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1. INTRODUCTION

Yard long bean (Vigna unguiculata subsp. sesquipedalis (L.) Verdcourt)

occupies a pre eminent position among the vegetables raised in Kerala. It is a rich

source of protein, minerals, vitamins and dietary fibre in the Kerala diet. Yard

long bean is also referred as long podded cowpea, snake bean, pea bean or

Chinese long bean. ^Kurutholapayar\ 'Pathinettumaniyan', 'Achingapayar' and

'Vallipayar' are the traditional vernaculars used in Kerala. It is cultivated over in

area of 7317 ha in Kerala (FIB, 2015). The crop is grown for its unmature green

pods as vegetable, mature seed as grain and foliage as fodder.

Yard long bean is an annual with trailing growth habit. It produces white,

light green, dark green or brownish red long, slender and succulent pods (George,

2008). It is a warm season crop which can be planted in a wide range of climatic

conditions. The plant tolerates hot weather and even drought to a certain extent. It

is a true legume that fixes atmospheric N, improves soil fertility and suppresses

weeds which intum contribute to yield improvement of subsequent crops

(Tarawali et aL, 2002).

Productivity and quality of yard long bean is low due to unscientific

management practices. The growing demand of yard long bean has led to

intensive cultivation of this crop which underscores the need for better farming

practices. Among the crop husbandry practices for yard long bean, precision

farming is one of the best option. This will go a long way in ensuring decrease in

cost of input and increase in output.

Precision farming is a production technology wherein the variability

among plots are managed and site specific input management is followed at the

right time in the right way. The goal of such practice is to gather and analyse the

variability and to maximize the efficiency of crop inputs within a small area of

farm (Singh et al, 2011). Inq)roved management practices of precision farming

include deep ploughing, preparation of raised beds, polythene mulching and drip

fertigatioa



Deep ploughing breaks the hard pan in soil, allowing better root growth

and better penetration ofwater. It also helps in exposing soil borne insects or pests

to harsh atmospheric conditions, which in turn reduces their population in field.

Mulching is another practice followed for unprove water use efficiency. Mulch is

a material which protects the land from solar radiation, evaporation, wind velocity

and weed. Surfece mulches improved soil water retension and wind velocity at the

surface (Kay, 1998). Use of reflecting type of mulching material also helps in

regulating soil temperature.

Fertigation is an important component ofprecision farming that allows the

application ofprecise amount of nutrient into root zone uniformly. It is a modem

agro technique that provides anexcellent opportunity to maximize yield and

minimize environmental pollution by increasmg fertilizer use efficiency,

minimizmg fertilizer applicationand increasing return on the fertilizer invested. In

fertigation, timing, amount and concentration of fertilizers applied could be easily

controlled. Fertigation helps in saving of the valuable inputs viz., fertilizers and

water. In fertigation, as the nutrients are suppHed in soluble form to root zone it

enhances the uptake and improves the growth. This practice ensures high nutrient

use efficiency and water use efficiency. Therefore, it is possible to dispense

adequate nutrient quantity at an appropriate concentration to meet the crop

demand during the entire growing season.

Yard long bean is a vegetable crop that responds well to fertilizers.

Improvement in crop yield with increase in levels of nutrients mainly N and K has

been reported by Puthupalli (2014). Thoughsoil application ofnutrients in several

splits enhances the nutrient use efficiency and crop yield, it increases weed

growth and is more labour intensive. Similarly, over irrigation also leads to

leafiness in yard long bean. Hence, fertigation of water soluble fertilizers through

drip system at shorter interval has the advantage of easy uptake of nutrient,

improved cropyield andproductivity.This reiterates the need for standardizing the

fertigation ie., levels of nutrients and interval of fertigation for improving the

productivity ofyard long bean, a preferred vegetable ofKerala.



In the light of the above, the present study entitled "Studies on fertigation

in yard long bean (Vigna unguiculata subsp. sesquipedalis (L.) Verdcourt)" was

undertaken with the following objectives.

• To standardize the fertigation schedule in yard long bean under

precision farming.

