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Orange (Citrus sinensis) is important tropical or sub-tropical fruit crop which belong to family Rutaceae having chromosome number 2n= 
2x=18 which contains vitamin C, fiber and several phytochemical compounds. Citrus sinensis has evergreen and perennial in nature. Because 
of perennial nature it requires water and nutrients all over the year for their greater yield and productivity. A study was undertaken to 
determine the quantity of fertilizer application through drip system as compared to conventional method of basin fertigation in orange 
during kharif season of 2014, on Nagpur variety of orange at Agricultural Engineering at ZRS, Chianki, Palamau district in Jharkhand, India. 
There were total four treatments combination was applied namely Treatment 1- V volume of water by drip +100% fertilizer (N), Treatment 
2- V volume of water by drip+80% fertilizer (N), Treatment 3- V volume of water by drip+60% fertilizer (N) and Treatment 4- V volume of 
water by basin irrigation+100% fertilizer by soil incorporation (N) and it was found that 100% application of fertilizer through drip system 
show best result for all the observation such as maximum FUE (0.0059 q ha-1 INR-1), plant girth (28.4 cm) and plant spread (EW-290.1, NS-
263), WUE (0.56 q ha-1 cm-1), fruit weight (79%), fruit  yield (38.4 q ha-1), net seasonal income (99866) and maximum Net B.C ratio. This may 
be due to vegetative growth, fruit yield, fruit weight and quality of fruit which fetches more lucre in market as compared to conventional 
method of basin fertigation which is useful for farmers.

1.  Introduction 

Citrus sinensis, commonly known as Orange, is an important 
tropical or sub-tropical fruit crop. Citrus fruits contain vitamin 
C, fiber, phytochemical compounds like liminoids, hesperidin, 
flavonoid, polyphenols and pectin that cause has high 
medicinal value. Citrus fruit helps to decrease inflammation, 
improve gastrointestinal function and health. Fruit and their 
by-products are of high economic importance because of their 
use within the food industry, cosmetics and folk medicine. 
citrus are the third largest grown fruit crops after mango and 
banana in India. In India Citrus sinensis are cultivated in the 
area of 4,37,000 hectares with the production of 53,80,000 MT 
(NHB, 2019). In the country citrus fruits are growing in Andhra 
Pradesh, Maharashtra, Punjab, Madhya Pradesh and Gujarat. 

Citrus sinensis is evergreen and perennial in nature, hence 
requires water and nutrients all the year for greater yield and 
productivity. Water is a limiting resource in the Citrus sinensis 
fruit production (Kumar et al., 2020). Nutrient management 
is also an important aspect for crop productivity and quality 

of crops (Goramnagar et al., 2017). The deficiency of water 
and nutrient in any phase of the crop reduced the yield and 
quality. In citrus, generally water and nutrient are given 
through conventional sources that cause loss of nutrient 
from root zone, contamination of water and also had lower 
water use efficiency. To beat these problems, drip irrigation 
may be a best alternative approach. Drip irrigation or micro-
irrigation or trickle irrigation, apply water to the root-zone of 
the plants in the form of droplet. This method generally uses 
less than half the water, had higher water use efficiency and 
reduces surface evaporation loss as compared to conventional 
irrigation system. Adoption of drip irrigation system increases 
the water use efficiency up to 95% and also maintain higher 
yield (Pattanaaik, 2017). Reduce incidence of the many disease 
infestation by applying water directly into the rhizosphere. 
Drip irrigation also helps in fertilizer application in the form of 
fluid or dissolvable composts through dribble water system can 
supplant soil application. Fertigation saves fertilizer because 
it permits application of fertilizer in small quantities near the 
plants root as per the need of nutrient thus; fertigation helps 
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in improving the yield and quality of citrus fruit. In addition, it 
is considered as eco-friendly as it avoids leaching of fertilizers. 
The knowledge of precise nutrient and water requirement is 
essential for improved water and nutrient use efficiency for 
avoiding excess use of water and fertilizer. Hence current 
study was carried out to find out to determine the quantity 
of fertilizer application through drip system as compared to 
conventional method of basin fertigation in orange.

