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Abstract
Application of water soluble fertilizer @ T4-150:75:150 NPK kg/
ha through fertigation either with mulch (14.05q/ha) or non-mulch  
(11.83q/ha) recorded significantly higher seed yield than fertilization 
through soil application (9.92 q/ha). The increased seed yield of  
16.91 and 10.14 percent was noticed in fertigation with mulch or without 
mulch treatment over soil application, respectively. NPK fertigation 
@150:75:150kg per ha with mulch (T4) resulted in higher NPK uptake in 
stem (63.49, 14.12&121.42 kg/ha), leaves (117.65 19.42 &122.43 kg/ha) 
and in fruits (146.79 28.05 & 162.66 kg/ha), respectively than the fertilizer 
applied through soil at harvest. Maximum fertilizer use efficiency and water 
use efficiency were recorded in the treatment with integrated application 
of fertigation and mulch.
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Introduction 
Okra (Abelmoschus esculentus L. Moench), is an 
important vegetable crop, also known as lady’s 
finger or bhendi belongs to family Malvaceae.  India 
stands top in area and production. It is grown in all  

agro-ecological zones of India mainly for its 
immature fruits which are eaten as cooked vegetable. 
Burgeoning population and ever increasing 
urbanization has boosted the cultivation of vegetables 
in peri-urban areas in an intensive way. This creates 
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a greater demand for quality seeds and it is very 
much necessary to ensure supply of good quality 
vegetable seeds. Important inputs viz., water and 
fertilizer in agriculture are complementary to each 
other and when used scientifically and judiciously, 
the production can be increased. Therefore, it is the 
need of the hour to switch over to the most efficient 
way of irrigation and fertilizer management. In this 
context, precision farming technologies including 
fertigation and polyethylene mulching is known to 
increase productivity, profitability and nutrient use 
efficiency in okra seed yield and quality. Fertigation 
of water-soluble fertilizer need to be given at right 
dosage and appropriate timing for the precise 
growth period of the plant. Fertigation in tomato, 
chilies, cucumber, brinjal, okra, onion, potato, garlic, 
muskmelon has been practiced to increase the water 
and nutrient use efficiency, which augmented from 
120 to 290 percent.1 Application of water soluble 
fertilizers through fertigation showed potential for 
deeper soil application with a considerable saving 
ofinput. Consequently quality seed will be the basic 
prerequisite of any country’s food security schemes. 
The millennium challenge is to produce more food 
from existing lands. This can be achieved only 
by using quality seeds of improved high yielding 
varieties. 

The NUE (Nutrient Use Efficiency) in fertigation 
could be 90 % as compared to 40-60 % in traditional 
methods of fertilizer application. The quantity of 
fertilizers lost through leaching would be 10% in 
the fertigation, however it is 50% in the conventional 
system of cropping.2 Fertigation helps in application 
of a plant nutrient directly at the root zone. Higher 
nutrient use efficiency depends on time of fertilizer 
applications on the basis of need, reducing nutrient 
element losses with traditional application methods 
and reservoir of soil nutrients.15 Fertigation is the 
most efficient and suitable means of maintaining 
fertility level at optimum level and supply of water 
according to the specific requirement and the 
savings in the use of fertilizers to the extent of  
25-50 percent.3 Increase use of agriculture 
with irrigation and higher use of fertilizers may 
generate pollution by increased level of nutrients 
in the underground and surface water. Judicious 
management of plant nutrients available through 
different fertilizers needs to be catered. A higher 
efficiency is possible when a pressurized irrigation 

system is placed around the roots uniformly which 
allows rapid uptake of nutrients by the plant. 
Fertigation is the technique of supplying dissolved 
fertilizers solution to crops through an irrigation 
system. Small application of soluble nutrients save 
labours, reduces compaction in the field, So far not 
even a single study is available on fertigation and 
mulching in okra seed production to improve seed 
quality and quantity. Hence, keeping in view of the 
facts, a study was taken involving fertigation and 
mulching for okra seed production and its quality.

