
primers were selected for ﬁnal PCR ampliﬁcation. Detailed

already been lost and many are at the verge of extinction (Singh
et al., 2000). But these native rice varieties traditionally cultivat-

information of the primers we used can be found in web database (http://www.genetics.org). Information about primer

ed by farmers may contain a substantial genetic diversity which
can be a source of germplasm for genetic enhancements of

sequences and allele sizes is shown in Table 2. Polymerase chain
reactions (PCRs) were performed in a thermo cycler (G-STROM,

cultivated rice varieties (Choudhury et al., 2013).
Traditionally morphological or physiological traits as well as

GSI, England). The volume of PCR solution was 10μl, containing

protein or isozyme markers are used to assess genetic diversity
in plants. But they are greatly biased by environment, need long

free), 0.2μl of Taq DNA polymerase, 0.25μl 10mM of deoxynu-

time for assessment and show low polymorphism between the
genotypes (Chakravarthi and Naravaneni, 2006). In contrast,

forward and reverse primers and 2.25μl of double distilled H2O.

modern biotechnology provide us molecular markers which are
independent of environmental factors, show high polymorphism
between the genotypes, allow easy and quick analysis of loci
distributed among the plant genome (Chakravarthi and
Naravaneni, 2006). As a result, molecular markers have become
distinct, reliable and efﬁcient tool for characterization, conservation, management of germplasm. Among the PCR based DNA
markers, microsatellites or SSRs (simple sequence repeats) are
highly preferred for gene tagging and gene mapping efforts as
they have high level of polymorphism content and versatility.
They are tandemly repeats of simple sequence which may be a
short motif of di, tri, or tetra-nucleotides (Li et al., 2004). SSR
markers are also preferred in genetic diversity analysis, molecular map construction and genetic mapping, construction of
ﬁngerprinting, genetic purity test, analysis of rice lines diversity
test etc. due to their reproducibility and amenability for
automation, quickness, simplicity, rice polymorphism stability,
accuracy etc. (McCouch et al., 2002; Ma et al., 2011; Roy et al.,
2015). Genetically distant and the morphologically close accessions could also be identiﬁed by SSR markers (Sajib et al., 2012).
In the present study, twenty aromatic landraces of Bangladesh
along with four improved aromatic varieties were analyzed for
genetic variation using SSR markers. The special objective was
to ﬁnd out genetic diversity and relationship of aromatic
landraces, to assist in base broadening of the germplasm for
future aromatic rice breeding programs.
MATERIALS AND METHODS

3μl of diluted template DNA, 1.5 μl of 10X× PCR buffer (Mg2+
cleotide triphosphates (dNTPs), 1.8μl of Mg2+, and 0.5μl of each
The following PCR proﬁle used an initial denaturation step for 5
minute at 94°C (hot start and stand separation). After that 35
cycles of denaturation at 94°C for 1 minute, 35 cycles of anneling at 55°C for 1 minute, 35 cycles of primer elongation at 72°C
for 2 minute and then ﬁnal elongation at 72°C for 5 minute. Ampliﬁed products were stored at -20°C. The ampliﬁed fragments
were separated on 8% (w/v) native polyacrylamide gels. The
electrophoreses were performed at 70v for 2 h in 1× TBE
[Tris-borateethylenediaminetetraacetic acid (EDTA)] buffer,
and the gels were stained with ethidium bromide for 25-30 min,
kept in dark, and then visualized using an Alpha-Image gel
documentation unit linked to a PC
Data analysis
The most intensely ampliﬁed fragments were determined by
comparing the migration distance of ampliﬁed fragments
relative to the molecular weight of known size marker, 100 base
pair (100bp) DNA-ladder, using Alpha-Ease FC 5.0 software
(Alpha Innotech, USA). The band proﬁles for each SSR primer
pair were scored for distinct and reproducible bands as present
(1) or absent (0). Jaccard’s similarity coefﬁcient values were
selected, pair wise genetic distance was calculated and dendrogram (Nei, 1973) based on similarity coefﬁcient values were
generate using unweighted pair-group method with arithmetic
mean (UPGMA) by using the online dendrogram construction
utility Dendro UPGMA (http://genomes.urv.es/UPGMA) (Garcia
-Vallvé et al., 1999). The polymorphic information content (PIC)
value was calculated using the following formula (Anderson et
al., 1993):

Collection of genetic materials
Experimental material comprised of 20 aromatic rice landraces
and 4 improved varieties. List of genotypes with their type, origin,
source of collection, kernel size and shape and aroma type are
given in Table 1. These rice genotypes were collected from

Where, ‘k’ is the total number of alleles (bands) detected for one
SSR locus and ‘p’ is the proportion of the cultivars or genotypes

Bangladesh Institute of Nuclear Agriculture, BINA, Maymensingh
and Bangladesh Rice Research Institute, BRRI, Gazipur.

containing the allele (band) in all the samples analyzed.
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RESULTS AND DISCUSSION

ty among Bangladeshi aromatic rice genotypes ware observed

Overall allelic diversity

by Sajib et al. (2012) in their genetic diversity analysis of 12 aromatic rice genotypes cultivated in Bangladesh, using SSR

Ten published SSR primer pairs were selected from different
chromosome. These 10 primer pair generated 43 unambiguous

markers. These ﬁndings of current study were also supported by
the ﬁndings of Islam et al. (2016) who used 19 quantitative traits

bands with an average of 4.3 bands per primer pair. Each 43
ampliﬁed band was polymorphic. The number of polymorphic

to assess the variability of 113 aromatic rice and ﬁne rice
genotypes cultivated in Bangladesh. The diverse genetic nature

alleles per locus ampliﬁed by each primer pair ranged from 2
(primer pair 7) to 8 (primer pair 3) with an average of 4.3 alleles

of these aromatic rice landraces possibly be an echo of the
prevailing diverse agro-ecological features of these region.

per locus. The SSR markers were highly informative and
polymorphic as evident from its polymorphic information

UPGMA cluster of 24 aromatic rice genotypes based on SSR

content or PIC value. The PIC value of each primer pair ranged
from 0.217 to 0.835 with an average of 0.495 (Table 3). The

marker analysis
An UPGMA based dendrogram was constructed from the binary

level of polymorphism determined by the PIC value (mean=
0.48) is consistent with the reported PIC value in previous

data obtained from the SSR marker based DNA proﬁles of the
sample analyzed (Figure 3). The genotypes that were genetically

works (Wong et al., 2009; Hossain et al., 2012; Sajib et al., 2012).
The highest PIC value 0.835 was obtained for primer RM5639

similar clustered together in the dendrogram. Using correlation
coefﬁcient (CP = 0.874) we constructed the UPGMA dendro-

(Figure 1). Other primers, such as RM334 (0.655), RM414
(0.580), RM28502 (0.569) also showed high PIC value. This

gram of the 24 aromatic rice genotypes. We observe seven
major clusters. Cluster I contained only one genotype which is

result raveled that marker RM5639 would be the best in
screening this 24 rice genotype followed by RM334, RM414

BRRI dhan38. Cluster II also contained one genotype, Maloti.
Cluster III consisted of 9 genotypes namely, Malaysira, Katari-

and RM28502. However, primer RM28502 showed band
pattern (Figure 2) which was very much similar to the UPGMA

vogue, Dhanchicon, BRRI dhan34, Sadagura, Chinisail, BR- 5,
Gobindovogue and Khas-kani. Cluster IV consisted of 5

dendrogram constructed with the 24 aromatic rice genotypes.
The PIC value found in this study indicated high genetic diversi-

genotypes namely, Fulkori, Begunbitchi, Radunipagol, Khasamukpura and Kalojira. Cluster V consisted of two genotypes

ty among the studied aromatic rice germplasm. So, despite their
cultivation in marginal areas, aromatic rice landraces of Bangla-

namely, Oukunmodu and Khas. Cluster VI consisted of 4 genotypes namely, Basmoti Indian, Black, Dudsail and Dubsail. Cluster

desh showed high genetic diversity. Similar high genetic diversi-

VII consisted of two genotypes namely, Basmoti safed, BRRI

Figure 1. Amplification profile of primer RM5639 from 24 aromatic rice
genotypes in 1.0% agarose gel strained with ethidium bromide. Two micro
liter of PCR product was used in each sample.

Figure 2. Amplification profile of primer RM5639 from 24 aromatic rice
genotypes in 1.0% agarose gel strained with ethidium bromide. Two micro
liter of PCR product was used in each sample.

Figure 3. UPGMA cluster dendrogram in Newick Format showing genetic
relationships among 24 genotypes based on 10 SSR markers. Cophenetic
Correlation Coefficient (CP) value is 0.874.
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Table 1. List of genotypes with their type, origin, source of collection, kernel size and shape and aroma type.
Genotypes
BRRI dhan38
BRRI dhan34
Radunipagol
Basmoti safed
Malaysira
Khasa
Begunbechi
Khaskani
Dubsail
Black
Oukun modhu
Basmoti Indian
Katarivogue
Dhanchikon
Dudsail
Kalojira
BR-5
Gobindavogue
Fulkori
Maloti
Khasa mukpura
Chinisail
Shadagura
BRRI dhan50

Type
Improved variety
Improved variety
Land races
Land races
Land races
Land races
Land races
Land races
Land races
Land races
Land races
Land races
Land races
Land races
Land races
Land races
Improved variety
Land races
Land races
Land races
Land races
Land races
Land races
Improved variety

Origin
Bangladesh
Bangladesh
Bangladesh
Bangladesh
Bangladesh
Bangladesh
Bangladesh
Bangladesh
Bangladesh
Bangladesh
Bangladesh
India
Bangladesh
Bangladesh
Bangladesh
Bangladesh
Bangladesh
Bangladesh
Bangladesh
Bangladesh
Bangladesh
Bangladesh
Bangladesh
Bangladesh

Source of collection
BRRI
BRRI
BINA
BINA
BINA
BINA
BINA
BINA
BINA
BINA
BINA
BINA
BINA
BINA
BINA
BINA
BRRI
BINA
BINA
BINA
BINA
BINA
BINA
BRRI

