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ABSTRACT

A study was conducted during 2015 winter at Tarnak Research Farm of Afghanistan National Agriculture 
Science and Technology University, Kandahar to find out effect of row spacing on different varieties 
of wheat cultivation. The treatments comprised of three wheat varieties (PBW 154, Darulaman 07 and 
Herat 99) and three row spacing (20, 25 and 30 cm). The experiment was laid out in a randomised block 
design with three replications. Result indicated that among three wheat varieties, Herat 99 produced 
significantly higher grain yield (3.71 t ha-1), straw yield (6.17 t ha-1), production use efficiency (28.8 kg 
ha-1 per day) and irrigation water-use efficiency (10.6 kg ha-1 mm-1) than Darulaman 07. But, harvest 
index was not influenced by varieties significantly. Biological yield (9.88 t ha-1), output energy (131,709 
MJ ha-1) and energy use efficiency (7.5) of Herat 99 were significantly greater than other varieties. Herat 
99 variety produced significantly higher gross returns (173,078 Afn. ha-1) and net returns (119,681 Afn. 
ha-1) than other varieties. The B:C ratio (2.2) was in Herat 99 variety significantly higher than Darulaman 
07. Planting at 20 cm row spacing resulted in significantly higher grain yield (3.71 t ha-1), straw yield 
(6.17 t ha-1), biological yield (9.71 t ha-1), production efficiency (28.8 kg ha-1 day-1), irrigation water-use 
efficiency (10.6 kg ha-1 mm-1), output energy (129,803 MJ ha-1), energy use efficiency (7.4), net return 
(117,731 Afn. ha-1) and B:C ratio (2.2) as compared to 30 cm row spacing. The gross return (171,378 
Afn. ha-1) were significantly higher with 20 cm row spacing than other row spacing.

Key words: Economics, efficiency indices, row spacing, wheat varieties, yield

INTRODUCTION

Wheat (Triticum aestivum L.) belongs to 
the family Poaceae (Gramineae), which includes 
major cereal crops, such as sorghum, maize, wheat, 
rice, millet and barley (Briggle and Reitz, 1963). 
Wheat provides 70–90% of all calories and 66–90% 
of the protein consumed in developing countries. 
Globally, wheat is the most important staple food 
for 40% of the population (Goyal et al., 2010; Peng 
et al., 2011). Wheat can be grown on both irrigated 
and rainfed lands with rainfall between 300 and  

900 mm. Wheat is unrivalled in its range of 
cultivation, from 67o N in Scandinavia and Russia 
to 45o S in Argentina, including elevated regions 
in the tropics and sub-tropics (Feldman, 1995). 
Therefore, wheat is grown all over the world, 
with different suitable varieties according to 
various climates. In Afghanistan, wheat is the most 
important food crop and commonly the flour, is 
generally used for baking bread. It supplies more 
than half of the caloric intake of the population 
(Chabot and Dorosh, 2007). In our country 
the wheat production in 2014-15 was 5.4 MT.  

e-planet 16 (1): 1-8 (June 2018)
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Total wheat production was increased by 3.9% 
over to 2013–14 production level. This increase in 
production was the result of increase in area under 
cultivation (MAIL, 2014–15). The productivity of 
wheat in Afghanistan is very low due to lack of 
appropriate wheat crop production technology. A 
number of genetic and external factors govern the 
yield of wheat crop. An optimum level of single 
factor may not cause any appreciable increase in 
the yield, but a combination of yield attributes 
contributes to the ultimate yield of wheat. It is well 
recognized that by keeping proper row spacing 
and inputs like varieties, fertilizers and seed rate, 
etc. effectively increase yield of crops. Inter-row 
spacing is equally important in wheat for even 
distribution of plants in the field and for better 
utilization of available soil and natural resources 
(Mali and Choudhury, 2011). This ultimately 
leads to higher grain and biomass yield. Proper 
row spacing is important for maximizing light 
interception, penetration, light distribution in crop 
canopy and average light utilization efficiency of 
the leaves in the canopy and, thus, enhance yield of 
a crop (Hussain et al., 2003).

Row spacing requirements of wheat depend 
on architecture and growth pattern of the varieties. 
For higher yield, higher proportion of incident 
radiation at the soil surface must be intercepted by 
crop canopy (Eberbach and Pala, 2005). In case of 
wider row spacing, solar radiation that falls between 
crop rows remain unutilized otherwise plants 
become crowded and suffer from mutual shading 
if the row distance is too narrow. Moreover, yield 
may be reduced in narrow spacing due to increased 
competition of plants for nutrient and moisture (Das 
and Yaduraju, 2011). An uniform distribution and 
proper orientation of plants over a cropped area are 
needed for greater light interception throughout the 
crop profile and maximum photosynthetic efficiency 
by all the leaves of a plant (Evers et al., 2009). The 
other essential factor is wheat genotypes those are 
generally selected for higher yields and greater 
tolerance to adverse conditions and early maturity 
(Kumar et al., 2013). However, success of any crop 
production depends on the use of appropriate and 
selectivity of location-specific genotype or variety 
of high yield potential, and additionally improved 

cultural practices. Row spacing and optimum 
variety are of prime importance (Eissa et al., 1995), 
but all the varieties do not perform well in the 
same plant spacing. Optimum plant densities vary 
greatly between areas, climatic conditions, soil and 
varieties (Darwinkel et al., 1977). 

Wheat is mostly planted by broadcasting 
method in Afghanistan, though research scientists 
use line sowing and advise the same to the wheat 
farmers. Now-a-days due to infestation of weeds, 
it has become important to sow the crops in 
lines with suitable row spacing, which besides 
facilitating inter-culture and convenient herbicide 
application for effective and efficient weed control. 
This reduces the seed rate per hectare without any 
adverse effect on the final grain yield.

There have been controversial reports in the 
literature regarding the role of row spacing in wheat 
production. Sharma and Thakur (1990) reported 
that grain yield was non-significantly affected by 
sowing wheat either at 22 or 30 cm row spacing. 
Raj et al. (1992) reported that row spacing (15, 22.5 
or 30 cm) had no effect on grain yield, but the yields 
were lower in the wider row spacing (30 cm). Singh 
and Srivastava (1991) reported that tiller numbers, 
grains per spike and 1000-grain weight increased 
with increasing row spacing. Bakht et al. (2007) 
reported that maximum grain yield was obtained 
when wheat was sown at row spacing of 30 cm. 
In India, recommended row spacing for most of 
the wheat cultivars is 22.5 cm. In Nepal, a hilly 
country, Pandey et al. (2013) did not find significant 
yield differences in studied row spacings of 15, 20 
and 25 cm. These findings indicate that response 
of wheat to planting spacing is location and variety 
specific, and this needs systematic evaluation across 
locations, environments and cultivars.

As in Afghanistan, not enough research 
work has been done towards recommending 
most appropriate row spacing, it is necessary to 
conduct an experiment in order to make farmers 
and researchers to take a decision for row spacing 
of wheat. Hence, the present study was aimed to 
determine the influence of row spacing on yield, 
efficiency and economics of wheat varieties in 
semi-arid region of Kandahar.
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MATERIALS AND METHODS

Experiment site

The experiment was conducted at 
Tarnak Research Farm of Afghanistan National 
Agricultural Science and Technology University, 
Kandahar, Afghanistan, during winter season of 
December 2014 to May 2015. Geographically, the 
experimental field is located at longitude 65° 52' 1" 
East and latitude 31° 26' 58" North at an elevation 
of 986 m above the mean sea level. 

Climate and soil

Kandahar province is located in the southern 
region of Afghanistan. The climate of this place 
is tropical to sub-tropical of slightly semi-arid in 
nature.

According to agro-climatic conditions of 
Kandahar state, the seasonal rainfall of about 
190.6 mm is received mostly in winter season. 
During experimentation, the crops received a 
total rainfall of 49.8 mm from December 2014 to 
May 2015. Therefore, in addition to the rainfall, 
irrigation was also provided for the proper growth 
and development of the crop. The maximum 
temperature varied between 12o C and 32o C while 
minimum temperature ranged between 0o C and 
14.9o C during the cropping period of wheat.The 
soil of the experimental site was sandy clay loam 
in texture, slightly alkaline in reaction having pH 
of 8.30, with a cation-exchange capacity of 80.58 
m eq 100 g-1 and electrical conductivity of 0.210 d 
Sm-1. The initial N (0.06 %) content of soil was low 
having P content of 1.23 mg kg-1 and K content of 
1089 mg kg-1.

Experimental design and treatments

The experiment design was a factorial 
arranged in a randomized complete block design 
with three replications. The two factors included of 
three wheat varieties (PBW-154, Darulaman-07 and 
Herat- 99) and different row spacing (20 cm, 25 cm 
and 30 cm) for each wheat variety, each replication 
consisting of nine treatments and in total there were 
27 treatments. 

Data collection 

To record grain yield the weight of threshed 
clean grains of each experimental unit was recorded. 
Data for total above ground dry matter yield or 
biological yield was recorded by weighing bundles 
from each plot. Harvest index was calculated by 
dividing grain yield over biological yield and then 
multiplied with 100. For computing of benefit: cost 
ratio, the net return was divided with the cost of 
cultivation. The value so obtained was considered 
as cost benefit ratio.

Production efficiency was calculated by 
taking the grain yield of crop to the number of days 
taken to achieve physiological maturity.

The irrigation water-use efficiency was 
computed by taking grain yield of wheat to the 
amount of irrigation water applied during the entire 
crop season. IWUE is computed using following 
equation:

The energy values for inputs (e.g. machinery, 
seeds, fertilizer, water, and labour requirements) 
and outputs (e.g. grain and stover) were estimated 
using energy equivalents Behera et al. (2015) and 
Shahan et al. (2008) are given in the (Table 1). The 
energy use efficiency was calculated by equation 
follow: Shahan et al. (2008).
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Table 1. Energy equivalents of inputs and outputs in 
agricultural production for the wheat varieties under 
varying row spacing under Kandahar situation

Particulars Unit Energy 
equivalent 
(MJ per unit)

A. Inputs
1. Human labor (man) hr 1.96
2. Machinery (tractor) hr 62.7
3. Diesel fuel kg 56.31
4. Chemical fertilizers
    (a) Nitrogen (N) kg 66.1
    (b) Phosphate (P2O5) kg 12.4
    (c) Potassium (K2O) kg 11.2
    (d) Zinc (Zn) kg 8.4
7. Water for irrigation m3 1.02
8. Seed (maize) kg 14.7
B. Outputs
1. Grain wheat kg 14.7
2. Stover kg 12.5

Statistical analysis of data

The collected data was analysed statistically 
by using Fisher’s analysis of variance techniques 
and differences among treatment means were 
compared using least significant difference test at 
5% probability level (Steel et al., 1997).

RESULTS AND DISCUSSION

Influence on yield

Effect of varieties

The result of this study showed that different 
varieties significantly differed in their grain yield. 
Variety Herat 99 showed higher grain yield than 
Darulaman 07 (Table 2). However, it was at par with 
PBW 154. The higher grain yield in Herat 99 was 
achieved due to more number of spike m-2, LAI, and 
dry matter accumulation over other varieties. Saeed 
et al. (2012) also reported significant differences 
among the varieties for grain yield. 

Straw yield significantly varied among the 
varieties. Straw yield was significantly higher in 
Herat 99 compared to Darulaman 07 but was at par 

with PBW 154. Straw yield of wheat is the function 
of an accumulated effect of growth parameters 
like tillers per unit area, LAI and final height. 
Thus in Herat 99, higher straw yield was attributed 
mainly to higher values of growth parameters. 
These results are in conformity with the findings 
of Gawali et al. (2015) who reported straw yield 
of wheat was affected significantly by the different 
varieties. Biological yield showed significant 
variations under different varieties. Again, variety 
Herat 99 showed higher biological yield compared 
to other varieties (Table 2). In Herat 99, the higher 
biological yield was supported by relatively greater 
plant height, higher number of tillers and higher 
number of leaves per unit area. Shirazi et al. (2014) 
have also reported significant variation in biological 
yield among different wheat varieties. Harvest 
index is the ratio of grain yield to biological yield. 
The result of this study showed that there were 
non-significant differences found among different 
varieties for harvest index (Table 2). 

Effect of row spacing

The results of the investigation showed that 
different row spacing significantly influenced the 
grain yield of wheat. Numerically higher grain 
yield was recorded from 20 cm row spacing than 
30 cm (Table 2). The higher grain yield in 20 cm 
row spacing was achieved mainly due to more 
number of spike per square metre over other row 
spacings. The finding is in conformity with findings 
of Kalpana et al. (2014) who reported that grain 
yield increased as row spacing decreased. 

Straw yield showed significant differences 
under different row spacing. Higher straw yield 
was recorded with 20 cm row spacing as compared 
to 30 cm row spacing (Table 2). This was closely 
followed by 25 cm row spacing (Table 3). This 
higher straw yield in 20 cm and 25 cm row spacing 
occurred mainly due to higher number of tillers, 
greater leaf area index and plant height. Such 
finding were supported by Ali et al. (2010) who 
reported that narrow row spacing recorded higher 
straw yield than wider row spacing. 

Biological yield obtained from 20 cm row 
spacing was higher as compared to 30 cm row 
spacing (Table 2). Higher biological yield in 20 cm 

GHAFARI et al. 	 e-planet 16 (1): 1-8
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row spacing resulted from relatively higher plant 
height, higher number of tillers and higher leaves 
per unit area. These findings are in agreement with 
the findings of Mali and Choudhary (2011) who 
reported that biological yield was significantly 
higher in 20 cm as compared to 17.5 and 15 cm row 

spacing and were at par with 22.5 cm. The result of 
this study showed that there were non-significant 
differences among different row spacing for harvest 
index (Table 2). Similarly, non-significant effect 
of row spacing on harvest index was reported by 
Bakht et al. (2007).

INDICES AND ECONOMICS OF WHEAT (TRITICUM AESTIVUM L.)

Table 2. Yield and harvest index of different wheat (Triticum aestivum L.) varieties as influenced by vari-
able row spacing in semi-arid region of Kandahar

Treatment Grain yield 
(t ha-1)

Straw yield 
(t ha-1)

Biological yield  
(t ha-1)

Harvest index 
(%)

Varieties
PBW 154 3.61 5.75 9.36 38.4
Darulaman 07 3.38 5.47 8.85 38.2
Herat 99 3.71 6.17 9.88 37.7
SEm (±) 0.053 0.142 0.152 0.62
CD (P=0.05) 0.160 0.426 0.456 NS
Row spacing (cm)
20 3.73 6.00 9.73 38.3
25 3.64 5.96 9.60 37.9
30 3.33 5.43 8.76 38.0
SEm (±) 0.053 0.142 0.152 0.62
CD (P=0.05) 0.160 0.426 0.456 NS

Efficiency indices

Effect of varieties

The result of this study showed that 
production efficiency was significantly higher 
with variety Herat 99 (28.8 kg ha-1 per day) in 
comparison to Darulaman 07, but was at par with 
PBW 154 variety (Table 3). The higher PE in Herat 
99 could be due to higher grain yield of this variety.

The significantly higher value of irrigation 
water-use efficiency (IWUE) was registered with 
Herat 99 as compared to Darulaman 07. But the 
difference between variety Herat 99 and PBW 
154 were found at par with each other (Table 3). 
The higher IWUE in Herat 99 was mainly due to 
higher grain yield of Herat 99 variety as amount 
of irrigation water used for each variety was equal.

Energy relations of wheat varieties under 
various row spacing are given in (Table 3). 
Results showed that Herat 99 wheat variety had 
significantly higher output energy (131,709 MJ ha-1) 
compared to PBW 154 and Darulaman 07. This 
difference might be due to higher biological yield 
of the particular Herat 99 variety. Likewise, higher 
energy use efficiency (7.5) was recorded in Herat 
99 than other varieties (Table 3). The difference in 
energy use efficiency might be due to higher grain 
yield of Herat 99 variety as amount of input energy 
for each variety was equal.

Effect of row spacing

Table 3 revealed that 20 cm row spacing 
resulted in significantly higher production efficiency 
(28.9 kg ha-1 per day) as compared to 30 cm row 



6

spacing. Production efficiency recorded with 25 cm 
row spacing was also significantly higher than 30 
cm row spacing, higher production efficiency (PE) 
in narrow row spacing was due to significantly 
higher grain yield, at narrow row spacing. 

The significantly higher irrigation water-
use efficiency (IWUE) was registered with 20 
cm row spacing than 30 cm row spacing. But the 
difference between 20 cm and 25 cm row spacing 
was non-significant (Table 3). The higher IWUE 
at 20 cm row spacing was mainly due to higher 
grain yield. These results are in agreement with 
the finding of Hussain et al. (2016) who reported 
narrow spacing (20 cm) resulted in efficient use 
of available irrigation water with higher yield. 
Similarly, Kleemann and Gill (2010) reported 
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that there was a consistent decline in water-use 
efficiency for grain (WUEG) with increasing row 
spacing.

Row spacing of 20 cm showed 
significantly better performance than 
30 cm row spacing (129,803 MJ ha-1) 
regarding output energy (Table 3). It could be due 
to higher grain and straw yield production from 
the mentioned planting geometry. Likewise, 20 cm 
row spacing recorded significantly greater energy 
use efficiency (7.4) than 30 cm row spacing which 
were statistically at par with 25 cm row spacing 
(Table 3). These findings showed that the energy 
use efficiency increased linearly as the row spacing 
decreased. These findings may be due to high 
biomass production of the concern row spacing.

Table 3. Efficiency indices and economic of different wheat (Triticum aestivum L.) varieties as influenced 
by variable row spacing in semi-arid region of Kandahar

Treatment
PE  

(kg ha-1 
per day) 

Irrigation WUE 
(kg ha-1mm-1 )

Output 
energy 
(MJ) 

Energy use 
efficiency 

Gross  
return 

(Afn. ha-1)

Net return 
(Afn. ha-1)

B: C 
ratio

Varieties

PBW 154 28.0 10.3 124,953 7.1 165,789 111,892 2.1

Darulaman 
07 26.2 9.7 118,068 6.7 156,167 102,770 1.9

Herat 99 28.8 10.6 131,709 7.5 173,078 119,681 2.2

SEm (±) 0.41 0.15 1,947 0.33 2,148 2,148 0.04

CD (P=0.05) 1.24 0.46 5,838 0.11 6,439 6,439 0.12

Row spacing (cm)

20 28.9 10.7 129,803 7.4 171,878 118,231 2.2

25 28.2 10.4 128,036 7.3 168,822 115,176 2.1

30 25.8 9.5 116,891 6.6 154,333 100,937 1.9

SEm (±) 0.41 0.15 1,947 0.33 2,148 2,148 0.04

CD (P=0.05) 1.24 0.46 5,838 0.11 6,439 6,439 0.12
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Economics 
Effect of varieties

Economics of production is very important 
aspect to judge the efficiency of different 
production system based on physical feasibility and 
its commercial viability, economics determination, 
cost of cultivation, gross returns, net returns and B: 
C ratio. The compatibility of different treatments 
was worked out with a view to understanding its 
feasibility and economic viability in a given system. 

In the current study, Herat 99 variety showed 
significantly higher gross and net returns than other 
varieties (Table 3). Higher gross and net returns 
of Herat 99 were mainly due to its higher grain 
and straw yield than other varieties. Similar 
findings were also observed by Pyare et al. (2015) 
who revealed significant differences among wheat 
varieties for gross income, net income and return 
per Afn. 

The significantly higher value of 
benefit: cost ratio was registered in Herat 99 
than Darulaman (Table 3) due to same cost of 
production but higher net returns in this variety. 

Effect of row spacing

Significantly higher gross and net returns 
of wheat were recorded with 20 cm row spacing 
followed by 25 cm row spacing (Table 3). The 
higher gross return was mainly due to higher grain 
and straw yields of wheat in the respective row 
spacing. Similar findings were also observed by 
Ahmad et al. (2003) who reported maximum grain 
yield, and net income were found in 20 cm than 30 
and 40 cm row spacing. Similarly, Marwat (2003) 
reported that maximum net returns in wheat were 
obtained when sown at closer spacing of 18 cm. 

Benefit: cost ratio of wheat sown at 20 cm 
row spacing was higher than B:C ratio observed 
with 30 cm row spacing (Table 3). The higher 
benefit: cost ratio in 20 cm row spacing was due 
to almost same cost of production but higher net 
returns. Mali and Choudhary (2011) also reported 
that 20 cm row spacing recorded significantly 
higher net returns and B: C ratio over other row 
spacing. Also, Kaur et al. (2015) reported that B: 
C ratio in bi-directional sowing and closer sowing 
was significantly better than 20 cm spacing. 

INDICES AND ECONOMICS OF WHEAT (TRITICUM AESTIVUM L.)

CONCLUSION

After going through the finding of the present 
study, it was concluded that variety Herat 99 was 
superior in yield, efficiency indices and economic 
as compared to other varieties. Decreasing 
row spacing consecutively improved the yield, 
efficiency indices and economic of wheat; and 20 
cm row spacing resulted in maximum yield ha-1 and 
benefit cost ratio. Therefore, Herat 99 variety sown 
in 20 cm row spacing is recommended for sowing 
to farmer community at Kandahar province.
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ABSTRACT

The study was conducted in the field of Ghazni University Agriculture faculty farm, Ghazni, Afghanistan 
during the period from November, 2017 to January, 2018. The experiment consisted of two factors, 
factor A: Nitrogen (4 levels) N0: 0 (control); N1: 50; N2: 100 and N3: 150 kg ha-1 respectively; and factor 
B: plant spacing (3 levels), S1: 40 cm × 20 cm, S2: 40 cm × 25 cm; S3: 40 cm × 30 cm. The experiment 
was laid out in factorial randomized block design with three replications. In case of nitrogen, the highest 
yield (29.99 t ha-1) was recorded from N3 and lowest (18.65 t ha-1) from N0. In case of spacing the 
highest yield (25.83 t ha-1) was achieved from S2 and lowest (23.0 t ha-1) from S1. For interaction effect, 
the highest yield (31.31 t ha-1) was obtained from N3S2 and lowest (16.79 t ha-1) from N0S1.

Key words: Growth, lettuce, nitrogen, spacing, yield

INTRODUCTION

Lettuce (Lactuca sativa L.), an annual leafy 
herb belongs to the family Asteraceae, is one of the 
most popular and occupies the largest production 
area among salad crops in the world. It is popular 
for its delicate, crispy texture and slightly bitter 
taste with milky juice in fresh condition. It is the 
most popular amongst the salad vegetable crops 
(Squire et al., 1987).

In line with investigations carried out by 
Stevens (1974) in USA, lettuce is ranked 26th 

among vegetables and fruits in terms of nutritive 
value and 4th in terms of consumption rate 
highlighting the ever-increasing importance of the 
crop. The nutrient content is highest in the darker 
green outer leaves, but low in calories. Each head 
contains 65 to 70 kilocalories. Lettuce is rich in 
vitamin A and minerals like calcium and iron. It 
also contains protein, carbohydrate and vitamin 
C and 100 g of edible portion of lettuce contains  

93.4 g moisture, 2.1 g protein, 0.3 g fat, 1.2 g 
minerals, 0.5 g fiber, 2.5 g carbohydrates, 310 mg 
calcium, 80 mg phosphorus, 2.6 mg iron, 1650 IU 
vitamin A, 0.09 mg thiamine, 0.13 mg riboflavin and 
about 10.0 mg vitamin C (Gopalan and Balaraman, 
1966). 

Fertilizer plays a vital role in proper growth 
and development of lettuce. Fertilizer application 
in appropriate time and dose and proper method is 
the prerequisite of crop cultivation (Islam, 2003). 
Adequate nitrogen levels are also associated with 
"sizing," solid heads, and earliness of maturity in 
lettuce. Nitrogen deficient fields often result in 
delayed harvests, need for repeated harvests, or 
in failure of heads to achieve marketable size and 
quality. 

Plant spacing for lettuce cultivation is 
an important criterion for attaining maximum 
vegetative growth and crop production for 
maximizing the yield. Optimum plant spacing 
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ensures judicious use of natural resources and 
makes the intercultural operations easier. It helps to 
increase the number of leaves, branches and healthy 
foliage. Densely planted crop obstruct the proper 
growth and development. On the other hand, wider 
spacing ensures the basic nutritional requirements 
but decreases the total number of plants as well as 
total yield. Yield may be increased for any crop up 
to 25% by using optimum spacing in leafy vegetable 
(Bansal et al., 1995).  

MATERIALS AND METHODS

The experiment was conducted in the farm of 
Ghazni University Agriculture faculty farm, Ghazni, 
Afghanistan during the period from November, 
2017 to January, 2018. The materials and methods 
that were used for conducting the experiment are 
presented under the following headings: 

The present experiment was carried out in 
the Ghazni University Agriculture faculty farm 
located 20 m near to Unit mountain, the weather 
of experimental area is 15 and 20 oC, receiving an 
annual rainfall of 500-650 mm and sandy loam soil 
(Hamayoun et al., 2018).

The experiment was conducted to find out the 
Influence of nitrogen and plant spacing in lettuce. 
The experiment consisted of two factors.

Factor A: Nitrogen (4 levels) 

•	 N0: 0 kg ha-1(Control) 

•	 N1: 50 kg ha-1

•	 N2: 100 kg ha-1

•	 N3: 150 kg ha-1

Factor B: Plant spacing (3 levels) 

•	 S1: 40 cm × 20 cm 

•	 S2: 40 cm × 25 cm  

•	 S3: 40 cm × 30 cm

The two factors experiment was laid out 
following (FRBD) with three replications. An 
area of 22.45 m × 10.5 m was divided into three 
equal blocks. Each block was divided into 12 plots 
where 12 treatment combinations were allotted at 

random. There were 36 unit plots and the size of 
the each unit plot was 3.0 m × 1.6 m. The distance 
maintained between two blocks and two plots were 
0.5 m and 0.25 m, respectively. The seedlings were 
planted maintaining row to row distance 40 cm and 
plant to plant 20 cm, 25 cm and 30 cm as per the 
plan in the plant spacing treatment.

