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ABSTRACT
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An experiment was conducted at the Agronomy Field Laboratory, Bangladesh Agricultural University, Mymensingh in Rabi season (dry season) of 2014 to study the effect of mulching and organic
manure on growth and yield performance of wheat. Five mulching practices viz. M 1=1 irrigation at
17-21 days after sowing (DAS), M2=2 irrigations at 17-21 and 55-60 DAS, M3=3 irrigations at 1721, 55-60 and 75-80 DAS, M4=control, M5=straw mulch (6 t ha-1) and five organic manure managements viz. O1=recommended chemical fertilizer (NPKS @ 100-23-20-16 kg ha-1), O2=poultry
manure @ 6 t ha-1 (100% PM), O3=vermicompost @ 8 t ha-1 (100% VC), O4=50% chemical
fertilizer+50% VC and O5=50% chemical fertilizer+50% PM were used as experimental variables.
The experiment was conducted in split-plot design with three replications. The results showed that
mulching had significant influence on all attributes. The highest values of all attributes were found
in straw mulch treatment. It was observed that organic manure had significant influences on all
characters. The highest values of yield and yield attributes were found in O5 (50% chemical
fertilizer+50% PM) treatment. It was observed that effective tillers hill-1, grain yield and straw yield
were significantly affected by combined effect of mulching and organic manure. The highest values
obtained from mulching and O5 (50% chemical fertilizer+50% PM) treatment. Therefore, it can be
inferred from the results of the study that highest production could be obtained from mulching and
O5 (50% chemical fertilizer+50% PM) treatment.
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INTRODUCTION
Both organic and inorganic fertilizers have a potential role
on the growth and development of crops. Integrated
approach of fertilizer management could minimize leaching losses of nitrogen (N), phosphorus (P), potassium (K)
and sulphur (S) to a great extent (Islam, 2009; Islam et al.,
2013a, 2013b, 2014 and 2016a). Mineral fertilizers of
balanced doses increased the leaf area, photosynthetic
productivity and yield of garlic (Borabash and Kochina,
1989). But indiscriminate use of chemical fertilizer changes the physical, chemical and biological properties of soils
pollutes environment and also creates health hazards due
to its toxic residual effects on crop production especially
on vegetables. Manures supply all the essential nutrient
elements as well as improve physical, chemical and

biological properties of soils and may help in boosting up
production of crop leaving a healthy environment at the
end. Kamal et al. (2012) reported that organic fertilizer is
effective in restoring the productivity of degraded soil.
Islam et al. (2016b) found that rice straw with IPNS based
chemical fertilizer gave better rice yield than rice yield
with chemical fertilizer alone. Kumar and Chopra (2013)
reported higher yield of wheat due to the effect of seasonal
tillage. Kumar (2016) reported the higher agronomical
performance of brinjal (Solanum melongena L.) due to the
use of integrated nutrients. Moreover, Chopra et al. (2017)
reported the significant effect of integrated nutrients on the
agronomical growth and crop yield of tomato
(Lycopersicon esculentum L.).
Water is one of the most important factors that are
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necessary for proper growth, balanced development and
higher yield of all crops. Water deficiency affects plant
growth and grain yield (Hussain et al., 2004; Wajid et
al., 2002). Grain yield was reduced to 65% in the
stressed plants compared to that of irrigated plants
(Karim et al., 2000) reported that wheat crop produced
the highest grain yield by applying irrigation at all definable growth stages. He pointed out that irrigation is an
expensive input therefore; farmer, agronomist, economist
and engineer need to know the response of yield to irrigation. Organic mulching is an effective way to increase
water use efficiency, increase crop yield and improve
soil health. Mulching involves putting a barrier between
soil and atmosphere, using different materials such as
crop residue, such as straw, leaves, paper, old carpet,
plastic or gravel. Mulching serves various purposes:
increases soil temperature, reduces water evaporation,
enhances fertilizer efficiency, improves solar light irradiation efficiency, improves soil physical and chemical
properties and improves soil microbial activity (Van Der
Zee et al., 2017).
Wheat is one of the world's most widely adapted food
grain crops, which supplies more than 50% of the calorie
need and nearly similar requirement of the protein need
of one third of world population. Though wheat is an
important cereal crop in Bangladesh, its average yield is
low compared to that of the advanced countries of the
world. The low yield of wheat in Bangladesh is attributable to a number of reasons such as poor field management, unavailability of quality seed, climatic hazards,
intensive cropping, imbalance fertilizer use, improper
water management and inadequate knowledge of using
proper plant densities. Considering the above facts, an
experiment was undertaken to study the effect of different types of organic manure and mulching on growth and
yield performance of wheat (BARI GOM-26).

MATERIALS AND METHODS
Experimental sites and seasons: The experimental site
was located at the 24.75°N latitude and 90.50°E longitude
at elevation of 18m above the mean sea level. The soil
belongs to the non-calcareous dark grey floodplain under
the Agro-ecological region of the Old Brahmaputra Floodplain, AEZ-9 (UNDP and FAO, 1998). The soil of experimental plot was a medium high land with silty clay loam
having pH 6.80. Physical and chemical properties of the
soil at 0-15cm depth have been presented in Table 1. The
experimental site belongs to the subtropical area characterized by heavy rainfall during Kharif season (April to
September) and scanty in the Rabi season (October to
March) associated with moderately low temperature and
plenty of sunshine. The present study was carried out in
Rabi season.
Experimental design and treatments: The following
treatments were assigned in a split-plot design with three
replications.
Main plot: Mulching
M1 = 1 Irrigation at 17-21 days after sowing (DAS)
M2 = 2 irrigations at 17-21 and 55-60 DAS

M3 = 3 irrigations at 17-21, 55-60 and 75-80 DAS
M4 = Control
M5 = Straw mulch @ 6 t ha-1
Sub-plot: organic manure
O1 = recommended chemical fertilizer (NPKS @ 100-2320-16 kg ha-1)
O2 = poultry manure @ 6 t ha-1 (100% PM)
O3 = vermicompost @ 8 t ha-1 (100% VC)
O4 = 50% chemical fertilizer + 50% VC
O5 = 50% chemical fertilizer + 50% PM
The unit plot size was 2.5m×2m. Replication to replication
and plot to plot distance was 1.0m and 0.50m, respectively.
BARI Gom-26 (variety of wheat) was used as tested crop.
Seeds of BARI Gom-26 were sown in the well prepared
plots on 19 November 2014. Prior to sowing seeds, the
whole experimental area was divided into unit plots
maintaining the desired spacing. The unit plot was spaded
one day before planting for loosening the soils and incorporating the basal dose of fertilizers. The bunds around
individual plots were made firm enough to control water
movement between plots. Nitrogen, P, K and S were
applied as triple superphosphate (TSP), muriate of potash
(MoP) and gypsum, respectively. Full dose of TSP, MoP,
gypsum, organic manures and one third of urea were
applied in each plot at the time of final land preparation
and fertilizers and manures were mixed with soil thoroughly by spading. The rest urea were top dressed in two equal
splits, one at crown root initiation stage (20 days after
sowing) and the other at booting stage (45 days after
sowing).
Sampling and data collection: At maturity, the experimental crops (wheat) were harvested plot-wise on 6 March
2015. The harvested crop of each plot was bundled separately tagged properly and brought to the clean threshing
floor. The bundles were dried to open sunshine, threshed
and then grains were cleaned. The grain and straw yields
were taken plot-wise and converted into t ha-1. The grain
and straw yields were recorded after sun drying to the constant weight. Plant height was measured from ground level
to the tip to the upper most spikes and was expressed in
cm. Tillers which had at least one leaf visible were counted. It included both productive and non-bearing tillers. The
spikes which had at least one grain were considered as
effective tillers. The tillers which had no spikes were
regarded as non-effective tillers. Presence of any food
materials in the spikelet was considered as grain and total
number of grains presented in each spikelet was counted.
Number of grains spike-1 was counted taking ten spikes
from the five selected plants of each plot and the average
number was recorded. One thousand clean dried grain
(14% moisture content) were randomly counted from the
seeds obtained from the sample plants and weighted by as
electrical balance and was expressed in gram. The grain
was measured from 1 m2 area in each plot (14% moisture
content) and was converted into ton hectare-1. The
sun-dried straw was weighed from the same sample area
harvested for grain yield and converted into ton hectare -1.
Harvest index is the ratio of economic yield to biological
yield and was calculated with the following formula.
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Harvest index (%) 

Grain yield
Grain yield + Straw yield

-1

100

Statistical analysis: The collected data were statistically
analyzed using analysis of variance technique with the help
of computer package programmed MSTAT and significance of mean difference was adjudged by Duncan’s
Multiple Range test (DMRT) as laid by Gomez and Gomez
(1984).
RESULTS AND DISCUSSION
Effect of mulching on chlorophyll content of wheat: The
Chlorophyll content of wheat was significantly affected by
mulching (Figure 1) at 35 and 55 DAT. At 35 DAT, the
highest chlorophyll content (35.11) was observed in treatment M5, which was statistically identical to treatment M3
(32.33) and M2 (31.25) and the lowest chlorophyll content
(29.23) was obtained from M4 treatment. At 55 DAT, the
highest chlorophyll content (42.05) was observed in treatment M5 which was statistically identical to treatment M1
(40.53) and M2 (39.19) and the lowest chlorophyll content
(36.23) was obtained from M4 treatment.
Effect of organic manure on chlorophyll content of
wheat: The Chlorophyll content of wheat was significantly
affected by of organic manure (Figure 2) at 35 and 55
DAT. At 35 DAT, the highest chlorophyll content (33.02)
was observed in treatment O5, which was statistically identical to treatment O4 (32.45) and O1 (31.78) and the lowest
chlorophyll content (30.01) was obtained from O 3 treatment. At 55 DAT, the highest chlorophyll content (41.21)
was observed in treatment O5, which was statistically
identical to treatment O4 (40.29) and O1 (39.32) and the
lowest chlorophyll content (37.69) was obtained from O 3
treatment.
Combined effect of mulching and organic manure on
chlorophyll content of wheat: The chlorophyll content of
wheat was not significantly affected by combined effect of
mulching and organic manure.
Effect of mulching on effective tillers hill -1: Effective
tillers hill-1 was significantly influenced by mulching
(Table 2). The highest (3.85) effective tillers hill -1 were
recorded in M5 treatment followed by M3 (3.14), M2 (3.11)
and M1 (3.10) treatment and the lowest (2.47) effective
tillers hill-1 were recorded in M4 treatment.
Effect of organic manure on effective tillers hill -1: Effective tillers hill-1 was significantly influenced by organic
manure (Table 3). The highest numbers (3.45) of effective
tillers hill-1 were recorded in O5 treatment followed by O4
treatment and the lowest (2.89) effective tillers hill -1 was
recorded in O3 treatment, which was statistically similar to
O2 (3.02).
Combined effect of mulching and organic manure on
effective tillers hill-1: Mulching and organic manure significantly affected effective tillers hill-1 (Table 4). The highest
effective tillers hill-1 (4.56) was observed in treatment M5O5,
while the lowest effective tillers hill-1 (2.00) was obtained
from M4O3 treatment, which was identical to M4O2
treatment.
Effect of mulching on number of grains spike -1: Number
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of grains spike was significantly influenced by mulching
(Table 2). The highest number of grains spike -1 (37.64)
were recorded in M5 treatment, while the lowest (27.37)
number of grains spike-1 were recorded in M4 treatment.
Effect of organic manure on number of grains spike -1:
Significant variation was observed due to variations in
organic manure in terms of number of grains spike -1 (Table
3). It was evident that the highest number of grains spike -1
(34.50) was given by the treatment O5, which was statistically similar to O4 (33.51). The lowest number of grains
spike-1 (29.53) was given by the treatment O3.
Combined effect of mulching and organic manure on
number of grains spike-1: No significant variation was
observed due to the interaction between mulching and
organic manure in terms of grains spike-1 (Table 4).
Effect of mulching on 1000-grain weight: 1000-grain
weight was significantly influenced by mulching (Table 2).
The highest 1000-grain weight (46.17 g) was recorded in
M5 treatment, while the lowest 1000-grain weight (38.81
g) was recorded in M4 treatment. This may occur due to
the different water management among the plants.
Effect of organic manure on 1000-grain weight: 1000grain weight was significantly influenced by organic manure (Table 3). The highest 1000-grain weight (43.32 g)
was recorded in O5 treatment, which was identical to O4
(42.84 g) and O1 (42.38 g) treatment and the lowest (39.38
g) 1000-grain weight was recorded in O3 treatment. Other
treatments gave the identical result. This may occur due to
the different nutrient management among the plants. Similar result was obtained by Channabasanagowda et al.
(2007) who reported that vermicompost @ 3.8 t per ha +
poultry manure @ 2.45 t per ha recorded significantly
higher plant height (86.30 cm), number of leaves (40.50)
and higher number of tillers (94.60) at 90 DAS and it also
recorded higher number of ear heads per meter square
(160.10), 1000 seed weight (42.73 g) and seed yield (3043
kg/ha), vigour index (3223), seedling dry weight (311.27
mg) and protein content (13.41%) of wheat compared to
other treatments.
Combined effect of mulching and organic manure on
1000-grain weight: There was no significant interaction
effect between mulching and organic manure on the weight
of 1000-grains (Table 4).
Effect of mulching on grain yield: Grain yield was
significantly influenced by mulching (Table 2). The highest (4.13 t ha-1) grain yield was recorded in M5 treatment,
which was identical to M3 (4.10 t ha-1), while the lowest
(3.60 t ha-1) grain yield was recorded in M4 treatment. This
may occur due to the different environmental factors and
cultural management practices. Same result was obtained
by Huang et al. (2005) who reported that straw mulch
increased wheat (Triticum aestivum L.) yields significantly
during both dry (1997) and wet (1998) years. It increased
biomass and grain yield of spring wheat by 37 and 52%,
respectively, in 1997, and by 20 and 26%, respectively, in
1998. Straw mulch also significantly decreased evapotranspiration (P < 0.05), soil water depletion (P < 0.01), and
increased water-use efficiency (P < 0.001).
Effect of organic manure on grain yield: Grain yield was
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significantly influenced by mulch (Table 3). The highest
(4.21 t ha-1) grain yield was recorded in O5 treatment, while
the lowest (3.60 t ha-1) grain yield was recorded in O3 treatment. Similar result was found by Hammad et al. (2011)
who observed that the combination of green manure (GM),
farm yard manure (FYM), poultry litter (PL), press mud
(PM) and sewage sludge (SS) each @ of 10 t ha-1 gave maximum economic yield (3.65 t ha-1), which was 137% more
from control. PL and SS each @ 10 t ha-1 followed by green
manuring should be used as organic manure in wheat crop.
Amanullah Jan et al. (2011) also reported that the plant
height, productive tillers m−2, grains spike−1, grain yield,
straw yield, and harvest index of wheat were significantly
higher in plots which received 30 Mg FYM ha−1.
Combined effect of mulching and organic manure on
grain yield: Mulching and organic manure significantly
affected Grain yield (Table 4). The highest grain yield (4.46
t ha-1) was observed in treatment M5O5, which was statistically identical to treatment M2O5 (4.30 t ha-1), M3O4 (4.30 t
ha-1) and M3O5 (4.40 t ha-1). The lowest grain yield (3.20 t
ha-1) was obtained from M4O3 treatment combination.
Effect of mulching on straw yield: Like the grain yield,
straw yield of wheat was also significantly influenced by
mulching (Table 2). The highest (8.10 t ha -1) straw yield
was recorded in M5 treatment, while the lowest (5.47 t ha-1)
straw yield was recorded in M4 treatment. Other treatments
(M1, M2 and M3) hold the statistically second highest position. This may occur due to the different environmental
factors and cultural management practices.
Effect of organic manure on straw yield: Straw yield
was significantly influenced by organic manure (Table 3).
The highest (7.35 t ha-1) straw yield was recorded in O5
treatment and the lowest (6.66 t ha-1) straw yield was
observed in O3 treatment.

Combined effect of mulching and organic manure on
straw yield: Mulching and organic manure significantly
affected straw yield (Table 4). The highest straw yield
(8.43 t ha-1) was observed in treatment combination of
M5O5, which was statistically identical to treatments M5O4
(8.34 t ha-1) and M5O1 (8.31 t ha-1). The lowest straw yield
(5.26 t ha-1) was obtained from M4O3 and M4O2 treatment
combination, which was similar to M4O1 and M4O4
treatment combinations.
Effect of mulching on harvest index: Different levels of
mulching practices exerted significance influence on
harvest index (Table 2). The highest harvest index
(39.69%) was recorded in M4 treatment. On the other hand,
the lowest value (33.76%) was found in M5 treatment,
which was identical to M1 (33.95%).
Effect of organic manure on harvest index: Harvest
index was significantly influenced by organic manure
(Table 3). The highest (36.42%) harvest index was recorded in O5 treatment, which was statistically similar to O4
(36.09%) and O1 (35.72%) treatment and the lowest
(35.09%) harvest index was recorded in O3 treatment,
which was statistically similar to O1 and O2.
Combined effect of mulching and organic manure on
harvest index: There was no significant interaction effect
between mulching and organic manure on the harvest
index (Table 4). Davari et al. (2012) applied the farmyard
manure (FYM), vermicompost (VC), FYM + rice residue
(RR), VC + RR, FYM + RR + biofertilisers (B), and VC +
RR + B. FYM and VC on nitrogen basis (60 kg ha -1),
whereas RR was applied at 6 t ha-1. The combinations of
FYM + RR + B and VC + RR + B resulted in the highest
increased growth and yield attributing characters of wheat
and increased grain yield of wheat over the control by 81%
and 89% in two successive years.

Table 1. Physical and chemical properties of initial soil (at 0-15cm depth) used for the cultivation of wheat.
Characteristics

Result

A. Physical properties
Textural class
Sand (%)
Silt (%)
Clay (%)
Moisture (%)
Field capacity (%)
Water holding capacity (%)
Bulk density (g cm-3)
Partial density (g cm-3)
Porosity (%)
Hydraulic conductivity (cm hr-1)

Silty loam
15.46
57.72
24.85
4.08
27.90
57.2
1.47
2.71
45.76
0.68

B. Chemical properties
pH
Total N (%)
Organic carbon
Available P (mg kg-1)
Available K (cmol kg-1)

6.8
0.11
0.68
16.72
0.12
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Table 2. Effect of mulching on yield and yield contributing characters of wheat.
Mulching
M1
M2
M3
M4
M5
CV (%)

Effective tillers
hill-1
3.10b
3.11b
3.15b
2.47c
3.85a
6.48

No. of grains
spike-1
30.84c
32.85b
32.69b
27.37d
37.64a
8.90

1000-grain weight
(g)
42.29b
41.41b
41.47b
38.81c
46.17a
4.86

Grain yield
(t ha-1)
3.68c
4.02b
4.10a
3.60d
4.13a
2.48

Straw yield
(t ha-1)
7.16b
7.17b
7.25b
5.47c
8.10a
2.06

Harvest index
(%)
33.95c
35.92b
36.12b
39.69a
33.76c
3.82

Mean values in a column having the similar letter do not differ significantly whereas mean values in having the dissimilar letter differ significantly as per
DMRT. M1 = 1 Irrigation at 17-21 days after sowing (DAS); M2 = 2 irrigations at 17-21 and 55-60 DAS; M3 = 3 irrigations at 17-21, 55-60 and 75-80
DAS; M4 = Control; M5 = Straw mulch @ 6 t ha-1.

Table 3. Effect of organic manure on yield and yield contributing characters of wheat.
Organic manure
O1
O2
O3
O4
O5
CV (%)

Effective tillers
hill-1
3.06c
3.02cd
2.89d
3.25b
3.45a
6.48

No. of grains
spike-1
32.55bc
31.31c
29.53d
33.51ab
34.50a
8.90

1000-grain weight
(g)
42.38ab
41.63b
39.98c
42.84ab
43.32a
4.86

Grain yield
(t ha-1)
3.94c
3.72d
3.60e
4.06b
4.21a
2.48

Straw yield
(t ha-1)
7.09b
6.85c
6.66d
7.19b
7.35a
2.06

Harvest index
(%)
35.72ab
35.19b
35.09b
36.09ab
36.42a
3.82

Mean values in a column having the similar letter do not differ significantly whereas mean values in having the dissimilar letter differ
significantly as per DMRT; O1 = recommended chemical fertilizer (NPKS @ 100-23-20-16 kg ha-1); O2 = poultry manure @ 6 t ha-1
(100% PM); O3 = vermicompost @ 8 t ha-1 (100% VC); O4 = 50% chemical fertilizer + 50% VC; O5 = 50% chemical fertilizer + 50%
PM.
Table 4. Combined effect of mulching and organic manure on yield and yield contributing characters of wheat.
Mulching × Organic
manure
O1
O2
M1
O3
O4
O5
O1
O2
O3
M2
O4
O5
O1
O2
M3
O3
O4
O5
O1
O2
M4
O3
O4
O5
O1
O2
M5
O3
O4
O5
CV (%)

Effective
tillers hill-1
3.00efg
3.00efg
3.00efg
3.16de
3.33cde
3.13def
3.00efg
2.77fg
3.17de
3.47cd
3.16de
3.16de
3.00efg
3.16de
3.23de
2.67gh
2.33hi
2.00i
2.66gh
2.66gh
3.33cde
3.60c
3.66c
4.10b
4.56a
6.48

No. of grains
spike-1
30.53
29.97
28.84
31.77
33.10
33.87
30.60
30.47
34.37
34.97
32.67
32.00
31.20
33.43
34.17
28.43
27.37
23.20
28.50
29.37
37.23
36.63
33.93
39.50
40.90
8.90

1000-grain weight
(g)
42.63
41.30
40.43
43.37
43.73
41.97
41.90
38.49
42.17
42.52
42.30
40.67
39.12
42.40
42.84
39.07
38.83
37.50
39.10
39.57
45.93
45.47
44.36
47.17
47.93
4.86

Grain yield
(t ha-1)
3.80fg
3.50h
3.40hi
3.80fg
3.90ef
4.00de
3.80fg
3.80fg
4.20bc
4.30ab
4.10cd
4.00de
3.70g
4.30ab
4.40a
3.70g
3.30ij
3.20j
3.80fg
4.00de
4.10cd
4.00de
3.90ef
4.20bc
4.46a
2.48

Straw yield
(t ha-1)
7.30defg
6.90hi
6.67i
7.40cde
7.50cd
7.11fgh
7.09gh
6.90hi
7.34cdefg
7.37cdef
7.28defg
7.17efg
6.86hi
7.39cde
7.53cd
5.44k
5.26k
5.26k
5.48k
5.89j
8.31a
7.83b
7.59bc
8.34a
8.43a
2.06

Harvest index
(%)
34.22
33.66
33.75
33.93
34.20
36.58
36.06
35.50
36.38
36.83
36.01
35.79
36.23
36.78
37.90
33.45
34.52
32.85
33.96
33.42
37.50
36.68
36.77
39.49
40.59
3.82

Mean values in a column having the similar letter do not differ significantly whereas mean values in having the dissimilar letter differ significantly as per
DMRT. M1 = 1 Irrigation at 17-21 days after sowing (DAS); M2 = 2 irrigations at 17-21 and 55-60 DAS; M3 = 3 irrigations at 17-21, 55-60 and 75-80
DAS; M4 = Control; M5 = Straw mulch @ 6 t ha-1; O1 = recommended chemical fertilizer (NPKS @ 100-23-20-16 kg ha-1); O2 = poultry manure @ 6 t ha-1
(100% PM); O3 = vermicompost @ 8 t ha-1 (100% VC); O4 = 50% chemical fertilizer + 50% VC; O5 = 50% chemical fertilizer + 50% PM.
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Figure 1. Effect of mulching on chlorophyll content of wheat. M1 = 1
Irrigation at 17-21 days after sowing (DAS); M2 = 2 irrigations at 17-21
and 55-60 DAS; M3 = 3 irrigations at 17-21, 55-60 and 75-80 DAS; M4 =
Control; M5 = Straw mulch @ 6 t ha-1.

Conclusions
Considering the findings it may be concluded that significant variation existed due to the effects of mulching practices and different organic manure management levels in
respect to chlorophyll content, effective tillers hill -1, number of grains spike-1, 1000-grain weight, grain yield, straw
yield and harvest index; those were higher in mulching
treatment (M5), whereas those parameters gradually declined with the decrease in moisture level. Poultry manure
with chemical fertilizers (O5) in combination of mulching
(M5) produced the highest grain and straw yield of wheat
and it took superior position in all other parameters studied
including yield components. Therefore, it may be
concluded that poultry manure with chemical fertilizers in
combination with mulching be used successfully in an
integrated way for the successful cultivation of wheat.
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 concentration of nickel was evaluated in wastewater, soil and vegetable (carrot, lettuce, onion,
spinach, cabbage, tomato and okra) samples that were collected on seasonal basis from January,
2013 to September 2014 along Kubanni stream channels in Zaria. The results showed nickel
concentrations in wastewater were in the range of 7.69 – 38.46 mg/L for the year 2013 and 7.68 –
27.04 mg/L in 2014; 1.92 – 21.37 mg/Kg for the year 2013 and 8.24 – 24.32 mg/Kg in 2014 for the
soil while the vegetables had concentrations in the range of 6.97 – 18.79 mg/Kg for the year 2013
and 3.78 – 18.27 mg/Kg in 2014. Statistical analysis revealed no significant difference in nickel
levels across the locations and seasons for wastewater, soil and vegetables analyzed. Pearson
correlation showed substantial (r = 0.631) relationship between nickel levels in wastewater for the
year 2013 and 2014, negative (r = -0.284) relationship was obtained for the soil between these two
years whereas substantial (r = 0.634) relationship was obtained for vegetables cultivated in 2013
and that of 2014, respectively. Thus, nickel concentrations obtained in this study was higher than
maximum contaminant levels set by Standard Organizations such as WHO and FAO for wastewater
whereas the soil and vegetables were less to limits set by these bodies.
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INTRODUCTION
Nickel occurs as a mixture of five natural stable isotopes
with relative atomic masses of 58, 60, 61, 62 and 64. It is a
constituent of most meteorites and its presence is one of
the criteria used for identifying them (Wong, 1996). Nickel
is used in a large number of alloys including stainless
steel, other corrosion-resistant alloys, coins, nickel steel
for armor plates, burglarproof vaults, vegetables-oils,
ceramic and greenish glass, Al-Ni-Co magnets and Ni-Cd
batteries and in the electrolytic coating of items such as
chromium-plated taps and fittings used for tap water
(David et al., 2008). Presence of nickel in the environment
arises from both natural and anthropogenic sources. Nickel
is present in drinking water, food, soil, air and dust. Small
amount of it is needed by the human body to produce red
blood cells however, in excessive amounts, can become
toxic (ATSDR, 2005). Short-term overexposure to nickel
is not known to cause any health problems but long-term
exposure cause decreased body weight, heart and liver
damage and skin irritation (WHO, 1991). Nickel can
accumulate in aquatic organisms but its presence is not

magnified along food chains. Acute nickel intoxications
are rare and most reported cases are the result of industrial
exposure to nickel carbonyl (WHO, 1989). Plants containing more than 100ppm Ni develop symptoms of toxicity.
Toxicity in grasses or other monocots closely resembles
iron deficiency, exhibiting pale yellow strips running the
length of the leaf. In extreme cases, the entire plant may
turn white with marginal necrosis (burn) of the leaf. In
dicots, Ni toxicity causes an interveinal chlorosis
(yellowing) that looks very similar to manganese deficiency (David et al., 2008).
Modern agriculture is becoming nuisance to mankind. The
insecticides, pesticides, chemical fertilizers especially
nitrate and phosphate are used annually to boost agricultural production and these chemicals are leached down to the
soil and eventually end up to contaminate the ground water
and stream waterways and River Kubanni is equally
surrounded by these types of activities which are likely to
pollute the waterway (Iguisi et al., 2001). The major
causes of water pollution in most countries of the tropics
can be linked to human activities such as sewage and re-
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fuse disposal, industrial effluents, agricultural activities,
mining and quarrying activities (Olofin, 1991; Abdu et al.,
2011). The most common source of water pollution in
developing nations is domestic sewage and refuse. Iguisi et
al. (2001) is of the opinion that several chemical elements
including nickel have their origin in the composing high
refuse dumps that is similar to pollution pattern in the
catchment area of Kubanni River. Several other studies
have shown that a considerable number of elements are
leached from refuse dumps during rainy season into ground
water and stream (Ademoroti, 1996; Butu, 2013). Therefore, the present investigation was aimed to evaluate the
levels of nickel in wastewater, soil and vegetable samples
grown along Kubanni stream channels in Zaria, Kaduna
State, Nigeria.

MATERIALS AND METHODS
Study area: Zaria city is in northern Nigeria on longitude
7˚42˙E and latitude 11˚03˙N, within the drainage of River
Kubanni flowing to the south east direction through
Ahmadu Bello University (Figure 1). The vegetation of the
area is the savannah type with more grasses than hard
wood trees. The average annual rainfall is 875mm and the
temperature varies between 27 to 35˚C with a relative
humidity (Frederick et al., 2006). The geology of the study
area is composed mainly of fine grain gneisses and migmatite with some coarse-grained granitic outcrops in few
places. The soil of the study area is mainly sandy-clay
loam with poor infiltration because of the high clay content. The entire vegetation and soils of the study area have
been under great anthropogenic influences which have
greatly modified the entire landscape (Iguisi, 1997).
Kubanni River is known for its human activities like farming, source of drinking water, washing and fishing. Some
peasant farmers use its bank for farming throughout the
year especially Sabon-gari area, here there is planting of
vegetables of different varieties.

Figure 1. Map of the study area showing sampling locations.

This necessitates irrigated farming system to meet up with
the demand for vegetables and promotes the use of
wastewater, herbicides, fungicides, pesticides and fertilizers which are sources of pollutants. High population of the
area coupled with the amount of waste that is indiscriminately discharged into the body of Kubanni River makes it
prone for contamination which necessitates the study on
the nature of vegetables consumed by people from the
area. This study is aimed at ascertaining the extent to
which nickel is accumulated in wastewater, soil and
vegetables through man-made activities.
Sampling and analysis: Wastewater samples from Kubanni stream were obtained from five different sampling
points on a four month basis along the stream channels for
the period of two years. Sampling was conducted in the
harmattan, dry and rainy seasons. Wastewater samples
were collected using composite sampling in polyethylene
plastic containers that were previously cleaned by washing
in non-ionic detergent and then rinsed with tap water and
soaked in 10% HNO3 for 24 hours and finally rinsed with
deionized water prior to usage (Ademoroti, 1996). During
sampling, sample bottles used were rinsed with sampled
water three times and then filled to the brim at a depth of
one meter below the wastewater from each of the five designated sampling points. Wastewater sample bottles were
labelled, stored in ice-blocked coolers and transported to
the laboratory. While in the laboratory, they were stored in
the refrigerator at about 4°C prior to the analysis (APHA,
1998). Soil samples were collected at three depths (0-5 cm,
5-10 cm and 10-15 cm) from both sides of the river banks
by using spiral auger of 2.5 cm diameter. Soil samples
were randomly sampled and bulked together to form a
composite sample from each designated point. They were
then put in clean plastic bags, labelled and transported to
the laboratory. The full grown vegetable of spinach
(Amaranthus hybridus), lettuce (Lactuca sativa), cabbage
(Brassica oleracea), carrot (Daucus carota), okra
(Hibiscus esculentus), onion (Allium cepa) and tomato
(Lycopersicon esculenetum) were randomly handpicked
from various garden plots along Kubanni stream channels
using hand gloves, bulked together to form a composite
sample, wrapped in big brown envelopes, labeled accordingly and transported to the laboratory.
Sample treatment: Wastewaters used for determination of
nickel were acidified at the points of sampling with 1cm3
of concentrated HNO3 to avoid microbial activities on the
wastewaters which might reduce the concentrations of
intended nickel before analysis and they were kept in a
refrigerator prior to analysis (APHA, 1998). Soil samples
were air-dried, crushed and passed through 2 mm mesh
sieve. The soil samples were then put in clean plastic bags
sealed and labelled accordingly. Each vegetable samples
were washed with tap water, followed by deionized water,
air dried in the laboratory, ground to powder and sieved
using 250 µm sieve (Samira et al., 2009).
Digestion of wastewater samples for nickel determination: 1000 cm3 of each wastewater sample was transferred
into a 1000 cm3 beaker and 5 cm3 concentrated HNO3 was
added. The beaker with the content was placed on a sand
bath and evaporated down to about 20 cm3 and this was
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analyzed as described by Association of Official Analytical Chemist (AOAC, 1995). Nickel was determined at 232
nm wavelengths using Atomic Absorption Spectrophotometer (AAS) Alpha-4 Model.
Determination of nickel in soil samples: 2 grams of each
soil sample was weighed into acid-washed glass beakers.
Soil samples were digested by the addition of 20 cm3 of
aqua-regia (mixture of HCl and HNO3 in ratio 3:1) to each
soil sample and 10 cm3 of 30 % H2O2 were added in small
portion to avoid any possible overflow leading to loss of
material from the beaker. The beakers were covered with
watch glasses and heated at 90 degrees Celsius on a water
bath for 2 hours. The beakers wall and watch-glasses were
washed with deionized water and the samples were filtered
out to separate the insoluble solid from the supernatant
liquid. Soil samples volume was made up to 100 cm3 by
adding deionized water to the mark levels. It was then analyzed for Ni at 232 nm wavelengths using Atomic Absorption Spectrophotometer (AAS) Alpha-4 Model (AOAC,
1995).
Digestion of vegetable samples for nickel determination: 3 grams of the dry sample of each vegetable sample
was ashed using muffle furnace set at 450 °C for 3 hours.
On cooling, the ash was transferred to a decomposition
flasks and 1cm3 of concentrated HNO3 was added and then
analyzed as described by (AOAC, 1995).
Statistical analysis: The results of nickel in wastewater,
soil and vegetables analyzed were expressed in form of
bar-charts. The results obtained were subjected to one
way Analysis of Variances (ANOVA) and Pearson Product Moment Correlations (PPMC) using Statistical Package for the Social Sciences (SPSS) 20.0 version software.
Null hypothesis was adopted and this was set at 95%
confidence mean level to check if there is significant
difference in the concentrations of nickel analyzed.
Statistical decision for Pearson correlation coefficients (r)
were in accordance to Robert (1992).

RESULTS AND DISCUSSION
Nickel levels in wastewater from Kubanni stream
channels are presented in Figure 2. The concentrations
determined were in the range of 7.69 – 38.46 mg/L for the
year I. Highest level was noticed at Industrial-area along
Jos road (38.46 mg/L) during the harmattan season followed by 27.04 mg/L at Sabon-gari in the dry season and
closely followed by 23.50 mg/L at Unguwa-fulani in the
same dry season whereas the lowest concentration of 7.69
mg/L was recorded at both Unguwa-fulani and Sabon-gari
during the rainy season. Other sampling sites with high
levels of nickel were Tundun-wada (23.08 mg/L) in the
rainy season, Kwangila (23.10 mg/L) during the harmattan season, Industrial-area along Jos road (21.40 mg/L)
and Tundun-wada (19.27 mg/L) both in the dry season.
Similar concentration of 15.36 mg/L was observed at
these sites; Unguwa-fulani, Sabon-gari and Tundun-wada
sampling sites during the harmattan season.
High concentrations of nickel throughout the sampling
could be traced to indiscriminate dispose of Ni-Cd batteries and number of alloys rich in nickel such as stainless
steel, coins, burglarproof vaults coupled with industrial
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effluents around the sampling sites as suggested by David
et al. (2008). Nickel concentrations in year II were in the
range of 7.68 – 27.04 mg/L. Lowest level was found at
Sabon-gari (7.68 mg/L) during the rainy season while
highest concentration of 27.04 mg/L was obtained at
Unguwa-fulani in the dry season. Other sites with high
levels of nickel were Industrial-area along Jos road with
concentrations of 24.42 mg/L and 22.04 mg/L respectively
in the harmattan and rainy seasons, Tundun-wada (21.73
mg/L) during the dry season and 16.49mg/L at Sabon-gari
in the dry season. Comparing the results obtained for the
year I with that of year II, it was revealed from bar chart
that harmattan season of year I (15.40 – 38.46 mg/L) had
high level of nickel than harmattan season of year II (12.08
– 24.42 mg/L). Likewise, slightly increase was observed in
nickel level from dry season of year I (17.40 – 27.04 mg/L)
to dry season of year II (15.42 – 27.04 mg/L) whereas
rainy season of year I (7.69 – 23.08 mg/L) showed high
level of nickel in wastewater than rainy season of year II
(7.65 – 22.04 mg/L). No much increment was observed in
nickel levels across the sampling sites and seasons however, Industrial-area along Jos road (13.58 – 38.46 mg/L)
showed more accumulation of nickel than other sampling
sites. This was followed by Tundun-wada sampling site
having concentrations in the range of 22.04 – 23.08 mg/L.
The concentrations obtained in this study exceed maximum
allowable limit of 1.40 mg/L set by FAO/WHO (1995).
Figure 3 presents nickel concentrations in soil from
Kubanni stream channels. The concentrations determined
were in the range of 1.92 – 21.37 mg/Kg for the year I.
Highest level of 21.37 mg/Kg was obtained at Kwangila
site during dry season followed by 19.23 mg/Kg at the
same sampling site but in the harmattan season whereas the
least level of 1.92 mg/Kg was noticed at Tundun-wada
during the rainy season. High levels of nickel were also
found at Tundun-wada (17.29 mg/Kg) in the dry season,
Sabon-gari (15.68 mg/Kg) in the same dry season, 15.38
mg/Kg at Tundun-wada in the harmattan season and 12.05
mg/Kg at Industrial-area along Jos road in the dry season.
Elevated levels of nickel during harmattan and dry seasons
could be as a result of prolong use of these sampling sites
for farming led to accumulation of heavy metals like nickel
as suggested by Prasad (2004). There was gradual build-up
in nickel levels from harmattan to dry season in these sites;
Kwangila, Sabon-gari, Tundun-wada and Industrial-area
along Jos road while a decline was observed at Unguwafulani as indicated in figure 3. This could be traced to
excessive use of wastewater combined with fertilizer applications on the soil as suggested by Oyedele et al. (2006).
Generally, rainy season showed low levels of nickel (1.92
– 7.60 mg/Kg) in the soil. In this period, highest concentration of 7.60 mg/Kg was found at both Sabon-gari and
Kwangila sites while Tundun-wada (1.92 mg/Kg) had the
least level. In the year II, concentrations determined for
nickel were in the range of 8.24 – 24.32 mg/Kg. Highest
level of 24.32 mg/Kg was found at Kwangila during the
harmattan season followed by 23.04 mg/Kg at Industrialarea along Jos road in the rainy season and this was closely
followed by 21.74 mg/Kg at Tundun-wada sampling site in
the harmattan season while the least concentration of 8.24
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mg/Kg was recorded at Kwangila sampling site in the dry
season. Highest levels of nickel at Kwangila site in both
years could be related to proximity of this site to refusedepots as these riches in Ni-Cd batteries and other coated
metallic objects which could easily leach beneath the earth
crust as suggested by Nyle and Ray (1999). High concentrations of nickel were also observed at; Kwangila (20.04
mg/Kg) during the rainy season, Industrial-area along Jos
road (18.89 mg/Kg) in the harmattan season, Sabon-gari
(16.02 mg/Kg) during the rainy season and Unguwa-fulani
(16.47 mg/Kg) in the harmattan season. The chart showed
high levels of nickel in soil during the rainy season (13.75
– 23.04 mg/Kg) than dry season (8.24 – 15.29 mg/Kg).
This could be as a result of excessive application of manure/fertilizers coupled with leaching from nearby refuse
dumpsites as suggested by Wong (1996). Comparing the
results obtained for the year I and II, it was observed that
harmattan season of year I (7.69 – 19.23 mg/Kg) had less
accumulation of nickel than harmattan season of year II
(13.21 – 24.32 mg/Kg) whereas dry season of year I (6.87
– 21.37 mg/Kg) showed more concentrations of nickel
than dry season of year II (8.24 – 15.29 mg/Kg). This disparity in concentrations might be traced to flooding in year
I. However, rainy season of year I (1.92 – 7.60 mg/Kg)
was far less to rainy season of year II (13.75 – 23.04 mg/
Kg). Nickel had moderate level at Sabon-gari having concentrations in the range of 7.6 – 15.68 mg/Kg across the
sampling periods. Generally, there was build-up of nickel
from rainy season (1.92 – 7.60 mg/Kg) to harmattan season (13.21 – 24.32 mg/Kg) throughout the period of analyses. This might be related to high amount of wastewater
and fertilizers applied to irrigate the vegetables during the
drought of rain as suggested by workers like Abdu et al.
(2011) and Kumar et al. (2009). Results obtained in this
study was less than suggested concentrations by FAO/
WHO (50.0 mg/Kg), European Union (75.0 mg/Kg), United Kingdom (50 - 110 mg/Kg) and United State of America (210 mg/Kg) for nickel in soil (CCME, 2001).
Nickel concentrations in vegetables grown along Kubanni
stream channels are presented in Figure 4. The concentrations determined were in the range of 6.97 – 18.79 mg/Kg
for the year I. Highest concentration of 18.79 mg/Kg was
found in lettuce followed by 18.63 mg/Kg in okra and this
was closely followed by 16.27 mg/Kg in onion, all these
concentrations were obtained in the dry season whereas the
least level of 6.97 mg/Kg was obtained in tomato cultivated in the harmattan season. Other vegetables with high
levels of nickel were spinach (15.70 mg/Kg) in the dry
season, 15.38 mg/Kg in carrot and 15.39 mg/Kg in tomato
both results were obtained in the rainy season and 12.50
mg/Kg in cabbage during the dry season. Elevated levels
of nickel during dry season could be attributed to the nature of wastewater use for irrigation coupled with indiscriminate discharge of industrial-effluents into the body of
Kubanni River as suggested by Butu (2013). Vegetables
analyzed had concentrations in the range of 3.78 – 18.27
mg/Kg for the year II. Highest level was noticed in cabbage (18.27 mg/Kg) cultivated in the harmattan season
followed by okra (16.75 mg/Kg) during the dry season and
this was closely followed by 14.37 mg/Kg in onion planted

during the harmattan season while the least level of 3.78
mg/Kg was recorded in onion cultivated in the rainy season. Other vegetables with high levels of nickel were; tomato (14.05 mg/Kg), spinach (13.98 mg/Kg), carrot (13.75
mg/Kg) and lettuce (13.05 mg/Kg) all these results were
obtained in the dry season. High level of nickel in the dry
season could be traced to the reason given above as indiscriminate discharge of effluent increases the levels of nickel as suggested by Butu (2013). Comparing the results obtained in the year I with that of year II, it was revealed that
dry season of year I (11.31 – 18.63 mg/Kg) was slightly
higher than dry season of year II (9.43 – 16.75 mg/Kg).
Likewise, rainy season of year I (7.00 – 15.39 mg/Kg) had
high concentration of nickel in vegetables that the corresponding rainy season of year II (3.78 – 12.08 mg/Kg)
whereas harmattan season of year II (4.63 – 18.27 mg/Kg)
showed high concentration of nickel than harmattan season
of year I (6.97 – 15.09 mg/Kg). The vegetables analyzed
showed high accumulation of nickel throughout the sampling periods as indicated in figure 4 which could be attributed to industrial effluents coupled with numerous
dumpsites within the sampling sites because of their proximity to Zaria city. Nickel level in this study was below
permissible limit of 67.0 mg/Kgset by FAO/WHO (1995)
thereby these vegetables are free of its contamination.
Mohsen and Seilsepor, 2008 (0.01 – 20.52 mg/Kg) and
Abdu et al. 2011 (0 – 17 mg/Kg) reported levels that were
similar to the concentrations obtained in this study.
Analysis of Variance in Table 1 above shows, p = 0.306 >
0.050 this means that there is no significant difference in
nickel concentrations from one sampling site to another.
This is more elaborated from their mean and standard
deviation as thus; Kwangila (16.325±3.658), Unguwafulani (15.687±7.996), Sabon-gari (14.957±7.135),
Tundun-wada (17.885±4.035) and Industrial area along
Jos road (22.633±8.750), respectively. ANOVA Table 1
also reveals p = 0.789 > 0.050 this means that there is no
significant difference in nickel levels from one season to
another. It indicates nickel concentration does not change
significantly within the sampling period when dry season
of year I compared with that of dry season of year II as it
showed from their mean and standard deviation as thus;
harmattan season year I (16.816±6.649), dry season year I
(20.692±5.901), rainy season year I (14.400±3.933), harmattan season year II (16.924±7.496), dry season year II
(19.272±10.853) and rainy season year II (16.880±5.845).
Table 2 presents summary of Pearson Product Moment
Correlation (PPMC) which conducted to establish the
relationship between nickel levels in wastewater for the
year I and II. The mean with standard deviation level of
18.912±7.761 was recorded in year I while 16.083±5.528
were obtained in year II. Statistical analysis indicated
Pearson correlation (r) = 0.631, degree of freedom (df) =
13 and p = 0.012 < 0.050 this means that there is substantial relationship between nickel levels in wastewater for
the first year to that of second year.
ANOVA in Table 3, shows p = 0.677 > 0.050 this means
that there is no significant difference in nickel levels
among the soil of sampling sites. This is reflected from
their mean and standard deviation as thus; Kwangila
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(16.815±7.073), Unguwa-fulani (11.678±6.667), Sabongari (12.417±3.228), Tundun-wada (13.880±6.621) and
Industrial-area along Jos road (13.468±7.103) respectively.
Also, the same Table 3 shows p = 0.840 > 0.050 this
means that there is no significant difference in nickel concentrations across the seasons. This could be explained
from their mean and standard deviation as thus; harmattan
season year I (14.146±6.720), dry season year I
(12.844±7.783), rainy season year I (12.464±7.001), harmattan season year II (16.312±4.733), dry season year II
(11.210±3.856) and rainy season year II (14.934±7.681)
respectively. Table 4 presents summary of PPMC for nickel concentrations in soil between the year I and II as to
establish their relationship. Statistical data revealed the
mean with standard deviation of nickel to be 10.647±5.986
in year I while 16.657±4.754 was obtained in year II with
the degree of freedom (df) = 13, Pearson correlation (r) =
-0.284 and p = 0.305 > 0.050 this mean that there is negative relationship in nickel levels for soil between year I to
that of year II. The result is jusified since bar-chart showed
remarkable increase in nickel concentrations during the
rainy season of year II than usual.
Table 5 presents Analysis of Variance for nickel in vegetables and shows, p = 0.934 > 0.050 this means that there is
no significant difference in nickel levels among various
vegetables analyzed. Their mean and standard deviation
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illustrate
these;
carrot
(12.558±2.102),
lettuce
(10.782±4.871),
onion
(11.175±4.980),
spinach
(9.757±3.995),
cabbage
(10.958±4.032),
tomato
(12.070±3.001) and okra (10.448±5.819), respectively.
Also, Table 5 shows p = 0.448 > 0.050 this means that there
is no significant difference in nickel concentrations across
the seasons. Their mean with standard deviation give these;
harmattan season year I (9.267±3.130), dry season year I
(12.721±5.502), rainy season year I (12.107±4.338), harmattan season year II (10.041±4.254), dry season year II
(12.529±3.291) and rainy season year II (9.976±3.311)
respectively. In addition, Table 5 indicates p = 0.000 < 0.050
this means that there is high significant difference in nickel
concentrations among wastewater, soil and vegetables of the
sampling sites. Their mean and standard deviation show
these; wastewater (17.497±6.775), soil (13.652±6.128) and
vegetable (11.107±4.051), respectively. Table 6 presents
summary of Pearson Product Moment Correlation (PPMC)
to show relationship between nickel levels in vegetables for
the year I and II. Statistical data showed that the mean with
standard deviation level for nickel was 11.663±4.058 in year
I while 10.551±4.065 was obtained in year II. Statistical
analysis indicated Pearson correlation (r) = 0.634, degree
of freedom (df) = 19 and p = 0.002 < 0.050 this means that
there is substantial relationship between nickel concentrations in vegetables for the year I and II, respectively.