Kernel size and shape
Medium, slender
Short, medium
Short, medium
Medium, slender
Short, bold
Short, medium
Short, bold
Short, medium
Short, bold
Short, bold
Short, medium
Long, slender
Short, medium
Short, medium
Short, medium
Short, medium
Short, bold
Short, medium
Short, bold
Short, medium
Short, medium
Short, medium
Short, medium
Long, slender

Aroma type
Scented
Scented
Scented
Lightly scented
Lightly scented
Scented
Lightly scented
Scented
Scented
Scented
Scented
Lightly scented
Scented
Lightly scented
Lightly scented
Scented
Scented
Lightly scented
Lightly scented
Lightly scented
Scented
Lightly scented
Lightly scented
Lightly scented

Table 2. Information of microsatellite markers used for molecular characterization.
Primer name

Chromosome

RM526

2

RM5639

3

RM334

5

RM314

6

RM234

7

RM407

8

RM242

9

RM228

10

RM224

11

RM28502

12

Primer sequences
CCCAAGCAATACGTCCCTAG
ACCTGGTCATGACAAGGAGG
GGAAGAACAGAGTTGCTCGG
GTGCCATTTATTTCCGTCCC
GTTCAGTGTTCAGTGCCACC
GACTTTGATCTTTGGTGGACG
CTAGCAGGAACTCCTTTCAGG
AACATTCCACACACACACGC
ACAGTATCCAAGGCCCTGG
CACGTGAGACAAAGACGGAG
GATTGAGGAGACGAGCCATC
CTTTTTCAGATCTGCGCTCC
GGCCAACGTGTGTATGTCTC
TATATGCCAAGACGGATGGG
CTGGCCATTAGTCCTTGG
GCTTGCGGCTCTGCTTAC
ATCGATCGATCTTCACGAGG
TGCTATAAAAGGCATTCGGG
CGAGCAGATCTGATGTCGTCTTCC
CTTTGCTTTGCATGCCTCACG

Locus

Expected length (bp)

(TAAT)5

121

(AAG)13

123

(CTT)20

182

(GT)8(CG)3 (GT)5

118

(CT)25

156

(AG)13

172

(CT)26

225

(CA)6(GA)36

154

(AAG)8(AG)13

157

(GA)26

155

Table 3. Allele number, number of polymorphic alleles, number of band patterns and PIC values of the SSR markers.
Name of Primer
RM526
RM5639
RM334
RM314
RM234
RM407
RM242
RM228
RM224
RM28502
Total
Average

Number of
alleles
6
8
5
4
2
3
4
3
3
5
43
4.3

Number of polymorphic
alleles
6
8
5
4
2
3
4
3
3
5
43
4.3

Number of
Band patterns
7
8
5
5
2
3
4
5
5
5
4.9

Polymorphic Information
Content (PIC)
0.349
0.835
0.655
0.580
0.498
0.217
0.4896
0.319
0.439
0.569
0.495

0

0

0.89

G2

0

0.63

0.75

G3

0

0.65

0.72

0.95

G4

0

0.67

0.65

0.50

0.92

G5

0

0.82

0.78

0.77

0.69

0.81

G6

0

0.69

0.50

0.65

0.43

0.43

0.75

G7

0

0.56

0.71

0.53

0.80

0.72

0.36

0.90

G8

0.53

0
0

0.77

0.69

0.82

0.87

0.84

0.69

0.83

0.81

G 10

0.80

0.56

0.71

0.78

0.74

0.47

0.72

0.77

G9

0

0.69

0.72

0.47

0.71

0.39

0.77

0.79

0.78

0.71

0.89

G 11

0

0.77

0.57

0.53

0.90

0.69

0.75

0.87

0.84

0.69

0.83

0.73

G 12

0

0.71

0.79

0.71

0.74

0.50

0.47

0.78

0.60

0.80

0.65

0.47

0.77

G 13

0

0.47

0.83

0.53

0.69

0.85

0.23

0.63

0.77

0.65

0.85

0.78

0.53

0.89

G 14

0

0.72

0.74

0.63

0.72

0.53

0.40

0.80

0.65

0.71

0.78

0.80

0.65

0.72

0.83

G 15

0

0.72

0.56

0.50

0.63

0.72

0.63

0.74

0.67

0.47

0.78

0.67

0.74

0.56

0.65

0.77

G 16

0

0.61

0.81

0.40

0.44

0.85

0.59

0.79

0.75

0.21

0.50

0.72

0.39

0.75

0.67

0.40

0.90

G 17

0

0.21

0.59

0.74

0.36

0.50

0.84

0.56

0.78

0.74

0.15

0.47

0.71

0.44

0.74

0.65

0.23

0.90

G 18

0

0.72

0.74

0.47

0.65

0.71

0.56

0.69

0.84

0.69

0.72

0.79

0.43

0.83

0.65

0.56

0.53

0.71

0.89

G 19

0

0.80

0.61

0.56

0.61

0.81

0.67

0.75

0.79

0.67

0.79

0.75

0.61

0.59

0.72

0.68

0.81

0.67

0.67

0.71

G 20

0

0.72

0.50

0.71

0.65

0.43

0.71

0.69

0.63

0.75

0.83

0.75

0.78

0.78

0.60

0.75

0.63

0.71

0.60

0.69

0.88

G 21

0

0.67

0.72

0.77

0.31

0.36

0.71

0.78

0.50

0.41

0.89

0.69

0.89

0.78

0.31

0.50

0.57

0.56

0.78

0.69

0.25

0.88

G 22

0

0.18

0.75

0.65

0.77

0.31

0.36

0.63

0.78

0.50

0.41

0.82

0.60

0.89

0.78

0.31

0.50

0.57

0.56

0.78

0.69

0.25

0.88

G 23

0

0.83

0.77

0.83

0.80

0.78

0.79

0.86

0.91

0.72

0.90

0.91

0.83

0.78

0.89

0.72

0.85

0.78

0.69

0.88

0.72

0.63

0.78

0.89

G 24

Legends: G1= BRRI dhan38, G2= BRRI dhan34, G3= Raduni pagol, G4=Basmoti safed, G5= Malaysira, G6= Khasa, G7= Begun bitchi, G8= Khas-kani, G9= Dubsail, G910= Black, G11= Oukun modu, G12= Basmoti
Indian, G13= Katari vogue, G14= Dhan chikon, G15= Dudsail, G16=Kalojira, G17= BR-5, G18= Gobindo vogue, G19= Fulkori, G20= Maloti, G21= Khasa-mukpura, G22= Chini sail, G23= Shada gura, G24= BRRI
dhan50.

G24

G23

G22

G21

G20

G19

G18

G17

G16

G15

G14

G13

G12

G11

G10

G9

G8

G7

G6

G5

G4

G3

G2

G1

G1

Table 4. Pairwise genetic distance among 24 aromatic rice genotypes obtained from microsatellite marker analysis.
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dhan50. All the genotypes in a particular cluster showed higher
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A laboratory experiment was conducted with different chemicals and storage temperature
(Kinetin + 4°C, kinetin + 15°C, kinetin + 25°C, potash alum + 4°C, potash alum + 15°C, potash
alum + 25°C, hot water + 4°C, hot water + 15°C, hot water + 25°C, without treatment + 4°C,
without treatment + 15°C and without treatment + 25°C) at the department of Horticulture of
Bangabandhu Sheikh Mujibur Rahaman Agricultural University during June to December

Keywords
Kinetin treatment
Maximum juice content
Minimum fruit decay
Shelf life
Storage temperature
Sorboti lemon

2017. The aim was the study to find out the suitable method to increase shelf life of Sorboti
lemon. During storage fruit decay, weight loss and total soluble solid (TSS) increased. While
juice content, ascorbic acid content decreased with the increase in storage temperature.
Minimum fruit decay (50%) was recorded up to 70 Days after storage (DAS) at 4°C in hot
water treatment and fruit decayed (90%) at 4°C was recorded up to 70 DAS in Kinetin treatment. Minimum loss of fruit weight was recorded at 4°C (7.10% and 11.95%) at 70 DAS when
stored in hot water and kinetin, respectively. Maximum juice content (50.11%) after 70 DAS at
4°C in hot water treatment which was followed by Kinetin treatment storage at 4°C (40.10%).
The TSS was found almost static at 70 days after storage but ascorbic acid content decreased
(59.59 mg/100ml to 43.36 mg/100ml and 63.10 mg/100 ml to 49.11 mg/100ml) from its initial
content in hot water and kinetin at 4°C temperature. At 15°C temperature, it can only possible
up to 35 days. So, considering fruit decay, weight loss, TSS and juice content lemon could be
stored up to 70 DAS at 4°C both under hot water and kinetin treatment. Storing can be done in
35 DAS at 15°C both hot water and kinetin treatment.
©2018 Agriculture and Environmental Science Academy

Citation of this article: Kayesh, E., Das, S., Roni, M.S., Rajib, M.M.R., Islam, M.M. and Sultana, H. (2018). Shelf life and quality of
Sorboti lemon as affected by different chemicals and storage temperature. Archives of Agriculture and Environmental Science, 3(3):
304-309, https://dx.doi.org/10.26832/24566632.2018.0303014
INTRODUCTION

Lemon contains large quantity of citric acid 4.52% to 5.82%. It is

The lemon is a non-climacteric fruit with relatively low respira-

one of the most important fruits in international trade as fresh
fruit and processed product. Roughly, 10% of the citrus

tion and ethylene production rates do not undergo any major
softening or compositional changes after harvest and therefore,

produced in the world enters into international trade as fresh
fruits. With globalization of world trade organization (WTO) the

can normally be stored for relatively long periods (Kader, 2002).
Bangladesh stands in a very low position in respect of the

export opportunities of citrus fruits increase significantly.
Therefore, citrus grower faced increase competition in the

production of citrus fruits in comparison to other citrus producing countries of the world. According to the available statistics,

world market.
A considerable proportion of lemon fruit is spoiled each year

the total area under these fruits is 4230 acres while total
production is 63330 M. tons in the year 2011-2012 (BBS, 2013).

due to lack of proper storage and marketing infrastructures.
Hence, adequate measures should be taken to prolong shelf life
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of lemon. Storage is essential for extending the consumption