Application of manure and fertilizers 
as the sources of N, P2O5, K2O were urea, 
triple superphosphate (TSP) and MoP, applied 
respectively. The entire amounts of TSP and MoP 
were applied during the final land preparation. 
Urea was applied in three equal intervals at 20, 
30 and 40 days after seedling transplanting as per 
treatments. FYM 20 t ha-1 also applied during final 
land preparation. 

Healthy and uniform sized seedlings were 
transplanted in the main field during November, 
2017 to January, 2018. 

The seedlings were always kept under 
careful observation after establishment of beds. 
Various intercultural operations viz. irrigation and 
drainage, gap filling, weeding, top dressing were 
accomplished for better growth and development 
of lettuce seedlings.

To evaluate yield, four harvestings were 
done at different growth stage. First harvesting 
was done at 23 days after transplanting. Second, 
third and fourth harvesting were done 34, 45 and 
55 days after transplanting, respectively. Different 
yield contributing characters were recorded from 
the mean of five harvested plants which was 
tagged from each of the specific unit plot of every 
harvesting stage.

Data were recorded on the following 
parameters from the sample plants during the course 
of experiment. Five plants were selected from each 
of the unit plot for the collection of data. The plants 
in the outer rows and the extreme end of the middle 
rows were excluded from the random selection to 
avoid the border effect.

Growth parameters

The height of plant was recorded at 35, 44, 
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55 and 65 days after transplanting (DAT) in the 
experimental plots. The height was measured from 
the attachment of the ground level up to the tip of 
the growing point. The total number of leaves per 
plant was counted. Data were recorded as per the 
average of five plants tagged at random from the 
inner rows of each plot starting from 35 to 65 DAT 
at 10 days interval.

Yield parameters

Leaves of five randomly tagged plants were 
detached by a sharp knife and the fresh weight of 
leaves was recorded. Data were recorded as the 
average of 5 randomly selected plants of inner rows 
of each plot starting from 35 to 65 DAT at 10 days 
interval.

After harvesting, selected plants were put 
into envelope and placed in the oven and dried at 
60oC for 72 hours. The sample was then transferred 
into desiccators and allowed to cool down to the 
room temperature and then final weight of the 
sample was taken. Average weight was measured in 
gram and expressed as dry weight per plant. 

Yield of lettuce per plot was recorded as 
the whole plant in every harvest within a plot (3.0 
m × 1.6 m) and was expressed in kilogram. Yield 
included weight of leaves at different harvested 
time. Yield per hectare of lettuce was calculated by 
converting the weight of plot yield to hectare and 
was expressed in ton.

The data obtained for different parameters 
were statistically analyzed to find out the 
significance difference of nitrogen fertilization 
and plant spacing on yield and yield contributing 
characters of lettuce. The mean values of all the 
characters were calculated and analysis of variance 
was performed by the ‘F’ (variance ratio) test. The 
significance of the difference among the treatment 
combinations means was estimated by the Test 
(DMRT) at 5% level of probability (Gomez and 
Gomez, 1984).     

RESULTS AND DISCUSSION

The experiment was carried out to find out the 
influence of nitrogen and plant spacing on growth 

and yield of lettuce. Data on different growth 
parameters and yield of lettuce plant was recorded 
and analyzed with Micosoft Excel program. 

Influence on growth parameters

Plant height of lettuce did not vary 
significantly among N1, N2 and N3 level of nitrogen, 
but plant height varied significantly at 35, 45, 55 
and 65 DAT (Table 1). At all the growth stages, the 
tallest plant (16.94, 21.85, 26.36 and 30.0 cm at 
35, 45, 55 and 65 DAT, respectively) was recorded 
from N3 (150 kg N ha-1) which was statistically 
similar (21.3 cm) to N2 (100 kg N ha-1) at 45 DAT. 
Again, the shortest plant (10.36, 13.7, 18.42 and 
21.89 cm at 35, 45, 55 and 65 DAT, respectively) 
was observed from N0 (0 kg N ha-1). It was revealed 
that with the application of higher doses of nitrogen 
level, plant height was increased; the group with no 
nitrogen application showed the least plant height 
at all growth stages. Nitrogen fertilizer ensured 
favorable condition for the elongation of lettuce 
plant with optimum vegetative growth and the 
ultimate result was the tallest plant. Similar results 
were observed by Rincon et al. (1998), Tittonell et 
al. (2003), and Boroujerdnia and Ansari (2007).

Statistically significant variation on plant 
height of lettuce was shown due to different plant 
spacings at 35, 45, 55 and 65 DAT (Table 1). At 
different days after transplanting (DAT) the tallest 
plant (16.73, 22.2, 26.55 and 30.46 cm at 35, 45, 55 
and 65 DAT respectively) was recorded from S1 (40 
cm × 20 cm). On the other hand, the shortest plant 
(13.3, 16.71, 21.0 and 24.21 cm at 35, 45, 55 and 65 
DAT respectively) was found from S3 (40 cm × 30 
cm). Results under the present experiment showed 
that closer spacing showed higher plant height, 
where as wider plant spacing showed lower plant 
height, because of closer spacing plant compete for 
light source which helps to elongate the plant than 
the wider spacing. Moniruzzaman (2006) reported 
similar findings from the closest spacings.

Significant variation was observed due to 
interaction influence of nitrogen and plant spacing 
in terms of plant height of lettuce at 30, 40, 50 
and 60 DAT (Table 1). The tallest plant (20.0, 
26.21, 31.89 and 35.01 cm at 35, 45, 55 and 65 
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DAT, respectively) was recorded from N3S1. The 
combination of N2S1 also showed higher plant 
height but significantly different from N3S1. The 
shortest plant (9.71, 11.89, 17.54 and 20.11 cm at 
35, 45 and 55 DAT, respectively) was found from 
N0S3, N0S2 also showed lower plant height, but 
significantly different from N0S3.

Significant disparity was recorded for 
number of leaves per plant of lettuce with 
application of different levels of nitrogen at 35, 
45, 55 and 65 DAT (Table 1). At 35, 45, 55 and 
65 DAT, the maximum number of leaves per plant 
was 17.45, 24.85, 29.25 and 27.2, respectively, 
obtained from N3 (150 kg N ha-1) and the minimum 
number of leaves per plant (12.65, 17.23, 22.7 and 
21.45 at 35, 45, 55 and 65 DAT, respectively) was 
found from N0 (0 kg N ha-1). It was revealed that 
higher doses of nitrogen showed higher number of 
leaves per plant, whereas no nitrogen application 
had the lowest, at all the growth stages. Maximum 
number of leaves per plant was recorded for the 
highest level of nitrogen because nitrogenous 
fertilizer ensures favorable condition for the 
growth of lettuce.  Similar findings were observed 
by Rincon et al. (1998), Tittonell et al. (2003) and 
Boroujerdnia and Ansari (2007).

No significant variation was found for 
number of leaves per plant between S2 and S3. 
But due to different plant spacing, statistically 
significant variation was recorded for number of 
leaves per plant of lettuce at 35, 45, 55 and 65 DAT 
(Table 1). At different days after transplanting 
(DAT) the maximum number of leaves per plant 
(16.37, 23.14, 27.39 and 25.6 at 35, 45, 55 and 65 
DAT respectively) was obtained from S2 (40 cm 
× 25 cm) which was closely followed by S3 (40 
cm × 30 cm). At the same condition, the minimum 
number of leaves per plant (14.0, 19.68, 24.31 and 
22.68 at 35, 45, 55 and 65 DAT, respectively) was 
recorded from S1 (40 cm × 20 cm). It was revealed 
that with the increase of spacing, the number of 
leaves per plant also increased. Enough space for 
vertical and horizontal expansion in the optimum 
spacing leads to production of maximum number 
of leaves per plant than the closer spacing. Earlier 
Steingrobe and Schenk (1994) also reported 
similar findings.

Interaction effect of nitrogen and plant 
spacing showed significant difference among the 
treatments in terms of number of leaves per plant 
of lettuce at 35, 45, 55 and 65 DAT (Table 1). 
The maximum number of leaves per plant (19.16, 
27.1, 31.77 and 29.71 at 30, 40, 50 and 60 DAT, 
respectively) was found from N3S2. The treatment 
combination of N3S3 also showed higher number 
of leaves per plant, but significantly different from 
N3S2. Again, the minimum number of leaves per 
plant (11.54, 15.44, 21.34 and 20.51 at 35, 45, 55 
and 65 DAT, respectively) was attained from P0S1. 
It was revealed that optimum level of nitrogen and 
plant spacing ensured maximum number of leaves 
per plant . 

Influence on yield parameters

Lettuce fresh weight per plant showed 
statistically significant variation due to the 
application of different levels of nitrogen at 
different days after transplanting (Table 1). At 35, 
45, 55 and 65 DAT, the maximum fresh weight 
per plant was obtained from N3 (150 kg N ha.-1), 
which was significantly different from all other 
treatments. On the contrary, the minimum fresh 
weight per plant (45, 56, 68 and 76 g at 35, 45, 55 
and 65 DAT, respectively) was found from N0 (0 
kg N ha-1). It was revealed that with the increase 
of nitrogen application, fresh weight per plant 
was increased due to optimum vegetative growth. 
Nitrogen fertilizer ensures favorable condition for 
the growth of lettuce with optimum vegetative 
growth and ultimately resulting in the highest fresh 
weight per plant. The results obtained earlier by 
Rincon et al. (1998), Tittonell et al. (2003) and 
Boroujerdnia and Ansari (2007) were similar with 
that of the present study.

Fresh weight per plant of lettuce showed 
statistically significant variation due to different 
plant spacing at different growth stages (Table 2). 
At 35, 45, 55 and 65 DAT, the maximum fresh 
weight of plant (81.55, 94.58, 109.0 and 117.0 g at 
35, 45, 55 and 65 DAT, respectively) was observed 
from S3  (40 cm × 30 cm) while the minimum fresh 
weight per plant  was 55.0, 65.4, 75.36  and 83.0 g  
respectively) was found from S1 (40 cm × 20 cm). 
It was revealed that with the increase of spacing, 
fresh weight of plant showed increasing trend.  

HAMAYOUN et al.  	 e-planet 16 (1): 9-18
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In case of wider spacings, plants receive enough 
light and nutrients, which lead to attain the 
maximum fresh weight of the plant. Similar result 
was also reported by Sharma et al. (2001).

Interaction effect of different levels of 
nitrogen application and plant spacing showed 
statistically significant variation for fresh weight of 
lettuce plant at different growth stages (Table 2). 
The maximum fresh weight per plant (104.1, 
120.1, 136.2 and 144.9 g at 35, 45, 55 and 65 
DAT, respectively) was found from N3S3, where 
the minimum fresh weight per plant (36.65, 
44.69, 54.44 and 62.59 g) was with N0S1. It was 
revealed that optimum level of nitrogen and plant 
spacing ensured maximum vegetative growth that 
confirmed highest fresh weight per plant. 

Significant variation was recorded in terms 
of yield per plot due to the application of different 
levels of nitrogen at different growth stages of 
lettuce (Table 2). At 35, 45, 55 and 65 DAT, the 
highest yield per plot  was 2.92, 3.42, 3.84 and 4.20 
kg, respectively and that was obtained from N3 
(150 kg N ha-1) which was statistically similar (2.4, 
2.99, 3.4 and 3.66 kg at 35, 45, 55 and 65 DAT, 
respectively) with N2 (100 kg N ha-1). On the other 
hand, the lowest yield per plot (1.45, 2.13, 2.55 and 
2.83 kg at 30, 40, 50 and 60 DAT, respectively) was 
recorded from N0 (0 kg N ha-1). It was revealed that 
with the increase of nitrogen maximizes lettuce 
yield as increased nitrogen level helps plant for 
higher vegetative growth.

Yield per plot was statistically varied in terms 
of different plant spacing at different growth stages 
of lettuce (Table 2). At 35, 45, 55 and 65 DAT, the 
maximum yield per plot  (2.39, 2.96, 3.37 and  3.68  
kg, respectively) was obtained from S2 (40 cm × 
25 cm) which was closely followed by S3 (40 cm 
× 30 cm) at all growth stages. On the other hand, 
the lowest yield per plot (2.0, 2.6, 3.0 and 3.3 kg at 
35, 45, 55 and 65 DAT, respectively) was recorded 
from S1 (40 cm × 25 cm). It was revealed that with 
the increase in spacing, individual weight per plant 
was increased. So, in spite of less population, total 
yield per plot may be higher due to higher individual 
plant weight and optimum spacing ensured the 

highest yield with the maximum vegetative growth.  
Moniruzzaman (2006) reported that the highest 
yield (25.9 t ha-1 in 1999-2000 and 28.3 t ha-1 in 
2000-2001 with an average of 27.10 t ha-1) was 
observed in the spacing of 40 × 20 cm with mulch, 
which was statistically at par with  the spacing of  
40×30 cm. Similar result was also obtained by  
Sharma et al. (2001).

Significant variation was observed due to the 
influence of different levels of nitrogen and plant 
spacing in terms of yield per plot at different growth 
stages of lettuce crop (Table 2). Results showed that 
the highest yield per plot was 3.0, 3.56, 3.99 and 
4.39 kg at 35, 45, 55 and 65 DAT, respectively from 
N3S2 which was statistically identical with N3S1 at 
55 and 65 DAT, but statistically similar with N3S3 
and N3S1 at different DAT. The lowest yield per plot 
(1.36, 1.86, 2.29 and 2.59 kg at 35, 45, 55 and 65 
DAT, respectively) was recorded from N0S1 which 
was statistically identical with N0S2 at 35 DAT and 
statistically similar with N0S3, N1S1and N1S3 at 30 
DAT. It was revealed that optimum level of nitrogen 
and plant spacing ensured the maximum vegetative 
growth and allocation of optimum number of plants 
that leads to produce the highest yield per plot .

Different levels of nitrogen application 
influenced yield per ha significantly at different 
growth stages of lettuce (Table 2). At 35, 45, 55 and 
65 DAT, the highest yield per ha was 6.0, 7.2, 8.0 and 
8.8 t, respectively from N3 (150 kg N ha-1) which 
was statistically similar (6.58 and 7.0 t at 45 and 55 
DAT, respectively) with N2 (100 kg N ha-1). On the 
other hand, the lowest yield per ha (3.0, 4.43, 5.31 
and 5.9 t at 35, 45, 55 and 65 DAT, respectively) 
was recorded from N0 (0 kg N ha-1). It was revealed 
that with increase of nitrogen maximizes lettuce 
yield because of increased nitrogen helps plant for 
higher vegetative growth. The findings of Rincon et 
al. (1998), Tittonell et al. (2003), Kliber (2005) and 
Boroujerdnia and Ansari (2007) were similar with 
the present study.

Yield per ha of lettuce was statistically 
significant in terms of different plant spacing at 
different growth stages (Table 2). At 35, 45, 55 and 
65 DAT, the maximum yield per ha (4.98, 6.17, 7.03 
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and 7.66 t, respectively) was obtained from S2 (40 
cm × 25 cm). On the other hand, the lowest yield 
per ha  (4.19, 5.76, 6.35 and 6.96 t at 35, 45, 55 and 
65 DAT, respectively) was recorded from S1 (40 cm 
× 25 cm). It was revealed that with the increased 
spacing, individual weight per plant increased.  So, 
in spite of less population, total yield per ha was 
higher due to higher individual plant weight and 
optimum spacing ensured the highest yield with the 
maximum vegetative growth. The results were in 
aggreement with that of Sharma et al. (2001). 

Significant variation was obtained due to 
interaction effect of different levels of nitrogen and 
plant spacing in terms of yield per ha at different 
growth stages of lettuce crop (Table 2). Results 
showed that the highest yield per ha were 6.44, 
7.41, 8.31 and 9.15 t at 35, 45, 55 and 65 DAT, 
respectively from N3S2. The lowest yield per ha 
(2.84, 3.89, 4.75 and 5.34 t at 35, 45, 55 and 65 
DAT, respectively) was recorded from N0S1, which 
was statistically similar with N0S2 at 35 DAT. It was 
revealed that optimum level of nitrogen and plant 
spacing ensured maximum vegetative growth and 
the allocation of optimum number of plants that 
leads to produce the highest yield per ha.

Different levels of N application influenced 
total yield of lettuce significantly (Table 2). 
It was observed that the highest yield (14.4 kg per 
plot or 29.99 t ha-1) was obtained from N3 (150 kg 
N ha-1), whereas the lowest yield (8.95 kg per plot 
or 18.65 t ha-1) was recorded from N0 (0 kg N ha-1). 
The higher yield was achieved with higher doses 
of nitrogen, which helped plants for higher 
vegetative growth. The results obtained earlier 
by Rincon et al. (1998), Tittonell et al. (2003), 
Kliber (2005) and Boroujerdnia and Ansari 
(2007) were similar with the present findings.

Total yield of lettuce was significantly 
influenced by plant spacing (Table 2). Results 
indicated that the maximum yield (12.4 kg per plot or 
25.83 t ha-1) was obtained from S2 (40 cm × 25 cm). 
On the other hand, the lowest yield (11.0 kg per plot 
or 23 t ha-1) was recorded from S1 (40 cm × 20 cm). 
It was  said that  higher spacing showed higher yield 

till to a certain level because of higher population 
is ensured with lower spacing and higher spacing 
provide more nutrients and less competition of 
nutrition for vegetative growth. Similar result was 
also reported by Sharma et al. (2001).

Significant variation was obtained due to 
interaction effect of different levels of nitrogen 
and plant spacing in terms of total yield of 
lettuce crop (Table 2). Results showed that 
the highest yield (31.31 t ha-1) was obtained 
from N3S2 and the lowest (16.79 t ha-1)  
was from N0S1. Similar findings were also recorded 
by Tittonell et al. (2001). 

CONCLUSION

Nitrogen and spacing had significant effect 
on growth, yield and yield contributing characters 
of lettuce crop. Results showed that at 35, 45, 55 
and 65 DAT, the tallest plant was recorded from 
N3S1 whereas, the shortest plant was found from 
N0S3. At 35, 45, 55 and 65 DAT, the maximum 
number of leaves per plant highest yield per plot 
and yield per ha, were found from N3S2, but fresh 
weight per plant and the highest total yield per plot 
(15.04 kg) and yield per ha (31.31 t) were  achieved 
from N3S2. On the other hand, at 35, 45, 55 and 65 
DAT, the lowest number of leaves per plant, fresh 
weight per plant, yield per plot and yield per ha, 
was found from N0S1. Similarly, in terms of total 
yield, the lowest total yield per plot (8.06 kg) and 
yield per ha (16.79 t) were also obtained from N0S1. 
The results clearly indicated that optimum level of 
nitrogen and plant spacing ensured the maximum 
vegetative growth and ultimately producing the 
highest yield. 
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ABSTRACT

Pot culture studies were conducted taking ten different soils collected from red and laterite soil region of 
Mayurbhanj district of Odisha with groundnut, rice and potato as test crops to evaluate the critical limit 
of S in soil and plants. The soils were acidic in reaction (pH 4.72-5.84), low to medium in organic carbon 
content and texture varied from loamy sand to silt loamy. The CEC ranged from 3.7-6.0 c mol (p+) kg-1. 
About 50% soils were deficient in S. Rice, groundnut and potato received recommended dose of 
NPK. Each crop received seven levels of S varying from 10 to 60 kg ha-1. The critical level of S in 
soils and plants as determined by simple graphical method in red and laterite soils was 10 mg kg-1.  
The critical concentration of S in rice, groundnut and potato leaves was 0.21, 0.34 and 0.8 %, 
respectively. Maximum biomass yield was recorded in groundnut at 30 kg S ha-1 and rice and potato 
at 40 kg S ha-1 level indicating knowledge of critical concentration helps in maximizing the yield and 
performance of crop.

Key words: Critical limit, groundnut, red and laterite soils, rice, potato, sulphur

INTRODUCTION

Red and laterite soils occupy about 7.18 
million hectare out of the total area of 15 m ha 
in Odisha. These soils are lighter in texture and 
poor in organic matter, N and P, but medium in K. 
Deficiency of macronutrients like Ca, Mg, S and 
micronutrients like Zn, B and Mo are very common 
in red and laterite soils (Jena et al., 2008; Sarangi 
et al., 2017). Intensive cropping with high yielding 
crops accelerated depletion of micronutrients 
from soil reserve and brought sharp reduction 
in productivity, crop quality as well as animal 
and human health. Despite increase in fertilizer 
consumption and modern crop varieties, the crop 
response ratio in the country has gone down from 
16.5 of 1950 to 6.3 kg ha-1 NPK in the year 2010. 

This decline in the productivity factor might be due 
to depletion of micronutrient reserve of soil. 

Crops generally remove as much S as they 
do P, although crops such as pulses, oilseeds, onion, 
cabbage and forages remove more S than P. Sulphur 
is a constituent of the amino acids and vitamins. 
It is also closely associated with N in the process 
of protein and enzyme synthesis. In India about  
30 % of crop lands suffer from various degrees of 
S deficiency (Arora, 2003). Considering 10 mg kg-1 

as the critical limit of S, 18 % red and laterite soils 
of Odisha are deficient in S (Jena et al., 2004).

Chemical estimation of available 
nutrient status of soils is an indicator, which is 
correlated with crop and crop response. Fertilizer 
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recommendations based on soil test values are 
being adopted in many parts of the country with 
slight variations. Based on several field and 
green house experiments, Singh et al. (2006) 
reported critical value of S as 10 mg kg-1. Soils with 
available nutrient status below the critical limit are 
likely to be deficient. Sensitive crops grown on 
these soils would show deficiency symptoms and 
respond to addition of that deficient nutrient. Most 
of field studies revealed that the oilseeds, pulses and 
vegetables like onion respond well to S application. 
However, the critical limit of nutrient varies with 
soil properties, type of crops and varieties (Singh et 
al., 2001; Patra et al., 2015; Sarangi et al., 2016 a, b). 
The responses of groundnut to S application were 
documented. However, the widely followed critical 
limit for S is of general one and no specific limit 
is available in literature for red and laterite soils. 
Rice is the main crop of Odisha in kharif followed 
by groundnut in rabi grown under residual moisture 
condition, whereas potato is grown after kharif rice 
in irrigated command areas. With this background, 
the present study was undertaken to determine the 
critical concentration of S in red and laterite soils 

and rice, groundnut and potato crops for making 
sulphur fertilization more rational and effective.

MATERIALS AND METHODS

Ten soil samples in bulk from plough layer 
(0-15 cm) covering red and laterite soils were 
collected from five blocks of Mayurbhanj district 
of Odisha. The soil samples were air dried, passed 
through 2 mm sieve and kept for analysis. Particle 
size was measured by Bouyoucos hydrometer 
method (1962), whereas soil pH was determined by 
glass electrode with calomel as standard (Jackson, 
1973) and organic carbon (OC) by wet digestion 
method (Walkley and Black, 1934). The cation 
exchange capacity was determined by method 
(Schollenberger and Simon, 1945). Available S 
content in soil was estimated by turbidometric 
method (Massoumi and Cornfield, 1963).

Three pot culture experiments were 
conducted in a completely randomized design 
(CRD) with three replications on rice during kharif 
2012 and on groundnut and potato during rabi  
2012-13. The pot culture experiments were 
conducted with ten soils (Table 1) in polyethylene 
lined earthen pots. 
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Table 1. Physico-chemical properties of soils used in pot culture study

Sl. 
No. Locations pH Organic 

carbon (%)
Sand 
(%)

Silt 
(%)

Clay 
(%)

Textural 
class

CEC 
[Cmol 
(p+) kg-1]

Available (mg kg-1)

Zn B S

1 Balidhia 4.87 0.50 72 19 9 LS 38 0.45 0.35 5.0

2 Paikabasa 4.76 0.53 66 24 10 L 4.2 0.90 0.72 8.0

3 Patisari 4.87 0.66 63 25 12 Ll 4.5 0.58 0.80 10.0

4 Jadunathpur 4.86 0.35 72 20 8 LS 3.7 1.50 0.42 7.5

5 Kaliana 4.72 0.44 67 24 9 LS 4.0 1.60 0.85 6.0

6 Marangtandi 4.95 0.48 63 26 11 SiL 5.8 0.75 0.55 15.0
7 Betna 4.80 0.43 70 21 9 LS 3.8 0.35 0.34 3.0
8 Rajabasa 4.94 0.68 58 28 14 SiL 5.7 0.52 0.81 16.0

9 Santhilo 4.97 0.68 55 31 14 SiL 5.6 0.38 0.53 12.5

10 Agria 5.84 0.48 67 23 10 LS 6.0 .65 0.57 14.0

Range 4.72-
5.84

0.35-
0.68

55-
72

19-
31

9-
14

3.7-
6.0

0.35-
1.60

0.34-
0.85

5.0-
16.0

Mean 4.95 0.52 65.3 24.1 10.6 4.71 0.76 0.59 9.7
SD 0.32 0.11 0.94 0.44 0.19 4.50
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The polyethylene lining was rinsed in 0.1 N HCl 
followed by deionised water. Seven kg of soil was 
transferred into each pot. The treatment consists 
of seven levels of S (0, 10, 20, 30, 40, 50 and 60 
kg ha-1). All these treatments were imposed on 
rice, groundnut and potato. In rice experiment, 
three rice seedlings (cv. Pratiksha) of twenty five 
days old were transplanted with recommended 
dose of fertilizer (N, P, K @80-40-40 kg ha-1). In 
groundnut and potato experiments, four no of seeds 
of groundnut (cv. AK 12-24) and potato (cv. Kurfi 
jyoti ) seeds were sown with recommended dose of 
fertilizer @ 20-40-40 and 120-60-90 kg NPK ha-1, 
respectively. The crops received reagent grade of 
fertilizer through urea, KH2PO4 and KCl. Required 
quantity of gypsum was thoroughly mixed with 
soil before transplanting/sowing. Watering with 
deionized water and plant protection measures 
were taken, as and when necessary. The rice plants 
were harvested at pre-flowering stage, whereas 
groundnut and potato plants were harvested 
at maturity. The plant, pod and tuber samples 
were washed with acidified solution, rinsed with 
deionised water, dried at 65 °C in a hot air oven 
and dry matter yield were recorded. The third leaf 
samples, collected at 30 days of growth, were 
processed and kept for analysis. The dry powered 
plant samples were digested in a mixture of 10:4:1 
of HNO3; HClO4; H2SO4 on a hot plate and filtered 
through Whatman 42 filter paper for estimation of 
S. The critical limit for S of soil and plants were 
determined by plotting the Bray’s percent yield 
against available S in soil or its concentration in 
plants (Cate and Nelson, 1965). 