Material and Methods 
A field experiment was conducted during Kharif, 2016 
to study the impact of precision farming technologies 
including fertigation and black polythene mulching 
in order to estimate the seed yield, nutrient uptake, 
nutrient use efficiency and water use efficiency in 
okra var. Arka Anamika at ICAR-IIHR, Hesaraghatta, 
Bengaluru. Randomized Block Design along with 
three replications was used for this study. The details 
of the treatments are given as below:

Treatment Details   
T1-100:50:75 NPK kg per ha through fertigation  
(WSF)) with mulch
T2-100:50:100   NPK  kg per hathrough fertigation 
(WSF) with mulch
T3-150:75:112.5 NPK  kg per hathrough fertigation 
(WSF) with mulch
T4-150:75:150 NPK  kg per hathrough fertigation 
(WSF) with mulch
T5-100:50:75 NPK  kg per hathrough fertigation 
(WSF) without mulch
T6-100:50:100  NPK kg per hathrough fertigation 
(WSF) without mulch
T7-150:75:112.5 NPK  kg per hathrough fertigation 
(WSF) without mulch
T8-150:75:150 NPK  kg per hathrough fertigation 
(WSF) without mulch
T9-100:50:100 NPK  kg per hasoil application of 
fertilizers without mulch
T10-150:75:150 NPK  kg per hasoil application of 
fertilizers without mulch

WSF-Water Soluble Fertilizer
The experimental plots of 10.2 m (L) x 3.6 m (W) 
were prepared for sowing the okra seeds. Spacing 
between rows and plants were 0.60 m and 0.30 m, 
respectively. Black polythene mulch of 30 micron 
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thickness was used. Fertilizers viz., 19:19:19, urea 
and potassium nitrate which are soluble in water and 
used fertigation treatments, whereas  regular NPK 
fertilizers were applied through soil for the treatments 
T9 and T10 in the form of DAP and MOP were used 
in two splits at 28 and 56 days after sowing in equal 
proportions. The water soluble fertilizers were given 
in 16 equal splits at 7 days interval and all other 
recommended cultural practices were followed in 
raising the crop. Samples of fruit stem and leaves 
from each plot collected at final at harvest stage 
of the crop and analyzed for nitrogen content, 
phosphorus content and potash content. From the 
results of chemical analysis, nutrient uptake and 
use efficiency were calculated as indicated below.

Up take of nutrient (kg/ha) = Percent of nutrient 
concentration x dry matter (kg/ha) / 100

Fertilizer use efficiency of okra fertigation studies 
was calculated by using the formul 4

               

Water expense efficiency of okra fertigation studies 
was calculated by using the formula

Statistical Analysis
The data on growth, seed yield and seed quality 
parameters were analyzed using the analysis of 
variance technique.5 F-test was used for finding 
significance for treatments. For comparison of 
treatments means, CD values were analyzed at the 
probability level of 0.05 

Results and Discussion
Application of water soluble fertilizer @ T4-150:75:150 
NPK kg/ha through fer tigation either mulch  
(14.05q/ha) or non-mulch (11.83q/ha) recorded 
significantly higher seed yield than fertilizer through 
soil application (9.92 q/ha). The NPK nutrients 
were analyzed in plant parts on dry matter basis. 
Application of WSF through fertigation along with 
mulch in NPK fertigation @150:75:150 kg/ha with 

mulch (T4) resulted in highest nitrogen, phosphorus 
and potassium contents than in conventional 
method of fertilizer application. Production of okra 
seeds needs balanced level fertilizer application 
and adequate supply of nutrients for getting higher 
quantity of seeds along with quality. Inadequate use 
of inorganic fertilizers has resulted in lower uptake of 
nutrients, deterioration of soil health and poor seed 
quality.6 It is stated that the growth of the plant, seed 
yield and seed quality are subject to the availability of 
a wide range of nutrients present in the soil. Nitrogen 
is an essential element for growth, development 
and metabolism of plants. Phosphorus is a second 
major nutrient and it is constituent of phospholipids, 
nucleic acid and several enzymes which help in 
transformation of energy in the plant system.7  
It has beneficial effects on root development, growth 
and also improves maturity as well as quality of 
crop produce. Potassium is required by plants for 
quality of the seed. Potassium helps in disease and 
vigour resistance to the plant and it helps in higher 
productivity.8 The macronutrient uptake of nitrogen, 
phosphorus and potassium were calculated based on 
nutrient contents and dry matter production. These 
factors were responsible for the increase in nutrient 
uptake by plants at harvest stage. The indeterminate 
growth habit of the plants also increased in terms 
of fresh weight and in turn the higher dry matter 
production leading to increase in total nutrient uptake 
to meet the metabolic activities of the plant. In the 
present investigation, the combined treatments of 
fertigation and mulch resulted higher nitrogen uptake 
in stem (63.49 kg/ha), leaves (117.65 kg/ha) and in 
fruits (146.79 kg/ha) at harvest than the fertilizer 
applied through soil. It could also be owing to the 
availability of adequate quantity of water supplied 
on the basis of evapo-transpiration with fertilizers 
through fertigation for efficient absorption of nitrogen 
by the plants. Irrigation and fertilizer levels have 
significant influence on nitrogen uptake by okra crop. 
In general, uptake was more in fertigation compared 
to conventional method. In drip irrigation, continuous 
availability of water and nitrogen through fertigation 
enhanced the availability of nitrogen to the crop 
in the root zone, facilitating more uptakes in drip 
treatments. In conventional method, the uptake of 
nitrogen was less. This may be due to the lower dry 
matter production. Significantly higher uptake of 
phosphorous by various plant parts {stem (14.12 kg/
ha), leaves (19.42 kg/ha) and fruits (28.05 kg/ha)} 
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were seen in the combined application offertigation 
and mulching (T4) as compared to fertilizer applied 
through soil. The highest uptake of phosphorus was 
found in fruits followed by leaves and stem. Higher 
uptake of phosphorus could be due to the fact 
that the fertigation may be attributed to the direct 
addition of P at root zone as well as solubilization 
of native P through release of various organic 
acids. Similar improvement in available P status 
due to integrated use of manures and fertilizers.9  
The potassium uptake of leaves (121.42 kg/ha), 
stem (122.43 kg/ha) and fruits (162.66 kg/ha) was 
higher than all other elements at harvest, which 
indicates that the potassium is the most required 
nutrient for production of quality seeds in okra. Higher 
dose of potassium through WSF through fertigation 
with mulch resulted in higher potassium content in 
leaves, stem and fruits in both first and second year 
field experiments. Higher amount of nitrogen and 
potassium required for vegetative growth, flowering 
and pod formation in okra. Significantly increase in 
total N and K uptake by application of higher level 
of nitrogen and potassium.9&10 