Observation and collection of data

period of fruits, regulating their supply to the market and also
for transportation to long distances. The mature green fruits can

Data were collected at fresh condition and then 7 days intervals
up to 70 days. Data from four fruits of each packet were record-

be kept at room temperature for about 12 to15 days depending
upon the variety (Carrillo et al., 2000). Shelf life of fruits could be

ed. Following data were recorded during the experimental
period.

extended by precooling, chemical treatments, low temperature,
different botanical extracts, and so on. However, perforated low

Fruit weight

-density polyethylene (LDPE) linings have also been found
beneficial as this material maintains humidity, which results in

Weight of each fruit at the time of storage was taken in gram by
electric balance and was recorded. At 7 days intervals fruit

less shrinkage during storage (Tharanathan et al., 2006).
The combination of modified atmospheric packaging (MAP) with

weight in gram was also recorded.

effective decay control measures can extend the postharvest
life of fruits (Rodov et al., 1997). Storage life of fruits is affected

Fruit decay
Number of decay was recorded at 7 days interval and percent-

by storage temperature because higher temperature increases
respiration rate, leading to fruit softening, and at low tempera-

age was calculated from total number of fruits.

ture, storage metabolism is retarded by a reduction in respiration rate, color changes and softening (Perez et al., 2004). Due to

Fruit weight loss
Fruit weight loss in percentage was calculated from the initial

mishandling, inadequate storage or lack of postharvest technical
knowledge, producers and traders have to face about 27%

weight and the weight was taken at 7 days interval.

losses (Hassan, 2010). Therefore, a research program was
initiated to investigate the suitable easy method to increase

Juice
Weight of juice was taken in gram by electric balance at the time

shelf life of sorboti lemon.

of storage and recorded. At 7 days intervals juice weight in gram
was also recorded. Then percent of juice was calculated.

MATERIALS AND METHODS
Total soluble solids
Experimental design
The experiment was conducted at the Laboratory of Horticul-

Total soluble solid (TSS) content of lemon pulp was estimated by
using a hand refractometer. One drop of lemon juice was

ture Department, Bangabandhu Sheikh Mujibur Rhaman
Agricultural University, Gazipur during the period from June

squeezed from the fruit pulp on the prism of the refractometer
(Model no. ATAGONA-Brix 0- 32) and % total soluble solid was

2016 to December 2016. Fruits of Sorboti lemon were treated
with Kinetin, Hot water and Potash alum. The treated fruits

obtained from direct reading.

were stored in cool chamber temperature at 4°C, 15°C and 25°
C packing with 0.5mm polythene bag. Fresh mature fruits were

Vitamin C content
The ascorbic acid content was determined as per the procedure

harvested from Shibpur, Norshingdhi and transported in the
Bangabandhu Sheikh Mujibur Rhaman Agricultural University,

described by Pleshkov (1976). For estimating free ascorbic acid,
10 ml of prepared extract was taken in a conical flask. Five ml

Gazipur with pickup. The fruits were thoroughly washed in
running tap water and drying up with electric fan. The fruits

5% KI, 2 ml of 2% starch solution, 2 ml glacial acetic acid was
added to the extract. Finally, it was titrated with 0.001N KIO 3

were packed according to the treatment with 0.5mm polythene
bag. Ten fruits were packed in each polythene bag and four

solution. Free ascorbic acid was quantified by using the
following formula:

packed fruits were considered as one replication. Each of the
fruit packets was marked with permanent marker and sealed.
Then the fruit packets were stored at different temperature
according to the treatments. The experiment was laid out in a
completely randomized design (CRD) with three replications
with 12 treatment combinations in this experiment as per the
details given below:

Where,
T = Titrated volume of KIO 3 (ml), F = 0.088 mg of ascorbic acid
per ml of 0.001N KIO 3, V = Total volume of sample extracted
(ml), v = Volume of the extract (ml) taken for titration, W =
Weight of the sample taken.

1. T1C1= Kinetin + 4°C

2. T1C2= Kinetin + 15°C

3. T1C3= Kinetin + 25°C

4. T2C1= Potash alum +4°C

Statistical analysis

5. T2C2= Potash alum +15°C

6. T2C3= Potash alum +25°C

The recorded data for different characters were analyzed statisti-

7. T3C1 = Hot water + 4°C

8. T3C2 = Hot water + 15°C

9. T3C3 = Hot Water + 25°C

10. T4C1 = Normal water + 4°C

cally using MSTAT-C program. Coefficient of variation (CV) was
estimated according to Gomez and Gomez (1984). Mean separa-

11. T4C2 = Normal water + 15°C

12. T4C3 = Normal water + 25°C

tion was done by using Duncan Multiple Range Test (DMRT).
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RESULTS AND DISCUSSION

fruits increased the shelf life of the mango. Pre-cooling has been

Fruit decay

found to reduce the occurrence and intensity of spongy tissue.
At 4°C temperature without treatment 80% fruit decay in 42

The loss of fruit decay was observed the highest in control and
the lowest in hot water treatment (Table 1). This decay was

DAS, the potash alum treatment 75 percent fruit decay in those
DAS. In this temperature Kinetin and hot water treated fruit

significantly higher in kinetin compared to hot water treatment
and it was also higher in potash alum treatment. Varit and

survive in 70 DAS. The fruit decay in 70 DAS kinetin is higher
than hot water treatment. Fruit decay at 70 DAS in hot water

Songsin (2011) concluded that the storage life of lemon dipped
in hot water (45°C for 15 min or 50°C for 10 min) was signifi-

was 50% and kinetin was 90%. Percent of fruit decay in hot
water treatment was lower than kinetin treatment. Similar

cantly extended. The best fruit overall quality was obtained at
50°C for 10 min.

findings in relation to shelf life extension of mango using low
temperature were reported by Hassan et al. (1998). These

If temperature is increase than fruit decay is increase. In 25°C
temperature, without treatment and potash alum treatment

results of extending shelf life of mango using low temperature
and modified atmosphere are in support that fungal diseases

lemon can survive in 14 days after storage (DAS). In hot water
treatment and kinetin treatment at 25°C temperature the

constitute one of the main causes of loss during commercialization of tropical fruits. Lemon fruit can be stored for 70 DAS at

lemon could survive in 21 DAS at 60% and 100% decay 28 DAS.
At 15°C temperature in hot water treatment’s percent of fruit

4°C with the compensation of 50% fruit decay and it was 65% at
15°C when treated with hot water treatment. This compensa-

decay was lower than any other treatment. In this temperature
without treatment fruit can survive 28 DAS and potash alum it

tion was 90% at 4°C in kinetin solution. Among those, Hot water
helps in minimum exchange of gaseous substance during

can be survive 28 DAS. Cooling at 15°C of Alphonso mango

storage with minimum fruit decay.

Table 1. Effect of source of materials and storage conditions on percent fruit decay of lemon in Bangladesh.
Treatment/
Combinations
T1C1
T1C2
T1C3
T2C1
T2C2
T2C3
T3C1
T3C2
T3C3
T4C1
T4C2
T4C3
CV (%)
Level of
significance

Fruit decay (%)
7 DAS
10.00a
10.00a
10.00a
5.000b
10.00a
10.00a
0.000c
5.000b
5.000b
10.00a
10.00a
5.000b
8.91

14 DAS
15.00c
15.00c
30.00a
10.00d
20.00b
20.00b
10.00d
5.000e
10.00d
15.00c
30.00a
15.00c
9.89

21 DAS
20.00de
50.00c
60.00b
15.00ef
25.00d
100.0a
15.00ef
10.00f
60.00b
20.00de
55.00bc
100.0a
7.71

28 DAS
25.00de
75.00c
100.0a
25.00de
85.00b
20.00e
30.00d
100.0a
25.00de
90.00b
8.50

35 DAS
35.00de
80.00b
100.0a
45.00d
100.0a
25.00e
65.00c
26.00e
100.0a
13.92

42 DAS
38.33d
100.0a
75.00c
30.00e
100.0a
80.00b
7.38

49 DAS
60.00b
100.0a
35.00c
100.0a
16.23

56 DAS
80.00a
40.00b
9.13

63 DAS
85.00a
50.00b
6.42

70 DAS
90.00a
50.00b
13.32

**

**

**

**

**

**

**

**

**

**

Means in a column followed by the same letters are not significantly different at 1% level of significant; ** = Significant at 1% level of probability; T1 =
Kinetin, T2 = Potash; Alum, T3 = Hot water and T4 = Normal water; C1 = 4°C, C2 = 15°C and C3 = 25°C

Table 2. Effect of different treatment and storage conditions on percent weight loss of Sorboti lemon in Bangladesh.
Treatment/
Combinations
T1C1
T1C2
T1C3
T2C1
T2C2
T2C3
T3C1
T3C2
T3C3
T4C1
T4C2
T4C3
CV (%)
Level of
significance

Weight loss (%)
7 DAS
1.180f
3.750c
4.210b
1.110f
1.260f
3.610c
0.670g
2.980d
3.720c
1.910e
3.060d
5.220a
5.89

14 DAS
3.220e
5.690c
0.260g
2.650ef
1.870f
7.150b
0.330g
4.690cd
7.510 b
3.720de
5.430c
12.90a
14.08

21 DAS
4.560de
7.520c
9.590b
4.010ef
3.210f
1.360g
6.710c
11.10a
5.060d
7.700c
11.68

28 DAS
5.390e
8.990a
5.990d
4.180f
1.800g
8.250b
7.310c
8.150b
7.83

35 DAS
6.87c
9.90a
6.21c
2.70d
8.28b
9.92a
7.68

42 DAS
7.410c
8.560b
3.410d
10.15a
5.12

49 DAS
8.330a
4.900b
9.03

56 DAS
10.30a
5.390b
7.96

63 DAS
12.50a
6.250b
10.33

70 DAS
11.95a
7.100b
2.57

**

**

**

**

**

**

**

**

**

**

Means in a column followed by the same letters are not significantly different at 1% level of significant; ** = Significant at 1% level of probability; T1 =
Kinetin, T2 = Potash Alum, T3 = Hot water and T4 = Normal water; C1 = 4°C, C2 = 15°C and C3 = 25°C
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Weight loss

According to (Table 3) the juice content was decreasing with an

Postharvest storage treatments used in the present investigation showed effects on total weight loss of lemon during

increase in storage temperature. After 70 DAS of storage maximum juice content was observed in hot water treated lemon.

storage. Variation among the treatment means in respect of total
weight loss was highly significant at all dates of observation.