• To assess the impact of precision farming practices on growth and

yield.

• To work out the economics.
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A 2. REVIEW OF LITERATURE

The experiment entitled "Studies on fertigation in yard long bean {Vigna

unguiculata subsp. sesquipedalis (L.) Verdcourt)" was conducted during summer

season of 2015 to standardize the nutrient level and interval of fertigation for

precision ferming in yard long bean. Fertigation is an important component in

precision farming which helps to maximize the yield and quality of produce and to

reduce the cost of production, while maintaining the sustainability. Research work

related to drip fertigation including the levels and intervals on crop performance are

presented in this chapter. As research work on fertigation in yard long bean is meagre,

^ related work on other vegetables are also reviewed.

2.1 DRIP FERTIGATION Vs CONVENTIONAL METHODS

Drip fertigation is the technique ofsupplying fertilizers through drip irrigation

system to crops. Application ofwater soluble fertilizers m small quantities to the root

zone ofthe crop, saves labour and reduces compaction in the field, thereby enhancing

the productivity of crop. Fertigation with 50 per cent recommended dose (RD) of N

recorded higher yield in tomato and brinjal compared to soil application of full dose

of fertilizers (Papadopoulos and Ormoiod, 1991). Results ofwhich also revealed that

application of any combination of fertilizers through drip was superior over soil

application ofthe same.

An investigation carried out by Tu et al. (2000) in tomato revealed the

superiority of drip fertigation over soil application of fertilizers. They found that the

yield attributes and yield were higher wiien soil application was replaced with drip

fertigation. Moreover, incidence of the blossom end rot of tomato was significantly

reduced in treatments with drip fertigation. They also observed that drip fertigation

had better effect \N^en the rainfall was below normal during the period of flowering,

fiuit set and finit growth.



Singh and Saxena (2001) reported that the yield obtained in chilli from soil

application of fertilizers and check basin method of irrigation was equivalent to the

yield obtained by the application of only 50 per cent of N through drip irrigation.

They also reported that drip fertigation with ICQ per cent RD of N produced 52 per

cent higher yield than the conventional method.

Singh et al. (2002) reported that the better performance of crops under drip

fertigation was attributed to the optimimi soil moisture and application of fertilizers

^ into the root zone v^ch improved the uptake of nutrients by plant for its better
growth and yield.

Singandhupe et al. (2002) reported fertigation as a practice that placed the

required dose of nutrients directly into root zone whichhelped the plant to utilize the

nutrients fully during critical periods of its growth. They also observed that

application of N through drip at 8 days interval (10 splits) saved 20 to 40 per cent

nitrogen in tomato as compared to conventional method of furrow irrigation and

nitrogen ^plication in two equal splits.

Tiwari et aL (2003) revealed that fertigation reduced the use of fertiUzers and

increased the yield in vegetables. Available soil P and K in root zone mcreased with

^ drip fertigation (Hebbar et aL, 2004). Application of 40 per cent RD of nutrients
through drip resulted in higher fertilizer use efBciency (81.58 per cent) and also

resulted in saving of 87 per cent of fertilizers and 30 per cent of water over furrow

irrigation method with soil application (Sawant et al, 2004).

Compared to conventional method (40 to 60 per cent) higher nutrient use

efBciency (90 per cent) was observed in fertigation. The amount of fertilizer lost

through leaching was as low as 10 percent in fertigation whereas, it was 50 percent

in the traditional system(Solaimalai et aL, 2005).



Hongal and Nooli (2007) opined that qjplication of higher dose of fertilizers

not only increased the cost of cultivation but also led to chemical changes in soil and

reduced the yield. From their experiment, it was observed that fertilizer requirement

could be reduced by 15 to 25 per cent with drip fertigation without affecting the yield

over conventional method of fertilizer application.

