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Optimization of Fertilizer Use Efficiency in Bhendi under Drip Fertigation

Abstract

Field experiments were conducted at Sri Shanmugha College of Engineering and Technology, Sankagiri, Salem District, Tamil Nadu, India during 2025 to study the influence of drip fertigation in maximizing fertilizer use efficiency in Bhendi (lady’s finger) in crop geometry method. The fertigation with drip system was laid out at 2.4 m lateral spacing and 60 cm emitter spacing to irrigate four plant rows with 30x30 cm spacing and control plot with 1.2 m lateral spacing. The treatments were drip fertigation at 100, 80 and 60 % recommended nitrogen level and drip irrigation with 100 % manual fertilizer application (control) as conventional method. The overall results showed that drip fertigation at 80 % recommended level was comparatively more effective than other treatments in overcoming the initial high cost of drip fertigation system. It was also found that the system cost in this method reduced by 17.4 % as compared to paired row drip system. Hence, the drip fertigation at 80 % recommended nitrogen level with four rows of plants with plant spacing 30x30 cm can be suggested for better returns.

Keywords: Fertigation, fertilizer use efficiency, paired row system

1. Introduction

India’s crop production suffers mainly from the availability of water. Thus, water is the most limiting factor in the Indian agricultural scenario. The main objectives of efficient water management are high water use efficiency, high yield, good quality, least damage to soil productivity, higher fertilizer use efficiency, and low irrigation cost. Due to water scarcity, the available water resources should be very effectively utilized through water saving irrigation technologies such as drip and sprinkler irrigation (micro-irrigation). Among the irrigation methods, drip irrigation may be more desirable over sprinkler and surface irrigation methods, as it minimizes loss due to runoff, deep percolation and possible soil water evaporation.

In drip irrigation, water is applied exactly at the root zone through suitably spaced drippers. Physically, this system is adoptable to wide range of soils, topography and crops. Drip irrigation method not only ensures highest economy in water use owing to reduced evaporation and seepage loss but also provides ideal moisture regime for high yields in many vegetable crops (Verendra Kumar Verma, 2024). Due to high initial investment cost of the drip irrigation system, small and marginal farmers are highly reluctant to adopt the system. To bring down the higher initial investment cost, a planting techniques have been developed, which are known as crop geometry and the same system was followed in this study. The crop geometry planting technique by which the lateral spacing is increased and the plant spacing is decreased without changing the plant population to reduce the initial investment cost of the drip system because the major cost is laying laterals in drip irrigation system. By adopting crop geometry technique to vegetable crops, it is possible to reduce the cost by 15-20 % without reduction in yield. 

Fertigation offers the best solution for intensive and economical crop production where both water and fertilizers are delivered to crop through drip system (Anwar et al., 2020). It provides essential elements directly to active root zone and thus minimizes the loss of expensive nutrients ensuring higher and quality yield besides saving in time and labor. Experiments have already indicated that through fertigation 40-50% of nutrients could be saved (Haoru et al., 2021).
Endang Dwi Purbajanti and Eny Fuskhah, 2022, experiment was conducted improves nitrogen efficiency under drip irrigation for vegetable crops. From this experimental result, increased crop yield potential, water conservation and more efficient nutrient management. The nitrogen recovery efficiency of green okra and red okra also, increased with increasing doses of compost.  Nitrogen  physiological  efficiency  of  green  okra  and  red  okra  increased  with  increasing compost  doses (Chakraborty., 2022). Different okra types and compost dosage significantly affected the yields associated with okra pods. Green okra increased about 23.22  to  118.78 %  after  supplementation with  compost  nitrogen  dose  of  50  to  150  kg  N ha−1compared   to   no   compost.   Red   okra increased 13.3 to 60.83% after supplementation  with  compost  nitrogen  dose  of 50  to  150  kg  N ha−1 (Umesh Chandra Sati, 2019).
2. Materials and Methods

2.1. Study site

Field studies were conducted at Sri Shanmugha College of Engineering and Technology, Sankagiri Taluk of Tamil Nadu State in India. The soil of experimental field was sandy loam in texture with pH 7.66 and 1.13 dSm-1 of electrical conductivity. The available N, P and K of the experiment field were 84.07, 74.21 and 261.3 kg ha-1, respectively.