Table 1. Analysis of variance (ANOVA) for nickel in wastewater.
Analysis of Variance

Sum of
Square

df

Mean
Square

F

Significance

Nickel in Wastewater
(Locations)

Between Groups
Within Groups
Total

225.820
1105.369
1331.189

4
25
29

56.455
44.215

1.277

0.306

Nickel in Wastewater
(Seasons)

Between Groups
Within Groups
Total

120.614
1210.575
1331.189

5
24
29

24.123
50.441

0.478

0.789

Table 2. Summary of Pearson product moment correlation for nickel in wastewater.
Variables

SD

Nickel Year I

15

18.912

7.761

Nickel Year II

15

16.083

5.528

r

df

0.631

Significance

13

0.012

Table 3. Analysis of variance (ANOVA) for nickel in soil (Locations and seasons).
Analysis of Variance

Nickel in Soil
(Locations)
Nickel in Soil
(Seasons)

Between Groups
Within Groups
Total
Between Groups
Within Groups
Total

Sum of
Square
93.070
995.863
1088.993
84.954
1003.979
1088.933

df

Mean Square

F

4
25
29

23.268
39.835

0.584

5
24
29

16.991
41.832

0.406

Significance

0.677

0.840

S.O. Oladeji /Arch. Agr. Environ. Sci., 2(3): 141-147 (2017)

146

Table 4. Summary of Pearson product moment correlation for nickel in soil.
Variables

SD

Nickel Year I

15

10.647

5.986

Nickel Year II

15

16.657

4.754

r

df

-0.284

Significance

13

0.305

Table 5: Analysis of variance (ANOVA) for nickel in vegetables.
Analysis of Variance

Sum of Square

df

Mean Square

F

Significance

Nickel in Vegetable
Between Groups
(Among various vegetable) Within Groups
Total

32.541
640.174
672.715

6
35
41

5.424
18.291

0.297

0.934

Nickel in Vegetable
(Seasons)

Between Groups
Within Groups
Total

79.995
592.720
672.715

5
36
41

15.999
16.464

0.972

0.448

Nickel Among
Wastewater, Soil &
Vegetable

Between Groups
Within Groups
Total

714.952
3092.837
3807.789

2
99
101

357.476
31.241

11.443

0.000

Table 6. Summary of Pearson product moment correlation for nickel in vegetable.
Variables

SD

Nickel Year I

21

11.663

4.058

Nickel Year II

21

10.551

4.065

Figure 2. Nickel concentrations in wastewater from Kubanni stream
Channels, Zaria.

r
0.634

df
19

Significance
0.002

Figure 3. Nickel concentrations in soil from Kubanni stream channels,
Zaria.

Conclusions

Figure 4. Nickel concentrations in vegetables from Kubanni stream
channels, Zaria.

The levels of nickel analyzed in the various sampling
sites were found in this order: Kwangila>Tundunwada>
Industrial area along Jos road >Sabon-gari> Unguwafulani while the level of nickel in vegetables showed the
order of carrot > tomato > onion > cabbage > lettuce >
okra > spinach. In conclusion, it can be deduced that,
there is need to find means of removing this heavy metal
(nickel) which might make these vegetables unsuitable
for human consumption in near future by stop using
untreated wastewater to irrigate the farmlands in the studied area and stop indiscriminate discharge of refuse into
the body of Kubanni River by providing appropriate
dumpsites within the vicinity.
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The present study focuses on the green synthesis of zinc oxide nanoparticles using leaf, stem, root
and flower extracts of Thunbergia erecta. Zinc nitrate hexahydrate (Zn (NO3)2.6H2O) solution was
used as precursor to synthesize the nanoparticles. Five grams of plant materials (leaf, stem, root and
flowers) were weighed and cut in to small pieces and boiled with deionised water in water bath at
50°C for about 30 min. The extracts were filtered and mixed with Zinc nitrate hexahydrate solution
for the preparation of nanoparticles. Synthesis of nanoparticles were monitored by visual color
change from colorless to yellow and characterized by UV-Visible double beam spectrophotometric
analysis. The absorption peaks of leaf reaction medium was at 308 nm, stem and root reaction
media were at 296 nm and flower reaction medium was at 302 nm as shown by the UV-Visible
spectrophotometer. The results conclude that T. erecta could be exploited for green synthesis of
zinc oxide nanoparticles which can be used in the development of pharmaceutical products beneficial to the mankind.
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INTRODUCTION
The nanoparticles (NPs) (ranging from 1-100 nm) are
considered as extremely useful owing to their extensive
applications in human welfare. So far, metal nanoparticles
includes aluminium, cobalt, cesium, copper, gold, silver,
zinc, magnetite, nickel, palladium, platinum, silicon nanoparticles were used in the fields of agriculture, phytoremediation, biomedical, cosmetics, drug delivery, pesticides,
fertilizers etc. (Haleemkhan et al., 2015). In general nanoparticles could be synthesized through physical, chemical
and biological approaches. But biological synthesis of nanoparticles using bacteria, algae, fungi, actinomycetes and
plants has gained attention from scientists. Among which
plant extract based synthesis has been greatly acknowledged and explored with many plant species (Mittal et al.,
2014). Literature survey reveals that the leaves were
primarily used for the synthesis of various metallic nanoparticles (Annamalai et al., 2011; Shekhawat et al., 2013).
Recently various plant parts such as stem bark, latex, root,
flower, fruit, seed extracts and whole plants were also used
to synthesize nanoparticles (Mondal et al., 2011; Jayaseelan et al., 2013; Shekhawat and Manokari, 2014).

Genus Thunbergia belongs to the family Acanthaceae
consists of 100 species of annuals, perennials and shrubs
(Sultana et al., 2015). The genus has ornamental value and
is native to tropical regions of Africa, Madagascar,
Australia and South Asia (Retief and Reyneke, 1984).
Tunbergia erecta (Syn: Meyenia erecta) is commonly
known as Blue Bell, Bush Clock Vine or King’s Mantle
and native to Western Africa (Mathew and Benny, 2016).
It grows up to the height of 4-6 feet. The leaves are heartshaped with acute apex, green, pubescent, opposite, entire
margin, flowers are purple with yellow throat (corolla
tube), angular stem, tuberous roots, and prefer full sun and
well-drained soil to grow (Sultana et al., 2015).
Traditionally the leaves, stems and roots of Thunbergia
species have been used as anti-inflammatory agents and
antipyretics for centuries (Tejasen and Thongthapp, 1980).
Thunbergia species are also reported to possess antibacterial activities against gram positive as well as gram negative bacteria such as Escherichia coli, Klebsiella pneumonia, Staphylococcus aureus, Bacillus cereus, Proteus mirabilis and Streptococcus pyogenes (Jeeva et al., 2011).
Thunbergia
species
exhibits
anti-inflammatory
(Boonyarikpunchai et al., 2014), carminative (Inta et al.,
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2013), antipyretic, analgesic, antidiabetic, anthelmintic,
antioxidant, cytotoxic, hepatoprotective (Oonsivilai et al.,
2008; Wonkchalee et al., 2012), antinociceptive and antitumor activities (Jetawattana et al., 2015). The members of
Thunbergia genus are reported to contain glucosides, alkaloids and phenolic compounds such as flavonoids, tannin,
phenolic acids, rosmarinic acid, feruloylmalic and coumaroylmalic acid, naphthalene, iridoid glucosides, benzyl beta
glucopyranoside, grandifloric acid, delphinidin and apigenin (Kanchanapoom et al., 2002; Areekul et al., 2009).
The members of the genus are traditionally used in detoxification of insecticides, ethyl alcohol, arsenic and strychnine (Thongsaard and Marsden, 2002). The phenolic compounds of T. laurifolia have been shown to possess antioxidant activity and used to treat gastric ulcer, diarrhea and
jaundice (Suwanchaikasem et al., 2012). Toxic effects
recorded after administrating T. laurifolia in the blood cells
and the circulatory system (Chivapat et al., 2009; Tangjitman et al., 2015).
Biogenic production of zinc oxide nanoparticles has been
reported from the aqueous extracts of many plants
(Manokari and Shekhawat, 2014) but this plant is not
exploited for production of zinc oxide nanoparticles.
Therefore, the objective of the present study is to demonstrate the eco-friendly synthesis of zinc oxide nanoparticles
using aqueous extracts of parts of Tunbergia erecta.
MATERIALS AND METHODS
Chemicals: Zinc Nitrate hexahydrate (Zn (NO3)2.6H2O)
used in the present investigation was purchased from
Himedia (Mumbai, India). The glassware was washed with
sterilized distilled water before use. Deionized water was
used for the synthesis and for the preparation of plant
extracts.
Collection of plant material for the study: The experimental material selected for the present study was
Thunbergia erecta (Benth.) T. Anders, an ornamental plant
(Figure 1). The plant material was collected from the
Institute campus (Pondicherry, India), during the months of
July-November 2016, and identified with the help of
monographs of French Institute, Pondicherry. Apparently
healthy plants were marked and leaves, stem, root and
flowers were collected, washed thoroughly with tap water
and dried at room temperature for 60 min and used
for determination and characterization of zinc oxide
nanoparticles.

Figure 1. Morphology of Thunbergia erecta plants with flowers in the
natural habitat.

Preparation of the plant extracts: Plant extracts were
prepared by standard extraction methods (Shekhawat and
Manokari, 2014). The plant parts such as leaf, stem, root
and flowers were separated using sterile scissors (Figures
2A-5A). Five grams of plant materials were weighed and
cut in to small pieces (Figures 2B-5B) and boiled with 50
ml of deionized water in water bath at 50°C for about 30
min. The extracts were filtered through cheesecloth and the
extracts were maintained at its original volume and used
for further processes.
Preparation of precursor and reaction media: Zinc
Nitrate hexahydrate (Zn (NO3)2·6H2O) was used as precursor to synthesize zinc oxide nanoparticles (ZnO NPs) from
T. erecta. One mM Zinc Nitrate solution was prepared
using deionized water, filtered by Whatman® No.1 filter
paper and stored at 4oC for further experiments. Ten ml of
aqueous suspension consisted of zinc nitrate and appropriate plant extracts at various ratios (1:9, 2:8, 3:7, 4:6 and
5:5) were mixed at room temperature to obtain reaction
mixture. Figures 2C–5C shows the plant extracts, precursor and reaction media of leaf, stem, root and flowers. The
solutions were further kept in rotary shaker for 2 hours at
100 rpm. Supernatant was discarded and suspension at the
bottom of glass vessel was diluted using deionised water
and used for the spectrophotometric analysis.
Characterization of ZnO nanoparticles through UVVisible spectral analysis: The aqueous microemulsions
(secondary metabolites + precursor) were starting solutions
for the production of metallic zinc oxide nanoparticles.
The confirmation of ZnO nanoparticles synthesis was
obtained by measuring the optical property of reaction
mixture using UV-Visible absorption spectroscopic
analysis (Systronics Double Beam Spectrophotometer,
Model 2202) between 250-800 nm wavelengths. All the
processes were carried out in the laboratory at room
temperature (25oC).

Figure 2. A- Leaves procured for the synthesis of ZnO NPs, B- 5 g of
finely cut leaves, C- Leaf reaction mixture. Figure 3. A- Stem segments of
T. erecta, B- 5 g of finely cut stem, C- Stem reaction mixture. Figure 4.
A- Roots segments, B- 5 g of finely cut roots, C- Root reaction
mixture. Figure 5. A- Flowers, B- 5 g of finely cut flowers, C- flower
reaction mixture.
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RESULTS AND DISCUSSION
Thunbergia erecta is so far used as hedge and lawn plant
(Fongod et al., 2013). But the present report assures that
the species could be greatly useful in various fields particularly in medical applications. Cassia densistipulata has
successfully been utilized in the biosynthesis of nanoparticles by Kooluru and Sharada (2014). The present study
involves whole plant parts including leaves, stem, root and
flowers in the synthesis of ZnO nanoparticles. The color
change of reaction media were recorded at different time
intervals. The characteristic yellow color development was
observed in leaf and stem reaction medium immediately.
Color change was observed in root reaction medium after 2
hrs of incubation at room temperature. Deep yellow color
formation was observed in the flower extract with zinc
nitrate solution after 40 minutes (Figures 2C-5C). The
change in color of the reaction mixture indicates the
formation of zinc oxide nanoparticles as reported in
Passiflora foetida (Shekhawat et al., 2014) and Camellia
sinesis (Shah et al., 2015).
The reduction of zinc metal ions to zinc oxide nanoparticles in the reaction medium was preliminarily analyzed
using UV-Visible Spectrophotometer between the wavelengths of 250-800 nm. The UV-Visible spectroscopic
analysis of ZnO nanoparticles from leaf reaction medium
was confirmed by the strong absorption spectra at 308 nm
(Figure 6A). The maximum absorption of stem and root
reaction media were observed at 296 nm (Figures 6B, 6C)
with visual difference in the graphs. The flower reaction
medium presented strong absorption spectrum at 302 nm
(Figure 6D).
The UV-Visible spectrum of T. erecta plant extracts with
zinc nitrate solution confirmed the synthesis of ZnO nanoparticles at different time periods. Reaction was completed

Figure 6. UV-Visible spectral analysis of (A) – leaf reaction medium, (B)
– Stem reaction medium, (C) – Root reaction medium and (D) – Flower
reaction medium.

within 60 min in leaf and stem reaction medium but root
and flower reaction media took 2 hrs (120 min) to
complete the reaction. Plant extracts have been explored
successfully to synthesize biocompatible nanoparticles due
to their diverse properties (Vidya et al., 2013). Plant
extracts at the concentration of 7 ml was found to mediate
the ZnO nanoparticles synthesis within less time period,
whereas the increased and decreased concentrations were
less effective when challenged with the precursor. In our
earlier report on Moringa oleifera, synthesis of ZnO nanoparticles was optimum at the volume of 5 ml of both plant
extracts and the precursor (5:5) (Manokari and Shekhawat,
2016). Previous reports of ZnO nanoparticles synthesis
from plant extracts revealed that the presence of phenolic
compounds such as flavonoids arbitrate the conversion of
zinc ions in to zinc oxide metallic nanoparticles (Raj and
Jayalakshmy, 2015).

Conclusions
It is evident from the present study that the green synthesis
of ZnO nanoparticle is eco friendly, simple and efficient
than the conventional methods with the less usage of toxic
chemicals. The characterization of ZnO nanoparticle with
UV-Visible spectrophotometer confirmed the presence of
ZnO nanoparticles from various extracts of T. erecta. It
may be advantageous for pharmaceutical industry to
explore T. erecta to develop effective drugs amended with
ZnO nanoparticles. The nanoparticles formulated drugs
could be used in diagnosis and treatment of various heath
related issues.
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The experiment was carried out at the Agronomy Field Laboratory, Bangladesh Agricultural
University, Mymensingh to see the effect of row arrangements, age of tiller seedlings and number of
tiller seedlings hill-1 on growth of transplant Aman rice (cv. BR23). The experiment comprised three
row arrangements viz. single, double and triple row; two ages of tiller seedling viz. 25 and 35 days
and three levels of number of tiller seedlings hill-1 viz., 2, 4 and 6 tiller seedlings hill-1. The effect of
row arrangement, age of tiller seedlings and number of tiller seedlings hill -1 were significant on
plant height, number of leaves hill-1, number of total tillers hill-1, leaf dry weight, stem dry weight
and total dry weight. The tallest plants at 70 DAT, the highest number of leaves and leaf dry weight
were found at 25, 40, 55 and 70 DAT in single row arrangement which was as good as double row
arrangement while shorter plant and the lowest number of leaves hill-1 were found in triple row
arrangement. The highest stem and total dry matter production hill-1 were recorded in triple row
arrangement and the lowest were found in single row arrangement. Wider spacing significantly
increased plant height, total tiller production hill-1, leaf production hill-1and leaf dry matter
production while closer spacing of triple rows enhance stem and total dry matter production hill -1.
Transplanted Aman rice (BR23) can be grown in single rows for the highest plant height, more tiller
production, leaf production and leaf dry matter production hill-1. In case of total dry matter production cv. BR23 can be grown in triple rows by transplanting 35-day old seedlings with 6 tiller
seedlings hill-1.
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INTRODUCTION
Food deficit is alarming in Bangladesh due to increase of
population and often natural hazards such as flash flood or
late flood. After recession of flood water farmers often
keep their land fallow for unavailability of seedling. Separated tiller from unaffected field of higher topography
could be planted as an alternative of nursery seedling. Rice
has unique ability to tiller profusely as each leaf axil has
the potential to produce a tiller (Kirttania et al., 2013a,b).
In rice, many of the late tillers do not produce panicles due
to higher population (Hossain et al., 2011). Removal of
excessive tillers from the mother hill-1 at early stage could
help better development for remaining tillers. This
technique of transplanting of separated tillers may be a
promising alternative for growing post-flood transplant
Aman rice (Mridha et al., 1991; Siddique et al., 1991).
Paul et al. (2002) reported that tillers can be separated at

25 or 35 days after transplanting (DAT) without hampering
grain yield. Planting density in transplant Aman rice culture is contributed by the number of seedlings hill -1 and
also unit-1 area as well. Planting density row arrangement
and age of tiller seedlings are the important determinants
for proper growth of transplant Aman rice. The number of
tillers and their growth is greatly affected both quantitatively and qualitatively by number of nursery seedling or
the tiller seedling. The excessive or least number of seedlings may adversely affect the normal physiological activities of the rice plant. The excess number of tiller seedlings
hill-1 may produce much higher number of tillers hill -1
resulting in mutual shading and lodging and thus favour
the production of more straw instead of grain. While the
least number of tiller seedling hill-1may cause insufficient
tiller growth thus keeping air, space and nutrient in soil
unutilized (Rahman et al., 2015). Thus, the present study
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had been undertaken to see the effect of row arrangements,
age of tiller seedlings and number of tiller seedlings
planted hill-1on the growth of transplanted Aman rice.

MATERIALS AND METHODS
The experiment was carried out at the Agronomy
Field Laboratory, Bangladesh Agricultural University
Mymensingh, Bangladesh. The soil belongs to the Old
Brahmaputa Floodplain (AEZ 9) having soil of sandy loam
texture with pH 5.9-6.5. A modern high yielding variety of
transplanted Aman rice BR23 (Dishari) was used as the test
crop in the experiment. The experiment consisted of three
levels of row arrangement viz. single row (row spacing
25cm), double row (row spacing 25-10-25cm), triple row
(row spacing 25-10-10-25cm), two types of tiller seedlings
viz. 25 days and 35 days old, and three levels of tiller seedlings hill-1viz. 2, 4 and 6. There were 18 treatment combinations. The experiment was laid out in a three factor Randomized Complete Block Design with three replications.
The area of each unit plot was 4.0m × 2.5m. Tillers were
separated from 25 and 35 days after transplanting (DAT)
from previously transplanted rice field and then transplanted in the main field according to experimental treatments.
The experimental plots were fertilized with Urea, Triple
Super phosphate (TSP), Muriate of Potash (MoP), Gypsum
and Zinc sulphate at the rate of 200, 160, 140, 60 and 10kg

ha-1, respectively. The entire amount of TSP, MoP, Gypsum
and Zinc sulphate were applied at final land preparation.
Urea was top dressed in three equal installments at 10 days
after transplanting, tillering stage and panicle initiation (PI)
stage. The crop was properly weeded and irrigated whenever necessary. Four hills were randomly selected and
marked with the bamboo sticks in each unit plot excluding
border rows to record the data on plant height and tiller
number. Plant height was measured from the base of the
plant up to the tip of the longest leaf. Plant height, tiller
number, total number of leaves, dry weight of stem and dry
weight of leaves were recorded four times at 25, 40, 55 and
70 days after transplanting (DAT). For measurement of
number of leaves hill-1, stem dry weight, leaf dry weight
and total dry matter, destructive sampling of four randomly
selected hills was used. Plant samples were carefully uprooted each time and separated into leaf and stem. Number
of leaves hill-1were then counted and dried in the oven at
85± 5°C for 72 hours to a constant weight. Dry weight of
leaves and stems were recorded separately with an electrical balance. Dry weight of leaves and stems were altogether regarded as total dry matter. Recorded data were
analyzed statistically using Analysis of Variance
(ANOVA) technique and the differences among treatment
means were adjudged by Duncan’s Multiple Range Test
(DMRT) (Gomez and Gomez, 1984).

Table 1. Effect of age of tiller seedling and number of tiller seedling hill-1 on plant height.
Age of tiller seedlings
(Days)

25
81.88a
80.80b

25
35

40
95.06
94.71

Plant height
Days after transplanting
55
114.91
114.41

70
125.38a
123.10b

Figures in a column having the same letter or without letter do not differ significantly at the level whereas figures with dissimilar letters differ significantly as per DMRT.

Table 2. Effect of number of tiller seedling hill-1on the production of total tillers hill-1.
Number of total tiller hill-1

Number of tiller
seedlings hill-1

Days after transplanting
55

25

40

70

2

7.52

9.93

11.47b

12.35b

4
6

7.97
7.97

10.39
10.47

12.11a
12.30a

12.91a
13.00a

Figures in a column having the same letter or without letter do not differ significantly whereas figures with dissimilar letters differ significantly as per
DMRT.

Table 3. Interaction between row arrangement and age of tiller seedling on the number of total tillers hill -1.
Row
arrangements
Single row
Double row
Triple row

Age of tiller
seedlings
(Days)
25
35
25
35
25
35

Number of total tillers hill-1
25
7.37
7.94
7.57
8.14
7.60
8.31

Days after transplanting
40
55
10.15
11.52
10.73
12.35
9.69
11.09
10.75
12.81
9.98
11.44
10.26
12.57

70
12.14c
12.99b
12.00b
13.83a
12.46c
13.11b

Figures in a column having the same letter or without letter do not differ significantly whereas figures with dissimilar letters differ significantly as per
DMRT.
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Table 4. Effect of age of tiller seedling and number of tiller seedling hill on the number of leaves hill .
Number of leaves hill-1

Age of tiller seedlings
(Days)

Days after transplanting

25
35
Number of tiller seedlings hill-1
2
4
6

25
35.02b
39.94a

40
38.03b
46.12a

55
40.17b
47.82a

70
40.86b
48.65a

35.78b
37.45ab
39.22a

40.17b
42.36a
43.70a

41.61b
45.00a
45.37a

42.40b
45.52a
46.34a

Figures in a column under each factor of treatment having the same letter or without letter do not differ significantly whereas figures with dissimilar letters
differ significantly as per DMRT.

Table 5. Interaction between row arrangement and number of tiller seedling hill-1on the number of leaves hill-1.
Row arrangements

Single row

Double row

Triple row

Number of tiller
seedlings hill-1

Number of leaves hill-1
Days after transplanting

2
4

25
38.08
40.46

40
42.58
42.79

55
44.80b
47.32a

70
45.37b
46.48ab

6

42.71

46.13

47.42a

48.24a

2

36.71

39.42

40.25cd

40.87d

4

36.17

43.58

45.71ab

46.50ab

6

38.50

44.79

46.75ab

47.75a

2

32.54

38.50

39.78d

40.96d

4

35.73

40.70

44.98c

42.59cd

6

36.64

40.19

43.93c

43.02c

Figures in a column having the same letter or without letter do not differ significantly whereas figures with dissimilar letters differ significantly as per
DMRT.

Table 6. Interaction between row arrangement and age of tiller seedlings on the number of leaves hill -1.
Row arrangements

Age of tiller
seedlings
(Days)
25

Single row
Double row
Triple row

Number of leaves hill-1
Days after transplanting
25
35.06bc

40
37.03d

55
40.89d

70
48.55b

35

45.78a

50.64a

52.13a

52.51a

25

36.67bc

38.19cd

39.81d

40.46d

35

37.58b

47.00b

48.67b

49.62b

25

33.34c

38.86cd

49.81ab

40.56d

35

36.47bc

40.73c

42.66c

43.81c

Figures in a column having the same letter or without letter do not differ significantly whereas figures with dissimilar letters differ significantly as per
DMRT.

Table 7. Interaction between age of tiller seedlings and number of tiller seedling hill-1 on the number of leaves hill-1.
Age of tiller
seedlings (Days)
25

35

Number of tiller
seedlings hill-1
2
4
6
2
4
6

Number of leaves hill-1
25
35.75bc
32.90c
36.42b
35.81bc
42.00a
42.03a

Days after transplanting
40
55
38.00cd
39.53c
36.39d
40.14c
39.69c
40.83c
42.33b
43.69b
47.33a
49.87a
47.71a
49.90a

70
40.28c
40.53c
41.76c
44.52b
50.51a
50.92a

Figures in a column having the same letter or without letter do not differ significantly whereas figures with dissimilar letters differ significantly as per
DMRT.
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Table 8. Effect of row arrangement and number of tiller seedling hill-1on the leaf dry weight hill-1.
Leaf dry weight (g hill-1)
Row arrangement

Days after transplanting
25

40

55

70

Single row

4.71

7.22a

10.16a

12.21a

Double row

4.65

6.78b

9.04c

11.11b

4.56

6.40b

9.69b

12.48a

2

4.52b

6.72

9.16c

11.54b

4

4.36b

6.69

10.10a

12.05a

6

4.93a

6.99

9.64b

12.18a

Triple row
Number of tiller seedlings hill

-1

Figures in a column under each factor of treatment having the same letter or without letter do not differ significantly whereas figures with dissimilar letters differ significantly as per DMRT.

Table 9. Interaction between row arrangement and age of tiller seedlings on leaf dry weight hill -1.
Row arrangements

Leaf dry weight (g hill-1)

Age of tiller
seedlings
(Days)

Days after transplanting
25
4.35
5.07
4.41
4.89
4.35
4.57

25
35
25
35
25
35

Single row
Double row
Triple row

40
5.77d
6.68a
6.05cd
7.52b
6.26cd
6.53c

55
9.96
10.37
8.51
9.58
9.52
9.86

70
11.91c
12.50ab
10.38b
11.84c
12.06bc
12.89a

Figures in a column having the same letter or without letter do not differ significantly whereas figures with dissimilar letters differ significantly as per
DMRT.

Table 10. Interaction between age of tiller seedlings and number of tiller seedling hill-1 on leaf dry weight hill-1.
Age of tiller seedlings
(Days)

Leaf dry weight (g hill-1)

Number of tiller seedlings
hill-1

25

35

Days after transplanting
25
4.59ab
3.64c
4.88ab
4.45b
5.09a
4.98ab

2
4
6
2
4
6

40
6.10bc
5.45c
6.53b
7.04ab
7.94a
7.45a

55
8.81c
9.88ab
9.09bc
9.50b
10.11a
10.19a

70
11.12
11.72
11.52
11.96
12.45
12.83

Figures in a column having the same letter or without letter do not differ significantly whereas figures with dissimilar letters differ significantly as per
DMRT.

Table 11. Effect of age of tiller seedling and number of tiller seedling hill-1on stem dry weight hill-1.
Age of tiller seedlings
(Days)
25
35
Number of tiller seedling hill-1
2
4
6

Stem dry weight (g hill-1)
25
5.04b
6.53a
5.36b
5.74ab
6.26a

Days after transplanting
40
55
9.89b
21.48b
13.14a
23.25a
10.67b
11.63a
12.06a

21.48b
22.67a
22.95a

70
24.07b
26.30a
24.23b
25.54a
25.78a

Figures in a column having the same letter or without letter do not differ significantly whereas figures with dissimilar letters differ significantly as per
DMRT.
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Table 12. Interaction between row arrangement and age of tiller seedlings on stem dry weight hill .
Stem dry weight hill-1(g hill-1)
Row arrangements

Age of tiller
seedlings
(Days)

Single row

Double row

Triple row

Days after transplanting
25

40

55

70

25

4.24

8.98d

21.56

23.67c

35

5.78

13.54a

23.38

25.95b

25

5.45

10.02c

20.28

22.99d

35

6.37

12.15b

22.47

25.95b

25

5.44

10.66c

22.61

25.55b

35

7.44

13.57a

23.90

27.35a

Figures in a column having the same letter or without letter do not differ significantly whereas figures with dissimilar letters differ significantly as per
DMRT.

Table 13. Interaction between age of tiller seedlings and number of tiller seedling hill-1 on stem dry weight hill-1.
Stem dry weight (g hill-1)
Age of tiller seedlings
(Days)

Number of
tiller seedlings
hill-1

25

35

Days after transplanting
25

40

55

70

2

5.44b

10.08c

19.96d

22.51b

4

4.31c

9.24d

22.32bc

24.76c

6

5.38b

10.34c

22.16c

24.95c

2

5.29b

11.66b

22.99abc

25.96b

4

7.17a

14.01a

23.02ab

26.32ab

6

7.14a

13.77a

23.73a

26.61a

Figures in a column having the same letter or without letter do not differ significantly whereas figures with dissimilar letters differ significantly as per
DMRT.

Table 14. Effect of row arrangement and number of tiller seedling hill-1on total dry matter production hill-1.
Total dry matter production hill-1
Row arrangements

Days after transplanting
25

40

55

70

Single row

9.72b

18.56

30.63b

36.84c

Double row

10.56a

17.87

30.42b

35.38b

10.90a

18.51

32.94a

38.93a

2

9.89b

17.59c

30.63b

35.78b

4

10.10b

18.32b

32.77a

37.62a

6

11.19a

19.05a

32.89a

37.95a

Triple row
Number of tiller seedlings hill

-1

Figures in a column under each parameter having the same letter or without letter do not differ significantly whereas figures with dissimilar letters differ
significantly as per DMRT.
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Table 15. Interaction between row arrangement, age of tiller seedlings and number of tiller seedling hill -1 on total dry matter production
hill-1.
Row arrangements

Age of tiller seedlings
(Days)

Number of
tiller seedlings
hill-1

25
Single row
35

25
Double row
35

25
Triple row
35

Total dry matter production hill-1 (g hill-1)
Days after transplanting
25

40

55

70

2

8.09gh

15.59ef

30.35bc

34.84fg

4

6.87h

12.03g

33.57ab

36.38ef

6

10.79cde

16.63ef

30.63b

35.52fg

2

11.84abcd

21.25bc

30.68b

37.58de

4

10.40def

23.64a

32.18ab

38.27cd

6

10.32def

22.27ab

34.39b

38.44bcd

2

11.39bcd

16.19ef

27.32b

32.05h

4

8.07gh

16.06f

29.22bc

33.98g

6

10.10def

16.95ef

29.83bc

34.09g

2

8.43fgh

16.84ef

30.22bc

36.19ef

4

12.85ab

21.81bc

33.03a

36.19ef

6

12.50abc

20.36cd

32.88ab

38.79bcd

2

10.59cde

16.76ef

28.66cd

33.99g

4

8.89efg

16.97ef

31.43b

39.07bcd

6

9.89defg

17.03e

30.31b

39.78abc

2

8.97efg

18.90d

32.58ab

39.99ab

4

12.51ab

20.38cd

32.18ab

39.64abc

6

13.56a

21.03bc

34.50a

41.09a

Figures in a column having the same letter or without letter do not differ significantly whereas figures with dissimilar letters differ significantly as per
DMRT.

RESULTS AND DISCUSSION
Effect of row arrangements: Plant height and number of
leaves hill-1 were significantly (5% level of probability)
affected by the row arrangements. At 70 days after transplanting (DAT), the tallest plants were observed in single
row arrangement while the highest number of leaves were
produced in single row arrangement at all dates of observations i.e., 25, 40, 55 and 70 DAT which was as good as
double row arrangement (Figures 1, 3). The shortest plants
and the lowest number of leaves were observed in triple
row arrangement. Plant height and leaf production were
reduced markedly in triple row arrangement due to severe
competition among plant for light, air, space, water and
nutrients in comparison with single and double row arrangements. Widely spaced crops received adequate light,
space, air water and nutrients for the growth and thus produced more leaves in the single row arrangement. Transplant Aman rice cultivated in single rows showed the highest plant height due to wider spacing (Sarkar et al., 2002;
Hossain et al., 2003). Wider spacing produced maximum
number of total tillers than closer spacing in rice was also
reported elsewhere (Ray et al., 2015; Jahan et al., 2017).
Paul et al. (2003) reported that closer hill in triple rows
produced less number of leaves compared to single and
double rows. Leaf dry weight, stem dry weight and total
dry weight hill-1 were significantly affected by row arrangements. The highest leaf dry weight hill -1 was

observed in single row arrangement at 40 DAT while leaf
dry weight decreased when number of rows increased.
However, double and triple row exhibited similar behaviour in respect of leaf dry weight hill -1 at 40 and 55 DAT.
The highest leaf dry weight was obtained in single row
arrangement followed in order by triple and double row
arrangements. The highest leaf dry weight was also
obtained in single row arrangement followed by double
row arrangement at 70 DAT. However, triple row arrangement gave similar results as that of single row arrangement
regarding leaf dry weight. In case of stem dry weight at 25,
40, 55 and 70 DAT, triple row arrangement produced the
highest stem dry weight compared with single and double
row arrangement (Figure 5). Single row arrangement produced the lowest stem dry weight at all dates of observations. However, at 40, 55 and 70 DAT double row was
similar to that of single row arrangement. Production of
more tillers in triple row arrangement was mainly responsible for this increase in stem dry weight. The highest total
dry matter production was found in triple row arrangement
at 25, 55 and 70 DAT (Table 14). Production of total dry
matter hill showed a decreasing trend in double and single
row arrangements compared with triple row arrangements
which were more pronounced at 70 DAT. At 70 DAT the
total dry matter hill-1 was the highest in triple row arrangement followed in order by double and single row arrangements. Paul et al. (2003) observed similar results; in triple
rows transplant Aman rice produced highest dry matter
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than single and double rows. Production of more tillers
especially their leaves and stems altogether contributed to
more total dry matter production hill -1 in the triple row
arrangement.
Effect of age of tiller seedlings: Plant height, number of
total tillers hill-1 and number of leaves hill-1 were significantly affected by age of tiller seedlings. At 40 and 70
DAT, the highest plant height was obtained when 25-day
old tiller seedlings were transplanted the lowest plant
height was obtained when 35-day old tiller seedlings were
transplanted (Table 1). Similar results was reported by
Rahman et al. (2013) who reported that Aman rice produced taller plant by transplanting 25-day old tiller seedling compared to 35-day old tiller seedlings. This reduction in plant height was mainly due to the availability of
short vegetative growth period for 35-day old tiller seedlings in comparison with 25-day old tiller seedlings. The
highest number of total tillers hill-1 was produced at 25, 40,
55 and 70 DAT when 35 day old tiller seedlings were
transplanted. There was a reduction in the production of
total tillers hill-1 when 25 day old tiller seedlings were
transplanted at 25, 40, 55 and 70 DAT (Figure 2). Biswas
et al. (1987) stated that optimum time of tiller separation
was 35-days after transplanting. In case of leaf production
hill-1, the maximum leaves were found by transplanting 35day old tiller seedlings and the lowest leaves were produced by transplanting 25-day old tiller seedlings at all
dates of observations. Number of leaves hill -1 incased with
increase the age of tiller seedlings (Table 4). Leaf dry
weight hill-1, stem dry weight and total dry weight were
influenced by age of tiller seedlings. The highest leaf dry
weight was found at all dates of observations when age of
tiller seedlings was 35-days. The lowest leaf dry weight
was found at 25, 40, 55 and 70 DAT when age of tiller
seedlings was 25-days. The highest stem dry weight was
produced at all dates of observations when age of tiller was
35-days and the lowest was produced when age of tiller
was 25-days (Figure 4) Older seedling produced higher dry
matter was reported by Kirtannia et al. (2013). Biswas et
al. (1987) reported that 35-day old tiller seedlings gave
highest development of plant. The highest total dry matter
production was found at 25, 40, 55 and 70 DAT when age
of tiller seedlings was 35-days while the lowest total dry
matter was recorded when age of tiller seedlings was 25days (Figure 6).
Effect of number of tiller seedlings hill -1: Number of
tillers hill-1 was significantly affected by the number of
tiller seedlings hill-1 at 55 and 70 DAT (Table 2). The highest number of tillers hill-1 was obtained when 6 tiller seedlings were transplanted hill-1 which was at par with 4 tiller
seedlings were transplanted hill-1 while the lowest one was
recorded in 2 tiller seedlings were transplanted hill -1. Number of leaves hill-1 was significantly affected by the number
of tiller seedlings hill-1 planted at all dates of observations.
Maximum production of leaves hill -1 was observed at 25,
40, 55 and 70 DAT when 6 tiller seedlings were transplanted hill-1. However, 4 tiller seedlings hill-1 was as good as 6
tiller seedlings hill-1. The lowest leaves production was
found at all dates observations when 2 tiller seedling were

-1
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transplanted hill (Table 4). Production of leaves hill was
found to decrease progressively with increasing the number of tiller seedlings hill-1. Leaf dry weight hill-1, stem dry
weight hill-1 and total dry matter production hill-1 were
significantly affected by number of tiller seedlings hill -1.
The highest leaf dry weight hill-1 were found at 25 and 70
DAT when 6 tiller seedlings hill-1 and at 55 DAT when 4
tiller seedlings were transplanted hill-1 (Table 8). Leaf dry
weight at 70 DAT with 4 tiller seedlings hill -1 was as good
as of 6 tiller seedlings hill-1. The highest stem dry weight
was recorded at all date of observations when 6 tiller seedlings hill-1were transplanted hill-1(Table 11). The highest
total dry matter production hill-1 was found at 25, 40, 55
and 70 DAT when 6 tiller seedlings were transplanted hill 1
. However, at 55 and 70 DAT, when 4 tiller seedlings hill -1
were planted as good as 6 tiller seedlings hill -1 in respect of
total dry matter production. The lowest one was found in
all dates of observations when 2 tiller seedlings were transplanted hill-1. However, at 25 and 40 DAT, 4 tiller seedlings hill-1 was as good as 2 tiller seedlings hill-1 in respect
of lowest total dry matter production (Table 14). Total dry
matter production hill-1 was found to increase with increasing the number of tiller seedlings hill-1 was found at 25, 40,
55 and 70 DAT when 2 tiller seedlings were transplanted
hill-1. In general, increased leaf dry weight hill-1 was obtained with increase in the number of tiller seedlings hill -1.
Paul et al. (2003) reported that the highest total dry matter
production in intact hill compared to separated mother hill.
Effect of different interactions: Number of total tillers
hill-1 was significantly (5% level of probability) affected by
the interaction between row arrangements and age of tiller
seedlings at 70 DAT. The highest total tillers hill -1 was produced in double row arrangement when 35-day old tillers
were planted (Table 3). In all row arrangements 35-day old
tiller seedlings performed better than 25-day old tiller
seedlings in respect of production of total tillers hill -1.
Number of leaves produced hill-1 was significantly influenced at 55 and 70 DAT. Maximum leaves were produced
in single row arrangement at 55 and 70 DAT when 6 tiller
seedlings were transplanted hill-1. However, at 55 DAT in
single row arrangement with 4 tiller seedlings hill -1 was as
good as 6 tiller seedlings hill-1 and at 70 DAT similar results were found in double row arrangement with 6 tiller
seedlings hill-1. The lowest production of leaves was found
in triple and double row arrangements at 55 and 70 DAT
when 2 tiller seedlings were transplanted hill-1. However, at
55 DAT similar results were found in double row arrangement when 2 tiller seedlings were transplanted hill (Table
5). Interaction between row arrangements and age of tiller
seedlings had significant effect on number of leaves hill -1
at 25, 40, 55 and 70 DAT. Maximum leaves were produced
in single row arrangement when 35-day old tiller seedlings
were transplanted. The production of leaves was found to
be reduced in triple row arrangement at 25 DAT when age
of tiller seedlings was 25 days. At 40 DAT, the production
of leaves was found to be reduced in single row arrangement by transplanting 25-day old tiller seedlings. At 55
DAT, minimum leaves were produced in single row
arrangement by transplanting 25-day old tiller seedlings,
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160

Single row

140

Double row
Triple row

120

which was similar to that of same old tiller seedlings with
4 tiller seedlings hill-1. The lowest was found by transplanting 25-day old tiller seedlings with 2 tiller seedlings
hill-1 (Table 10).
Stem dry weight hill-1 was not significantly influenced by
the interaction between row arrangements and age of tiller
seedlings at 25 and 55 DAT while it was significantly
influenced at 40 and 70 DAT. The highest stem dry weight
was observed in triple row arrangement when age of tiller
was 35 days at 40 and 70 DAT. However, at 40 DAT similar result was found in single row arrangement when age of
tiller was 35 days. The lowest was found in single and
double row arrangements at 40 and 70 DAT when age of
tiller was 25-days (Table 12). Stem dry weight hill-1 was
significantly influenced at 25, 40, 55 and 70 DAT due to
the interaction between age of tiller seedlings and number
of tiller seedlings hill-1. The highest stem dry weight was
produced by transplanting 35-day old tiller seedlings at 25
and 40 DAT with 4 tiller seedlings hill -1. However, similar
result was observed by transplanting same age of tiller
seedlings with 6 tiller seedlings hill-1. At 55 and 70 DAT
the highest stem dry weight was obtained hill -1 transplanting 35-day old tiller seedlings with 6 tiller seedlings hill -1
and similar result was obtained at same age of tiller seedlings with 4 tiller seedlings hill-1. The lowest was found by
transplanting 25-day old tiller seedlings at 25 and 40 DAT
with 4 tiller seedlings hill-1 and with 2 tiller seedlings hill-1
at 55 and 70 DAT (Table 13).
Total dry matter production hill-1 was significantly affected
at all dates of observations due to interaction between row
arrangements, age of tiller seedlings and number of tiller
seedlings hill-1 25, 40, 55 and 70 DAT. The maximum total
dry matter hill-1 was produced in triple row arrangement by
transplanting 35 day old tiller seedlings with 6 tiller seedlings hill-1 at all dates of observations except 40 DAT. At
40 DAT the highest total dry matter was produced by transplanting 35 day old tiller seedlings with 4 tiller seedlings
hill-1 The lowest total dry matter was produced in single
row arrangement by transplanting 25 day old tiller seedlings
with 4 tiller seedlings hill at 25 and 40 DAT and in double
row arrangement at 55 and 70 DAT by transplanting 25 day
old tiller seedlings with 2 tiller seedlings hill-1 (Table 15).

LSD ≤ 0.05

25 day old

14
Number of total tillers hill-1

Plant height (cm)

which was identical to double row arrangement by transplanting 25-day old tiller seedlings. At 70 DAT, minimum
leaves were produced in double row arrangement by transplanting 25-day old tiller seedlings which was similar to
that of triple row arrangement by transplanting 25-day old
tiller seedlings (Table 6). Number of leaves produced hill-1
was significantly affected due to the interaction between
age of tiller seedlings and number of tiller seedlings hill -1
at all dates of observations. Maximum leaves were
produced at all dates of observations by transplanting 35day old tiller seedlings with 6 tiller seedlings hill -1. However, similar result was found at 25, 40, 55 and 70 DAT by
transplanting 35 day old tiller seedlings with 4 tiller seedlings hill-1 .The lowest production of leaves was found by
transplanting 25 day old tiller seedlings with 4 tiller seedlings hill-1 at 25 and 40 DAT and at 55 and 70 DAT with 2
tiller seedlings hill-1. However, at 55 and 70 DAT similar
results were found by transplanting 25- day old tiller seedlings with 4 and 6 tiller seedlings hill -1 (Table 7).
Leaf dry weight hill-1 was significantly affected at 40 and
70 DAT by the interaction between row arrangements and
age of tiller seedlings. The highest leaf dry weight hill -1
was found in single row arrangement at 40 DAT when age
of tiller was 35 days and the lowest was in single row
arrangement when age of tiller was 25 days. At 70 DAT
the highest leaf dry weight was obtained in triple row
arrangement when age of tiller seedlings was 35 days and
the lowest was in double row arrangement when age of
tiller was 25 days (Table 9). Leaf dry weight hill-1 was
found to be significantly affected by the interaction
between age of tiller seedlings and number of tiller seedlings hill-1 at 25, 40 and 55 DAT but was not significantly
affected at 70 DAT. At 25 DAT the highest leaf dry weight
was found by transplanting 35-day old tiller seedlings with
4 tiller seedlings hill-1 and the lowest was found by transplanting 25-day old tiller seedlings with 4 tiller seedlings
hill-1. At 40 DAT the highest leaf dry weight was found by
transplanting 35-day old tiller seedlings with 4 tiller seedlings hill-1 which was similar to that of transplanting 35day old tiller seedlings with 6 tiller seedlings hill -1. At 70
DAT the highest leaf dry weight was found by transplanting 35-day old tiller seedlings with 6 tiller seedlings hill -1
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Figure 1. Effect of row arrangements on plant height.
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Figure 2. Effect of row arrangements on number of total tillers hill-1.
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Figure 3. Effect of row arrangements on number of leaves hill-1.
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Figure 4. Effect of age of tiller seedlings on leaf dry weight.
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Figure 5. Effect of row arrangements on stem dry weight hill-1.

Figure 6. Effect of age of tiller seedlings on total dry matter production hill-1.

Conclusions
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From the above results it can be concluded that transplanted Aman rice (cv. BR23) can be grown in single rows for
tallest plant, highest tiller production, leaf production and
leaf dry matter production hill-1. In case of total dry matter
production cv. BR23 can be grown in triple rows by
transplanting 35-day old seedlings with 6 tiller seedlings
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Natural forests play a key role in the mitigation of atmospheric carbon and have been studied by
various workers but very limited work was carried out towards to the contribution of litter in carbon
mitigation potential. The current study estimated the carbon sequestration potential in different
components of litter in temperate coniferous forests. The results found that carbon content was
found highest in cone followed by needle, branch and bark. Seasonal variation was found in all the
components of the litter with highest carbon in autumn found at Daksum. During spring season
Kuthar showed maximum contribution followed by Pahalgam in summer. Among different components of litter Cone contributed maximum at Kuthar while needle at Pahalgam. The result revealed
that litter decomposition was directly related to the accumulation of soil organic carbon in all the
ranges which depict the relation of litter with soil organic carbon. It was concluded that litter has an
important contribution in sequestering atmospheric carbon as well as providing nutrients to the
standing vegetation that mitigates the carbon dioxide.
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INTRODUCTION
Natural forests play an important role in the carbon sequestration. They act both as source and sink of carbon and
vary with the geographic area and activities (IPCC, 2000).
The temperate forests are responsive to changing climate
during different seasons with respect to carbon (Mitchell
and Jones, 2005; Piao et al., 2008). These terrestrial
ecosystems are productive and susceptible to environmental fluctuation which varies with seasonal carbon fluxes
and other functions occurring in the forests (Baldocchi,
2008; Stoy et al., 2008; Smith et al., 2015). The carbon
content of forest ecosystems depends on different component and these components have impact on total carbon
cycle due to their small change. Sinks for carbon due to
conservation and protection can be increased from the
forests present (Brown et al., 1996; Christopher et al.,
2003). Forests and soil have shared 60% of the total global
terrestrial carbon (Winjum et al., 1992) and are possible
sinks of carbon present in the with great contribution in
carbon mitigation (Bajracharya et al., 1998; Lal, 2004;
Kumar, 2015). Litter plays an important role in carbon
sequestration. Mitigation of about 8% takes place by the

litter components present on the floor of forests (Heath et
al., 2003; Chojnacky and Amacher, 2006), has key role in
physical, chemical and biological processes occurring in
the forest ecosystem (Graham et al., 1999). Protection of
soil from degradation, erosion as well as maintaining the
soil moisture by forming mulch on the forest floor occurs
only due to litter (Bonan, 2002). Forest floor affects the
nutrient cycling (Sanchez et al., 2006) and various nutrients like Sodium, Phosphorus, Potassium, Magnesium and
Calcium stored and released during decay (Switzer et al.,
1979). Soil carbon storage assessment at various scales has
gained importance in understanding carbon cycle changes
(West et al., 1994). Litter is positively correlated with soil
organic carbons and rate of decomposition and soil organic
carbon shows variation with elevation and northern region
has more soil organic carbon as compared to southern
region (Sharma et al., 2011). Vegetation type as well as
geographical position of the area influences the carbon
sequestration rate (Han et al., 2009). Since western Himalayas are temperate evergreen forests and litter fall occurs
round the year. Thus litter has an important contribution
towards carbon mitigation (Krishan et al., 2009; Joshi and
Negi, 2015). The current work was taken to study and
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estimate the variation of carbon in litter during different
seasons of the year and its contribution towards the sequestration of increasing carbon dioxide level.