Bray’s per cent yield = (yield in control/
yield at optimum nutrient treatment) × 100 
Simple correlation was carried out to establish the 
relationships between nutrient and soil properties.

RESULTS AND DISCUSSION

Physical and chemical properties of soils

The organic carbon, silt and clay 
content, CEC and pH of soil are considered 
to be important factors for determining the 
availability of S in soils and plants. The results 

revealed that the soils are acidic in reaction 
with pH ranging from 4.72 to 5.84 (Table 1). 
Except Agria, the pH of other nine sites were below 5.0.  
Soil texture was varied from loamy sand to silt 
loam. Higher clay content (14 %) was recorded 
in two soils (Rajabasa and Sathlo) and in other 
sites it varied between 8-12 %. Similar trend was 
observed in silt content (19-31 %). A reverse 
trend was recorded with respect to sand content 
(55-72 %), the highest being in Balidhia and lowest in 
Sathilo. Organic carbon status of soils were  between 
0.35 to 0.68 % with mean value of 0.52 %. Out of 
ten sites, five sites have low OC status and others 
have medium OC status. The range of CEC was  
3.7 to 6.0 with mean value of 4.71 c mol (p+) kg-1.  
The results further revealed that about 50 % of 
soils were deficient in S. The available S content in 
soils ranged from 5.0-16.0, with mean value of 9.7 
mg kg-1. Organic carbon content of soils is closely 
correlated with clay content with high correlation 
co-efficient (R=0.87). Higher concentration of 
available S was found in fine textured soils than 
in coarse texture soils (Gupta, 1968; Singh, 2001). 
Similar trend was observed in present study.

Critical limit of S in soils and crops
The relationship between soil test level and 

relative yield vary considerably, and the shape of 
the relationship is relatively consistent. At low 
level of available nutrient, the yield is limited by 
lack of the nutrient. As the soil test level increases, 
the yield increases upto a point, where the nutrient 
is no longer limiting the yield and thus the curve 
levels out. Above this level the yield may stay the 
same or decline. The point where the curve levels 
off is called critical level. The critical level of S 
for soil and crops in this study was determined by 
graphical method (Cate and Nelson, 1965). In this 
method, the data is separated into four quadrants 
with an objective to minimize the data points in 
the upper left and lower right quadrants, which 
represents the deviations from expected behavior. 
Points lying in the upper left quadrant represent the 
soil test values, which are below the critical level 
and thus a response is expected, but no response 
was observed. Points lying in the lower right 
quadrant represent situations where the soil value 
is above the critical value and thus no response 
would be expected. 

CRITICAL LIMIT OF SULPHUR FOR RICE, GROUNDNUT AND POTATO
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The available S content in soils ranged from 
5-16 mg kg-1 with mean value of 9.7 mg kg-1 (Table 2). 
The per cent dry matter yield of rice, groundnut 
and potato in S treated soils ranged from 65.0-
87.7, 37.9-54.4 and 72.0-86.0, respectively with 
respective mean value of 75.67, 45.40 and 79.33. 
The plot of Brays per cent yield against available 
S revealed 10, 10 and 10 mg kg-1 as the critical 
concentration of S in soils for rice, groundnut 
and potato crops, respectively (Fig. 1, 2, 3).  
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Fig. 1. Scattered diagram of percent dry matter yield of groundnut and available S in soil 

 

Fig. 2. Scattered diagram of percent dry matter yield of rice and available S in soil 
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Fig. 1. Scattered diagram of percent dry matter yield of groundnut and available S in soil 

 

Fig. 2. Scattered diagram of percent dry matter yield of rice and available S in soil 
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Fig. 1. Scattered diagram of percent dry matter yield of groundnut and available S in soil 

 

Fig. 2. Scattered diagram of percent dry matter yield of rice and available S in soil 
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Fig. 3. Scattered diagram of percent dry matter yield of potato and available S in soil 

 

Fig. 4. Scattered diagram of percent dry matter yield and S content in 3rd leaf of groundnut  

 

Fig. 5. Scattered diagram of percent dry matter yield and S content in 3rd leaf of rice 

 

Fig. 6. Scattered diagram of percent dry matter yield and S content in 3rd leaf of potato 
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The S concentration in third leaf of rice, groundnut 
and potato plant ranged between 0.14-0.25,  
0.21-0.34 and 0.60-0.98 %, respectively. The plot 
of Brays per cent yield against S concentration in 
leaf revealed that critical concentration of S in rice, 
groundnut and potato was 0.21, 0.34 and 0.80 %. 
Based on 30 field experiments in Vertic Ustocrepts 
over 2 years, critical limit of available S was found 
to be 0.34 % for soybean (Ganeshamurthy, 1996) 
and 0.35 % for mustard (Atiiokpam et al., 2005). 

Fig. 1. Scattered diagram of percent dry matter 
yield of groundnut and available S in soil

Fig. 2. Scattered diagram of percent dry matter 
yield of rice and available S in soil

Fig. 3. Scattered diagram of percent dry matter 
yield of potato and available S in soil

Fig. 4. Scattered diagram of percent dry matter 
yield and S content in 3rd leaf of groundnut

Fig. 5. Scattered diagram of percent dry matter 
yield and S content in 3rd leaf of rice

Fig. 6. Scattered diagram of percent dry matter 
yield and S content in 3rd leaf of potato
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Fig. 3. Scattered diagram of percent dry matter yield of potato and available S in soil 

 

Fig. 4. Scattered diagram of percent dry matter yield and S content in 3rd leaf of groundnut  

 

Fig. 5. Scattered diagram of percent dry matter yield and S content in 3rd leaf of rice 

 

Fig. 6. Scattered diagram of percent dry matter yield and S content in 3rd leaf of potato 
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Fig. 3. Scattered diagram of percent dry matter yield of potato and available S in soil 

 

Fig. 4. Scattered diagram of percent dry matter yield and S content in 3rd leaf of groundnut  

 

Fig. 5. Scattered diagram of percent dry matter yield and S content in 3rd leaf of rice 

 

Fig. 6. Scattered diagram of percent dry matter yield and S content in 3rd leaf of potato 
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Crop response to sulphur

Based on the critical limit of 10 mg kg-1, 

CRITICAL LIMIT OF SULPHUR FOR RICE, GROUNDNUT AND POTATO

The biomass yield of groundnut in S 
control was 58.4 g per pot and increased 
to 129.7 g per pot at 30 kg ha-1 dose and 
there after declined when the dose was 
increased to 60 kg ha-1. Application of  
40 kg S ha-1 recorded the highest dry matter 
production, yield attributes and pod yield of 
groundnut in red soil (Kamalakannan et al., 2009).  
On the contrary, both rice and potato 
responded to higher dose of S application 
and the highest biomass yield was recorded 
at 40-50 kg ha-1 level (Table 3 and 4). 

about 60 % soils used in this study were deficient in 
S and 40 % lie in medium category (Table 2). 

Table 2. Effect of different S levels on biomass yield (g per pot) and S concentration in groundnut leaf

Soil
SO4-S 
(mg kg-1)

Biomass yield (g per pot)

Bray’s P 
yield (%)

S content in 
3rd leaf in S 
control (%)

Levels of sulphur (kg ha-1)

0 10 20 30 40 50 60

1 5.0 50 61 84 132 106 93 92 37.9 0.22

2 8.0 58 61 83 132 106 94 93 43.9 0.24

3 10.0 53 62 83 131 104 93 92 40.5 0.28

4 7.5 55 61 85 134 106 93 90 41.0 0.26

5 6.0 54 62 88 128 110 96 95 42.8 0.24

6 15.0 65 73 95 125 115 110 105 52.0 0.34

7 3.0 58 64 87 135 107 90 88 43.0 0.21

8 16.0 62 85 98 128 120 108 102 48.4 0.32

9 12.5 68 80 96 125 118 105 99 54.4 0.31

10 14.0 61 83 99 127 115 102 100 48.0 0.30

Range 5.0-16.0 50-68 61-85 83-99 125-135 104-120 90-110 88-105 37.9- 54.4 0.21- 0.34

Mean 9.7 58.4 69.2 89.8 129.7 110.7 98.4 95.6 45.4

SD 5.64 10.01 6.47 3.59 5.79 7.19 5.60 0.04

Biomass yield of rice in S control was 98.33 g 
per pot, which was increased by 33 % at 50 kg  
S ha-1. Similarly, application of 40-60 kg S ha-1 
increased the rice yield by more than 20 kg  
per hectare (Singh et al., 2006). Similar results 
were also observed by various workers (Arora, 
2003; Rahman et al., 2007). The highest 
biomass yield of potato was recorded at  
40 kg S ha-1, which was 26 % higher over control 
and slightly declined at 50-60 kg S ha-1 level. 
Similar findings were also noted by some of the 
earlier workers (Arora, 2003; Kumar et al., 2008).
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Table 3. Effect of different S levels on biomass yield (g per pot) and S concentration in rice leaf

Soil
SO4-S 
(mg 
kg-1)

Biomass yield (g per pot) Bray’s 
P yield 
(%)

S content in 
3rd leaf in S 
control (%)

Levels of sulphur (kg ha-1)

0 10 20 30 40 50 60

1 5.0 94.3 108.5 122.3 131.0 133.7 134 97 70.4 0.15
2 8.0 93 109 121 131 134 135 97 68.9 0.18
3 10.0 93 110 120 136 133 138 96 67.4 0.20
4 7.5 91 93 109 121 131 133 95 68.4 0.16
5 6.0 94 112 114 120 128 130.5 105 72.0 0.17
6 15.0 105 109 111 116 120 122 100 86.0 0.23
7 3.0 88 110 116 122 131 135.4 110 65.0 0.14
8 16.0 110 115 118 123 124 128 99 85.9 0.24
9 12.5 107 109 115 118 121 122 103 87.7 0.22
10 14.0 108 113 115 120 123 127 98 85.0 0.25

Range
5.0-
16.0

88-
110

93-115
109-
122.3

116-
131.0

120-134 122-138 95-110
65.0- 
87.7

0.14- 0.25

Mean 9.7 98.33 108.85 116.13 123.8 127.87 130.49 100.0 75.67

SD 8.17 5.95 4.27 6.56 5.42 5.59 4.69 0.03

Table 4. Effect of different S levels on biomass yield (g per pot) and S concentration in potato leaf

Soil
SO4-S 
(mg kg-1)

Biomass yield (g per pot)
Bray’s P 
yield (%)

S content in 3rd leaf 
in S control (%)Levels of sulphur (kg ha-1)

0 10 20 30 40 50 60
1 5.0 367 417 435 442 460 456 350 79.8 0.62

2 8.0 369 427 442 450 492 459 355 75.0 0.71

3 10.0 374 428 440 449 495 460 357 75.6 0.78

4 7.5 370 424 439 447 474 461 354 78.0 0.74

5 6.0 355 420 445 465 493 450 360 72.0 0.70

6 15.0 382 390 415 422 444 408 353 86.0 0.98

7 3.0 350 395 425 444 472 440 360 74.1 0.60

8 16.0 384 398 430 448 458 390 350 83.8 0.85

9 12.5 378 399 428 439 450 402 352 84.0 0.88

10 14.0 384 405 425 440 452 412 357 85.0 0.82

Range
5.0- 
16.0

350- 
384

390- 
428

415-
445

422-
465

444-
495

390-
461

350-
360

72.0-86.0
0.60- 
0.98

Mean 9.7 371.3 410.3 432.4 444.6 469.0 433.8 354.8 79.33 0.77
SD 11.7 14.42 9.40 10.81 19.12 27.74 3.67 0.11
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CONCLUSION
The critical limit of available S in red and 

laterite soils was estimated to be 10 mg kg-1, whereas 
the critical concentration of S in rice, groundnut and 
potato crop was 0.21, 0.34 and 0.8 %, respectively. 
Groundnut responded to S application at a level of 
30 kg ha-1. Maximum biomass yield of rice and 
potato was recorded when S was applied at 50 and 
40 kg S ha-1, respectively. Based on the critical 
limit of S, the fertility rating and recommendations 
need to be modified for the crops grown in red and 
laterite soils.
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ABSTRACT

A field experiment was conducted during 2012 and 2013 at the Regional Centre of ICAR-Central Tuber 
Crops Research Institute, Dumuduma, Bhubaneswar, Odisha to study the effects of cropping system and 
irrigation on nutrient use efficiency and quality of elephant foot yam [Amorphophallus paeoniifolius 
(Dennst.) Nicolson]. The experiment was laid out in split plot design with elephant foot yam + green 
gram (Vigna radiata L.) and elephant foot yam sole crop in main plots and surface irrigation, drip 
irrigation at 100% cumulative pan evaporation (CPE), drip irrigation at 80% CPE and drip irrigation 
at 60% CPE in sub-plots. The treatments were replicated five times. Elephant foot yam + green gram 
resulted in greater corm yield compared to other treatments. The drip irrigation at 100, 80 and 60% CPE 
resulted in 16.7 and 14.9%, 16.4 and 14.6%, 12.3 and 11.5% higher yield over surface irrigation during 
2012 and 2013, respectively. The greater nitrogen, phosphorus and potassium uptake as well as nutrient 
use efficiency were noticed in elephant foot yam + green gram intercropping with drip irrigation at 
100% CPE followed by at 80% CPE. The elephant foot yam + green gram resulted in greater protein and 
sugar content in corms than sole cropping. But, starch and oxalate content was higher in sole elephant 
foot yam corms. The minerals, i.e. P, K, Ca, Mg and Zn content in the corms of sole elephant foot yam 
crop and surface irrigation were higher than other treatments. However, optimum elephant foot yam 
corm yield and nutrient use efficiency with mineral nutrition can be obtained under elephant foot yam + 
green gram intercropping with the application of drip irrigation at 80% CPE.

Key words: Corm yield, drip irrigation, elephant foot yam, nutrient uptake

INTRODUCTION

Elephant foot yam [Amorphophallus 
paeoniifolius (Dennst.) Nicolson] is a tuberous 
vegetable crop and has wide range of adaptability 
and high yield potential. It is cultivated throughout 
India, particularly in Andhra Pradesh, West 
Bengal, Bihar, Uttar Pradesh, Tamil Nadu, 
Kerala, Maharashtra, Odisha and Karnataka 
(Nedunchezhiyan, 2017). Earlier, cultivation of 
elephant foot yam was at subsistence level limited 

to household consumption, but presently the crop 
is gaining its popularity among the farmers as a 
large scale commercial crop due to its increasing 
market demand. It is a good source of vitamin 
A, rich in dietary fibre and has several medicinal 
and therapeutic values, and also recommended in 
case of piles, dysentery, asthma, swelling of lungs, 
vomiting, abdominal pain and as blood purifier.

Elephant foot yam has circular shaped 
lamina on a long pseudostem (petiole) and is 
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planted at wider spacing. Depending upon the 
location it produces 3-4 pseudostem during crop 
growth period. It takes nearly three months to fully 
cover the ground. The long pseudostem coupled 
with wider spacing allows intercrop to grow. 
Intercropping with the short duration pulses may be 
advantageous, as the elephant foot yam takes 50-
60 days to cover the ground (Nedunchezhiyan and 
Byju, 2005). Short duration pulses like green gram 
(Vigna radiata L.) can be grown as intercrop with 
elephant foot yam crop as it improves soil fertility 
by fixing atmospheric nitrogen symbiotically and 
enrich the soil organic matter content through their 
leaf litter and the haulms can be used as mulching 
material (Nedunchezhiyan and Byju, 2005). 
Presence of legumes in the mixtures benefit the 
associated non-legumes as the legumes provide a 
portion of biologically fixed nitrogen to non-legume 
components (Kavamahanga et al., 1995). Elephant 
foot yam is known for its relatively high water 
requirement. The commercial crop is grown under 
protective irrigation. In Andhra Pradesh the crop is 
irrigated at weekly interval thereby providing 22-25 
irrigation during crop growth period of 8 months. 
The corm yield of elephant foot yam reduced by 30-
40% under water stress conditions (Das et al., 1995). 
Drip irrigation is an efficient method of providing 
water directly into the root zone of the plants. It 
reduces water requirements and checks unwanted 
weed growth. Drip irrigation is high frequency 
irrigation method with an efficiency of about 98-
99 % (Ertek et al., 2007). The higher crop yields 
and water productivity in vegetables was reported 
in drip irrigation system (Tiwari et al., 2003). 
Higher nutrient use efficiency under drip irrigation 
was reported in potato (Phene et al., 1979; Chawla 
and Narda, 2002). The information on nutrient use 
efficiency and quality of elephant foot yam under 
cropping systems and irrigation was negligible. 
Keeping the above in view, a study was carried 
out to find the effects of intercropping in elephant 
foot yam under irrigation on nutrient use efficiency 
and quality characters of elephant foot yam. 
 
MATERIALS AND METHODS

A field experiment was conducted during 
2012 and 2013 at the Regional Centre of ICAR-
Central Tuber Crops Research Institute (20°14’ 

N and 85°47’ E at 33 m above mean sea level), 
Dumuduma, Bhubaneswar, Odisha. The climate 
condition of the location is warm and moist with hot 
and humid summer and mild winter. The average 
annual rainfall of the experimental site is 1554.5 
mm out of which nearly 80% is received during 
June to September. The soil of the experimental 
site was sandy clay loam in texture with water 
holding at field capacity was 110 mm m-1. The 
soil was low in organic carbon (0.41%), available 
nitrogen (92.6 kg ha-1) and available potassium 
(87.2 kg ha-1) and medium in available phosphorus 
(12.2 kg ha-1) with normal soil reaction (pH 6.9). 
The experiment was laid out in split-plot design 
with five replications having elephant foot yam + 
green gram and elephant foot yam sole crop in main 
plots and surface irrigation, drip irrigation at 100% 
cumulative pan evaporation (CPE), drip irrigation 
at 80% CPE and drip irrigation at 60% CPE in sub-
plots. The elephant foot yam (var. Gajendra) seed 
weighing 400-500 g was planted at the spacing of 
90 × 90 cm on the ridges below 5 to 10 cm depth of 
the soil with the help of spade. The green gram (var. 
Dhauli) seeds were sown (10 kg ha-1) continuously 
on single row on the top of the ridges immediately 
after planting of elephant foot yam. After 15 days of 
sowing green gram plants were thinned 15 cm apart. 
The recommended fertilizer dose for the elephant 
foot yam crop was N, P2O5, and K2O @100:80:100 
kg ha-1. During the final land preparation total 
amount of phosphorous as single super phosphate 
(SSP) was  applied along with FYM 10 t ha-1, borax 
10 kg ha-1 and zinc sulphate 10 kg ha-1. The nutrient 
N as urea and K as muriate of potash (MOP) were 
applied in three equal splits at 45, 75 and 105 days 
after planting (DAP) by band placement just after 
weeding followed by earthing up. No separate 
fertilizer was applied for green gram.

The surface irrigation was followed on 
furrows at IW/CPE = 1. Whenever the pan 
evaporation exceeded 40 mm then the surface 
irrigation was provided 40 mm depth of irrigation. 
The irrigation water for surface irrigation was 
conveyed through pipe lines. The drip irrigation 
at 60%, 80% and 100% CPE was applied at every 
three days interval. The depth of irrigation required 
for each time was estimated as follows: 
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Irrigation water (mm) = [% CPE to be applied 
× Pan Factor (0.6) × Crop factor (0.7)] - Effective 
rainfall.

As the water holding capacity of the soil was 
110 mm m-1, the excess of water beyond the water 
holding capacity is considered as loss of water. 
Volume of water applied each time was calculated 
as follows:

Volume (L) = Irrigation water (mm) × area (m2). 

During 2012, 268, 48, 39 and 29 cm water 
was applied through surface irrigation, 100, 80 
and 60% CPE, respectively. During 2013, 139, 51, 
43 and 31 cm water was applied through surface 
irrigation, 100, 80 and 60% CPE, respectively. The 
fully matured green gram pods were plucked at 60 
and 75 days after sowing (DAS). The haulms of 
green gram were left in the field and trampled to 
act as mulch. Elephant foot yam crop was harvested 
at 240 DAP. The yield, nutrient uptake and quality 
characters were studied at harvest time. Mineral 
nutrients content and quality parameters of the 
corm were analyzed by following AOAC (1980).

The statistical analysis of the data was 
performed using Microsoft Excel and MSTAT-C 
softwares. Statistical significance between 
mean differences among treatments for various 
parameters was analyzed using critical differences 
(CD) at 0.05 probability level.

RESULTS AND DISCUSSION

Corm yield

The intercropping of elephant foot yam 
+ green gram recorded increased corm yield of 
11 and 9.5% over sole cropping of elephant foot 
yam during 2012 and 2013 respectively (Table 
1). Higher corm yield under intercropping might 
be due to greater growth and yield attributes. 
A short-duration grain legume promoting 
growth and yield of elephant foot yam has been 
reported by Nedunchezhiyan and Byju (2005). 
All levels of drip irrigation resulted in significantly 
higher corm yields than surface irrigation in both the 
years (Table 1). The drip irrigation at 100, 80 and 
60% CPE had 16.7 and 14.9%, 16.4 and 14.6%, 12.3 

and 11.5% yield advantage over surface irrigation 
during 2012 and 2013, respectively. Higher corm 
yield might be due to greater growth and yield 
attributes. Venkatesan et al. (2014) reported that 
the highest corm yield of elephant foot yam was 
observed with the application of drip irrigation 
at 100% CPE. The interaction effect between 
cropping systems and irrigation on corm yield was 
significant in both the years (Table 2). The drip 
irrigation at 100% CPE registered an increase in 
corm yield by 19.3% over surface irrigation under 
intercropping, but this increase was 11.8% under 
sole cropping. Similarly, drip irrigation at 80% CPE 
showed an increase in corm yield by 18.6% over 
surface irrigation under intercropping, whereas it 
was 11.6% under sole cropping. 

Nutrient use efficiency

Nutrient uptake of elephant foot yam 
presented in the Table 1 revealed that potassium 
uptake was higher than nitrogen and phosphorus 
in both the years. The nitrogen, phosphorus and 
potassium uptake by elephant foot yam were 
significantly higher in elephant foot yam + green 
gram intercropping than sole cropping except 
potassium uptake during 2013. The greater nutrient 
uptake of elephant foot yam in elephant foot yam +  
green gram intercropping might be attributed to 
higher nutrient content in the pseudo stem and 
corm and higher dry matter production under 
intercropping system. 

The haulms of the green gram were left in 
the field and trampled after plucking the pods 
and it act as mulch. The haulms decompose and 
releases nutrients into the soil. Further green gram 
also fixes atmospheric nitrogen in the soil. All 
these nutrients were efficiently utilized by the long 
duration elephant foot yam crop and led to higher 
uptake of nutrients. Nedunchezhiyan et al. (2008) 
also reported higher nutrients uptake when 
elephant foot yam crop was mulched. The nitrogen, 
phosphorus and potassium uptake was higher with 
drip irrigation at 100% CPE followed by drip 
irrigation at 80% CPE compared to other treatments. 
The interaction effect for nitrogen, phosphorus 
and potassium uptake between cropping systems 
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and irrigation was significant for nitrogen uptake 
during 2013, phosphorus uptake during 2012 
and potassium uptake in both the years (Table 2). 
Greater nitrogen, phosphorus and potassium uptake 
were noticed in elephant foot yam + green gram 
intercropping with drip irrigation at 100% CPE. This 
might be due to higher dry matter production in this 
treatment. Goenaga (1994) and Nedunchezhiyan et 
al. (2016) reported that nutrient uptake increased 
parallel to yield increase.

The nutrient use efficiency of N, P and K was 
significantly higher in elephant foot yam + green 
gram intercropping than sole elephant foot yam 
(Table 1). Application of drip irrigation at 100% 

CPE resulted in greater nutrient use efficiency and 
it was at par with drip irrigation at 80% CPE. This 
was due to efficient utilization of applied fertilizers 
in this treatment as indicated by higher corm yield. 
Nedunchezhiyan (2017) also reported similar 
findings in elephant foot yam. Significantly lower 
nutrient use efficiency was observed with surface 
irrigation. It was 14.2 and 13.3% lower during 2012 
and 2013, respectively than both drip irrigation 
at 100 and 80% CPE. In both the years, greater 
nutrient use efficiency was noticed in elephant foot 
yam + green gram intercropping with drip irrigation 
at 100% CPE followed by 80% CPE (Table 2). This 
might be due to greater corm yield in this treatment.