The juice content in hot water treatment at 70 DAS was 50.11%
and kinetin treatment was 40.10%. Joseph and Aworh (1992)

According (Table 2) 4°C temperature weight loss was lowest in
hot water treatment compare than without treatment. Lemon

observed that mature green fruits dipped in hot water at 55 °C
delayed ripening, controlled decay, minimized weight loss and

storage life is high in hot water treatment and kinetin treatment.
The hot water treatment (7.10%) lemon had lowest water loss

extended shelf life of fruits without adverse effects on visual or
chemicals. Nyalala and Wainwright (1998) studied the shelf life

compare to kinetin treatment (11.95%). This reduction in weight
loss due to low temperature coupled with high humidity could be

of two tomato cultivars (Money Maker and Calaj) stored at
4.5°C, room temperature (18-25°C) and 30°C. They observed

attributed to the reduction in respiration as well as transpiration
rate at lower temperatures (Ramana et al., 1984).

that weight loss was significantly higher at increased temperatures and there was an interaction between cultivar and

The weight loss was increasing with the increasing of storage
temperature at 35 DAS. At, 15°C maximum weight loss was

temperature. They also observed that, loss of fruit firmness was
greatest less than two higher temperatures, but there was on

observed in kinetin treated lemon at 52%, in this same
temperature hot water treated lemon weight loss was 47%.

significant difference between the cultivars. The juice content
was highest in 4°C temperature at hot water treated lemon.

Haque (1985) also reported the similar results. He reported that
the weight loss of bananas occurred due to the loss of water

Total soluble solid (TSS)

from the fruits, microbial decay and storage environment like
temperature and humidity. At 25°C temperature weight loss

Total soluble solid of lemon increased with the duration of
storage. The postharvest treatments used in the present study

was higher than any other treatment. In this temperature without treated lemon weight loss was higher than any other treat-

exhibited pronounced effect on total soluble solid of lemon
during storage and it was statistically significant. At 7 DAS the

ment. At 25°C temperature weight loss was lower than any
other treatment. If we want to keep lemon in room temperature

TSS was highest in control (Table 4). It was 6.20 at 25°C. At 7
DAS hot water treated lemon TSS was 5.40 % and it increased

than kinetin treatment will be the best than any other treatments because at room temperature kinetin treated lemon

day by day. At 70 DAS the TSS was 8.70%. In 7 DAS kinetin
treated lemon was contain TSS 5.20% and 70 DAS it was

weight loss was lower than other. But if we want in 4°C temperature than hot water treatment will be the best. Weight loss

convert in 8.40%. This may be due to increase in senescence
process which resulted in increased respiration rate. The

continued to increase with prolonged storage duration so that
each 15 days interval caused significant increase in cumulative

decrease in moisture content was probably due to transpiration
and evaporation losses of water including hydrolysis of starch.

weight loss. The weight loss increased to the maximum of
(8.57%) with 75 days storage (Rab et al., 2015).

This increase in TSS content is due to the conversion of complex
carbohydrates into simple sugars. This is correlated with hydro-

Juice content

lytic changes in starch and conversion of starch to sugar being
an important index of ripening process in mango and other

The highest juice content was observed in the lemon of hot
water treatment and the lowest without treatment at 7 DAS.

climacteric fruits and further hydrolysis decreased the TSS
content during storage (Kays, 1991; Kittur et al., 2001).

Table 3. Effect of different treatment and storage conditions on percent juice content of Sorboti lemon in Bangladesh.
Treatment/
Combinations
T1C1
T1C2
T1C3
T2C1
T2C2
T2C3
T3C1
T3C2
T3C3
T4C1
T4C2
T4C3
CV (%)
Level of
significance

7 DAS
56.20bc
54.30e
51.76g
56.87ab
55.60cd
52.91f
57.47a
56.77b
54.61e
55.37d
53.17f
50.12h
0.71

14 DAS
54.93b
51.62c
48.89d
55.73ab
54.95b
48.58d
56.92a
54.55b
49.39d
54.47b
50.11d
40.19e
1.63

21 DAS
53.10b
49.40de
44.47f
53.00b
54.05b
56.31a
52.36bc
42.83f
51.07cd
48.90e
2.49

28 DAS
51.90b
46.23d
50.99bc
52.90b
55.84a
49.11c
49.18c
45.38d
3.58

**

**

**

**

Juice content (%)
35 DAS
42 DAS
50.57b
49.78b
41.72f
49.11c
54.36a
54.12a
44.17e
46.99d
45.19c
2.95
2.68
**

**

49 DAS
47.60b
52.80a
8.98

56 DAS
45.69b
51.97a
4.26

63 DAS
44.00b
50.99a
11.78

70 DAS
40.10b
50.11a
4.25

**

**

**

**

Means in a column followed by the same letters are not significantly different at 1% level of significant; ** = Significant at 1% level of probability; T1 =
Kinetin, T2 = Potash Alum, T3 = Hot water and T4 = Normal water; C1 = 4°C, C2 = 15°C and C3 = 25°C
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Ascorbic acid

content of foods can be reduced by exposure to extreme cold,

The ascorbic acid content of lemon was significantly affected by
different treatments. In increasing the storage period the ascor-

heat, light, lengthy storage and water. Ascorbic acid is found in
citrus fruits, berries, and in vegetables such as broccoli and

bic acid was decreases. It decrease might be due to its degradation (Table 5). The lowest ascorbic acid was observed in hot

spinach. All forms of cooking reduce ascorbic acid levels in
foods. However, boiling foods destroys the highest percentage.

water treated lemon at 4°C temperature storage. After 70 DAS
the vitamin C was low at hot water treated lemon but it was high

In a study published in the August 2009 issue of the "Journal of
Zhejiang University Science," researchers examined five

in kinetin treated lemon. At kinetin treated lemon ascorbic acid
was 49.11mg/ 100g but hot water treated lemon it was 43.36

methods of cooking broccoli. The methods were stir-frying,
microwaving, steaming, boiling, and a combination of stir-frying

mg/100g. At kinetin treated lemon ascorbic acid consistence
was higher than any other treatment. Ascorbic acid is an

and boiling. The study concluded that after five minutes of
cooking broccoli florets, using each method, boiling destroyed

extremely unstable water-soluble vitamin. The ascorbic acid

the highest percentage of ascorbic acid.

Table 4. Effect of different treatment and storage conditions on total soluble solid (TSS) of Sorboti lemon in Bangladesh.
Treatment/
Combinations
T1C1
T1C2
T1C3
T2C1
T2C2
T2C3
T3C1
T3C2
T3C3
T4C1
T4C2
T4C3
CV (%)
Level of
significance

Total soluble solid (%)
7 DAS
5.200ef
5.600cd
5.800bc
5.100f
5.200ef
6.000ab
5.400de
5.600cd
6.100 a
5.200ef
5.500d
6.200a
2.26

14 DAS
6.500c
6.600bc
6.800ab
5.900e
5.700e
6.200d
6.000de
5.800e
6.800ab
5.400f
5.900e
7.000a
2.59

21 DAS
6.800c
7.100b
7.700a
6.200de
6.100ef
6.400d
6.100ef
7.300b
5.900f
6.200de
6.800c

28 DAS
7.000b
7.400a
6.900b
7.100b
6.900b
6.900b
6.300c
6.900b
3.25

35 DAS
7.100c
7.900a
7.100c
7.200bc
7.400b
6.800d
3.38

42 DAS
7.200b
7.600a
7.600a
6.900c
2.64

49 DAS
7.400b
7.900a
9.34

56 DAS
7.800b
8.100a
4.87

63 DAS
8.100b
8.600a
4.64

70 DAS
8.400b
8.700a
9.06

**

**

**

**

**

**

**

**

**

**

Means in a column followed by the same letters are not significantly different at 1% level of significant; ** = Significant at 1% level of probability; T1 =
Kinetin, T2 = Potash Alum, T3 = Hot water and T4 = Normal water; C1 = 4°C, C2 = 15°C and C3 = 25°C

Table 5. Effect of different treatment and storage conditions on ascorbic acid of Sorboti lemon in Bangladesh.
Ascorbic acid (mg/100g)

Treatment/
Combinations

7 DAS

14 DAS

21 DAS

28 DAS

35 DAS

42 DAS

49 DAS

56 DAS

63 DAS

70 DAS

T1C1

63.10

62.00 a

60.87a

59.13a

57.87a

56.11a

54.93a

52.15a

50.69a

49.11a

T1C2

61.17

58.42c

55.87cd

53.96cd

52.90b

-

-

-

-

-

T1C3

61.39

59.37bc

57.18bc

-

-

-

-

-

-

-

T2C1

62.89

61.11a

53.06ef

58.00ab

56.21a

-

-

-

-

-

T2C2

61.56

60.00b

58.87b

56.99b

-

-

-

-

-

-

T2C3

60.97

59.00bc

-

-

-

-

-

-

-

-

T3C1

59.76

56.23d

55.96cd

54.28c

52.70b

50.20b

48.79b

46.22b

44.77b

43.36b

T3C2

58.58

53.78ef

51.29fg

49.40e

47.28d

-

-

-

-

-

T3C3

58.07

53.00f

50.48g

48.39e

-

-

-

-

-

-

T4C1

59.69

56.33d

54.00de

51.97d

49.92c

47.20c

-

-

-

-

T4C2

58.30

54.52e

51.69fg

47.72e

-

-

-

-

-

-

T4C3

58.00

53.29f

-

-

-

-

-

-

-

-

CV (%)

0.68

1.04

2.53

3.00

5.57

2.11

6.71

3.09

3.64

4.37

Level of
significance

ns

**

**

**

**

**

**

**

**

**

Means in a column followed by the same letters are not significantly different at 1% level of significant; ** = Significant at 1% level of probability
T1 = Kinetin, T2 = Potash alum, T3 = Hot water and T4 = Normal water; C1 = 4°C, C2 = 15°C and C3 = 25°C
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Fruit decay, weight loss and TSS increased during storage
period. While juice content, ascorbic acid content decreased