MATERIALS AND METHODS
Description of the study area: The study was carried out
at four sites (Ranges) of Anantnag Division Viz. Pahalgam,
Daksum, Kuthar and Kokernag with coordinates,
(Pahalgam Latitude 33°57′08.3N Longitude 75°18′43.4E,
Daksum Latitude 33° 34′43.1N Longitude 75° 23′17.2E,
Kuthar Latitude 33° 34′43.1N Longitude 75° 23′17.2E and
Kokernag Latitude 33° 34′43.1N Longitude 75° 23′17.2E).
The study sites shows variation in altitude with Pahalgam
2115 amsl, Daksum 2370 msl, Kuthar 1986 msl and
Kokernag 2029 msl. Influence of local people, tourism,
and forest management were also taken into consideration
during research work.
Sampling techniques on the field: Simple random
sampling method was used to take samples. Sample plots
were laid based on various factors like anthropogenic
activities, protected or opened type, and altitudinal variation of the study area. Eight permanent randomly sampling
quadrat of (20 × 20 m) in each site was established. For
Litter sampling polythene mesh of 1m2 were laid down
inside the quadrat in a triangular form so that there is uniformity in collecting the litter samples. The carbon stock
was determined by field survey and laboratory analysis.
Sampling was done on seasonal basis viz., autumn; spring
and summer season during the year 2014 to 2016.
Estimation of carbon in litter samples: Each of the litter
samples were weighed using a digital scale and recorded.
The samples were mixed well and a subsample of 50 gm
each was taken for moisture content determination. The
samples collected were subjected to air and oven drying.
Oven drying was set at 65 – 70 degree and observed for at
least 48 hours or until the samples reached their stable
weight. Oven dried weight of subsamples were determined
to compute for the total dry weights using the formula
(Hairiah et al., 2001). Carbon content was found 50% by
oven dry weight (Walkey and Black, 1934; Schliesinger,
1991).
Total dry weight (kgm-2) = Total fresh weight (kg) ×
subsample dry weight (g) / Subsample fresh weight (g) ×
sample area (m2)
Statistical analysis: All the data generated were subjected
to the statistical analysis using Sigma Stat 3.5 software for
standard error, mean, standard deviation and analysis of
variance (ANOVA).
RESULTS AND DISCUSSION
The total carbon content of different components of litter
was estimated and found that Daksum showed highest litter
fall during autumn season with total of 1.38 ton/ha in 2014
and 1.64 ton/ha in 2015 followed by Pahalgam 1.06 ton/ha
in 2014 and 1.28 ton/ha in 2015, Kokernag 0.69 ton/ha in
2014 and 0.80 ton/ha in 2015 and Kuthar 0.98 ton/ha in
2014 and 1.1 ton/ha in 2015. Among different litter components of different range during autumn season, annual
increment was found and the results revealed that cone
showed maximum contribution in Kuthar with annual

increment of 0.11 ton/ha (45.83%) followed by Pahalgam
0.08 ton/ha 33.33%, Daksum 0.03 ton/ha (12.5%) and
Kokernag 0.02 ton/ha ( 8.33%) respectively. Needle
carbon was found highest in Pahalgam with increment of
0.03 ton/ha (15%) and lowest was found in Kokernag with
increment of 0.01 ton/ha (5%). Daksum and Kuthar
showed the same increment of carbon with 0.02 ton/ha
(10%) each. Branch was found highest in Pahalgam with
increment of 0.08 ton/ha (44.44%) and lowest in Daksum
with 0.02 ton/ha (11.11%) of increment. Kokernag and
Kuthar showed same contribution of 0.04 ton/ha (22.22%)
of carbon increment in each range. Bark carbon contribution was found highest in Pahalgam with increment of 0.07
ton/ha (33.33%) among all the ranges and lowest in
Kokernag with increment of 0.04 ton/ha (19.04%). Again
Daksum and Kuthar showed same contribution of 0.05 ton/
ha (23.80%) (Figure 1).
Annual carbon increment, during spring season in all the
components among different ranges was found highest in
Kuthar with total of 0.77 ton/ha in 2015 and 0.83 ton/ha in
2016 followed by Pahalgam 0.58 ton/ha in 2014 and 0.83
ton/ha in 2016, Kokernag showed 0.70 ton/ha in 2014 and
0.77 ton/ha in 2016. 0.52 ton/ha of carbon was found in
Daksum during 2014 and 0.79 ton/ha in 2016. Highest
needle carbon increment of carbon was found in Pahalgam
with 0.13 ton/ha (40.62%) among all the ranges followed
by Kokernag with 0.09 ton/ha (28.12%), Daksum showed
0.06 ton/ha (18.75%) and Kuthar 0.02 ton/ha (6.25%).
Carbon increment of branch was found highest in Daksum
with 0.14 ton/ha (63.63%) and lowest in Pahalgam with
0.02 ton/ha (9.09%). Kokernag and Kuthar has same
contribution of 0.03 ton/ha (13.63%) of carbon increment.
As far as cone is concerned Pahalgam showed maximum
increment of 0.08 ton/ha (44.44%) followed by Daksum
0.07 ton/ha (38.88%), Kuthar showed carbon increment of
0.01ton/ha (5.55%). No increment of carbon was found in
Kokernag during the spring season. Bark contributed lowest in all the ranges with highest at Pahalgam of increment
with 0.02 ton/ha (66.66%) followed by Kokernag with
increment of 0.01 ton/ha (33.33%). No increment of
carbon was found in Daksum and Kuthar during spring
season (Figure 2).
During summer season maximum litter carbon among all
the components was found highest at Pahalgam with 0.94
ton/ha in 2015 and 1.04 ton/ha in 2016 followed by
Daksum 0.83 ton/ha in 2015 and 0.88 ton/ha in 2016,
Kokernag has total carbon of 0.54 ton/ha in 2015 and 0.56
ton/ha in 2016 and Kuthar contribute carbon of 0.76 ton/ha
in 2015 and 0.86 ton/ha in 2016. Needle contribution was
found highest in Pahalgam with increment of 0.03 ton/ha
(42.85%), followed by Kuthar with increment of 0.02 ton/
ha (14.28%). Pahalgam and Kuthar have contribution of
0.03 ton/ha (42.85%) each. Kokernag has increment of
0.01 ton/ha (14.28%), while no increment in bark was
found at Daksum range. Daksum and Pahalgam showed
similar carbon increment of cone with 0.04 ton/ha
(36.36%) each followed by Kuthar with increment of 0.03
ton/ha (27.27%). Kokernag has found no increment of
cone during the summer season. Highest increment of bark
carbon was found in Kuthar with increment of 0.02 ton/ha
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(100%) while all the remaining ranges viz. Daksum, Pahalgam and Kokernag showed zero increment regarding bark
carbon (Figure 3). The litter component among all the
range was subjected to ANOVA and was found no significant difference at (P ≤ 0.05) during all the seasons.

Figure 1. Carbon content variation (ton/ha) of various components in
different ranges during autumn season.

Figure 2. Carbon content variation (ton/ha) of various components in
different ranges during spring season.
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Environmental factors and anthropogenic activities plays
important role in seasonal variation of litter fall (Kavvadias
et al., 2001 Pedersen and Hansen, 1999). Previous workers
had also segregated the litter into different components and
observed variation on seasonal and monthly basis
(Ogunyebi et al., 2012). The litter fall quantity and its
decomposition process varied with the density, age of the
vegetation, growing rate and seasons of the year (Ogunyebi
et al., 2012; Duvigneaud and Denaeyer, 1970). Different
workers (Rawat, 2012) showed highest litter fall in summer followed by spring and winter which are antagonistic
to the current work but the reason for the same is nature of
the vegetation, geographical location and climate of the
area. The variation in carbon content among different ranges may be due to the age of the standing vegetation,
anthropogenic involvement, and climatic factors as seasonal fluctuation has great impact on the litter variation. The
highest contribution of litter is due to the tree density and
protected nature of the area. Litter fallen there gets decomposed and converted into various nutrients thus helping in
the fertility of the soil which again helps in regeneration of
diversity. The cone contribution of Kuthar may be because
of maturity of the cones at that time interval as same has
been found in Pahalgam. As far as bark is concerned the
same occurs due to the age of the tree and the trees of
Kokernag were found old aged than corresponding ranges
thus its contribution was found highest at Kokernag.
Branch contribution was found highest in Daksum because
of young aged trees where the branches arise continuously,
hence, contributes maximum among all the ranges. Seasonal variation was also studied by (John, 1973). Previous
workers (Ogunyebi et al., 2012) showed similar results of
seasonal variation with highest litter fall during autumn
season. The lowest carbon content observed during spring
season is due to the growth of fresh components on the
trees which are new and replace the existing old ones,
hence, take time for the various components to mature and
fell down which eventually takes place in summer and
autumn.

Conclusions
The current work concludes that temperate forests play an
important role in mitigation of atmospheric carbon with
litter as one of the important component to take part. Litter
carbon varies with different components as well as
different seasons which directly affect the soil organic
carbon and other nutrients present in the soil. The litter
carbon directly concludes the protection of the natural
reserve as good density could be the best in litter production, hence carbon mitigation. The carbon variation was
also found among different ranges based on various factors
and was concluded that age of the vegetation, density,
anthropogenic activities and seasonal variation has great
impact on litter carbon.
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Boron (B) deficiencies have been observed in some irrigated soybean fields in the lower Mississippi
River Valley on silt loam soils of pH >7.0 and irrigated with water having high calcium (Ca) and
magnesium (Mg). Boron fertilization effects on irrigated soybean grown using the Early Soybean
Production System (ESPS) in the Midsouth have yet to be determined. Three commercial cultivars
available for use in the ESPS were selected and foliar fertilized with a B solution at GS’s R3 and/or
R5 at concentrations of 280 g B ha-1, 560 g B ha-1, or a split application at both R3 and R5 of 280 g
B ha-1. Established stands were greater in 2016 than 2015 (262,378 vs. 180,804 plants ha-1) resulting
in respective mean yields of 4239.7 vs. 3794.7 kg ha-1, but no significant interactions with years
were noted. Yields of AG4632 were unaffected by B fertilization. Boron fertilization of P47T36 at
R5 generally improved yields (>4000.0 kg ha-1) over the control (3668.6 kg ha-1) and applications at
R3 (<3900.0 kg ha-1). The 560 g B ha-1 treatment at R3 for P50T64 produced less seed (3742.5 kg
ha-1) than all other treatments while no other differences were noted. Some differences were noted
in 100 seed weights but they were neither large nor consistent. It is doubtful that economic benefits
to soybean in the Mississippi Delta would result unless a B deficiency was positively identified
early in a growing season or in previous seasons. It is concluded from this experiment, that foliar
fertilization of soybean with B, as a general production practice, is not recommended.
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INTRODUCTION
Boron (B) is an essential micronutrient in soybean
(Glycine max L. Merr.) with roles in nitrogen (N) fixation
(Bolaños et al., 1996), tissue development, reproduction,
and photosynthate translocation (Davidson, 2014). Its principle role is in cell wall development and as a result
deficiency symptoms often first appear in apicies with
subsequent stunting and rosetting of the plants. Lee and
Aronoff (1967), showed that, biochemically, B combines
with 6-phosphglucanate in the pentose phosphate pathway
to form a 6-phosphglucanate-borate complex that cannot
be further metabolized and thus inhibits the pathway. In a
B deficiency this pathway becomes prominent and excess
synthesis of phenolic acids occur.
The normal content of B in a soybean is considered to be
between 20.0 to 100.0 mg B kg-1 dry matter with 16.0 to
20.0 mg B kg-1 considered to be the transition zone
between deficiency and adequacy (Ohlroggee, 1960).
Bruns (2017) recently reported that with irrigation, a

soybean yield of 3322 kg seed ha-1 in the lower Mississippi
River Valley would remove about 153.9 g B ha -1 and that
about 465.0 µg B plant-1 would be returned to the soil in
the crop residue. Boron deficiencies in soybean are not as
frequent in clay soils as coarse well drained sandy soils
where plants can frequently have a positive response to B
fertility rates of 3.4 to 5.7 kg B ha-1 (Tisdale et al., 1975).
Schon and Blevins (1990) showed multiple applications
totaling 1.12 kg B ha-1 to soybean throughout reproductive
growth increased branch and pods per branch. Reinbott and
Blevins (1995) later report an average increase in soybean
seed yields of 8.0% by multiple foliar applications totaling
1.12 kg B ha-1 and 2.56 kg Mg ha-1. Martens and
Westermann (1991) and later Sutradhar et al. (2016)
though reported only small yield responses in soybean to B
fertilization. These supported earlier observations by both
Touchton and Boswell (1995) and Woodruff (1979) who
reported mixed results from foliar fertilization with B of
soybean grown on sandy-loam soils.
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Boron deficiencies have been shown to occur in parts of
the lower Mississippi River Valley. Silt loam soils of pH
>7.0 and irrigated with water high in calcium (Ca) and
magnesium (Mg) bicarbonate are prone to B deficiencies
(Slaton et al., 2013). Ross et al. (2006) reported yield
increases ranging from 4 to 130% above unfertilized
alkaline soils in Northeast Arkansas. Bellaloui et al. (2013)
demonstrated foliar B-fertilization of soybean increased B
accumulation in leaves and seed and altered seed protein
and fatty acid content. Given soybean’s economic
importance to the Midsouth USA, research into factors
with potential yield benefits is of keen interest. Boron
fertilization’s potential to improve seed yields on irrigated
soybean grown using the Early Soybean Production
System, now commonly practiced in the lower Mississippi
River Delta, have yet to be determined. The objective of
this study was to determine if foliar fertilization of
irrigated soybean with B affected yield and seed weight.

MATERIALS AND METHODS
Trade names are used in this publication are solely for the
purpose of providing specific information. Mention of a
trade name, propriety product, or specific equipment does
not constitute a guarantee or warranty by the USDA-ARS
and does not imply approval of the named product to exclusion of other similar products. The author declares there is no
conflict of interests regarding the publication of this article.
The experiment was conducted on a Dundee silty clay (fine
-silty, mixed, active, thermic Typic Endoaqualfs) pH= 7.0
and B<0.8 mg kg-1 located 2 km north of Elizabeth, MS
and during 2015 and 2016 on a field previously planted to
soybean. Site preparation included disking and forming 0.5
m high ridges, spaced 1.0 m apart. In late winter 67.2 kg K
ha-1 as murate potash was applied pre-planting. No other
fertilizer was applied. Rows were later harrowed to form a
seed bed approximately 0.4 m across each ridge. Seedings
were done 22 April, 2015 and 25 April 2016 using a John
Deere model 7100 vacuum planter (Moline, IL).

The experimental design used was a split plot of a randomized complete block replicated three times and data analyzed using statistical procedures outline by McIntosh
(1983) for combining experiments. Whole plots were 8
single-rows seeded at a rate of 300,105 seeds ha-1 and
consisted of one of three cultivars assigned at random
within replications; Asgrow brand1 AG4632 (Monsanto
Co., St. Louis, MO), Pioneer brand 1 P47T36 and P50T64
(DuPont Pioneer Co., Johnston, IA). Sub-plots were six
different randomly assigned applications of SOLUBOR1
(Southern Agricultural Insecticides, Inc., Palmetto, FL)
applied at growth stage R3 and/or R5 (Ritchie et al., 1994).
Treatments were applied as a foliar spray and consisted of;
an untreated control, 280 B g ha -1 applied at R3, 560 g B ha
-1
applied at R3, 280 g B ha-1 applied at R5, 560 g B ha-1
applied at R5, and 280 B g ha-1 applied at R3 and again at
R5. Boron treatments were applied to the center four rows
of each sub-plot at a spray rate of 37.8 L ha -1. These same
four rows were later non-destructively sampled for stand
establishment, then later harvested for yield using a plot
combine with a weighing system, and sampled for seed
weight determinations.
The experiment received 396.0 mm total rainfall in 2015
and 543.5 mm in 2016. Furrow irrigation of 25.4 mm per
A was applied 18 June, 16 July, 23 July, 3 August and 12
August 2015 and 28 June 2016. Data were analyzed using
the PROC MIXED procedures of the Statistical Analysis
System (SAS Institute, 2012) with cultivar × replication
(year) and replication (year) as random effects.

RESULTS AND DISCUSSION
Established plant stands were less (P<0.10) in 2015 than
2016 (180,804 vs. 262,378 plants ha -1) which resulted in a
lower mean yield in 2015 than 2016 (3594.7 vs. 4239.7 kg
ha-1, respectively). No significant interactions involving
year x cultivars or year x treatment were noted for seed
yield. Yields for P50T46 were significantly (P<0.10)
greater than P47T36 in the untreated control (Table 1).

Table 1. Seed yields of three irrigated soybean cultivars treated with foliar applications of boron fertilizer at two rates (280 B g ha-1 and
560 kg B ha-1) and two growth stages (R3 and R5).
Yield (kg ha-1)

Cultivar
AG4632
P47T36
P50T64

Control

280 @ R3

560 @ R3

280 @ R5

560 @ R5

280 @ R3 +280 @ R5

3883.5
3668.6
4011.2

3897.0
3897.0
3802.4

3950.8
3729.0
3742.5

3917.2
4044.8
3836.5

3957.5
4347.2
3883.6

3883.6
4259.8
3876.9

Means of three replications and two years (2015 and 2016). LSD 0.10=248.6 for means within a row or a column.

Table 2. Seed weights of three irrigated soybean cultivars treated with foliar applications of boron fertilizer at two rates (280 B g ha-1
and 560 g B ha-1) and two growth stages (R3 and R5).
Cultivar

100 seed wt. (g)
Control

280 @ R3

560 @ R3

280 @ R5

560 @ R5

280 @ R3 + 280 @ R5

AG4632

14.5

14.7

14.6

15.6

14.7

14.7

P47T36

14.1

14.3

14.5

14.3

14.3

14.9

P50T64

15.3

15.3

14.7

15.6

14.5

14.8

Means of three replications and two years (2015 and 2016). LSD 0.10=0.4 for means within a row or a column.
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However, seed yields in the 560 g B ha treatment at R5
and the split application treatment were significantly greater for P47T36 than either P50T64 or AG4632. No other
yield differences among cultivars were observed across the
remaining B fertility treatments. For the cultivar P50T64
seed yield was significantly (P<0.10) less at 560 g B ha-1 at
R3 compared to all other treatments except 560 g B ha -1 at
R5. No other treatment differences were noted for this
cultivar. The seed yield of AG4632 was unaffected by B
fertility. The fact that the soil at the experimental site was
silty clay may have contributed to a lack of consistent
responses to B fertility as was stated by Tisdale et al.
(1975). These yield data do not support observations by
Ross et al. (2006) and Slaton et al. (2006) on soils in the
lower Mississippi River Valley of Arkansas.
Across cultivars, the 100 seed weights for P50T64 were
greatest for the control and 280 g B ha -1 treatments at both
growth stages than for both 560 g B ha-1 treatments and the
split application (Table 2). Other significant differences in
100 seed weights among B fertility treatments was
observed with the cultivar AG4632 at 280 g B ha-1 applied
at R5 having a greater weight than all other treatments.
For P47T36 the split application of 280 g B ha-1 at R3 and
again at R5 had greater seed weights than all other treatments except 560 g B ha-1 at R3. No other significant
differences in 100 seed weights were observed. These
results neither dispute nor support the findings of Reinbott
and Blevins (1995) and later Bellaloui et al. (2013) who
observed increases in 100 seed weights of foliar fertilized
soybean.

Conclusions
It is concluded from this experiment, that foliar fertilization of soybean with B, as a general production practice, is
not recommended especially on heavier clay or silty-clay
soils. Given the general lack of a consistent yield response
to B foliar fertilization though as seen in this experiment,
such treatments are doubtful to be economically beneficial
to soybean in the lower Mississippi River Valley unless B
deficiency symptoms were positively identified early in a
growing season or in previous seasons at a particular site.
Further research would be needed to determine if some
consistency in cultivar differences in the response to B
fertilization exist and if so, would it be economically
beneficial to take advantage of such a difference.
Open Access: This is open access article distributed under
the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author(s) and the
source are credited.

REFERENCES
Bellaloui, N., Yanbo, H., Mengistu, A., Kassem, M.A. and Abel,

169

C.A. (2013). Effects of foliar boron application on seed
composition, cell wall boron, and seed δ15N and δ13C isotopes in water-stressed soybean plants. Frontiers in Plant
Science, https://doi.org/10.3389/fpls.2013.00270.
Bolaños, L., Brewin, N.J. and Bonilla, I. (1996). Effects of boron
on rhizobium-legume cell-surface interactions and node
development. Plant Physiology, 110: 1249–1256.
Bruns, H.A. 2017. Soybean micronutrient content in irrigated
plants grown in the midsouth, Communications in Soil Science
and
Plant
Analysis,
48
(7):
808-817,
doi:10.1080/00103624.2017.1299165 .
Davidson, D. (2014). Applying boron on soybeans. ILSOY
Advisor. Illinois Soybean Association. Bloomington, IL
[Online] available at http://ilsoyadvisor.com/plant-and-soilhealth/2014/december/applying-boron-on-soybeans/ verified
24 July 2017.
Lee, S. and Aronoff, S. (1967). Boron in plants: A biochemical
role. Science, 158:798-799.
McIntosh, M.S. (1983) Analysis of combined experiments.
Agronomy Journal, 75: 153-155.
Martens, D.C. and Westermann, D.T. (1991). Fertilizer applications for correcting micronutrient deficiencies. In Micronutrients in Agriculture, eds. J. J. Morvedt, et al., 2nd ed., 549
–83. Madison, WI: SSSA Book Series. 4. Soil Science
Society of America.
Ohlrogge, A.J. (1960). Mineral nutrition of soybeans. Advances
in Agronomy, 12: 229-263.
Reinbott, T.M. and Blevins. D.G. (1995). Response of soybean to
foliar-applied boron and magnesium and soil-applied boron.
Journal of Plant Nutrition, 18(1): 179-200.
Ritchie, S.W., Hanway, J.J., Thompson, H.E. and Benson, G.O.
(1994). How a soybean plant develops. Special Report 53.
Revised Edition Iowa State University Cooperative
Extension Service. Ames, IA.
Ross, J.R., Slaton, N.A., Brye, K.R., and. DeLong, R.E. (2006).
Boron fertilization influences on soybean yield and leaf and
seed boron concentrations. Agronomy Journal 98:198–205.
doi:10.2134/agronj2005-0131.
SAS Institute (2012). SAS User’s Guide: Statistics; Version 9.4.
SAS Institute: Cary, NC.
Slaton, N.A., Roberts, T. and Ross, J. (2013). Fertilization and
liming practices. p 10-12. In Arkansas Soybean Production
Handbook - MP197. http://www.uaex.edu/publications/mp197.aspx verified 3 February 2017.
Schon, M.K. and Belvins, D.G. (1990). Foliar boron application
increase the fial number of branches and pods on branches
of field-grown soybeans. Plant Physiology, 92:602-607.
Sutradhar, A.K., Kaiser, D.E., Rosen, C.J. and Lamb, J.A.
(2016). Boron for Minnesota soils. University of Minnesota
Extension
Publications
AG
FO-00723-C.
http://
www.extension.umn.edu/agriculture/nutrient-management/
micronutrients/boron-for-mn-soil/index.html (accessed February 21, 2017).
Touchton, J.T. and Boswell, F.C. (1975). Effects of B application
soybean yield, chemical composition, and related characteristics. Agronomy Journal, 67: 417-420.
Woodruff, J.R. (1979). Soil boron and soybean leaf boron in
relation to soybean yield. Communications in Soil Science
and Plant Analysis, 10: 941-952.

Archives of Agriculture and Environmental Science 2(3): 170-175 (2017)

This content is available online at AESA

Archives of Agriculture and Environmental Science
Journal homepage: www.aesacademy.org

e-ISSN: 2456-6632

ORIGINAL RESEARCH ARTICLE

Effect of nitrogen rates and irrigation regimes on nitrogen use efficiency of potato
(Solanum tuberosum L.) in southwest Ethiopia
Egata Shunka Tolessa1*, Derbew Belew2 and Adugna Debela2
1

Ethiopian Institute of Agricultural Research, Holetta Research Center, Horticulture Research Division, Addis Abeba, P.O.
Box 3002, ETHIOPIA
2
Department of Plant Science in Jimma University College of Agriculture and Veterinary Medicine, P.O. Box 378, Jimma,
ETHIOPIA
*
Corresponding author’s E-mail: eshunka2007@gmail.com
ARTICLE HISTORY

ABSTRACT

Received: 24 July 2017
Revised received: 08 August 2017
Accepted: 21 August 2017

Despite the high production potential of potato in Ethiopia, the national average yield is low mainly
due to poor fertilizer and irrigation water management. Various scholars have indicated existence of
knowledge gap among potato growers with regard to nitrogen application rates and irrigation
regimes that could potentially enhance efficient use of both water and nitrogen in relation to variety.
This work therefore was initiated to assess effects of nitrogen rates and irrigation regimes on
nitrogen use efficiency of selected potato varieties in south western Ethiopia. The experiment was
33 factorial with three replication managed by Randomized Complete Block Design using Jalene,
Guassa and Degemegn potato varieties; 130, 110, 90 kg/ha nitrogen rates, and 100%, 80% and 60%
irrigations. Nitrogen content, uptake and utilization efficiency data collected were subjected to analysis of SAS Software version 9.2 and the mean separation was done by list significant difference
(LSD). Irrigation and variety significantly affected the nitrogen utilization efficiency while only
irrigation highly significantly influenced the nitrogen up take efficiency, nitrogen up take and shoot
nitrogen content. Decreasing irrigation water from 20-40% decreased average nitrogen up take efficiency by 20.1- 38.86% and average nitrogen up take by 20.2-38.89%. The interaction of variety
and irrigation significantly affected the average tuber nitrogen content. Reducing irrigation water
by 40% caused tuber nitrogen content reduction of 51.7 and 56.6% in case of Jalenie and Guassa
varieties, respectively. It can be concluded that irrigation regimes and variety significantly affected
nitrogen use efficiency of the potato varieties while the nitrogen rates did not influence the nitrogen
use efficiency of the potato varieties significantly. Guassa and Jalenie varieties were more efficient
than Degemegn variety.

Keywords
Irrigation regimes
Nitrogen content
Nitrogen use efficiency
Nitrogen rates
Potato (Solanum tuberosum)

©2017 Agriculture and Environmental Science Academy
Citation of this article: Egata Shunka Tolessa, Derbew Belew and Adugna Debela (2017). Effect of nitrogen rates and irrigation
regimes on nitrogen use efficiency of potato (Solanum tuberosum L.) in southwest Ethiopia. Archives of Agriculture and Environmental
Science, 2(3): 170-175.

INTRODUCTION
Potato (Solanum tuberosum L.) is among the most
important root and tuber crops serving many people of the
country as source of food. It is a good strategy for avoiding
food insecurity especially in disaster situations. Based on
FAO estimated production data, potato production in
Ethiopia had increased from 280, 000 tons in 1993 to
around 525, 000 tons in 2007 (FAO, 2004). Currently,
potato is planted on around 180,000 hectares producing an
estimated total tuber yield of 1,610,000 tons (CSA, 2013).
This indicates that further increment in production volume
and expansion of land allocated to potato production as the

average land used for potato production each year before
was estimated to be 160,000 hectares (FAO, 2006).
According to this data the productivity is 8.9ton/ha which
is very low when compared with world average (16.7ton/
ha). This lower productivity is partly due to improper
nutrient management (Geremew et al., 2015). Especially,
nitrogen applications to production land have got considerable negative impacts on the environment (Han et al.,
2015). This impact is higher in potato cultivation lands due
to high amount application and inefficient nitrogen use
nature of the crop.
Inefficient Resource use is the problem of most developing
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countries. In addition, plant nutrient, land and water are
also major constraints to the production of food required to
meet the demands of country with increasing population.
When considering water for irrigation the amount and
quality of water is a factor to be managed well for better
yields (Brück et al., 2008, Nagaz et al., 2007; Darwish et
al., 2006). Potatoes respond well to the application of both
farmyard manure and inorganic fertilizers. Application of
110 kg N and 90 kg P2O5/ha is recommended for potato
production on the black soil of Holetta. Regardless of location and variety this recommendation is applied to most
potato growing areas. Hence, fertilizer requirement varies
across locations and varieties under cultivation. Enhancing
fertilizer management in potato and ensuring efficiency use
is particularly important because relatively high rates of
fertilizer and water are necessary to compensate for an
inefficient rooting system and extreme sensitivity to deficiencies. In addition, the evaluation of fertilizer efficiency
is needed for maximizing profit, environmental concerns
(water and soil acidification of high nitrogen fertilizer
applied to potato), and resource conservation in sustainable
production. Understanding the efficiency leads to select
most profitable variety (Powell et al., 2010). Various
scholars have indicated existence of knowledge gap among
potato growers with regard to nitrogen application rates
and irrigation regimes that could potentially enhance efficient use of both water and nitrogen in relation to variety.
For this reason, screening varieties for their nitrogen use
efficiencies is very important for production, productivity
and breeding purposes. Therefore, this experiment was
conducted with the objective of quantifying and comparing
the nitrogen use efficiencies and nitrogen content of Jalene,
Guassa and Degemegn varieties as well as evaluating the
interaction effect of nitrogen rates and irrigation regimes
on selected potato varieties nitrogen use efficiencies and
nitrogen content.

MATERIALS AND METHODS
Description of study area: This experiment was conducted in Jimma University College of Agriculture and Veterinary Medicine greenhouse, situated at latitude and
longitude of 7°40′N 36°50′E and 7.667°N 36.833°E /
7.667; 36.833, respectively in 2011. Jimma is located 354
km southwest of Addis Ababa. The average shading capacity of the greenhouse was 26.87%. There was a variation
in light intensity reaching to inside greenhouse during the
growing period depending on the season of the year and
absence or presence of cloud during measurement. The
average relative humidity of the greenhouse throughout the
growth period was 36.81% while the maximum and
minimum values of the relative humidity were 54.3 and
17.7%, respectively. The average dry bulb temperature of
the greenhouse throughout the growth period was 26.69 0C
while the maximum and the minimum values of the dry
bulb temperature were 30.70C and 22.60C, respectively.
The fluctuation of relative humidity was higher when compared to the other parameters recorded. The soil medium
used for growing the potato varieties was prepared from
clay soil filled to pots of equal size. The soil had 8.7 pH,

0.86 g/cm3 bulk density, 0.5 EC/ds/m as well as 4.3, 7.5
and 0.192 % organic carbon, organic matter and nitrogen
content, respectively. The weight of the soil medium in
pots was 12 kg and the pots’ size was 15 liters.
Experimental design, treatment and procedures: The
plant materials used for the experiment were sprouted tubers of Jalenie, Guassa and Degemeng potato varieties
obtained from potato seed multiplying farmers of Bishida
District of Jimma zone (South West Ethiopia). These varieties were selected due to their wide agro-ecological zone
adaptability and suitability to Jimma growing condition
with high yields. The experiment was arranged in 3×3×3
factorial combination with three replications laid down in
randomized complete block design. The factors were nitrogen in three rates (130 kg/ha=2.93 g/pot, 110 kg/ha=2.48
g/pot, 90 kg/ha=2.03 g/pot), irrigation in three regimes
(full irrigation=100%, 80% and 60% of full irrigation) and
three varieties (Jalenie, Guassa and Degemeng). Soil property test was made before production, taking six representative disturbed samples randomly from top 30 cm
depth at six positions and air dried on plastic trays, grinded
and sieved to pass through a 2 mm sieve before taken to
Debra Zeit Research Center soil laboratory where the analysis was carried out.
The total pots used were 243. Each treatment had three
pots per block. The pots were filled with soil and arranged
in three blocks. One sprouted tuber was planted at 10 cm
depth on one pot after watering the medium well. The
sizes of sprouted tubers used for planting were similar.
Before planting the tubers, the irrigation scheduling was
done using two installed tensiometer at 12 cm and 24 cm
depth of the growing media to control irrigation frequency
after calculating readily available soil water or irrigation
water amount. The irrigation management was carried out
between 20 and 50 cent bars (Holder and Cary, 1984). But
after April 13, near flowering and tuberization stage, the
crop wilts even though the tensiometer readings were not
reached. Due to this reason watering was done before adjusted tensiometer readings were achieved. The last irrigation was withheld 10-15 days before harvest to allow the
tubers to harden their skin before harvesting. The total
available soil water was calculated by subtracting permanent wilting point % from field capacity % in volume
multiplied by 1000 times root depth (m) from which
irrigation water amount or readily available soil water was
determined by again multiplying by available soil water
depletion factor. The root depth 30 cm and 60 cm used was
obtained from (FAO AGL, 2002) together with P
(irrigation depletion fraction or maximum allowable
depletion).
Fertilizer application time and method: the fertilizers
used were Urea (CO ([NH2]2) (46% N) and 90kg /ha of
DAP (46% P2O5). The amount of fertilizers used in this
study was applied based on soil test result by band
method. Nitrogen fertilizer was applied in two splits. Half
of the nitrogen fertilizers and entire phosphorus requirement was applied as basal while the remaining amount was
applied at 45 days after planting (Zelalem et al., 2009).
The amount of phosphorus requirement was 90 kg/ha. All
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of the other cultural practices used throughout the growing season were similar to those that were practiced by
regular farmers.
Crop evapotranspiration used: It was obtained from
root zone soil water balance (Samuel et al., 2009) using
formula (Waskom, 1994): I+P = ET+Dr+Ro±ΔS, where I=
irrigation water applied, P= precipitation, ETC= crop
water requirement, Dr= deep percolation, Ro= runoff and
ΔS = soil moisture change. Here actually P and Ro=0, as
the experiment was conducted in Greenhouse using container or pot. So the net formula for root zone soil water
balance applied was I= ETC+ Dr ±ΔS or ETC= I- Dr ±ΔS.
Data collection: The result of soil moisture from tensiometer was recorded. Soil samples before and after production was taken. Three pots of the one treatment whole
tuber fresh weight was taken at maturity and averaged for
representing treatment output per block while four representative shoot were taken from each pot of the treatment,
chopped, weighed and averaged for each treatment. Tuber
and shoot sample taken in first case were undergone oven
drying at 650C until constant weight was reached and
weighed again for dry matter data analysis. Tubers and
above ground biomass dry weight (g) were added respectively to construct total dry weight. Tuber and shoot dry
weight (dried at 65 oC until constant weight) was grinded
in to flour and total nitrogen in dry matter was determined
by micro-kjeldahl method and nitrogen use efficiency was
calculated as follows:

Where = total plant nitrogen uptake at maturity (tuber +
haulm), Average tuber fresh weight (g) at maturity and
Nitrogen Supply (g) = applied Nitrogen.
Data analysis: Data were subjected to analysis of variance
using proc GLM (general linear model) procedure of SAS
9.2 software (SAS, 2009). The means were compared with
Least Significant Difference (LSD) at 5% significance
level and correlation analysis was done to investigate relationship of nitrogen use efficiency with other parameters
using the same software.

RESULTS AND DISCUSSION
Nitrogen utilization efficiency: Variety and irrigation
significantly affected the nitrogen utilization efficiency
(Table 1). Significantly the highest nitrogen utilization
efficiency was obtained from Guassa variety. However, it
was not statistically different from that of Jalene. The least
nitrogen utilization efficiency was obtained from
Degemeng. The effect of nitrogen on average nitrogen
utilization efficiency was not significant. Significantly the
highest nitrogen utilization efficiency was recorded at
100% irrigation while the least was obtained at 60% irrigation. The effect of 80% irrigation was statistically not different from both 100% and 60% irrigation effect on nitrogen utilization efficiency. Nitrogen utilization efficiency
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was found to have significantly strong positive relationship
with applied water amount, WUE, total plant dry weight,
tuber fresh and dry weight.
Nitrogen up take efficiency: Irrigation highly significantly affected average nitrogen up take efficiency (Table 1).
Significantly the highest nitrogen up take efficiency was
recorded at 100% irrigation, followed by 80 and 60%.
Decreasing irrigation water by 20% decreased average
nitrogen up take efficiency by 20.1% while 40% decrease
resulted in 38.86% reduction of average nitrogen up take
efficiency. Varieties, nitrogen and interactions among the
different factors did not affect nitrogen up take efficiency
significantly. The nitrogen up take efficiency was significantly and positively (r = 0.55) correlated with the amount
of water applied. It also was significantly and positively
correlated with average above ground biomass, tuber dry
and fresh weight, total fresh and total plant dry mass.
Average total nitrogen up take: Irrigation highly significantly affected nitrogen up take (Table 1). Significantly the
highest nitrogen up take was recorded at 100% irrigation,
followed by 80% and 60% irrigation. Decreasing irrigation
water by 20% and 40% decreased average nitrogen up take
by 20.2% and 38.89%, respectively. Variety and nitrogen,
and the interaction among the different factors did not
affect nitrogen uptake.
Average shoots nitrogen content: Irrigation significantly
affected above ground dry mass nitrogen content (Table 1).
Irrigation to the field capacity produced the highest average above ground dry mass nitrogen content, followed by
80% and 60% irrigation. Decreasing irrigation water by
20% decreased average above ground dry mass nitrogen
content in gram by 22.45% while 40% decrease resulted in
38.53% reduction of average above ground dry mass nitrogen content in gram. Variety, nitrogen and interactions
among the different factors did not affect above ground dry
mass nitrogen content.
Average tuber nitrogen content: The interaction of variety and irrigation significantly affected the average tuber
nitrogen content (Figure 1). Maximum average tuber nitrogen content was obtained from Jalenie at 80% and 100%
irrigation, and Guassa at 100% irrigation while the minimum value of average tuber nitrogen content was obtained
from Degemegn at 60% and 100% irrigation, and both
Jalenie and Guassa varieties at 60% . Decreasing the irrigation water by 40% reduced the tuber nitrogen content by
51.7 in Jalenie; 56.6 % in Guassa.
Nitrogen content before planting and after harvest: the
nitrogen content of the soil media before planting was
0.192% while it was 0.124% after harvesting. These indicated that there was 23.04g nitrogen in the pot filled with
12kg soil before planting while it was 14.88g after harvesting (Figure 2). The soil nitrogen was depleted or reduced
by 8.16gm which accounted to 35.42% implying that applied nitrogen was not enough to nourish the crop planted
or lost to environment during the process of manipulations.
Variety and irrigation significantly affected the nitrogen
utilization efficiency. Irrigation regimes highly significantly affected up take or total plant and shoot nitrogen content. Decreasing irrigation water by 40% reduced average
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nitrogen utilization efficiency by 41.1%. This is because
when irrigation water is decreased from field capacity
(100%) to 60% the tuber yield, total dry mass and other
parameters were reduced in higher amount. As nitrogen
utilization efficiency is the ratio of tuber yield (g) to nitrogen supply (g), higher reduction of tuber yield at 60%
irrigation is the cause of nitrogen utilization efficiency
reduction by 41.1% which may be attributed to water effect
on nutrient up, photosynthesis, translocation and other
physiological activity of the varieties. These results agree
with findings of Guodong et al. (2012) and Eleanor et al.
(2012). According to Badr et al. (2012) the highest utilization efficiency was obtained at 100% irrigation. In contrary, higher nitrogen use efficiency was indicated at 50%
than 100% irrigation for tomato (Desire et al., 2013).
Inconsistence with these results Tayel et al. (2006) showed
similar finding. Decreasing irrigation water by 20-40%
decreased average nitrogen up take efficiency and nitrogen
up take by 20.1 - 38.86% and 20.2% - 38.89%, respectively. According to Ahmadi et al. (2011) partial, surface deficit and 100% irrigation did not significantly affected tuber,
shoot and whole plant nitrogen up take. Varieties, nitrogen
and interactions among the different factors did not affect
nitrogen up take efficiency and nitrogen up take significantly. The nitrogen up take efficiency was significantly
and positively (r = 0.5463) correlated with the amount of
water applied. It also was significantly and positively
correlated with average above ground biomass, tuber dry
and fresh weight, total fresh and total plant dry mass. This
implies that increasing water irrigated increased the parameter mentioned earlier. This may be due to occurrence of
suitable condition for better uptake of nitrogen and performance of crop with better water supply which in turn has
significant effect on photosynthesis, assimilation, metabolism and plant growth and development. These results disagree with the finding of Kakuhenzire et al. (2005) in which
increased nitrogen uptake efficiency was reported from
lower rate of nitrogen applied (0-40 kg/ha) than higher rate
(40-80 kg/ha). Similar suggestion was given by Beukema
and Van der Zaag (1979). This may be due to variety,
nitrogen rate and growing condition difference. Timely

application of spliced N fertilizer, monitoring the crop N
needs to match crop N requirements and mineral N supply
throughout the growing season could bring nitrogen
efficiency improvement (Jamaati-e-Somarin et al., 2009).
The results are in agreement with the finding result of Wu
et al. (2009). Supporting findings are presented elsewhere
(Brück et al., 2008; Nagaz et al., 2007; Darwish et al.,
2006). Similar findings were also reported by Battilani et
al. (2008). Decreasing irrigation water by 20% and 40%
decreased average above ground dry mass nitrogen content
in gram by 22.45 and 38.53%, respectively. Variety, nitrogen and interactions among the different factors did not
affect above ground dry mass nitrogen content. This is
because of less variability in amount of nitrogen applied
between and among rates. The difference of one rate from
the other rate was only 20kg/ha which is very small amount
when distributed for individual potato plants grown in one
hectare. The individual plant received around 0.45gm nitrogen advantage when falling in different rates. Such amount
is too small to bring significant variation on yield and yield
components, nitrogen use efficiencies among rates in
almost all parameter recorded. Different varieties were
significantly different in their nitrogen utilization efficiency. In relation to this variation, it is in agreement with the
following Authors (Lian, 1991; Tanaka et al., 1964). Again
it is also similar with the finding of Guodong et al. (2012)
and Jamaati-e-Somarin et al. (2009) but contradicted with
the result of Ahmadi et al. (2011) which is due to variety
and growing condition difference. Supporting findings
were presented in Bertrand et al. (2011) which said nitrogen
use efficiency is differed by genetic makeup of the crop.
Sarah (2015) and Bussan et al. (2015) found different
petiole nitrogen content for different variety of potato.
Interactions of Variety and irrigation regimes also significantly affected tuber nitrogen content. Decreasing the
irrigation water by 40% reduced the tuber nitrogen content
of Guassa and Jalene by 56.6 % and 51.7, respectively.
Varieties response to irrigation regimes result of nitrogen
content agrees with findings (Fan and Mylavarapu, 2010).
Ahmadi et al. (2016) found that significant effect irrigation
treatments on tuber nitrogen content.

Table 1. Effect of nitrogen and irrigation on average nitrogen efficiency and uptake.
Treatment

Average nitrogen utilization
efficiency (g tuber/ total uptake(g)

Average nitrogen uptakes
efficiency (g N in tuber/ total N(g)

Average total
nitrogen uptake(g)

Average shoot
nitrogen(g)

Variety
Jalene
63.71a**
16.730ns
4.0380ns
3.5779ns
Guassa
66.178a**
14.304ns
3.4560ns
3.0668ns
Degemegn
23.618b**
15.296ns
3.6953ns
3.4374ns
Nitrogen
130kg/ha
44.832ns
16.111ns
3.9159ns
3.5579ns
110kg/ha
50.455ns
15.819ns
3.8184ns
3.4244ns
90kg/ha
58.218ns
14.400ns
3.4549ns
3.0999ns
Irrigation
100%
61.574a*
19.222a**
4.6440a**
4.2180a**
80%
55.631ab*
15.356b**
3.7074b**
3.2711b**
60%
36.301b*
11.752c**
2.8379c**
2.5930c**
LSD
19.776
2.73
0.6586
0.0791
CV% at
17.99048
16.10404
20.45042
6.242287
α=5%
*
-means of the same factor followed by the same letter with in the column are not significantly different at 5% level of probability. **- means of the same factor
followed by the same letter with in the column are not significantly different at 1% level of probability, LSD-Least Significant Difference, CV% Coefficient of Variance. ns=none significantly difference at 5% level of probability.
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Figure 1. Interaction effect of variety and irrigation on tuber
nitrogen content.

Figure 2. Nitrogen content before planting and after harvest.

Conclusions
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Cowpea is multipurpose pulse crop grown by poor and marginal farmers in arid zones of India. The
extent of genetic diversity present in the cowpea accessions was studied for utilizing the most
divergent parents for cowpea improvement programme. Genetic variability and genetic divergence
was assessed in the 169 genotypes of cowpea using Mahalanobis D 2. High phenotypic and genotypic coefficient of variation, heritability and genetic advance were observed for days to 50 per cent
flowering, number of branches per plant, number of pods per plant and seed yield per plant. The
genotypes were grouped in to eight clusters, of which maximum intra cluster distance was exhibited
by cluster VI and minimum by cluster II. The inter cluster distance was maximum between cluster
II and IV. The genotypes from cluster II and IV, which have high and low cluster means for majority of the characters. The genetic advance estimates were medium to high (17.34% to 87.94%) for all
the characters. seed yield contributed maximum towards the total diversity (48.05%), followed by
days to 50 per cent flowering (21.08%), test weight (17.68 %), days to physiological maturity (3.58
%), plant height (3.49 %), pod length (1.69 %), number of clusters per plant (1.35 %), number of
pods per plant (1.07 %), number of seeds per pod (0.75 %) lowest contribution was noted from
number of branches (0.05 %) per plant. Therefore, genotypes from same regions are not recommended for hybridization because of close genetic background which was evident from the result
showing genotypes belonging to same cluster.
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INTRODUCTION
Cowpea is one of the important arid legumes consumed
both as green pod and dry seed in India. Like other pulse
crops, cowpea fits well in mixed and multiple cropping
systems. Cowpea is rich in nutritive value and it contains
24 per cent proteins, 60 per cent carbohydrates and 2 per
cent fat besides being a good source of vitamins and phosphorus (Venkatesan et al., 2003a; Chopra et al., 2011;
Srivastava et al., 2016). At least 12.5 million hectares of
cowpea are cultivated with an annual production over 3
million metric tonnes worldwide (Singh and Verma 2002).
Development of new cultivar with early maturity,
acceptable grain quality, resistant to some important
diseases and pests has significantly increased the yield and
cultivated area (Ehlers and Hall, 1997, Kenneth et al.,
2014). In order to achieve higher yield quantitative

estimation of the genetic variability parameters along with
the knowledge of genetic divergence is a pre requisite to
the breeder to select genetically divergent parents with
maximum potential to produce high heterotic combinations
or chance of getting more segregation in their progenies.
Keeping this view in mind 169 cowpea genotypes were
subjected to variability parameters and genetic diversity
analysis for further use in the cowpea improvement
programme.

MATERIALS AND METHODS
In the present study, 169 cowpea genotypes that are
maintained at the All India Co- ordinated research Project
on Arid Legumes, University of Agricultural Sciences,
Bangalore were used. These were from diverse origin
representing the collections from different parts of India
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and Nigeria. The crop was sown in Randomized Complete
Block Design with two replications. Observations were
recorded on five randomly selected plants in each genotype
from each replication for ten quantitative characters, viz.,
days to 50 per cent flowering, days to physiological
maturity, plant height, number of branches per plant,
number of clusters per plant, number of pods per plant, pod
length, number of seeds per pod, test weight, seed yield
per plant. The mean values of these observations were used
to determine the range, mean, sum of squares and test of
significance. The analysis of variance was calculated
according to the method suggested by Panse and Sukhatme
(1961). Phenotypic and genotypic coefficients of variation
were worked out according to the method suggested by
Burton and De Vane (1953) and Sivasubramanian and
Menon (1973). Estimates of heritability and Genetic
advance were computed by following the method of
Robinson et al. (1949) and Johnson et al. (1955), respectively. Then data were subjected to multivariate statistic
i.e. D2 analysis (Mahalanobis, 1936) and the genotypes
were grouped into different clusters following Tochers
method (Rao, 1952).