Experiment conducted by Aujla et al. (2007) with various levels of irrigation

and nitrogen in egg plant revealed that higher fruit yield was recorded when drip

irrigation was given with 75 per cent water required jfor fiirrow irrigation and 120 kg

^ ; Nha"^ with the saving of25 per cent water. Singandhupe er a/. (2007) and Bhogi e/
al. (2011) observed that as water was directly applied to the crop root zone in drip

irrigation, it got storedthere wiiichhelped in conservingwater and minimizedthe loss

due to deep percolation.

Rekha and Mahavishnan (2008) reported that water and fertilizer saving in

vegetables through drip fertigation was around 40 to 70 per cent and30 to 50 per cent

respectively. Vijayakumar et al. (2010) reported that fertigation could decrease the

bulkuse of fertilizers andincreased theyield of vegetable crops.

The studies on drip fertigation in various vegetable crops reported that drip

fertigation as the most effective way of supplying water and nutrients to the crops

> which not only saved water and fertilizers butalso increased yield ofvegetable crops

(Hatami et al, 2012).

Pawer et al (2013) noted that drip inigation registered 14,6 per cent increase

in yield with 58 per cent water saving m tomato as compared to fiirrow irrigation.

Drip inigation treatments saved almost 30 per cent of water compared to sprinkler

irrigation. Therefore, drip irrigation with frequent fertigation reduced P load and

increased efficient use of nitrogen, water and radiation than with sprinkler irrigation

(Danso etal, 2015)



22 DRIP FERTIGATION AND MULCHING

Mulching is the practice of covering soil surfece around the plants to create

favourable condition for the plant growth. Luckknov et al. (1988) reported that

mulching could maintain soil moisture in the field during hot periods of a year. The

detrimental aspects for plant growth like soil erosion, weed problem and nutrient loss

could be reduced by mulching and also it had other benefits like temperature

moderation, salinity reduction etc. (Clough et al., 1990). Mulching is a general

practice followed in precision farming of vegetables. Asiegbu (1991) reported that

mulching could be done with organic and inorganic materials and black coloured

polythene mulches are widely used in agriculture. He also reported that mulch

materials were most ejffective in weed control in tomato and brinjal and resuhed in

more crop growth and higher finit yield compared to organic mulches like cassava

peel, giantstar grassand guinea grass straw. The studies revealed that plastic mulches

broughtabout 15per cent conservation of moisture in brinjal (NCPAH, 1991).

Wien et al. (1993) found that polythene mulching in tomato resulted in better

growth attributes like increased number of branches, root length and increased

mineral nutrient uptake reflecting in higher yield than plants grown in plots VN^iich

were not mulched. Gilshabai and Jobi (1998) noticed that soil water balance could be

maintained during summer season by mulching.

Irrigation given through drip along with black plastic mulching met 100 per

cent water requirement of bhindi and also produced higher yield (about 72 per cent

increase) over the furrow irrigated bhindi without mulch (Tiwari et al., 1998). Raina

et al. (1998) reported thatmulching had an ^vantage of earliness in flowering, yield

improvement and quality of the crop.



Compared to surface irrigation, drip irrigation along with plastic mulching

was effective in increasing the yield (Sunilkumar and Jaikumaran, 2002). Bharadwaj

(2013) stated that ^^^lite or aluminum reflective mulch also repelled qjhids ^^dlich

spread some virus diseases in vine crops such as squash.

Mulching significantly influenced yield and yield attributes like number of

pods per plant, pod length and pod weight in yard long bean than control treatment

without mulch (Puthupalli, 2014).

2.3 DRIP FERTIGATION LEVELS AND GROWTH ATTRIBUTES

Narda and Lubana (1999) compared drip fertigation in tomato with three

nitrogen levels 33.3, 50.0 and 100.0 kg N ha"'and with fiirrow irrigation and band
placement of100 kg Nha"' in two splits. The results revealed that the crops with drip
fertigation performed better in terms of growth attributes viz., plant height, leaf area
index, crop growth rate, relative growth rate, le^areaduration, biomass duration, net

assimilation rate and dry matter production over furrow irrigated crop.

Drip fertigation of 125 per cent RD of solid soluble fertilizers recorded the

highest plant height of 84.50 cm and plant spread of 52.08 cm as compared to check

basin irrigation with nomial fertilization in tomato (Shinde etal., 2002). Hebbar et al.