2.  Materials and Methods

The experiment was conducted during kharif season of 2014, 
on Nagpur variety of orange with the spacing of 5×5 m2 at 
Agricultural Engineering at ZRS, Chianki, Palamau district 
in Jharkhand, India with the latitude is 24.013031 and the 
longitude is 84.106566. There were total four treatments 
combination was applied namely T1: V volume of water by 
drip +100% fertilizer (N), T2: V volume of water by drip + 80% 
fertilizer (N), T3: V volume of water by drip+60% fertilizer (N) 
and T4:  V volume of water by basin irrigation +100% fertilizer 
by soil incorporation (N). The experiment was laid out in 
randomized block design (RBD) design having five replications. 
Irrigation was given to orange as per treatments like basin 
Irrigation at 10 days interval and through drip irrigation at 2 
days interval. As per the treatments water soluble fertilizer 
grade (N: P: K- 500 g : 150 g : 300 g plant-1) were applied. The 
basal dose of phosphorus and potassium were fully applied, 

while nitrogen was supplied in 12 splits dose through urea. 
All the observations i.e. quantity of water applied, Plant 
height, plant spread – N-S & E-W, plant girth, yield plant-1 ha-1, 
Fertilizer use efficiency, Grading of fruit were recorded for the 
study. Mature fruits plant-1 were harvested periodically from 
each treatment and weight was recorded and expressed in 
kg. Further, fruits ha-1 was calculated by multiplying the fruit 
yield plant-1 to the no. of plants ha-1. The relative economics 
of Orange cultivation under different treatments were 
also calculated. The data obtained on various characters 
were subjected to randomized block design analysis and 
interpretation of the data was carried out in accordance to 
Panse and Sukhatme (1985). 

3.  Results and Discussion

Out of 4 treatment, treatment T1- V volume of water by 
drip+100% fertilizer (Table 1, Figure 1) showed significantly 
superior over rest of treatments in terms of plant girth (28.4 
cm) and plant spread (EW-290.1, NS-263) followed by T2, T3 
and T4. This might be due to sufficient soil moisture along 
with NPK application through fertigation led to increased 
photosynthetic rate, cell and tissue growth accompanied 
with better nutritional environment in the rhizosphere for 
the growth and development of the plant. Thus, growth of 
plants with respect to height, girth and plant spread also 
proportionately increased. These finding were also observed 

Table 1: Biometrical and yield parameters of orange crop under different treatments

Treat-
ments

Plant height 
(cm)

Plant 
Girth 
(cm)

Plant spread 
(cm)

Water 
applied 

(cm)

Fertilizer applied 
(kg ha-1)

WUE q 
ha-1 cm-1 

water

FUE q ha-1 
INR-1

Cost of 
fertilizer 

(INR.)

EW NS N P K

T1 383.6 28.4 290.1 263 70 180 50 100 0.56 0.0059 6500

T2 387.4 27.4 260.2 232 70 144 50 100 0.42 0.0059 4940

T3 358.6 25.4 258.7 218.6 70 108 50 100 0.32 0.0052 4290

T4 276.8 23.6 198.3 175.4 95 180 50 100 0.06 0.0009 6500
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Figure 1:  Graph depicting parameters of orange under different 
treatments

by Taru et al. (2020) in acid lime, Sinha et al. (2019) in Kinnow 
mandarin, Kumar et al. (2013), Bidhan (2013) and Jeyakumar 
et al. (2010).