RESULTS AND DISCUSSION
The analysis of variance (ANOVA) revealed significant
difference among the genotypes for all characters studied
(Table 1) it indicates that wide range of variation exists
among selected cowpea accessions for the study.
Genetic variability parameters: High estimates of PCV
and GCV were observed for days to 50 per cent flowering,
number of branches per plant, clusters per plant, pods per
plant, pod length and seed yield per plant (Table 2), indicating greater scope for improvement of these characters
through simple selection. These results are similar to the
findings of Girish et al. (2006), Venkatesan et al. (2003a).
Low PCV and GCV values were recorded for days to
physiological maturity (Thiyagarajan, 1989), plant height,
while moderate PCV and GCV values were reported for
seeds per pod (Chauhan et al., 2003; Kumari et al., 2003),
test weght (Neyaz and Bajpai, 2002; Venkatesan et al.,
2003b).
Heritability and genetic advance: The effectiveness of
selection for any yield component depends not only on the
amount of variability but also how much of it can be
carried forward to future generations. In the present investigation, genetic advance estimates were medium to high
(17.34% to 87.94%) for all the characters studied. This is
mainly because of high GCV or h2 or both. The characters
like days to 50 per cent flowering, number of branches,
number of pods per plant, pod length, seeds per pod and
seed yield per plant exhibited high heritability along with
high genetic advance indicating the importance of additive
gene effects on these characters (Girish et al., 2006;
Venkatesan et al., 2003b ; Kumari et al., 2003). Days to
physiological maturity recorded maximum heritability
(97.84) compared to other traits. Days to 50 percent
flowering exhibited maximum genetic advance (87.94%)
compared to the other characters. Whereas number of
clusters per plant and test weight expressed medium heritability coupled with high genetic advance.

However, other reports indicating medium heritability and
low genetic advance for the plant height (Omoigui et al.,
2006), primary branches per plant (Kumari et al., 2000),
seeds per pod (Selvam et al., 2000), and also low heritability and low genetic advance for test weight (Selvam et al.,
2000; Singh and Verma 2002). High heritability estimate
indicate less influence of environment on characters.
Hence, direct selection can be followed to improve early
maturing genotypes. High estimates of GA coupled with
substantial amount of heritability indicate that selection for
such characters would result in the improvement of characters in the desired direction.
Morphological diversity: The seed yield contributed
maximum towards the total diversity (48.05%), followed
by days to 50 per cent flowering (21.08%), test weight
(17.68 %), days to physiological maturity (3.58 %), plant
height (3.49 %), pod length (1.69 %), number of clusters
per plant (1.35 %), number of pods per plant (1.07 %),
number of seeds per pod (0.75 %) lowest contribution was
from number of branches per plant (0.05 %) (Table 3).
Rewale et al. (1996) reported maximum contribution
towards the total diversity was by days to 50% flowering
and maturity, number of pods per plant, pod length, 100seed weight, and seed yield per plant. Similar results were
also made by Backiyarani et al. (2000), Sulnathi et al.
(2007). While Venkatesan, et al. (2003b) reported clusters
per plant, pods per cluster, pods per plant and seed yield
per plant had the maximum contribution towards total
divergence. The 169 genotypes were grouped into eight
clusters on the basis of Mahalanobis distance (Table 4).
Cluster VI was the largest comprising of 51 genotypes
followed by cluster VIII with 43 genotypes, cluster IV with
25 genotypes, cluster VII with 23 genotypes, cluster I with
16 genotypes, cluster V with 7 genotypes and cluster II and
III had only two genotypes. Genotypes present in the more
distanced clusters will serve as good sources of divergent
genes which are very much required for breeding to exploit
heterosis as reported by Gill et al. (1982).
The average intra and inter cluster distances are given in
Table 5. Maximum intercluster distance was observed
between the clusters II and IV indicating that the
genotypes included in those clusters are highly divergent
compared to genotypes in each clusters separately. The
cluster mean values for each character in the clusters II and
IV also indicated large differences between the cluster
means for many characters. Minimum inter cluster distance
observed between the cluster II and III and same was reflected in the cluster means for different characters showing small divergence between the clusters II and III.
Cluster VIII showing more D 2 distance with other clusters
indicating that genotypes in the cluster VIII are more divergent from genotypes of other clusters. Intracluster D 2
value was small in the cluster II with only two genotypes
whereas cluster VI has recorded maximum intracluster D 2
value indicating that, fifty one genotypes in the cluster VI
were not closely related compared to the genotypes in the
cluster II followed by the cluster V with seven genotypes.
When we select the genotypes for hybridization it is
desirable to select the genotypes from the clusters with
maximum intercluster distance. The mean value for each
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character across 8 clusters were calculated and good
performing clusters with respect to overall performance
was analyzed by giving rank to each cluster for individual
character (Table 6). The lowest cluster mean for each character was given score ‘8’ and highest one was given score
‘1’ so that maximum total score that each cluster may
secure would be 73 and minimum would be 12. In case of
days to 50 per cent flowering early flowering type was giv-
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en maximum ranking (8) and late flowering was given minimum rank(1). After analyzing 8 clusters based on rankings,
cluster IV (score 12) found to have the genotypes with high
overall performance. While, cluster II with low overall performance (score 73). It further indicates that genotypes from
same regions are not recommended for hybridization because of close genetic background which was evident from
the result showing genotypes belonging to same cluster.

Table 1. Analysis of variance (mean square) for ten quantitative characters in one hundred and sixty nine cowpea genotypes.
Sources of
Variation

DF

X1

X2

X3

X4

X5

X6

X7

X8

X9

X10

Replications

1

1.06

0.42

23.42

1.86

0.93

0.57

2.52

1.25

0.014

0.007

Genotypes

168

71.71**

104.80**

229.87**

2.50**

40.54**

131.14**

13.76**

6.94**

32.84**

64.58**

Error

168

0.62

1.08

3.18

0.23

5.56

16.73

2.05

1.87

0.46

1.85

*, ** - indicate significance at 5% and 1% level respectively; X1 - Days 50 % flowering; X2 - Days to physiological maturity; X3 - Plant height (cm); X4
- Number of branches per plant; X5 - Number of clusters per plant; X6 - Number of pods per plant; X7 - Pod length (cm); X8 - Number of seeds per pod;
X9 - Test weight (g); X10 - Seed yield per plant(g).

Table 2. Mean, range and Genetic variability parameters for ten characters in 169 cowpea genotypes.
S.N.

Characters

Mean± SE

Range

PCV (%)

GCV (%)

H2 (%)

GA AS%
Mean

1

Days to 50% flowering

50.89 ± 0.69

41.00-63.00

45.21

43.93

94.41

87.94

2

Days to physiological maturity

65.15 ± 1.40

59.00-90.00

9.25

9.15

97.84

18.64

3

Plant height(cm)

34.27 ± 4.31

8.57-57.68

8.93

8.67

94.23

17.34

4

Number of branches per plant

4.42 ± 0.90

2.33-8.64

31.40

28.77

83.96

54.31

5
6

Number of clusters per plant
Number of pods per plant

12.84 ± 2.36
20.45 ± 4.09

4.89-25.68
6.33-48.59

27.09
37.48

17.77
32.65

43.03
75.87

24.01
58.59

7

Pod length(cm)

14.60 ± 1.43

6.83-25.88

42.16

37.09

77.36

67.20

8

Number of seeds per pod

12.02 ± 1.37

8.12 -18.30

19.25

16.56

74.07

29.37

9

Test weight(g)

12.81 ± 0.68

5.70-28.65

17.46

13.23

57.47

20.67

10

Seed yield per plant(g)

12.74 ± 1.36

4.27-33.18

31.84

31.39

97.19

63.76

Table 3. Relative contribution of ten characters towards divergence in cowpea genotypes.
S.N.

Characters

Per cent contribution

1.

Days to 50% flowering

21.80

2.

Days to physiological maturity

3.58

3.

Plant height(cm)

3.49

4.

Number of branches per plant

0.05

5.

Number of clusters per plant

1.35

6.

Number of pods per plant

1.07

7.

Pod length(cm)

1.69

8.

Number of seeds per pod

0.75

9.

Test weight(g)

17.68

10.

Seed yield per plant(g)

48.05
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Table 4. Clustering pattern of 169 cowpea genotypes based on D2 analysis.
Clusters

Number of
genotypes

I

16

II

2

4C3, 198355(45), 201095(52), 202705(54), 202709(56), 202804(83), 202827(92), 202827(93),
202854(97), 257422(7), 27749(25), IC 402101, 97767(10), C – 16, C - 24 – 1, C – 33
IC 202290, IC 402099

III

2

NBC 10, NBC 18

IV

25

V

7

VI

51

VII

23

VIII

43

Genotype

C 131 + C 132, C 152, C 304, C 325, C 347, C 388– 2, C 457, C 503, C 517, C 710, C 720, IC
202777, IC 202789(73), KBC 2, KM 5, TVX 944, V 240, CP 58, CP 66, CP 82, V 578, V
578–17, V 578–27, V 578–30, V 604 -7-24–2
C 787, C 795 – 1, C 1061, C 1071, CP10, CP 15, CP 55
CP 98, CP 101, CP 102, C-PD–15, CPD 15, CPD 31, CPD 35, EC 170578-1–1, EC 170584,
EC 170584-1–1, EC 170584 -1-1-13, EC 170584B9, EC 170604, EC 390287, EC 394779, EC
394839, EC 458402, EC 458411, EC 458418, EC 458425, EC 458430, EC 458438, EC 458440,
EC 458441, EC 458442, EC 458453, EC 458469, EC 458472, EC 458473, EC 458480, EC
458483, EC 458485, EC 458489, EC 458497, EC 458506, EC 458511, EC 458513, EC 472217,
EC 472250, EC 472252, EC 472257, EC 488475, FTC 27, GC 3, IC 1071, IC 4506, IC 49586,
IC 202711(58), IC 402162
IC 202781, IC 202789(73), IC 202797(78), IC 202825(89), IC 202867(99), IC 249588, IC
249593, IC 253251, IC 330996, IC 402098, IC 402106, IC 402125, IC 402166, IC 402174, IC
402180, IC 198326(34), IC 1983299(36), IC 19832946, IC 20285164, IC 2591054, IT 38956-1,
NBC 34, NBC 35
IT 9715499–38, KBC 1, TC 201, NBC 6, NBC 7, NBC 11, NBC 12, NBC 13, NBC 14, NBC
15, NBC 16, NBC 17, NBC 18, NBC 19, NBC 20, NBC 21, NBC 22, NBC 25, NBC 27, NBC
28, NBC 29, NBC 32, NBC 33, NBC 36, NBC 38, NBC 39, NBC 40, NBC 41, NBC 42, NBC
43, NBC 44, NBC 45, NBC 47, NBC 48, NBC 50, NBC 51, NBC 52, NBC 53, TC 99– 1,
TOME 774, V 130, V 152 , V 585 , V 585–1

Table 5. Average intra and inter cluster D2 values.
Cluster
I
II
III
IV
V
VI
VII
VIII

I

II

III

IV

V

VI

VII

VIII

310.559

376.10
140.65

349.501
64.586
263.41

652.226
1158.944
1070.299
318.961

361.398
168.244
166.676
1026.734
218.362

351.442
478.984
429.714
582.587
432.347
366.604

367.414
262.536
234.357
888.724
282.136
419.685
336.7

378.59
294.609
266.689
817.678
331.791
409.384
361.543
358.517

Diagonal values indicate intra cluster distances; Above diagonal values indicate inter cluster distances.

Table 6. The mean values of clusters for quantitative parameters in cowpea genotypes.
Clusters
I
II
III
IV
V
VI
VII
VIII

X1

X2

X3

X4

X5

X6

X7

X8

X9

X10

52.83
(3)
48.00
(5)
47.00
(6)
61.69
(1)
46.33
(8)
53.20
(2)
50.46
(4)
49.30
(4)

69.42
(3)
59.00
(7)
58.00
(8)
78.65
(1)
62.22
(6)
69.80
(2)
62.80
(5)
64.80
(4)

36.88
(3)
20.13
(8)
27.67
(7)
46.76
(1)
30.64
(6)
39.43
(2)
34.43
(4)
31.98
(5)

4.82
(3)
3.90
(7)
4.50
(5)
5.33
(1)
3.40
(8)
4.79
(4)
4.15
(6)
4.87
(2)

13.15
(5)
8.45
(7)
21.84
(1)
18.66
(2)
8.11
(8)
13.61
(4)
12.35
(6)
13.86
(3)

20.87
(5)
10.65
(8)
32.17
(2)
37.60
(1)
12.25
(7)
22.20
(4)
19.77
(6)
22.50
(3)

12.91
(8)
14.82
(4)
13.61
(7)
17.11
(1)
13.76
(6)
15.07
(3)
15.64
(2)
14.47
(5)

12.82
(3)
11.83
(5)
11.50
(8)
16.73
(1)
11.63
(6)
12.90
(2)
12.73
(4)
11.55
(7)

11.75
(6)
11.45
(7)
10.90
(8)
17.91
(1)
12.11
(5)
13.51
(2)
12.53
(4)
13.17
(3)

10.11
(5)
8.77
(8)
11.63
(4)
19.34
(1)
9.66
(7)
14.90
(2)
10.67
(6)
14.66
(3)

Over all
Score

Rank

41

3

73

8

61

6

12

1

69

7

31

2

53

5

45

4

Figures in parenthesis, indicate the ranks based on cluster mean, highest (1) to lowest (8) except days to 50% flowering. Overall score is the summation of
rank number for 10 characters.
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Conclusions
Diverse genotypes selected from different clusters with
extreme characters will be used as parents for hybridization and development of mapping population for future
plant breeding for the development of superior varieties of
cowpea.
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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Field studies were carried out at School of Agricultural Technology Teaching and Research Farm of
Federal College of Horticulture, Dadin Kowa, Gombe State, Nigeria during 2014 and 2015
cropping seasons to assess the impact of weeding frequencies in controlling flea beetles (Podagrica
spp.) using three varieties of Okra. Three varieties of Okra (NGAE-96-1; NHAE-47-4 and Challawa) and four weeding frequencies (no weeding, one weeding at 3 WAS, two weedings at 3 and 6
WAS and three weedings at 3, 6 and 9 WAS) were assessed using split plot laid out in randomized
complete block design replicated three times. Results showed that the flea beetle (Podagrica spp.)
populations, leaves and fruit damaged weight were significantly (P≤0.05) reduced while okra plant
height and fruit yield were improved on plots that were weeded three times compared to other
weeding frequencies. The result further showed that NGAE-96-1 and NHAE-47-4 reduced flea
beetle (Podagrica spp.) populations, leaves and fruit damage than challawa. The results indicated
that flea beetle control could be effectively achieved and okra production improved through the
manipulation of weeding frequencies and selecting the appropriate okra varieties in the study area.
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INTRODUCTION
Okra (Abelmoschus esculentus L.) Moench) is an erect
herbaceous plant and is one of the most important vegetable crops grown for its nutritional and economic value
(Alao et al., 2011; Chopra et al., 2013). It is grown both in
the tropical and subtropical regions of the world (Tindall,
1983; Anitha, 2007; FAO, 2012). In Nigeria okra is mainly grown for its leaves, fibers and immature pod which are
used for consumption and commercial purpose (Anaso,
2008). The pod is rich in vitamins, minerals and fibre
(Anaso and Lale, 2002). Okra cultivation is gaining popularity because of its high demand and economic return,
being driven by both youth and woman (Anaso, 2008).
Despite the economic and nutritional value of okra, its production in Nigeria is hampered by weed, pests and wrong
choice of varieties. In the tropics, weeds are major pest of
okra because they interfere with its production (Kumar,
2014). Weeds interference may reduce plant vigour, delay

development and growth or suppression of specific characters but the ultimate effect of weed and wrong choice of
variety is reduction of crop yield. Weeds reduce crop yield
by interfering with crop growth through competition with
crops for sunlight, water and nutrients (Takim and Uddin,
2010). Crop yield losses of annual crops due to weed in
dry land environment could be as high as 7.2 million tons
in fiber crops (Some and Sanon, 2009) thus leading to
yield loss of about 50-90% (Das, 2011; Kumar and
Chopra, 2013)
Presence of weeds on crop land has also been found to
increase insect pests’ damage probably because weeds
provide a favourable environment for the insects (Anaso,
2008; Lado and Hussaini, 2010). Previous researchers
have shown that alteration of tillage practices that give
poorer weed control increase the density and diversity of
insect pest populations within the habitat (Altieri and
Todd, 1981; Altieri et al., 1981; Shelton and Edwards,
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1983). Also, the choice of good variety with proven ability
of pest resistance has shown to withstand insect pest attack
both in the field and store (Youdeowei, 2004). Weeding
frequencies and varietal difference have shown to have
great influence on the population of insect pests and yield
(Yusuf et al., 2015). Three hoe-weeding regimes at 2, 4
and 6 weeks after sowing were found to be more effective
in controlling weeds, reducing the population of insect
pests and increasing cowpea yield (Takim and Uddin,
2010). Although previous studies showed that regular
weeding is very vital in weed and pest control, little is
known about the impact of weeding frequency and varietal
differences on okra leaf beetle. Therefore, the present study
was conducted to assess the impact of weeding frequencies
on the yield of three varieties of okra in the field.
MATERIALS AND METHODS
Experimental site: The experiment was carried out at the
School of Agricultural Technology Teaching and Research
Farm of Federal College of Horticulture, Dadin Kowa,
Gombe State, Nigeria under rainfed condition during 2014
and 2015 cropping seasons. Dadin Kowa is located in the
Sudan Savannah ecological zone of Nigeria within latitude
10011’ N and Longitude 11052’E of the equator, and
altitude of 185.8m; the mean annual rainfall is between 800
-1100 mm; annual minimum and maximum temperature of
20-400 C, respectively. The length of the rainy season
ranges from 120-160 days usually from May to October.
Sources of experimental materials: The three varieties of
okra sown (NGAE-96-1; NHAE-47-4 and Challawa) were
obtained from Gombe State Agricultural Development
Programme (GSADP) farm input store at Bogo, Gombe.
Compound fertilizer N.P.K 15:15:15 was purchased from
Gombe main market.
Experimental design: The experiment was laid out in split
plots with three replications. The main plots were the
weeding frequencies (zero weeding, one weeding at 3
WAS; two weedings at 3 and 6 WAS and three weedings
at 3, 6 and 9 WAS) while the subplots were the three
different varieties (NGAE-96-1; NHAE-47-4 and
Challawa). Each subplots size was 3.0m x 4.0m (12m2)
separated by 1.5m wide border margin and an alley of
2.0m to allow for data collection and observation.
Experimental procedures and cultivation practices: The
selected experimental field was cleared of debris,
ploughed, harrowed and ridged with the help of a tractor
when the rainfall has established in June. The experimental
field was then mapped out into plots and blocks using a
plastic measuring tape of 100m long and pegs according to
experimental design.
Okra seeds of the three varieties were dressed with Apron
Star 42 WS (Imidacloprid 20% + metalaxyl-M20%
+Tebuconzole 2%) and soaked in water overnight. The
seed dressing was done at the rate of one sachet per kg of
seed before sowing in order to ensure good seed germination, establishment and protection against soil borne and
seed borne arthropod pests. The seeds were sown at the
rate of 3-4 seeds per hole on the prepared ridges. The intra
-row spacing was 30 cm while inter-row spacing was 60
cm and sowing depth was 2.5cm.

Weeding was carried out based on the weeding frequencies
experimented (zero weeding as control; one weeding at 3
WAS; two weeding at 3 and 6 WAS and three weeding at
3, 6 and 9 WAS. Okra seedlings were thinned to one plant
per stand after 3 WAS. Compound fertilizer N.P.K
15:15:15 was applied as basal application at the rate of 60
kg/ha at 3 weeks after seed emergence (WAE).
Collection of data: The following parameters were
collected and analyzed; number of flea beetles for the two
years, number of leaves and leaves damaged per plant
(number of leaves having holes or feeding punctures);
plant height (taking the measurement from the plant base
to the plant apex); damaged fruits (fruits with feeding
punctures/holes); undamaged (fruits without feeding punctures/holes); percentage damaged fruit weight all fruits of
the tagged okra plants were examined visually and those
with feeding punctures or holes) and those without feeding
punctures/holes (percentage undamaged fruit and fruit
yield were recorded.
Data analysis: The data generated were subjected to
analysis of variance (ANOVA) and the treatment means
were separated at 5% level of probability using New
Duncan multiple range test (NDMTR) (Duncan, 1955).
RESULTS AND DISCUSSION
Effects of weeding and varieties on number of
Podagrica species: Result on the effects of weeding
frequency and okra variety on the number of Podagrica
spp. is shown on Table 1. The result showed that Podagrica species number was significantly (P<0.05) higher in
Challawa during the two years (9.01 and 9.04) than in
NGAE-96-1 (3.45 and 3.41) and NHAE-47-4 (4.03 and
4.32) varieties. The number of Podagrica species were
influenced by okra varieties and differed significantly
across the weeding treatments. Three weeded plots had
significantly (P<0.05) lower (3.80 and 3.69). Podagrica
species population than two and one weeded while the zero
(non-weeded) control plots had the highest (6.28 and 5.97)
Podagrica spp. in both years.
Effects of weeding frequency and varieties on number
of leaves and damaged leaves: Table 2 shows the effects
of weeding frequencies and okra varieties on the number
of leaves and damaged leaves per plant. The result
indicates that there was significant difference in the
number of leaves between Challawa okra variety (7.05 and
7.13) and other two varieties. Weeded plots also showed
significant different in the number of leaves and damaged
leaves. Three weeded plots produced significantly
(P<0.05) higher number of leaves than two and one weeded plots while non-weeded (control) plots had significantly
the lowest number of leaves per plant.
There were also significant difference among the weeded
frequencies and varieties in terms of damaged leaves/plant.
Podagrica Species damaged more leaves on zero, one and
two weeded plots than three weeded plots. Two and one
weeded plots were statistically at par with each other. The
weeded control plots had significantly higher (4.11 and 4.14)
damaged leaves than the other plots. Challawa variety had
significantly higher leaves damaged (5.62 and 5.48) in both
years than NGAE-96-1 and NHAE47-4 varieties.
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Effects of weeding frequency and varieties on plant
height: Table 3 showed that there were significant difference among the weeding frequencies and varieties. NGAE
-96-1 and NHAE-47-4 okra varieties grew taller than Challawa variety during the two years study. The weedy check
plot had significantly lower plant height (60.58 cm and
61.20 cm) followed by one weeded plots (84.51 cm and
82.87 cm) while three weeded plots had significantly the
highest okra plant height (131.96 cm and 132.73 cm)
during the study period.
Effects of weeding frequency and variety on damaged
and undamaged fruits: The result of damaged and
undamaged fruits as affected by Podagrica species infestation is presented in table 4. There was significant difference amongst the treatments during the study period. Zero
(non-weeded) plots had significantly (P<0.05) higher damaged fruits weigh (0.97 kg and 0.95 kg) followed by one
weeded plot (0.83 kg and 0.78 kg) while three weeded
plots had significantly (0.41 kg and 0.40 kg) lowest damaged fruit weight. The result on undamaged fruit weight
indicates that the zero (non-weeded) plots had significantly
lowest (0.2 kg and 0.41 kg) undamaged fruit weight while
three weeded plots had the highest (1.42 kg and 1.38 kg)
undamaged fruit weight during the study. The effect of
varietal difference on the damaged and undamaged fruit
weigh indicates that Challawa Okra variety recorded significantly higher damaged fruit weight (1.89 kg and
1.81kg) than NGAE-96-1 (1.08 kg and 1.10 kg) and
NHAE-47-4 (1.23 kg and 1.21 kg) varieties. The trend was
reversed in terms of undamaged fruit weight during the
study. Oka varieties NHAE-47-4 had higher (1.38 kg)
undamaged fruit weight followed closely by NGAE-96-1
(1.30 kg and 1.35kg) while Challawa okra variety had
significantly lower (1.24 kg and 1.22 kg) undamaged fruit
weight.
Effects of weeding frequency and variety on percentage
weight damaged and fruit yield: Results on the effects of
weeding frequencies and okra varieties on percentage
damaged weight and fruit yield are presented in Table 5.
There was significant difference among the treatments
when they were compared. Zero weeded plots recorded
highest percentage damaged fruits weight (6.78% and
64.81%) while three-weeded plots recorded the lowest
(23.11% and 22.54%) in both years. Challawa okra variety
recorded the highest (27.07% and 26.92%) damaged fruit
weight compared with NGAE-96-1 (23.48% and23.10%)
and NHAE-47-4 (23.17% and 23.68%). Results on okra
fruit yield showed that there was a significant difference
among the treatments. Three weeded plots had consistently
recorded the highest fruit yield (769.97 kg/ha and 783.14
kg/ha) in both years followed closely by two weeded plots
(656.41 kg/ha and 696.05 kg/ha). The non weeded plots
had significantly recorded the lowest fruit yield (314.70
kg/ha and 309.76 kg/ha) in both years. The result also indicated that Challawa variety being a local variety recoded
the lowest fruit yield (548.18 kg/ha and 539.06 kg/ha) during the study while the improved okra varieties NGAE-961 (681.87 kg/ha and 678.54 kg/ha) and NHAE-47-4
(670.91 kg/ha and 682.18 kg/ha) had higher fruit yield in
both years.
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The results of this study showed that weeding frequencies
and okra varietal selection are two most important components of cultural methods of controlling weeds and insect
pests. Weed competition in okra can lead to two important
consequences. The first is weed competition with okra in
harbouring of insect pests by weed species and these insect
pests feed on both vegetative and reproductive plant parts
causing economic damage to the crops (Takim and Uddin,
2010). In this study, Podagrica spp. populations were
higher in Challawa okra variety than unweeded control and
one weeded plots. The weeded plots and other varieties
had lower number of Podagrica spp. because they provided unfavourable environment for the pest. The two varieties (NGAE -96 -1 and NHAE-47-4) probably had some
degree of resistance to the pest then challawa variety. This
indicates that weeding can help greatly in reducing the
population of the pest in the field. Weeds create good
habitat for a number of Crop Pests, notably leaf feeding
insect pests like the okra flea beetle (Anaso, 2008, Altieri
et al., 1981; Kanteh at al., 2014).
The other impact of weed competition on okra crop is the
higher number of damaged leaves on unweeded and one
weeded plots. This implies that the presence of weed
provided shelter for Podagrica species in the okra field
that were unweeded or not regularly weeded hence the
increase in the number of damaged leaves. The higher
number of Podagrica species did not find the crop environment favourable for their habitation (Takim and Uddin,
2010).
Weed removal improved the growth performance of okra
because competitive ability of weed species and harbouring of Podagrica spp. were reduced in the regularly weeded plots than the unweeded in the regularly weeded plots
(Anaso, 2008; Adeniyi and Ayandiji, 2011; Kanteh et al.,
2014). Total removal of weeds in the three weeded plots
could have effectively reduced competition between the
weeds and the crop and made more assimilates available to
support okra growth and development and consequently its
yield. That is the reason okra plant height and fruit yield
were significantly higher in two and three weeded plots.
This is in agreement with the findings of Takim and Uddin
(2010) who reported that regularly weeded plots had higher yield compared to unweeded and one-weeded plots.
Results from the present study showed that okra plant
growth and fruit yield can also be improved by appropriate
varietal selection. NGAE-96 -1 and NHAE – 7-4 had significantly higher okra plant height and fruit yield than challawa variety. This suggested that these two varieties probably had some degree of resistance to Podagrica spp. than
challawa variety. This agreed with the findings of Yusuf et
al. (2015) who reported hat safer insect pest control could
be achieved and crop productivity improved through the
simple manipulation of weeding regimes and appropriate
selection of crop varieties. The same trend follows with
respect to damaged and undamaged fruit. The improved
NGAE – 96 -1 and NHAE -47 -4 varieties had lower
damaged and higher undamaged fruit weight than challawa
variety due to their degree of resistance. The two and three
weeded plots had lower damaged and higher undamaged
fruits than the non-weeded and single weeded plots.
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The reasons are similar to the one given by Lado and
Hussaini, 2010; Kanteh et al. (2014) and Yusuf et al.
(2015) who reported separately that regular weeding is

essential to maintain high level of sanitation so that they do
not harbor pests that will reduce infestation and damage to
the crops.

Table 1. Effects of weeding frequency and okra variety on (Podagrica spp.) population in 2014 and 2015 cropping seasons.
Number of flea beetle/plant

Treatment
Variety (V)
Challawa
NGAE-96-1
NHAE-47-4
SE±
Weeding frequency (WF)
One weeding
Two weeding
Three weeding
No weeding
SE±
Interaction (V × WF)

2014

2015

9.01
3.45
4.03
0.95

9.05
3.40
4.32
0.59

5.33
4.30
3.80
6.28
0.70
NS

5.20
4.48
3.69
5.97
0.82
NS

Table 2. Effects of weeding frequency and Okra variety on number of leaves and leaves damaged in 2014 and 2015 cropping seasons.
Treatment
Variety (V)
Challawa
NGAE-96-1
NHAE-47-4
SE±
Weeding frequency (WF)
One weeding
Two weeding
Three weeding
No weeding
SE±
Interaction (V × WF)

Mean number of leaves/plant

Mean number of damaged leaves/plant

2014

2015

2014

2015

7.05
8.09
8.11
0.14

7.13
8.12
7.98
0.65

5.62
3.64
3.65
0.43

5.48
3.51
3.58
0.51

6.11
7.08
8.10
5.12
0.48
NS

6.13
7.10
8.11
5.09
0.51
NS

3.03
3.06
2.02
4.11
3.16
NS

3.12
3.04
2.01
4.14
3.14
NS

Table 3. Effects of weeding frequency and okra variety on okra plant height in 2014 and 2015 cropping session.
Treatment

Mean plant height (cm)
2014

2015

Variety (V)
Challawa

128.50

124.70

NGAE-96-1

132.90

132.69

NHAE-47-4

133.61

133.11

SE±

0.56

0.61

One weeding

84.51

82.87

Two weeding

112.49

113.00

Three weeding

131.96

131.92

No weeding

60.58

61.20

SE±

5.36

5.34

Interaction (V × WF)

NS

NS

Weeding frequency (WF)
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Table 4. Effects of weeding frequency and Okra variety on damaged and undamaged fruits weight in 2014 and 2015 cropping season.
Treatment
Variety (V)
Challawa
NGAE-96-1
NHAE-47-4
SE±

Damaged fruits weight (Kg/plot)

Undamaged fruits weight (Kg/plot)

2014

2015

2014

2015

1.89
1.08
1.23
0.04

1.86
1.10
1.21
0.06

1.24
1.30
1.38
0.02

1.22
1.28
1.38
0.03

0.83
0.62
0.41
0.97
0.6
NS

0.78
0.63
0.39
0.95
0.5
NS

0.98
1.29
1.42
0.42
0.6
NS

1.07
1.31
1.38
0.41
0.7
NS

Weeding frequency (WF)
One weeding
Two weeding
Three weeding
No weeding
SE±
Interaction (V × WF)

Table 5. Effects of weeding frequency and okra variety on percentage weight damaged and fruit yield of okra in 2014 and 2015 copping
seasons.
Treatment
Variety (V)
Challawa
NGAE-96-1
NHAE-47-4
SE±

% damaged fruit weight

Mean fruit yield (Kg/ha)

2014

2015

2014

2015

22.07
23.48
23.17
0.51

26.91
23.10
23.68
0.55

548.18
681.87
679.91
12.61

539.06
678.54
682.18
13.55

50.52
25.42
23.11
65.78
10.20
NS

51.48
25.31
22.54
64.81
9.23
NS

489.87
656.41
769.97
314.70
12.07
NS

478.92
696.05
783.14
309.76
11.65
NS

Weeding frequency (WF)
One weeding
Two weeding
Three weeding
No weeding
SE±
Interaction (V × WF)

Conclusions
This study showed that challawa variety was more
susceptible to the beetle (Podagrica spp.) infestation as
opposed to NGAE – 96 -1 and NHAE -47 -4. It also
showed that weeding frequencies have great impact on the
population of flea beetle, growth of okra, damaged and
fruit yield of okra. Three weeding frequency at 3, and 9
WAS were found to be more effective in controlling weed,
reducing the population of Podagrica spp., fruit damaged
and increasing okra fruit yield. Three weeding frequency if
properly carried out with the appropriate selection of
variety would reduce Podagrica spp. attack and enhance
okra fruit productivity and be a friend of the environment.
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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Quality of drinking water is a universal problem specifically faced by many developing countries.
Willingness to pay for improved drinking water facility of the people of a rural settlement, Samsani
Khui, Johar Town in Lahore, Pakistan was assessed by questionnaire survey. This article intends to
scrutinize the strong relation of these dynamics with willingness to pay by correlating them using
chi square and multiple regression. Conferring to results, health status of the people of selected area
revealed that 50% adults and 31.9 % children suffered from diarrhea within last 6 months. Education level of 48.6% people is middle school. Income of people lies between 5000-30,000 Rupees per
month. People with poor health status held strong association with willingness to pay while low
income level and low education level had weak association with willingness to pay. The highest and
lowest value calculated are 53.969, -4.83, respectively and the mean ratio of willingness to pay was
1.835. The average willingness to pay calculated was between Rs. 1 to 5. This study depicted that
various dynamics including health status, monthly income and education level of the people are the
determinants of willingness to pay (WTP) for improved drinking water facility.
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INTRODUCTION
Willingness to pay (WTP) being a response from people, is
used to avoid environmental and health hazards (Sattar et
al., 2007). WTP the measure of human preference should
be taken in account while allocating budget to different
sectors and taking developmental decisions (Pearce, 1998).
CBA is known to be empirical test where the preference
satisfaction is determined by the proposed public actions
(Kontoleon et al., 2002). Willing-to-pay and demand for
good quality of drinking water is stumpy in developing
countries (Sattar et al., 2007; Pattanayak et al., 2006). The
foremost challenge that the developing countries have to
face is ‘the low level equilibrium trap’, which attains three
equilibrium goals equity, sustainability and efficiency. It is
demarcated as negligence of demand–side aspects in policymaking, hence the researchers emphasize on the household preferences in relation to defined quality of services
at different levels (Venkatachalam, 2006).
The developing countries are agonizing the greatest from
this universal issue, i.e. polluted drinking water. As a result
of this the people inside these countries are encountering

numerous fatal and perilous issues (Casey et al., 2006;
Bogale and Urgessa, 2012; Null et al., 2012). Water borne
diseases, cancers, skin infections, diarrhea are some of the
most common diseases grieved by people residing in the
developing nations (Casey et al., 2006; Orgill et al., 2013).
Several intrusions of international organizations are incessantly trying to improve the quality of water and the health
risk associated with the ingestion of polluted and contaminated drinking water (Casey et al., 2006; Genius et al.,
2008; Jalan et al., 2009). WHO estimated that almost 1.8
billion people die out of diarrhea and cholera because of
unsafe drinking water (Khan et al., 2010; Brouwer et al.,
2015; Haq et al., 2007; Moffat et al., 2011).
The inclination of bottled water is increasing (water pricing) (de França Doria, 2010; Wang et al., 2010; Doria,
2006). In Asia, the consumption of bottled water increased
by 13% per year (Tayler, 2008). In Pakistan, overall coverage of water supply determined was 90% and urban and
rural areas water coverage was 95% and 87%, respectively
(Ali et al., 2014). In Pakistan, the major source of protection and well-being of the people is provision of clean and
pure drinking water. The scarcity of water and its extreme
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use has distressed the quality of water immeasurably, making water pollution as the most perilous and significant
issue nowadays. Pakistan comes in the list of those top ten
countries, which are considered as the most water-stressed
countries in the world (Brouwer et al., 2015; Daudpota et
al., 2016).
In Pakistan, almost 6 percent of the water is supplied via
hand pumps and pipes to the local people and these sources
are the resting area of various pathogens, in which more
than 30 percent are the vectors of different diseases and
more than 40 percent are the death causing vectors. Surface
water quality and ground water quality is deteriorating, due
to the excessive disposal of untreated and hazardous waste
from municipal, industrial and agricultural sector. The big
cities of Pakistan such as Karachi, Lahore, Faisalabad,
Rawalpindi and Islamabad are suffering from the problem
of contaminated drinking water, as the population has out
grown beyond limits (Naseer, 2013; Padawangi, 2010).
Many studies were conducted in nearby countries i.e. in
Turkey, in a study conducted to evaluate factors affecting
farmers WTP for water usage, the average WTP calculated
was $170.6 and it was expected to increase with further
good practices. Other factors affecting was age, education
level, land area, ownership type, and modern irrigation
(Aydogdu and Yenigun, 2016). A similar study in Turkey
showed that farmers are willing to pay 71.69% more than
the existing price (Aydogdu, 2016). In Nigeria, income
demography and education level were the factors affecting
WTP during household survey (Ifabiyi, 2011). According
to the studies conducted in Pakistan, in the rural areas the
household’s WTP may depend upon the income, level of
education and awareness. This exercise was a great effort
in promoting local participation and ownership especially
in women population, political and cultural reforms. It also
depicted that more people are willing to pay to improvise
drinking water quality which is carried out through a
comparison of mid education level in male and female
decision makers (Jalan et al., 2009; Sima and Elimelech,
2013; Brouwer et al., 2015).
The paper takes into consideration a mix of urban and rural
setting area of Johar Town, Lahore, their demand for
improved water quality and whether people are attentive
regarding the quality of drinking water and its adverse
effects. As per the previous studies, among the factors that
influence WTP for improved drinking water quality, the
average education level, monthly income and health status
of residents are imperative factor in contributing willingness to pay (Sima and Elimelech, 2013; Brouwer et al.,
2015; Aydogdu, 2016; Aydogdu and Yenigun, 2016).
Therefore, the present investigation was aimed to assess
the willingness to pay for improved drinking water facility
in Samsani Khui, Johar Town in Lahore, Pakistan.

MATERIALS AND METHODS
Study area: The study area was Samsani Khui, Johar
Town in Lahore located at 31.4663° N, 74.2774° E. The
survey was done in 2016. Random population of various
age groups was taken for questionnaire survey. 210
respondents were surveyed with 95% confidence interval.

The poor health and education conditions depict that the
socio-economic standing of the area is extremely low, with
income level range from 5000-30,000 thousand Rupees (50
-300 $) per month. The estimated population of the
surveyed area is nearly 26000. Most of the residents are
illiterate and the maximum education acquired by the
children of the inhabitants is till 6th or 7th grade. 98% of the
inhabitants are employed as servants in the residential
colonies of Johar town, and few are masons, cobblers,
electricians, plumbers and daily vendors.
Collection of primary data: The basic determination of
the study was to assess the WTP and the perception of
populaces regarding clean drinking water provision. The
sole methodology pragmatic in the study was to check the
willingness of the people living in Samsani Khui, to pay
for the provision of clean and contaminant free drinking
water. through a questionnaire survey.
Questionnaire survey: A total 210 respondents were
surveyed in Samsani Khui through a questionnaire consisting of the demographic status of the people (age, gender,
education level, monthly income and household type),
information about the water source (type of water source,
distance travelled from water source, current status of
water which include hours of supply, reliability, water
quality and satisfaction), the health status of people and
their WTP for the improved drinking water facility.
Statistical analysis: Chi square and multiple regressions
were applied using SPSS software version 20 on the data
acquired through questionnaire. A relationship among
monthly income and WTP was developed using Chi
square. A multiple regression was also applied, where
WTP is dependent upon three factors i.e. monthly income,
education level and health status.

RESULTS AND DISCUSSION
Frequency distribution table shows, the frequency of each
question or section people answered for the questionnaire
(Table 1).
Demographic statistics: According to (Table 1) education
level of most people is below average i.e. 48.6% people
studied till middle school. Usually flats are present in that
area and their monthly income is less than 20,000 Rupees
(200$).
Information about water source: The current situation of
water source in Samsani Khui, Johar Town states that
42.4% people depend on water pipes as there are more
apartments but 51.9% people do not consume paid water
source because collectively people rely on other than paid
water source. The water condition of that area is getting
inferior and the water is not all the time available in water
pipes (Table 2).
Suffered from disease: Diarrhea is most common disease
in adults and children of Samsani Khui. 50% adults and
31.9 % children suffered from diarrhea within last 6
months. Cholera was also common among children (Table
3).
Willingness to pay (WTP): 50.5% of people were not
eager to pay Rs. 500 to 800 for improved water quality
owing to many reasons as they don’t have adequate money
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Table 1. The frequency distribution of demographic of people in Samsani Khui, Lahore, Pakistan.
Variables
Gender
Male
Female
No education
Middle school
Matriculation
Intermediate
Mud houses
Flats
Katcha (Mud) houses
Below 5000
5000-15000
15000-30000

Frequency

Percentage

120
90
Education level
59
102
43
6
Type of households
19
132
59
Monthly income
33
123
54

57.1
42.9

Frequency

Percentage

28.1
48.6
20.5
2.9
9.0
62.9
28.1
15.7
58.6
25.7

Table 2. The information about water source.
Variable
Source of water
Hand pump

49

23.3

Tube well

57

27.1

Water pipes

89

42.4

Shared public tap in neighbor hood

14

6.7

Water tankers

1

0.5

Yes

97

46.2

No

109

51.9

None

33

15.7

Below 500 Rs

96

45.7

500-1000 Rs

81

38.6

Paid water source

Amount paid for water

Showing the frequency distribution type of water sources.

Table 3. Health status of households of Samsani Khui of different age groups within past 6 months.
Variables

Frequency

Percentage

Diarrhea

105

50.0

Skin Disease

50

23.8

Cholera

45

21.4

Malaria

49

23.3

Typhoid

41

19.5

Diarrhea

67

31.9

Skin Diseases

59

28.1

Cholera

80

38.1

Typhoid

89

42.4

Diseases in children

Diseases in children
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Table 4. Variance in frequency of people willingness to pay (WTP) at Samsani Khui, Lahore, Pakistan.
Variables
Willing to pay Rs. 500 to 800 (5-8$)/month
Yes
No
Percentage required people are willing to pay
Nothing
Less than 5%
Between 5% to 15%
Don’t know

Frequency

Percentage

104
106

49.5
50.5

77
94
36
3

36.7
44.8
17.1
1.4

Table 5. Chi square relation between WTP and monthly income.
Pearson Chi square

Degree of freedom (df)

Significance

6

0.017

15.468
Phi

Significance

0.271

0.017

Cramer’s V
0.192

0.017

Chi square, relationship of monthly income with WTP showing a significant relationship.

Table 6. Relation between three factors effecting willingness to pay.
Regression

Mean square
4.331
R
0.290

F
6.279
R Square
0.084

Df
3
Adjusted R Square
0.071

Unstandardized Coefficients

Significance
0.000
Std. Error of the estimate
0.831

Standardized
Coefficients

T

Significance

3.815

0.000

B

Std. Error

Beta

Constant

1.058

0.277

Health status of households within 6 months

-0.082

0.063

-0.087

-1.303

0.01

Education level

0.245

0.074

0.221

3.300

0.001

Monthly Income

0.227

0.087

0.175

2.611

0.010

Multiple regression showing relationship of different factors (education level, health status and monthly income) with WTP.

Table 7. Ratio of willingness to pay at Samsani khui, Lahore, Pakistan.
Willingness to pay (WTP)
Health status (below average)
Health status (average)
Health status (good)
Health status (excellent)
Education level (no education)
Education level (middle school)

18.822
6.116
18.494
21.069
18.822
29.357

53.969
47.081
49.459
52.911
36.546
47.081

19.669
16.963
19.341
22.211
23.261
33.796

-1.654
-4.83
-1.982
0.888
13.873
24.408

Education level (matriculation)
Education level (intermediate)
Monthly income (below Rs. 5000 (50$)
Monthly income (Rs. 5000-15000 or 50-150$)
Monthly income (Rs.15000-30000 or 150-300$)
Monthly income (above Rs. 30000 0r 300$)
Mean

14.902
5.837
18.822
39.252
23.589
11.331

32.626
23.561
26.651
47.081
31.418
19.16

19.341
10.276
14.574
35.004
19.341
7.083

9.953
0.888
8.379
28.775
13.146
0.888

Ratio showing WTP of people of Samsani khui, different factors showed different variance.

1.854715
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and have uncertainties regarding the program (Table 4).
Factors effecting willingness to pay: Pearson Chi square
in this study shows relation between monthly income and
people’s WTP. Chi square is a statistical method that assesses the goodness of fit between a set of observed values
and those that are accepted theoretically.
Tables 5 show that the relation is statistically significant.
There was significant association observed between
monthly income and WTP (x² (6) =15.468, P=0.017).
Multiple regression showed the relation between health
status, education level and monthly income with WTP.
Tables 6 show that WTP is dependent on monthly income,
health status and education level. As P<0.01, the relationship is significant. Unstandardized coefficient depicts the
extent to which dependent variable varies with the independent variables. In this study, the reduction in health
status increases the WTP. Beta expresses the relative importance of each factor in standardized terms. As the
monthly income and education level increases so does the
people’s WTP.
The general equation that predicted WTP from monthly
income, education level and health status is
WTP is calculated in the Table 7. The above equation provides the range for WTP which is 1 to 54 rupees. Table 7
also gives range for WTP in people of Samsani Khui.
Monthly income and education level have direct relation
with WTP as with the increase in both of the factors the
WTP also increases. However, health status has inverse
relationship with WTP as with the increase in health status,
the willingness to pay for improved drinking water facility
decreases in people.
WTP rests on the three factors viz; education level, health
status and income level. A modification in any one of these
factors alters the WTP significantly. The table 7 also
shows the ratio of WTP whilst possessing each of the factor constant and changing the other factors. The maximum
and minimum ratio evaluated was -1.326 to 4.175 (Table
7). The average WTP calculated is between Rs.1 to 54 that
people of the area are willing to pay for their improved
health status as their average income doesn’t allow them to

pay beyond this. The average WTP is calculated from
above equation 1.
The establishment of safe tap water is more like a dream
for every citizen of the developing country and many other
poor countries of the world. 783 million people do not
have access to clean water and almost 2.5 billion do not
have access to adequate sanitation (Tarfasa and Brouwer,
2013). Many studies in India (Venkatachalam, 2006),
Brazil (Casey et al., 2006), Sri Lanka (Pattanayak et al.,
2006), Maun (Moffat et al., 2015) are affirming the similar
fact that WTP depends upon the demographic status of the
people. Poverty and income level plays a major role in
WTP. This study was conducted with the objective of estimating the WTP of the citizens of Samsani Khui, in order
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to improve the drinking water quality and to determine
financial circumstances matter for this valuation. After the
assessment and deduction it was derived that the natives of
the village are very much willing to pay for the advancement of the drinking water quality within their limited
financial resources. The condition of drinking water supplies in most of the developing countries is critically poor
because of non-existence of financial resources. The above
results depicted that health status have strong co relation
with WTP. 53.969 ratio showed that the health status of
people is below average and people with 5000-15000
rupees are willing to pay to improve their health. Whereas
-4.83 shows very weak association with these groups for
willingness to pay, as the people living in Samsani Khui,
none of their monthly income was above 30,000 and being
of excellent health status showed negative relation with
WTP. The mean ratio was 1.835 (Table 7) which predicts
how much of the people of Samsani Khui are willing to
pay.The capital assumed for the recovery is much more
than it is expected, because for reliable and sound services
more capital is required (Subbaraman et al., 2013).
WHO and UNICEF estimated that in 2004 almost 961
million people residing in the urban areas might get admittance to clean and pure drinking water, in order to attain
the objective of consuming the people deficient access to
clean drinking water by the year 2015. Contaminated water
is related to adverse outcomes and it has a major impact on
urban slum areas (Bhaduri et al., 2016). It was noted the
individuals with higher income levels were more willing to
pay for the improvement of drinking water quality as compared to the individuals with lower income levels. 47.081
ratio shows that people studied till middle school, their
average health status and with monthly income Rs.500015000 have strong correlation and this much people are
willing to pay. The monthly income above Rs.30000 was
zero so it had least correlation very less people were willing to pay as ratios 11.331, 19.16, 7.083, 0.888 shows
weak linkages (Table 7).
The conviction of people on the governmental institutions
is connected to the WTP, as this shows that the people see
governmental institutions as effectual. And this strong
bond amid the government and its people empowers the
populace to give high cost for the betterment and improvement of water quality (Orgill et al., 2013). Also the individual’s competence of coping up with the social norms
influences the WTP. Several efforts have been made to fill
the spaces between clean drinking water provision and the
people but the efforts are all in vain until the people don’t
cooperate with the government (Hering et al., 2013). The
water infrastructure of the urban areas has gradually
evolved and improved since the past two centuries. But
sadly, today we are facing one of the worst times and thousands of people do not have safe and proper access to clean
and pure drinking water (Ahiablame et al., 2012).
The fore most concern is that people already pay other
taxes and the left income was merely sufficient for them to
eat two meals a day. The additional problem was that
people don’t have assurance in the governmental institutions, as they collect taxes but no remarkable change is
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pragmatic ever. The rapid growth rate of population in the
urban areas is increasing the pressure on the governmental
institutions that are responsible for providing people clean
and safe drinking water (Wang et al., 2013). But it is noted
that people don’t really involve in the policies regarding
the conservation, improvement and management of the
water supply. WTP also depends upon the beliefs of the
people and their taste and preferences as stated in a study
in Cambodian communities (Orgill et al., 2013).
The people ought to involve themselves in the governmental policies and regulations for the betterment and improvement in drinking water quality. This is the fundamental
right of every human being living in this world. Either the
person is from the developing countries or the under developed countries or the poorest country, the right to the
access of safe drinking water remains the same (Okurut et
al., 2015). The significant finding in the study was that the
people with relatively higher amount of incomes are more
concerned and positive about paying money for the water
quality improvement of water. This is due to the fact that
different social parameters are responsible in measuring
their level of trust towards the government. The same finding was also reported in a study of Eastern Ethiopia for
improved water conditions in rural areas (Bogale and
Urgessa, 2012).
The government plays an essential role in refining the water quality, as they have all the capital resources which are
required and obligatory for its enhancement. Standard of
living and the level of income also greatly effects the willingness of people to pay for improvement of the water
quality. Different studies have showed that 80% of all the
diseases are associated to contaminated drinking water
(Null et al., 2012). Health status of people showed that
people are willing to pay to improve their health conditions. The results of this study concluded that the people do
know the consequences of drinking quality water but neither have they had much resources nor their financial condition allows them to afford mineral water for drinking.
Hundreds of lives are lost due to water contamination, reported mainly in the developing countries. The level of
progress is stagnant and never reaches its goal. The government takes initiatives for it but the capital allotted for it
is never spent on it (Null et al., 2012). One of the most
interesting things revealed in this study was that the WTP
was not affected by the drinking tap water frequency. But
this is an issue which can be explored and investigated by
the upcoming researchers, because the people who don’t
utilize tap water need to buy mineral water and this is costly as compared to tap water.