Hassan, M.K. (2010). Final Report: Postharvest loss Assessment:
A Study to Formulate Policy for Postharvest Loss Reduc-

with the increase in storage temperature. The lowest fruit decay
and weight loss was observed in hot water treatment compare

tion of fruits and Vegetables and Socio-Economic Uplift of
the Stakeholders. pp. 188 (A Research Project Funded by

to kinetin and potash alum. But kinetin showed the highest
ascorbic acid compared to other. The TSS content from 70 days

USAID and EC, and Jointly implemented by FAO and FPM
of the Ministry of Food and Disaster Management

after storage was found almost static. Based on fruit decay,
weight loss, juice content and TSS content lemon can be stored

(MoFDM) under the National Food Programme Capacity
Strengthening Programme NFPCSP).

up to 70 days after storage at 4°C both in hot water and kinetin.
At 15°C temperature, it can only possible up to 35 days. So,

Joseph, K. and Aworh, O.C. (1992). Postharvest treatment of
wild tomato following hot water and Vapour heat treat-

considering fruit decay, weight loss, TSS and juice content lemon
could be stored up to 70 DAS at 4°C both under hot water and

ments. Postharvest Biology Technology, 1(4): 349-359.
Kader, A.A. (2002). Postharvest Technology of Horticultural

kinetin treatment. Storing can be done in 35 DAS at 15°C both
hot water and kinetin treatment.

Crops. 3rd ed. Univ. of California,
Kays, S.J. (1991). Postharvest Physiology of Perishable Plant
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ABSTRACT

Received: 15 August 2018
Revised received: 24 August 2018
Accepted: 27 August 2018

A field study on 'effects of integrated nutrient management on vegetative growth and flowering quality of gladiolus (Gladiolus hybridus Hort.) cv. American Beauty’ was carried out at
College of Horticulture and Forestry, Jhalawar during 2016-17. It was found that cv. American
Beauty with treatment the tallest plants (121.50 cm), maximum number of leaves per plant
(9.03), the maximum leaf length (38.20 cm), earliest spike emergence (59.22 days), minimum

Keywords
Azotobacter
Gladiolus (Gladiolus hybridus Hort.)
Growth and Flowering
Mycorrhiza
Phosphorus solubilizing bacteria (PSB)
Recommended dose fertilizer (RDF)

number of days to floret opening (12.50 days), maximum number of florets per spike (17.53),
maximum spike length (108.50 cm), maximum floret diameter (9.01 cm), maximum rachis
length (39.03 cm) was found in T12 (RDF 75% + Azotobacter + PSB + Mycorrhiza). The
maximum stem diameter (1.52 cm) and maximum spike girth (0.97 cm) was recorded in T 10
(RDF 75% + PSB + Mycorrhiza). On the basis of foregoing summary, the results may be
concluded as follow: The different bio-fertilizer treatments had significant influence on the
vegetative growth, flowering and post-harvest of gladiolus in the present study. Application of
bio fertilizer singly and in different combinations has significant effect on all the vegetative,
floral and corms parameters. Therefore, among various bio fertilizers and their combinations,
Azotobacter, PSB and Myccorhiza were found the best, followed by un-inoculated treatment
show least value for these parameters during the seasons of experiment.
©2018 Agriculture and Environmental Science Academy
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INTRODUCTION

flower arrangements (Ali et al., 2013; Kumari et al., 2014).

Gladiolus (Gladiolus hybridus Hort.) generally known as “sword

Nutrition is one of the important aspects in increasing the
flower yield and quality of gladiolus spikes. After the green

lily” due to its sword shaped leaves or corn flag as it grows in
Africa in corn fields as a weed (Sharma et al., 2008; Singh et al.,

revolution, use of chemical fertilizers and pesticides in plants
production increased, which is dangerous to ecology and

2014). It is an important member of family Iridaceae and
sub-family Ixiodeae and originated in South Africa, having the

environment. Thus, the application of nutrients in small doses
frequently, favours better growth and flower production.

basic chromosome number (x =15). It is popularly called as
“Queen of the bulbous flowers” being a prominent bulbous cut

Supply of total nutrient requirements of the crops using organic
and inorganic sources along with use of biofertilizers under

flower crop. It is valued for its long beautiful spikes possessing a
number of florets of vibrant colours and variable sizes. It is

integrated nutrient management, could be the best solution for
nutrient efficiency and sustainable agriculture (Gupta et al.,

having high demand in both domestic and international markets
due to use of flower spikes in bouquets, interior decorations and

2004; Singh et al., 2003).
In recent times, biofertilizers have emerged as important

Manish Kumar Meena et al. /Arch. Agr. Environ. Sci., 3(3): 310-316 (2018)
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supplements to mineral fertilizers and hold a promise to

Leaf length (cm)

improve the yield as well as quality of crops. In gladiolus too,
Azotobacter, Vascular arbuscular mycorrhizae (VAM) and Phos-

The length of 4th leaf from base was recorded in centimeters
from base to tip of the leaf on each of three tagged plants using

phorus solubilizing bacteria (PSB) are capable of mobilizing
nutrient elements from non-usable forms to usable forms through

meter scale.

biological processes (Bhalla et al., 2006; Singh et al., 2014).
Therefore, keeping in view the need and importance integrated

Leaf width (cm)
The width of leaf which was also employed for measuring length

nutrient management the present investigation was planned to
study the impact of integrated nutrient management on vegeta-

was recorded from margin to margin at the middle of leaf of
each of three tagged plants using meter scale.

tive growth and flowering quality of gladiolus (Gladiolus hybridus
Hort.) cv. American Beauty.

Stem diameter (cm)

MATERIALS AND METHODS

The stem diameter was measured in centimeters with the help
of digital vernier calipers about 3 cm above ground level of each
of three tagged plants and then average was calculated.

Experimental design
The experiment will be laid out in randomized block design
(RBD). The recorded data for the various characters under study

Floral and yield characters

will be analyzed using F- test as suggested by Gomez and Gomez
(1984) for interpretation of the results.

Days to spike emergence
Number of days taken for spike emergence from planting of

Detail of treatments

corms was recorded for each of three tagged plants and later on
average was calculated.

The experiment was conducted using 20 treatments on
gladiolus cv. American Beauty having three biofertilizers viz.,

Days to first floret opening from spike emergence

Azotobacter, PSB and Mycorrhiza along with two level of RDF
(75% and 100%) in a randomized block design (RBD) with three

Number of days taken from spike emergence to opening of first
basal floret on spike of each of three tagged plants was noted

replications. Total no. of treatments T0 Control, T1 75% RDF, T2
100% RDF, T3 Azotobacter + PSB, T4 Azotobacter + Mycorrhiza,

and average was calculated.

T5 PSB + Azotobacter + Mycorrhiza, T6 RDF 75% + Azotobacter,
T7 RDF 75% + PSB, T8 RDF 75% + Mycorrhiza, T9 RDF 75% +

Spike girth (cm)
The girth of spike was measured in centimeter with the help of

Azotobacter + PSB, T10 RDF 75% + PSB + Mycorrhiza, T11 RDF
75% + Azotobacter + Mycorrhiza, T12 RDF 75% + PSB +

digital vernier calipers about 2 cm below the first basal floret of
the spike.

Azotobacter + Mycorrhiza, T13 RDF 100% + Azotobacter, T14
RDF 100% + PSB, T15 RDF 100% + Mycorrhiza, T16 RDF 100% +

Spike length (cm)

Azotobacter + PSB, T17 RDF 100% + PSB + Mycorrhiza, T18 RDF
100% + Azotobacter + Mycorrhiza, T19 RDF 100% + PSB +

Spike length was measured in centimeters from the first visible
ring to tip of the spike using meter scale on each of the three

Azotobacter + Mycorrhiza.

tagged plants.

Observation and collection of data

Rachis length (cm)
Rachis length was measured in centimeters from base of first

Vegetative characters

floret to tip of the spike after opening the last floret on the spike
on each of the three tagged plants.

Days to sprouting
Number of days taken from planting of corms to sprouting was

Floret diameter (cm)

recorded for the first three sprouted corms in each treatment
plot and then average was calculated.

Diameter of the second floret of spike produced on each of
three tagged plants was measured in centimeters at fully

Plant height (cm)

opened stage using digital vernier calipers and then the average
was calculated.

Plant height was recorded in centimeters from ground to tip of
the spike in three tagged plants by meter scale at peak flowering

Statistical analysis

stage.

The experimental data were subjected to statistical analysis of
variance and test of significance through the procedure

Number of leaves per plant
The number of leaves produced on each of the three tagged

described by Panse and Sukhatme (1967). The standard error of
mean and critical difference for treatment comparisons was

plants was counted after emergence of flower spike and then
mean was worked out.

worked out where the “F-test” was found significant at 5 per
cent level of significance.
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RESULTS AND DISCUSSION

and enhance plant growth by solubilizing P from different
fractions of soil (Dongardive et al., 2009).