(2004) reported that the total dry matter (TDM) production and leafarea index (LAI)

of tomato crop were significantly higher in drip irrigation (165.80 g per plant and

3.12 respectively) over furrow irrigation (140.20 g per plant and 225 respectively).

They also reported that fertigation with water soluble fertilizers enhanced TDM and

LAI to 181.90 g per plant and 3.69 respectively due to the easy availability of

nutrients to plant.

Fertigation with 100 per cent RD of fertilizers resulted in improved growth

attributes like plantheight, LAI and total dry weight of tomato over furrow and soil

application offertilizers (Shedeed et al., 2009). Vijayakumar eial. (2010) reported



that appHcation of 75 per cent RD of N and K as drip fertigation registered a

significant increase in shoot length and number ofbranches per plant in brinjal.

Application of 100 per cent water soluble fertilizers through drip at 80 per

cent evaporation resulted in significantly higher growth attributes oftomato v/z., plant

height (96.70 cm), number ofbranches (18.25), stem diameter (2.06 cm) and leafarea

index (3.49) (Imamsaheb et al., 2014).

An experiment on drip irrigation conducted by Patel and Patel (2011) revealed

that growth parameters of bhindi viz., plant height, LAI, diy matter accumulation per

plant, crop growth rate (CGR) and total chlorophyll content at 90 days of crop and

root length at harvest were higher under drip irrigation at 0.8 Epan (pan evaporation)

as compared to surface irrigation.

Puthupalli (2014) reported that the longest vine length was observed wiien the

yard long bean was fertigated with 125 per cent RD than other lower levels of

fertigation. Fertigation with 100 per cent RD of fertilizers showed an improvement in

growth and growth attributes such as plant height, number ofbranches and number of

leaves per plant ofbrinjal as reported by Ughade and Mahadkar (2014).

Application of 100 per cent RD of fertilizers through drip along with 25^

thickness black polythene mulch recorded an increase in plant height and number of

branches in hybrid tomato over no mulch and soil application of 100 per cent RD of

fertilizers (Basamma and Shanmughasundaram, 2016).

2.4 LEVELS OF FERTIGATION ON YIELD ATTRIBUTES AND YIELD

Based on a study in tomato, Locascio et al. (1997) reported 16 per cent

increase in yield with drip irrigation over fiirrow method. They also stated that there

was an increase in yield \Niien 60 per cent of the N and K fertilizers were ^plied as

drip fertigation than when all fertilizerswere given as pre plant.



Prabhakar and Hebbar (1999) reported that tomato fruit yield of 45.70 t ha"'

was obtained with application of RD of fertilizers using polyfeed 19:19:19, mono

ammonium phosphate (12:60:0) and urea through fertigation, which was 22 to 27 per

cent higher compared to the crop which was provided with ordinary fertilizers

through soil application.

Rajbir et al. (1999) observed that drip irrigation at 80 per cent pan evaporation

gave significantly higher fruit yield in tomato (45.57 t ha'̂ ) compared to surfece
irrigation (29.43 t ha"'). Sainju et al. (2001) reported a positive response of surfece
drip irrigation on tomato yield and quality to increasing N rates. They also noticed

V that marketable yield oftomato was maximum when Nwas applied @180 kg ha"'.

From the experiment conducted in brinjal using different methods ofirrigation

and different levels of fertigation (50, 75, 100 and 125 per cent RD as solid soluble

fertilizer), it was observed that micro irrigation with 100 per cent RD ofsolid soluble

fertilizer recorded the highest number offruits per plant (433.13), finit weight (44.18

g) and fruit yield (41.511 ha"^) (Shinde etal., 2002). According to Manjunatha (2004)
fruits per plant and total yield were more under drip irrigation than under surfece

irrigation inbrinjal with a fruit yield of26.21 ha"'.