Conclusions
Improved water quality could turn out to be a stable living
standard and is considered the first step for the area development. Various factors regarding people WTP for
enhanced water sources in Samsani Khui was experimented. The elements that were perceived in affecting WTP are
income level, education level and health status. The mean
ratio of willingness to pay was calculated to be 1.835. The
average willingness to pay calculated was between Rs. 1 to

54. Income level and education level were in direct relation
whilst health status held inverse relationship with WTP.
This demonstrated that as the health status of the people
declines, more people will be willing to pay because they
would be the victims. People of the area were willing to
pay for improved water source. This is a positive indicator
because this would enhance their living conditions and
their health status. The government needs to take action in
that area including the funding for future research in such
projects as safe drinking water is necessity for life. The
public of Samsani Khui is willing to invest in such project
where they could gain safe drinking water.
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Periwinkle snails Tympanotonus fuscatus var radula, an important shellfish in the Niger Delta
ecological zone are on the decline and they have not been considered in environmental risk assessment due to the lack of standardized protocols. The gastropod is an abundant species and widely
distributed in the aquatic Niger Delta environments. In this study T. fuscatus var radula was
exposed to ParaeForce(e), a solution of paraquat dichloride, a non-selective commonly used organochlorine herbicide due to it sensitivity to chemical compounds, as pollution indicators. The effect of
lethal and sub lethal exposure of ParaeForce® was assessed using the Organization for Economic
Development and Cooperation (OECD) #218 protocol to determine the toxicity and safe limit
concentrations. The lethal exposure gave an average LC50 of 0.665 mg/kg with a safe limit of
0.0665 mg/kg. The sub lethal test showed that the exposed organisms reduced significantly in body
mass at levels of P < 0.05 when compared to the control experiment. Mean percent growth rate
relative to the control reduced from 100% to 47% while the highest growth inhibition of 53% was
observed in the highest concentration. Thus, the release of the test chemical and other similar herbicides into the environment may cause alteration and loss of body mass in periwinkle molluscs due
to their toxic potentials. It is important to exercise caution in the application of this herbicide
especially in the aquatic environment for weed control.
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INTRODUCTION
The use of synthetic chemical pesticides in modern
agricultural practices is well recognised as a cost-effective
method of controlling or preventing agricultural pests (Liu
et al., 2010; Narita et al., 2014). Chemical pesticides
consist of an active ingredient, the actual poison, and a
variety of additives, which improve the efficacy of their
application and action (MacFarlane et al., 2013). They are
classified or grouped according to the target organisms,
chemical structure of the compound (Benavides et al.,
2006; Alavanja et al., 2004), or type of health hazard

involved (WHO, 2010). The release of pesticides from
agricultural fields and the resulting contamination of the
environment may pose both ecological and human health
risks (Capri and Karpouzas, 2007). Given their globally
application and the fact that they are designed to harm
biota, there is a high potential for adverse environmental
effects especially on non-target communities (Van der
Werf, 1996). Pesticides when improperly selected and
managed, they can pollute water resources with carcinogens and other toxic substances that can affect humans and
many forms of fish and wildlife thereby posing serious
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threat to public health and biodiversity loss with negative
impacts in the food chain.
Herbicides are the most widely used class of pesticides in
the world to suppress or kill unwanted vegetation (weeds)
(Mensah et al., 2014). They are only one of the many types
of pesticides that include insecticides, fungicides, rodenticides and nematocides (Jurado et al., 2011). Every year
about six thousands of tons pesticides are deliberately
introduced into the environment in order to prevent loss of
agricultural crops (Lovecka et al., 2015). Even at low concentrations, pesticides still could elicit deleterious effects,
such as cytogenetic damage, physiological effects, and
even death, to exposed non-target species (Dinis-Oliveira
et al., 2008)
Paraeforce (e) a paraquat dichloride is a water soluble
herbicide registered to control weeds and grasses in many
agricultural and non-agricultural areas (USEPA, 1997). It
is among the leading products used in Nigeria to control
both aquatic and terrestrial weeds and invading alien plant
species. In agriculture, it is use in pre-plant or preemergence on vegetables, grains, cotton, grasses, sugar
cane, peanuts, potatoes, and tree plantation areas; post
emergence around fruit crops, vegetables, trees, vines,
grains, soybeans, and sugar-cane; during the dormant
season on clover and other legumes. It is also used as a
defoliant and desiccant to aid in the harvesting of cotton,
beans, soybeans, potatoes, sunflowers, and sugarcane
(Gwathway and Craig, 2007) and as a post-harvest desiccant on staked tomatoes. Paraeforce is also used in
non-agricultural areas such as roadsides, airports, around
commercial buildings, drains, irrigation ditches, and waterways. Paraquat is registered and sold under different trade
names, such as Gramoxone, Crisquat, Dextrone X and
Esgram. Paraquat is on PAN International’s Dirty Dozen
(1985) and Highly Hazardous Pesticides (2009) lists for
global phase-out. It has been banned in 32 countries
(including the countries of the European Union), mainly
for health reasons and environment persistence since 2007.
However, there is strong industry resistance to including
paraquat in the Rotterdam Convention on Prior Informed
Consent and it remains outside the PIC list.
Besides the benefits derived from the use of paraquat herbicide in forestry and agriculture, they also have serious
negative impacts on human health via contamination of food
and waters. Over the last decades in Sub-Sahara Africa,
cases of acute human poisoning account for significant morbidity and mortality. In Nigeria, there is sufficient
evidence that suggest large scale and trends of problems
caused by pesticides. In 2015, the World Health Organisation (WHO) reported pesticide poisoning that led to 18 mysterious deaths in south-western Nigeria. Also, in Cross River State 112 people were hospitalised from food poisoning
of which two children died. Again in Gombe state, over 120
students were hospitalised after consuming a meal of beans
suspected to have been preserved with poisonous chemicals.
The laboratory reports on these incidences revealed high
levels of organophostate, carbamates, fenithrothion and
chloropyrifos toxic pesticides in food substances.
Today there is a growing public awareness of the increase
herbicides use and their adverse effects on aquatic ecosys-

tems (Pérez et al., 2011). In Nigeria, the widespread use of
pesticides over the years has resulted in the accumulation
of pesticide residues in the environment with negative
effects on biota and ecosystem functions. For example,
Periwinkles a gastropod snails species, have been on the
decline in Nigeria due to female masculization a condition
known as imposex as a result of endocrine disrupting
chemical in aquatic environment (Ogbomida and
Ezemonye, 2013). Herbicides residues in aquatic environment may sink into the sediment due to their repeated use
and high solubility. Herbicides may reach water bodies
indirectly through agricultural runoff, spray drift and
leaching or direct overhead spray to control noxious aquatic weeds (Marin-Morales et al., 2013). Once in the aquatic
ecosystems, herbicides may reduce environmental quality
and influence essential ecosystem functioning by reducing
species diversity and community structures, modifying
food chains, changing patterns of energy flow and nutrient
cycling and changing the stability and resilience of ecosystem (Pérez et al., 2011).
Various studies in Nigeria have reported adverse impact of
pesticides on non-target animals in other to address
contaminants in the aquatic environment. However, their
effects on gastropod snail sensitivity are still very limited
despite increased use of agrochemical products to improve
crop yields. This phylum is the second largest group in the
kingdom animalia and is vital to sustain many ecosystems.
Molluscs are considered excellent indicators of ecosystem
health in general, and because they are particularly sensitive to changes in their environment, they can act as early
warning sentinels of habitat deterioration (Wells and
Chatfield, 1992). Therefore, this study aimed to determine
the acute and sub lethal effects of a non-selective herbicide
- ParaeForce® to periwinkle (Tympanotonus fuscatus var
radula) with a view to develop data for maintaining the
quality of our water resources.

MATERIALS AND METHODS
Ethics statement: Periwinkle snails used for this procedure were collected from public natural brackish water
environment in the Niger Delta Ecological region. We
state clearly that no specific permission was required for
the locations/activities and confirm that Periwinkle snails
are not in the lists of endangered or protected species.
Test chemical: Paraeforce (e) a paraquat dichloride (1:1′dimethyl 4:4′-dipyridylium dichloride) solution was used
for the static renewal sediment toxicity bioassay. It is a non
-selective contact agriculture herbicide use in the control of
stubborn, annual and perennial grasses and brad-leaved
weeds. Paraforce was purchased from a local agrochemical
shop in Warri Delta State Nigeria. Commercial preparation
of ParaeForce® containing 276 g/L organochlorine
(C12H14Cl2N2) was used as stock solution for the bioassay.
Using this working stock, various concentrations of the test
herbicide was prepared for range-finding and definitive
(lethal and sublethal) tests. Dimethyl sulfoxide (DMSO)
was used as a solvent in each concentration treatment with
a final volume-to-volume ratio of 0.05% for toxicity.
Test organisms collection and acclimatization: The test
organisms Periwinkle snails (Tympanotonus fuscatus var
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radula) of the Nigerian Niger Delta ecological zone inhabit
the brackish water environments. Similar sizes (shell length
4.0 ± 0.03 cm, diameter of aperture 0.07-0.09 cm, mean
weight 5.474 ± 0.04 g) were collected by handpicking into a
bucket (12.6L) from Maciver jetty (water-side) at low tide,
in Warri South Local Government Area (LGA) of Delta
state, Nigeria. The Periwinkle snails were collected from the
same site (5º00 and 6º.45 E and 5º00 and 6º30 N) to reduce
variability in biotype. They were washed with surface water
to remove mud, transported to the laboratory and kept in
holding glass tanks (30 × 30 × 30 cm) with aerated brackish
water (6L) at measured salinity. The snails were gradually
acclimatized to laboratory conditions (Table 1), which were
based on natural habitat conditions. The sediment from the
brackish environment where the snails were collected was
used for acclimatization. During the acclimatization process
the gastropod snail Tympanotonus fuscatus var radula were
fed with ground aquarium fish food according to Ducrot et
al. (2006) for best survival and growth.
Testing of sediment: Test sediment samples were collected from the top few mm of the surface sediment layer at
mid-intertidal level of selected mudflats and stored in
containers made of inert materials to prevent contamination. Prior to its use, sediment were kept at room temperature (21 ± 2ºC) for a minimum of 24 hours to allow it to
equilibrate to the test temperature.
Bioassay procedure: The 10-day experimental procedure
for sediment toxicity bioassay for periwinkle was carried
out using the Organization for Economic Cooperation and
Development (OECD) #218 protocol (OECD, 2004). The
periwinkle snails were acclimated in unspiked sediment for
seven (7) days before the bioassay test. The experiment
began with a preliminary range-finding test to establish a
working concentration for the definite test. From the prepared stock solution of the test chemical using dilution
water from the organisms’ habitat, serial dilutions were
made to obtain concentrations in the range of 100, 10 and 1
mg/L (100 mg/g, 10 mg/g and 1 mg/g). The range-finding
test was conducted and terminated within 24 hours.
Acute sediment toxicity test for 10 days: The acute
toxicity of the Paraeforce -spiked sediment to periwinkle
snails was evaluated over a period of 10 days according to
the test conditions described in Table 1. The 10-day static
sediment bioassay with renewal of the overlaying uncontaminated water (filtered to 0.45 µm) was used to prepare
nominal concentrations of 2.0, 1.0, 0.5, 0.25 and 0.125 mg/
L resulting in 2.0, 1.0, 0.5, 0.25 and 0.125 mg/kg after
been placed in 1000g of uncontaminated natural sediment
with known physic-chemical parameters (grain size, porewater salinity and pH). The sediment in the container was
evenly spread to form a thick layer of substrate and 2000
mL of the prepared test solution was gently added. This
composition in the test vessels was then left to settle for 2
to 3 hours before the introduction of the test organisms.
Before the periwinkles were introduced into the test tanks,
they were placed in uncontaminated dilution water to rinse
off any debris adhering to the organisms and later placed
on clean sheets to void stomach content. After which, ten
(20) healthy periwinkles were gently transferred into each
glass vessel containing the test chemical and control. The
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overlaying water was gently aerated for the exposure period.
The overlaying water was renewed on day 3, 6 and 10.
Observations for lethality in the test vessels were carried out
and records of species dead or discoloured were noted. After
the test period, the number of periwinkle dead or alive was
recorded. The average mortality in the bioassay i.e. the total
number of dead organisms related to the total number of
organisms used on day 0 was used to compute the average
mortality in the bioassay at day 10. In order to prove the
sensitivity of the test chemical and its effect on the species,
controls with clean sediment without the test toxicant was
conducted (Environment Canada, 1992) i.e. dilution water
and sediment from the habitat of the test species control.
Sub lethal assessment: The concentrations used for the
sub lethal bio test was obtained from the results of the LC50
and was serially diluted to obtain the concentrations used.
Active species were cleaned and the length and weight
taken at day 0 and at test termination of day 28. Periwinkle
snails were then transferred to the sediment spiked with
different concentrations. Replicates per treatment were
prepared for the exposed concentrations of the test chemical. The control setup containing dilution water was also
prepared in conjunction with the test chemical but without
the toxicant. The setup was covered with net to prevent the
test medium from drying for the test duration. Toxicity
modifying factors considered were bioaccumulation potential with specific reference to growth inhibition.
Physiological effect: The physiological endpoint used in
this assessment was growth. Mean weight of the total number of organisms used for the test was taken at initiation
(day 0) and termination (day 28) of the test (Equation 1).
Before weighing, the periwinkles were sorted, washed with
tap water, and blotted with filter paper, and then weighed.
The weight of each periwinkle determined after 7, 14, 21,
and 28 days of exposure were compared with controls. The
weight Growth inhibition was computed using the formula
(Equation 2):

Eqn. 1

Eqn. 2
Where CL is the mean periwinkle weight (g) in the control
and TL is the mean periwinkle weight (g) in the treatment.
Water and sediment chemistry: The monitoring of water
and sediment quality parameters were taken at random at
the start, during and termination of the test. The physicochemical parameters of the overlying water and sediment
were determined to provide relevant information on possible changes that could result in potential hazards to the
biological indicators. Physico-chemical constituents
determined in water include; pH, temperature, dissolved
oxygen (DO), salinity and conductivity while pH and total
organic carbon (TOC) in sediment.
Assessment of mortality: Percentage mortality (endpoint
indicator of acute toxicity) was evaluated on day 10 of the
experiment in all replicates. Physical changes (morphology)
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and behavioural changes were also noted. Organisms were
considered dead if there was no movement or if there is no
activity after few minutes of placing the periwinkle on
moist white filter paper.
Statistical analysis: The vulnerability of the periwinkle to
the test chemical was determined using the Probit method
of analysis for median lethal concentration LC50 at 10 days.
In addition, the analysis of variance (ANOVA) in Statistical Package for Social Science (SPSS) statistical software
in Version 21.0 was also used to test the mean statistical
difference between the controls and treated groups at significance levels of P < 0.05. XY scattered graphs was used
for the pictorial representation of experimental assessment.

RESULTS AND DISCUSSION
General observations under laboratory conditions: The
snails generally remained on the surface of the sediment
when food supply was sufficient. When dissolved oxygen
in the overlying water was below 4.0 mg/L, the snails
crawled up the test tanks. Under the present experimental
conditions, the snails were activity and maintained the
status throughout the 28 days.
Assessment of sediment toxicity: The results obtained
from the acute toxicity of periwinkle snails exposed to
different concentrations of ParaeForce® in spiked sediment
are presented in Tables 2-3 and Figures 1-2. The results for
the experimental bioassay showed that there was no death
recorded in the control (Figure 2). Water quality parameters were within test method specified ranges. All the
periwinkles snails were alive and healthy and showed
movement when placed on a white clean paper or gently
touched with platinum rod in control. The survival rates in
the controls were 100%. However, mortality was observed
in all concentrations of ParaeForce® in each test tank at
day 10 of the bioassay. At the end of the bioassay, mortality rate in the ParaeForce® toxicity test concentrations of
0.125, 0.25, 0.5, 1.0 and 2.0 mg/kg were 27%, 43%, 53%,
77% and 87% (Figure 2). The 10-day LC50 (lethal concentration causing 50% deaths of the organism exposed to a
chemical) was calculated using the mortality data at each
of the different sediment-spiked concentration groups.
Mortality results were generally consistent across the three
replicate aquarium of each sediment-pesticide group. Each
data point in the population-level dose response graph of
Figure 2 represents the average percentage mortality data.
A regression line was generated using these points, from
which the LC50 estimate was then interpolated. Using the
Probit analysis, the estimated average lethal concentration
LC50 of ParaeForce® was 0.665 mg/kg (Finney, 1971).

Based on the Organization of Economic Cooperation and
Development (OECD) rating for contaminants in sediment
matrix, pollutants can be classified using the ratings
detailed in Table 2 (OECD, 2003). The environmentally
tolerable concentrations, which is the safe limit was
estimated at 10% of the LC50 value that is 0.0665 mg/kg.
The Organization of Economic Cooperation and Development (OECD) rating for ParaeForce® was 1, which is super
toxic (Table 2). The physico-chemical composition of the
sediment showed an average pH value of 5. 90 ± 0.06 and
total organic content (TOC) of 1.18 ± 0.12%, which
indicates that the samples were slightly acidic.
Sub lethal exposure test for 28 days: Exposure of the test
organisms to test toxicant (ParaeForce®) for sub lethal
bioassay for 28 days to evaluate growth/inhibition rate are
presented in Table 3 and Figure 2. The results of the
present study indicate that the commercial formulation of
paraquat (ParaeForce®) is toxic and has the potential to
impair growth in periwinkles snails. At the end of the sub
Table 1. Laboratory conditions for sediment toxicity testing with
Tympanotonus fuscatus var radula.
Parameter
Substrate
Temperature
Light
Illuminance
Photoperiod
Culture chamber
Ratio of sediment to
water
Overlying water
Overlying water
quality checks
Renewal of
overlying water

Conditions
sediment
24 ± 1°C
Wide-spectrum fluorescent lights
1000 lux
12L: 12D
52-L glass aquarium,
65 cm × 30 cm × 27 cm
1:2 i.e 1000g of sediment to 2000ml of
uncontaminated water
Brackish water
Temperature and dissolved oxygen
(DO > 4.0 mg/L) daily;
hardness, alkalinity, conductivity,
pH, and total ammonia weekly
Recirculation, filtration, aeration,
and routine supplement for water loss

Table 2. Sediment toxicity rating.
Rating

Designation

LC50 mg/g

1

Super toxic

<1.0

2

Extremely toxic

1.0-10

3

Very toxic

10-100

4

Slightly toxic

100-1000

5

Practically non-toxic

>1000

Table 3. Mean specific growth rate (weight) of periwinkles exposed to ParaeForce® in comparison with the control.
Concentration,
mg/kg

Mean weight
(g) ± SD

Specific growth rate
(SGR) (g/d)

Mean percent
growth rate relative
to control (%)

Mean percentage growth rate
inhibition efficiency (%)

Control

5.474 ± 0.04

0.1957

100

0

0.15

5.461 ± 0.06

0.1771

90

10

0.30

5.173 ± 0.03

0.1298

66

34

0.60

4.978 ± 0.02

0.0916

47

53
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lethal bioassay exposure no death was observed for the 28day period. However, there were changes in colour in the
periwinkles with most of the species looking pale at test
termination. Similarly, the morphology of the organisms
was also affected, which result in very slow movement of
the species when compared to the control. It is most likely
the chemical have weakened effect on their locomotive
potentials. In addition, the data revealed that there was also
loss of body mass of the organisms especially in the highest sub lethal concentrations of 0.6 mg/kg (Table 2). This
implied that the test herbicide induced poor feeding or low
feed conversion ratio effects on the species. There was no
significant alteration in the control treatments at levels of P
< 0.05. In the sub lethal test for periwinkles, 10-53%
reduction in weight was observed between the lowest and
the highest sub lethal concentrations (Figure 2).
Inhibition efficiency (GIE): Paraeforce (e) a paraquat
dichloride is a commonly used non-selective herbicide
(Dogan and Can, 2011). According to the International
Program for Chemical Safety Classification System of
Pesticides by the World Health Organization (WHO),
paraquat is classified as ‘moderately hazardous’ (WHO
class II) (El-Sayed et al., 2007). In this study ParaeForce®
was super toxic Table 2. The herbicide industry claims that
paraquat is safe if handled as instructed, yet paraquat
poisoning remains a severe health problem globally and
the degree of the severity depends on the exposure route
and dose. In general, oral ingestion of paraquat is fatal as it
is acutely toxic to humans. In ecotoxicology, 10-day LC50
for sediment toxicity is one of the most valuable parameters for assessing the toxic effects of pollutants. Herein,
the10-day LC50 value (i.e. 0.665 mg/kg) was obtained
from Tympanotonus fuscatus var radula exposed to paraquat (ParaeForce®), which suggests that this herbicide is
highly toxic to gastropod snail. The observed snail mortality was both time and concentration dependent. The LC50
values of paraquat previously reported were 1.48 mg/L for
Mesopotamichthys sharpeyi (Safahieh et al., 2012), 1.41
mg/L for Trichogaster trichopterus (Banaee et al., 2013),
and 7.00 mg/L for Oreochromis niloticus (O. niloticus)
(Ada et al., 2012), respectively. No value has been reported for gastropod snail Tympanotonus fuscatus var radula
prior to this study for comparison. The toxicity of a pesticide for an organism is affected by the strains of species,
size, age, sex, temperature, water quality and formulation
of the test chemicals (Pandey et al., 2005, Nwani et al.,
2013). The sub lethal concentrations of paraquat used in
our study (0.15, 0.30 and 0.60 mg/kg) are environmentally
realistic because environmental concentrations of 0.01 μg/
L and 0.14-8.70 μg/L of paraquat have been reported in
Elechi Creek, Nigeria (Upadhi and Wokoma, 2012), and in
some water bodies in Thailand (Tirado et al., 2008),
respectively. Our test concentrations was within the 0.1
μg/L safety limit established by the United State Environmental Protection Agency (Ladipo et al., 2011), considering the repeated application of the pesticide in agricultural
fields and other anthropogenic sources, the actual concentration in aquatic environments may exceed this limit.
The observed behavioural changes in Tympanotonus fuscatus var radula exposed to paraquat in the present study,

198

which indicated slow movement, may be attributed to a
neurotoxic effect of paraquat. Our results are consistent with
previous reports on fish exposed to paraquat (Ladipo et al.,
2011; Ada et al., 2012; Banaee et al., 2013), and in other
pesticides, such as carbosulfan (Altinok et al., 2012), malathion (Ahmad, 2012), dichlorvos (Ahmad, 2012), and
chlorpyrifos (Omoniyi et al., 2013). Despite molluscs’ species being the second largest group in Kingdom Animalia,
they have not been considered in environmental risk assessment so far, mainly due to the lack of standardized protocols.
Environmental change due to anthropogenic activities fundamentally affects individuals in complex networks of species.
The emergent effects of environmental change on any one
species therefore depend on its interactions with others
(Sanford, 1999; Harley, 2011; Kroeker et al., 2013). Molluscs are directly relevant to the human economy in Nigeria
as they are use as food as good source of animal proteins.
Several efforts in Nigeria are being made to ensure that
animal protein supply does not decrease irrespective of the
increasing population size without commensurate increase
in animal meat production. Snails have been reported to
have high protein content and medicinal values, and as
such, the demand for snail meat has increased over the
years in domestic markets, thereby leaving behind lagging
supply. Therefore, it is important to understand mollusc
reactions to chemical compounds (OECD, 2010). The
contamination of aquatic environments by herbicides has
been characterized as a major ecological concern due to the
indiscriminate use of these products in the control of aquatic
plants and agricultural use. When applied, the chemicals
tend to accumulate overtime and may pose certain effect on
non-target aquatic species due to their toxicity. Aquatic environments represent more than two thirds of the Earth, and
more than 90% of living animal species are invertebrates
(Jha, 1998). Therefore, protecting aquatic invertebrates will
play important roles in trophic chains by providing food for
fishes, mammals, birds and man.
Tests developed with molluscs may be more amenable to
extrapolation in risk assessment programs than those based
on phyla less diverse and less numerically significant. In
general, when herbicides contaminate the aquatic ecosystem, they can cause deleterious effects on the organisms
system. Organisms that live in regions impacted by pesticide substances, whose breeding period coincides with the
application period of the pesticides, can suffer serious risks
of development and survival of their offspring.
Some of the side effects of pesticides exposures includes
weight loss, decreased disease resistance, and increased
susceptibility to predation, lack of interest in mating,
destruction of chemoreceptor, imposex and defending territory (Ying and Williams, 2000). In the present study, the
periwinkle species showed weight loss due poor feeding
rate and low feed conversion ratio as a result of pesticide
exposure. Exposure to sublethal concentrations revealed
progressive decrease in body weight with mean decrease of
5.461 ± 0.06, 5.173 ± 0.03 and 4.978 ± 0.02 per cent respectively as opposed to 5.474 ± 0.04 per cent mean increase in the weight of control snail, at the end of the 28
day exposure. Statistical comparisons reveal that the
percentage changes in body weight of test snail at all expo-
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sure concentrations on every weekly measurement were
significantly different from those of the control at p <
0.0002. Weight changes among the three exposure concentrations were also significantly different (Table 3). In the
present study, the exposed snail maintained their feeding
regime; hence the loss of weight cannot be correlated with
starvation but may be due to an indirect effect of the toxicant on macromolecular syntheses which are secondary
effects induced by physiological stress (Miliou et al.,
1998). Similar depression in growth, as measured by body
length, was observed in Daphnia magna on exposure to
endosulfan (Fernández-Casalderrey et al., 1993).
Globally, the decline of gastropod population has been
recorded as a consequence of the induction of the imposex
effect in female molluscs by tributyltin (TBT) pollution
(Chiavarini et al., 2003). Tributyltin (TBT) pesticide has

been recognised as one of the most toxic substances that
have been deliberately introduced into natural waters
(Goldberg, 1986; Terlizzi et al., 2004). Also, most pesticides with heavy molecules that are not biodegradable are
xenoestrogens or endocrine xenobiotics (Matthiessen et al.,
1995; Ogbomida and Ezemonye, 2013). It has been
observed that the effects of pesticides do not occur only at
the places that they are applied but also in places distant
from their application and induce alterations in non-target
organisms, altering the survival and equilibrium of the
ecosystems, whether aquatic or terrestrial. Concentration
of endocrine xenobiotics levels as low as 1 μg/L can
induce pseudo-hermaphroditic condition in periwinkle
snail species. Thus, much care must be taken when introducing these substances into the environment especially
understanding their toxic consequences.

Figure 1. Mean % mortality ± SE of periwinkle exposed to
ParaeForce® at day 10.

Figure 2. Mean (%) growth rate relative of control (GR) in comparison with mean growth.

Conclusions
In this assessment, exposure of periwinkle to ParaeForce ®
on short and long-termed bases caused detrimental effects
on the species including mortality and loss of body mass.
The test revealed that the increase in concentration of
ParaeForce® in the sediment lead to an increase in the percentage mortality of the test organism periwinkle
(Tympanotonus fuscatus var radula). It is therefore evident
that the effect of acute toxicity of ParaeForce ® is concentration related; the greater the concentration, the greater the
effect. This implied that high concentration of these toxic
substances in the environment would consequently pose
great environmental and human health risks. National,
regional and global awareness are needed to reduce the
amount of chemicals entering the environment to reduce
environmental and human exposure. In conclusion, the
result of the study suggests that the toxic effects of
ParaeForce® had adverse effects on non-target organism,
thus, much care must be taken when introducing these
substances into the environment. Further studies on the
chronic effects of paraquat are still needed for a greater
understanding of the environmental and health risks consequence. The use of paraquat at riverside and coastal areas
should be strongly controlled and carefully monitored to
avoid exposure to aquatic environments.
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A field experiment was conducted to evaluate the yield of potential rice genotypes during kharif
season, 2012 and 2013 at Rice Research Station, Bankura, West Bengal, India on sandy loam soil of
slightly acidic in reaction (pH: 5.7). This experiment was conducted in split-plot design with three
replications. The results indicated that 105 kg N ha-1, the yield attributes recorded maximum
number of panicles m-2 (307.9), panicle length (25.3cm), panicle weight (2.32g), number of filled
grains per panicle (117.8), 1000-grains weight (24.5g) and finally recorded highest grain yield (4.80
t ha-1) than lower fertilities. While, 70 kg N ha-1 was remained closed to 105 kg N ha-1 in number of
panicles m-2, panicle weight and number of filled grains per panicle. Among the potential rice
varieties ‘Sampriti’ (IET 21987) recorded the highest grain yield (4.66 t ha-1) under rainfed shallow
lowland situation of red and laterite zone of West Bengal. The highest grain yield (4.80 t ha-1) was
obtained at 105 kg N ha-1and it was statistically at par with 70 kg N ha-1 (4.62 t ha-1). Therefore, the
increased in grain yield of rice by the varieties due to overall respective performance in growth and
appreciable improvement in the yield attributing characters.
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INTRODUCTION
Rice (Oryza sativa L.) is an important cereal crop and
grown across the world. Most of people of the world depend on rice for their secured livelihood and a way of life.
It is the staple food for more than 65 per cent of the people
and provides employment and livelihood to 70 per cent of
the Indians. There is a need to enhance the productivity of
the rice to meet the growing demand under conditions of
declining quantity and quality of land (Raju, 2013).
Nitrogen plays an important role to promote the plant
growth and ultimately in determining the yield of rice.
Nitrogen is the key element in the production of rice and
gives by far the largest response. It is the most essential
element in determining the yield potential of rice and
nitrogenous fertilizer is one of the major inputs to rice
production (Mae, 1997). However, recovery of applied
nitrogen in rice is very low owing to various losses.

Optimization of applied nitrogen at critical growth stages,
coinciding with the period of efficient utilization is essential to meet the nitrogen requirement of crop throughout
the growing season (Pandey et al., 2002). Almost every
farmer has the tendency to apply costly N fertilizer excess
to get a desirable yield of Aman rice (Saleque et al., 2004;
Jahan et al., 2017), but the imbalance use of N fertilizer
causes harm to the crop and decreases grain yield. It is also
a fact that improper use of nitrogenous fertilizer, instead of
giving yield advantage, may reduce the same. Nitrogen
management is an important aspect for obtaining good
yield of rice. Optimum dose and schedule of fertilizer
application is necessary to achieve higher yields, minimize
lodging and damage from insect pests (DRR, 2013).
Sangeetha and Balakrishnan (2011) reported that lower
grain yield of rice obtained with absolute control which did
not receive organic manures and recommended NPK addi-
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tion. Nitrogen fertilization and proper time of its application is the major agronomic practice that affects the yield
and quality of rice crop (Lampayan et al., 2010). Different
varieties may have varying responses to N-fertilizer
depending on their agronomic traits. Now a days the
identification and release of high yielding rice varieties, it
becomes imperative to make a comparative assessment of
the growth studies and their influence on grain yield under
different nutrient combination. Of the mineral nutrients,
nitrogen plays a major role in utilization of absorbed light
energy and photosynthetic carbon metabolism in many
biochemical and physiological activities of plant (Huang et
al., 2004; Kato et al., 2003). Its deficiency or excess application may adversely affect these processes and ultimately
reduces crop yield. On other hand, genetic character of a
variety limits the expression of yield. Rice cultivars differ
in their potential to respond to high fertility conditions.
Selection of suitable varieties and their nutrient requirements have great relevance in boosting up productivity of
lowland rice. Selection of proper variety suitable to the
specific ecological situation may prove to be a boon to the
farmer. Keeping these points in view the present research
was taken up. Hence this study was proposed to identify
suitable variety, N level and varietal response under different levels of N in rainfed shallow lowland situation of red
and laterite zone of West Bengal.

MATERIALS AND METHODS
To evaluate the yield of potential rice genotypes as influenced by different doses of nitrogen under ‘kanali’/‘sol’
situation of red and laterite zone of West Bengal, a field
experiment was conducted during kharif season during the
years 2012 and 2013 at Rice Research Station, Bankura,
West Benagl, India. Main objective of this experiment was
to test the yield performance of IET 21987 before release
as ‘Sampriti’ in the year 2014 by State Variety Release
Committee, West Bengal along with three rice varieties
with different levels of nitrogen under rainfed shallow
lowland situation. The soil of experimental field was sandy
loam in texture. The experiment was laid out in a split plot
design in 3 replications with three levels of nitrogen [35 kg
N ha-1= 50% recommended dose of nitrogen (RN), 70 kg
N ha-1= 100% RN, 105 kg N ha-1= 150% RN.] randomly
allotted in the three main plots; while four promising rice
varieties [ Dhruba (IET 20761), Sampriti (IET 21987),
Dhiren (IET 20760) and Swarna (MTU 7029)] were randomly allotted in the four sub-plots of each main plot. The
recommended fertilizer dose (RFD) in rainfed shallow
lowland situation was N, P2O5 and K2O @ 70, 35 and 35
kg ha-1, respectively. The source of N, P2O5 and K2O were
urea, single super phosphate (S.S.P.) and muriate of potash
(M.O.P.), respectively. 25% of recommended dose of N
and full dose of P2O5 and 75 % of K2O were applied as
basal. 50% of recommended dose of nitrogen was top
dressed at active tillering stage and rest 25% N along with
25% K2O were applied at panicle initiation stage. The field
was drained before application of fertilizers and one week
before harvest. Initial soil sample were collected and were
analyzed for important properties using standard proce-

dures. The soil was slightly acidic (pH 5.7) in nature, EC:
0.16 dsm-1, organic carbon (%): 0.41, available P 2O5 44 kg
ha-1 and K2O 185 kg ha-1, respectively. Plot size was 4m ×
3m, whereas the crop geometry was 20cm × 15cm. Planting of 30 days old seedlings was done with 2-3 seedlings
per hill. For weed management, Butachlor 50EC @ 1.5 kg
a.i ha-1 applied at 5 DAT (days after transplanting) followed by two hand weeding at 35 and 55 DAT. The crop
was raised as per recommended package of practices
throughout the period of crop growth. Observation on yield
parameters and grain yield were statistically analyzed.
Potential rice varieties, namely Dhruba (IET 20761), Sampriti (IET 21987) and Dhiren (IET 20760) were developed
at Rice Research Station, Bankura and released by State
Variety Release Committee, West Bengal for cultivation in
rainfed shallow lowland areas under transplanted condition
in West Bengal. Swarna (MTU-7029) was notified in the
year of 1987, developed at Maruteru (ANGRAU) and
recommended for rainfed lowland condition. Its duration is
about 140 days [Source: Rice Knowledge Management
Portal (http://www.rkmp.co.in)].

RESULTS AND DISCUSSION
The effects of various levels of N and varieties on various
parameters have been presented in Tables 1 and 2; Figure 1
and 2.
Nitrogen levels: The yield attributes of potential rice
varieties were found to be differed due to applied nitrogen
levels. Each increase in the N-level increased plant height
and number of panicles m-2 resulting higher yield attributes
(Table 1). Thus, at 105 kg N ha-1, the yield attributes recorded maximum number of panicles m-2 (307.9), panicle
length (25.3cm), panicle weight (2.32g), number of filled
grains per panicle (117.8), 1000-grains weight (24.5g) and
finally recorded highest grain yield (4.80 t ha-1) than lower
fertilities. While, 70 kg N ha-1 was remained closed to 105
kg N ha-1 in number of panicles m-2, panicle weight and
number of filled grains per panicle during investigation. The
experimental results revealed that among the nitrogen
levels, the highest grain yield (4.80 t ha-1) was recorded with
105 kg N ha-1, but it was statistically similar with 70 kg N
ha-1 (4.62 t ha-1) and significantly higher than 35 kg N ha-1
(3.64 t ha-1). There was a significant increase in grain yield
with the increase in N level from 35 to 70 kg ha-1 and
further increase in N level up to 105 kg ha-1 could not increase the grain yield significantly.
The improvement in yield attributing traits may be
ascribed to the improved vegetative growth due to nitrogen
fertilization, facilitating photosynthesis, thereby increasing
translocation of organic food materials towards the reproductive organs; which enhanced the formation of panicles
with fertile grains. The improvement in yield components
due to increased nitrogen levels also have been reported by
many workers Shukla et al. (2015), Pandey et al. (2007) and
Singh et al. (2008). The productivity i.e. grain yield of rice
was found to be differed with different level of nitrogen
during investigation. This might be due to better growth in
plant height and appreciable improvement in yield attributing characters. This could be attributed to the fact that
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higher dose of nitrogen being constituent of enzymes and
protein enhanced cell expansion and various metabolic
processes. Grain yield production increased significantly
with incremental levels of N up to 70 kg ha-1. This could
attributed to the higher nitrogen application which might
have increased the chlorophyll formation and improved
photosynthesis and thereby increased the plant height, number of panicles per unit area and number of filled grains per
panicle leading to the production of high grain yield.
Similar results have also evinced by Luikhan et al. (2004).
Varieties: There were significant differences among the
potential rice varieties in plant height, yield attributes and
grain yield. All yield attributing characters were remained
differed with different varieties. Among the four varieties,
Sampriti (IET 21987) recorded maximum plant height
(124.5 cm), number of panicles m-2 (304.7), panicle length
(26.2cm), panicle weight (2.37g), number of filled grains
per panicle (126.2), 1000-grains weight (26.2g) and finally
recorded highest grain yield (4.66 t ha-1). While, Dhruba
(IET 20761) was remained closed to Sampriti (IET 21987)
in number of panicles m-2, panicle weight and number of
filled grains per panicle during investigation. Experimental
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results revealed that among the potential rice varieties,
Sampriti (IET 21987) recorded the highest grain yield
(4.66 t ha-1), which was significantly higher to that of
Dhiren (4.22 t ha-1) and Swarna (4.16 t ha-1) and at par
with that of Dhruba (4.37 t ha-1) (Table 1). However,
Dhruba (IET 20761) exerted second promising yield
attributing characters during investigation. The climatic
condition and genetic makeup of variety had better interaction under which could be enhanced growth and development of panicles. The photoperiodic responses and genetic
potentiality on variation of yield attributes of improved
varieties have also been reported by Lar et al. (2007).
Productivity of crop is collectively determined by vegetative growth coupled with higher yield attributes resulting
in higher grain yield. Increased in grain yield through
greater partitioning of assimilates from shoot to grain. The
increased in grain yield by the varieties due to overall
respective performance in growth and appreciable
improvement in the yield attributing characters. Significant
variations in grain yield of rice varieties have also been
reported by many workers (Lar et al., 2007; Singh and
Tripathi, 2008 and Jana, 2014).

Table 1. Growth and yield attributes of potential rice genotypes as influenced by levels of nitrogen and genotypes (Pooled value of 2
years).
Plant height (cm)

No. of Panicles m-2

Panicle length (cm)

Panicle wt. (g)

35 kg N ha-1
70 kg N ha-1
105 kg N ha-1

115.3
122.2
123.7

195.0
297.8
307.9

21.6
24.8
25.3

1.95
2.24
2.32

S.Em (±)
CD (P = 0.05)

0.21
0.82

5.08
19.95

0.09
0.36

0.04
0.18

Dhruba (IET 20761)
Sampriti (IET 21987)
Dhiren (IET 20760)
Swarna (MTU 7029)

121.2
124.5
120.3
117.1

266.7
304.7
253.6
242.6

25.4
26.2
23.6
21.7

2.18
2.37
2.11
2.02

S.Em (±)
CD (P = 0.05)

0.32
1.28

12.02
36.52

0.14
0.56

0.09
0.25

Nitrogen levels (N)

Potential rice varieties (V)

Table 2. Grain yield and ancillary characters of potential rice genotypes as influenced by levels of nitrogen and varieties (Pooled value of
2 years).
Nitrogen levels (N)

No. of filled grains/panicle

1000-seed wt. (g)

Grain yield (t ha-1)

35 kg N ha-1
70 kg N ha-1
105 kg N ha-1

80.2
105.3
117.8

20.2
23.5
24.5

3.64
4.62
4.80

S.Em (±)
CD (P = 0.05)

1.31
5.23

0.04
0.16

0.13
0.38

Dhruba (IET 20761)
Sampriti (IET 21987)
Dhiren (IET 20760)
Swarna (MTU 7029)

120.3
126.2
112.7
98.6

25.4
26.2
23.6
21.7

4.37
4.66
4.22
4.16

S.Em (±)
CD (P = 0.05)

1.06
4.24

0.07
0.28

0.13
0.39

Potential rice varieties (V)

205

K. Jana et al. /Arch. Agr. Environ. Sci., 2(3): 202-205 (2017)

Figure 1. Grain yield of rice genotypes as influenced by levels of
nitrogen.

Figure 2. Grain yield as influenced by rice genotypes.

Conclusions

photosystem II. Plant Cell Physiology, 44: 318-325.
Lampayan, R.M., Bouman, B.A.M., Dios, J.L.D., Espirity, A.J.,
Soriano, J.B., Lactaoen, A.T., Faronilo, J. E. and Thant,
K.M. (2010). Yield if aerobic rice in rainfed lowlands of the
Philippines as affected by nitrogen management and row
spacing. Field Crop Research, 116: 165-174.
Lar, O.O., Shivay, Y.S. and Kumar, D. (2007). Effect of nitrogen
and sulphur fertilization on yield attributes, productivity and
nutrient uptake of aromatic rice (Oryza sativa). Indian Journal of Agricultural Sciences, 77(11): 772-775.
Luikhan, E., Krishnarajan, J. and Premsekhar, M. (2004).
Irrigation and nitrogen application schedules for hybrid
‘Adtrh 1’ rice (Oryza sativa L.) in Tamil Nadu. Indian Journal of Agronomy, 49(1): 37-39.
Mae, T. (1997). Physiological nitrogen efficiency in rice: Nitrogen utilization, photosynthesis and yield potential. Plant and
Soil, 196(2): 201-210.
Pandey, N., Verma, A.K. and Anurag Tripathi, R.S. (2007).
Integrated nutrient management in transplanted hybrid rice
(Oryza sativa). Indian Journal of Agronomy, 52(1): 40-42.
Pandey, S., Mortimer, M., Wade, L., Tung, T.P., Lopez, K. and
Hardy, B. (2002). Direct seeding: Research strategies and
opportunities. IRRI, Los Banos, Philippines, pp: 383
Raju, A.P. (2013). Foreword. Water saving technologies in rice.
DRR Technical Bulletins,No.75
Saleque, M.A., Naher, U.A., Islan, A., Patahn, A.B.M.U.,
Hossain, A.T.M.S. and Meisner, C.A. (2004). Inorganic and
organic phosphorous fertilizer effects on the phosphorus
fractionation in wetland rice soils. Soil Science Society of
America Journal, 68: 1635-1644.
Sangeetha, S. P. and Balakrishnan, A. (2011). Effect of organically supplemented N on yield of rice (Oryza sativa L.).
Journal of Crop and Weed, 7(1): 86-88.
Shukla, V.K., Tiwari, R.K., Malviya, D.K., Singh, S.K. and Ram,
U.S. (2015). Performance of rice varieties in relation to
nitrogen levels under irrigated condition. African Journal of
Agricultural Research, 10(12): 1517-1520.
Singh, A., Pandey, G. and Singh, R. P. (2008). Effect of green
manuring and nitrogen on productivity of rice-wheat
cropping system. Annals of Plant and Soil Research, 10(2):
191-192.
Singh, U.N. and Tripathi, B.N. (2008). Response of rice
cultivars to zinc sodic soil. Annals of Plant and Soil
Research, 10(1): 75-77.