The pooled data indicated that the combined 
application of fertigation and mulch resulted in 
higher fertilizer use efficiency than the WSF through 
fertigation without mulch and fertilizers through 
soil application. Among treatments, for production 
of one kg okra seed the requirement of NPK was 
worked out to be 3.83 kg in the treatment NPK 
fertigation @150:75:150kg per ha with mulch (T4) as 
compared to NPK fertigation @ 150:75:150kg per 
ha without mulch (T8-3.09 kg of NPK) and 2.62 kg 
of NPK was the requirement in NPK soil application 
@ 150:75:150kg per ha. Fertigation with NPK 
fertigation @150:75:150kg per ha with mulch (T4) 
resulted higher nutrient use efficiency of 19 and 31 
percent over fertigation without mulch and fertilizer 
through soil. It may be due to supply of nutrients 
directly at the root zone and quick availability of 
moisture.11, 12, 13&14 Fertigation can save 20 to 30 
percent of fertilizers, besides improving the yield 
and quality as compared to the traditional methods 
of fertilizer application15 Teixeira et al.,16 reported 
that application of nitrogen and potassium through 
fertigation resulted in increase of 36 percent in 

nutrient use efficiency compared to conventional 
method of fertilizer application. Higher nutrient use 
efficiency contributed to reduction in the requirement 
of fertilizers and cost of cultivation. Similarly drip 
fertigation treatments recorded higher water use 
efficiency compared with fertigation and soil applied 
fertilizer treatments. The combined application of 
fertigation and mulch in treatment NPK fertigation 
@150:75:112.5kg per ha with mulch (T3) and NPK 
fertigation @150:75:150kg per ha with mulch (T4) 
resulted with 3.51 kg ha-mm-1 higher WUE than 
the NPK fertigation @ 150:75:150kg per ha without 
mulch (T8-2.93 kg ha-mm-1) as well as NPK soil 
application @ 100:50:100kg per ha (T9-2.18 kg 
ha-mm-1) as observed from both years of field 
experiment. This is in line with the findings of Soumya 
et al.,17 and Mahendran et al.,18 In general NPK 
fertigation through water soluble fertilizer with mulch 
(2.94-3.51 kg ha-mm-1) resulted in relatively higher 
use efficiency over fertigation without mulching 
(2.55-2.96 kg ha-mm-1) and fertilizer through soil 
application (2.18-2.48 kg ha-mm-1). 

Conclusion
Application of fertilizer through fertigation along 
with mulch @150:75:150kg per ha with mulch 
(T4) resulted highest nitrogen, phosphorus and 
potassium contents than conventional method 
of fertilizer application. Similarly higher uptake of 
nitrogen, phosphorous and potassium by various 
plant parts were recorded in the combined treatment 
comprising fertigation and mulching compared to 
fertilizer applied in soil.
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