Banu (2005) conducted an experiment to investigate the effect of various

y levels of irrigation (0.5, 0.75 and 1.0 Epan) and nitrogen levels (60, 90 and 120 kg
ha"') on pod yield ofbhindi. The results indicated that bhindi irrigated through drip at
1.0 Epan and fertigated with 120 kg N ha"' produced significantly higher yield as

compared to other levels. From the field experiments conducted at Indian Instituteof

Vegetable Research, Varanasi, Bahadur et al. (2006) reported that drip irrigation at

100 per centpan evaporation (Ep) resulted in maximum number of fruit, fruit weight

andtotal yield of tomato compared to other levels ofEp andsurface irrigation.

10



There was significant yield improvement in briiyal by drip fertigation over

surfece irrigation and soil application of fertilizers (Goswami et al., 2006). Aujila et

al (2007) reported that there was 4 per cent increase in yield in brinjal when it was

drip fertigated compared to furrow irrigation.

Number of fiuits per plant, mean fiuit weight, fiiiit yield per plant and total

fiiiit yield of tomato were maximum for fertigation of 100 per cent RD of fertilizers

over soil application of fertilizers (Shedeed et al., 2009). They also reported that total

fiiiit yield of tomato was significantly higher in-75 and 100 per centNPK fertigation

(54.16 and 58.76 t ha"^ respectively) than 50 per cent, which accounted to 12 and 22
per cent yield increase respectively. This yield increase resulted fix)m highernumber

of finits perplant and fiuit yield per plant in drip irrigation overfiirrow irrigation. In

bhindi, 54 to 57 per cent yield reduction was recorded for furrow irrigated crop than

crop irrigated at1.0 Epan and fertigated with 120 kg Nha"' (Rekha eial., 2009).

Brahma et al. (2010) revealed that drip irrigation at 100 per cent evaporation

replenishment along with supplementation of 100 per cent RD of N and K through

fertigation recorded 61.09 per cent increased yield over conventional fertilization in

tomato. In brinjal, the highest yield of42.33 t ha"' was recorded in drip irrigation at
75 per cent of RD of N and K \\^en compared to other levels of irrigation and

fertigation (Vijayakumar et al., 2010).

Imamsaheb et al. (2014) reported the highest yield of 63.78 t ha"' \sdien the

tomato was drip fertigated with 100 percent RD ofNPK. Ravel et al. (2013) reported

that drip fertigation at 100 per cent RD of nitrogen recorded the highest yield in

bhindi but it was onparwith80 per centRDof nitrogen.

Fertigation in yard long bean with 125 per cent recommended dose of

fertilizers (RDF) resulted m significantly higher yield and yield attributes like number

ofpods perplant, number ofseeds per pod, length and weight ofpods compared to 75

and 100per cent RDF (Puthupalli, 2014).

U
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From field experiments conducted during two rabi seasons by Rajan et al

(2014) in tomato, it was observed that 75 and 100 per cent doses recorded same yield

(52;11 ha'̂ ) indicating that 75 per cent dose would be sufficient than trying fertigation
at higher doses. Ughade and Mahadkar (2014) reported that yield and yield

contributing characters like number of fi^its per plant, average fiuit length, average

diameter of fi^it, average weight of finit and firuit yield per plant of brinjal were

significantly higher m fertigation of 100 percent RDF.

Use of plastic mulch of 25 fi and 120 per cent RD of fertilizers as drip

fertigation registered earliness in flowering and recorded the highest finit yield in

hybrid tomato (Basammaand Shanmughasundaram, 2016).

2.5 FERTIGATION INTERVAL ON GROWTH AND YIELD

Cook and Sanders (1991) found that marketable yield and fiiiit size of

subsurface drip irrigated tomato were significantly higher in daily fertigation

compared to biweekly or monthly fertigation on a loamy sand soil. The tomato yield

was significantly increased wdien N was fertigated at 5 days interval compared to 9

days through surfece drip system (Nwadukwe and Chude, 1994)

Application of nutrients in more number of splits enabled to put forth better

growth, yield attributes and total yield in bhindi (Kadam et al, 1995). Deek et al

(1997) reported that N supplied by drip fertigation m ten equal splits m equal

intervals resulted in high tomato yield of47.1 t ha"' as compared to fertigation with
three equal splits and equal time intervals (35.8 t ha"').