From the present study, it may be concluded that among
the potential rice varieties ‘Sampriti’ (IET 21987) proved
most impressive by recording the highest grain yield and
Dhruba (IET 20761) exerted second promising rice
varieties under rainfed shallow lowland situation of red and
laterite zone of West Bengal. Sampriti (IET 21987) has the
potential to be an alternative/replacement for Swarana
(MTU 7029) in rainfed shallow lowland areas of West
Bengal. The highest grain yield was obtained at 105 kg N
ha-1and it was statistically at par with 70 kg N ha-1. Therefore, the increased in grain yield of rice by the varieties due
to overall respective performance in growth and appreciable improvement in the yield attributing characters.
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 farmers of today are expected to maintain rural agricultural landscapes with production
mandates that restrict their mandate to integrate conservation plans with landscape management. In
this context, an effort was made to evaluate the degree of land use, management and conservation
practices adopted in Lagadwal village of Dhule district through detailed soil survey and photopedological interview walks and discussions with farmers. The landscape photographs were thematically
arranged and analyzed to construct and narrate theories of land care by local farmers on erosive
high hills covering thirty per cent of area (>620m elevation) and supporting extremely shallow
Budkhed and Lagadwal series in southern part of the village. The photo views of erosive mid hill
landscapes with gullies and landslip areas (40% of area, 600 to 620m) have soil association of moderately shallow Lagadwal thana series on crests / side slopes to very deep Brahmasila and Gaikot
series in lower slopes whereas low hills (35% of area, 580 to 600m) with ridge lines and drainage
depressions have moderately deep Lagadwal tola series. The farmer‟s did not perceive the long term
landscape changes occurred due to partially effective conservation plans and pressing financial
issues. The photographs revealed the unclear realties of harvesting farm produce on these steeply
sloping erosive landscapes emphasizing more on explicit policy toward land management practices
and offers opportunity to the farmer‟s to change their farm production management activities. The
photographs were not intended to evaluate land care per se but offers an insight to the farmers how
they look of the land at landscape level.
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INTRODUCTION
Land is continuously under threat of degradation and
erosion due to various reasons. In India, total of 148.9 million ha of land, representing 45% of the total geographical
area is subjected to soil erosion and land degradation
(Sehgal and Abrol, 1994). On account of various forms of
degradation, it has been estimated that the loss of 5.334
million tonnes of top soil occurs annually, which is equivalent to 5.37 to 8.4 million tonnes of plant nutrients
(Dharuvanarayana and Rambabu, 1983). The loss of top
soil and run-off loss is especially more in an area covered
with meagre vegetation / forest cover. Beside this, the

human population explosion in the pursuit of meeting the
fuel and fodder demand, indiscriminately destroys vegetation cover and such situations get further aggravated in
drought prone areas, receiving rainfall less than 750 mm.
In Maharashtra State, about 35.2% of area was identified
as drought prone covering 89 tehsils of 13 districts. In these areas, an imperative stage has come where suitable soil
and water conservation measures are immediately warranted so as to reduce soil erosion and land degradation. With
the general acceptance of watershed as principal unit of
planning of all developmental activities based on suitable
utilization of locally available natural resources, hence the
watershed requires the detailed characterization and
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inventorization of natural resources (Patil et al., 2010;
Manchanda et al., 2002). Mapping and assessment of
erosion prone areas is pre-requisite for planning soil
conservation and watershed management programs (Surya
et al., 2008) and several studies reported potentials use of
remote sensing for characterization and management of
land resources at watershed level (Srinivasa et al., 2008;
Elvis et al., 2009; Solankhe et al., 2009). In recent times,
the necessity of detailed soil survey and soil mapping at
village / watershed level for holistic farm planning taking
into account climate landscape-soil characteristics (Soil
Health Card) and Socio-economic conditions of the farm
holdings linked to Kisan card credit support is therefore
obvious, urgent and cannot brook any further delay
(Velayutham, 2012). The soil series information was used
in evaluating rice based cropping systems in Assam and
proved the usefulness of soil series for agrotechnology
transfer (Dharam Singh et al., 2014 ) and in cotton production systems of Yavatmal district (Bhaskar et al., 2014).
The potentials and constraints of basaltic landscape evaluations for agriculture and or rural livelihood in parts of
Maharashtra is well recognized (Bhaskar et al., 2011). In
the last fifty years, the rural policies and agrienvironmental programs (AES) have brought agro- transformations in terms of landscape management and production of major commodities in hot semiarid eco-region of
drought prone areas having length of growing period of
120 to 150 days (K4Dd4, Velayutham et al., 1999;
Hunziker and Kienast, 1999). This particular district accounts for the highest percentage of scheduled tribes in the
state. Out of the total district population of 20,50,294,
scheduled tribe population is 831,064 or 40.53 percent
(Walters, 2013). The cultivated area is 4.64 lakh hectares
of total area (806300ha) with 65% of area under food crops
and 56 per cent of land holding less than 2 ha. The agricultural landscape pictures in rural sectors of this part of
Maharashtra offers an opportunity to look into the reflective realties of drought and difficulties faced by farmers
with a popular idea of how hard it is to farm. The policies
impose the basic obligations on farmers to keep the open
and well managed but agri-developmental programmes are
poorly implemented with multiple aims in the farming. The
present study focuses on the visual perception of cultivated
lands in Lagadwal village of Dhule district, Maharashtra
with the objectives of interpreting and managing production value of rural landscapes for conservation at farm
level.
Soil survey describes soil characteristics in a given area,
classify soils according to a standard system of classification, plot the boundaries of soils on a map and makes
predictions
about the behaviour of soils (Soil Survey
Division Staff, 1993). The physiographic surveys produce
descriptions of soils in a discrete spatial model without
informing variation within the mapping unit (Bregt, 1992).
The soil survey can be interpreted in terms of potential
productivity and land evaluation for assessment. The storie
index assesses the productivity of soils considering four
factors such as Factor A (the degree of soil profile development), Factor B (surface texture), Factor C (slope) and
Factor X (other soil and landscape conditions viz., drain-

age, erosion, fertility, alkalinity, acidity and micro relief).
A score ranging from 0 to 100 % is determined for each
factor and scores are then multiplied together to generate
rating index (Storie, 1978). Later these indices were
revised that generates ratings digitally (O‟Geen and
Southard, 2005). The storie indices were proved to be useful in evaluating soil series suitability for maize, soybean,
cowpea and groundnut in three soil series of Northern
region of Ghana (Ziblim et al., 2012). Productivity ratings
(based on physical and chemical properties of soils,
Huddleston, 1982) are reflection of real value for agriculture or forestry (Miller, 1984) but later recognizing the
importance of management in obtaining economic yields,
CER values ( crop equivalent rating) were used as index of
evaluating soils in Minnesota (Rust et al., 1984). These
mapping units are evaluated as per the land evaluation
classification for different kinds of land use systems (FAO,
1983; van Diepen et al., 1991 and Murphy, 1993). Combination of the FAO Framework for Land Evaluation with
computer technology and expert knowledge on specific
soils and crops has been demonstrated by several authors
(Wood and Dent, 1983, Jones and Thomasson, 1987, Hong
Cheng, 1989 and Robert, 1989). However, transferability
of the analyses is limited because the expert knowledge
applies only to the conditions for which the systems have
been developed and calibrated. The UNCED conference
(1992) - Agenda 21 identified the importance of widely
accepted indicators by which to monitor the status of the
environment. Recently, the World Bank initiated the development of Land Quality Indicators (LQIs) to enable monitoring of changes in land resources and the sustainability
of managed ecosystems (Pieri et al., 1995). Earlier,
Dumanski (1993) set down generic indicators that could be
developed as „international standards for evaluation and
monitoring of SLM‟: crop yield (trend and variability),
nutrient balance, maintenance of soil cover, soil quality /
quantity, water quality / quantity, net farm profitability,
use of conservation practices. Such indicators may be used
as objectives and parameters in the construction of an
„SLM Model‟ (De Bie et al., 1995). The decline in reserves of quality arable land result from the significant loss
of agricultural land through degrading land management
practices (Scherr and Yadav, 1996), from competition for
these reserves for use in forestry, watershed management,
maintenance of biodiversity and from the diversion of arable land for urban and industrial use. The negative
assessment generally associated with farming, forestry and
grazing had been largely developed in the context of modern agriculture. The speed and extension of technological,
cultural and economic changes that have occurred in recent
decades are threatening not only the environment but also
the landscapes and rural societies associated with them
(Agnoletti, 2006, 2012 and Antrop, 2006). There is a need
to develop sustainable land management (SLM) systems
through three stage activities involving land character
assessment, participatory activities for community driven
landscape scenarios and modeling of landscape scenarios
and tradeoffs as integral part of the social-ecological
framework, provide opportunities for social learning and
capacity building (Bohnet and Smith, 2007). It was also
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reported that individual perceptions and the relationship
between visual concepts and aesthetic values of landscape
were to be reliable predictors in case of Belgium (Sevenant
and Antrop, 2010). However, in areas that are not conducive to be simplified and intensive crop production, a marginalization process has long been underway that has
resulted in the abandonment of rural settlements and activity (Agnoletti, 2012). The soil information delivery and
education must use modern information delivery techniques coupled with simple landscape-based presentations
of interpreted data (Drohan et al., 2010). It was further said
that the delivery of soil information must be with conceptual toposequence models with special purpose soil classification linked to identifying keys at local level (Grealish
et al., 2015). Although there are number of studies on visual perception of agricultural landscapes, the agricultural
landscape preferences based on visual concepts were
reported and also explained the factors underlying on visual preferences by the local community in Israel (Rechtman,
2013). In land evaluation studies, the agricultural landscape photographs in conjunction with soil surveys were
used to measure the perception of farmer‟s about the quality of landscapes (Tveit et al., 2009; Eija et al., 2014). The
relevance and feasibility of landscape planning in addressing and resolving the problems of rural communities in
Ukarane was highlighted and advocated to develop landscape plans (Rudenko et al., 2014). Later on, the strong
links of rural development with landscape planning was
discussed in length by Rega (2014). The objective of
present study was therefore to characterize agri-landscape
systems and their dynamics by up-scaling landscape analyses at farm level and used agri-landscape systems to identify potential zones where reciprocal relationships between
land uses and landscape features were clear. Hence, in this
case study an attempt was made to characterize the agrilandscape systems in a part of hot semiarid eco system of
Lagadwal village, Dhule district, Maharashtra, India.
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erosional features are common with duplex soil association
with hard and compact sub soils which will favour the lateral movement of water. The climate is dry with mean annual rainfall of 576mm, of which 88 per cent of annual
rainfall receives during the south-west monsoon. The natural vegetation consists of trees viz., Gunj - Abrus precatorius, Hivvar - Aegle marmelos, Piwala – dhotra - Argemona mexicana, Neem - Azadirachta indica, Katesawar Bombax ceiba, Rui - Calotropis gigantea, Dhak - Butea
monosperma, Bahawa - Cassia fistula, Sisam - Dalbergia
sissoo, Lokhadi - Ehretia laevis, Ghute umbar - Ficus
heterophylla, Umbar - Ficus racemosa, Sabar - Euphorbia
neriifolia (Patil and Patil, 2007).
Methodology: The two step methodological approach was
adopted in this study involving preliminary landscape analysis at farm scale in terms of land use, farming system and
characterization of farms at Lagalwal village of Dhule district, Maharashtra. The first step was based on detailed soil
survey on 1:10000 scale cadastral map covering 664 hectares of land in Lagadwal village of sakri tehsil, Dhule
district, Maharashtra. The intensive field traverses were
made to check field boundries and to aquaint with landscape patterns. Nine representative soils transects with fifty
seven soil profiles were studied in different locations and
recorded latitude, longitude and elevation of each soil site
with the help of hand held GPS and described morphological descriptions of each pedon (Schoeneberger et al.,
2002). These soils were classified up to subgroup level in
the soil orders of Entisols, Inceptisols, Alfisols and
Vertisols as per Soil Survey Staff (2010). The soil map was
generated with mapping units defined as phases of each
series in GIS environment with ARCINFO. Version 8. The
slope land capability classification as per scheme was
applied to suggest soil-water conservation measures
(Sheng, 1972).

MATERIALS AND METHODS
Geographical description: The agricultural landscape in
Lagadwal village, Sakri tehsil of Dhule district
(21008‟01”N latitude and 74006‟51” E longitude) is dominated by dykes and residual hills of the Sahyadri Spurs
with shallow to stony soils (Figure 1). The major part of
the area is covered by basaltic flows commonly known as
Deccan Traps intruded by dykes of Upper CretaceousLower Eocene age. The Deccan Trap includes several
flows of Basalt which are supposed to have extruded from
fissure volcanoes that includes the “pahoehoe” and the
“aa” types of flows, the former being very common
(Deolankar, 1980). The water bearing strata occurring
below 30 m depth, beneath the red bole and dense massive
basalt exhibit semi confined to confined conditions. On the
elevated plateau tops having good areal extent and local
water table develops in top most layers, the wells in such
areas show rapid decline water levels during in post
monsoon and go dry during peak summer. This geological
structure in rural landscapes are subjected to severe to very
erosion on steep slopes running towards south and culminate sharp pinnacles. The tunnel, gully and landslip

Figure 1. Location map Lagadwal village in Sakri tehsil, Dhule district.
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The field was supported by an interview with the local
farmers to pinpoint the landscape conservation to landscape change and the agricultural typology at farm level.
Each geo reference point is linked with photographical file
so as to obtain description of landscape and identification
of land use change at farm level. In the second step, the
landscape photographs during survey were taken and
analyzed to form personal construct theory for deriving
conservation plans (Dalton and Dunnett, 1990). This
involved grouping of photographs under thematic headings
and ordering each group into levels of significance. The
visual preferences of landscape components were identified and analyzed to do whole farming in accordance with
soil capabilities and connecting farms with central corridors. The results of landscape analysis with expert
knowledge in developing agricultural planning was integrated with local knowledge to draw main agricultural systems contributing to the landscape in Lagadwal village
directly onto the soil map. The base map showing the
morphological and topographical characteristics are easy to
understand by local farmers and facilitate good interaction
between landscape and agricultural systems that possibly
contributed to change landscapes at farm level. The
schematic methodology is given as under (Figure 2).

Figure 2. Flow chart of conservation measures at landscape level
based on slope land capability.

RESULTS AND DISCUSSION
Soil landscape systems: A soil landscape is a mapping
unit that has recognizable and specifiable topographic and
soil properties which can be meaningfully represented on a
map and described by concise statements (Tulau, 1994).
Soil landscapes are not uniform in terrain and soil characteristics, but have a definable pattern of variation. For instance, the Lagadwal landscape ranges from gently sloping
ridge crests to very steep side slopes and narrow drainage
lines (Figure 3a). There is considerable variation in slope
gradient, soil depth, drainage characteristics and hence the
properties which determine capability. The village covers
664 hectares of land (ha) having high hills in southern part
(>620m above mean sea level) with distinct steep slopes of
40 to 60 per cent and covers more than 306.3 ha. The
steeper side slopes cover ten per cent of total area with
narrow incised drainage lines (forty six per cent of area)
supporting extremely shallow Budkhed (P1) and Lagadwal
series (P2). The mid hills (600 to 620m) covers thirteen per
cent of area with four land forms viz., broad crests, rounded crests and side slopes, gently undulating uplands and
lower slopes. These land forms have moderately shallow
Lagawal Thana series (P3) on crests and side slopes Gaikot
(P4) to and Lagadwal tola (P5) in lower slopes. The low
hills (580 to 600m) have ridge lines and drainage depressions covering thirty five per cent of area with soil associations of moderately deep Navgaon (P6) and Brahmasila
series (P7). These landscapes show varying degrees of
sheet erosion on undulating plains, gullies near drainage
lines and rocky exposures, stone cover on hill tops and
ridges, crests and side slopes (Figure 4). These agricultural
landscapes suggest themselves as measures to estimate the
impacts of current land use activities on steep lands with
posing questions such as (i) is production sufficient to
subsistence or profit, (ii) does the ground cover capable of

Figure 3. Field photos of landforms in Lagadwal village; 3a. High hills:
(i) severely eroded summit portions with sparse vegetation, (ii) steep side
slopes with narrow incised 1st order drainage lines and (iii) undulated,
severely eroded back slopes; 3b. Mid hills: (i) broad crests and side
slopes (ii) round crests and upper slopes (shoulder) and (iii) undulating
back slopes with rises and lows; 3c. Low hills Li) narrow ridges and side
slopes, (ii) foot slopes along drainage lines and (iii) drainage
depressions.
P2. Navgaon series

P1.Budkhed series

P3. Lagadwal series
P4.Brahmasila series
P6.Lagadwal tola series

P5.Gaikot series

P1.–Lithic
Ustorthents

P3.Typic
Ustorthents

P6.Leptic P5.Typic
Haplusterts Haplusterts

P2.Typic Haplustalfs
P4. Chromic Haplusterts

Figure 4. Soil-landscape systems in Lagadwal village.
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Figure 5. Soil typology and classification.

Figure 6. Soil map of Lagadwal village; Note: soil unit numbers as
shown in map is in accordance with numbers if soil units described in
table 3.
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Figure 7. Amoeba graph for determinants of agri-resources.

Indicators productivity

maintaining good soil conditions and (iii) is the soil
erosion a cause of declining crop productivity under semiarid climate.
Soil typology and classification: Soil typology is usually
defined as a portion of soil cover with diagnostic characteristics resulting from similar process of soil genesis and
location of soil typology is known through soil mapping
unit delineation. The soil typology with taxonomy in high,
mid and low hills with land use, soil depth and crop calendar is presented Figure 5. Basaltic terrain is common in
this part of Maharashtra and has been in the focus of tribal
dominated and developmental programmes linked with dry
land agricultural crops in the past 20 years. The high basalt
rises (>620m above sea level) are more or less undulating
on top with strongly sloping and severely eroded for the
development of moderately deep Typic Haplustepts to
moderately shallow Typic Ustorthents under the cultivation of bajra and black gram with thin forest cover. The
distinctive composition of the top basalt flow may be a
contributing factor to the development of the clay soils for
the growth of agro - forestry. The mid hills (600 to 620m)
have four land forms viz., broad crests , rounded crests and
side slopes, gently undulating uplands and lower slopes .
These land forms have moderately shallow Typic Ustorthents under bajra, groundnut, red gram cultivation on
crests and Lithic Ustorthents with forest cover on side
slopes to very deep Typic or Chromic Haplusterts
(Brahmasila and Gaikot series) in lower slopes used for
jowar, maize and sugarcane. The moderately deep Typic
Haplustalfs on 3 to 6% slopes are used for cultivation of
soybean and red gram. The low hills (580 to 600m) have
ridge lines and drainage depressions covering thirty five
per cent of area and have moderately deep Typic Haplustepts and Typic Haplustalfs. These soils are used for
cultivation of soybean, onion and sugar cane, whereasvery
deep Typic or Leptic Haplusterts are put under wheat,
maize and soybean. These landscapes shows varying degrees of sheet erosion on undulating plains, gullies near
drainage lines and rocky exposures, stone cover on hill
tops and ridges, crests and side slopes. The typical soil
associations on basalt usually called a “red-black” soil
catena (Kantor and Schwertmann, 1974), with “red soils”
on the higher positions of the landscape, and black
Vertisols in the lower positions. This kind of occurrence of
red-black soil associations was reported due to presence of
smectites and zeolites made the formation of black soils
possible in micro depressions and interstratified smectite kaolin (Sm/K) is dominant in red soils of upland positions
(Bhattacharyya et al., 1993). This kind of soil-landscapes
are put under dry land agriculture during kharif season
starting from June to September and for rabi crops (wheat,
maize and groundnut) from November to February
wherever irrigation facilities are available.
The descriptive statistics of identified seven soil series
with elevation wise is presented in table 1. The mean
thickness of A horizon is varied from 11.7 ± 3.2 cm for
Budkhed series to 15.2 ± 2.8cm for Novgaon series with
coefficient of variation (CV) of 18.4 %. The mean thickness of B horizon is 129 ± 34.0cm for Gaikot series with
CV of 35 per cent, 133.8 ± 5.4 cm for Brahmasila series
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with CV of 4 per cent and 16.8 ± 16.3cm for Lagadwal
Thana series with CV of 96.9 per cent. The mean solum
thickness is 11.7 ± 3.2 cm for Budkhed series but of 147.6
± 4.5cm for Brahmasila series. Twenty seven soils occurring in between 600 to 620m have 12.67cm ± 2.98 for A
horizon, 29.78cm ± 41.45 for B horizons and 42.44cm ±
42.02 for solum thickness. Fourteen soils occurring on
620m and above have mean thickness of 12.86cm ± 2.59
for A horizon, 30.86cm ± 49.85 for B horizons and
43.71cm ± 50.94 cm for solum. The thickness of B horizon
in general have high coefficient of variation in soils occurring above 620m (161%) as compared to soils on 600 to
620m (139%) and in soils between 560 to 600m (111.9%).
The A horizon thickness is positively and exponentially
related with elevation (R2 = 0.32*, significant at 5 %
level).
Particle size distribution and selected chemical characteristics: The extremely shallow Budkhed series (P 1) has
clay loam texture with clay content of 29 to 35 per cent
and a particle size class of fine loamy at family level. The
surface horizon is neutral with more than 1 per cent of
organic carbon, 19 to 23 cmol / kg exchangeable Ca and
DTPA extractable zinc of 0.38 mg / kg. The Lagadwal
series (P3) is slightly acid with fine loamy particle size
class (clay of 19 to 26 per cent), exchangeable Ca of 21 to
32.3 cmol / kg and DTPA extractable Zn more than 1 mg /
kg. The moderately shallow, slightly acid to neutral and
fine loamy Navgaon series (P2) has 18.8 to 27.6 cmol / kg
exchangeable Ca, 10.9 to 14.3 cmol / kg Mg and irregular
distribution of DTPA extractable Zn of 0.48 to 0.98mg /
kg. Brahmasila series (P4) is very deep, fine textured (clay
content more than 30 per cent with irregular depth trends)
and have neutral surface layers with moderately alkaline
slickensided zones. This soil has ex Ca to ex. Mg ratio
more than 1 with its contents varying from 19 to 32 cmol /
kg. These soils have DTPA extractable Zn below critical
limit (0.8mg / kg, Lindsay and Norvell, 1978). The gaikot
series (P5) is very deep with increasing pH from neutral to
slightly alkaline and moderately alkaline slickensided
zones, more than 1 per cent of organic carbon throughout
depth except in Bss2 layer (72-102cm) and increase of
exchangeable magnesium from 36.9 to 48.4 cmol/kg and
sudden drop in DTPA extractable Zinc (0.44 mg / kg) in
that particular layer. Lagadwal tola series (P 6) is very deep,
fine textured (irregular clay with depth, 25 to 35%) and
neutral to slightly acid with an exchangeable Ca of 25 to
32 cmol / kg, Mg of 12.8 to20.1cmol/kg and DTPA extractable Zn of 0.38 to 0.52mg/kg). Lagadwal Thana series
(P7) is loamy with 35 to 46 per cent sand, 39 to 50 per cent
silt and (increasing trend with depth) 15 to 16 per cent
clay. The particle size class is defined as fine loamy with
clay content above 18 per cent .This soil has slightly acid
surface horizon followed by neutral subsoil layers. This
soil has 0.96 to 0.61 per cent of organic carbon with decreasing depth trends (Table 2). The calcium is dominant
on exchange complex showing increasing trends with
depth (21.1 to 30.3 cmol / kg). Next to calcium, magnesium is dominant with it contents of 12.9 to 17.49 cmol / kg.
Among DTPA extractable elements, zinc in sub soils is in
deficient range (0.34 to 0.36 mg / kg).

Soil map: The soil map shows regularity in geographical
distribution of soil series and its diversity over given landscape at cadastral level in the study area. The soil map
consists of generic characteristics of seven soil series at 23
phases depicted as mapping units (Figure 6, Table 3). The
mapping units is defined as per the guidelines of AISLUS
(1970) considering texture, series name, erosion and slope
class as symbolized: iBk2F (where I = sandy clay, Bk =
budkhed series, 2 = moderate erosion and F = >15%
slope). This map actually demands appraisal of individual
mapping units in terms of their suitability to agricultural
crops. Here the top soil variations in each identified series
may be helpful in explaining the yield variations of particular crop or different crops within the unit over long term
period. The defined 23 mapping units expressed major
limitations such as slope, erosion, gravelliness and texture.
It is observed that only three mapping units occupied more
than 10 per cent of total area in the village viz., iBk3F
(96.7ha, 14.6%), mNv2B (78.1ha, 11.8%) and mNv2C
(94ha, 14.2%). Regarding depth classes (Sehgal et al.,
1987), the soil series is arranged as follows: very shallowBudkhed, Navgaon, Lagadwal, shallow- Lagadwal Thana,
moderately shallow- Lagadwal tola, deep-Gaikot and Very
deep-Brahmasila. Considering the slope >15 % not suitable
for mechanization and stony features in high, mid and low
hills, the mapping units are classified under non arable
covering 175.1ha (26.4 %). The remaining area under different mapping units evaluated for their suitability to different locally grown crops like sunflower, sorghum, soybean, wheat and chillies (Table 5) and suggested
conservation plans such as hill side ditches, stone walls or
bunds on high and mid hills.
Photo voice: A photo-voice is a process by which people
can identify, represent and enhance their community
through a specific photographic technique (Wang and
Burris, 1997). The land evaluation studies start with
description of biophysical parameters of the land with time
related preferences. This can be done with visualization of
landscape as a whole with photographs to view variety of
scenes for comparison and on site evaluation
(Shuttleworth, 1980; Kellomaki and Savolainen, 1984).
The photographs provide landscape sociology of farming
in difficult and degraded hilly terrain. These photographs
clearly identify the production management of hilly terrain
keeping aside the conservation on their farms. The study
demonstrates the changing landscape management is complex involving financial incentive making conservation as
secondary to crop production. The pictures exposed not
only the landscapes but also the restrictions to change
farming activities of current production mandate (sowing
row crops on high hilly terrains with distinct visual signs
of erosion and strong stoniness) and supported conservation values to deliberate approach to changing landscapes
(subsoil hardening, Figure 4). Farmers face extreme difficulties on these degraded landscapes with limited options
and unable to keep up the productive capabilities of their
landscapes. The land limitation may be purely physical
such as a shallow depth of soil which is adequate for
grazing but not for cropping or the limitation which makes
the land vulnerable to degradation could be climate, such
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as low or erratic rainfall.
Farmer’s view on agricultural landscapes: The farmer‟s
in the village have unique perspective on arable agricultural landscapes for signs of farming practices and its impact
is dependent on the level of knowledge connecting management practices and the appearance of forms and colours
in the fields. The photographic representations show that
rural agrarian communities are generally preferred landscapes that have natural, verdant, forested, traditionally
cultural, mixed order / disorder, half - open and contain
water (Brush et al., 2000). The farmer‟s view the land as
production unit for food and fodder needs of rural dwellers
and consider daily practical difficulties in working on agriculture in their individual farms. It is because farmers
understand the everyday practices involved in shaping
farm landscapes that they are able to interpret and appreciate fully what they are seeing in their conventional production-based farming activities. The field photos provide an
opportunity to farmer‟s to assess their own and other
farmers‟ skills (i.e. embodied cultural capital) from the
appearance of the landscape under „productivist‟ behaviour
(Burton, 2004). The Lagadwal village consists of rolling
hills under mixed arable / livestock farming. The agricultural landscapes are subjected to seasonal changes through
seasonal production cycles of soybean-sorghum based
systems. The bullock drawn ploughed fields are visually
attractive because of the regularity of furrow depth, the
way in which the topsoil has been turned and the straightness of lines in the field. As season progresses, the evidence of ploughing disappears as crop emerges and trace
out the errors if any in skills of ploughing and sowing
seeds with visible signs of crop density. The poor crop
stand and yield of soybean in midhills and jowar in high
hills clearly indicate the difficulties to work on stony soils
(> 50%surface stone cover) with lack of machinery skills
to work on these landscapes. It is clear from the photographs that the inhabitant tribal farmers are not able to
perceive the subtle changes in agricultural landscapes due
to their faulty farming practices such as felling of trees in
high hills, poor bunding and terracing, signs of high
degree of dissections all along the drainage lines, subsoil
hardening and opening of landscapes for agriculture. The
conservation of agricultural mosaics (of soybean on broad
crest slopes of midhills, drainage floors in low hill regions
for paddy and wheat through the combination of drainage
and leveling with contour bunds (Figures 3a, b) is now
regarded as critical and needs landscape initiatives that
explicitly increase food production, ecosystem conservation and rural livelihood. The intrinsic value in appearance
of landscapes as expressed within local discourse as negative nature (eroded crest slopes of high hills, money driven
production systems, illegal logging of trees lack of green
cover that livestock eats and lack of scenic value) with
barren landscapes symbolizing the connection of farmer‟s
role in nurturing the soil. The soil erosion is
accentuated by poor practices of farmers on steep hillsides
expose to the direct impact of raindrops on clearing and
burning, planting with little attempts at soil preservation
(Figures 3a, b). Planting is done up and down the hillsides,
so that the inter-row is left bare providing ideal conditions
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for rill erosion down the hill. There is also no attempt to
cover the soil by using mulches or cover crops particularly
during the inter-crop period. There was some intercropping
seen, but unfortunately this was also planted down the hill.
The use of any form of barriers to slow down or stop the
movement of soil is also minimal.
The complex nature of farming makes integrated
approaches necessary, both in order to improve their
understanding and in turn in the implementation of sound
management strategies. Indicators used in local agroecosystems are both qualitative and quantitative and then
multi-criteria algorithmic (mathematical) methods able to
deal with mixed information. Some of these techniques
employed in integrating soil-land information with photo
voice techniques is discussed below for deriving thematic
based land evaluation programmes. The AMOEBA, a
radar graph shows that various indicators are represented
over axes moving away from the center (Figure 7). The
numerical values assumed to be the target for each of the
various indicators are normalized. They all lie at the same
distance from the origin and therefore represent a circumference of a circle used as benchmark. In this way, it is
immediately clear which values of the various indicators
(characterizing the actual state of the monitored agro - ecosystem) fall short or exceed the target. In this example,
various indicators can be represented on the axes moving
out from the origin on a standard scale from 0 to 100,
where 0 refers to the worst imaginable situation and 100
stands for a ideal situation of agriculture in the study area
(Gomiero and giam Pietro, 2005).
The farm data enabled us to identify several potential
drivers influencing the agri-landscapes and to determine
the potentials of agri - resources in Lagadwal village. The
indicators of productivity identified at landscape level are
soil depth, soil organic matter, available N P K and soil
water status during crop growing period whereas indicators
of security includes mean annual rainfall (< 570mm), duration of rainfall, per cent of forest area and indicators of
protection includes top soil erosion where > 50% rills are
visible, cropping intensity and cropping pattern (Figure 7).
These indicators when analyzed for three sections of hills ,
it is clear that top soil erosion is severe with loss of forest
vegetation and seasonally grown coarse grain crops such as
jowar and bajra over stony soils. It is opined that the crop
yield on mid and low hills is mainly determined by soil
depth and soil water status where in general high cropping
intensity under well irrigation is observed with cropping
systems viz., soybean, onion, chillies and floriculture.
The matrix diagram is made to integrate landscape
elements with indicators and management options for
sustainable agriculture in the hill lands of Lagadwal village
having two distinct colour boxes indicating the change of
themes to work out on these landscapes with discussion of
local farmer‟s (Table 4). Looking into the indicators, the
management options are selected based on farmer‟s opinion by combining and graphically representing as listed
indicators and options mentioned to characterize arable
land typology as per the structure of themes identified for
land evaluation at landscape level. During resource inventory in Lagadwal village, nineteen experienced farmers
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having an age > 45 years (6 in high hills, 5 in midhills and
8 in low hills) are interviewed with photos of landscapes so
as to collect the views and themes to opt for sustainable
agriculture. The photo voice of farmer‟s at high hills shows
that the major constraints for farming are unevenness of
land surface, effective soil depth, strong slopes and poor
condition of forest cover that needs multispecies buffer
zones and agroforestry. At midhills, all farmers‟ agreed
upon the poor condition of forest cover but lower level of
subsoil compaction problems and have limited options for
diverse crop rotations and increase of crop variety and diversity. At low hills, the farmer‟s expressed that they are
not aware of subsoil compaction, top soil erosion, options
of cover crops and grass field borders. They are not aware
of strip or grasses on contours as conservation measure to
check top soil erosion at low hills.
It is clear from amoeba and matrix diagram that the kind of
linkages needed for implementing management options for
ecosystems services existing in rural landscapes of Lagadwal
village (Table 5). There are five ecosystem services viz.,
erosion control, maintenance of soil fertility, nutrient cycling, wholesome food production and carbon sequestration
and 10 management options are considered to assess the
degree of links needed for evaluating at landscape level.
The results shows strong link of landscape planning with
increasing crop variety and species diversity (as not observed
at farm level in Lagadwal village), crop rotation and ground
cover crops and less important link with strip grasses on contours, agroforestry and grass field borders.
Conservation of rural agricultural landscapes: Rural
landscapes are under varying degrees of human influence.
Conservation of rural landscapes in this part of Maharashtra is really a challenging task because of its rapid depletion of natural resources and off conventional strategy. The
land users grow crops that fetch profit and / or subsistence
while conservationists recommended crops for soil conservation. The major concern on steep lands of Lagadwal
village is a pronounced dry season with sparse vegetation
cover and leaving the soil exposed to intense rains during
rainy season, a perfect setting for erosion. These steep
lands have fertility problems in addition to erodability. The
slope land capability classification shows that the high hills
are classified as class-4 class where crop production needs
intensive soil-water conservation treatments whereas broad
crest slopes in midhills and narrow ridgelines in low hills
needs moderate soil-water conservation treatments. It is
clear in the mind to say that production oriented agriculture

in low hills and agricultural marginalization in high hills
have effects on altering habitat and make them barren or
abandoned in the period of severe droughts. The shallow
soils on steep slopes needs a cost effective conservation
treatment like planting tree crops by the use of intermittent
terraces (orchard terraces) with one line of trees followed
by close-growing cover crop. On gentle slopes (usually up
to 2% or 3%), it is usually possible to control erosion by
carrying out contour cultivation or by growing alternative
crops in strips along the contour (strip cropping), or by
dividing up the arable land with strips of grass laid out on
the contour (grass strips, Table 6). The landscape-based
approach to conservation helps integration of the ecological needs with visual dimensions between people and landscapes. The generation of soil mapping is inseparably related to landscape-focused approaches to visualize
spatially-specific landscape conservation needs to local
agrarian communities. Agricultural lands should be managed as part of the matrix surroundings by protecting and
promoting local crop and livestock diversity, maintaining
connectivity between native habitats within agricultural
landscapes, planting hedge rows around farm fields, protecting spatially targeted perennial natural and planted vegetation, maintaining continuous year-round soil cover to enhance rainfall infiltration; managing inputs and wastes to
minimize agricultural pollution of natural habitats; and
designing farming systems to mimic the structure and function of natural ecosystems. The agri-environmental issues
emerged from the rural landscape study at lagadwal village
for implementation of conservation planning is given under:
Landscape perspective: Agricultural landscapes are mosaics of natural features and agricultural (and other) land
uses in a particular geographic region. The activities include
are: protecting and promoting local crop and livestock diversity, maintaining connectivity between native habitats within
agricultural landscapes and designing farming systems to
mimic the structure and function of natural ecosystems.
Community involvement in landscape management is
prerequisite for protecting habitats and promoting regional
approaches to create bridges between farmers and government policy to bring broader changes at landscape level.
The technological constraints are lack of a sufficiently
detailed land resource database where land constraints are
systematically identified and interpreted according to up-to
-date technology, lack of adequately trained specialists to
live and work in steep land areas and lack of well- coordinated technology transfer networks for steep land areas.

Table 1. Descriptive statistics of horizon thickness and elevation for soil.
Thicknes of horizons(cm)

Soil series

Elevation(m)

Coefficient of variation(CV%)
Thicknes of horizons(cm)

A
Budkhed
11.7±3.2
Lagadwal
14.0±3.6
Lagadwal thana
12.6±3.5
Gaikot
12.0±3.1
Navgaon
15.2±2.8
Lagadwal thola
14.8±2.4
Brahmasila
13.8±2.2
Values are Mean± SD of replicates.

B

Solum (A+B)

16.8±16.3
129±34.0
48.2±10.8
47.8±6.5
133.8±5.4

11.7±3.2
15.1±5.0
29.5±14.9
132±3.1
63.3±11.8
62.6±7.6
147.6±4.5

603±3.6
605±18.3
613±25.2
648±22.2
585±11.0
592±19.2
609±27.1

A

B

Solum (A+B)

27.5
25.9
27.9
24.1
18.4
16.1
15.7

96.9
35.0
22.4
13.5
4.0

27.5
33.3
50.6
24.1
18.6
12.2
3.1

Elevation(m)
0.6
3.0
4.1
3.4
1.9
3.2
4.5
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Table 2. Particle size distribution and selected chemical properties of soil series.
Horizon

Depth(cm)

Paricle size distribution(%)
Sand

silt

Clay

pH

OC(%)

Exchangeable bases(cmol/kg)
Ca

Mg

Available K(mg/kg)

DTPA Extractable(mg/kg)
Fe

Mn

Cu

Zn

P .Budkhed
1
Ap

0-9

25.1

39.6

35.2

6.5

1.05

19.2

10.1

44.8

28.08

52.8

6.92

0.38

r

9-47

23.9

46.3

29.7

6.2

1.03

23.2

18.0

114.2

44.66

61.5

18.0

0.92

P . Navgaon series
2
Ap
0-16

29.88

60.2

9.9

6.2

1.13

18.8

10.9

118.7

64.4

100.5

18.5

0.98

Bt1

16-41

17.23

57.87

24.9

6.6

1.07

22.2

10.9

125.4

51.92

69.8

13.0

0.48

Bt2

41-63

22.85

56.75

20.4

6.8

0.79

27.6

14.3

114.2

25.94

110.0

12.5

0.88

0-8

51.47

38.73

9.80

6.7

0.99

21.7

11.9

107.5

54.8

69.2

14.0

0.72

P .Lagadwal series
3
Ap
P .Brahmasila
4
Ap

0-11

16.87

49.58

33.55

7.20

0.568

26.5

18.9

33.6

52.4

29.4

5.9

0.48

Bw1

11-31

15.35

45.01

39.64

7.22

0.549

32.1

21.2

34.94

48.3

31.2

8.8

0.38

Bss1

31-66

13.50

61.3

25.20

8.17

0.176

30.1

20.4

36.28

46.4

30.4

7.3

0.36

Bss2

66-94

24.11

40.43

35.46

8.24

0.098

29.6

19.6

34.94

45.5

29.8

10.2

0.28

Bss3

94-120

34.07

32.05

33.88

8.30

0.078

24.5

18.7

27.77

50.6

32.6

11.2

0.43

Bss4

120-150

22.22

48.02

29.76

6.34

2.262

27.3

18.0

23.29

48.8

30.7

8.8

0.40

P .Gaikot series
5
Ap

0-14

12.95

42.6

44.5

3.9

1.07

44.3

36.9

39.87

24.36

66.2

16.2

1.2

14-37

22.9

31.1

46.0

7.2

1.08

35.0

42.9

48.83

77.42

49.6

14.2

1.04

Bss1

37-72

10.3

43.8

45.9

7.3

1.18

35.3

39.6

26.43

66.7

47.4

15.2

1.0

Bss2

72-102

33.6

24.83

41.6

7.6

1.1

37.2

48.4

38.52

60.28

27.4

13.6

0.78

Bss3

102-152

14.0

44.7

41.5

7.8

0.29

37.8

41.9

41.21

37.6

43.8

4.8

0.44

Bw1

P . Lagadwal tola
6
Ap

0-12

34.53

35.44

30.03

7.05

0.98

25.6

15.4

26.43

48.6

30.6

11.0

0.38

Bw1

12-41

21.75

58.08

25.17

7.38

0.99

28.9

19.4

41.66

46.7

33.7

12.3

0.42

Bss1

41-63

39.20

25.11

35.69

7.58

0.53

30.1

20.1

37.63

50.8

30.1

14.5

0.52

Bc

63-102

28.19

39.03

32.78

7.16

0.71

32.1

12.8

36.73

50.2

28.2

10.6

0.32

P . Lagadwal thana series
7
Ap
0-16

45.89

39.28

14.97

6.45

0.97

21.1

12.91

73.92

47.86

62.6

8.00

0.84

Bw1

16-32

34.70

50.26

19.49

6.79

0.71

27.2

14.08

85.12

41.14

50.8

8.32

0.36

Bw2

32-65

44.21

40.82

26.12

7.09

0.61

30.3

14.33

56.0

22.86

16.8

3.46

0.34

Table 3. Area and description of soil mapping units.
Mapping
Unit
1.IBk3Ff
2.gmBk2E
3 .iBk3E
4. mNv2B
5 .mNv3E
6 .mNv2C
7 .iNv3F
8 .hNV2C
9 .mNv2E
10 .mNv2C
11 .mLg2B
12 .hLg2C
13 .mLg3E
14 .mLg2C
15 .mLg2B
16 .hLg2D
17 .mBr2B
18 .mGa2B
19 .mGa2C
20 mLgt1B
21 .hLgt2B
22 .mLgh2C
23 .mLgh2E
Total

Mapping unit description

Area
(ha)

%

Budkhed: sandy clay, severe erosion with 15-25% slope, moderately gravelly
Budkhed: gravelly clay, moderately erosion with 3-5% slope, very gravelly
Budkhed: sandy clay, severe erosion with 10-15% slope, slightly gravelly
Navagaon: clayey, moderate erosion with 1-3% slope
Navagaon: clayey, severe erosion with 10-15% slope, moderately gravelly
Navagaon: clayey, moderately erosion with 3-5% slope, slightly gravelly
Navagaon: sandy clay, severe erosion with 15-25% slope, very gravelly with wide gullies
Navagaon: sandy clay loam, moderately erosion with 3-5% slope, slightly gravelly
Navagaon:, clayey, moderate erosion with 10-15% slope, narrow gullies
Navagaon: clayey, moderate erosion with 3-5% slope, narrow gullies
Laghadwal: clayey, moderately erosion with 1-3% slope, moderately gravelly, poor terraced
Laghadwal: sandy clay loam, moderate erosion with 3-5% slope, very gravelly, poorly bunded and single cropped
Laghadwal: clayey, severe erosion with 10-15% slope, very gravelly, thin forest
Laghadwal: clayey, moderate erosion with 3-5% slope, moderate gravelly, double cropped
Laghadwal: clayey, moderate erosion with 1-3% slope, terraced and double cropped
Laghadwal: sandy clay loam, moderate erosion with 5-10% slope, moderately gravelly, terraced and single cropped
Brahmasila: clayey, moderate erosion with 1-3% slope, double cropped
Gaikot: clayey, moderate erosion with 1-3% slope, poorly bunded and single cropped
Gaikot: clayey, moderate erosion with 3-5% slope, moderate gravelly, poor terraced and single cropped
Laghadwal tola: clayey, slightly erosion with 1-3% slope, double cropped
Laghadwal tola: sandy clay loam, moderate erosion with 1-3% slope, double cropped
Laghadwal thana: clayey, moderate erosion with 3-5% slope, slightly gravelly, poorly bunded land includes newly
open lands occurring on different slopes

96.7
54.8
4.7
78.1
3.8
10.9
3.0
7.8
46.6
94.0
10.4
8.3
24.2
30.4
21.0
15.8
25.0
15.8
24.0
18.7
11.9

14.6
8.3
0.7
11.8
0.6
1.7
0.5
1.2
7.0
14.2
1.6
1.3
3.6
4.6
3.2
2.4
3.8
2.4
3.6
2.8
1.8

11.5

1.7

Laghadwal thana: clayey, moderately erosion with 10-15% slope, narrow gullies, poorly bunded land, slightly gravelly

6.6

1.0

663.8

100.0
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Table 4. Identification of themes and change in level of details.
High hills

Midhills

Indicators
1
1. Soil depth(cm)
+
2. Soil surface uneveness
+
3. Slope/aspect
+
4. Level of subsoil
compaction
5.Condition of forest(poor)
+
6.Top soil erosion(rills >50%)
0
Management options (Themes added)
1.Grass field borders
2.Multispecies buffer (shrubs/
trees)
3.Ground cover crops
4. Minimum tillage
5. Diverse crop rotatons
6. Strip of grasses on the
contour
7. Agroforestry
0
8. Increase of crop variety and
diversity of species

Low hills

Number of farmers interviewed
9
10
11
12
13
0
0
0
0
+
+
0
+
0
+
0

2
0
+
0

3
0
+
0

4
+
+

5
+
0

6
+
+
0

7
+
0

8
+
0

14
0
-

15
+
-

16
+
0

17
0
-

18
0
+
0

19
-

0

-

0

0

-

-

0

-

0

-

-

0

-

0

-

-

-

-

+
-

+
+

+
-

+
-

+
+

+
0

+
-

+
+

+
0

+
-

0
-

+
-

-

0
-

+
-

0
-

-

+
-

0

-

+

0

-

-

+

+

-

0

-

+

-

0

-

-

-

-

+

+

+

0

0

-

-

+

-

0
-

-

-

0
0
0

-

0
0
0

0
-

0

0

+

0

-

-

+

-

-

-

-

0
0

-

0

0
-

-

0

0
-

0

-

+

-

-

-

0

0

0

+

-

-

+

-

0

0

-

+

-

-

0

+

0

0

+

0

0

+

+

-

-

-

-

-

-

-

-

-

0

0

-

0

-

0

-

0

-

-

0

+

+

0

0

+

+

0

The direction of change in level of details : + = high level of details , 0 =same level of details , - = lower level of details, light gray = one theme added,
dark gray = three or more themes added.

Table 5. Thematic links between management options and ecosystem services in Lagadwal village.
Ecosystem services
Management options

Erosion
control

Maintain soil
fertility

Nutrient cycling

Healthy /wholesome
food production

Carbon
sequestration

***
***
***
**
**
*
***
***
-

*
***
**
*
*
***
***
-

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

**
*
_
***
***
*

*
**
*
_
*
**
***
*

Grass field borders
Multispecies buffer (including trees/shrubs)
Ground cover crops
Minimum tillage
Strips of grasses on the contour
Agroforestry
Increasing crop variety/species diversity
Landscape planning
Standard organic agricultural methods

Note: ***-----Strong link, **-------moderate link, *----less important.

Table 6. Integration of landscape components for conservation plans.
Landscape
components
Land forms
Slope(%)
Soil series
Soil taxonomy
Area(ha)
/ per cent

High hills(>620m)
Summits

Steep
side
slopes

1-3
15-25
Budkhed

Lithic Ustorthents
57.78
/8.3

96.7
/14.6

Mid hills(620-600m)

Narrow
shoulder
slopes

Broad crest
slopes

Round crest
side slopes

3-8

3-8

Lagadwal

Navgaon

8-15
Lagadwal
thana

Typic
Ustorthents

Typic
Haplustalfs

44.7
/6.7
Slightly
gravelly,
moderate
erosion

Low hills(<600m)
Gently
undulating
uplands

Ridge lines

Drainage
depressions/
Foot slopes

3-8

3-5

Gaikot

Lagadwal tola

Brahmasila

Typic
Haplustepts

Typic
Haplusterts

Leptic
Haplusterts

Chromic Haplusterts

244.2/36.9

18.1/1.7

39.8/6.0

30.6/4.6

25.0/3.8

Slightly gravelly, slight to
moderate erosion

Moderately
gullied, slightly gravelly

Slightly
eroded,
moderately
gravelly

Moderately
eroded, moderately
gravelly

Slightly eroded

1-3

0-1

Stoniness
/erosion

Strongly gravelly,
moderately to
severely erosion

Slope land
capability*

Class -5/ 6(land for conservation
and reserves)

Class-3(A3-intensive soil-water
conservation)

Class-2 (A2-moderate soilwater conservation)

Class-1
(A1-unrestricted
agricultural use)

Soil-site
sutablity

Marginally suitable for soybeanwheat

Marginally suitable for wheat,
moderately suitable for soybeansorghum

Moderately suitable for
soybean-wheat

Suitable for sorghum
-soybean-wheat

-Stone wall, Hill side ditches

Hill side ditches, stone walls

Bench terrace, grass strip,
stone wall

bench terraces and
broad based terraces

Conservation
methods
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Recommendations: The soil and land resource information at farm level is generated based on scientific
understanding of soil-landscape mapping techniques and
evaluating the land units according to its capabilities /
suitability‟s to locally adopted crops. The landscape is a
base for exploration of old ideas in new ways and
construction of new theories (Morphy, 1993). The photographs provide landscape views of farming on difficult
degraded hilly terrain and provide insight management
responses against production mandates of crops. The soillandscape information and its evaluation clearly showed
that out of 663hectares of land in Lagadwal village, 175 ha
is no arable with limited agricultural value having defects
of extremely stony, steep gradients, severe erosion and
restricted to poor grazing. The data further reveals that 9.8
per cent of class 1 land suitable for wide range of crops
with well drained soils having at least 60cm depth, good
water holding capacity, slightly stony (up to 5%) and moderate slopes whereas 64.2 per cent of class II and III land
for narrow range of crops with wide variability of yield for
crops like soybean, sunflower, jowar and maize. The soil
survey acknowledges the utility of geo information for agri
development at farm level but needs revision and reorientation of theme based strategic research programmes at
landscape level through integrated multi layered analytical
tools to improve the rural land evaluation programmes.
The sustainable agriculture in a conventional mode of
farming on these degraded rural hill landscapes should
focus on agro-ecological approach for establishing network
and integrating agricultural resource management with
community development. The study strongly recommends
conservation agriculture in rainfall scarcity zone as in
study area that features little or no soil disturbance, no
burning, direct seeding into previously untilled soil, crop
rotation, and permanent soil cover, particularly through the
retention of crop residues (Harrington, 2008). In CA, interventions such as mechanical soil tillage are reduced to an
absolute minimum, and the use of external inputs such as
agrochemicals and nutrients of mineral or organic origin
are applied at an optimum level. There is a lack of farm
level evaluation of soil mapping units adjudged as suitable
for two or more crops and working out crop equivalent
ratings so as to monitor the yield variation in class II and
class III lands. The soil series must be used as an index of
soil information to transfer agrotechnology of that particular agro-ecology.