Vegetative parameters
Number of days taken for sprouting

Leaf length (cm)
The data presented on leaf length reveal that the longest leaves

The data pertaining to number of days taken for sprouting of
corm are presented in the earliest sprouting of corms with the

were observed with T12 (38.20 cm) RDF 75% + PSB + Azotobacter + Mycorrhiza, whereas the shortest leaves were recorded in

minimum number of days was recorded in T0 control (7.83 days),
whereas the maximum number of days taken for sprouting was

control T0 (32.97 cm). The increase leaf length particularly may
be due to the availability of more nitrogen continuously due to

recorded in control T11 (9.95 days). The early sprouting of corm
can be attributed mainly to availability of sufficient nutrients to

application of chemical and bio fertilizers resulting into abundant vegetative growth. Phosphorus stimulates root system

the corm for its normal metabolic activities. It is revealed from
data presented in table that there were non–significant differ-

through efficient translocation of certain growth stimulating
substance formed in plant, which may have enhanced the

ences among the treatments in case of equal sprouting of corms.
Non-significant results might be due to presence of store food in

absorption of nutrients thus resulting in a vigorous growth.
Plant supplied with high phosphorus and potassium with nitro-

corms, which near about in equal sprouting (Table 1).

gen continuously maintains vegetative growth (Table 1). Nitrogen is a constituent of protein, component of protoplast and

Plant height (cm)
The data pertaining to plant height of gladiolus have been

increases the chlorophyll content in leaves (Dalve et al., 2009).
Similar results were observed by Chauhan and Kumar (2007)

presented. It is clear from the results that data had favorable
effect on plant height with the maximum plant height of 121.27

and Kumar et al. (2013).

cm noted in T12 RDF 75% + PSB + Azotobacter + Mycorrhiza,
whereas the minimum plant height was noted in control T0

Leaf width (cm)
The data pertaining to leaf width are presented in the most

(103.77 cm). Application of biofertilizers and chemical fertilizers
alone and combination resulted in more plant height. The

broad leaves were recorded with T10 (3.52 cm) RDF 75% + PSB +
Mycorrhiza, while the narrowest leaves were recorded in

enhanced plant height may be due to more availability of nitrogen and other nutrient elements (Table 1). Nitrogen is a main

control T0 (2.32 cm) (Table 1). Application of RDF with biofertilizers promoting the leaf width influenced with nitrogen applica-

constituent of chlorophyll, protein and amino acids and plays an
important role in cell division, protein synthesis and metabolite

tion, because nitrogen is an essential part of nucleic acid, which
play vital role in promoting leaf area. All these factors contrib-

transport that help to build the plant tissues. The increased
plant height may also be attributed to the favorable effects of

ute to cell multiplication, cell enlargement and differentiation
which could have resulted in better photosynthesis and

phytohormon like auxin and gibberellins produced by Azotobacter, PSB and Mycorrhiza which might have improved the root

ultimately exhibited better vegetative growth (Sharma et al.,
2008) and Srivastava and Govil (2005).

system of the plant, which in turn might have helped in better
nutrient uptake and this might have enhanced the plant height

Main stem diameter (cm)

(Gupta et al., 2004). Similar findings have also been reported by
Singh et al. (2003) in rose, Deshmukh et al. (2008) in Gaillardia.

Data pertaining to stem diameter as influenced by application of
integrated nutrient management have been presented. The

Number of leaves per plant

thickest stems were recorded with T10 (1.52 cm) RDF 75% + PSB
+ Mycorrhiza, whereas the thinnest stems were recorded in

The data pertaining to number of leaves per plant have been
presented. The data reveal that the highest number of leaves

control T0 (0.94 cm) (Table 1). Application of chemical and biofertilizers under INM increase stem thickest in gladiolus due to

was observed with T12 (9.03) RDF 75% + PSB + Azotobacter +
Mycorrhiza, whereas the minimum number of leaves per plant

absorptive surface area of the roots due to VAM might have led

was recorded in control T0 (6.30). Increasing the number of
leaves with application of bio and chemical fertilizers may be
due to increased nitrogen availability as it is a constituent of
protein, component of protoplast and increases the chlorophyll
content in leaves (Table 1). All these factors contribute to cell
multiplication, cell enlargement and differentiation which could
have resulted in better photosynthesis and ultimately exhibited
better vegetative growth (Kashyap et al., 2014) and Yadav et al.
(2005). Srivastava and Govil (2005) also reported increased
number of leaves in gladiolus cv. Combined inoculation of
arbuscular mycorrhiza and PSBs give better uptake of both
native P from the soil and P coming from the phosphatic rock

to enhanced uptake and transportation of available water and
nutrients like P, Zn, Fe, Mg and Cl, ultimately resulting in better
sink for faster mobilization of photosynthates and early
transformation of plant parts from vegetative to reproductive
phase (Bohra and Kumar, 2014). These findings are also in
confirmation with the findings of Kumari et al. (2014) in gladiolus. Stem diameter increase due to presence of growth promoting substances like essential plant nutrients, vitamins, enzymes
and antibiotics in biofertilizers (Ali et al., 2013). Phosphorus
plays a significant role in several physiological and biochemical
plant activities like photosynthesis, transformation of sugar to
starch, and transporting of the genetic traits (Debnath et al.,
2009).
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Flowering quality parameters

Number of florets per spike

Days to spikes emergence

It is evident from the data on number of florets per spike are
presented that application of fertilizers and biofertilizers had

The data recorded on days to spikes emergence are presented
in the earliest spikes emergence was observed in T12 (59.22

significant effect. The maximum number of florets per spike was
recorded with T12 (17.53) RDF 75% + PSB + Azotobacter +

days) RDF 75% + PSB + Azotobacter + Mycorrhiza, with the
maximum number of days taken to spike emergence in control

Mycorrhiza, whereas the minimum number of florets was
recorded in control T0 (11.93) (Table 2). More number of floret

T0 (67.83 days). The early emergence of spike with application of
bio-fertilizers along with two levels of RDF could be attributed

due to when treated directly with Azotobacter and PSB help as
they help in supplying nitrogen and phosphorus. Hence, applica-

to vigorous growth of the plant due to increased nutrient availability to the plants ultimately resulting in better sink for faster

tion of biofertilizers including NPK increase availability of micro
nutrient as well as plant hormones due to which more number

mobilization of photosynthates and early transformation of
plant parts from vegetative to reproductive phase (Kumari et al.,

of floret (Chaudhary, et al., 2013).

2014). The activities of the biofertilizers nitrogen fixation,
production of phytohormones etc. with simultaneous uptake of

Spike girth (cm)
The data on spike girth are presented. It is also clear from the

nutrients. The increased availability of phosphorus to due to
PSB bacterium might have the plant roots caused emergence of

data that had significant effect on spike girth with the thickest
spikes were recorded in T10 (0.97 cm) RDF 75% + PSB +

early spike (Kumar, 2014).

Azotobacter + Mycorrhiza, whereas the thinnest spikes were
produced in T0 (0.66 cm) (Table 2). Enhanced girth of spikes with

Days to first floret opening from spike emergence
The data for days to first floret opening from spike emergence

application of integrated nutrient management may be
attributed to promoted vegetative growth due to active cell

are presented in Table 2. The earliest first floret opening from
spike emergence was observed in T12 (12.50 days) RDF 75% +

division and cell enlargement significantly affecting spike
diameter (Kumar et al., 2010). Increase in vegetative growth

PSB + Azotobacter + Mycorrhiza, whereas the most late first
floret opening was observed in control T0 (16.30 days) (Table 2).

may be due to better flow of various macro - and micronutrients along with plant growth. Simultaneously, VAM in

The beneficial effect of INM of earliness of spike emergence could
be attributed to the good vegetative and reproductive growth of

association with plant roots is known for exploration of
more soil volume thereby making the nutrients available for

plant which in turn resulted in early floret opening (Kumari et al.,
2014). The present findings are in agreement with the observa-

diffusion of phosphate ion and increasing the surface area for
absorption of nutrients such as N, K, Mn and Zn (Venkatesha

tions of Sharma et al. (2008) and Kumar (2014) in gladiolus.

et al., 2003).

Table 1. Effect of INM on vegetative parameters of gladiolus.
Treatment

Treatment combination

Number of
days taken for
sprouting

Plant
height
(cm)

No. of
leaves
per plant

Leaf
length
(cm)

Leaf
width
(cm)

Stem
diameter
(cm)

T0
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T13
T14
T15
T16
T17
T18

Control
75% RDF
100% RDF
Azotobacter + PSB
Azotobacter + Mycorrhiza
PSB + Azotobacter + Mycorrhiza
RDF 75% + Azotobacter
RDF 75% + PSB
RDF 75% + Mycorrhiza
RDF 75% + Azotobacter + PSB
RDF 75% + PSB + Mycorrhiza
RDF 75% + Azotobacter + Mycorrhiza
RDF 75% + PSB + Azotobacter + Mycorrhiza
RDF 100% + Azotobacter
RDF 100% + PSB
RDF 100% + Mycorrhiza
RDF 100% + Azotobacter + PSB
RDF 100% + PSB + Mycorrhiza
RDF 100% + Azotobacter + Mycorrhiza

7.83
9.07
8.93
8.97
8.67
9.07
9.20
9.33
9.03
8.93
9.03
9.95
8.03
8.90
9.37
8.77
9.50
9.43
9.33

103.77
111.30
114.30
104.50
105.40
106.33
119.40
118.53
118.87
120.30
119.97
120.17
121.50
122.20
121.87
121.93
122.30
122.17
122.63

6.30
7.07
7.87
6.40
6.67
6.83
7.63
7.57
7.60
8.57
8.53
8.90
9.03
9.30
9.20
9.23
9.37
9.40
9.43

32.97
35.27
38.17
33.57
33.83
33.93
36.83
36.60
36.77
37.07
37.30
37.83
38.20
38.33
38.13
38.17
38.37
38.43
38.50

2.32
2.99
3.11
2.64
2.77
2.82
3.30
3.27
3.34
3.37
3.52
3.45
3.49
3.59
3.57
3.63
3.65
3.76
3.60

0.94
1.25
1.39
0.97
0.98
1.07
1.34
1.37
1.42
1.46
1.52
1.48
1.50
1.64
1.62
1.66
1.57
1.64
1.60

T19

RDF 100% + PSB + Azotobacter + Mycorrhiza

9.07

122.67

9.47

38.53

3.75

1.61

NS
NS

8.28
4.09

158
0.78

2.67
1.32

0.69
0.34

0.15
0.07

CD at 5%
SEm±
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Table 2. Effect of INM on flowering parameters of gladiolus.