2.2. Experimental details

According to Jadhav et al. (2002), the irrigation of experimental field was scheduled as given below:
WR/Day/Plant=Epan x Kp  x Kc x Wp x A


WR=Water requirement of crop (l day-1)


Epan= Pan evaporation (mm)


Kp=Pan factor (0.75, adopted from FAO, 1980)

Kc=Crop factor

Wp=Wetted percentage (0.4, adopted from FAO, 1980, Vol.36)  


A=Crop area in (m2)

Time scheduling of drip irrigation operation in minutes for different cropping stages of bhendi was determined and given in Table 1.

Table 1: Time schedule of drip irrigation operation under cropping stages
	Sl.
No.
	Stage of crop growth 

(1)
	Crop factor (Kc) 

(2)
	Water requirement (lit per crop) 

(3)
	Water released per emitter (lph) for 8 plants

(4) = (3) x 8
	Time of operation

(Minutes)

(5)*


	1
	Germination to early growth
	0.4
	0.5
	4
	30

	2
	Initial period of crop growth
	0.65
	0.75
	6
	45

	3
	Major crop growth period
	0.85
	1.25
	10
	75

	4
	Flowering stage
	1.0
	2
	16
	120

	5
	Harvesting stage
	0.8
	1.5
	12
	90


*Emitter discharge rate = 8 lph (For 1 hr = 8 lit) hence, crop needs 4 lit thus the time of operation would be 30 minutes.
2.3. Design and treatments

The experimental plot was laid out in a randomized block design with four treatments and seven replications. The four treatments were as follows:

Total experimental Area: 401 m2

Chart 1: Treatments details

	Treatment No.
	Plant spacing
	Lateral spacing

	T1
	30 x 30 cm
	2.4 m

	T2
	30 x 30 cm
	2.4 m

	T3
	30 x 30 cm
	2.4 m

	T4
	30 x 30 cm
	1.2 m


T1=Nitrogen at 100% of recommended level

T2=Nitrogen at 80% of recommended level

T3=Nitrogen at 60% of recommended level 

T4=Nitrogen at 100% of recommended level by broadcasting.

2.4. Experiment layout

From the source water was pumped through 15 HP motor and poured into the field with 50 mm diameter PVC main pipeline. From the main line, 40 mm diameter sub-main PVC pipes were laid. Then, 16 mm LLDPE lateral pipes were taken on both the sides to irrigate the fields from sub-main pipeline; finally the water was distributed among crops with an 8 lph on line emitters.
The recommended fertilizer level of bhendi crop is 40, 50, 30 kg ha-1 of N, P and K respectively. The entire phosphorus and one-fifth of nitrogen and potassium were applied as basal. The balance nitrogen and potassium were applied in nine equal splits at 10, 20, 30, 40, 50, 60, 70, 80 and 90 days after sowing (DAS) through ventury fitted in the main pipe line.

Nitrogen in the form of urea (86.96 kg/ha)

Phosphorus in the form of super phosphate (312.5 kg/ha)

Potassium in the form of muriate of potash (50 kg/ha)

Root Characteristics


The depth of root from the field level was recorded for all the treatments at harvest by scale. The root numbers, root spread and length of root were also recorded randomly selected three plants.

Water use efficiency was calculated by using the following formula and expressed in kg ha-1 cm-1.

Water use efficiency = yield (kg/ha)/(Water utilized, cm + Effective rainfall, cm)

Fertilizer use efficiency was calculated by yield obtained and fertilizer applied, and expressed in percentage.

Fertilizer use efficiency (%)=Yield (kg/ha)/Fertilizer utilized (kg/ha)

3. Results and Discussion

3.1. Soil moisture distribution pattern

Moisture contents were observed in drip irrigation on surface, and at 15, 30 and 45 cm depth at a distance of 15 and 45 cm from emitter on both sides. Moisture content from the emitter point gradually decreased while the distance from the emitter increased. Similar results were reported by Jeet Raj et al., 2024 and Arunadevi et al., 2024. The moisture content on surface was lower compared to 15 cm and 30 cm depths, because of pore space of the sandy loam soil and gravitational force of the water. The similar results were observed by Lokesh et al., 2024.
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Fig. 1. Moisture distribution pattern after irrigation
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Fig. 2. Moisture distribution pattern before irrigation
The Figure shows that the moisture available was evenly distributed before irrigation and it was then gradually increased with increase in depth. On the surface, soil moisture was minimum (12.1-12.9%). The soil moisture obtained before irrigation up to 45 cm depth was 12.1-15.1 %. The contour maps are shown in Figure 1 and 2.