Conclusions
An attempt was made in the present study to describe the
agricultural landscape changes as evidenced by photographs and field survey. The results offered an insight into
the landscape transformation processes with natural constraints of stoniness, hard and compact sub soils, effective
rooting depth, slope, low crop productivity and agriculture
oriented towards small productions. This area comes under
disadvantaged area (less favoured areas scheme) with conventional conservation of stone bunds (low cost and less
skill labour job) and decreasing diversity of cultivated
crops (soybean and sorghum). The integration of conservation plans with landscape elements were made with the
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application of slope land capability classification and
suggested suitable conservation treatment in accordance
with soil capability and suitability to modernized the farming activities in the region. The capability analysis showed
that 46.1 per cent of total area under high hills (>620m) is
classified as class 4 lands which needs conservation treatments such as bench terraces and stone walls for short term
crops whereas broad based terraces and bench terraces for
mid and low hills. The seven soil series identified in the
study will serve as index of soil information in terms of
using the soil in support of a particular type of agriculture
or land use. Often, such a first designation of a soil series,
however, can expand and also become more specific as
soil scientists consult with local users of the soils to crosscheck observations and recognition of advantages and disadvantages of a particular series. The aim of this exercise
was to assess the sustainability of smallholder farmers in
sloping uplands of Lagadwal village, Maharashtra.
The specific landscape indicators were developed to
characterize sustainable land management practices. The
landscape scenario‟s provided general measures such as
change from monoculture to diversified use and proposed
to achieve continued agricultural production. As the study
area falls under rainfall scarcity zone, the steep sloppy
lands must be covered with grass or strip buffer zones for
checking top soil erosion and go for wide range of suitable
crops in each mapping unit. The validation of indicators is
not easy due to complexity of sustainability and needs medium to long term evaluation. The feedback from farmer‟s
helped to increase level of confidence among researcher‟s
to adapt the prototype in other parts of basaltic terrain of
Maharashtra. The basic generic structure of integrating
landscape with perceptions of local farmer‟s was used with
change to suit the agro - ecological and socio-cultural systems. Farmer‟s opined that there should be a provision of
incentives for organic farming practices, for farmers to
revegetate buffer zones and to establish natural habitats on
their land. Environmental education and good extension
services in tribal areas are proposed as ongoing strategies
to achieve participants‟ long term vision.
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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This study was conducted in Panipat industrial area for the evaluation rain water quality and indirectly the air pollution load created by industries in the vicinity. The rain water quality of first rain
was assessed for the evaluation of air pollution load of region. Selected physico-chemical characteristics like temperature, pH (6.23-6.85), TDS (105-187 mg L-1), DO (4.2-5.6 mg L-1), Free CO2 (0.8
mg L-1), Pb (0.09 mg L-1), Fe (0.085-0.132 mg L-1), sulphate (121.2-131.8 mg L-1), silica (3.51-7.26
mg L-1), turbidity (11-19 NTU), total hardness (81-120 mg L-1), chloride (3.20-6.75 mg L-1), BOD
(2-4 mg L-1), and COD (14-31 mg L-1) were detected for the evaluation of pollution load in rainwater. The present study revealed that the water quality of first rain was found highly polluted in
comparison to second rain. The difference between first heavy rain and second rain was found
significant and in favour of increasing air pollution in the industrial area. The trace amount of
chloride, silica, lead, iron, sulphate, free carbon dioxide was found in first heavy rain of the region
while in the second rain all these were found in very less quantity. The difference in the concentrations of pollutants in rainwater gives the basic idea about the air pollution load of the vicinity. In
fact, this is a novel technique to monitor air pollution load of any particular area using rainwater
quality monitoring.
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INTRODUCTION
In precipitation chemistry, a number of studies have
been carried out in recent past because of awareness of the
impact on the environment by acid rain particularly on
human health (Sanderson et al., 2006). Rainwater chemistry also enables to understand the relative importance of
different sources of gaseous and particulate pollutants,
which have been the subject of immense research in different parts of the world for the last 40 years (Balestrini et al.,
2000; Fornaro and Gutz, 2003; Hontoria et al., 2003;
Migliavacca et al., 2004). Chemical characteristics of rainwater in urban areas are attributed to the local pollution
sources, whereas in remote and rural areas, it provides the
extent of impact of anthropogenic as well as natural
sources (Al- Momani et al., 2000; Sanusi et al., 1996).
Rainwater is an important means of scavenging pollutants

from the atmosphere, which can occur either in the gaseous or in the particulate phase. The composition of rainwater actually reflects the composition of the atmosphere
through which it falls. More than 90% of the total amount
of pollutants present in the atmosphere is lixiviated by wet
deposition, being the predominant cleansing mechanism to
remove pollutants from the air. Thus, rainwater can be a
way to reduce the atmospheric load of pollutants, as well
as a source of contamination for soil, water and terrestrial
vegetation (Marcos et al., 2014).
Both man-made and naturally originated dust particles
with significant base cations influence the rainwater chemistry to a great extent. The acidity of rainwater is completely neutralized by cations prior to its fall on the ground
surface (Ali et al., 2004). Considering the importance of
chemical transformations in polluted atmosphere as well as
in precipitation, studies on rainwater quality monitoring

220

Pawan Kumar Bharti et al. /Arch. Agr. Environ. Sci., 2(3): 219-223 (2017)

was undertaken during the monsoon season of 2008.
Panipat city is an industrial city with special reference to
textile, pharmaceuticals, oil refinery and many other factories of daily needs products. These industries always imparts into environmental pollution in any form (Bharti,
2007a). A heavy load of gaseous pollutants emitted by the
industries continuously, which remains in atmosphere for a
long time and most part of these pollutants come down
after a heavy rain. The researchers related to water pollution take not so more interest in the pollution load of air
pollution and air pollution researchers never think about
the rain water quality due to the different areas of relevant.
But rain water monitoring is the best way to assess the air
pollution load. With the help of a preliminary assessment
of rain water quality it may be pointed out that how much
pollution load the air occupy. Therefore, to know more
about the air pollution of the region, that is the better way
to check the rain water quality, the present investigation
was carried out to study the physic-chemical characteristics
of rainwater in industrial area of rural Panipat (Haryana),
India.
Some researchers have carried out several evaluation studies of rainwater quality characteristics in various part of
World including Canada (Christopher et al., 2009), Spain
(Ramon et al., 2011), Iran (Saeedi and Pajooheshfar,
2012), Ghana (Cobbina et al., 2013), Brazil (Marcos et al.,
2014), Nigeria (Olowoyo, 2011; Achadu et al., 2013),
Pakistan (Chughtai et al., 2014; Brahman et al., 2014),
North India (Shukla and Sharma, 2010; Mishra et al.,
2012), West India (Meena et al., 2014), East & North-East

Figure 1. Satellite view of the study area at Panipat (Haryana), India

India (Chakraborty and Gupta 2014). Khurana (2017)
suggested basic treatment technology for the rainwater and
utilize it for drinking purpose after removing the impurities. He described about rainwater quality and how rain can
be purified to meet WHO drinking water guidelines using
an innovative multi-stage water purification technology.
Therefore, to know more about the air pollution of the
region, that is the better way to check the rain water quality, the present investigation was carried out to study the
physic-chemical characteristics of rainwater in industrial
area of rural Panipat (Haryana), India.
MATERIALS AND METHODS
Site description: Panipat (29.25°N, 77.02°E) is about 90
km to the north of Capital of India (Delhi) and 1100 km
away from the nearest coast of Arabian Sea. Three
large industrial hubs (Thermal power station, fertilizer
plant and an oil refinery and pipelines) besides 34
medium and 2898 small-scale industries (textile, chemical, paper mill, dyeing, processing units, handloom,
etc.) are located there. Sampling site was at Dadlana, a
small village 18 km away from Panipat and very close to
Panipat Refinery (Figure 1).
Sample collection: The samples of the rain water at the
first occurrence of the rain (R1) was collected from a open
roof of a resident at Dadlana village in June 2008 during
the first heavy rain of the Panipat region and the samples
of the rain water (R2) during the second occurrence of the
rain was collected from the same location when the second
rain occurs in July 2008.
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Rainwater samples were collected on event basis with a
rain collector placed about 10 m above ground. The bottles
as well as funnels in the collector were cleaned by triple
distilled water twice daily in the morning and evening to
avoid dry deposition of gaseous and particulate species.
Collected samples were then stored in small polythene
bottles, also cleaned by triple distilled water and adding
Thymol (<2mg) for preventing biological degradation of
the samples. Both the samples were refrigerated at 4°C in
the laboratory till all ionic components were analyzed. The
pH and conductivity were measured immediately after
collection of samples, while the remaining samples were
immediately referred to the QC laboratory of IOCL, Panipat for the analysis of different physico-chemical parameters viz., temperature, pH , total solids (TS), dissolved
oxygen (DO), carbon dioxide (CO2), lead (Pb), iron (Fe),
sulphate, silica, turbidity, hardness, chloride, biochemical
oxygen demand (BOD), and chemical oxygen demand
(COD) of the rain water.
Chemical analysis: Concentrations of selected chemical
species and physico-chemical variables were measured by
standard analytical methods (APHA, 2012) and Laboratory
manual of IOCL. The pH was measured with a digital pH
meter (Elico make, Model L1-120) using reference (KCL
solution) and glass electrodes standardized with pH 4.00
and 9.2 reference buffers before and after pH determination. Conductivity was also measured with a digital ECTDS analyzer (Elico, model CM-183). All the parameters
were analyzed according to standard methods as per the
APHA (2012).

RESULTS AND DISCUSSION
The observations finding of both rainwater samples were
found quite interesting, while comparing in a systematic
manner. The findings of the present research work are depicted in Tables 1-3 as physical, chemical and parameters
of biological importance, respectively.
Physico-chemical variables: The conductivity of first rain
(285 µmho cm-1) was found quiet higher than the second
rain water (195), while total dissolved solids, suspended
solids and turbidity was also found high in first rain i.e.
187, 9 and 19 mg L-1, respectively. All these differences in
physical properties of waters of two rains were observed
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due to the presence of high quantity of dust particles in air
of the region. The particles were probably settle down with
the first rain and contributed into rainwater quality characteristics accordingly. Additionally, the first rain washes
away the deposited particulate matter of the rooftop and
other surfaces of the premises and collects all settled
particulate matter into the rainwater on very first event.
Total Hardness, chloride, silica and sulphate contents in
first rainwater sample were measured significantly high
(120, 6.75, 7.26 and 131.8 mg L-1, respectively), while in
the water sample of second rain, these parameters were
found significantly lower. The differences in all major
physico-chemical characteristics of both samples are clearly indicating the heavy air pollution load in the atmosphere, which was lowered by first heavy rain of the
premises.
Metallic variables: Heavy metals like Fe and Pb were
found 0.132 and 0.09 mg L-1 in first rain, while 0.085 and
traces in second rain. Metals are chiefly associated and/or
part of suspended particulate matter and finally contribute
into air pollution of a particular area. Out of these suspended and deposited metals, a few metals may be toxic to living organisms at different concentrations (Bharti, 2007b).
Tiwari et al. (2008) also highlighted the similar changes in
the chemical composition of rainwater in industrial area of
Panipat City.
Biologically important variables: Some parameters related to human health were also analyzed in which DO (4.2
mg L-1), free carbon (0.8 mg L-1) dioxide, BOD (4 mg L-1)
and COD (31 mg L-1) were found in first rain and in
second rain 5.6 mg L-1, Nil, 2 mg L-1 and 14 mg L-1, respectively. Free mineral acidity is generally determined in
the water used in industries, but in first rain water FMA
was detected slightly, while second rainwater was found
free from FMA and free carbon dioxide. P. alkalinity, total
phosphate, H2S, ammonia and cyanide were not detected in
both first and second rain in the industrial area of Panipat
city. Reduction in the concentration of free CO2 in the
second rain water sample indicates that the rain helps to
absorb the atmospheric carbon di-oxide to a great extent.
This phenomenon is already well established method
among the gas absorbing method in the initial stages of
bench scale studies.

Table 1. Physical characteristics of rainwater at Panipat (Haryana), India.
Parameters

First rain (R1)

Second rain (R2)

Temperature (ºC)

30±1.33

28±0.22

Conductivity (µmho cm-1)

285±25.33

195±22.67

TDS (mg L-1)

187±17.67

105±13.33

TSS (mg L-1)

9±1.33

4±1.33

Turbidity (NTU)

19±3.33

11±2.67

Values given in the table are the mean ±SD of three replicates.
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Table 2. Chemical characteristics of rainwater at Panipat (Haryana), India.
Parameters

First rain

Second rain

6.23±0.67

6.85±0.67

60±8.33

46±6.33

Nil

Nil

120±14.33

81±11.67

48±5.33

32±4.67

72±11.33

49±8.67

6.75±1.33

3.20±0.41

7.26±1.67

3.51±0.82

0.132±0.023

0.085±0.012

131.8±14.67

121.2±12.33

ND

ND

First rain

Second rain

DO (mg L )

4.2±1.33

5.6±1.83

F-CO2 (mg L-1)

pH
-1

M. Alkalinity (mg L )
-1

P. Alkalinity (mg L )
-1

Total Hardness (mg L )
-1

Ca Hardness (mg L )
-1

Mg Hardness (mg L )
-

-1

Cl (mg L )
-1

SiO2 (mg L )
+

-1

Fe (mg L )
T. SO4 (mg L-1)
-1

T. PO4 (mg L )
Values given in the table are the mean ±SD of three replicates.

Table 3. Characteristics of biological importance of rainwater.
Parameters
-1

0.8±0.033

ND

-1

4±1.67

2±1.33

-1

COD (mg L )

31±8.33

14±6.67

H2S (mg L-1)

NIL

NIL

Pb (mg L )

0.09±0.01

Traces

NH3 (mg L-1)

ND

ND

CN (mg L )

ND

ND

FMA (mg L-1)

2±0.67

NIL

BOD (mg L )

-1

-

-1

Values given in the table are the mean ±SD of three replicates.

Conclusions
The present research data indicated the heavy air pollution
just before the first heavy rain, which causes the pollutants
in rainwater because rainwater always free from environmental pollutants and other contaminants. So, the findings
cleared that the air pollution of the area is the main cause
of rainwater pollution. Industries of the premises are the
root cause of all type of air pollutants in atmosphere as
well as in rainwater. This evaluation method may be used
as a novel assessment technique for air quality monitoring
and pollution load assessment too. Additionally, there is a
need for a paradigm shift in the way we use rain. There is
enough rain to meet at least drinking water needs and it
must be used for drinking purpose. Rainwater use for
drinking purposes will promote the use of a decentralized
and low cost source of water, under user control. It will go
a long way in meeting the Millennium Development Goals
and achieving household and community level clean drinking water, in a sustainable manner. The rainwater can be
treated by applying appropriate technology to remove the
impurities.
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In the present study the antibacterial activity was studied against five bacterial pathogens i.e.
Haemophilus influenzae MTCC 3826, Pseudomonas aeruginosa MTCC 2474, Staphylococcus
aureus MTCC 1144, Streptococcus pneumoniae MTCC 655 and Streptococcus pyogenes MTCC
442. Shade dried root were crushed and extracted in petroleum ether (PET), acetone (ACE), methanol (MeOH) and water (H2O) by using Soxhlet apparatus. The agar well diffusion method was
adopted to examine antibacterial activity of extracts against the susceptible organisms. Erythromycin was used as positive control to determine the sensitivity of the strains. Phytochemical analysis
was done for plant extract. The results showed that MeOH extract was most active as comparison to
other extract. The maximum inhibition was found against H. influenzae (18.4±0.07 mm) followed
by S. pyogenes (17.3±0.13 mm), S. pneumoniae (16.2±0.07 mm) and P. aeruginosa (15.5±0.15 mm)
respectively. The minimum inhibition was noted against S. aureus (14.4±0.13 mm). The
phytochemical screening for MeOH extract has shown that plant contains flavonoids, glycosides,
alkaloids, steroids, terpene, saponins and tannins. Therefore, M. nagi can be helpful as an alternative
source of medicine and new drug discovery.
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INTRODUCTION
Extensive before mankind discovered the existence of
microbes, the idea that certain plants had healing potential,
indeed, that they contained what we would currently
characterize as antimicrobial principles was well accepted
(Kumar et al., 2015, 2016). Since ancient times, man has
used plants to treat common infectious diseases and some
of these traditional medicines are still included as part of
the habitual treatment of various maladies. For example
species such as lemon balm (Melissa officinalis), garlic
(Allium sativum) and tea tree (Melaleuca alternifolia) are
described as broad-spectrum antimicrobial agents (R´ıos
and Recio, 2005). Natural products perform an assortment
of functions, and any of them have interesting and useful
biological activities. There are more than 35,000 plant
species creature used in various human cultures around the
world for medicinal purposes (Asolkar et al., 1992; Kumar
et al., 2015). Researchers are increasingly turning their
attention to natural products and looking for new leads to

develop better drugs against cancer, as well as viral and
microbial infections (Chen et al., 1987; Choe, 1986;
Kumar et al., 2014, 2015, 2016). Infectious diseases are
subsequent leading cause of death worldwide. Treatment
of infections continue to be challenging in modern time
because of the severe side effects of antimicrobials and the
growing resistance to these lifesaving drugs due to their
intensive use (Kumar et al., 2014, 2015; Kilani et al.,
2008). The problem of microbial resistance has become a
global issue of concern, as about 70 % of the bacteria that
cause infections in hospitals are resistant to at least one of
the antibiotic most generally used for treatment (Kirtikar,
2001; Parekh, 2006; Kumar et al., 2015, 2016). Because of
this drug resistance, the search for new antibiotics continues unabated. The increasing malfunction of chemotherapeutics and antibiotic resistance exhibited by pathogenic
microbial infectious agents has led to the screening of
several medicinal plants for their potential antimicrobial
activity (Sanjay et al., 2010; Kumar et al., 2015). In this
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relationship plants continue to be a rich source of
therapeutic drugs. The active principles of many drugs are
found in plants or are produced as secondary metabolites.
The remarkable contribution of plants to the drug
industries was possible, because of the large number of the
phytochemical and biological studies all above the
world. The extensive use, mistreatment and overuse of
antimicrobial in human have gradually more raised levels
of antimicrobial resistance in wide range of microorganisms globally (WHO, 2013). It is quite difficult to combat
for new drug resistance with such wide range of resistant
organisms. Therefore, discovery of new drugs is somewhat
essential to sort out major clinical and public health problems grown up by drug resistance.
The herb Myrica nagi belongs to the plant family Myricaceae and the order Fagales. It is also called the Myrica
esculenta. This herb is commonly referred to by the name
Kaiphula in Sanskrit and Box Myrtle and Bay Berry in
English. In Hindi, it is known as the Kafal. The plant Myrica nagi is native to the Hilly regions of the countries Nepal
and India. It is found extensively in the northern region of
India, especially in the state of Punjab. It also grows wildly
in the Garhwal and Kumaon region in Uttarakhand. The
only part of the tree that has therapeutic value and is used
for medicinal purposes is its bark. The bark of Kafal contains Myricitrin which kills bacteria and so the bark is used
for arresting bleeding, removing wind from the stomach,
arresting secretion, stimulating bile, and for the retention of
potassium in the body. It is also used as an anti- septic,
fever, cold, asthma, Intestinal Disorders, teeth disorders,
wounds and ulcers (Parmar and Kaushal, 1982). The aim
of this study was to find out antibacterial and phytochemical aspects of Myrica nagi root extracts against respiratory
pathogens that usually cause infections in upper and lower
respiratory tract region.

MATERIALS AND METHODS
Plant material: Plant was collected from Srinagar,
Uttarakhand and authenticated at Department of Botany
and Microbiology, H.N.B. Garhwal University, Srinagar.
Collected roots were dried under shade at room temperature and crushed to small pieces by using pestle and mortar
and powdered in an electric grinder.
Preparation of extract: Plant extracts were prepared by
immersing 200 g of powdered plant material in 600 ml of
four different solvents i.e. petroleum ether (PET), acetone
(ACE), methanol (MeOH) and water (H2O), loaded in
Soxhlet assembly and extracted for 72 h through successive method. Plant extracts were filtered through Whatman
No. 1 filter paper and crude extracts obtained by removing
solvent in vacuum evaporator at 30°C. Residues were
stored at 4°C until further use. Extracts were dissolved in
dimethyl sulfoxide (DMSO) to a final concentration of 200
mg/ml for agar well diffusion method.
Test microorganisms: Five bacterial strains causing respiratory infections used in this study were Haemophilus
influenzae MTCC 3826, Pseudomonas aeruginosa MTCC
2474, Staphylococcus aureus MTCC 1144, Streptococcus

pneumoniae MTCC 655, Streptococcus pyogenes MTCC
442. Bacterial strains were procured from Institute of
Microbial Technology (IMTECH), Chandigarh.
Preparation of inoculums: Stock cultures were maintained at 4°C on slopes of nutrient agar. Active cultures for
experiments were prepared by transferring a loopful of
cells from stock cultures to test tubes of Mueller-Hinton
broth (MHB) for bacteria that were incubated without
agitation for 24 h at 37°C.
Antibacterial testing: The antibacterial activity of different extracts was determined by agar well-diffusion method
(Ahmed et al., 1998). 0.1 ml of 12-16 h incubated cultures
of bacterial species were mixed in molten Mueller Hinton
Agar medium no. 173 (Hi Media Pvt. Ltd., Mumbai, India)
and poured in pre-sterilized petri plates. A cork borer (6
mm diameter) used to punch wells in solidified medium
and filled with extracts of 45 μl of 200 mg/ml final concentration of extracts. DMSO was used as negative control.
The efficacy of extracts against bacteria was compared
with the broad spectrum antibiotic erythromycin (positive
control). The plates were incubated at 37°C for 24 h in
BOD incubator and the diameter of the zone of inhibition
was measured in millimetre. Each sample was assayed in
triplicate and the mean values were observed. The antibacterial activity was interpreted from the size of the diameter
of zone of inhibition measured to the nearest millimetre
(mm) as observed from the clear zones surrounding the
wells.
Phytochemical screening: Major phyto-constituents
present in Myrica nagi extracts were subjected to phytochemical analysis to determine the presence of bioactive
components by using standard qualitative methods (Trease
and Evans, 1996; Evans, 2009).
Test for alkaloids: Test solution was acidified with acetic
acid and a drop of Mayer’s reagent was added. A white
precipitate indicated the presence of alkaloids.
Test for flavonoids: On addition of conc. HCl in methanolic extract of material, a red colour appeared which
indicated the presence of flavonoids.
Test for glycosides: Plant extract was filtered and sugar
was removed by fermentation with baker’s yeast. The acid
was removed by precipitation with Ba(OH) 2. The remaining extract contained the glycosides. The hydrolysis of
solution was done with conc. H2SO4 and after hydrolysis
the presence of sugars was determined with help of Fehling’s solution.
Test for steroids: The extract mixed with 3 ml CHCl3 and
2 ml conc. H2SO4 was poured from side of test tube and
colour of the ring at junction of two layers was noted. A
red colour showed the presence of steroids.
Test for saponins: Extracts were diluted with distilled
water to 20 ml and this was shaken in a graduated cylinder
for 15 minutes. Formation of 1 cm layer of foam indicates
the presence of saponins.
Test for tannins: Extract was added in 1% ferric chloride
and observed the colour. Bluish black colour appeared
which disappeared on addition of dilute H2SO4 follow a
yellow brown precipitate indicates the presence of tannins.
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icatyphim, Shigella flexneri, Staphyloccus aureus,
Staphyloccus
pidermidis, Streptococcus pyogenes and
Bacillus cereus) and three fungal (Candida albicans,
Aspergillus flavus and Aspergillus parasiticus) by using disc
diffusion method. The Myrica esculenta bark of
aqueous ethanolic extract active against adult Indian
earthworm Pheritima posthuma and more potent than reference control piperazine citrate (Jan, 2010; Vaghasiya, 2009).
The phytochemical screening of M. nagi extract has shown
that plant contains alkaloids, flavonoids, glycosides,
Steroids, Saponins and Tannins which are very important
constituents when looking for pharmacologically active
phytochemical in the plant (Table 2). Chandra et al. (2012)
had reported a variety of constituents i.e. alkaloids, flavonoids, glycosides, steroids, proteins, phenolics and
Tannins present in M. nagi. Moreover, M. nagi is also used
as traditional veterinary medicine in India; it is used as an
ingredient of an ointment against sprains and sores
(Mazars, 1994). By this study, it is concluded that M. nagi
can be used as herbal medicine to treat respiratory infections caused by tested pathogens as compared to
synthetic chemotherapeutic agents. It is urged that further
research should be brought out to expose the bioactive
constituents present in M. nagi.

The results for antibacterial activity are depicted in Table 1
and Figure 1. MeOH extract was found most active against
all test pathogens in comparison to other extracts. The
maximum inhibition was found against H. influenzae
(18.4±0.07 mm) followed by S. pyogenes (17.3±0.13 mm),
S. pneumoniae (16.2±0.07 mm) and P. aeruginosa
(15.5±0.15 mm) respectively. The minimum inhibition was
noted against S. aureus (14.4±0.13 mm). M. nagi crude extracts was found less active in comparison to positive control
(erythromycin). The inhibition zone diameters of various
extracts of M. nagi root.
The decoction of ethanolic extract of the bark of Myrica
nagi showed antibacterial activity was performed on five
different species of bacteria that includes three gram positive
bacteria (Bacillus cereus, Listeria monocytogenes, S. aureus) and two gram negative bacteria (Escherichia coli, and
Almonella anatum) as also reported by Shan et al. (2007).
Chandra et al. (2012) has also been reported to assess the
anti-bacterial and anti-fungal activity of Myrica nagi fruit
pulp difference extracts (Pt. ether, chloroform, ethyl
acetate, acetone, ethanol and water extract) active against
Ten bacterial strains (Escherichia coli, Klebsiella pneumoniae, Enterobacter gergoviae, Salmonella enter-

Table 1. The percentage of potency of M. nagi extracts against respiratory tract pathogens.
S.N.

Pathogens

1.

Diameters of inhibition zone (mm)
PET

CHCl3

MeOH

H2O

H. influenza

12.3±0.12

14.3±0.1

17.3±0.1

9.2±0.05

2.

H. influenzae (MTCC 3826)

11.2±0.1

13.7±0.07

18.4±0.07

10.4±0.16

3.

P. aeruginosa

9.5±0.07

10.2±0.1

15.5±0.15

11.2±0.07

4.

P. aeruginosa (MTCC 2474)

10.4±0.07

11.4±0.05

15.1±0.07

10.3±0.07

5.

S. aureus

9.4±0.12

11.3±0.07

15.3±0.05

9.2±0.1

6.

S. aureus (MTCC 1144)

10±0.15

10.4±0.07

14.4±0.13

11.1±0.05

7.

S. pneumonia

10.1±0.13

9.5±0.1

16.2±0.07

12.5±0.1

8.

S. pneumoniae (MTCC 655)

9.4±0.07

10.7±0.07

15.1±0.08

11.3±0.07

9.

S. pyogenes

10.3±0.07

11.7±0.05

17.3±0.13

12.3±0.05

10.

S. pyogenes (MTCC 442)

10.4±0.11

10.7±0.05

16.1±0.03

13.1±0.02

*

Values are means of three replicates, Cork borer diameter: 6 mm.

Table 2. The phytochemical screening of crude extracts of M. nagi.
S.N.

Phytoconstituents

1.

Solvents
PET

ACE

MeOH

H2O

Alkaloids

-

+

+

+

2.

Flavonoids

-

+

+

+

3.

Glycosides

-

+

-

+

4.

Steroids

+

+

+

+

5.

Saponins

-

-

+

+

6.

Tannins

+

+

+

+

+ = Present, - = Absent.
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1

4

1
4

2

2

3

3
A

B

1

4

1
4

2

2
3

3

C
1

4

2

3
E

D
Figure 1. Inhibition zone of M.
nagi extracts at 200 mg/ml concentration 1) PET 2) CHCl3 3) MeOH
4) H2O against respiratory tract
pathogens (A) Streptococcus pneumoniae MTCC 655 (B) Staphylococcus aureus MTCC 1144 (C)
Streptococcus pyogenes 442 (D)
Pseudomonas aeruginosa MTCC
2474 (E) Haemophilus influenzae
MTCC 3826.

Conclusions
The investigation for antibacterial activity of M. nagi root
extracts revealed that plant has broad spectrum activity
against selected bacteria which explain the basis for its use
in traditional medicines. The significant activity was exhibited by MeOH extract against test respiratory pathogenic
microorganisms. The study supported the usefulness in
term of availability of phytoconstituents. By results, it can
be concluded that M. nagi can be helpful as an alternative
source of medicine and new drug discovery.
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Safflower (Carthamus tinctorius L.) is one of the oldest crops. It is native to the old world. It
occurs naturally in Mediterranean Region, North Eastern Africa and South Western Asia to India. It
is cultivated in India mainly for oil and dye. The purpose of the present paper is to highlight the
ethanobotanical properties and importance of the safflower as an ancient wonderful crop and it also
focus on the environmental conditions required for the growth of safflower in India. The seeds are
also used as Birdseeds. It has been grown in the past for ornamental, medicinal and cosmetic
purposes. Presently it has become important mainly due to edible oil, which is obtained from its
seeds. The oil is helpful in lowering blood cholesterol. It is specifically relevant to India being the
largest producer of Safflower in the world. The safflower is mainly grown in India for its valuable
edible oil which has many important properties related to health. The present paper also highlights
the other uses of safflower beyond edible oil. The safflower oil is valuable as it content omega-6
fatty acids which are beneficial for our body. It maintains a balance of cholesterol in the body and
reduces the chances of developing atherosclerosis. The various studies have shown that moderate
safflower seed consumption is good for cardiovascular health. The consumption of safflower seed is
also efficient in reducing belly fat. The safflower oil also lowers high blood pressure. The medicinal
properties of safflower have been discovered as early as the Middle Ages, where the juice of
safflower plant is mixed with chicken stock or sweetened water to relieve constipation and
respiratory problems.
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INTRODUCTION
A wide range of plants have been under cultivation for
various purposes. There are more than 6000 such crop
species, but only a few are used as staple crops. In spite of
major contribution of these crops, contribution of some
minor species cannot be ignored. Safflower (Carthamus
tinctorius L.) is one such oldest crop (Dajuem and Mündel,
1996; O'Brien, 2008; Lei et al., 2016). It continued to
remain a minor crop grown on small plots for personal use.
The Ethnic names of safflower are Kusum, Zaffrone,
Alazor, Azafran, Benibana, Qurtum, HeangLan, Hung
Hua, Hung LanHua, etc. It occurs in Mediterranean region,
North Eastern Africa and South Western Asia (Lei et al.,
2016; Srinivasa et al., 2017). It is cultivated in India
mainly for oil obtained from its seeds and reddish orange

dye which is obtained from flowers. From the ancient
times, safflower flowers had been used in preparations of
Ayurvedic medicines in India, Europe, Japan and China.
Its medicinal uses in China became more widely known all
over the world, because it is grown there in large scale
exclusively for flowers which are used to cure many diseases (Lei et al., 2016). The flowers are also used as tonic
tea. To meet the requirement of increasing demand for
food and fodder and to ensure food security (Dajuem and
Mündel, 1996; O'Brien, 2008), it is important to increase
the production potential through soil health improvement
in rainfed agro-ecological regions besides the irrigated
regions. Degrading soil health because of decrease in soil
organic carbon (SOC) and resultant decline in overall soil
fertility in rainfed areas is a major threat to sustenance of
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crop and fodder productivity (O'Brien, 2008; Srinivasa et
al., 2017).
In this review, after illustrating the fatty acid composition
of safflower seed oil as well as the genetic characteristics
of safflower and their relationships with agronomic traits,
a brief analysis of the current worldwide situation and
future prospects of safflower utilization are presented (Lei
et al., 2016). This led to the revival of this ancient crop in
the last few decades. Safflower seeds are used in food
industry for the production of oil (Armah-Agyeman et al.,
2002; Aurora Dobrin and Doru Ioan Marin, 2015).
Knowledge of species relationship is essential for crop
improvement. The wild and weedy relatives of Carthamus
tinctorious have been investigated to ascertain the cytogenetic and taxonomic relationships between them (Dwivedi
et al., 2005; Singh, 2007; Srinivasa et al., 2017). But still
information is lacking about the donor parents of carthamus tinctorious and the genetic distances among possible
donors in relation to the recipient. Thus, the safflower oil
quality and agronomic traits could be improved simultaneously through breeding of safflower for high photosynthetic efficiency (Dajuem and Mündel, 1996; O'Brien, 2008).
In addition, the results also showed significant correlation
coefficients between some photosynthetic parameters and
the percentage of fatty acids, which inferred that the photosynthesis rate can be used as an early selection marker in
genetic improvement programs (Abd El-Lttief, 2012;
Srinivasa et al., 2017).
New classification system of genus carthamus: Based on
the geographical distribution, anatomical and biosystematic information, a new classification system has been proposed by Lopez-Gonzalez. Accordingly newly circumscribed genus Carthamus contains only annual species
with 2n=20, 22, 24, 44 or 64 including allopolyploid
species (Singh, 2007). The genius Carthamus has been
subdivided into sections, viz. Section Carthamus, section
Odonthagnathius Hanelt and section Atractylis Reichenb.
Section carthamus has 12 pairs of chromosomes (2n=24)
and includes following species viz. C. curdicus Hanelt, C.
gypsicola, C. oxyacanthus Beib, C. palaestinus Eig, C.

persicus Willd and C. tinctorios L. Section odonthagnathius Hanelt has 20 or 22 chromosomes. Section Atractylis
Reichenb, with basic chromosomes number of 11 (Singh,
2007).
Characteristics of safflower: Safflower is a drought tolerant crop. Its tap root can penetrate up to a depth of three
meter, if subsoil temperature and moisture permit. It is salt
tolerant too. Safflower is self-pollinated with some crosspollinated. Dense root structure can improve soil tilth and
porosity. Roots also add to organic matter, improving soil
water holding capacity (Armah-Agyeman et al., 2002;
Aurora Dobrin and Doru Ioan Marin, 2015).
Countries growing safflower: Safflower is grown in
many countries such as Australia, Bulgaria, Canada, China, Ethiopia, Germany, Mexico, Romania, Russia, Slovenia, Spain, Switzerland, Turkey and the United States of
America. India is the largest producer of safflower in the
world with a production of 1.57 lakh tones with average
productivity of 450kg/ha4 (Dajuem, L. and Mündel, 1996;
Aurora Dobrin and Doru Ioan Marin, 2015). In India it is
mainly grown in Maharastra, Karnataka and parts of
Andhra Pradesh, Madhya Pradesh, Orissa, Bihar, etc.
Maharastra and Karnataka are two most important safflower growing states (Dwivedi et al., 2005; Srinivasa et al.,
2017).
Growth of safflower: It is grown in Rabi i.e. winter season from October/November to March/April. It is also
grown in an intercrop with cereals such as wheat and sorghum. Safflower seeds have hard covering. Therefore,
before sowing seeds either a moist farm seed bed should
be prepared or seed soaked in water should be sown. After
this, irrigation is not needed. Germination will not begin
until soil temperature exceeds 50C. Each seed germinates
and produces a central stem that does not elongate for twothree weeks and develops leaves near the ground in a
rosette stage (Dwivedi et al., 2005; Singh, 2007; Srinivasa
et al., 2017).
Appearance of safflower plant: Safflower is a thistle like
annual herb. It has strong central glabrous-branched stem
which grows to a height of 30-90 cm. The leaves are

Table 1. Characteristics of Safflower (Carthamus tinctorius).
Determination (% db)

Value

Moisture

9.0±0.38

Oil

43.4±3.6

Lignin
Whole seed

11.4±0.8

Hull

13.8±1.2

Cellulose
Whole seed

45.3±2.8

Hull

46.1±2.6

Hull/Kernel ratio

0.560±0.007

Figure 1. Major states producing Safflower (Carthamus tinctorius) in India (Source: Ministry of Agriculture, GoI).
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alternate, sessile, and ovate-lanceolate with or without
spines on the margins. Flowers are yellow or orange
arranged in heads of about 2.5-25 cms across. Safflower is
very susceptible to frost injury from stem elongation to
maturity. The slow growth of seedlings in early winters
often results in weedy crop. The strong central stems with
variable numbers of branches grow from 30 cm to 1m or
more depending on environmental conditions. This crop is
drought resistant since it has tap root that can grow up to
3m if subsoil temperature and moisture content are suitable. Stiff spines develop on leaf margins of most varieties
at about the flower bud stage so it becomes difficult to
walk through the fields and later on picking flowers.
Branches usually produce 1-5 flower heads, which are
about 8-10mm in diameter and are usually yellow or
orange in color. Seed oil content is usually between 2545%. Seeds are enclosed in the head even after maturity,
which prevents shattering before harvest and it also prevents bird damage. Safflower is ready to be harvested
when most of the leaves turn brown and very little green
remains on the bracts of the latest flowering heads. The
stem should be dry, but not brittle and the seeds be white.
It can be thrashed manually. This crop should be harvested
as soon as it matures so as to avoid seed discoloration or
sprouting in the head due to rains.
Storage of safflower seeds: Viability of Safflower seeds is
maintained best by storing it at low moisture and low temperature. In dry environment safflower seeds are stored
with 6-7% moisture. The amount of moisture should not
exceed 8%. Based on the International Board for Plant
Genetic Resource guidelines, medium term storage can be
accomplished by storage at 40C and 30% relative humidity.
Long-term storage can be affected at -200C. Ghazizade et
al. (2012) showed salt stress affected significantly on root
length, shoot length, fresh weight and dry weight of seedlings. Basiri et al. (2013) showed that salinity
decreased length, fresh and dry weights of radical and
plumule were measured and radicle was more sensitive to
salinity stress than plumule. Salinity resulted from NaCl
had the greater negative effect on the seedling characteristics than CaCl2 salinity. Jabeen et al. (2013b) showed that
increasing salinity stress from 3.4 to 10.8 dSm-1 significantly decreased length and weight of root and shoot.
Environmental requirements for safflower: This crop
responds best in areas with warm temperature and sunny
dry conditions during the flower and seed filling periods.
Yields are lowering under humid or rainy conditions because seed set is reduced and the occurrence of leaf spot
and head rot diseases increases. So areas where heavy annual rainfall is recorded or it is more than 38 cm, its cultivation is not recommended. It grows best in deep fertile,
well-drained loam soil with good water holding capacity. It
can also grow in coarse-textured soils of lower water holding capacity, when it is properly rainfed and moisture
content is adequate. Depending on severity, soil salinity
lowers germination and decreases seed yield and oil percentage. It can be grow on fallow land or in rotation with
small grains. Soil tests are necessary to correctly determine
wheather any additional soil nutrients are required. The
amount of fertilizer needed for safflower production
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depends on the yield goal; rotation. Safflower roots are
deeper than other crops which help plant to utilize nutrients that may be positionally unavailable to other crops
such as corn, sunflower, etc.
The rapid increase in the welfare of humanity was made
possible by the use of fossil fuels but the development of
the industry, and to bring with it air pollution caused again
this fuel causes the development of the industry to bring
with it the air and environmental pollution (Mihaela et al.,
2013; Muciño et al., 2014). Many countries encourages the
efforts made on reducing addiction to the imported fuels
(particularly fossil fuels) while they support the most convenient and low-cost business research of local resources
to meet the growing energy demand in parallel with the
developments in their economy and industry (Sajjadi, 2016
and Saluja, 2016).
Types of safflower varieties: There are two types of safflower varieties viz. with spines e.g.JSF-1, Nira etc. and
without spines such as JSI-7, JSI-73, NARI-6, NARI-NH-1
etc. spineless varieties are preferred as their flowers can be
easily handpicked at the time of harvesting. Safflower is
poor competitor with weeds. So weed control program is
required for its cultivation.

Conclusions
There is need to develop new varieties of Safflower which
are spineless and resistant to diseases. Germplasm banks
should be set up containing genotypes with resistance to
various diseases and having high adaptability. The present
paper also highlights the other uses of safflower beyond
edible oil. The safflower oil is valuable as it content omega
-6 fatty acids which are beneficial for our body. It maintains a balance of cholesterol in the body and reduces the
chances of developing atherosclerosis. The wild species of
Safflower which are closely related to cultivated varieties
should be targeted for incorporating resistance to various
diseases. The development of high yielding hybrids may
give better results. Shoot length, shoot and root fresh
weights shoot and root fresh dry weights, seedling height
reduction and relative dry weight significantly affected by
the interaction between cultivars and salinity concentrations, by the interaction among seed priming, cultivars and
salinity concentrations.
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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In order to reduce the loss and maintain the quality of vegetables harvest, pesticides are used
together with other pest management techniques during cropping to destroy pests and prevent
diseases. However, the use of pesticides during production often leads to the presence of pesticide
residues in vegetables after harvest. Higher doses and repeated applications of conventional formulations lead to accumulate pesticide residues in vegetable commodities along with environmental
pollution. With the increasing awareness of toxic effects of conventional formulations, there is a
significant trend towards switching over from such pesticide formulations using petroleum and
organic solvent based constituents to user and environment friendly water based pesticide formulations. The developed world has progressed substantially in this regard to develop eco-friendly
formulations which are safer to vegetable and the environment. These formulations would not only
replace toxic, non-degradable ingredients/adjuvants of the conventional formulations but also
increase the bio-efficacy of the products through incorporating latest technologies including size
reduction (Wettable Powder to Suspension Concentrate, Soluble Concentrate to Microemulsion),
increased coverage of applied surface area (EC to ME/Nano-formulations), reduced wastage (Dust/
WP to Controlled Release Formulations) and dose rates of applied same pesticides to improve food
quality with minimum pesticide residues.
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INTRODUCTION
Vegetables are important components of the human diet
since they provide essential nutrients that are required for
most of the reactions occurring in the body. Like other
crops, vegetables are attacked by pests and diseases during
production and storage leading to damages that reduce the
quality and the yield (Oerke, 2006). In order to reduce the
loss and maintain the quality of vegetables harvest,
pesticides are used together with other pest management
techniques during cropping to destroy pests and prevent
diseases (Sarwar, 2013) However, the use of pesticides
during production often leads to the presence of pesticide
residues in vegetables after harvest (Chloe et al., 2015).
Pesticides in developing countries in Asia and Pacific
region are mainly available as dust, wettable powder,
emulsifiable concentrates, solutions, etc for vegetable pest
management. These types of formulations are regarded
now as in „conventional‟, „old technology‟ or „classical‟ or

„traditional‟ because of their increased dose rate or repeated applications to get desired bio efficacy. These higher
doses and repeated applications lead to accumulate pesticide residues in vegetable commodities along with environmental pollution (Koirala et al., 2009). Conventional
formulations, because of their characteristics i.e. dustiness
and use of volatile organic solvents (VOCs) in their preparation maximize several problems like pesticide residues in
fruit and vegetable products etc. With the increasing
awareness of toxic effects of conventional formulations,
there is a significant trend towards switching over from
such pesticide formulations using petroleum and organic
solvent based constituents to user and environment friendly water based pesticide formulations (Knowles, 2008).The
developed world has progressed substantially in this regard
to develop eco-friendly formulations which are safer to
vegetable and the environment (Green et al., 2007). These
formulations would not only replace toxic, non-degradable
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ingredients/adjuvants of the conventional formulations but
also increase the bio-efficacy of the products through
incorporating latest technologies including size reduction
(Wettable Powder to Suspension Concentrate, Soluble
Concentrate to Microemulsion), increased coverage of
applied surface area (EC to ME/Nano-formulations),
reduced wastage (Dust/WP to Controlled Release Formulations) and dose rates of applied same pesticides to improve
food quality with minimum pesticide residues (Beestman,
2003). Suspension Concentrates, Water Dispersible Granules, Emulsion in Water, Micro-emulsion, Combination
Formulations, Effervescent Tablets, Floating Tablets, seed
treatment formulations etc. are some of the formulation
types that come under this category of safer formulations
for the production of safe and clean vegetables.
Formulation selection considerations: The importance of
formulation type is generally over looked. A wellconsidered decision to use the most appropriate formulation for vegetable pest management requires detailed analysis of the following factors (Copping, 2004).
Applicator safety: Different formulations present various
degrees of hazard to the applicator. Some products are easily inhaled, while others can penetrate skin or cause injury
when splashed in the eyes.
Environmental concerns: Special precautions need to be
taken with formulations that are prone to drift in air or
move off target into water. Wildlife can also be affected to
varying degrees by different formulations. Birds may be
attracted by granules, and fish or aquatic invertebrates can
prove especially sensitive to specific pesticide formulations.
Pest biology: The growth habits and survival strategies of
a pest generally determine which formulation provides
optimum contact between the active ingredient and the
pest.
Available equipment: Some pesticide formulations
require specialized handling equipment. This includes application equipment, safety equipment, and spill control
equipment.
Surfaces to be protected: Applicators must be aware that
certain formulations can stain fabrics, discolor linoleum,
dissolve plastic, or burn foliage.
Cost: Product prices may vary substantially, based on the
ingredients used and the complexity of delivering active
ingredients in specific formulations.
Formulation types of agrochemicals: Different types of
formulations of agrochemicals can be identified depending
on the application, customer acceptability and regional
market requirements. At present, most agrochemical
companies attempt to formulate a product in a form that
can be accepted globally (Mulqueen, 2003). This presents a
challenge to the formulation scientists who not only needs
to understand the basic and fundamental principles in such
formulation types, but also should be able to produce
formulations that can be applied worldwide.

DRAWBACKS OF CONVENTIONAL FORMULATION TECHNOLOGIES
Granules (GR): Granular pesticide formulations are distinguished from powder formulations according to mesh size.