Table 1. Effect of green gram intercropping and drip irrigation on nutrient uptake and nutrient use efficiency 
of elephant foot yam

Treatments
Corm yield 
(t ha-1)

Nitrogen uptake
 (kg ha-1)

Phosphorous 
uptake (kg ha-1)

Potassium 
uptake (kg ha-1)

Nutrient use 
efficiency
(kg kg-1)

2012 2013 2012 2013 2012 2013 2012 2013 2012 2013

Cropping system

EFY+GG 
intercropping 31.4 33.2 34.6 35.0 7.7 7.7 66.9 62.3 115 122

EFY sole 28.3 30.3 33.5 33.4 7.3 7.4 60.8 59.0 101 108

SEm± 0.2 0.3 0.2 0.3 0.1 0.03 1.2 0.9 0.77 1.0

CD (P=0.05) 1.0 1.2 0.8 1.3 0.3 0.1 4.6 NS 3.04 3.7

Irrigation

Surface 26.8 28.8 33.6 34.0 7.1 7.3 60.2 58.8 97 104

Drip at 100% CPE 31.3 33.1 35.0 34.8 8.1 8.0 68.6 61.6 113 120

Drip at 80% CPE 31.2 33.0 34.2 34.5 7.7 7.7 64.3 62.1 113 120

Drip at 60% CPE 30.1 32.1 33.4 33.4 7.2 7.2 62.4 60.1 109 116

SEm± 0.3 0.3 0.3 0.3 0.1 0.1 1.3 0.9 1.0 0.9

CD (P=0.05) 1.0 0.8 0.9 0.9 0.3 0.4 3.8 NS 3.0 2.7

Interaction * * NS * * NS * * * *

EFY: Elephant foot yam, GG: Green gram, CPE: Cumulative pan evaporation
*Significant at 0.05 probability
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Table 2. Interaction effect of cropping system and drip irrigation on nutrient uptake and nutrient use 
efficiency of elephant foot yam

Irrigation 
2012 2013

EFY+GG 
intercropping EFY sole SEM± CD 

(P=0.05)
EFY+GG 
intercropping

EFY 
sole SEm± CD 

(P=0.05)

Corm yield (t ha-1)

Surface 27.5 26.2 0.5 1.4 29.6 28.1 0.4 1.2

Drip at 100% CPE 33.3 29.4 34.8 31.3

Drip at 80% CPE 33.0 29.3 34.7 31.3

Drip at 60% CPE 31.7 28.4 33.9 30.4

N uptake (kg ha-1)

Surface 34.0 33.2 0.44 NS 33.9 34.1 0.4 1.2

Drip at 100% CPE 35.9 34.1 36.0 33.6

Drip at 80% CPE 34.3 34.2 35.3 33.7

Drip at 60% CPE 34.1 32.6 34.8 32.1

P uptake (kg ha-1)

Surface 7.0 7.2 0.2 0.5 7.3 7.3 0.2 NS

Drip at 100% CPE 8.3 7.9 8.1 8.0

Drip at 80% CPE 7.8 7.5 7.7 7.7

Drip at 60% CPE 7.6 6.8 7.5 6.8

K uptake (kg ha-1)

Surface 58.1 62.3 1.8 2.0 58.0 59.7 1.3 1.5

Drip at 100% CPE 74.8 62.3 65.6 57.5

Drip at 80% CPE 68.2 60.4 63.0 61.2

Drip at 60% CPE 66.6 58.2 62.5 57.7

Nutrient use efficiency (kg kg-1)

Surface 100.4 93.4 1.4 4.2 108 100 1.3 3.8

Drip at 100% CPE 121.6 104.9 128 112

Drip at 80% CPE 120.8 104.6 127 112

Drip at 60% CPE 116.3 101.4 124 109

EFY: Elephant foot yam, GG: Green gram, CPE: Cumulative pan evaporation 

Quality attributes 

The protein content was higher in the corm 
harvested in the year 2012 as compared to corms 
harvested in 2013 (Table 3). The elephant foot yam 
+ green gram resulted in greater protein and sugar 

content in corms than sole cropping (Table 3). 
Though starch and oxalate content was not 
significant, higher amount was observed in sole 
elephant foot yam corms. The lower starch and 
oxalate content in the corms of elephant foot yam 
grown under intercropping might be due to dilution 
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effect, as the corm yield in elephant foot yam + 
green gram intercropping was higher (Table 1). 
The irrigation treatments significantly influenced 
the protein and sugar content of corm of elephant 
foot yam in both the years (Table 3). The protein 
and sugar content in the corm was significantly 
higher with surface irrigation than all drip 
irrigation levels. Increasing drip irrigation level 
decreased the protein and sugar content. Irrigation 
treatments did not influence starch and oxalate 
content significantly. But greater in quantity was 
noticed in surface irrigation. The interaction effect 
of cropping systems and irrigation for protein and 
sugar content of elephant foot yam was noticed 
(Table 4). Sole elephant foot yam crop with surface 
irrigation recorded significantly higher protein and 
sugar content in corms. Interaction effect was not 
significant for starch and oxalate.

The mineral nutrients content in elephant 
foot yam corms was not significantly influenced 
by cropping system (Table 5). The minerals, i.e. 
P, K, Ca, Mg and Zn content in the corms of sole 
elephant foot yam crop were greater than corms 
produced under elephant foot yam + green gram 
intercropping. Lower mineral nutrients content 

in corms of elephant foot yam grown under 
intercropping might be due to dilution effect. 
Irrigation treatment significantly influenced P 
content in the corm. The surface irrigation resulted 
in significantly higher P content in corms of 
elephant foot yam. It is followed by drip irrigation 
at 80 and 100% CPE. The K content of elephant 
foot yam corms was greater when surface irrigated. 
Irrigation treatment did not influence Ca and Mg 
content in corms (Table 5). Zn content in corms of 
drip irrigation was greater than surface irrigation. 
Dilution effect on quality characters and mineral 
nutrition was reported earlier in elephant foot 
yam (Nedunchezhiyan et al., 2017; Suja, 2013). 
Interaction effect of cropping system and irrigation 
for Zn content was noticed during 2012 (Table 4). 
The elephant foot yam sole cropping with drip 
irrigation at 60% CPE recorded greater Zn content 
in corms. 

The present investigation revealed that 
optimum elephant foot yam corm yield and 
nutrient use efficiency with mineral nutrition can 
be obtained under elephant foot yam + green gram 
intercropping with the application of drip irrigation 
at 80% CPE.

Table 3. Effect of green gram intercropping and drip irrigation on quality of elephant foot yam corm

Treatments
Protein (%) Sugar (%) Starch (%) Oxalate (mg 100 g-1)
2012 2013 2012 2013 2012 2013 2012 2013

Cropping system
EFY+GG IC 1.91 1.91 0.85 0.86 15.5 15.3 83.0 83.1
EFY sole 2.18 2.00 0.93 0.94 15.6 15.6 84.7 84.7
SEm± 0.02 0.03 0.01 0.01 0.05 0.1 0.7 0.7
CD (P=0.05) 0.09 NS 0.04 0.03 NS NS NS NS
Irrigation
Surface 2.35 2.19 1.01 1.00 16.4 16.9 84.4 84.3
Drip at 100% CPE 1.92 1.87 0.77 0.78 14.6 14.6 84.2 84.2
Drip at 80% CPE 1.93 1.88 0.84 0.85 15.3 15.1 82.9 83.0
Drip at 60% CPE 1.97 1.87 0.95 0.96 16.0 15.9 83.8 83.9
SEm± 0.03 0.05 0.01 0.02 0.2 0.2 1.0 1.0
CD (P=0.05) 0.10 0.13 0.04 0.05 0.5 0.5 NS NS
Interaction * NS * * NS NS NS NS

EFY: Elephant foot yam, GG: Green gram, CPE: Cumulative pan evaporation, IC: Intercropping

*Significant at 0.05 probability
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Table 4. Interaction effect of cropping system and drip irrigation on quality of elephant foot yam corm
Irrigation 2012 2013

EFY+GG 
intercropping

EFY 
sole SEM± CD 

(P=0.05)
EFY+GG 
intercropping

EFY 
sole SEM± CD 

(P=0.05)
Protein (%)
Surface 2.32 2.38 0.05 0.14 2.20 2.18 0.07 NS
Drip at 100% CPE 1.81 2.03 1.80 1.95
Drip at 80% CPE 1.67 2.20 1.78 1.98
Drip at 60% CPE 1.85 2.09 1.86 1.87
Sugar (%)
Surface 0.93 1.06 0.020 0.059 0.93 1.07 0.023 0.068

Drip at 100% CPE 0.77 0.77 0.78 0.79

Drip at 80% CPE 0.83 0.85 0.85 0.85
Drip at 60% CPE 0.87 1.04 0.88 1.04
Zn (mg 100 g-1)
Surface 0.95 1.00 0.006 0.019 0.93 1.00 0.029 NS
Drip at 100% CPE 0.97 1.08 0.97 1.08
Drip at 80% CPE 0.95 0.99 0.95 0.99
Drip at 60% CPE 1.04 1.08 1.10 1.08

EFY: Elephant foot yam, GG: Green gram, CPE: Cumulative pan evaporation

Table 5. Effect of green gram intercropping and drip irrigation on mineral content of elephant foot yam corm

Treatments
P (%) K (%) Ca (mg 100 g-1) Mg (mg 100 g-1) Zn (mg 100 g-1)

2012 2013 2012 2013 2012 2013 2012 2013 2012 2013
Cropping system
EFY+GG IC 0.081 0.077 0.91 1.08 95.3 95.5 45.3 45.4 0.98 0.99
EFY sole 0.085 0.082 0.97 1.13 96.3 96.4 46.4 46.5 1.04 1.04

SEm± 0.001 0.001 0.02 0.02 0.8 0.9 0.6 0.6 0.003 0.01

CD (P=0.05) NS 0.005 NS NS NS NS NS NS 0.01 NS
Irrigation
Surface 0.088 0.086 1.02 1.16 95.3 95.3 45.8 45.9 0.97 0.96

Drip at 100% CPE 0.082 0.078 0.94 1.07 95.9 95.9 45.7 45.7 1.03 1.03

Drip at 80% CPE 0.082 0.079 0.90 1.09 96.2 96.5 45.9 46.0 0.97 0.97

Drip at 60% CPE 0.079 0.074 0.90 1.11 96.0 96.1 46.0 46.1 1.06 1.09
SEm± 0.002 0.002 0.03 0.03 1.1 1.1 1.0 1.0 0.005 0.02
CD (P=0.05) 0.006 0.005 0.08 NS NS NS NS NS 0.013 0.06
Interaction NS NS NS NS NS NS NS NS * NS

EFY: Elephant foot yam, GG: Greengram, CPE: Cumulative pan evaporation, IC: Intercropping
*Significant at 0.05 probability
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ABSTRACT

The field experiment on interaction effect of age of seedling, nutrient and weed management on yield 
and yield atributing characters of rice under SRI was conducted at the instructional farm of Krishi 
Vigyan Kendra, Shyamakhunta, Mayurbhanj, Odisha during the kharif season of 2010 and 2011. The 
experiment was laid out in split plot design keeping nutrient and weed management practices in main 
plot and age of seedlings in sub-plot. The treatments comprised of three nutrient management practices 
viz., full inorganic (RD:80:40:40 kg N:P2O5:K2O ha-1), half RD +10 t FYM ha-1 and full organic  
(20 t FYM ha-1), two weed management practices viz., cono weeder and mandua weeder and four age 
of seedlings viz. 8, 12, 16 and 20 days. Nutrient supplement through 50% inorganic + 50% organic with 
weeds were controlled by cono weeder coupled with 12 days old seedlings recorded the highest grain 
yield i.e. 7120 and 7195 kg ha-1 in 2010 and 2011, respectively.

Key words: Age of seedling, nutrient management, weed management, SRI

INTRODUCTION

Food security in the world, particularly in 
the Asia region, is challenged by increasing food 
demand, and threatened by declining resources 
availability. Rice, wheat and maize that form the 
staple food crops of the world over, is facing the 
challenges in producing the required quantum 
per unit area due to multi dimensional factors in 
agricultural sector. Rice is the principal staple 
food for 65% of the population of India. The 
demand for rice is expected to rise due to increase 
in population (1.6% per year ) plus increased per 
capita income, while the area under rice cultivation 
is expected to reduce to 40 million ha in the next 
15−20 years (Shobharani et al., 2010). India is 

predominantly a rice growing country. Basing on 
the current rate of population growth (1.4%) and 
per capita consumption (215-230 g per day), the 
projected demand for rice by 2025 will be around 
130 m tonnes. India has the largest area under rice 
cultivation in the world and shares 17.9% of world’s 
rice production and occupies second position next 
to China. Rice is cultivated in diverse ecologies 
spread over 43.97 million ha with a production of 
104.32 million tonnes of milled rice with average 
productivity of 2424 kg ha-1 (GOI, 2014).

Eastern India, which comprises of Assam, 
Bihar, Chhatisgarh, Eastern Uttar Pradesh, 
Jharkhand, Odisha and West Bengal is the largest 
rice growing region in the country occupying 61.3% 
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of rice area contributes almost 48% of the total rice 
production that feeds about 680 million people 
(Mahapatra, 2013). In Odisha rice is the major crop 
grown in about 70 and 50% of the gross cropped 
area during kharif and rabi, respectively. In Odisha,  
rice is grown in about 4.5 m ha with a production of 
about 6.7 mt and productivity of 1496 kg ha-1. This 
average productivity of the state is not only lower 
than the productivity of Tamil Nadu (3443 kg ha-1) 
and Punjab (2781 kg ha-1) but also much lower than 
the national average (2424 kg ha-1). Concerned 
efforts are thus, needed to match the growing food 
demand, and raise the level of productivity at par 
with other parts of the country.

Soil is considered as the store house of all 
plant nutrients. The ill health of soil has forced the 
researchers to reaffirm the importance of balanced 
nutrition and put faith in the use of organic manures. 
However, despite the proven beneficial effect of 
organic manure, the use of FYM in rice is declining 
due to obvious reasons of growing deficit. Choosing 
a middle path, now the stress is being given to the 
concept of INM. Hegde (1998) concluded that 
the integrated nutrient supply conjunctively with 
inorganic and organic sources are imperative for 
present day agriculture.

Basic agronomic tools such as age of 
seedlings, number of seedlings per hill and their 
convenient placement in main field have been 
recognised as the booster in increasing the rice 
productivity. System of rice intensification (SRI) 
is one of the ways to solve the water crisis in rice 
cultivation and to increase the rice yield 3-4 times 
as compared to conventional farmer’s cultivation 
(Uphoff, 2002).

MATERIALS AND METHODS

The field experiment on interaction effect of 
age of seedling, nutrient and weed management on 
yield and yield atrributing characters of rice under 
SRI was conducted at the instructional farm of 
Krishi Vigyan Kendra, Shyamakhunta, Mayurbhanj 
during the kharif season of 2010 and 2011. The 
experimental site is situated at Shyamakhunta at 
21o 56´ N latitude and 86o 46´ E longitude at an 
altitude of 50 m above mean sea level and comes 

under North Central Plateau agro-climatic Zone of 
Odisha. The experimental soil was sandy clay loam 
in texture, acidic in reaction, low in organic carbon 
and available nitrogen but medium in available 
phosphorus and potassium. The experiment was laid 
down in split-plot design with three replications to 
study the effect of age of seedlings of rice, weed and 
nutrient management practices under SRI in lateritic 
soil of Odisha. There are 24 number of treatment 
combinations with four seedlings’ age (8, 12, 16 
and 20 days old) as sub plot treatment , two weed 
management practice (cono weeder and mandua 
weeder) and three nutrient management practices 
such as full inorganic, half inorganic + half organic 
(10 t FYM ha-1) and full organic (20 t FYM ha-1) 
as main plot treatments. Rice cv. Pratikshya, 
(parentage- MTU-7029 and IR-36), a medium 
duration 142 days to maturity, high yielding variety 
suitable for irrigated medium land conditions was 
used for experiment.

RESULTS AND DISCUSSION

Number of tillers per m2

The interaction effect between nutrient and 
weed management practices exerted significant 
effect on production of tillers m-2 in the rice 
crop (Table 1). As per the pooled analysis of two 
years data showed that, the combine effect of 
treatments i.e. 50% RDF + 10 t FYM ha-1 with 
weed management by cono weeder registered the 
highest number of tiller m-2 (249.9) at harvest stage 
of growth and the minimum number of tillers m-2 
were produced with the treatment combination of 
full organic (20 t FYM ha-1) with mandua weeder 
(200.5) at harvest stage of growth. This is similar 
to the findings of Sridevi and Chellamuthu (2008).

The interaction effect between nutrient 
management practices and age of seedlings exerted 
significant effect on production of tillers m-2 in 
the rice crop under SRI method (Table 2) in both 
the years and also in pooled data. As per the two 
years pooled data the best combination of nutrient 
and age of seedlings was (50% inorganic + 50% 
organic) and transplanting with 12 days of old 
seedlings (259.3) followed by the combination 
of full inorganic fertiliser and transplanting with 
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12 days of old seedlings (257.0) at harvest stage 
of growth, but both the treatment combinations 
were not showed any significant variations. The 
minimum number of tillers m-2 was produced with 
the treatment combination of 20 days old seedlings 
with full organic manure. These findings were 
supported by Kavitha et al. (2010); Pramanik and 

Bera (2013). It was also observed from the present 
experiment, rice crop transplanted with 12 days old 
seedlings under SRI exerted significant influence on 
the number of tillers m-2 than other age of seedlings 
at all the growth stages, but the maximum tiller 
production at 75 DAT.

Table 1. Interaction effect between nutrient and weed management practices on number of tillers m-2 at harvest

Treatments Weed management

Nutrient management W1 W2 W1 W2 W1 W2

2010 2011 Pooled

F1 233.8 230.4 235.6 233.0 234.7 231.7

F2 249.0 231.3 250.8 234.9 249.9 233.1

F3 226.9 195.9 230.3 205.1 228.6 200.5

SEm (±) 4.23 4.33 2.99

CD (0.05) 13.33 13.66 8.75

Table 2. Interaction effect between age of seedlings and nutrient management practices on number of 
tillers m-2 at harvest.

Treatments Nutrient management

F1 F2 F3 F1 F2 F3 F1 F2 F3

Age of seedlings (days) 2010 2011 Pooled

8 236.2 254.2 221.0 238.0 256.0 225.0 237.1 255.1 223.0

12 256.0 257.7 220.3 258.0 261.0 223.3 257.0 259.3 221.8

16 228.3 232.7 205.5 231.2 235.3 212.0 229.8 234.0 208.8

20 208.0 216.2 198.8 210.0 219.0 210.3 209.0 217.6 204.6

SEm (±) 7.35 8.61 5.66

CD (0.05) 21.07 24.69 15.95

 Dry matter accumulation

The interaction effect between nutrient and 
weed management practices exerted significant effect 
on production of dry matter in the rice crop (Table 
3). The pooled analysis of two years data showed 
that, the crop receiving 50% RD + 10 t FYM ha-1  
with weed management by cono weeder 
registered the highest dry matter accumulation 
(1042.6 g m-2) and the minimum dry matter 
accumulation was recorded with full organic  

(20 t FYM ha-1) under mandua weeder (798.2 g m-2) 
at harvest. These findings are in line with findings of 
Sridevi and Chellamuthu (2008) who reported that, 
during kharif the combination of young seedling, 
one seedling, square planting and cono weeding 
significantly shown its superiority by registering 
taller plants, more tillers per square meter, more 
dry matter production, more root length, root dry 
weight and root volume in short duration rice 
variety ADT 43.
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Table 3. Interaction effect between nutrient and weed management practices on dry matter accumulation 
at harvest

Treatments Weed management

Nutrient management W1 W2 W1 W2 W1 W2

2010 2011 Pooled

F1 950.4 919.6 968.0 938.3 988.8 955.6
F2 1000.9 931.4 1019.1 952.1 1042.6 964.1
F3 850.1 779.2 846.5 790.8 866.0 798.2
SEm (±) 12.13 11.19 7.65
CD (0.05) 38.21 35.27 22.42

Table 4. Interaction effect between age of seedlings and nutrient management practices dry matter 
accumulation at harvest

Treatments Nutrient management

F1 F2 F3 F1 F2 F3 F1 F2 F3
Age of seedlings 
(days) 2010 2011 Pooled

8 1034.0 1063.8 860.5 1051.0 1090.5 909.2 1074.7 1116.0 902.3
12 1026.5 1090.0 855.5 1076.2 1116.8 917.3 1081.6 1135.2 904.9
16 848.7 871.0 792.5 870.3 878.8 742.8 886.2 897.3 783.0
20 830.8 839.8 750.0 815.2 856.2 705.2 846.3 865.0 738.3
SEm (±) 14.22 11.32 9.09
CD (0.05) 40.77 32.45 25.60

The interaction effect between nutrient 
management practices and age of seedlings exerted 
significant effect on dry matter accumulation in the 
rice crop under SRI method (Table 4) in both the 
years and also in pooled data. As per the two years 
pooled data the best combination of nutrient and age 
of seedlings was (50% inorganic + 50% organic) 
and transplanting with 12 days of old seedlings 
produced maximum dry matter (1135 g m-2)  
followed by the combination of full inorganic 

fertiliser and transplanting with 12 days of old 
seedlings (1116 g m-2) at harvest. The minimum 
dry matter accumulation was obtained from full 
organic with 20 days old seedlings. Similar result 
reported by Hussain et al. (2012). Transplanting of 
14 days old seedlings recorded highest dry matter 
accumulation m-2 during the experiment. Greater 
dry matter production m-2 might be due to the 
contribution of greater number of tillers per hill and 
leaf area index (Ali et al., 2013; Mukherjee, 2013).

Yield attributes

The interaction effect between nutrient 
management practices and different age of seedlings 
exerted significant effect on length of panicle of 
the rice crop under SRI method in both the years 
2010 and 2011 and also two years of pooled data  
(Table 5). As per the two years pooled data showed 

that 50% inorganic + 50% organic and transplanting 
with 12 days of old seedlings was recorded the 
longest length of panicle (27.3 cm) followed by 
the combination of full inorganic fertiliser and 
transplanting with 12 days of old seedlings (27.2 cm). 
The treatment full organic with transplanting 
the rice crop at 20 days old seedlings 
was recorded smallest panicle length 
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(21.3 cm). Chapagain and Yamaji (2010) 
reported that SRI management promoted better 

Yield

Grain yield

The interaction effect between nutrient 
management practices and different age of seedlings 
exerted significant effect on grain yield in the rice 
crop under SRI method in both the years 2010 and 
2011 and also two years of pooled data (Table 6). 
Nutrient supplement through 50% inorganic + 50% 
organic with 12 days old seedlings recorded the 
highest grain yield (6770 and 6865 kg ha-1 in 2010 
and 2011, respectively). The pooled data confirmed 
the superiority of nutrient supplementation through 

50% inorganic + 50% organic at 12 days old 
seedlings was recorded the highest grain yield of 
rice (6818 kg ha-1) whereas nutrient supplement 
through 100% organic with 20 days old seedlings 
recorded the minimum grain yield (5779 kg ha-1). 
The integration of organic manures and inorganic 
fertilizers might have prevented leaching and 
volatilization losses and supplied nutrients in 
optimal congruence with crop demand improving 
synthesis and translocation of metabolites to various 
reproductive structures resulting in improvement in 
yield and yield attributes (Raju and Sreenivas, 2008; 
Kumari et al., 2010).

root growth, effective tillers in a hill, longer panicle 
length, and number of filled grains per panicle.

Table 5. Interaction effect between age of seedlings and nutrient management practices on panicle length

Treatments Nutrient management

F1 F2 F3 F1 F2 F3 F1 F2 F3
Age of seedlings 

(days) 2010 2011 Pooled

8 24.7 25.4 23.3 25.1 25.9 24.4 24.9 25.7 23.8
12 26.8 26.9 24.5 27.6 27.6 24.7 27.2 27.3 24.6
16 23.1 23.9 21.9 23.6 24.7 22.1 23.4 24.3 22.0
20 21.9 23.1 21.1 22.8 23.7 21.5 22.3 23.4 21.3

SEm(±) 0.92 0.91 0.65
CD (0.05) 2.64 2.60 1.82

Table 6. Interaction effect between nutrient management practices and age of seedlings on grain yield

Treatments Nutrient management

F1 F2 F3 F1 F2 F3 F1 F2 F3

Age of seedlings 
(days) 2010 2011 Pooled

8 6455 6256 6161 6493 6381 6164 6474 6318 6163

12 6610 6770 6252 6726 6865 6223 6668 6818 6237

16 6262 6470 5793 6442 6411 5804 6352 6441 5799

20 5960 6110 5729 5850 6058 5830 5905 6084 5779

SEm (±) 85 92 62

CD (0.05) 243 263 176

SAHOO et al. 	 e-planet 16 (1): 34-42
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The interaction effect of nutrient, weed 
management practices and age of seedlings on grain 
yield was significant during both the years and in 
pooled data too (Table 7). Nutrient supplement 
through 50% inorganic + 50% organic with weeds 
were controlled by cono weeder coupled with 
12 days old seedlings recorded the highest grain 
yield (7120 and 7195 kg ha-1 in 2010 and 2011, 
respectively). The pooled analysis of two years data 
confirmed the superiority of nutrient supplement 
through 50% inorganic + 50% organic with weeds 
were controlled by cono weeder coupled with 
12 days old seedlings was recorded the highest 
grain yield of rice (7158 kg ha-1), followed by the 
interaction effect between nutrient supplement 
through 100% inorganic fertiliser with weeds 
were controlled by cono weeder coupled with 
12 days old seedlings (6810 kg ha-1), which was 
a significant variation over the other treatment 

combinations under hot humid conditions of North 
Central Plateau Agro-climatic Zone of Odisha. 
These results are in agreement with the findings of 
Satyanarayan et. al. (2007). 