Treatment

T0
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T13
T14
T15
T16
T17
T18
T19
CD at 5%
SEm±

Treatment combination

Control
75% RDF
100% RDF
Azotobacter + PSB
Azotobacter + Mycorrhiza
PSB + Azotobacter + Mycorrhiza
RDF 75% + Azotobacter
RDF 75% + PSB
RDF 75% + Mycorrhiza
RDF 75% + Azotobacter + PSB
RDF 75% + PSB + Mycorrhiza
RDF 75% + Azotobacter + Mycorrhiza
RDF 75% + PSB + Azotobacter + Mycorrhiza
RDF 100% + Azotobacter
RDF 100% + PSB
RDF 100% + Mycorrhiza
RDF 100% + Azotobacter + PSB
RDF 100% + PSB + Mycorrhiza
RDF 100% + Azotobacter + Mycorrhiza
RDF 100% + PSB + Azotobacter + Mycorrhiza

Days to
spike
emergence
(days)
67.83
65.09
63.87
65.22
65.16
65.13
59.15
59.53
59.4
59.36
59.33
59.25
59.22
59.11
59.18
58.95
58.74
58.62
58.33
58.28
2.2
1.08

Day to
first
floret
opening
(days)
16.3
14.97
13.93
15.1
15
14.87
12.77
12.47
12.67
12.63
12.6
12.53
12.5
12.47
12.43
12.4
12.37
12.33
12.3
12.23
1.21
0.6

Spike
girth
(cm)

Spike
length
(cm)

Rachis
length
(cm)

Floret
diameter
(cm)

0.66
0.79
0.84
0.68
0.72
0.75
0.9
0.93
0.95
0.96
0.97
0.94
0.95
0.94
0.93
0.95
0.96
0.98
0.97
0.98
0.06
0.03

90.77
98.3
101.3
91.5
92.4
93.33
106.4
105.53
105.87
107.3
106.97
107.17
108.5
109.2
108.87
108.93
109.3
109.17
109.63
109.67
8.28
4.09

33.53
36.87
37.4
34.33
34.63
34.53
38.73
37.63
38.83
38.87
38.9
38.97
39.03
39.23
39.1
39.3
39.33
39.37
39.53
39.6
1.01
0.5

7.73
8.32
8.56
8.26
8.37
8.4
8.72
8.66
8.82
8.85
8.87
8.9
9.01
9.07
9.03
9.1
9.13
9.17
9.19
9.2
0.26
0.13

Spike length (cm)

rachis was recorded in control T0 (33.53) (Table 2). It is also clear

The data on spike length are presented in the longest spikes
were produced in T12 (108.50 cm) RDF 75% + PSB + Azotobac-

that combined application of chemical fertilizers along with
biofertilizers at higher rates showed the beneficial effect on

ter + Mycorrhiza, whereas the shortest were produced in control T0 (90.77 cm). It is evident from the results that spike length

various growth and flowering attributes in tuberose. It might be
due to that Azotobacter accumulate the nitrogen near the root

was directly correlated with plant height (Table 2). Combined
application of chemical fertilizers and biofertilizers showed a

zone of plant and PSB convert unavailable phosphorus to available form and increase the availability of phosphorus to plants

significant influence on growth of gladiolus cv. Amarican Beauty
(Shrivastva and Govil, 2007). Application of biofertilizers and

(Kumar et al., 2012). it directly translocates the nutrients like
phosphorus, Zn, Cu, K, Al, Mn and Mg from the soil to root

chemical fertilizers alone and combination resulted in more
spike length. The enhanced spike length may be due to more

cortex and increase the growth of associated plants by producing auxins, antibiotics etc. (Chauhan and Kumar, 2007).

availability of nitrogen and other nutrient elements. Nitrogen is
a main constituent of chlorophyll, protein and amino acids and

Floret diameter (cm)

plays an important role in cell division, protein synthesis and
metabolite transport that help to build the plant tissues. The

It is evident from the data that the largest floret was observed
with T12 (9.01 cm) RDF 75% + PSB + Azotobacter + Mycorrhiza,

increased spike length may also be attributed to the favorable
effects of phytohormones like auxin and gibberellins produced

while the smallest was recorded in control T0 (7.73 cm) (Table 2).
These increased attributes is due to application of biofertilizers

by Azotobacter, PSB and Mycorrhiza which might have improved
the root system of the plant, which in turn might have helped in

in combination with RDF because of balanced nutrition and better availability of nutrients due to fungal and bacterial activity in

better nutrient uptake and this might have enhanced the plant
height (Gupta et al., 2004). Similar findings have also been

the root zone. Bio-fertilizers and inorganic fertilizers with
combination have improved the length and diameter of florets

reported by Singh et al. (2003) in rose, Deshmukh et al. (2008) in
Gaillardia, Gayithri et al. (2004) in statice, Yadav et al. (2005) and

significantly. Increased length and diameter of floret ultimately
results in increased size of the floret, which is also an important

Chaudhary et al. (2013) in gladiolus.

quality attribute of gladiolus as cut flower. These results clearly
show that had significantly improved the length of florets by

Rachis length (cm)
The data pertaining to rachis length have been presented in

enhancing the nutrient uptake, especially helped in production
of auxin like substances which was translocated to apical region

Table 2. The longest rachis was observed with T12 (39.03) RDF
75% + PSB + Azotobacter + Mycorrhiza, while the shortest

and increased the floret length respectively (Kumari et al., 2014)
and Chauhan and Kumar (2007).
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Guidelines for Authors
The journal ‘Archives of Agriculture and Environmental Science’ publishes papers of international significance relating
to the Agricultural, Biological and Environmental Science and related fields.


Types of papers

Original papers (Regular papers) should report the results of original research. The material should not have been published previously elsewhere, except in a preliminary form.
Reviews should cover a part of the subject of active current interest. They may be submitted or invited.


A Short communication is a concise, but complete, description of a limited investigation, which will not be



included in a later paper.



Short communications should be as completely documented, both by reference to the literature and description of
the experimental procedures employed, as a regular paper. They should not occupy more than 6 printed pages
(about 12 manuscript pages, including figures, etc.).



Letter to the Editor: correspondence.



Language

The manuscripts must be written in good English (American or British usage is accepted, mixture of these should be
avoided).


Ethics in publishing

For information on Ethics in publishing and Ethical guidelines for journal publication read the guidelines.


Conflict of interest

All authors are requested to disclose any actual or potential conflict of interest including any financial, personal or other
relationships with other people or organizations within three years of beginning the submitted work that could inappropriately influence, or be perceived to influence, their work.


Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (for more information
on this and copyright. An e-mail will be sent to the corresponding author confirming receipt of the manuscript together
with a 'Journal Publishing Agreement' form or a link to the online version of this agreement.


Submission

The research papers/reviews/short communications can be submitted for its forthcoming issues. The research papers
can be submitted any time preferably online at www.aesacademy.org or via email to editors@aesacademy.org
or journalaaes@gmail.com.
All correspondence, including notification of the Editor's decision and requests for revision, will take place by e-mail. All
submissions must be accompanied by a cover letter detailing what you are submitting.


Referees

Authors are required to identify four persons who are qualified to serve as reviewers. Authors are requested not to
suggest reviewers with

whom they have a personal or professional relationship, especially if that relationship
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would prevent the reviewer from having an unbiased opinion of the work of the authors. A working e-mail address for
each reviewer is essential for rapid review in the event that reviewer is selected from those that are identified by the
authors. You may also select reviewers you do not want to review your manuscript, but please state your reason for
doing so.


Article structure

Title of the manuscript: The title of the manuscript should be short, specific and informative. The author(s) name and their full
address with the name of the department, institute, city, pin code, state and country. Complete addresses of corresponding author along with E-mail id must be provided on the title page and the name of corresponding author must be
indicated by star (*) in the names of authors.
Abstract: Abstract (not to exceed 250 words) should be written with the aim, major findings (numerical values) and a conclusion statement including novelty of the work.
Keywords: At least three to five keywords must be added at the end of abstract. Keywords must not be included in the title of
the manuscript.
Introduction: Clearly write the introduction of research problem, objectives of the work and provide an adequate background, avoiding a detailed literature survey or a summary of the results and significance of the study in the introduction section.
Materials and Methods: Materials and methods should be written clearly and systematically. Standard methods used in the
study should be mentioned. Provide sufficient detail to allow the work to be reproduced. Methods already published
should be indicated by a reference: only relevant modifications should be described.
Results and Discussion: Results should be clear and concise and should be presented either in the tables and figures. Repetition of results should be avoided. Results should be discussed with input of current references and should explore the
significance of the results of the work, not repeat them. A combined Results and Discussion section is often appropriate.
Avoid extensive and old citations and discussion of published literature.
Conclusions: The main conclusions of the study may be presented in a short conclusions section followed by Results and Discussion section. Conclusion should be written in view of the major findings of the study. Do not use non-standard or
case-specific abbreviations in the Conclusions. Citations should be avoided in the conclusion section.
Acknowledgements: Funding agency that provided financial support for the conduct of the research : and/or preparation of
the manuscript and to briefly describe the role of the sponsor(s), if any, in study design; in the collection, analysis and
interpretation of data; in the writing of the report; and in the decision to submit the article for publication should be
acknowledged. Grant number/file number must be mentioned for a funding agency.
Abbreviations: Abbreviations should be defined in the text where they are used first.
Tables: Tables should not be excessively large. All the tables should be cited consecutively in accordance with their appearance in the text. Place footnotes to tables below the table body and indicate them with superscript lowercase letters.
Carefully use the tables and ensure that the data presented in tables do not duplicate results described elsewhere in
the article. Table caption for each table must be provided.
Figures: Colour or grayscale figure with high resolution must be provided. In case of graphs well defined axis should be preferred. Figure caption for each figure must be provided.
References: All the references should be cited both in the text and reference section of the manuscript and vice versa.
Citation in the text section


For single author: The author's name (without initials, unless there is ambiguity) and the year of publication, Example: (Chopra, 2015).



For two authors: Both authors' names and the year of publication, Example: (Kumar and Chopra, 2015).



For three or more authors: First author's name followed by 'et al.' and the year of publication, Example: (Kumar et
al., 2015).

Groups of references: should be listed chronologically of their publication year. More than one reference from the same author(s) in the same year must be identified by the letters 'a', 'b', 'c', etc., placed after the year of publication. , Example:
(Kumar and Chopra, 2014a; 2014b; 2014c).
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Citation in reference section
Reference to a journal publication


For single author: Kumar, V. (2014). Fertigation response of Abelmoschus esculentus L. (Okra) with sugar mill effluent in two different seasons. International Journal of Agricultural Science Research, 3(9): 164-180.