It is generally accepted that a granular formulation is a
product with a size range from 16-60 British Standard BS
mesh (250-1,000 microns) with at least 90% of the granules
within the specified mesh size range. Granules are, therefore, the largest of the solid pesticide formulations (apart
from tablets) and their large size virtually eliminates drift
leading to much less loss of pesticide than with powder and
liquid formulations (Gilden et al., 2010). Granular formulations are often used as pre-emergence herbicides or as soil
insecticides for direct broadcasting to the field. They are
also applied for “in-furrow” use, especially for insecticides.
Wettable powders (WP): Wettable powders are finelydivided solid pesticide formulations which are applied after
dilution and as a suspension in water. They have been used
for many years and are second only to emulsifyable concentrates in terms of the total volume of products produced
globally. These particles are larger than the droplets produced by emulsifyable concentrate formulations. It is this
factor, coupled with the lack of solvent, which gives WP‟s
lower biological activity than most liquid formulations.
However, this also makes them less likely to cause phytotoxicity to crops (Gupta, 2004).
Disadvantages: Difficult to mix in spray tanks; Poor
compatibility with other formulations; Tank mix wetter
may be needed: Dust hazard during manufacture: Dust
hazard during application.
Emulsifiable concentrates (EC): Emulsifiable concentrates are popular for active ingredients which are very
soluble in non-polar solvents. They are formulated by
dissolving the active ingredient with emulsifying surfactants in an organic solvent. EC formulations are easy to use
and, when diluted in water, should give a stable “milky”
emulsion with very little creaming and no oil separation.
EC formulations must also be compatible with spray tank
water covering a range of water hardness from very soft
water up to about 1,000 ppm of hardness.
Disadvantages: Emulsion stability problems may arise
after dilution; Sometimes phytotoxic to vegetable crops;
May increase dermal toxicity of active ingredient; Possible
fire hazard; Solvents may affect plastics and rubbers in
spray applicators.
Soluble concentrates (SL): A soluble concentrate is a clear
solution to be applied as a solution after dilution in water.
Soluble concentrates are based on either water or a solvent
mixture which is completely miscible in water. Solution
concentrates are the simplest of all the formulation types
and merely require dilution into water in the spray tank
(Zabkiewicz, 2000). However, the number of pesticides
which can be formulated in this way is limited by two
factors, the solubility and hydrolytic stability of the active
ingredient in water. Water based solution concentrate
formulations are hydrophilic after spraying onto crops and,
therefore, often contain a surfactant to assist wetting onto
the leaf surface.
Disadvantages: Often requires surfactant wetters for good
wetting/spreading on vegetable leaves; Poor low temperature stability; May hydrolyze active ingredients; Corrosive
to metals.
Trends towards safer formulation technologies: However, there has been a dramatic shift from WP formulations
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to WG, from EC to EW. SCs have also increased in
popularity due to their environmental advantages, being
water based, and their ease of application (spontaneous
dispersion on dilution into water) (Mathur, 1999). In all the
above formulations, considerable attention has been paid in
recent years to achieve a number of objectives Smith et al.
2008):
Broader formulation inerts; Solvent reduction and safer
solvent selection; Safer surfactant components with low
toxicity, low skin irritation and enhanced biodegradability
(Fantke et al., 2012); Longer term physical and chemical
stability; Enhancement of bio efficacy by incorporation of
adjuvants; Controlled and sustained release formulations;
Compatibility of various formulations in tank mixes.
These challenges require good knowledge of colloid and
surface science as well as the key factors involved in
formulating complex systems (Mulqueen, 2003). In this
review, some of the recent advances in agrochemical
formulation technology will be discussed in the four main
areas.
Water based dispersion technology; Improved dry product
(WDG) technology; Controlled release technologies for
improved product performance; Combined/mixed formulation technology; Nanotechnology-based pesticides due to
size and surface characteristics.

WATER BASED DISPERSION TECHNOLOGY
Suspension concentrates (SC): Suspension concentrate
technology has been increasingly applied to the formulation of many solid crystalline pesticides since the early
1970‟s. Pesticide particles maybe suspended in an oil
phase, but it is much more usual for suspension concentrates to be dispersions in water (Mulqueen, 2003). Considerable attention has been given in recent years to the
production of aqueous suspension concentrates by a high
energy wet grinding processes such as bead milling. The
use of surfactants as wetting and dispersing agents has also
led to a great deal of research on the colloidal and surface
chemistry aspects of dispersion and stabilization of solid/
liquid dispersions (Green et al., 2007). Water-based suspension concentrate formulations offer many advantages
such as:
High concentration of insoluble active ingredients; Ease of
handling and application; Safety to the operator and
environment; Relatively low cost; Enable water-soluble
adjuvants to be built-in for enhanced biological activity.
Farmers generally prefer suspension concentrates to wettable powders because they are non-dusty and easy to measure and pour into the spray tank. However, there are some
disadvantages, notably the need to produce formulations
which do not separate badly on storage, and also to protect
the product from freezing which may cause aggregation of
the particles.
Example: Fipronil 5 SC, Sulphur 52 SC, Hexaconazole 10
SC, Carbendazim 50 SC etc.
O/W emulsions (EW): Oil-in-water emulsions are now
receiving considerable attention because of the need to
reduce or eliminate volatile organic solvents (VOCs) for
safer handling (Ware, 2004). Because they are water
based, oil-in-water emulsions can have signiﬁcant
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advantages over emulsiﬁable concentrates in terms of cost
and safety in manufacture, transportation and use. Key is
that the active ingredient must have very low water solubility to avoid crystallization issues (Tadros, 1995). A solid
active may be dissolved in a water–immiscible solvent.
Example: Butachlor 50 EW, Cfluthrin 5 EW, Tricontanol
0.1 EW etc.
Suspo-emulsions (SE): Mixed combination formulations
are becoming more popular because of their convenience,
they ensure that the farmer applies the correct amount of
each component pesticide and overcome problems of tank
mix incompatibility. Suspo-emulsions can, therefore, is
considered to be mixtures of suspension concentrates and
oil-in-water emulsions with added surfactants to prevent
ﬂocculation and thickeners to prevent separation of the
dispersed phases (Tadros, 1995). Surfactants used as
dispersing agents for the solid phase are similar to those
already mentioned for suspension concentrates. Careful
selection of the appropriate dispersing and emulsifying
agents is necessary to overcome the problem of heteroﬂocculation between the solid particles and the oil droplets
and extensive storage testing of these formulations is
necessary.
Example: Fenpropimorph 24.5 + Epoxiconazole 8.2 SE
(Not registered in India)
Microemulsions (ME): Microemulsions are thermodynamically stable transparent dispersions of two immiscible
liquids and are stable over a wide temperature range
(Hiromoto, 2007). They have a very ﬁne droplet size of
less than 0.05 microns (50 nanometers). The total concentration of surfactants for a microemulsion can be as high as
10–30% or more, compared with about 5% for a typical o/
w emulsion. Microemulsions have relatively low active
ingredient concentrations, but the high surfactant content
and solubilisation of the active ingredient may give rise to
enhanced biological activity.
Example: Neemazal 30 MEC, Pyrithiobac Na 5.4 +
Quizalofop-P-Ethyl 10.6 MEetc
Oil dispersion formulations: One of the latest formulation types are oil dispersions (ODs). This technology
allows very efficient and environmentally friendly agrochemical formulations. In ODs the solid active ingredient
is dispersed in the oil phase, making it especially suitable
for water-sensitive or non-soluble active ingredients
(Llácer et al., 2012). When the oil dispersion comes into
contact with water the formulation can either form an
emulsion or a suspo emulsion. The oil-phase can comprise
different oils such as mineral oils, vegetable oils or esters
of vegetable oils. Special attention is needed with the
auxiliaries in ODs: suitable oil-compatible dispersing
agents and emulsifiers adjusted to the type of oil which
forms a stable emulsion after dilution with water.
Aqueous flowables (AF): Aqueous flowables are concentrated 40% to 70% w/w suspensions of micronized insoluble active pesticide in water. Prior to spraying on target
areas, aqueous flowables are diluted with water in a spray
tank to achieve the minimum effective pesticide concentration. AFs must be formulated for low viscosity and good
fluidity, so that transfer to the spray tank is easy and
complete. This requires an effective wetting agent and an
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efficient dispersing agent to ensure adequate dispersion of
the pesticide in the water (Castro et al., 1998). Since the
active ingredients in AFs are insoluble, good suspension
stability is essential. If the suspension settles and leaves
sediment at the bottom of the container, the application of
the pesticide may be too weak to be effective (Dipak,
2015). Further, disposal of the residue in the container
becomes a problem. A combination of smectite clay (aka
bentonite) and xanthan gum works synergistically to
provide excellent long term suspension stability at low
viscosity and at low cost.
Seed treatment formulations: As a kind of pesticide
preparation with film-forming characteristics used for coating of plants and other plant seeds, seed coating agent is
generally prepared by technical material, dispersant,
wetting agent, film former, pH regulator, antifreeze,
defoamer, other auxiliaries and water (Dayer et al., 2007).
It can be directly coated on the seed surface after dilution
to form a protective film with certain strength and permeability, so it is named as seed coating agent. Seed coating
agent and seed treatment agent are two different concepts.
Seed treatment agent is divided into seed dressing agent,
multi-seed agent and seed coating agent. Seed dressing
agent and seed soaking agent belong to a method of field
pesticide application, but not a kind of pesticide formulation. Seed coating agent is not required within nearly 45
days at bud stage and seeding stage due to its characteristics of coating of seeds, and the dosage is only about 1/50
of field pesticide application. Therefore, it is called the
new pesticide formulation saving the most pesticide
(Dipak, 2015). Seed coating agent can, according to pesticide formulation, be divided water flowable seed coating
agent (FS), water-emulsion seed coating agent (EWS),
suspended emulsion seed coating agent (SES), microcapsule seed coating agent (CS), dry flowable seed coating
agent (DFS), water dispersible granule type seed coating
agent (WGS), etc (El-Mohamedy et al., 2008). As a kind
of seed coating formulation most widely applied in the
maximum volume at home and abroad, FS is a special SC
which super crushes solid pesticides and other auxiliary
components into less than 4um.

NEW DRY PRODUCT TECHNOLOGY
Water dispersible granules (WG): Water dispersible
granules, or dry ﬂowables as they are sometimes known,
are a relatively new type of formulation and are being developed as safer and more commercially attractive alternatives to wettable powders and suspension concentrates
(Kim et al., 2003). They are becoming more popular
because of their convenience in packaging and use, being
non-dusty, free-ﬂowing granules which should disperse
quickly when added to water in the spray tank (Marcroft et
al., 2008). They therefore represent a technological
improvement over wettable powders and imitate liquids in
their handling characteristics. Extrusion granulation is one
of the safest, most versatile and economical process and is
probably the most favoured process used by agrochemical
companies at the present time, followed closely by ﬂuid
bed spray granulation. The dispersion time in water is a
very important property and to ensure that no problems

occur in the spray tank it is necessary for all the granules to
disperse completely within two minutes in varying degrees
of water temperature and hardness.
Example: Mancozeb 75 WG, Endosulfan 50 WG, Captan
83 WG, Cypermethrin 40 WG, Thiomethaxam 25 WG,
Deltamethrin 25 WG and so on.
Dispersion concentrates (DC): These are formulations of
active ingredient dissolved in a water-miscible, polar
solvent together with a dispersing or emulsifying agent,
designed to dilute in water giving stable, fine particle size
dispersions (Nishiyama et al., 2004). DC formulations are
alternatives to SL, SC, EC and ME formulations, being
suitable for active ingredients whose physical, chemical or
biological properties preclude the use of these more
conventional formulations. Choice of dispersing agent is
critical for good dilution properties in water. It is important
that fine particle size dispersion is obtained, stable for
preferably at least 24 hours as a dilution to prevent possible
spray equipment blockages and reduced bio-efficacy.
Advantages: Simple process equipment; Easy to use and
clean down; Stable, solution-type formulation; Good bioefficacy .

CONTROLLED RELEASE TECHNOLOGIES
FOR IMPROVED PRODUCT PERFORMANCE
Microencapsulation/capsule suspensions (CS): The polymer membrane, or microencapsulation technique, has
become popular in recent years (Beestman, 2003). A
well-known method of microencapsulation uses the principle of interfacial polymerization. The rate of release of the
active ingredient can be controlled by adjusting the droplet
size, the thickness of the polymer membrane and the degree of cross-linking or porosity of the polymer. The rate
of release of the pesticide is, there-fore, a diffusion controlled process. Further innovations are expected in microencapsulation technology over the next few years which
may contribute to safer pesticide use (Fernández, 2007).
Significant research is still being expended in the area of
microencapsulation technology and there is likely to be
further gains from this research.
Example: Lambda Cyhalothrin 10 CS, Lambda Cyhalothrin 25 CS etc.
Combined/mixed formulation technology: Our innovation is the development of a combined (mixed) ZW formulation in the field of agrochemicals for user & environment
friendly application of synthetic agrochemicals. It is combination of capsule suspension of lambda cyhalothrin
insecticide and concentrated emulsion of chlorpyriphos
insecticide (Hazra et al., 2013). In this unique formulation,
two different active ingredients in such a way that one
active ingredient i.e. chlorpyriphos will be quickly available/effective just after application on target pests for quick
knock-down effect and on the other hand, the other pesticide i.e. lambda cyhalothrin will be efficacious slowly in a
controlled manner for long term target pest management
Takeshita et al., 2001). As it is micro encapsulated in a
polymer membrane, applicator can apply two pesticides
simultaneously in a single application. The combination
will have broad spectrum insecticidal activities and may be
used for controlling insects on large number of crops
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NANOTECHNOLOGY-BASED PESTICIDE
FORMULATIONS
Nano emulsions: Nano-emulsions have a particle size of
less than 200 nm, which makes the systems inherently
transparent/translucent and kinetically stable (Nair et al.,
2010). Pesticides formulated with nano-emulsions having
a lower surfactant concentration than micro-emulsions and
surfactants are considerably more environmentally friendly and are cost effective and economically (Kuzma et al.,
2010). Low-energy emulsification methods are applied to
produce nano-emulsions, and the energy store could
promote smaller-sized nanoparticles of longer life
(Zabkiewicz, 2000; (O‟Sullivan et al., 2010; Sarwar,
2014).

Conclusions
With the many pressures on product performance, formulation is becoming a key technology by which agrochemical companies can differentiate their products and add
significant value. New product introduction is an important factor in brand refreshment and new formulation
technology can impact this considerably. This article has
described some of the changes occurring in formulation
types employed and the further trends that are driving
technologies such as examples of water-based dispersion
formulation technology for oil-in-water emulsions, suspensions, micro-emulsions etc. as well as other formulation
types such as gel and dry product formulations where new
techniques of formulation, often combining polymers and
surfactants in novel ways have resulted in a relatively safe
and environment friendly product. Moving with a lustrous
record of providing quality products to its customers for
vegetable pest management since past many years, scientists is now shifting its focus towards 'nanotechnology',
keeping in view the hazardous effects of highly toxic
pesticides.
Open Access: This is open access article distributed under
the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author(s) and
the source are credited.
REFERENCES
Beestman, G.B. (2003). Controlled release in crop protection:
past experience and future potential, pp 272-279. In Chemistry of crop protection, progress and prospects in science
and regulation (Eds Voss G Ramos G) Wiley-VCH Verlag
GmbH & Co, Weinheim.
Castro, B.A., Riley, T.J. and Leonard, B.R. (1998). Evaluation of
Gaucho® seed treatment and soil insecticides for management of the red imported fire ant on seedling grain sorghum
during 1994-1996, Agricultural Center, Louisiana Agricultural Experiment Station Research Report, 101: 1-4
Chloe, D.P., Karl, W.J.W., Jon, E.S., Bryan, G., Tracye, M.M.
and Michael, J.L. (2015). Assessing the fate and effects of
an insecticidal formulation. Environmental Toxicology and
Chemistry, 34(1): 197-207.
Copping, L.G. (2004). The manual of biocontrol agents, 3rd Edition. British Crop Production Council (BCPC), Farnham,
Survey UK.

236

Dayer, A., Burrows, M., Johnston, B. and Tharp, C. (2007). Small
grain seed treatment guide, MSU Extension Publications
MontGuide MT199608AG.
Dipak K.H. (2015). Recent Advancement in Pesticide Formulations for User and Environment Friendly Pest Management.
International Journal of Research & Review, 2(2): 35-40.
El-Mohamedy, R.S.R. and Abd El-Baky, M.M.H. (2008). Evaluation of different types of seed treatment on control of root rot
disease, improvement growth and yield quality of pea plant
in Nobaria province. Research Journal of Agriculture and
Biological Sciences, 4: 611-622
Fantke, P., Friedrich, R. and Jolliet, O. (2012). Health impact and
damage cost assessment of pesticides in Europe. Environment International, 49: 9-17.
Fernández-Pérez, M. (2007). Controlled release systems to prevent the agro-environmental pollution derived from pesticide
use. Journal of Environmental Science and Health B42:857862.
Gilden, R.C, Huffling, K. and Sattler, B. (2010). Pesticides and
health risks. Journal of Obstetric Gynecologic Neonatal
Nursing, 39(1): 103-10.
Green, J.M., Beestman, G.B.(2007)Recently patented and commercialized formulation and adjuvant technology. Crop
Protection, 26: 320-27.
Gupta, P.K. (2004). Pesticide Exposure-Indian Scene. Toxicology,
198: 83-90.
Hazra, D.K., Pant Megha, Raza, S.K. and Patanjali, P. K. (2013).
Formulation technology: key parameters for food safety with
respect to agrochemicals use in crop protection Journal of
Plant Protection Sciences, 5 (2): 1-19,
Hiromoto, B. (2007). Pesticide microemulsions and dispersant/
penetrant formulations. United States Patent, Patent No: US
7297351.
Kim, D.S., Koo, S.J., Lee, J.N., Hwang, K.H., Kim, T.Y., Kang,
K.G., Hwang, K.S., Joe, G.H. and Cho, J.H. (2003). Flucetosulfuron: a new sulfonylurea herbicide. Proceeding of
International Congress, Crop Science & Technology, BCPC,
Farnham, Surrey, UK, pp.87-92.
Knowles A., ed., (2005). New Developments in Crop Protection
Product Formulation, T&F Informa UK Ltd, London, UK,
pp: 23-343
Knowles, A. (2008).Recent developments of safer formulations of
agrochemicals. Environmentalist, 28(1): 35-44
Koirala, P.S., Dhakal, P.D. and Tamrakar. A.S (2009). Pesticide
application and food safety issue in Nepal.
Kuzma, J. and VerHage, P. (2010). Nanotechnology in agriculture and food production: Anticipated applications.Retrieved
from www.document]URLhttp://www.nanotechproject.org/
file_download/files PEN4_AgFood.pdf.
Llácer, E., Negre, M. and Jacas, J.A. (2012). Evaluation of an oil
dispersion formulation of imidacloprid as a drench against
Rhynchophorus ferrugineus (Coleoptera, Curculionidae) in
young palm trees. Pest Management Science, 68(6): 878-82
Marcroft, S.J. and Potter, T.D. (2008). The fungicide fluquinconazole applied as a seed dressing to canola reduces Leptosphaeria maculans (blackleg) severity in south-eastern
Australia. Australasian Plant Pathology, 37: 396-401.
Mathur, S.C. (1999). Future of Indian pesticide industry in next
millennium. Pestiide Information, 24(4): 9-23.
Mulqueen, P. (2003). Recent advances in agrochemical formulation. Advances in Colloid and Interface Science, 106: 83-107.
Nair, R., Varghese, S.H., Nair, B.G., Maekawa, T., Yoshida, Y.
and Kumar, D.S. (2010). Nano particulate material delivery
to plants. Plant Science, 179: 154-163.
Nishiyama, N., Yamamoto, A. and Takei, T. (2004). Ecological
risk assessment of surfactants. The 38th Annual Meeting of

237

Dipak Kumar Hazra et al. /Arch. Agr. Environ. Sci., 2(3): 232-237 (2017)

Japan Society onWater Environment (Sapporo, Japan).
O‟Sullivan, C.M, Tuck, C.R, Butler Ellis, M.C, Miller, P.C.H.
and Bateman, R. (2010). An alternative surfactant to nonyl
phenol ethoxylates for spray application research. Aspects of
Applied Biology, 99: 311-316
Oerke, E.C. (2006). Crop losses to pests. Journal of Agricultural
Science, 144: 31-43.
Sarwar, M. (2013). Comparative suitability of soil and foliar applied insecticides against the aphid Myzus persicae (Sulzer)
(Aphididae: Hemiptera) in canola Brassica napus L. International Journal of Scientific Research in Environmental
Sciences, 1(7): 138-143.
Sarwar, M. (2014). Understanding the importance and scope of
agricultural education to the society. International Journal of
Innovation and Research in Educational Sciences, 1(2): 145-

148.
Smith, K., Evans, D.A. and El-Hiti, G.A. (2008). Role of modern
chemistry in sustainable arable crop protection. Philosophical Transactions of the Royal Society B., 363: 623-637.
Tadros, T.F.(1995). Surfactants in Agrochemicals, Marcel Dekker,
New York, USA
Takeshita, T. and Noritake, K. (2001). Development and promotion of labor-saving application technology for paddy
herbicides in Japan. Weed Biology and Management, 1: 6170.
Ware, G.W. (2004). Environmental contamination and toxicology. Ware, George (Ed.) Environmental Biotechnology.
Zabkiewicz, J.A. (2000) Adjuvants and herbicidal efficacy–
present status and future prospects. Weed Research, 40: 139149, DOI: 10.1046/j.1365-3180.2000.00172.x.

Archives of Agriculture and Environmental Science 2(3): 238-243 (2017)

This content is available online at AESA

Archives of Agriculture and Environmental Science
Journal homepage: www.aesacademy.org

e-ISSN: 2456-6632

ORIGINAL RESEARCH ARTICLE

Growth response of mahagony seedling (Swietenia macrophylla King.) to addition
of coconut shell charcoal and compost on ex-sand mining site of West Java
Province in Indonesia
Basuki Wasis* and Angga Andika
Departemen of Silviculture, Faculty of Forestry, Bogor Agricultural University, Bogor 16680, West Java, INDONESIA
*
Corresponding author’s E-mail: basuki_wasis@yahoo.com
ARTICLE HISTORY

ABSTRACT

Received: 23 June 2017
Revised received: 22 August 2017
Accepted: 26 August 2017

Riverbank is the area that is frequently being used for sand mining site. Overexploited and poorlymanaged sand mining will give negative impacts to environment. To prevent and to reduce worse
environmental damage, efforts to control the negative effects should be done. One of efforts that can
be implemented is revegetation on the damaged land by sand mining activities, thus it needs the
type of vegetation that could adapt to its environment. Mahagony (Swietenia macrophylla King.) is
a plant that could adapt to ex-sand mining site environment. This research was carried out to assess
the effect of adding compost manure and coconut shell charcoal for the growth of mahagony
seedling (S. macrophylla) on ex-sand minig site and to identify proper dose for the coconut shell
charcoal and compost manure to condition of the site. This research uses complete random design
(CRD) factorial. The result of this research shows that giving coconut shell charcoal and compost
manure does not have significant effect to all parameter viz height, diameter, total wet weight
(TWW), total dry weight (TDW), and root apex ratio (RAR) of S. macrophylla. Giving compost
manure partially has significant effect to high parameter, total wet weight, total dry weight, and root
apex ratio of S. macrophylla with the best dose amounting to 100 g. The addition dose of coconut
shell charcoal 20 g give the best response to total wet weight parameter of S. macrophylla.
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INTRODUCTION
Riverbank is the area that is frequently being used for sand
mining site. Overexploited and poorly-managed sand
mining will give negative impacts to environment (Herry
Pinatik and Dedie Tooy, 2014). Environmental There are
some impacts to environment due to sand mining
activities, which are decrease of soil productivity,
solubility of heavy metals, declain of clay soil, soil
solidification, sedimentation, landslide, damage to flora
and fauna, damage to security and health of population,
and also micro climate change (Sulaksono and Hadiyan
2015; Kamboj et al., 2017; Suyatna et al., 2017). Those
impacts catalyze critical state of ex-sand mining site, thus
the efforts should be done to recover soil productivity
(Marschner, 2005; Aloa and Shuaibu, 2013). To prevent
and to reduce excess environmental damage, efforts to
minimalize the impacts should be made. One of the efforts
is by revegetation of the land (Marjenah, 2007; Yuniwati et
al., 2012). Revegetation on riverbank can be done after

mining sand that is likely to cause disturbance to
environment. Revegetation is replanting activities on
ex-sand mining site to recover biodiversity and to prevent
erosion and runoff (Setiadi, 2006; Pitri Yandri, 2013),
Choosing the right plants for revegetation is one of
successful key in revegatating the critical land due to sand
mining, thus suitable plant that can adapt and soil recovery
efforts (such as recovering biological, chemical and
physical content) are needed. One of proper plants to be
chosen is mahagony.
Mahagony is one of suitable plants that can survive on lack
of nutrient soil content. Mahagony also increases nutrients
to recover soil structure (Mindawati and Megawati, 2013).
Those will support revegetation on ex-sand mining site.
For mahagony, one of treatment that can be done is by
giving extra compost and coconut shell charcoal to
optimalise the growth (Gusmailina, 2002; Herianto and
Siregar, 2004; Wasis and Fathia, 2011). Keeping in view
the present investigation was conducted to assess the
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effects of adding compost and coconut shell charcoal to the
growth of mahagony (Swietenia macrophylla King.) on ex
-sand mining site and also to assess the correct dose of
compost and coconut shell charcoal to be given effectively
and efficiently on the site.

MATERIALS AND METHODS
Research duration and place: The research was
conducted from March to May 2016 in Department of
Silviculture, IPB's green house, forest influental laboratory,
and Department of Soil Science and Soil Resource
Laboratory Bogor Agricultural University (BAU/IPB).
Location of ex-sand mining site is in Ciomas Sub-district,
Bogor, West Java Province. Indonesia
Research tools and materials: Tools used in this research
are calipers, hoe, 20cm x20 cm polybag, timbangan ohose,
60 cm ruler and camera. Materials needed are 4 months
mahagony seedling, ex-sand mining site media, compost,
and coconut shell charcoal.
Research methodology: Research was conducted in few
steps, which are prepation for the media, weaning process,
preservation, observation, collecting data with analyzing
nutrient, designing experiment and alayzing comprehensive
data. There are description for each process:
Preparation: Preparation step is by preparing media and
mahagony seelding, collecting the site sample for media in
Ciomas Sub-district, Bogor. Prepared media consists of
structured compositions of coconut shell charcoal, compost,
and ex-sand mining sample media. They are weighted using
weighing mechine, with adjusted measure. After getting the
correct composition, each material was inserted in polybag.
The measurable composition for control is 1 kg sand and
compositions for compost are 25 g/polybag, 50 g/polybag,
75 g/polybag, and 100 g/polybag. Meanwhile, coconut shell
charcoal compositions are 0 g/polybag (control)m 20 g/
polybag, 40g/polybag, and 60 g/polybag. Preparation for
mahagony seedling was conducted by choosing healthy
seedling, with miscelanous fresh, free of pest and diseases
for height and diameter of the seedling.
Weaning process: Four months mahagony seedling was
moved into polybags that have been treated. The proper
time for weaning process is in the morning for reducing
stress level and for preventing evaporation of the seedling.
Maintenance: Weaned
mahagony (S. macrophylla)
seedlings were put in green house for 3 months. They were
sprayed every morning and every evening, which it must
consider the condition for each media in the polybag, if it
was wet then not sprayed.
Data collection: Data was collected every week with
measurable parameter, which are height and diameter of (S.
macrophylla) seedlings. The height of S. macrophylla
seedlings were measured using ruler and the diameter of S.
macrophylla seedlings was measured using digital caliper.
Wet weight and dry weight for apex and root data of S.
macrophylla seedlings were harvested in the harvest time.
The procedure was by separating apex and root, weighing
them, and drying them in microwave with temperature of
80oC for 24 hours and weighing them again afterwards
(Wasis and Fathia, 2011). Measuring soil nutrient was in
the last week. Two soil samples were control and treated

samples measured for getting the best growth.
Experiment design and data analysis: Used experiment
design in this research is complete random design (CRD)
factorial with two factors. The first factor is composts
consisting of 5 steps treatment. The second sample is
coconut shell charcoal with 4 steps treatment. Each step of
treatments consists of 3 repetitions and each repetition
consists of one seedling. Therefore, there were 60
seedlings used in this research.
Obtained data based on measurement of height, diameter,
total wet weight (TWW), total dry weight (TDW), and root
apex ratio (RAR) was analyzed by using linear model
(Mattjik and Sumertajaya, 2013; Stell and Torries, 1991;
Wibisono, 2009). Only if there is significant effect,
Duncan's Multiple Range Test will be measured for getting
further statistic data.

RESULTS AND DISCUSSION
Observed parameter in this research is height, diameter,
total wet weight (TWW), total dry weight (TDW), and root
apex ratio (RAR) of mahagony (S. macrophylla) seedling
on ex-sand mining site with addition of compost and
coconut shell charcoal. Response from adding compost and
coconut shell charcoal to measured parameter could be
identified with variety print analysis. Recapitulation result
of variety print analysis is shown in Table 1.
Variety print result in Table 1 shows that the addition of
compost gives significant effect to the growth of height,
TWW, TDW, and RAR of mahagony (S. macrophylla)
seedlings with 95% trust range. The addition of cocount
shell charcoal only give significant effect to TWW of the
seedlings of S. macrophylla with 95% trust range.
Meanwhile, interaction between compost and coconut shell
charcoal does not give significant effect to all parameter
with 95% trust range.
Height growth: Growth is the addition of dimension to
plants due to fission that will become grown plants. The
growth of plants is affected by genetic factor and
environmental factor. Geneticc factor is carried by directly
-inherited plants or its gen. Meanwhile, environmental
factor was modified from its location or ith habitat. The
height addition is primary groth in meristem tip or in the
apex. This meristem tissue keeps it fission for growing its
root and its stem, thus there are addition to its height
(Darmawan and Baharsjah, 2012).
Based on variety print result (Table 1), it shows that
adding compost and coconut shell charcoal treatment in ex
-sand mining site does not give any significant effect to the
growth of S. macrophylla seedlings. However, The
addiition of each compost or coconut shell charcoal gives
significant effect to measured parameter (height) of S.
macrophylla seedlings. The result of Duncan test for
adding compost treatment could be seen in Table 2.
Based on duncan test in Table 2, it shows that 100 g
compost treatment does not show significat differences in
the height growth of mahogany (S. macrophylla) seedling
by adding 75 g and does give significant effect by not
giving compost. The best treatment was shown by adding
100 g compost with height growth of mahogany (S.
macrophylla) seedling amounting to 5.09 cm and
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percentage of increase to control 62.06%. Meanwhile, the
smallest height growth rate is by not giving compost with
the height growth of mahogany (S. macrophylla) seedling
accounting for 3.14 cm and the percentage to control 0%.
Giving addition of 100 g will affect to the height growth of
mahogany (S. macrophylla) seedling significantly
(Ningrum, 2015). The height growth of mahagony seedling
for 12 weeks is shown in Figure 1.
Figure 1 shows height growth rate (cm) graph of
mahagony (S. macrophylla) seedling for 12 in 12 weeks,
which shows the increasing rate for each week. The best
height growth of mahagony (S. macrophylla) is A4B0
treatment (100 g compost with 0 g coconut shell charcoal),
which can be seen in the graph of A4B0 that shows highest
growth compared to the others. Compost is organic manure
containing complete macro and micro nutrient needed for
supporting the growth (Setiadi and Cakyayanti, 2014;
Wasis and Noviani, 2010; Wibisono, 2009). The addition
of compost in a media help increase soil fertility and
catalyze the root growth (Putri and Nurhasybi, 2010;
Wasis and Fathia, 2011). Compost also protect the function
of soil to support the seedling. There are few benefits for
plants, which are giving nutrient, recovering soil structure,
increasing kation change ability, adding soil ability to keep
water, increasing soil biologonical activities, increasing pH
in acid soil, and increasing stock of micro nutrients (Phillip
et al., 2015).
Growth of cambium: Diameter growth is the growth of
cambium tissue and cause the horizontal growth
(Mandella, 2010). Variety print result in Table 2 shows
that the addition of compost,coconut shell charcoal, or
compination of both treatment does not give any
significant effects to diameter parameter of S.
macrophylla. Therefore, duncan test is not necessary.
Total wet weight: Total wet weight (TWW) is one of
indicators used to assess water content and the need of
plants for water. TTW can be affected by the length of
root, the number or leaves, the height of the plants, and the
number of buds. Result of duncan tes shows that the
addition of compost or coconut shell sharcoal to the
paramaeter for mahagony (S. macrophylla) seedling is
illustrated in Tables 3 and 4.
Based on duncan test in Table 3, it shows that adding 100
g compost does not have any significant difference
compared to adding 75 g compost and have significant
difference compared to 0, 25, and 50 g compost. The best
treatment is shown by the addition of 100 g compost with
the rate of TWW accounting for 27,21 g and with the
percentage of increase amounting to 39,75%. Meanwhile,
the rate of the least TWW is by not giving compost with
TWW of mahagony (S. macrophylla) seedling accounting
for 19,47 g and with the percentage amounting to 0%.
Based on duncan test in Table 4, it shows that adding 20 g
treatment does not have any significant effect compared to
40 g and has significant difference compared to 0 g for
TWW parameter for mahagony (S. macrophylla) seedling.
The best treatment is shown by the addition of coconut
shell charcoal amounting to 20 g with TWW rate
accounting for 24,92 g and the perentage of increase to
control 16,88%. Meanwhile, giving compost accounting
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for 60 g give slightly negative effect to TWW parameter
with TWW rate amounting to 21,09 g and with -1,07% to
control.
Total dry weight: Total dry weight (TDW) is one of
parameters used to identify responses of the plants in using
existing nutrients in a measured growing media
(Gusmailina, 2002). TDW parameter show the
accumulation of cumulative nutrients in a plant (Herianto
and Siregar, 2014). Result of duncan test for isentifying
proper effect of adding compost to TDW of mahagony (S.
macrophylla) seedling is shown in Table 5.
Based on duncan test in Table 5, it shows that addition of
100 g compost treatment does not have significant
difference compared to 75 g and has significant effect
compared to addition of 0, 25 and 50 g for TDW growth
parameter of mahagony (S. macrophylla) seedling. High
TDW indicates good quality of the growth (Putri and
Nurhasybi, 2010). The best treatment is shown by the
addition of 100 g, with the rate of TDS accounting for 9,90
g and with the percentage amounting 31,12% to control
sample. Meanwhile the least TDW rate is shown by the
addition of 0 gram compost with TDW of mahagony (S.
macrophylla) seedling rate amounting to 7,55 g and with
the percentage accounting for 0%.
Root apex ratio: The value of root apex ratio (RAR) of a
plant can show physical condition of it related to the
resistence of seedling if it is replaced to different field
(Santosa et al., 2013) . Result of duncan test towards the
addition of compost to RAR parameter of mahagony (S.
macrophylla) seedling is illustrated in Table 6.
Based on duncan tes in Table 6, it shows that addion of
100 gram does not have any significant difference
compared to 75 g and has significant difference to 0, 25, 50
g to RAR parameter of mahagony (S. macrophylla)
seedling. The best treatment is shown by the addition of
100 g with RAR rate amounting to 2,77 g and with the
percentage accounting for 34,46%. Meanwhile, the least
RAR rate is shown by not giving compost with RAR rate
amounting to 2,06 g (0%).
RAR is affected by few factors, which are genetic of the
plants, availability of nutrients, and light competition for
photosystesis (Mokany et al., 2006). Plants that lack of
water and nutrients will try to form more roots to increase
the ability to absorb, which catalyze lower number of RAR
parameter of S. macrophylla. Low RAR number indicates
the preparedness of the plants due to they have lot of roots
to absorb nutrients and water when they are replaced to
other fields (Hardjowigeno, 2003; Munawar, 2011).
Chemical characteristics of soil: Soil chemical analysis is
to identify soil nutrient condition. Sand mining activity
will affect physical, chemical, biological soil condition by
evaporation of the surface. Ex-sand mining soil is likely to
have unoptimal physical and chemical characteristic for the
growth of plants (As’ad, 2005). Soil laboratory test result
shows that the comparison between nutrient of compost
and coconut shell charcoal and control sample (ex-sand
mining soil). It shows that there are significant differences
betweem them. Table 7 shows the result of the soil
characteristics used for the cultivation of S. macrophylla.
The addition of organic manure in measured composition

Basuki Wasis and Angga Andika /Arch. Agr. Environ. Sci., 2(3): 238-243 (2017)

241

increase is not high enough to be clasified as significant
effect, thus the increase proves that there is beneficial
effect given by compost and coconut shell charcoal to the
ex-sand mining soil sample for mahagony seedling growth.
Micro nutrient is needed nutrient in few number. Examples
of micro nutrients are Fe and Cu. Micro nutrients hold
important complex role for plants. Spesifically, it is needed
for photosynthesis and metabolisme. Table 7 shows that
compost and charcoal treatment help increase micro
nutrient availabilities in soil. Fe increases from 27,50 ppm
to 42,95 ppm. Cu is the essential component especially in
some enzimes of plants. The proper availability of Cu will
activate enzimes in plants spesifically by helping the
development and the growth of plants. Excess micro
nutrients, however, catalyze toxic for plants (Tan, 1994;
Hardjowigeno, 2003; Lakitan, 2012).

have significant function in recovering chemical, physical,
and biological soil content, ang also nutrient for plants
Bonifas and Lindquist (2009). In addition, charcoal have
an important role in recovering physical, chemical, and
biological conten. It also can provide habitat for microbes
(Santi and Goenadi, 2010). Table 7 shows that the addition
of compost and charcoal can improve nutrient
availabilities. from 6,36 pH (slight acid) to 7,12 pH
(neutral). exchange rate capacity of soil is also improven
from 5,94 me/100g to 7,92/100g, yet the increase is not
significant and the value itself is low.
Result of the soil chemical content analysis in Table 7
shows that there is no increase for C-org from both
treatment (charcoal and compost), which are from 0,07%
to 0,91%. Macro nutrients, such as NP,K,Ca, and Mg, are
also improved compared to control. Meanwhile, the

Table 1. Recapitulation result of variety print with different treatment to the growth parameter of mahagony (S. macrophylla).
Treatment
Parameter
Height
Diameter
TWW
TDW
RAR

Compost
0.0056*
0.7043tn
0.0047*
0.0209*
0.0235*

Coconut shell charcoal
0.4840tn
0.1660tn
0.0454*
0.0529tn
0.8928tn

Compost × Coconut shell charcoal
0.4716tn
0.8241tn
0.7660tn
0.8423tn
0.3693tn

*= Factual treatment with trust range 95%, significant value (Pr<F) 0.05 (α) tn = unfactual trreatment with trusst range 95% (Pr>F) 0.05 (α).

Table 2. Duncan test result by adding compost to identify the height growth of mahogany (S. macrophylla) seedling.
Treatment

Rate of height growth (cm)

Increase (%)

Compost 0 g
Compost 25 g
Compost 50 g
Compost 75 g
Compost 100 g

3.14b
4.02ab
3.87ab
5.03a
5.09a

0
27.95
23.34
60.21
62.06

*Nuumber with the same alphabet shows insignificant treatment with 95% trust range.

Table 3. Result of Duncan test for identifying effects of compost to TWW growat of mahagony (S. macrophylla) seedling.
Treatment

TWW rate

Increase (%)

Compost 0 g

19.47b

0

Compost 25 g

23.44ab

20.39

Compost 50 g

22.26b

14.32

Compost 75 g

22.40b

15.04

Compost 100 g

27.21a

39.75

*Number followed by the same alphabet to show insignificant treatment with 95% trust range.

Table 4. Result of Duncan test for identying the effects of coconut shell charcoal for TWW of mahagony (S. macrophylla) seedling.
Treatment

Rate of TWW

Increase (%)

Charcoal 0 g

21.32b

0

Charcoal 20 g

24.92a

16.88

Charcoal 40 g

24.50ab

14.91

Charcoal 60 g

21.09ab

-1.07

*Number with the same alphabet to show insignificant effect with 95% trust range.
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Table 5. Result of Duncan test for indentifying the effect of adding compost to TDW growth of mahagony (S. macrophylla) seedling.
Treatment

TDW rate (g)

Increase (%)

Compost 0 g

7.55b

0

Compost 25 g

8.62b

14.17

Compost 50 g

8.30b

9.93

Compost 75 g

8.12ab

7.54

Compost 100 g

9.90a

31.12

Note: Number with the same alphabet to show insignificant effect with 95% trust range.
Table 6. Result of Duncan test for identifying the effects of of compost to RAR parameter of mahagony (S. macrophylla) seedling.
Treatment
Compost 0 g
Compost 25 g
Compost 50 g
Compost 75 g
Compost 100 g

RAR rate
2.06c
2.26bc
2.39abc
2.60ab
2.77a

Increase (%)
0
9.70
16.01
26.21
34.46

Note: Number with the same alphabet to show insignificant effect with 95% trust range.

Table 7. Chemical characteristics of the soil used for the cultivation of S. macrophylla.
Treatment
pH
C-Organic (%)
N-total (%)
P-available
Ca (me/100g)
Mg (me/100g)
K (me/100g)
KTK (me/100g)
Fe (ppm)
Cu (ppm)
Texture (%) Sand
Silt
Clay

Control
6.36
0.07
0.06
4.12
3.35
1.83
0.26
5.94
27.50
1.55
90.74
6.44
2.82

Criteria*
Acid
Very low
Very low
Very low
Low
Low
Low
Low

*Criteria from the soil research center Bogor (1983), Bogor-Indonesia

Compost and charcoal
7.12
0.91
0.10
46.20
10.67
3.01
0.95
7.92
42.95
2.73
90.24
7.25
2.51

Criteria*
Neutral
Very low
Low
High
Medium
Medium
High
Low

Conclusions
The addition of compost gives significant effects to height,
total wet weight, total dry weight and root apex ratio.The
addition of coconut shell charcoal only significantly affects
total wet weight parameter of S. macrophylla. The addition
of 100 g coconut shell charcoal gives the best response to
all parameters, except diameter of S. macrophylla. The
addition of 20 g charcoal gives the best response of TWW
parameter of S. macrophylla.
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Environmental pollution is a grievous problem that people on the earth encounter. Anthropogenic
activities such as industrialization, urbanization and especially agricultural activities have made a
substantial contribution causing the deteriorations of land resources, atmosphere and hydrosphere.
Heavy metals being a noticeable pollutant in the environmental pollution have already caused direct
and indirect toxicities to human beings. These heavy metals tend to accumulate through food chains
and food webs in human and animal tissues leading them to suffer from variety of health problems.
Milk and other dairy products have played a significant route of heavy metal exposure to humans
since they are largely being consumed at present. This review provides a snapshot about the threats
associated with ingestion of toxic heavy metals through milk and other dairy products as to be
vigilant in order to ensure the food safety.
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INTRODUCTION
The term environment encompasses all of the natural
resources that exert effects on human survival and existence. These natural resources are being utilized by humans
for acquiring their necessities from the dawn of their civilization (Rai et al., 2011; Alec et al., 2015). Environmental
pollution is a topic emerged with the beginning of the
industrial revolution which is considered as a significant
global change hence it changes the existence of the ecosystems (Hooke et al., 2012). The health problems associated
with environmental pollution have played much attention
among people and have already been extensively studied
(Beamish et al., 2011). Pollution is defined as accumulation of unsuitable material and energy in environments as a
result of basically human activities. It can interfere with
ambient air, soil/land resources and water resources making negative impacts on living beings. The contributors
which are responsible for environmental pollution are
called environmental pollutants.
A pollutant can be a physical, chemical or biological material which is released into the environment that can directly
or indirectly damage humans and other living organisms
on earth (Khan, 2013). Heavy metals, pesticides, organic

chemicals, oils and tars, fertilizers are the common pollutants in soil. Particulate matter, carbon monoxide, nitrogen
oxides, sulfur dioxide and nitrates are some of common air
pollutants while phosphorous and animal manure make
severe deteriorations of hydrosphere. Evidences have
shown that long-term exposure to ubiquitous environmental toxicants can adversely affect humans starting from
their early embryonic stage and continuing throughout the
postnatal life (Cao et al., 2016). Environmental regulations
and standards implemented by international and local
regulatory bodies are very important as they intervene for
minimizing the adverse environmental issues and help to
secure human and animal health (Liu et al., 2015).
Although the environmental pollution cannot be completely prevented, minimization is very much needed as it can
obviously effect on economic, social and political development among societies (Bagul et al., 2015).
Heavy metal pollution: Heavy metals being a noticeable
pollutant cause significant toxicological effects to human
beings and ecological environments. Chromium (Cr), lead
(Pb), cadmium (Cd) and mercury (Hg) have been prioritized since they occupy a larger portion out of the other
metallic pollutants. The threat is that the food and drinking
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water can be severely contaminated by such toxic heavy
metals as they are abundantly present in various forms in
the soil, natural water and ambient air. When they are
ingested through food or drinking water, they can affect
negatively on the metabolism of living cells once the concentration of such metals exceed their maximum tolerance
levels (Ojedokun and Bello, 2016). The characteristic
physical property of heavy metals is that they have relatively a high atomic weight compared to other metallic
elements in the periodic table. Their toxicity depends on
several factors including the dose ingested, route of exposure as well as the human factors such as age, genetics,
gender and nutritional status of such exposed individuals
(Tchounwou et al., 2010). Their wide distribution in the
environment has been caused by numerous anthropogenic
activities basically centralizing with rapidly expanding
industrial areas. Domestic disposals and technological
applications have also caused for their extensive distribution while the agricultural activities play a significant role
for excessive spreads of such toxic heavy metals into soil
and water raising worldwide concerns over their potential
influences on human health and the environment (Wuana
and Okieimen, 2011). The heavy metal contents in
environments have been gradually increased due to the
development of the global economy along with the advent
of modern technologies. Their wide distribution, Strong
latency, Irreversibility and remediation hardness are the
matters arising when remediation techniques are supposed
to be implemented (Su et al., 2014).
Bovine milk: Milk is a white colored liquid secreted by the
mammary glands of mammals and it acts as the primary
source of nutrients for the newly born mammals. The composition of milk differs in different mammalian species
such as goat, sheep, camel and cattle during the evolution
to fulfill the nutritional requirements of their offspring.
Bovine milk contains nutrients such as lipids, proteins,
amino acids, vitamins and minerals needed for growth and
development of individuals. Since the milk composition
has a dynamic nature, the composition varies with stage of
lactation, breed, age, nutrition, and energy balance and
health status of the animal. Other than the nutrition some
specific milk proteins take part in the early development of
immune response and non-immunological defense (Haug
et al., 2007). Since recent years the consumption of milk
and milk products such as cheese, yoghurt and milk
powder has increased as it plays a vital role in human
nutrition (Khalil and Seliem, 2013). Regular daily milk
consumption has been widely recommended as the bovine
milk contains variety of most essential nutrients which are
critical to maintain healthy life of each individual
including humans (Arianejad et al., 2015). Although dairy
products occupy a significant part in a healthy diet, the
safety of such dairy products decreases when it is contaminated with toxic environmental pollutants (Rezaei et al.,
2014).
Heavy metals in bovine milk: Food safety is a worldwide
concern and it has already received much attention among
people. Dairy products being an important food product in
human diet are highly vulnerable to contaminations, and
thus strict quality standards have to be implemented to

ensure the industry wellbeing (Qian et al., 2011).Toxic
elements in dairy products have created adverse health
problems at any age limit of mankind including infants,
school children and old people since they consume large
amount of such dairy products frequently. Different
agricultural activities such as irrigation with toxic metal
containing water, use of drugs, pesticides and fertilizers
have caused in toxic metal contamination in milk and other
dairy products substantially (Siddiki et al., 2012). From
nutritional point of view, the metal elements in the milk
and other dairy products are classified into essential metals
and in non-essential metals. Fe, Cr, Mn, Zn, Cu, and Co is
mainly classified as essential metals while non-essential
metals mainly represented by Hg, Cd and Pb etc. When
these both heavy metal categories exceed their concentrations above the maximum permissible limits, they can
make extremely serious toxic effects on consumers and
lead variety of health disorders (Gogoasa et al., 2006).
Heavy metals can accumulate in human and animal tissues
deriving especially from food and water. When foodstuffs
are grown on contaminated soil or irrigated with deteriorated water, these toxic heavy metals can be spread (Aslam et
al., 2010). Farm animals are highly susceptible to the environmental pollution from heavy metals since they are often
reared for milk and meat products. Recent evidences
frequently emphasizes that heavy metal residues are
distinctly present in milk to an extent that exceed the
maximum permissible concentrations established by
international authorities (Javed et al., 2013). Grazing
lands can be contaminated with Pb and Cd due to numerous anthropogenic activities such as continuous application
of large amounts of fertilizer, disposal of industrial wastes
and traffic emissions. In addition to that, packaging and
other technological processes can also increase the total
concentration of heavy metals significantly in milk (De
castro et al., 2010). Powdered milk is a most popular dairy
product which contains both basic and additional nutrients
needed for consumers. This can also be a good source of
heavy metals that ultimately causes detrimental effects to
humans. Confirmation of the presence of these toxic heavy
metals in milk and their corresponding quantities are
necessary to be quantified since the safety of consumers
has to be ensured (Solidum et al., 2012)

Conclusions
In view of present investigations, heavy metal residues in
dairy products have been drastically increased causing
direct and indirect toxicities to humans. Since livestock
species are being reared on lands contaminated with such
toxic heavy metals, they can possibly get accumulated
within living tissues of humans causing the safety of
consumers at a higher risk. Therefore, strict rules and
regulations must be assured by local and international
authorities to ensure the health and safety of consumers.
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