Straw yield

The interaction effect between nutrient 
management practices and age of seedlings on 
straw yield showed significant difference during 
both of the years and two years of pooled data. 
As per the pooled data the straw yield exerted 
significant variation (Table 8). The crop grown 
with the combination of 100% RD and transplanted 
12 days old seedlings was recorded highest straw 
yield (7792 kg ha-1) whereas 50% inorganic + 
50% organic manure with the crop transplanted at 
20 days old seedlings recorded the lowest straw 
yield (7246 kg ha-1). Similar result reported by 
Thiyagarajan (2002). 

Table 8. Interaction effect between nutrient management practices and age of seedlings on straw yield

Treatments Nutrient management

F1 F2 F3 F1 F2 F3 F1 F2 F3

Age of seedlings (days) 2010 2011 Pooled

8 7635 7464 7517 7711 7565 7613 7673 7514 7565

12 7575 7687 7531 8010 7614 7433 7792 7650 7482

16 7885 7357 7679 7540 7675 7683 7712 7516 7681

20 7609 7250 7335 7643 7242 7243 7626 7246 7289

SEm(±) 105 119 79

CD (0.05) 302 341 224

The interaction effect of nutrient and weeding 
management practices and age of seedlings on 
straw yield showed significant difference during 
both of the years and two years of pooled data. 
As per the pooled data the straw yield exerted 
significant variation (Table 9). The crop grown 
with the combination of 100% RD + weeds were 
controlled by cono weeder + transplanted 16 days 

old seedlings was recorded highest straw yield 
(7928 kg ha-1) and the worst combination was 50% 
inorganic fertiliser + 50% organic manure and 
weed management by mandua weeder and the crop 
transplanted with 20 days old seedlings (7129 kg 
ha-1) under hot humid conditions of North Central 
Plateau Agro-climatic Zone of Odisha. Similar 
result reported by Satyanarayan et. al. (2007).
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CONCLUSION

From the present study, it may be concluded 
that the superiority of nutrient supplement through 
50% inorganic + 50% organic with cono weeder 
coupled with 12 days old seedlings recorded the 
highest grain yield of rice (7158 kg ha-1). 
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ABSTRACT

Ratios of measured normal variables associated with each other are commonly used in the animal 
sciences as an indicator of quality or some other meaningful outcome. For this purpose, the study of 
relative performance among two correlated outcomes is facilitated by the ratio of one to the other, e.g. 
omega-6 to omega-3 fatty acids ratio indicating meat quality for human health, closer to 1:1 the better. 
Similarly, feed constituent indigestibility (complement of digestibility) is the ratio of faecal output to 
intake. In practice, the tendency is to assume that such ratios are normally distributed; however, that 
may not always be the case. The statistical distribution of these ratios is a five parameter distribution, 
i.e. μ and σ for the variable in the numerator of the ratio, μ and σ for the variable in the denominator 
and the correlation between both variables. The relative sizes of the coefficients of variation of the 
numerator and denominator for a given correlation will determine if the distribution is normal or not. 
In this communication, we demonstrate this phenomenon by analysing some meaningful ratios (viz. 
omega-6:omega-3, volatile fatty acid relative proportions and indigestibility) and outline some simple 
tests for samples and ratio normality evaluation.

Key words: Coefficient of variation, correlation, digestibility, meat quality, omega-3, omega-6, ratio 
distribution, volatile fatty acids, 

e-planet 16 (1): 43-50 (June 2018)

STATISTICAL BACKGROUND

In most areas of agricultural and 
environmental research, we come across measured 
or calculated variables that display pairwise 
correlation. Such correlations vary in strength. 
Study of the ratio of correlated normal variables 

is an integral part of experimental work, e.g. 
compositional data, digestibility, volatile fatty 
acid (VFA) ratios, omega-6:omega-3 in studies of 
polyunsaturated fatty acids, respiration quotients in 
animal energetics (CO2 / O2), etc. Another important 
case is when fitting a linear regression model  
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E(Y | x) = β0+β1 x (this may be the actual model 
or the limiting case of another model, e.g. 
limiting case of the simple exponential model  
Y= β0 + β1e

-kx is a straight line model) and we need 
inverse interpolation to find, say, x0 at y0 (Cedilnik 
et al., 2004), viz. x0= ( y0 – β^0 ) / β

^
1 . Here x0 may 

be interpreted as an estimate of, for example, lag-
time or a much more meaningful quantity such as 
an estimate of the maintenance energy requirement 
in animals (Dhanoa et al., 2016a). However, there 
are situations when assumption that the distribution 
of such ratio data is normal can be erroneous.

For normally distributed variables Xi  
(i = 1, 2) with means μi, variances σi

2 and correlation 
coefficient ρ, the density function of the ratio  
V = X1/X2 was derived by Geary (1930), Fieller 
(1932) and later by Hinkley (1969). This joint 
density function, f(v), is defined as follows with five 
parameters, μ1, μ2, σ1, σ2, ρ.

where v denotes the argument of the density 
function, Ф is the cumulative distribution function 
of normal variable with mean 0 and variance 1, and

Other derivations of the ratio distribution 
and its applications have been described elsewhere 
(Marsaglia, 1965; Korhonen and Narula, 1989; 
Öksoy and Aroian, 1994; Pham-Gia et al., 2006; 
Koti, 2007; Pollastri and Tulli, 2015).

The tendency is to assume that the distribution 
of any ratio of correlated normal variables is also 
normal but this may not always be true. This 
problem was illustrated by Shanmugalingam (1982) 
using a Monte Carlo study. From standard normal 
variables (i.e. mean zero and variance one) Z1 and 
Z2, two correlated variables (sample size =20) were 
generated following the procedures described by 
Kemp and Loukas (1978), viz.

Two possible cases were simulated, with 
correlations (ρ) between X1(=Y) and X2(=X) of 
either 0.30 or 0.75. This process was repeated 400 
times. At each correlation, regions of normally 
distributed samples were identified in relation to 
the CV% of the ratio numerator, X1(CV1 = σ1/μ1) 
and denominator, X2 (CV2 = σ2/μ2).  The maximum 
for CV1 was 66.7% and CV2 accounted up to 40%. 
The study showed that ratio samples were generally 
(> 50 %) normal if CV1 was less than ≈25% at  
ρ = 0.30, whereas at ρ = 0.75 the same applied if 
CV1 was less than ≈20% across the whole range 
of CV2.

Unwarranted assumptions about normality 
can have unexpected implications. It is always 
prudent to check the ratio-numerator and ratio-
denominator coefficients of variations and 
seek appropriate data transformation. The 
Box-Cox transformation (Box and Cox, 1964)  
( y*  = ( yλ–1) / λ ) system, which includes logarithmic 
transformation when λ = 0 (see Dhanoa et al., 2016b 
for consequences of log-transformation), is a good 
starting point if the ratio sample is not normally 
distributed. The Geary-Hinkley transformation is 
an alternative and under suitable conditions, makes 
the distribution of the (W=Y/X) approximately  
N(0,1). Hayya et al. (1975) studied the performance 
of the Geary-Hinkley transformation and concluded 
that normal approximation is possible using :
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Other derivations of the ratio distribution and its applications have been described elsewhere 

(Marsaglia, 1965;Korhonen and Narula, 1989;Öksoy and Aroian, 1994; Pham-Gia et al., 2006; Koti, 

2007; Pollastri and Tulli, 2015). 

The tendency is to assume that the distribution of any ratio of correlated normal variables is 

also normal but this may not always be true.  This problem was illustrated by Shanmugalingam (1982) 

using a Monte Carlo study. From standard normal variables (i.e.mean zero and variance one) Z1 and 

Z2, two correlated variables (sample size =20) were generated following the procedures described by 

Kemp and Loukas (1978),viz. 
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Two possible cases were simulated, with correlations (ρ) between X1(=Y) and X2(=X) of either 0.30 or 

0.75. This process was repeated 400 times.At each correlation, regions of normally distributed 

samples were identified in relation to the CV% of the ratio numerator X1, (CV1 = σ1/μ1) and 

denominator, X2 (CV2 = σ2/μ2).  The maximum for CV1 was 66.7% and CV2accounted up to 40%. The 

study showed that ratio samples were generally (> 50 %) normal if CV1 was less than ≈25% at ρ = 

0.30, whereas at ρ=0.75 the same applied if CV1 was less than ≈20% across the whole range of CV2. 

Unwarranted assumptions about normality can have unexpected implications.  It is always 

prudent to check the ratio-numerator and ratio-denominator coefficients of variations and seek 

appropriate data transformation.  The Box-Cox transformation (Box and Cox, 1964) system (
* ( 1) /y y  ), which includes logarithmic transformation when λ=0 (see Dhanoa et al., 2016b 

for consequences of log-transformation), is a good starting point if the ratio sample is not normally 

distributed. The Geary-Hinkley transformation is an alternative and under suitable conditions, makes 

the distribution of the (W=Y/X)approximately N(0,1). Hayya et al. (1975) studied the performance of 

the Geary-Hinkley transformation and concluded that normal approximation is possible using 
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providing that the CV of the denominator, X, is <39% and the CV of the numerator, Y, is >5%.  These 

authors also carried out a Monte Carlo simulation study and found that results were not affected by 

the size of correlationρ.  The confidence interval and standard error of ratio W may be calculated as 

described by Dunlap and Silver (1986). 

Just like the ratio distribution, the product of independent normal variables may be normal 

under certain conditions onlye.g. as the inverse of CV (μ/σ) becomes smaller (Seijas-Macías and 

Oliveira, 2012).Similarly,the sum of dependent normal variables can be non-normal sometimes 

(Holton, 2003). 
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provided that the CV of the denominator,  X, is <39%  
and the CV of the numerator, Y, is >5%. These 
authors also carried out a Monte Carlo simulation 
study and found that results were not affected by 
the size of correlation ρ. The confidence interval 
and standard error of ratio W may be calculated as 
described by Dunlap and Silver (1986).

Just like the ratio distribution, the product of 
independent normal variables may be normal under 
certain conditions only e.g. as the inverse of CV (μ/σ) 
becomes smaller (Seijas-Macías and Oliveira, 2012). 
Similarly, the sum of dependent normal variables 
can be non-normal sometimes (Holton, 2003).

PRACTICAL APPLICATIONS

Possible ratios of measured quantities are too 
numerous to list here but to illustrate the general 
approach for analyses, we have used examples 
from the following three relatively important ratios 
in animal science:
1.	 Omega-6:omega-3 ratio of long-chain 

polyunsaturated fatty acids (LC-PUFA) in beef,
2.	 Nonglucogenic VFA ratio [(acetate + butyrate) 

/ propionate] in rumen contents used in 
ruminant fermentation studies, and

3.	 Digestibility of animal feed components.

1. Omega-6: omega-3 LC-PUFA ratio in beef

Debate about saturated and unsaturated fats 
aside, essential long-chain polyunsaturated fatty 
acids (LC-PUFA), with 18 or more carbons are 
considered to be important in the nutrition and 
wellbeing of humans and animals. Important LC-
PUFA in human diets are discussed by Abedi and 
Sahari (2014) such as α-linolenic acid (18:3n-3), 
docosahexaenoic acid (22:6n-3), eicosapentaenoic 
acid (20:5n-3) and docosapentaenoic acid (22:5n-3) 
and others. Simopoulos (2002) discussed the 
importance of reducing the ratio of omega-6 to 
omega-3 for medical benefits and Harris et al. (2009) 
detailed cardiovascular disease risks of omega-6 
fatty acids. Trees, plants and their products do 
give us sufficient supply of PUFA for our needs. 
Even the products from animals living on humble 
grass add to the supply of PUFAs. GB Health Watch 
list sources of omega-3 and omega-6 fatty acids 

and their effects on chronic diseases and medical 
implications (http://www.gbhealthwatch.com/
Science-Omega3-Omega6.php; 11 January 2018). 
Additional comprehensive description of PUFA 
functionality can be found in Abedi and Sahari 
(2014). As described above, the health and medical 
concerns surrounding the omega-6:omega-3 ratio 
require that meat produced in the UK contains as 
low a ratio as can be achieved through good animal 
nutrition.  For an example of this ratio, we have taken 
meat quality data from beef animals either grazing or 
eating forage-based diets.

a) Grazing cattle

Marley et al. (2018) reported fatty acid 
concentrations in muscle longissimus from beef 
steers (n=18) after grazing a perennial ryegrass 
sward in a 2-year finishing system.  Omega-6 was 
calculated as the sum of 18:2n-6, 20:3n-6, 20:4n-6 
and 22:4n-6 and omega-3 as the sum of 18:3n-3, 
20:4n-3, 20:5n-3, 22:5n-3 and 22:6n-3. Mean 
concentrations of omega-6 and omega-3 were 90.03 
and 86.04 mg 100 g-1 tissue with CV’s of 12.99 and 
7.40%, respectively, and correlation 0.7239. There 
was no evidence of departure from normality in 
omega-6, omega-3 or the ratio (P = 0.066, 0.171 and 
0.897, respectively).

b) Indoor-fed cattle

Warren et al. (2008) reported body 
composition data for animals fed either grass silage 
or a concentrate diet consisting of barley, molassed 
sugar beet pulp, molasses and full-fat soya. Effects 
of diet (concentrate versus silage), breed (Aberdeen 
Angus (AA) versus Hereford (HF)) and slaughter 
age (14, 19 or 24 months) were evaluated. There 
were eight steers on each of these 12 treatments. 
Along with all other carcass composition, long chain 
PUFAs were measured in the longissimus muscle and 
the omega-6 to omega-3 ratio calculated. Apart from 
one treatment (concentrate/AA/24 months), all other 
samples were normally distributed. With increasing 
age, omega-6 concentration increased relative to 
omega-3 and the omega-6:omega-3 ratio was very 
high for all concentrate treatments compared to the 
corresponding silage treatments (Fig. 1). 
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Fig. 1. Dichotomy between concentrate and silage diets when omega-6 versus omega-3 ratios in M. longissimus 
muscle of steers are compared (Warren et al., 2008). Aberdeen Angus and Hereford breeds are denoted by open and 
closed symbols and 14-, 19- and 24-month slaughter ages by circles, squares and triangles, respectively. 
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After visualising the data it was clear that overall analysis of the combined data set for all 

treatment combinations was not possible.  Parameters relating to the distribution of the omega-

6:omega-3 ratio within each of the 12 treatment combinations are given in Table 2.  Both numerator 

and denominator were without exception normally distributed.  With one exception the correlation 

was above 0.7.  The ratio of omega-6:omega-3 was non-normal for only one treatment combination 

and based on data reported by Shanmugalingam (1982)  between 50 and 80% of samples with similar 

CV% values to those observed for Concentrate/HF/24 months would give a normally distributed ratio. 

 

Table 1. Ratio distribution of the PUFA omega-6:omega-3 tested in an experimental study (Warren et al., 
2008) with two diets (concentrate, silage), two breeds (Aberdeen Angus (AA), Hereford (HF)) and three 
slaughter ages (14, 19, 24 months) (n = 8 per treatment combination)
 

Diet Breed Age
CV%

ρ
Normality test#probability

Omega-6 Omega-3 Omega-6 Omega-3 Ratio
Concentrate AA 14 17.6 27.2 0.728 0.629 0.283 0.595

19 25.4 22.6 0.910 0.612 0.311 0.649
24 19.3 16.5 0.820 0.052 0.250 0.025

HF 14 18.3 15.0 0.824 0.520 0.733 0.501
19 16.9 13.2 0.868 0.688 0.615 0.884
24 18.7 24.1 0.788 0.856 0.652 0.053

Silage AA 14 27.1 26.8 0.890 0.289 0.680 0.716
19 28.4 23.1 0.937 0.146 0.161 0.453
24 23.4 21.6 0.972 0.445 0.594 0.740

HF 14 25.9 25.5 0.249 0.966 0.552 0.472
19 27.7 28.9 0.987 0.641 0.634 0.436
24 31.0 29.5 0.993 0.137 0.407 0.658

# Shapiro-Wilk test of normality (Royston, 1993; 1995)

After visualising the data it was clear that overall 
analysis of the combined data set for all treatment 
combinations was not possible.  Parameters relating to 
the distribution of the omega-6:omega-3 ratio within 
each of the 12 treatment combinations are given in 
Table 2. Both numerator and denominator were without 
exception normally distributed. With one exception 

the correlation was above 0.7. The ratio of omega-6: 
omega-3 was non-normal for only one treatment 
combination and based on data reported by 
Shanmugalingam (1982)  between 50 and 80% of 
samples with similar CV% values to those observed 
for Concentrate/HF/24 months would give a normally 
distributed ratio.
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2. 	 Nonglucogenic VFA ratio following in vitro 
fermentation 

Ingested food by the ruminants undergoes 
microbial fermentation in the rumen and important 
products are VFAs which are a major source of energy 
for the animals. The relative pool sizes of the main 
VFAs (acetate, propionate, butyrate, valerate, etc.) 
depends on the type of feed fermented, microbial 
population and the rumen environment. The ratio 
of non-glucogenic VFAs (acetate and butyrate) to 
the glucogenic fatty acid (propionate) is important 
as it is associated with methane production, milk 
composition and energy balance (Morvay et al., 
2011). Glucogenic VFA is the main source of 
glucose production in the animal whilst non-
glucogenic VFAs are precursors for long-chain 
fatty acids in body fat depots. Similarly, VFA are 
end-products formed by microbial fermentation of 
carbohydrates in the hind-gut of herbivore animals 

(e.g., horses). VFA data from an in vitro gas 
production study reported by Murray et al. (2009) 
using the methodology detailed by France et al.  
(1993) and Theodorou et al. (1994) was used to 
give examples of this ratio. Inoculum was derived 
from faeces from horses fed grass hay.  Horses were 
either predisposed to laminitis or clinically normal  
(n = 7 per group) and three substrates, grass hay, 
starch and inulin, were compared. At the end of the 
in vitro incubation of substrates, VFA concentrations 
were determined in the incubation medium. 
Barycentric triangle plots (Aitchison, 1986) (Fig. 2)  
allow us to visualise the relative proportions of 
the three main VFAs but the distribution of any 
ratio between specific VFAs needs to be examined 
prior to further statistical analyses. Table 2 shows 
the parameters needed to test the ratio distribution 
along with normal distribution test of the numerator 
and denominator parts of the nonglucogenic ratio, 
(Ac+Bu)/Pr.
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Fig. 2. Barycentric triangle display of the relative concentrations of the principal VFAs, acetate (Ac), 

butyrate (Bu) and propionate (Pr) following in vitro fermentation of grass hay, starch or inulin using 

inocula derived from faeces from either clinically normal horses or horses predisposed to laminitis. 

 

As expected with either the numerator or denominator or both being non-normal and with the 

high CV% for propionate the nonglucogenic ratios are generally non-normal (Table 2). These results 

suggest that the distribution of the ratios should be examined and the data transformed appropriately 

before further analysis. 
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inoculum derived from the faeces of normal horses and horses predisposed to laminitis (Murray et al., 

2009) 

Laminitis Substrate CV%   ρ Normality test# probability  
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Normal Grass Hay 8.6 39.0 –0.056 0.323 0.038 0.002 
 Starch 30.5 63.9 0.724 0.002 0.397 <0.001 
 Inulin 38.5 81.1 0.070 0.014 0.014 <0.001 
        
Predisposed Grass Hay 15.1 22.2 0.318 0.004 0.379 0.212 
 Starch 15.0 74.1 –0.214 0.808 0.004 0.155 
 Inulin 44.3 120.8 0.638 0.180 <0.001 0.003 
        
Overall  32.8 79.2 0.522 0.015 <0.001 <0.001 

# Shapiro-Wilk test of normality (Royston, 1993; 1995) 
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As expected with either the numerator or 
denominator or both being non-normal and with the 
high CV% for propionate the nonglucogenic ratios 
are generally non-normal (Table 2). These results 
suggest that the distribution of the ratios should be 
examined and the data transformed appropriately 
before further analysis.

3. In vivo digestibility

For proper and target-driven animal nutrition 
it is necessary to establish the relevant quality of 
feedstuff (Blaxter et al., 1956; Raymond, 1969; 
Dhanoa et al., 2008). Feeds can be characterised 
in vitro, in vivo or in situ (Lopez et al., 2005), but 
the reference quality measurements only come 
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from in vivo assessments. The in vivo digestibility 
procedure consists of determination of a) intake 
and b) corresponding voided faecal matter of a feed 
constituent of interest.  Given this information, then 
the whole tract digestibility of a feed component, 
say DM, is the balance between intake and output 
as a proportion of intake i.e. (DM intake – Faecal 
DM output)/ DM Intake. The complement of this 
is indigestibility of a feed component and this is 
simply the ratio of Faecal DM output/Feed DM 

Table 2. Variability and correlation associated with final concentrations of acetate + butyrate (Ac+Bu) and 
propionate (Pr) in incubation medium from an in vitro gas production study using inoculum derived from 
the faeces of normal horses and horses predisposed to laminitis (Murray et al., 2009)

Laminitis Substrate
CV%

ρ
Normality test# probability 

Ac+Bu Pr Ac+Bu Pr (Ac+Bu) / Pr

Normal Grass hay 8.6 39.0 –0.056 0.323 0.038 0.002

Starch 30.5 63.9 0.724 0.002 0.397 <0.001

Inulin 38.5 81.1 0.070 0.014 0.014 <0.001

Predisposed Grass hay 15.1 22.2 0.318 0.004 0.379 0.212

Starch 15.0 74.1 –0.214 0.808 0.004 0.155

Inulin 44.3 120.8 0.638 0.180 <0.001 0.003

Overall 32.8 79.2 0.522 0.015 <0.001 <0.001
# Shapiro-Wilk test of normality (Royston, 1993; 1995)

Table 3. Indigestibility data for various constituents of silage-based diets fed to steers at a near maintenance 
feeding level (n=24) (Sanderson et al., 1992)

Feed component
CV%

ρ
Normality test#  probability

Faeces Intake Faeces Intake Faeces/ Intake

Dry matter 15.9 15.1 0.653 0.035 0.817 <0.001

Organic matter 16.2 14.9 0.652 0.062 0.581 0.001

Neutral detergent fibre 14.8 14.1 0.560 0.015 0.074 0.007

Acid detergent fibre 16.5 13.3 0.652 0.052 0.141 0.018

Nitrogen 16.9 22.8 0.865 0.184 0.886 0.778

Gross energy 16.2 16.8 0.761 0.087 0.459 0.011
# Shapiro-Wilk test of normality (Royston, 1993; 1995)

intake. The distribution of this indigestibility ratio 
will carry animal variability plus other uncertainty 
as in vivo assessment takes some time to complete.

Indigestibility coefficients for various 
components of silage-based diets offered to 
growing steers were calculated using data from a 
trial carried out by Sanderson et al. (1992) (Table 3).  
It is clearly prudent to examine the distribution of 
these indigestibility ratios.
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CONCLUSION

In most scientific disciplines, ratios of 
measured quantities feature prominently. The 
distribution of the ratio of correlated quantities 
depends on its five parameters, the mean and 
variance of both the variables in the numerator and 
in the denominator, and their correlation. Shapiro-
Wilk test of normality (Royston, 1993, 1995) or 
some other test may be used to test the normality 
of ratio samples. If departure from normality is 
indicated, then some suitable transformation can 
be identified using, for example, the Box and Cox 
(1964) transformation system. Examination of the 
three important ratios within this communication 
underlines the need for scrutiny of ratio sample 
distribution in order to ensure further analyses are 
appropriate.

Study of ratios is a means by which two 
interacting measured quantities are convoluted 
into a meaningful entity. However, distributional 
aspects need to be kept in mind when undertaking 
statistical analyses and modelling of the ratio data. 
Growth of components of whole organism generally 
are modelled using the allometric relationship or 
condensed into ratios. Another option would be the 
part-whole relationships using some appropriate 
regression model (Dhanoa et al., 2016). Untested 
distributional assumptions may lead to problems in 
statistical analyses. The outcome of this research is 
of relevance because in scientific pursuit one should 
always ask questions and seek to provide answers 
with evidence.
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ABSTRACT

Present study was conducted in Kandhamal and Boudh district of Odisha to assess the heritability of 
reproduction parameters and genetic association among those traits in its native tract of Ghumusari 
goat. The average age at sexual maturity, weight at sexual maturity, age at first kidding, weight at first 
kidding and kidding interval were 215.15±0.88 days, 11.61±0.03 kg, 384.64±0.98 days, 16.60±0.04 kg 
and 246.29±1.22 days, respectively. Corresponding heritability estimates for the above traits were 
0.32±0.14, 0.21±0.11, 0.22±0.12, 0.17±0.11 and 0.32±0.14, respectively. Season of birth, parity and 
type of birth had no significant effect on any of the reproduction traits in the present study, with respect 
to Ghumusari goats.

Key words: Genetic correlation, heritability, kidding interval, reproduction

INTRODUCTION

There are around 6.5 million goats 
comprising of 32% of total livestock in Odisha 
as per 19th livestock census 2012, undertaken by 
Government of India. Goats in Odisha are meat 
type and are famous for their excellent meat and 
skin quality with high frequency of multiple births 
and less kidding interval (Dash et al., 2011). 
Ghumusari goat is a lesser known meat type breed 
found in Kandhamal and Boudh districts in Odisha 
along with a part of Ganjam district. Knowledge 
on reproductive potential of a meat type animal is 
the guiding force towards developing any breeding 
strategy for genetic improvement. Evaluation of 
economic reproduction traits would help to know 
the extent of genetic diversity present, which may 
be explored for future use in breeding plans. Study 
of the reproduction traits of these populations 
in detail with regard to their inheritance and 
relationship with other economical traits would 
be very beneficial for devising improvement 

programmes. The findings on the inheritance and 
association among the important reproduction traits 
need to be incorporated in selection indices specific 
to the breed or type for improvement of the desired 
traits. 