3.2. Effect of N levels on growth parameters 

At 15 days after sowing (DAS), the maximum plant height of 34.6 cm was recorded under drip irrigation at 80% recommended nitrogen level (T2). By increasing nitrogen levels, the plant height increased during the cropping season. Drip irrigation at 80 % recommended nitrogen level (T2) produced taller plants of 36.8, 74.6, 116.2, 151.2, 187.2 and 221.3 cm at 15, 30, 45, 60, 75 and 90 DAS, respectively. Similar findings were reported by Sushama et al. (2022) and Nayar et al. (2016) in cassava, and by Jayachandran (1994) in sorghum that the high frequency of irrigation and increasing soil moisture under drip method of irrigation might have led to effective absorption and utilization of nutrients resulting in quick growth as observed. 

The number of leaves plant-1 was recorded at 15 days interval after sowing to study the influence of nitrogen levels. Nitrogen at 80% of recommended level (T2) registered significantly more number of leaves (5.4). Nitrogen at 100% recommended level (T1) had an average number of 4.6 leaves closely followed nitrogen at 60% of recommended level (T3), which recorded 4.4 leaves.

Nitrogen levels greatly influenced the root length formation during the cropping season. The length was greater in drip irrigation at 80% nitrogen recommended level (28.6 cm) at harvest stage. The root lengths of 26.4, 25.4 and 22.5 cm were recorded in T1, T3 and T4, respectively.  The diameter of the root spread was also influenced by nitrogen levels. The diameter was highest (52.9 cm) under drip irrigation at 100% recommended nitrogen level (T1), whereas the root diameter of 51.1, 50.5, and 50.3 cm were recorded in T2, T3 and T4, respectively. The biometric parameters such as shoot length, number of leaves and root distribution as influenced by nitrogen fertilizer are given in Figure 3.


3.3. Influence of nitrogen levels on yield

Nitrogen at 80% recommended level (T2) registered the significantly higher yield of 10,676 kg ha-1 which is 7.5 % higher than T1 (9931 kg ha-1), T3 (9499) and T4 (9874) recorded in treatment Nitrogen at 100% recommended level (T1). The plant height and number of leaves were high in Nitrogen at 80% recommended level, resulted in higher yield, due to more number of inter-nodes and more number of flowers. 
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Fig. 3. Effect of nitrogen levels on growth parameters

3.4. Water utilized and water use efficiency (WUE) in Bhendi

The total water utilized under each treatment is given in Table 2. The water use efficiency (WUE) for all the treatments were worked out and presented in Table 3.

Table 2: Total water applied

	Sl.
no.
	Stage of crop growth
	Growth stage (DAS)
	Number of

Irrigation
	Water applied (l)

	1
	Germination to early growth
	1 to 7
	7
	4452

	2
	Initial period of crop growth
	8 to 15
	8
	7632

	3
	Major crop growth period
	16 to 28
	10
	15900

	4
	Flowering stage
	29 to 49
	10
	25440

	5
	Harvesting stage
	50 to 90
	33
	62964

	
	Total
	1,16,388

	
	Depth of water applied for 40l m2 area
	29.02 cm


Table 3: Water use efficiency (WUE) as influenced by nitrogen levels

	Treatments
	Depth of water

applied (cm)
	Effective

rain fall (cm)
	Yield

(kg ha-1)
	WUE

(kg ha-1 cm-1)

	T1
	29.0
	14.7
	9931.7
	226.8

	T2
	29.0
	14.7
	10676.0
	243.8

	T3
	29.0
	14.7
	9499.9
	216.9

	T4
	29.0
	14.7
	9874.0
	225.5

	Mean
	
	
	9995.6
	

	CD (0.05)
	
	
	519.3
	

	SEd
	
	
	238.3
	


From Table 3 it is clear that the highest WUE of 243.8 kg ha-1 cm-1 was obtained in drip irrigation with nitrogen at 80% of recommended level due to higher yield and effective water used followed by 226.8 kg ha-1cm-1 was registered in Nitrogen at 100% of recommended level. Similar increase in WUE of control plot as compared to drip irrigation was reported by (Aulakh & Malhi, 2019), Goyal, R., (2023), Mohan, K., (2023), and Yadav, K. S., (2021).