For two authors: Kumar, V. and Chopra, A.K. (2014). Ferti-irrigational impact of sugar mill effluent on agronomical
characteristics of Phaseolus vulgaris (L.) in two seasons. Environmental Monitoring and Assessment, 186:7877–
7892. DOI: 10.1007/s10661-014-3974-4



For three or more authors: A.K., Srivastava, S., Kumar, V. and Pathak C. (2013). Agro-potentiality of distillery effluent on soil and agronomical characteristics of Abelmoschus esculentus L. (Okra). Environmental Monitoring and
Assessment, 185: 6635-6644. DOI: 10.1007/s10661-012-3052-8

Reference to a book publication


Mettam, G.R., Adams, L.B. (2009). How to prepare an electronic version of your article, in: Jones, B.S.,



Smith, R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281–304.

Reference to a book chapter


Kumar, V. and Chopra, A.K. (2013). Contamination of heavy metals in vegetables irrigated with textile effluent at
Haridwar (Uttarakhand). Climate Change Effects on Agriculture and Economy, Biotech Books, New Delhi, 73-80.

Reference to an online documentation


The Royal Society and the Royal Academy of Engineering. (2004). Nanoscience and Nanotechnologies: Opportunities and Uncertaintie. pp, 20-22. Retrieved August, 18 2006 from www.nanotec.org.uk/finalreport.htm



Submission checklist

The following list will be useful during the final checking of an article prior to sending it to the journal for review. Please
consult this Guide for Authors for further details of any item.
Ensure that the following items are present:


One author has been designated as the corresponding author with contact details:



E-mail address



Full postal address



All necessary files have been uploaded, and contain:



Keywords



All figure captions



All tables (including title, description, footnotes)



Further considerations



Manuscript has been 'spell-checked' and 'grammar-checked'



References are in the correct format for this journal



All references mentioned in the Reference list are cited in the text, and vice versa



Permission has been obtained for use of copyrighted material from other sources (including the internet)



Submission and publication

There is no publication charge for publication of manuscripts in Archives of Agriculture and Environmental Science.
As all the articles will be published with DOI number, and the Agriculture and Environmental Science Academy is a not
for profit society registered under the societies registration Act XXI of 1860 (E) and do not getting any funding from any
sources thus, only a reasonable DOI services charges will be borne by the authors. The author shall submit their manuscript via e-mail or through the online submission portal (http://www.aesacademy.org/). The submitted manuscript will
IV

be acknowledged and a manuscript number is allotted, then the manuscript will be sent for review by the potential reviewer(s). On completion of the review process and depending on the quality of manuscript, the authors will be informed of the decision after which he/she may be invited to revise the manuscript and to make changes/corrections, if
any. After submission of the revised manuscript it will be checked for the changes made by the author(s). After that, if
the manuscript is accepted, an acceptance letter will be send to the corresponding author. The decision of Editor-inChief would be final for the acceptance of manuscript for publication in the journal. A galley proof will be sent to the
corresponding author who should be returned within five days of receipt, by e-mail. However, on non-receipt of the
proof, the papers will be published on the recommendation of Editor-in-Chief to avoid any delay in publication. A secured pdf (e-print) file of the published research paper/review article would be provided free of cost by e-mail to the
members of Agriculture and Environmental Science Academy.


Proofs

Galley proofs of the accepted manuscript will be sent to the corresponding author and should be returned within five
days of receipt by e-mail. However, on non-receipt of the proof, the care would be taken by the publisher to get the papers corrected and published at the earliest possible. As part of our Go Green initiative, AESA has decided to publish
the journal online. This will help us to fulfill our environmental commitment to care of our mother earth for ourselves
and generations to come. There will be nominal charges to cover publication and administrative costs. A secured e-print
(pdf file) of the published research paper/review article would be provided free of cost by e-mail to the members of
Agriculture and Environmental Science Academy. Authors will be able to access the manuscript published in the journal
after free registration on the website of the journal.


Other contributions

The book reviews/announcements of forthcoming seminars/conferences and their reports/ book reviews/letters to the
editors would also be considered by the Editors for publication.

*Fellow of the Academy (FAESA): The life members of the academy will be considered for the fellow of the academy.
The payments would be accepted preferably online /or through Bank transfer.

V

This form is available online at AESA

Archives of Agriculture and Environmental Science
Journal homepage: www.aesacademy.org

e-ISSN: 2456-6632

Subscription Form


Section “I”

Name of applicant (In capital latters): Km/Mr./Miss/Dr./Prof./_____________________________________________________
Designation:
_________________________________________________________________________________________
Department:
Institution /Organization:

_________________________________________________________________________________________
_________________________________________________________________________________________

Affix a passport
size photograph

Educational Qualifications: _________________________________________________________________________________________
Research Field:
_________________________________________________________________________________________



Section “II”

Type of Membership (Check √):

Annual ( ) / Lifetime ( ) / Individual ( ) / Institutional ( )

Year of Membership: From ____/____/________ to ____/____/________ or lifetime ( ) or renewal ( )



Section “III”

Mailing Address:

__________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________
Phone (with code): ________________________________________
Fax (with code): _____________________________________________________
E-mail:



__________________________________________________________________________________________________________________________

Section “IV”

Self Declaration
I herby declare that all the information given by me in this form are true. I am enclosing herewith an Online payment
Invoice No. ________________________ of worth INR/USD _____________________________(in words _______________________________________ ) in
favor of “Agriculture and Environmental Science Academy” payable at Haridwar towards my selected membership/subscription. I
am agree with the rules and regulations of Agriculture and Environmental Science Academy.
Dated: __________________________

Signature of Applicant

Instructions:
1. All fields are necessary.
2.

A copy of this completely filled form should be sent by registered/speed post to the address: Dr. Vinod Kumar (President), Agriculture and
Environmental Science Academy 86, Gurubaksh Vihar (East) Kankhal Haridwar-249408, Uttarakhand, India or via email to
journalaaes@gmail.com .

3.

Do not staple the form with demand draft or any other document.

Membership/Subscription Information
INSIDE INDIA (INR)

OUTSIDE INDIA (USD)

Publication charges

NIL

Publication charges

NIL

Annual membership

1000

Annual membership

100

Life membership

5000

Life membership

500

Individual subscription of hard copy per issue

1500

Individual subscription of hard copy per issue

150

Institutional subscription of hard copy per
issue

2500

Institutional subscription of hard copy per
issue

250

*Fellowship of the Academy (FAESA): The life members of the academy will be considered for the fellow of the academy.
For any query email us at editors@aesacademy.org
Agriculture and Environmental Science Academy | Archives of Agriculture and Environmental Science
For any query visit journal homepage or email us at editors@aesacademy.org
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This content is available online at AESA
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Journal homepage: www.aesacademy.org

e-ISSN: 2456-6632

Publication Agreement and Copyright Transfer Form
Manuscript ID:

AAES/__________________(to be allotted by publisher only)

Title of Manuscript : _________________________________________________________________________________________________________________________
______________________________________________________________________________________________________________ __________
*Name of Authors :

1. _______________________________________________________

2. _________________________________________________________

3. _______________________________________________________

4. _________________________________________________________

1.

I the undersigned corresponding author, agree to the following on behalf of myself and my co-authors (the Authors) that I, have
read and followed the publication ethics and best practice guidelines of the Archives of Agriculture and Environmental Science.

2.

The Authors are the sole author(s) of the Article and have full authority to enter into this agreement and in granting rights to
AGRO-ENVIRON MEDIA are not in breach of any other obligation.

3.

The content of the manuscript is original and not any part of it is not under consideration by any other journal. It has not been
published previously (except as an abstract or as part of a published lecture or academic thesis).

4.

Nothing in the Article is obscene, defamatory, and libelous, violates any right of privacy or publicity, infringes any intellectual
property rights (including without limitation copyright, patent, database or trademark rights) or any other human, personal or
other rights of any person or entity or is otherwise unlawful. If however the Article includes material from other sources the
Authors warrant they have obtained the necessary rights from the owners of the copyright to publish all such material.

5.

The accuracy of content given to the journal, in particular the names of co-authors present and correctly spelled, and that addresses and affiliations are up to date. I ensure that all the co-authors have agreed to all of the contents. I will notify all the authors when the Manuscript is accepted. I am answerable to all the enquiries on behalf of all the co-authors.

6.

I am solely responsible for maintaining proper communication with the journal and between co-authors, before and after publication. I ensure that all authors have seen and approved the final version of the paper and all are aware about the submission of
the paper. I agree to grant complete rights of my work to the journal from the moment when the Manuscript is accepted for publication.

7.

The authors of Manuscript have no commercial associations (e.g., consultancies, stock ownership, equity interests, patent licensing arrangements, etc.) that might pose a conflict of interest in connection with the submitted Manuscript, except as disclosed on a separate attachment. All funding sources supporting the work and all institutional or corporate affiliations of mine/
ours are acknowledged in a footnote.

8.

I agree that all the matter like accepted/rejected Manuscript inclusive of Figures/Photographs etc. is kept for one year only and
after that the matter may be destroyed with the decision of Editor-in-Chief.

9.

Open Access of the article is distributed under the terms of the Creative Commons Attribution 4.0 International License ( http://
creativecommons.org/licenses/by/4.0/ ), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and
indicate if changes were made.

10. I agree that no responsibility is assumed by the Journal, its staff or members of the advisory/ editorial board for any injury and /
or damaged to persons or property as the matter of Products legal responsibility, ignore or otherwise, or from any use or operation of any methods, products instruction , advertisements or ideas contained in the publication by the journal.
Dated :
Corr. Author :

_______________________________________________________________
_______________________________________________________________

Full Address:

_______________________________________________________________
_______________________________________________________________

E-mail:

_______________________________________________________________

Corresponding Author’s Signature

Note : Please sign and submit the scanned copy of this form along with gallery proof of the manuscript.
*Include individual author’s names only not any publisher.

Agriculture and Environmental Science Academy | Archives of Agriculture and Environmental Science
For any query visit journal homepage or email us at editors@aesacademy.org

VII

Archives of Agriculture and Environmental Science

An International Journal

Volume 3
Issue 3

Agriculture and Environmental Science Academy

www.aesacademy.org

Year
2018