Age and weight at sexual maturity and at first 
kidding along with kidding interval are the most 
important economic factors, which influence the 
growth, production and reproduction pattern of any 
goat type. Consideration of many economic traits 
to improve at a particular time is the target by all 
the stakeholders. Hence, genetic and phenotypic 
association among such traits of importance needs 
to be kept in mind before designing the breeding 
plan. 

Very limited published information on 
heritability estimates of some reproductive traits 
and degree of association among those in indigenous 
goats of Odisha (Patro et al., 2007; Bariha et al., 
2008; Rao et al., 2009; Dash et al., 2010) have been 
accomplished.
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Keeping in view the above facts, the present 
study was taken up on Ghumusari goat. 

Kandhamal and Boudh districts of Odisha 
are situated between 19o 10’ N to 20o 28’ N latitude 
and between 84o 16’ E to 85o 18’ E longitude, which 
is the native tract of Ghumusari goat. The climate 
is hot and moist sub-humid in nature and comes 
under the North Eastern Ghat agro-climatic zone 
in Odisha. The average maximum and minimum 
temperatures are 38.5o C and 10.2oC observed in 
the month of May and December, respectively. The 
average relative humidity ranges between 36.8 and 
86.4 per cent over the months during the year. The 
average annual rainfall is around 1597 mm.

Indigenous goats were reared only for meat 
purpose. Data on the reproductive parameters of 486 
does, sired by 22 bucks, born during the period of 
2 years (2013 to 2015) in 22 villages of Kandhamal 
and Boudh of Odisha were included.  These goats are 
popular for their longevity and longer reproductive 
life. Kids were naturally weaned at 90 days of age. 
Goats were maintained exclusively under extensive 
system of management; mostly were allowed to 
graze for the entire day (around 8 hours). Dams 
were never milked and kids were allowed to suckle 
fully throughout the lactation length of around 90 
days. 

Data on age at sexual maturity, weight at 
sexual ma turity, age at first kidding, weight at first 
kidding and kidding interval were collected directly 
from farmers’ flocks and further grouped according 
to season of birth, flock size, parity and type of 
birth. The entire year was divided into three seasons 
as S1 for summer (March to June), S2 for rainy 
(July to October) and S3 for winter (November to 
February). Flock size was taken as F1 for small 
flock (<10 heads), F2 for medium flock (>10 to<20) 
and F3 for large flock (>20 heads). Parity as P1 for 
first parity, P2 for second parity and P3 for third 
parity. Type of birth as T1 for single birth, T2 for 
twin birth and T3 for triple birth.

The heritability of economic reproduction 
parameters was estimated by half sib correlation 
method, which is based on phenotypic resemblance 

between relatives as compared to unrelated 
individuals. The recorded data were analysed for 
the estimation of variation between and within sire 
groups and various components of variance were 
worked out (Kempthorne, 1957). As there were 
unequal numbers of offsprings in individual sire 
groups, the average number of progeny per sire (K) 
was worked out by formula:

	     1                  ﴾N — ∑ n2 
i﴿

      K =   ——    x    ———————
	   S - 1                     N
Where,

S = Number of sires
N = Total number of progenies used in the study
∑ = Sum of
ni= Number of observations on the ith sire.

The heritability was estimated by multiplying 
intraclass correlation (t) with the factor 4.

	     σ2s
t = ————————   and  h2 = 4t
            σ2w + σ2s
where,

t     = intraclass correlation
h2   = heritability
σ2s = genetic variation
σ2

w = environmental variation

The data were subjected to least squares 
analysis using model Least-Squares and Maximum 
Likelihood Program (Harvey, 1990) for estimation 
of means along with standard errors, analysis of 
variance, heritability and degree of association 
among reproductive parameters.

RESULTS AND DISCUSSION

Reproductive performance on age and 
weight at sexual maturity and at first kidding along 
with kidding interval influenced by season, flock 
size, parity and type of birth is presented in Table 1.
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Table 1. Least squares means along with standard errors for reproduction traits

Particulars Age at sexual 
maturity (day)

 Weight at sexual 
maturity (kg)

Age at first 
kidding (day)

Weight at first 
kidding (kg)

Kidding 
interval (day)

Overall 215.15±0.88 
(486) 

11.61±0.03  
(486)

384.64±0.98 
(465)

16.60±0.04 
(465)

246.29±1.22 
(422) 

S1
214.39±1.12 

(144)
11.84±0.05 

(144)
385.03±1.11 

(141)
16.71±0.06  

(141)
245.84±2.13 

(128)

S2
213.45±1.08 

(161)
11.72±0.05 

(161)
384.39±1.10 

(156)
16.62±0.05  

(156)
246.56±1.86 

(141)

S3
217.26±0.92 

(181)
11.32±0.04 

(181)
384.54±1.09 

(168)
16.48±0.05  

(168)
246.41±1.78 

(153)

F1
215.21±1.12 

(286)
11.76a±0.05  

(286)
385.56a±1.10 

(278)
16.73±0.05  

(278)
247.21a±1.86 

(263)

F2
215.12±1.12 

(119)
11.62a±0.05  

(119)
384.25b±1.10 

(111)
16.64±0.05  

(111)
246.87a±1.86  

(97)

F3
214.98±1.12  

(81)
11.06b±0.05    

(81)
384.23b±1.10  

(76)
16.45±0.05 

(76)
244.98b±1.86  

(62)

P1
215.66±1.12  

(224)
11.82±0.05  

(224)
385.12±1.10  

(215)
16.84±0.05   

(215)
247.13±1.86  

(202)

P2
215.31±1.12  

(164)
11.73±0.05   

(164)
384.82±1.10  

(155)
16.61±0.05   

(155)
246.48±1.86  

(138)

P3
213.71±1.12  

(98)
10.92±0.05 

(98)
383.26±1.10   

(95)
16.04±0.05  

(95)
243.90±1.86  

 (82)

T1
215.47±1.12  

(288)
11.72±0.05   

(288)
385.12±1.10  

(278)
16.61±0.05   

(278)
246.56±1.86  

(252)

T2
215.23±1.12  

(162)
11.53±0.05   

(162)
384.24±1.10  

(155)
16.60±0.05   

(155)
246.14±1.86  

(148)

T3
212.23±1.12   

(36)
11.09±0.05 

(36)
382.40±1.10   

(32)
16.51±0.05   

(32)
244.20±1.86   

(22)

Figures in parenthesis indicate number of observations. Different superscripts along the column (for a 
factor) indicate significantly (P<0.05) different values. 
Age at sexual maturity

Overall age at sexual maturity was 
215.15±0.88 days. Comparatively higher estimate 
was reported by Rao et al. (2009) for Ganjam goats 
of Odisha, Fahim et al. (2013) for Rohilkhand goats 
in UP and Kharkar et al. (2014) for Berari goats 
of Maharashtra. However, similar results were 
reported by Bariha et al. (2008) and Mohanty et al. 
(2006) for indigenous goats in Odisha.  

Weight at sexual maturity
Average weight at sexual maturity in the 

present study was 11.61±0.03 kg. Similar estimates 
were reported by Bariha et al. (2008) and Paul et al. 
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(2014). However, higher estimate was reported by 
Rao et al. (2009) in Ganjam goats and Yadav and 
Khada (2009) in non-descript goats of Rajasthan.  

Age at first kidding

Overall age at first kidding was found to 
be 384.64±0.98 days in the present study. The 
present finding is in agreement with the report of 
Bariha et al. (2008)) and Faruque et al. (2010) in 
Black Bengal goats. However; higher estimate was 
reported by, Fahim et al. (2013), Patel and Pandey 
(2013) in Mehsana goats, Kharkar et al. (2014)  and 
Kumar et al. (2012) in Sirohi goats. 
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Weight at first kidding

The average weight at first kidding was 
found to be 16.60±0.04 kg in the present study. The 
present finding is in close agreement with the report 
of Bariha et al. (2008) and Haque et al. (2013). 
However, higher values were reported by Rao et al. 
(2009) and Patel and Pandey (2013) in Ganjam and 
Mehsana goats, respectively.

Kidding interval

The present study revealed that the kidding 
interval in Ghumusari goats was 246.29±1.22 days. 
The present finding corroborates with the earlier 
report of Das et al. (2008) in Bengal goats of West 
Bengal. But, higher estimates were reported by 
Haque et al. (2013) and Singh et al. (2009)

Season of birth, parity and type of birth had 
no significant effect on any of the reproductive 
traits in the present study with Ghumusari goats. 
Similar finding was observed for season of birth 
by Paul et al. (2014) for weight and age at sexual 

maturity in Black Bengal goats. However, the 
flock size showed significant effect on some of 
the reproductive parameters. Large and medium 
flocks were found to be significantly different than 
smaller flocks in weight at sexual maturity and 
kidding interval. However, large flock size showed 
significantly different estimates of age at first 
kidding than both medium and smaller flocks. This 
may be due to the fact that, the small flocks with 
less than 10 heads usually do not have a breeding 
buck to move in the flock. In contrary the larger 
flocks often own a buck, hence, the female goat in 
estrus gets successful service at grazing, which the 
female in smaller flock usually miss, resulting in 
delayed days open. 

The heritability estimates of all the 
reproductive parameters in the present study were 
found to be moderate ranging from 0.17 to 0.32, 
indicating existence of substantial additive genetic 
variance in the population and can be utilized for 
improvement of the sought traits (Table 2). 
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Table 2. Heritability, genetic and phenotypic correlations among reproductive traits

  Age at sexual 
maturity

Weight at sexual 
maturity

Age at first kid-
ding

Weight at first 
kidding

Kidding 
interval

Age at sexual 
maturity 0.32±.14 0.71±0.02 0.78±0.01 0.60±0.02 0.27±0.03

Weight at sexual 
maturity 0.34±0.31 0.21±0.11 0.60±0.02 0.63±0.02 0.20±0.03

Age at first kidding 0.95±0.07 0.12±0.40 0.22±0.12 0.71±0.01 0.26±0.03

Weight at first 
kidding 0.41±0.31 0.88±0.16 0.28±0.37 0.17±0.11 0.24±0.03

Kidding interval 0.57±0.25 -0.01±0.37 0.44±0.31 0.13±0.37 0.31±0.13

Values of diagonal are heritability estimates, above diagonal are genetic correlations and below diagonal 
are phenotypic correlations.

The low heritability estimate observed for 
weight at first kidding may be explained by the 
differential nutritional level of the does, resulting 
in a large environmental variation. The heritability 
estimate of age at first kidding was 0.32. This 
result is in close agreement with the findings of  
Haque et al. (2013) in Black Bengal goats, 
Kebede et al. (2012) in indigenous Arsi-Bale goats 

of Ethiopia, Bariha et al. (2008) in indigenous goats 
of Keonjhar and Rao et al. (2002) in Ganjam goats. 
The heritability estimate of kidding interval in the 
present study was 0.31. Lower estimate of 0.06 and 
0.14 was reported by Kebede et al. (2012) in their 
study with indigenous Arsi-Bale goats and Bariha et 
al. (2008) in indigenous goats of Keonjhar district 
in Odisha.
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It was observed that the genetic correlations 
between age at sexual maturity with weight at 
sexual maturity and with age at first kidding were 
0.71±0.02 and 0.78±0.01, respectively. The genetic 
correlations of kidding interval with all other 
reproductive traits were found to be very low. The 
phenotypic correlations of age at sexual maturity 
with weight at sexual maturity and weight at first 
kidding were found to be medium and positive. 
However, a highly positive phenotypic correlation 
of 0.95±0.07 was estimated between age at sexual 
maturity and age at first kidding. 
CONCLUSION

As flocks with more than 10 heads were 
better in reproduction, recommendation may be 
made to rear at least 10 females and a buck to obtain 
optimum efficiency in reproduction. The heritability 
estimates, being moderate, indicated that selection 
for reproduction performance may be done on the 
basis of individual selection with proper nutrition 
and other managemental care. A positive response 
could be expected in almost all traits owing to the 
moderate to high and positive genetic correlations 
among the economic reproductive traits which 
gives a scope for simultaneous selection of more 
than one trait at a time.
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ABSTRACT

Field studies were carried out to find out the efficiency of entomopathogenic bacteria such as Pseudomonas 
fluorescens and Pseudomonas putida in controlling red spider mites infesting tea. Observations were 
also made to find out whether the application of these entomopathogens imparts any taint effect on 
tea. Results of the present study showed that application of powder formulation of P. fluorescens and  
P. putida caused significant reduction of red spider mite population in comparison to the control and the 
leaves treated with entomopathogens have no taint.

Key words: Entomopathogens, Pseudomonas, red spider mites, tea

INTRODUCTION

Tea, Camellia sinensis (L) O. Kuntze is a 
major cash crop in India. Being a monoculture crop, 
it is attacked by an array of insects and mite pests. 
Among them, red spider mite Oligonychus coffeae 
(Acarina: Tetranychidae) is an important pest 
causing considerable crop loss in southern India 
(Muraleedharan et al., 2005; Babu et al., 2008). 
Red spider mite (RSM) management in tea 
mainly depends on the use of synthetic pesticides 
which results in the undesirable effects such as 
proliferation of pesticide resistant generation of 
pests, environmental contamination, presence of 
pesticide residues in made tea and devastation of 
natural enemies (Roobakkumar et al., 2010).

Apart from natural enemies, entomopathogens 
contribute to the natural regulation of many tea 
pests. Several microbes are pathogenic to tea pests. 
Microbial control measures are gradually recognized 
in different tea growing areas under integrated pest 
management to produce pesticide contaminant-
free tea (Aizawa, 1971; Kodomari, 1993; 

Hazarika et al., 2009; Ye et al., 2014). These include 
isolation and identification of virulent native 
entomopathogens in tea ecosystem and evaluation of 
its potentiality against pests in tea plantations. Most 
research on tea red spider mite pathogens deals with 
fungi. Among them, Hirsutella thompsonii Fisher, 
Paecilomyces fumosoroseus (Wize), Verticillium 
lecanii (Zimmerman) and Metarhizium anisopliae 
(Metchnikoff) Sorokin are potential mycoacaricides 
(Muraleedharan, 2001). But for bacteria, only very 
limited information is available on its controlling 
efficiency against mites (Poinar and Poinar, 1998; 
Aksoy et al., 2008). Hence, it may be praiseworthy 
to study the efficiency of bacteria, especially 
Pseudomonas sp., isolated from the soil of tea 
ecosystem against red spider mite.

MATERIALS AND METHODS

Isolation and identification of entomopathogenic 
bacteria 

The soil samples collected from UPASI Tea 
Experimental Farm, Valparai, Tamil Nadu were 
used to isolate the bacteria. Each soil sample was 
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sieved through a one mm mesh sieve, mixed with 
sterile distilled water at a ratio of 1: 10, shaken 
thoroughly on a rotary shaker at 150 rpm at 24–
26 °C for 15 min and serial dilutions (10-2–10-4) 
were prepared. Diluted samples were placed on 
King’s B Agar (KBA) and incubated at 24–26 °C 
for 24–48 h. Identification of bacterial isolates 
was done based on colony morphology and 
fluorescent character, according to the standard 
diagnostic methods (Kiewnick and Sands, 2001). 
Fourteen strains of Pseudomonas were isolated 
during the study and initial screening test was 
conducted against red spider mite in vitro to find 
out its pathogenicity. Among the different isolates 
tested in the screening study, two isolates such 
as P. fluorescens (Gene Bank accession number - 
GQ900589) and P. putida (Gene Bank accession 
number - GQ900590) were found pathogenic to 
red spider mite. Its efficacy against red spider 
mites under laboratory conditions has already 
been reported by Roobakkumar et al. (2011).

Field evaluation of entomopathogens

Micro-plot experiment

To confirm the acaricidal activity of these 
entomopathogens under field conditions, micro 
plot field experiment was conducted. Both P. 
fluorescens and P. putida were formulated into 
wettable powder with the spore load of 108–109 
spores mL-1 following the method adopted by 
Nandakumar et al. (2001) and used for field 
evaluation. The experiment consisted of five 
treatments and each replicated five times. Each 
treatment block consisted of 50 tea bushes. The 
treatments included individual application of P. 
fluorescens, P. putida, Paecilomyces fumosoroseus 
at 1.5 kg ha-1, Metarhizium anisopliae at 1350 
kg ha-1 and water-treated control. Pre-treatment 
assessment was done before spraying by collecting 
15 leaves from 15 bushes at each plot randomly and 
the number of red spider mite was counted. After 
pretreatment assessment, one round of spraying 
was done using knapsack sprayer with a spray 
volume of 450 L ha-1. Post treatment assessment 
was carried out at weekly interval for four weeks 
and mean bio-efficacy was calculated.

Large scale field experiment 

Based on the results of micro-plot experiment, 
large scale field experiment was also carried out at 
one of the tea gardens in the Anamallais for two 
seasons following the standard protocol. The trial 
was conducted in randomized block design with 
five treatments, each replicated five times. Each 
treatment block consisted of 100 tea bushes. The 
treatments included individual application of  
P.  fluorescens, P.  putida, Paecilomyces fumosoroseus 
at 1.5  kg  ha-1,  Metarhizium anisopliae at 1350  mL  ha-1 

and water treated-control.

Pretreatment assessment of red spider mite 
population was carried out before imposing the 
treatment by collecting 25 leaves at random from 
each treatment block and counting the number of 
mites. Spraying was done with a hand operated 
knapsack sprayer using a spray volume of 450 L ha-1. 
Care was taken to drench the bushes for a better 
coverage and control. Post treatment assessment 
of red spider mite populations was carried out at 
weekly interval for a period of eight weeks. To 
avoid possible drift effects from adjacent plots, 
samples were not taken from the edge of the plots. 
All the data collected were subjected to analysis of 
variance.

Studies on phytotoxicity of entomopathogens to 
tea leaves and tainting of tea

Two other field experiments were also 
carried out to find out whether the application of 
entomopathogens causes any phytotoxic injury 
to tea plants and impart any taint to tea samples 
manufactured from the treated leaves. The treatments 
were such as P. fluorescens and P. putida at 1.5 kg 
ha-1 and control. Spraying was done with hand 
operated knapsack sprayer with the spray volume 
of 450 L ha-1. The control plots were sprayed with 
water. Observations on phytotoxic symptoms such 
as injury on leaf tip, leaf surface, wilting, necrosis, 
vein clearing, epinasty or hyponasty were carried 
out on day 1, 3, 5, 7, 10 and 15 after application. The 
scales used for evaluating phytotoxic symptoms 
were based on the kind of change in the appearance 
of tea leaves. To study whether the application of 
entomopathogens imparts any taint, tea leaves were 
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harvested on day 5, 7, 10 and 14 after spraying and 
processed separately in a mini CTC (crush, tear and 
curl) machine for making black tea. Then the black 
tea samples were sent to professional tea tasters for 
assessment on taint (if any).

RESULTS AND DISCUSSION

The results revealed that percentage 
reduction of red spider mite population was higher 
in the plots treated with P. fluorescens and P. 
putida when compared to the control plots (Fig. 1). 
Results on the two large scale RBD field trials 
(Season I and II) are presented in Tables 1 and 
2.  A maximum of three rounds of spraying have 
been carried out during the experimental period. 
The results clearly indicated that application of 
powder formulation of P. fluorescens and P. putida 
caused significant reduction of red spider mite 
population in comparison to water-sprayed control 
plots. Moreover, the efficacy achieved in the 
treatment of P. fluorescens was on a par with the 
standard treatment using the commercial powder 
formulation of P. fumosoroseus. Similarly, the talc-
based formulation of entomopathogenic bacteria, 
P. fluorescens was tested under field conditions 
and found effective in controlling leaf folder pest 

(Saravanakumar et al., 2008). Hence, it will be a 
promising option to use this entomopathogenic 
bacterium against red spider mites under field 
conditions. 

The results of the phytotoxicity study 
revealed that the application of entomopathogens  
(P. fluorescens and P. putida) did not show any 
phytotoxic symptoms and the score values were 
recorded to be zero for all the treatments. The results 
on the taint study showed that the tea sample made 
from the leaves treated with entomopathogens had 
no taint. 

CONCLUSION

The present study revealed the efficiency 
of the powder formulation of  Pseudomonas 
fluorescens and P. putida in controlling red spider 
mite population and the leaves treated with 
entomopathogens have no taint. These are desirable 
characteristics for incorporating entomopathogens 
as microbial pesticides in the spraying schedule of 
red spider mite in tea plantations of south India. 
Further studies are needed to find out the effect of 
these entomopathogens on the natural enemies in 
tea ecosystem. 

 

T1- P. fluorescens@ 1.5 kg ha-1; T2- P. putida @ 1.5 kg ha-1;T3- P. fumosoroseus @ 1.5 kg ha-1; 

T4- M. anisopliae @ 1350 ml ha-1; T5- Control 

Fig. 1. Micro plot evaluation of powder formulation of P. fluorescens and P. putida against red spider mite
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Fig. 1. Micro plot evaluation of powder formulation of Pseudomonas fluorescens and P. putida against red spider mite
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ABSTRACT

This research was objectively conducted to assess forest carbon content by applying different 
estimation methods and develop forest carbon factor equations for Shorea robusta, Terminalia alata 
and Pinus roxburghii. Thus, Kailash (Bardia), Janakalyan (Surkhet) and Nyureswoti (Dailekh district) 
Community Forests (CFs) were selected as research site. Map of CFs was prepared. Altogether 41 
nested sample plots were randomly established to collect data. Height and diameter at breast height 
(DBH) were measured. Out of data of 411, 128 and 139 healthy plants of S. robusta, T. alata and  P. 
roxburghii, measured, data of 246, 79 and 91 respective plants were used to develop carbon factor 
equation and remaining data were used for validation purpose. Soil samples were collected from 
0-10, 10-20 and 20-30 cm depths. Biomass was calculated using equations by Chave et al. (2005),  
Sharma and Pukkala (1990) and Community Forest Inventory Guideline (CFIG). Three carbon factor 
equations were developed for these plant species. The R2 values of equations showing carbon and 
DBH for S. robusta, T. alata and P. roxburghii were 0.996, 0.998 and 0.997, respectively, whereas 
the respective values of RMSE were 0.387, 0.160 and 0.374.  The values of RSR for S. robusta, T. 
alata and P. roxburghii were 0.00015, 0.000987 and 0.000364, respectively while the values of 
PBIAS for Shorea robusta, Terminalia alata and Pinus roxburghii were 0.016, -0.015 and -0.040.  
Therefore, the performance of carbon factor equation will be good. Above ground tree carbon for S. 
robusta was found to be highest in Kailash CF with 148.74 t ha-1 using equations by CFIG and soil 
carbon was 36.33 t ha-1 in Nyureswoti CF. The litter, grazing and fire are major influencing factors on 
retention of forest carbon.

Keywords: DBH, height, carbon factor, soil carbon, fire, grazing, litter

INTRODUCTION 

Climate change is now a global issue but  this 
is mainly attributed directly or indirectly to human 
activity (IPCC, 2006). The global temperature has 
been increasing by 0.3oC to 0.6oC since the 19th 
century. Similarly, the rising record of temperature 
was 0.2oC to 0.3oC over 1960- 2000 (Xiaodong  and 
Baode, 2000; Volkova  et al., 2015). The plants have 
been playing a significant role to mitigate and adapt 

to adverse impacts of climate change (IPCC, 2013). 
The global forests contain 638 Gt C (FAO, 2005) 
which is the major reservoir of carbon. The forests 
help to keep the balance between atmosphere and 
earth (Post and Kwon, 2000).

Globally, United Nation Framework 
Convention on Climate Change (UNFCCC) and 
Intergovenrmental Panel on Climate Change (IPCC) 
have been taking the attention of conference of the 
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parties for precise estimation of forest carbon. In 
this context, some countries like India, Bhutan, 
Sri Lanka and China have good data set, regular 
inventory and accounting and application precise 
allometric regression equation (Chave et al., 2005). 
However, some countries like Nepal, Pakistan and 
many other countries have gaps of regular forest 
inventory data set and precise regression equation 
(Sharma and Pukkala, 1990). Thus, countries like 
Nepal has been estimating the forest carbon using 
different types regression. Application of different 
forest carbon estimation methods obviously can 
create the confusion for local researchers. In 
fact, the quality estimation of forest carbon is 
apparently needed for carbon trade. The quality 
estimation depends upon the standard methods 
applied to quantify the forest carbon. The standard 
methods are that types of technology which can 
assure the quality estimation of forest carbon. So, 
a standardization of forest carbon estimation is 
needed for Nepal. This is only possible after the 
comparison of values estimated by using different 
types of equation. This paper can be milestone to 
solve this important issue. 

In fact, the IPCC good practice guideline 
(2006) focuses on the Biomass Expansion Factors 
(BEF) and activity data for the estimation of forest 
carbon. The expansion factors depend upon the 
precise method of biomass or carbon calculation. 
The precise estimation of carbon is not an easy task 
in developing countries like Nepal. Its direct effect 
is on implementation of REDD+. In this context, 
the reliable carbon factor equation is needed to 
maintain the precision in carbon calculation.  This 
study is initiated to determine  forest carbon factor 
of Shorea robusta, Terminalia alata and Pinus 
roxburghii and thus  aims to assess and compare the 
carbon status, find the carbon factor of S. robusta, 
T. alata, and P. roxburghii as well as the factors 
affecting the carbon stock.