Maximum FUE (0.0059 q ha-1 INR-1) (Table 1) was observed 
with treatment T1 and T2 where as minimum FUE observed 
in (0.0009 q ha-1 INR-1) in T4. Maximum WUE was recorded in 
treatment T1 (0.56 q ha-1 cm-1) and lowest WUE was recorded 
in treatment T4 (0.06 q ha-1 cm-1). The lowest fertilizer use 
efficiency and WUE in treatment T4 was might be because of 
non-uniform supply and insufficient availability of fertilizer 
and humidity around the rhizosphere of an orange which was 
responsible for lesser uptake of nutrients and water. These 
results were also reported by Raza et al. (2020), Ramniwas et 
al. (2013) in guava, Kumar et al. (2009) in banana and Sharma 
et al. (2008) in grape.

Data from Table 2, Treatment T1 show maximum fruit weight 
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(79%), fruit yield (38.4 q ha-1) whereas V volume+80% fertilizer 
(N) and V volume of water by drip+60% fertilizer (N) also 
showed significant effect as compared to V volume of water 
by basin irrigation+100% fertilizer by soil incorporation (6.1 
q ha-1). This might be due to overall vegetative growth and 
biological efficiency of the plant which have finally leads to 
the enhancement in fruit weight, yield. Similar findings were 
observed by Taru et al. (2020) in acid lime, Lakashmi et al. 
(2019) in sweet orange, Panigrahi and Srivastava (2017), 
Kumar et al. (2013), Castellanosa et al. (2013) and Sujatha et al. 
(2006). Figure 2 showing comparative yield of T1 (Drip+100% 
N) and T4 (control).

Table 2: Fruit weight and yield of different treatment of 
orange cultivation

Treatment Fruit weight Yield (q ha-1)

50 g-100 g 100 g-150 g

T1 21% 79% 38.4

T2 25% 75% 29.2

T3 33% 67% 22.3

T4 70% 30% 6.1

CD (p=0.05) 9.1

CV %         48.78

T1 (Drip + 100% N)

Figure 2: Comparative yield of T1 (Drip+100% N) and T4 
(control) of orange cultivation

T4 (control)

Table 3: Economics of orange cultivation under different 
treatments

Sl. 
No.

Particulars T1 T2 T3 T4

1. (a) Fixed cost of drip 45000 45000 45000 -

(b) Life (year) 7 7 7 -

(c) Annual cost 5714 5714 5714 -

(d) Repair mainte-
nance cost (2 % 
of system cost)

800 800 800 -

(e) Total operation 
cost (c + d)

6514 6514 6514 -

2. (a) Maintenance 
cost year-1 
(without fertil-
izer cost)

10000 10000 10000 14000

(b) Cost of fertilizer 6500 4940 4290 6500

(c) Total cost of 
cultivation [1 (e) 
+ 2 (a) + 2 (b)]

23014 21454 20804 20500

3. Yield (q ha-1) 38.4 29.2 22.3 8.0

4. Selling price 
(INR q-1)

3200 3200 3200 3200

5. Income from 
produce

122880 93440 71360 25600

6. Net seasonal 
income in INR 
(5-2c)

99866 71986 50556 5100

7. Net Benefit:cost 
ratio (6÷2 c)

4.34 3.40 2.50 0.25

From economic point of view shown in Table 3, the utmost 
net seasonal income (INR 99866) and maximum Net B.C 
ratio found in treatment (T1) i,e. V volume of water+100% 
fertilizer (N) i.e. 4.34 is most economical as compared to 
rest of treatment where minimum net seasonal income and 
minimum Net B.C ratio found in treatment T4. Similar, findings 
were reported by Panigrahi and Srivastava (2011). This could 
be because of better development and maturation of fruit. 
The well-developed fruit gives the good price with low cost 
under fertigation (Singh et al., 2006).

4.  Conclusion

On the premise findings, it might be concluded that 100% 
application of fertilizer through drip system in orange 
enhances expression of different growth stage and thus in 
increasing fruit yield, fruit weight and quality of fruit which 
fetches more lucre in market as compared to conventional 
method of basin fertigation which is useful for farmer.
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