3.5. Fertilizer use efficiency (FUE)

The highest fertilizer use efficiency (FUE) of 95.3% was found in drip irrigation with nitrogen at 80% of recommended level due to high yield of bhendi with effective fertilizer utilized as compared to other treatments, whereas in 60% of recommended level the efficiency worked out minimum 91.3% (Table 4). 


A relatively high yield of 10676.01 kg/ha was recorded in T2 at 80 per cent effective nitrogen recommended level as compared to the yield of 9874.07 kg/ha in T4. From this result, it is concluded that among the four treatments nitrogen at 80 per cent recommended level is the best treatment as compared to all other treatments. The CD and SEd values were found to be 5.18 and 3.54 respectively.

Table 4: Fertilizer use efficiency (%) as influenced by nitrogen levels
	Treatments
	Available N 

(kg ha-1)
	Nitrogen uptake

(kg ha-1)
	Total availability 

(kg ha-1)
	Total yield

(kg ha-1)
	FUE (%)

	T1
	168.1
	120
	208.1
	9931.7
	82.8

	T2
	168.1
	112
	200.1
	10676.0
	95.3

	T3
	168.1
	104
	192.0
	9499.9
	91.3

	T4
	168.1
	120
	168.1
	9874.0
	82.3

	Mean
	
	
	
	
	89.8

	CD (0.05)
	
	
	
	
	5.2

	SEd
	
	
	
	
	3.5


3.6. Cost economics


The life of the drip material as 6 years, interest at 8% of fixed cost, and the repair and maintenance cost at 2% of fixed cost were taken into consideration to work out the cost economics. The gross income ha-1 obtained under treatment T1, T2, T3 and T4 was INR 49,658, 53,380, 47,499 and 47,370, respectively. The treatment T2 registered the highest gross income of INR 53,380 ha-1 because of high yield due to effective and optimal nitrogen uptake. The benefit-cost ratio was also higher (2.01) in nitrogen at 80% of recommended level (T2) compared to all other treatments (Table 5). 
Table 5: Cost economics of drip irrigation system for Bhendi in 1 ha

	Sl. No.
	Description
	Treatments

	
	
	T1
	T2
	T3
	T4

	1. 
	Fixed cost (INR)
	43,143
	43,143
	43,143
	75,000

	2. 
	Life (year)
	6
	6
	6
	6

	3. 
	Depreciation (INR)
	7190
	7190
	7190
	12,500

	4. 
	Interest @ 8% (INR)
	3,451
	3,451
	3,451
	6,000

	5. 
	Repair and maintenance (INR)
	862
	862
	862
	1,500

	6. 
	Total cost (INR)
	11,503
	11,503
	11,503
	20,000

	7. 
	Cost of cultivation (INR ha-1)
	15,000
	15,000
	15,000
	15,000

	8. 
	Seasonal total cost (INR)
	26,503
	26,503
	26,503
	35,000

	9. 
	Yield produce (t ha-1)
	9.9317
	10.676
	9.4999
	9.874

	10. 
	Selling price (INR t-1)
	5,000
	5,000
	5,000
	5,000

	11. 
	Income from produce (INR)
	49,658
	53,380
	47,499
	49,370

	12. 
	Net seasonal income (INR)
	23,155
	26,877
	20,996
	14,370

	13. 
	Benefit-cost ratio
	1.87
	2.01
	1.79
	1.41


4. Conclusion

From the results of the present study, it could be concluded that for bhendi crop, to reduce the initial investment cost of drip system, the laterals may be laid at 240 cm spacing, and it is recommended to adopt 4 rows of planting at a plant spacing of 30x30 cm2. By adopting this new technique it is possible to reduce the system cost by 17.4%.  Drip irrigation with nitrogen at 80% of recommended level was found to be effective in producing highest fertilizer use efficiency and maximum return.
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