MATERIALS AND METHODS

Kailash Community Forest at Thakurbaba 
Municipality-5, Bardia (28o 20' to 28o 58' N, 
80o 59' to 82o 2' E representing 168 to 185 m); 
Janakalyan Community Forest at Barahatal Rural 

Municipality-8, Surkhet (28o 07'  to 28 o 39' N, 
81o 03' to 81o 41' E having 516 to 754 m) and 
Nyureswoti Mananchaur Community Forest at 
Mahabu Rural Municipality-2, Dailekh (28o 35' to 
29 o 08' N, 81o 25' to 81o 53' E having 794 to 1002 m)  
of Nepal were selected for this study. The dominant 
plant species were Shora robusta, Terminalia 
alata, Adina cordifolia, Acacia catechu and Pinus 
roxburghii in Bardia, Shurhet and Dailekh districts, 
Nepl (CBS, 2016). 

Sampling method and data collection

The stratified random sampling was 
applied to carry out the research based on species 
dominance particularly S. robusta, T. alata, and 
P. roxburghii. The preliminary visit was done to find 
the dominance of species and diameter distribution 
of the plant. The participatory map was prepared 
to show stage of the plant like seedling, sapling, 
pole, and tree in the forest. The map of the study 
area was prepared using GPS coordinates collected 
from the field. The grid having 100×100 m2 set was 
prepared using fishnet function and overlaid on the 
map. Later, the coordinates of sample plots were 
uploaded in GPS to establish in the field (Huisman 
and de By, 2001). 

Total 41 sample plots were distributed 
randomly to collect the data from the community 
forests. Specifically 11, 15 and 15 plots were 
established in Kailash, Janakalyan and Nyureswoti 
Mananchour CFs respectively. The nested sample 
plots were laid in the field having size of 20 m × 
25 m, 10 m × 10 m, 5 m × 5 m and 2 m × 5 m 
for tree, pole, sapling and seedling respectively. 
The height and diameter at breast height (DBH) 
of trees, poles and regeneration were measured in 
the plots. These were measured in such way that 
at least 2 plants were selected from each diameter. 
Thus, total 411, 128 and 139 plants of S. robusta,  
T. alata and P. roxburghii respectively were 
measured. Additionally, sample of sapling having 1 
<DBH> 5 cm were harvested and their fresh weight 
was noted. The soil samples were collected from 0-10, 
10-20 and 20-30 cm depths (Chabbara et al., 2002).  
The plot wise factors affecting the carbon were 
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collected from the field observation. 

Data analysis

Three methods were applied to estimate 
plant biomass. 

i. Biomass estimation using Chave et al., 
(2005), Biomass (kg) = 0.0509×ρ×(DBH)2×h 

Whereas ρ is the wood density, DBH and 
H are diameter at breast height and total height 
respectively (limitation DBH upto 5 cm).

ii. Stem volume equation of Sharma and 
Pukkala (1990)

ln(V)=-2.4554+1.9026 ln(DBH)+0.8352 ln(h for 
Shorea robusta,

ln(v)=-2.4616+1.8497 ln(DBH)+0.88 ln(h) for 
Terminalia alata,

ln(V)=-2.9770= 1.9235 ln(DBH) + 1.0019 ln(h) for 
Pinus roxburghii

Where a, b and c are constant and DBH is diameter 
at breast height, h is total height of plant and V is 
the volume of the tree. 

iii. Stem volume equation by community forest 
inventory guideline ((DoF, 2004)
Volume = π×D2×h×ff/4 

The calculated volume using method (ii) 
and (iii) was converted into biomass multiplying 
by wood density. Branch and leaves biomass 
was calculated using species wise default value 
multiplying factor of shoot biomass. The default 
value was used to calculate the branch biomass 
specifically of small (DBH < 28 cm), medium 
(DBH =28 – 53 cm) and large (DBH > 53 cm) 
plants were 0.055, 0.341 and 0.357 respectively for 
S. robusta while this value was 0.4 of all size plants 
for T. alata and P. roxburghii. The leaf biomass 
was calculated using default value 0.01 to all size 
wood for S. robusta. However, the default values 
were 0.07, 0.05 and 0.04 to calculate leaf biomass 
of small, medium and large wood respectively for 
T. alata and P. roxburghii  (FRA/DFRS, 2014). 
The root biomass was 0.25 of shoot biomass 
thus estimated total biomass is the sum of stem, 
branch, leaves and root biomass. The biomass was 

converted into carbon using the conversion factor 
0.47 (IPCC, 2006).

Data analysis of soil carbon

Soil carbon content was analyzed by Walkley and 
Black method (Walkley and Black, 1958).  

Bulk density (BD g cc-1) = (oven dry weight of 
soil)/(volume of soil in the core) 

Soil carbon = Organic carbon content (%) × soil 
bulk density (kg cc-1) × thickens of the soil horizon

Statistical analysis

Normality test was applied using the 
Shapiro–Wilk, and Kolmogorov-Smirnov tests to 
examine the data particularly diameter at breast 
height (DBH), height (ht) and carbon. Then the 
regression equation (log) was developed to show 
the relationship between DBH and height. Then, 
regression equation (power) was established to 
find the carbon factor equation for all plant species. 
The significance of allometric equations was tested 
applying F-test (ANOVA) and t-test. The validation 
of the carbon factor equation was done comparing 
the predicted value and true carbon value applying 
Root Mean Square Error (RMSE), the ratio of 
RMSE to the standard deviation (RSR) and percent 
bias (PBIAS) (Kothari, 1990). 

RMSE=√(Σ(Xobs-Xpre)^2/n)

Where X obs is observed value and X pre is pre-
dicted value 
RSR =(RMSE )/(Stand deviation of observed data)
PBIAS=(∑(Xobs-Xpre)×100)/(∑Xobs)

Meanwhile estimated carbon status in 
community forests applying different methods was 
compared applying One-way ANOVA and factors 
affecting the forest carbon were examined using 
principal component analysis (PCA; Kothari, 1990).

RESULTS AND DISCUSSION

Above and below ground carbon status 

The highest above ground tree carbon 
calculated by Chave et al.  (2005),  Sharma and 
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Pukkala (1990) and CFIG for S. robusta was found 
to be 135.66, 122.89 and 148.74 t ha-1, respectively 
while below ground tree carbon calculated by 
Chave et al. (2005), Sharma and Pukkala (1990) and 
CFIG was found to be 33.92, 30.72 and 37.18 t ha-1  
respectively in Janakalyan community forest (Table 1). 

The reason of the highest total carbon of 
S. robusta in Kailash community forest was high 
density of plants. The large sized plants were more 
in the community forest.  The higher density of large 
size plant obvious will have high carbon stock. The 
estimated carbon stock was about 55.65 t ha-1 of 
S. robusta in Terai (FRA/DFRS, 2014) Estimated 
carbon stock of S. robusta was 52.31, 44.87 and 
35.93 t ha-1 in Gadhanta-Bardibash, Tuteshwarnath 
and Banke Maraha Collaborative Forests  
(Mandal et al., 2016). A comparative study done 
by Pandey and Bhusal (2016) showed that the total 
carbon stock in the CFs in Hills and Terai were 
found to be 234.54 and 479.29 t ha-1  respectively 
of S. robusta. The carbon stock density in CF in 
Terai was found to be higher (384.20 t ha-1) than 
in Hills (123.15 t ha-1 ). The carbon stock in the 
community forest of study areas was quite similar 
to the value of report of DFRS, but it was differed 
in collaborative forests. The reason behind the 
similarity and differences in carbon stock was due 
to variation in stock density, size of the plants and 
soil condition. The soil is generally more fertile in 
Terai in comparison to Hill (Jackson, 1994).

The above ground carbon of T. alata was 
the highest around 45.33 t ha-1 in  Janakalyan 
community forest since there was higher density 
of tree, pole and sapling. The report showed about 
27 t ha-1 of T. alata in Terai (FRA/DFRS, 2014).  
Similarly, a study done by Mini and Rao (2011) 
indicated that age of the stand having 18-75 years 
would have carbon stock 34.30-97.86 t ha-1. So, 
the result of this research is compatible with other 
studies as well. The carbon in P. roxburghii was 
found to be higher in Janakalyan CF (50.26 t ha-1) 
because of higher number of plants ha than it in 
Nyureswoti Mananchour CF (11.57 t ha-1) (Table 1). 

Specifically, variation in maximum and minimum 
above ground carbon stock in Kaleri CF in Kavre 
district, Nepal was 53.58 t ha-1 (Mandal et al., 
2017a). The value of carbon stock was similar with 
this research. The similarity might be due to same 
types of biotic and abiotic factors.

Status of tree, pole, and sapling in forest

A total number of trees in Janakalyan, Kailash 
and Nyureswoti Mananchour CF was found to be 
249, 68, 51 respectively. Similarly, number of poles 
in respective CFs was found to be 1222,430 and 479 
respectively. Status of regeneration in Janakalyan 
was very good compared to that of other (Table 2).

Soil carbon in different altitudinal gradient

Total soil carbon was found to be 29.361, 
36.33 and 21.953 t ha-1 in Janakalyan, Kailash 
and Nyureswoti Mananchour CFs respectively. 
Kailash CF possesses the highest quantity of soil 
carbon stock since soil microbial activities were 
the highest (Table 3). The estimated records of soil 
carbon were 31.46 and 28.36 t ha-1 in Shreepur 
Public Plantation (PP) and Sita Community 
Planted Forest (CPF) respectively in 0-10 cm  
(Mandal et al., 2017b). The soil carbon of Ratmate 
lease hold forest was 37.89 t ha-1 (2012), the 
value was close to the value of Kailash CF. The 
carbon stocks depend up on the stage of the plants, 
practices and silvicultural operations (agroforestry) 
adopted, site quality and microbial activities in the 
soil (Oren et al., 2001; Mini and Rao, 2011). The 
soil carbon in Terai forest was reported 33.66 t ha-1 
(FRA/DFRS, 2014), which was about to similar the 
record of soil carbon of Janakalyan CF. 

Comparison of mean carbon values

One way ANOVA was applied to test the 
significant difference in mean carbon calculated 
using three different methods particularly Chave 
et al., Sharma and Pukkala and CFIG. The P-value 
for assessment of carbon stock of S. robusta,  
T. alata and other species (P. roxburghii) was 0.936, 
0.877 and 0.792, respectively. Therefore, there is 
no significant difference in assessment of carbon at 
95% confidence level using three different methods.  
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Table 2. Status of number of tree, pole, sapling, and seedling per ha in community forests

Janakalyan CF Kailash CF Nyureswoti Mananchour CF

Species 

Tree

Pole

Sapling 
(>5 cm

)

Sapling 
(<5 cm

)

Seedling

Tree

Pole

Sapling 
(>5 cm

)

Sapling 
(<5 cm

)

Seedling

Tree

Pole

Sapling 
(>5 cm

) 

Sapling 
(<5 cm

) 

Seedling

Shorea 
robusta 63 550 467   1000 58 260 1320 360 1100 37 379 314 1000 1200

Terminalia 
alata 27 100 333 67 1333 4 30 40 40 2200

Pinus 
roxburghii 36 489 578 133 1232           11 29     1100

Other spp. 123 83 333 133 900 6 140 360 2100 3 71 143 114 2300

Total 249 1222 1711 333 4465 68 430 1720 400 5400 51 479 457 1114 4600

Table 3. Soil carbon status (t ha-1) in different soil depths in community forest depths

Soil depth (cm) Soil carbon status in community forests

Janakalyan CF Kailash CF Nyureswoti Mananchour CF

0 to 10 14.41 14.63 10.43

10 to 20 8.84 10.99 6.47

20 to 30 6.11 10.71 5.05

Total 29.36 36.33 21.95

Relationship between DBH and height

The Carbon factor equations depend upon 
the relationship between DBH and height. The 
correlation between DBH and height is prerequisite 
to prepare the carbon factor equation. 

The equation for S. robusta, T. alata and 
P. roxburghii was developed based on height and 
DBH. The equations are H = -12.288 + 9.748 × 
log (DBH), The values of R2 in the equations of 
S. robusta, T. alata and P. roxburghii showed 

higher performance with the values 0.789, 0.756 
and 0.809 respectively. The P- values of F-test and 
t-test showed that there was significant relationship 
between DBH and height of the plant (Table 4). The 
biometric characteristics are very important in the 
modeling (Tuominen et al., 2010; Weiskittel et al., 
2011). In fact DBH and height are the main 
dimension in carbon model development since 
there is a very good relationship between 
DBH and height (Legates and McCabe, 1999;  
Tamrakar, 2000).

CARBON FACTOR EQUATION
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Table 4. Equations showing diameter at breast height and height of plant

Species Equations R2 Significant 
F (P-value)

 Significant 
t-test (P-value)

Shorea robusta H = -12.288 + 9.748 × log(DBH) 0.790 0.000 0.000

Terminalia alata H= -15.305 + 10.738 × log(DBH) 0.759 0.000 0.000

Pinus roxburghii y = -18.689 + 11.389 × log(DBH) 0.811 0.000 0.000

Carbon factor equation for three species

The result showed that the carbon factor 
equations are C = 0.1025 (DBH)2.653. The R2 
values of equations showing carbon and DBH for 
S. robusta, T. alata and P. roxburghii were found to 

Table 5. Equations for estimating carbon factor for three species

Species Equations R2 Significant 
F (P-value)

Significant 
t (P-value)

Shorea robusta C = 0.1025 (DBH)2.6531 0.996 0.000 0.000

Terminalia alata C = 0.2624 (DBH)2.4742 0.998 0.000 0.000

Pinus roxburghii C = 0.1095 (DBH)2.6606 0.997 0.000 0.000

Validation of carbon factor equation

The values of RMSE for S. robusta, T. alata 
and P. roxburghii were found to be 0.387, 0.160 
and 0.374 respectively. The values of RSR for  
S. robusta, T. alata and P. roxburghii were 0.00015, 

Table 6. RMSE, RSR, and PBIAS for equations of Shorea robusta, Terminalia alata and Pinus roxburghii 

Species RMSE RSR PBIAS

Shorea robusta 0.387 0.00015 0.016

Terminalia alata 0.160 0.00099 -0.015

Pinus roxburghii 0.375 0.00036 -0.040

be 0.996, 0.998 and 0.997, respectively (Table 5).  
The modeling of forest carbon is completely 
depend upon the biophysical characteristics of the 
plant like DBH and height (Salimon et al., 2011; 
Vargas-Larreta, et al., 2017). 

0.000987 and 0.000364 respectively (Table 6) 
while the values of PBIAS for S. robusta, T. alata 
and P. roxburghii were 0.016, -0.015 and -0.040. 
Thus, the performance of carbon factor equation 
will be good since the estimated values of RMSE, 
RSR and PBIAS were very low. 
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Factors affecting carbon stock in community 
forests

There were eight factors affecting the 
carbon stock in Nyureswoti, Janakalyan and 
Kailash community forests. They were mainly fire, 
grazing, litter, trail, erosion, lopping, climber and 
encroachment. Out of that three factors like  fire, 
grazing and litter were prime factors affecting the 
carbon stock in the community forest. The Scree 
plot showed that the fire and grazing were dominant 
factors affecting the carbon stock in two community 
forests except in Kailash CF (Fig. 1). The Kaiser-
Meyer-Olkin (KMO) measure of sampling 
adequacy showed the value 0.532, 0.452 and 0.462 
in Nyureswoti, Janakalyan and Kailash community 
forests respectively . At the same time Bartlett's test 
of Sphericity showed significant result at 5% level 
of significance.

The carbon stock was affected due to several 
factors. Overall, fire was the most prominent 
cause in all community forests followed by litter. 
In fact, intentional fire was general cause of the 
forests carbon loss. The report of DFRS (2015) also 
showed that grazing as the most disturbing factor 

in carbon stock. The report published on drivers of 
deforestation and forest degradation showed illegal 
logging, grazing and fire were the main drivers 
of carbon loss (Geist and Lambin, 2001). Other 
studies also justified that the fire, litter (fuel mass), 
grazing and natural hazardous are the major causes 
of carbon loss in community managed forests in 
Nepal (Achard et al., 2002; Baral et al., 2008).

CONCLUSION AND RECOMMENDATION 

Carbon status of tree, pole and sapling were 
calculated using equations of Chave et al., Sharma 
and Pukkala and Community forest inventory 
guideline showed differences but not statistically 
significant. The carbon factor equation of Shorea 
robusta, Terminalia alata and Pinus roxburghii 
were developed. The principle component analysis 
showed fire, grazing and litter (fuel for fire) are 
influencing factors on carbon stock. The research 
will be useful for scientific community and policy 
makers. Thus, it is recommended to carry out the 
similar tasks in other parts of of Nepal since the 
micro climate may affect the carbon status and 
carbon factor equations. 

Fig. 1 : Screeplot showing the factors afecting the carbon stock in community forests CONCLUSION AND RECOMMENDATION 

Carbon status of tree, pole and saplingwere calculated using equations of Chave et al., Sharma and 
Pukkala and Community forest inventory guideline showed differences but not statistically 
significant. The carbon factor equation of Shorea robusta, Terminalia alata and Pinus roxburghii
were developed. The principle component analysis showed fire, grazing and litter (fuel for fire) are 
influencing factors on carbon stock. The research will be useful for scientific community and policy 
makers. Thus, it is recommended to carry out the similar tasks in other parts of of Nepal since the 
micro climate may affect the carbon status and carbon factor equations. 
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ABSTRACT

A green house study was conducted at the Department of Agricultural Microbiology, College of 
Agriculture, IGKV, Raipur during 2015-16 to assess the response of legume tree seedlings (Acacia nilotica) 
to Rhizobium and PSB inoculation and to assess the influence of inoculation on biologically fixed 
nitrogen. The treatments were inorganic fertilization only, inoculation with Rhizobium, PSB alone and 
along with 25 per cent N including control. Dual inoculation of A. nilotica with Rhizobium and PSB 
along with 25 % nitrogen recorded significantly higher dry biomass accumulation (7.66 g per plant 
and 4.41 g per plant in shoot and root respectively at 90 days after planting (DAP). Nitrogen uptake 
by A. nilotica significantly increased from 40.19 mg per plant at control to 104.74 mg per plant at 
Rhizobium +PSB + 25 % N. However, maximum extra N gain was 64.55 mg per seedling over control 
and 37 per cent increase in shoot dry biomass accumulation at 90 DAP were obtained due to dual 
inoculation + 25 % N applied in A. nilotica. The more microbial population in rhizosphere soil was 
established by inoculation effect of legume tree. Dual inoculation along with addition of 25 % nitrogen 
was significantly effective in enhancing growth performances and N fixation in Acacia nilotica.

Key words : Acacia nilotica, biomass and N fixation, PSB, Rhizobium 

INTRODUCTION

Acacia nilotica, commonly known as Indian 
Gum-Arabic Tree and locally ‘Babul’ is one of the 
important nitrogen fixing tree (NFT) species that 
belongs to family Fabaceae, sub-family Mimo 
soideae. This species provides nutritious fodder 
for livestock, firewood for local people and wood 
for a variety of purposes (Sarr et al., 2005). Due 
to nitrogen fixing ability and fast rate of litter 
decomposition, they also help in ameliorating the 
soil, so improving soil health (Basu et al., 1987). 
Successful establishment of NFTs in plantation 
programme is possible through the production 
of high quality tree seedlings at nursery levels. 
For successful planting, seedlings must access 
sufficient nutrient from the soil and compete with 
others. Therefore, it is important to produce quality 

seedlings by inducing morpho-physiological 
changes in the plants for making them competent 
enough to bear the shock of field planting and 
enhancing their productivity.

Excessive application of nitrogenous 
fertilizer is not only uneconomical, but also 
adversely affects the environment and crop quality 
(Tandan, 2000; Arun et al., 2007). This necessitates 
use of biological sources of nutrient for sustainable 
production and better soil health. Thus, the 
influence of NFTs in soil N management should be 
given attention. Being leguminous tree, it enhances 
soil fertility by maintaining the N balance in soil 
through its association with effective rhizobia 
and also sufficient fall of senescing leaves. The 
effects of rhizobial and PSB inoculation on growth 
and nodulation of some important forest legumes 
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have been studied indicating tremendous potential 
of these biofertilizers in improving plant system 
(Totey et al., 2000). Consequently, systematic 
inoculation of nursery seedlings with local strains 
of micro organism capable of forming an effective 
symbiosis with the plant is recommended. There 
were several previous reports dealing isolation 
and application of beneficial microbes, either 
individually or combined, to assess their effects on 
the growth and biomass production of several trees 
(Kumar et al., 2013; Bhagat et al., 2014). 

Therefore, the present investigation was 
carried out to isolate and evaluate the Rhizobium sp. 
and PSB from A. nilotica nodules and rhizosphere 
soils of A. nilotica and applying these inoculants 
in nursery alone and in combination with nitrogen 
for improving growth performances and N uptake 
above all for the production of healthy seedling 
stocks and productive plantation. 

MATERIALS AND METHODS

A green house experiment was conducted 
at Department of Agricultural Microbiology, 
Indira Gandhi Krishi Vishwavidyalaya, Raipur 
(Chhattisgarh) during kharif 2015-2016 with 
Acacia nilotica. The experiment was laid out 
in complete randomized design (CRD) with six 
treatments replicated four times. Treatments in 
the experiment included T1-Control, T2-Inorganic 
Fertilization (N, P, K as 1.5:1:1 g urea, SSP, MOP 
per seedling), T3-Rhizobium inoculation, T4-PSB 
inoculation, T5-Rhizobium+ 25% N, T6-Rhizobium 
+ PSB + 25% N.

Isolation and inoculum preparation

Rhizobium was isolated from fresh nodule 
from nodulated A. nilotica plant grown locally and 
pure culture was identified by streaking selected 
colonies on the YEMA (Yeast Extract Mannitol Agar ) 
media. The isolated Rhizobium was multiplied and 
a single discrete colony was transferred to YEMA 
slant to maintain the isolate (Vincent, 1970). Culture 
broth was prepared by inoculating in sterilized 
YEM (Yeast Extract Mannitol) media and shaken 
for seven days.

Soil samples were collected to a depth of 30 cm 
from rhizosphere soil from A. nilotica grown locally 
for the purpose of isolation of PSB. The appearance 
of clearing zone around bacterial colonies after 96h 
of growth at 30oC was used as indicator for positive 
phosphorus solubilization. To prepare the culture 
suspension PSB were inoculated in sterilized 
Pikovaskya’s broth in conical flask incubated 
respectively at pH (7.0) and temperature at 28 ± 2o C 
for 48 hours and then were kept on a rotary shaker 
for seven days. These cultures were then used for 
inoculation treatment (Subba Rao, 2000).

Transplantation, observation and statistical 
analysis 

A well mixed 5 kg mixture of soil, sand and 
compost in 3:1:1 ratio was filled in each polythene 
bag (12” × 10” size). The soil of the experimental 
site was vertisol having pH 7.6, organic carbon  
6.3 g kg-1 soil, mineralizable nitrogen status  
(204.4 kg ha-1), low in available (Olsen’s) 
phosphorus content (11.6 kg ha-1), but higher in 
status with respect to available potassium content 
(416 kg ha-1). The analysis was done as per Page et al.  
(1982). In initial soil Rhizobium population per g 
of soil was found 1.4 × 105 and PSB population in 
initial soil sample was 1.1 × 103.

Seeds of Acacia nilotica collected from 
naturally grown area of A. nilotica were allowed 
to germinate in trays containing field soil and sand 
(2:1) and then uniform seedlings of 15 days old 
were selected for experiment purpose. Experimental 
site Raipur is situated in plains of Chhattisgarh 
at 20o 16’ N latitude and 81o 36’ E longitude with 
an altitude of 289.6 meter above mean sea level. 
After inoculation with matured broth of A. nilotica 
– Rhizobium and PSB as per treatments, seedlings 
were transplanted so that a single healthy seedling 
was maintained in each polybag. In uninoculated 
pots, seedlings were dipped in same amount of 
nutrient broth but not inoculated with Rhizobium 
and PSB. Nitrogen through urea was given in water 
soluble form after seven days of transplantation of 
seedlings as per treatment description. Phosphorus 
and potassium were applied commonly to all 
polybags through SSP and MOP respectively. 

INOCULATION EFFECT IN ACACIA NILOTICA
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For inorganic fertilization, nitrogen, phosphorus 
and potassium were applied to polybags through 
urea, SSP and MOP respectively in water soluble 
form to the soil in polybag as per treatment. The 
seedlings were allowed to grow up to 90 days. Other 
package of practices were uniformly adopted in all 
the treatments for growing healthy crop. Seedling 
biomass accumulation and N uptake by plants after 
harvest on four randomly selected plants were 
recorded in each treatment. The dry weight was 
recorded after drying in the hot air oven at 70°C to 
constant weight. N concentration in shoot and root 
vis-a-vis their uptake by seedlings were analyzed 
following the standard procedures outlined by  
Page et al. (1982).

Population dynamics of Rhizobium and PSB 
in rhizosphere soil of pot grown A. nilotica were 
recorded after harvest of plant. The operation 
of making serial dilutions, setting of plates and 
inoculation with appropriate media was done in 
sterilized atmosphere of laminar flow.

Number of Rhizobium or PSB per gram of oven dry 
soil

        No of colony forming units (cfu) × dilution
=  

Dry weight of 1 g moist soil sample × aliquot taken
All observations were statistically analyzed 

using analysis of variance for completely 
randomised design. The significant difference was 
tested through F-test at 5% level of significance 
(Panse and Shukhatme, 1978).

RESULTS AND DISCUSSION
Biomass accumulation

The data on oven dried shoot biomass and 
root biomass are given in Table 1 and the total 
biomass per seedling in Fig. 1. Significantly higher 
biomass yield was recorded with the application of 
Rhizobium + PSB inoculation along with 25% N 
(7.66 per seedling respectively as shoot dry biomass) 
over rest of the treatments. Significantly lower 
biomass accumulation of 5.58 g per seedling were 
recorded by the control in shoot dry biomass than all 
other treatments. There was an increase of 37 % dry 
biomass in shoot with Rhizobium + PSB + 25 % N over 

control. Similar results were reported by Chauhan 
and Pokhriyal (2002) in Albizzia and Kumar et al. 
(2013) in  D. sissoo. The lower yields were mainly 
due to low biological nitrogen fixation (BNF) during 
development stages. This resulted in poor uptake of  
N, P and K and might have not met the plant 
requirement of these nutrients for growth and 
development as evidenced by lower growth 
parameters resulting in lower biomass yield  
(Table 1). 

Dual inoculation along with less N dose 
significantly influenced the growth of A. nilotica 
followed by Rhizobium inoculation along with 
less N dose. Biomass accumulation ranged from 
5.58 to 7.66 per seedling for shoot, 0.92 to 2.25 
per seedling for root at 90 DAP under different 
treatments. Rhizobium + PSB inoculation with 25% 
N treatment produced significantly maximum shoot 
biomass and total biomass per seedling, respectively 
against control. 

Total biomass accumulation by A. nilotica 
seedling at 90 DAP was increased by 1.52 times in 
over T1 control (Fig. 1). Treatment effect was found 
significant for total biomass production and this is 
also depicted in Fig. 1. However, dual inoculation 
in T6 showed significantly higher biomass. These 
observations are in agreement with the earlier 
reports on inoculation on woody legumes with 
selected rhizobial strains, which showed increased 
survival percentage in seedling and greater biomass 
production in inoculated trees by Herrera et al. 
(1993). 

Result indicated that the survival and growth 
of legume sp. i.e. A. nilotica were significantly 
higher in inoculation over uninoculated 
treatments. This is in line with the findings 
of Morques et al. (2002) and Komy (2005),  
where a higher biomass was reported in inoculated 
seedlings of Centrolobium tomentosum, which 
was attributed to relatively more nutrient uptake 
from control seedlings. This clearly indicates the 
better response of A. nilotica plants to both PSB 
and Rhizobium inoculation as compared to single 
application, inorganic fertilization. Similarly,  
Singh et al. (2000) demonstrated a better response of 
inoculation for increasing growth and development 
in A. procera. 
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Table 1. Effect of Rhizobium and PSB inoculation on biomass accumulation in Acacia nilotica at 
90 DAP.

Treatments Dry weight of shoot  
(per seedling)

Dry weight of root  
(per seedling)

T1 Control 5.58 0.92

T2 Inorganic Fertilization 6.56 1.30

T3 Rhizobium Inoculation 7.24 1.84

T4 PSB Inoculation 7.06 2.05

T5 Rhizobium+ 25% N 7.36 2.02

T6 Rhizobium + PSB + 25% N 7.66 2.25

SEm (±) 0.13 0.06

CD(5%) 0.40 0.17

Fig. 1. Effect of inoculation on total biomass accumulation in A. nilotica at 90 DAP
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Nitrogen status in Acacia nilotica

Concentration of nitrogen as well 
as accumulation of N in shoot and root of  
A. nilotica plants at 90 DAP was given in Table 2. 
The N concentration of shoots of A. nilotica was 
significantly influenced by the different treatments 
and significantly higher concentration of N in plant 
(1.37%) and 0.46% was recorded in shoot and root 
respectively at 90 DAP with Rhizobium + PSB + 
25% N than rest of the treatments. Significantly 
lower N concentration was recorded 0.72% and 
0.27% in shoot and root respectively of A. nilotica 
plant by the control over rest of the treatments 
(Table 2). Significantly higher N uptake in shoot 
and root i.e., 104.74 mg per seedling and 10.23 
mg per seedling were observed respectively when 
inoculated with A. nilotica- Rhizobium+PSB isolate 
with 25% N (T6) followed by inoculation with A. 
nilotica- Rhizobium + 25% N (T5) being 92.44 and 
8.37 mg per seedling in shoot and root respectively. 
N uptake in shoot of A. nilotica plant varied from 
40.19 to 104.74 mg per seedling being significantly 
maximum in T6 which gains 64.55 extra N through 
BNF at 90 DAP (Table 2). Extra N gain through 

BNF in shoot was maximum at T6 (64.55 mg per 
seedling) followed by T5 and T3, 52.25 and 36.81 
mg per seedling respectively at 90 DAP. Control 
recorded significantly lowest N uptake by shoot 
and root of plant (40.19 and 2.47 mg per seedling. 
respectively) than rest of treatments. Similar trend 
in nutrient concentration was reported by Bora et 
al. (2006). Dual inoculation of Rhizobium and PSB 
along with N fertilization enhances nodulation, dry 
weight and N contents in legume sp.

The higher growth in dual inoculation along 
with 25% N treated seedling might be due to 
synergistic effect of lower N levels as starter dose 
with Rhizobium inoculation which mediated the 
efficient uptake of N in seedlings. High N status in 
seedling was found in inoculated seedling due to 
increased BNF. Further P intake by PSB enhanced 
BNF, which mediated the efficient uptake of N in 
seedlings. The better uptake of nutrient might be 
facilitated through microbial inoculants. Similar 
observations were recorded by Chauhan and 
Pokhriyal (2005) for nitrogen fixation in Pongamia 
pinnata.

Table 2. N concentration (%) and N uptake (m per seedling) in shoot and root of Acacia nilotica 
plants at 90 DAP as affected by Rhizobium and PSB inoculation

Treatment Concentration of 
nitrogen %

Nitrogen uptake  
(m per seedling)

Extra N gain in shoot 
through BNF  

(m per seedling)
Shoot Root Shoot Root

T1 0.72 0.27 40.19 2.47 -

T2 0.84 0.30 55.16 3.87 14.97
T3 1.06 0.38 77.00 6.89 36.81
T4 0.88 0.32 62.08 6.43 21.89
T5 1.26 0.41 92.44 8.37 52.25
T6 1.37 0.46 104.74 10.23 64.55

SEm (±) - 4.78 0.29 -
CD (5%) - - 14.19 0.86 -

T1-Control, T2-Inorganic fertilization (Urea, SSP, MOP: @1.5:1:1 g per seedling), T3-Rhizobium Inoculation, T4-PSB 
Inoculation, T5-Rhizobium+ 25% N, T6-Rhizobium + PSB + 25% N

KUMAR et al. 	 e-planet 16 (1): 72-78
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Rhizobium and PSB population in rhizosphere 
soil of Acacia nilotica (Babul) legume plants: 

In initial soil Rhizobium population per g of 
soil was found 1.4 × 105 which increased to 2.01 
× 105 in control at 90 DAP due to influence of 
leguminous tree. At 90 DAP highest population was 
seen (7.00 × 105) in T6 followed by T5 and T3 (Fig. 
2). The more microbial population in rhizosphere 
soil was established by planting of legume tree, 
which also reported by Singh et al. (2000) and 
Revathi et al. (2013). PSB population in initial soil 
sample was 1.1 × 103 which increased to 1.63 × 103 
in control at 90 DAP. Highest population was seen 
in T6 (3.02 × 103) followed by T4 and T5. The effect 
of inoculation in NFT was pronounced in PSB 
population density over control. This is ascribed 

due to efficient recycling of nutrients under this 
treatment. The application of Rhizobium and PSB 
inoculated seedling of A. nilotica further enhanced 
the Rhizobium and PSB population (Fig. 2). 

Rhizobium and PSB inoculation with lower 
doses of N improve the growth of A. nilotica 
seedling through fixation of atmospheric N. This 
beneficial effect of low N doses on the growth and 
development of the plant have been reported by 
many investigators (Prasad et al., 1998; Eaglesham 
et al., 1983). This work is strongly supported by 
Krishnaveni et al. (2010). Similar study was also 
carried out in Albizzia lebbeck (Chauhan and 
Pokhriyal, 2002) and in D. sissoo and A. procera 
(Totey et al., 2000).

12 
 

Fig. 2.Effect of inoculation on Rhizobium and PSB population in rhizosphere soil of A. nilotica
at 90 DAP 

0

1

2

3

4

5

6

7

8

T1 T2 T3 T4 T5 T6

Po
pu

la
ti
on

 p
er

 g
 o

f s
oi

l  

Treatments 

Rhizobium population x 105 per g of soil

PSB population x 103 per g of soil

Fig. 2. Effect of  inoculation  on  Rhizobium and  PSB population in rhizosphere  soil  of  A. nilotica  at 90 DAP 

CONCLUSION

It can be inferred that dual inoculation with 
Rhizobium and PSB along with application of 25% N 
was significant in improving initial growth response 
of Acacia nilotica plants in nursery enhancing BNF 
spread. This finding may be helpful in producing 
quality planting stock of A. nilotica. In the seedling 
production of A. nilotica, due consideration should 
be given to application of microbial organisms 

such as Rhizobium and P solubulizing bacteria as 
improvement in seedling quality is essential for the 
survival of seedlings in degraded low soil fertility area.

The study further suggests that as NFT 
species are of great importance in traditional agro-
forestry system, the detailed field investigation 
is recommended to ensure the long term growth 
performance of selected NFTs species in response of 
inoculation in natural stands. 
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ABSTRACT

The striped hyena (Hyaena hyaena) is a species of the smallest of the true hyenas listed by the IUCN as 
near-threatened. Wildlife SOS (a non-profitable Non Governmental Organisation) with assistance from 
Forest department has been dedicated to work on rescue and rehabilitation of these animals as a part 
of conflict mitigation and concentrating to create awareness by conducting various wildlife awareness 
education programs in schools and villages. The human wildlife conflict involving elephants, tigers 
and leopards are well documented, but that of hyena is not much explored. The striped hyena (Hyaena 
hyaena L. 1758) is a near threatened large carnivore. However, it possesses a wider distribution range 
than other hyena spp., the available information about its status and ecology is very limited. This study 
recorded six such cases encountered during 2015 to 2017. In total, seven animals were rescued and four 
hyenas (2M: 2F) were released after treatment, two females were dead due to massive injury and one 
female hyena is still under care as it became blind. The study revealed that conflict increases in winter 
season and females are more victimized than males.

Key words: Anthropogenic pressure, human-wildlife conflict, striped hyena, wildlife rescue

INTRODUCTION

Over the years, increased anthropogenic 
pressure coupled with the expansion of agriculture 
lead to the depletion of the territory and prey base 
of wildlife species residing in these environments 
(Mills and Hofer, 1998; Alam et al., 2015). As a 
result, animals such as hyenas are forced to venture 
into human settlements in search of food and water 
for survival. Most often they prey on domestic 
animals and livestock. Wildlife is accountable for 
the loss of 3% of livestock per year (Jackson and 
Nowell, 1996). A number of different wild animals 
are involved in such conflicts, but, it is aggravated 
when large carnivores are involved (Dickman, 
2008). Man wildlife conflict primarily involves 

inter specific competition for resources which 
automatically jeopardizes the lives of the local 
people and leads to economic losses as well (Sillero-
Zubiri and Laurenson, 2001). These conflicts mainly 
occur at the forest edges and in those areas where the 
predators have easy access to the livestock without 
getting noticed (Woodroffe and Ginsberg, 1998). 
Occurrence of conflicts has increased in recent 
decades. Anthropogenic activities have escalated in 
almost every eco-zone owing to gradual elevation 
in need for daily subsistence (Vitousek et al., 1997). 
In fact, it is this unrestricted desire for space and 
subsistence that have initiated fragmentation of 
forests and habitats and augmented conflicts over 
available resources even at the national level 
(Laurance and Bierregaard, 1997; Mishra, 1997). 
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Carnivores mostly attack livestock that are grazed 
in forest lands and in human settlements which also 
poses a risk to human lives. The damage inflicted 
on humans or on their livelihood often infuriates 
the herd owners who resort to measures to avenge 
the loss (Conforti and de Azevedo, 2003).

The striped hyena (Hyaena hyaena L. 
1758) is a near threatened large carnivore with a 
wider distribution range than other hyena species. 
Hyaenidae family consists of four species around the 
globe such as striped hyena, spotted hyena, brown 
hyena, and Aardwolf (Mills and Hofer, 1998). They 
are mostly a scavenger by habit (Prater 1971). Some 
hyena species are considered as proficient hunters. 
They seek their food by scent (Prater 1971, Kruuk 
1976). These carnivores are playing an important 
role in maintaining forest and grassland ecosystem 
(Millls and Hofer, 1998; Abi-said and Abi-said, 
2007). Of the four extant hyena species, only the 
striped hyena is found in India. The striped hyena 
is categorized as Near Threatened by the IUCN 
(Arumugam et al. 2008) and placed in schedule-III. 

The total Indian population estimate is 
around 1000 to 3000 individuals representing 
around 18-20 per cent of the total world population 
(Mills and Hofer, 1998). The populations are 
generally declining throughout their geographical 
range due to persecution, poisoning and hunting 
for meat or medicinal purpose, besides depletion of 
prey populations and wildlife diseases (Singh et al., 
2010; Akay et al., 2011; Jnawali et al., 2011; Dejene 
et al., 2016). Other ecological factors such as 
scarcity of food and shelter may also be contributing 
to the decline, including diminishing food stocks 
and competition with other carnivores over shelter 
(Alam, 2011, Akay et al., 2011, Khorozyan et al., 
2011). Assessment of the status and distribution of 
animals to monitor population trends in case of rare 
or endangered species is a key ecological parameter 
for understanding ecology and conservation status 
of a species (Williams et al., 2002).  

Keeping view of this, conflict between 
human and the hyena was studied in and around 

Agra district of Uttar Pradesh, India to support the 
conservation strategies and record the fact involved 
in human-hyena conflict.

MATERIALS AND METHODS

The study was conducted in Agra district 
of Uttar Pradesh at the Wildlife SOS managed 
rescue centre, where the rescue calls were received 
from the local forest department or villagers. Six 
rescue calls were received during the study years 
(2015 to 2017). The Wildlife SOS rapid response 
team responded and rescued the animals from a 
brutal fate due to the rash and violent action of the 
frightened and angry villagers, the details are as 
here under. 

Case I

A female hyena was rescued on 15 December 
2015 from Naroli village (27°27'24.59"N 
77°39'58.39"E) in a comatose condition with 
swollen face, wounds on the body and protrusion 
of the left eyeball (Fig. 1). The detail radiographic 
examination revealed a fractured zygomatic bone 
on the left side. 

Fig. 1. Hyena recovered after treatment, but lost 
vision in right eye

Case II 

A female hyena was rescued from a village 
Kaveesha, Sarvathpur (N 27° 09.19' E 078° 08.837') 
on 22 March 2016 with a swollen face and multiple 
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injuries all over the body (Fig. 2). The radiographic 
examination did not reveal any major injuries to the 
bones except soft tissue swelling. 

Fig. 2. Hyena recovered from multiple injuries and 
released

Case III

A female hyena was rescued from a mud 
cave near an agricultural field from village 
Nagalakeso, Daukethana on 05 April 2016 (Fig. 3).  
The angry mob was started destroying the cave 
with JCB to kill the hyena. After huge difficulty, 
the hyena was safely rescued without any injury. 
One Nilgai carcass was also recovered from the 
mud cave. The animal's abdomen was bulged 
and mild enlargement in nipples also noticed. 
Initially, pregnancy was suspected. Later, the detail 
radigraphic examination revealed that there were 
partially digested feed material in the stomach and 
no evidence of pregnancy thereof. Since there was 
no pyometra, it can be taken as pseudo pregnancy.

Fig. 3. Healthy non pregnant hyena released after 
confirmed with radiographic examination

Case IV

An adult female hyena was rescued in a 
recumbent condition with facial swelling from 
Nagla Parasukh, Etamadpur Range, Agra on 25 
February 2017 (Fig. 4). The animal was dragging 
its body as it was unable to stand and walk. The 
detailed radiographic examination revealed a severe 
fracture, in dorsal lumbar spine and also in the 
proximal end of femur bone. There were lacerated 
injuries also on the body. 

Fig. 4. Hyena rescued with paralysis due to multiple 
fractures

Case V

 One female hyena was rescued from Jainpura 
village, Fatehpursikari (N 27° 06.926' E 077° 
40.492') on 05 February 2017 (Fig. 5). The animal 
was badly chased by the villagers including stone 
pelting. The animal fell into the drainage channel, 
which was marshy with dirty stagnated water. The 
animal was rescued with the help of nets and dog 
catcher without any chemical immobilization. The 
examination revealed that the animal was unable 
to bear weight on its hind limbs and bleeding 
from the inguinal region. The detail radiographic 
examination revealed a fracture at the right hip 
joint and rupture of the rectum leading to escape 
of faecal matters. Ultrasound examination revealed 
that the urinary bladder was abnormally distended. 
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Fig. 5. Hyena rescued with massive hip joint fracture 
receiving treatment

Case VI

Two adult male hyenas were rescued from 
a 15 feet dry well from Pinahat (26° 53' 11.91" 
N 78° 22' 22.37" E) on 01 November 2017 (Fig. 
6). Fortunately, there was no fracture except 
minor injuries. The animals were highly stressed, 
dehydrated and hungry as well. So after rescue, they 
were put in a separate covered cage, fed with water 
mixed with ORS and kept under observation. Anti-
inflammatory pills administered orally by hiding it in 
the meat pieces, then released successfully (Fig. 6). 

Case I

The left eye ball was protruded excessively 
with hemorrhage. Surgical correction was tried, 
but it was unsuccessful and had to be extirpated 
(Venugopalan, 2002). The animal was kept in RT 
(the small enclosure to restrict movement) as it 
could have hampered the healing of the wound. 
Subsequent treatment was given to stabilize the 
condition. The animal recovered well from all 
injuries except the vision of the right eye. The 
brutal head injury might have led to damage of the 
optic nerve which could have resulted in permanent 
blindness of the right eye, which made the animal 
unfit for releasing back in the wild (Fig. 1)

Case II

The animal released back into the wild after 
it was recovered (Fig. 2). 

Case III

The animal was kept under observation and 
released back into the wild (Fig. 3)

Case IV

Subsequent treatment was given, but animal 
succumbed to injuries the animal had sustained 
(Fig. 4).

Case V

The urinary catheter was fixed to empty 
the bladder; blood mixed urine was coming out.  
Necessary critical care was given, but the animal 
succumbed to injuries. Postmortem examination 
revealed a ruptured peritoneal cavity filled with 
blood and feces (Fig. 5).

Case VI

After observation period of two days, the 
animals were recovered from stress and were fit for 
release. We suspected both the males were fighting 
over territory and accidentally fell in the open well 
at night. Stone pelting by the villagers started by 
next morning onwards. So the decision was made 
to release the animals in two separate locations in 
order to avoid further infighting as they happen to 
be solitary animals. 

Fig. 6. Two male hyena rescued from the well and 
released.

RESULTS AND DISCUSSION

The treatments to the injured animals and 
further steps taken were described in the following: 
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Out of seven animals rescued, two (females) 
passed away, one female kept in our custody as 
the animal became blind and rest (2 males and 2 
females) were released into suitable habitats. This 
was the clear evidence of high intensity conflict 
between human and hyena. Winter season had 
more cases. Female hyenas were more involved in 
conflicts than the males (Fig. 7).

Thus, keeping in view the importance of 
the issue, there is an imminent need to educate the 
public to increase tolerance towards wild animals 
in an attempt to mitigate human-wildlife conflicts. 
The factors such as the nocturnal habit of hyena, 
solitary behavior and occurrence in low densities 
are further increasing the complication towards the 
assessment of current status and population trends 
of the striped hyena. The questionnaire surveys, 
extrapolation, Lincoln index, identification of 
individuals and tracks, signs and vocalizations 
(Mills, 1998) and  capture-recapture method using 
photo camera trap (Karanth, 1995) may be used for 
striped hyena. 

CONFLICT MITIGATION STRATEGIES 
The human-hyena conflict can be reduced 

by developing certain precautionary measures 
to minimize the risk, such as effective nocturnal 
livestock management and herding during daytime. 
The strategies that could be implemented in 
an attempt to lower livestock loss may include 
enhanced guarding and construction of predator-
proof pens. Encouragement of the better breeds 
of guard dogs could greatly reduce depredation or 
avoid predator form the livestock. The livestock 
insurance scheme should be introduced in this area 
to compensate the poor villagers. 

Further studies need to be initiated to assess 
the current status and population trends of striped 
hyena in India to develop an effective conservation 
modality for this species.
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 ABSTRACT

The microscopic characteristics of dorsal guard hairs of wild dog Cuon alpinus were examined using an 
optical light microscope for species identification. The hair was characterised by mainly its multicellular 
an d narrow medulla lattice, and oblong or oval shape of cross-section. The microphotographs and 
ch aracteristics of dorsal guard hair of Cuon alpinus presented here can be used as an appropriate 
reference for the species identification.

Key words: Cuon alpinus, dorsal guard hair, microscopic characteristics, tricho-taxonomy

INTRODUCTION

Detailed knowledge on the hair structure 
is required to identify the species, where the 
morpho-taxonomy cannot give the exact result. 
In India, the tricho-taxonomic studies have 
been carried out by many workers on different 
orders of class Mammalia viz., Carnivora 
(Chakraborty and De, 2010), Primates (De, 1993;  
Sarkar, et al., 2011) and Rodentia (Bahuguna, 2008). 
The aim of this study is to give a complete physical 
and microscopic characteristics with high-resolution 
microphotographs of hair of wild dog Cuon alpinus 
(Pallas, 1811) for species identification. 

The wild dog is midway between wolf and 
jackal, with a more homogeneous colouration. Its 
coat colour is reddish-brown, with a dark tail and 
feet and the coat is thicker in winter; ears are filled 
with woolly whitish hair and bent and rounded 
at the tip; the tail is relatively long, darker, bushy 
and bent; distributed in south of river Ganges 
peninsula from Coorg and Nilgiri hills, and from 
northwards Jammu and Kashmir to North-eastern 
India in India; as per International Union for 

Conservation of Nature (IUCN) Red List category, 
it is an endangered species and listed under the 
Schedule II of the Indian Wildlife (Protection) 
Act, 1972 and listed in the Appendix –II of The 
Convention on International Trade in Endangered 
Species of Wild Fauna and Flora (CITES)  
(Prater, 1971; Menon, 2014). 

MATERIALS AND METHODS

The mid-dorsal guard hairs of C. alpinus 
were collected from three dry skins housed in the 
National Zoological Collections, Mammal and 
Osteology Section, Zoological Survey of India, 
Kolkata, India. Macroscopic characteristics of hair 
such as coat colour, individual hair colour, profile, 
length and diameter were recorded using hand lens 
and Vernier caliper. Microscopic characteristics 
of hair such as cuticular scale position, scale 
pattern, scale margin and scale margin distance of 
hair, the medullary configurations of hair such as 
composition, structure and margins of the medulla 
of hair and shape of the cross-section of hairs 
were recorded with the help of an optical light 
microscope (Nikon- ECLIPSE 50i). To study the 
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structure of cuticula, the hair samples were washed 
with different grades of Acetone (50–95 %) and  
chopped into small pieces, placed separately on the 
thin film of clear varnish on the microscopic glass 
slide, and allowed to dry overnight. The dried hairs 
were pulled off gently with a fine forceps leaving 
the impression or casts of scales on the thin film of 
the microscopic glass slide. To study the structure 
of medulla, hairs were cut into small pieces and 
placed separately on microscopic glass slide and 
mounted microscopic glass slide. To study the 
shape of cross-section, a simple hand sectioning 
method was performed. Nomenclature of different 
parameters was followed by Brunner and Coman 
(1974) and Teerink (1991). 

RESULTS AND DISCUSSION

The rusty red coat and reddish brown 
(individual hair) and straight profile are the 
macroscopic characteristics of dorsal guard hair C. 
alpinus (Table 1). The cuticular scale characteristics 
of hair recorded as scale position- ‘transversal’, 
scale patterns-‘irregular wave’, the structure of 
scale margins-‘rippled’ and the distance between 
scale margins- ‘near’. The medullary characteristics 
of hair observed as the composition of medulla- 
‘multicellular’, the structure of medulla- ‘narrow 
medulla lattice’, a form of the medulla margins- 
‘straight’ and the shape of the cross-section of hair 
is ‘Oblong / Oval’ ( Table 2; Fig. 1).

Fig. 1. Physical Structure Fig. 2. Dorsal Pelage
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Table 1. Macroscopic hair characteristics of  
Cuon alpinus

Coat colour Rusty red 

Colour of dorsal guard 
hair

Unicoloured; reddish 
brown 

No. of colour bands Nil

Profile Straight

Length (mm) 19.7–87.4 (45.8±24.8)

Diameter (µm) 5.1–9.1 (7.5±1.3)

Table 2. Microscopic hair characteristics of  
Cuon alpinus

Cuticular scale position Transversal 
Cuticular scale patterns Irregular wave
Cuticular Structure of 
scale margins Rippled

Distance between 
cuticular scale margins Near

Composition of medulla Multicellular 
Structure of medulla Narrow medulla lattice 
Margins of medulla Straight
Shape of cross-section Oblong / Oval
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The wild dog is generally identified by 
its coat colour- reddish-brown, with a dark tail 
(Menon, 2014). Apart from this, its hair microscopic 
characters i.e. Cuticula, medulla and cross-section 
can also be used for diagnosing this species. The 
unique multi-cellular and narrow medulla lattice, 
and oblong or oval shape of the cross-section are the 
key characters of hair of this species. This study also 
supports the findings of Chakraborty and De (2010). 

HAIR MORPHOLOGY OF ASIATIC WILD DOG

Fig. 3. Cross section of cuticulla and medulla 400 X

	 The identification keys along with the 
high-resolution microphotographs presented here 
can be used in the animal forensic science, as an 
appropriate reference for species identification.
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