Drip fertigation ofRD ofN and K asurea and muriate ofpotash applied in 15

equal splits at eight days interval starting &om 8 days after planting (DAP) to 120

DAP recorded higher tomato yield as compared to surfece urigation with

conventional method of fertilizer application on sandy loam soil at Madurai in Tamil

Nadu (Ajmalkhan, 2000).

12.
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Badr and El-Yazied (2007) observed that total tomato yield and yield

components were responsive to N rate and to decreased fertigation frequency. The

total fruit yield averaged 67.75, 65.13 and 63.29 t ha"' under the frequencies of 1, 3
and 7 days respectively and were significantly higher than the frequency of 14 days

(54.321 ha').

The continuous availability ofnutrients in splits throughout the growth period

of tomato ie., fourteen equal splits at 8 days interval resulted in superior yield and

quality of tomato (Pandey et al, 2013). Ravel et al (2013) reported that drip

fertigation ofN at weekly interval recorded the highest fruit yield and finit yield per

plant over two and three weeks interval in bhindi. Danso et al. (2015) reported that in

okra, when fertigation was done at weekly interval for eight weeks, the yield of drip

fertigated okra was higher than fertigation at wider intervals.

2.6 DRIP FERTIGATION AND WATER USE

The different precision fkming practices like drip irrigation alone, drip

irrigation plus polythene mulch and surfece irrigation, registered water use

efficiencies (WUE) 0.34, 0.48 and 0.16 t ha cm"' respectively indicating the

favourable effectofdrip irrigation and polythene mulch in enhancing WUE. Besides,

drip irrigation saved 54 per cent irrigation water (Raina et al, 1999). Singh et al,

(2002) reported that drip irrigation at 50 per cent potential evaporation (PE) along

with 100 per cent N and K through fertigation recorded the highest water use

efficiency, water productivity and water savmg in chilli over farmers' practice of

surface irrigation (0.9 IW/CPE ratio) andentire NPKapplied as soil application.

Singandhupe et al. (2002) reportedthat drip system in tomato resulted in 31 to

37 per centsaving of water compared to surfece urigation. Water useefficiency on an

average was 68 per cent and 77 per cent higher in drip irrigation over surface

irrigation in two consecutive yeartrials. Inbrinjal, drip irrigation recorded thehighest

\3
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water production efficiency of 69.3 kg ha mm"^ than surfece irrigation (Manjunatha,
2004).

Drip fertigation in brinjal saved 37 to 49 per cent water when compared to

surface irrigation (Goswami et al, 2006). Aujla et al. (2007) stated that 50 per cent

water saving could be achieved through drip irrigation in brinjal as compared to

furrow irrigation.Rekha et al. (2009) observed that drip fertigated crop has extracted

higher moisture (40 to 48 per cent) from top 0 to 15 cm soil deptii than furrow

irrigated crop (33 to 34 per cent).

Application of N and K at 75 per cent RD recorded the highest water use

efficiency of111.5 kg hamm"' inbrinjal (Vijayakumar etal., 2010). From three years

of experiment in tomato, Tanaskovik et al. (2011) reported that treatments under drip

fertigation showed almost28 per cent more wateruse efficiency in comparison with

soil application of fertilizers and furrow irrigation. Drip irrigation registered 87 per

cent more WUE than fiiirow irrigation and conventional application offertilizers.

2.7 DRIP FERTIGATION AND NUTRIENTS UPTAKE

Fertigation reduces the nutrient loss that would normally occur with

conventional methods offertilizer application andthus,permits betteravailability and

uptake of nutrients by the crops, leading to higher yield with high fertilizer use

efficiency. Stark et al. (1983) practiced continuous fertigation ofsurfece drip irrigated

tomato on sandy soils and they reported nitrogen use efficiency of 60 per cent even

with 600 kg N ha'̂ applied. Nitrogen use efficiency (NUE) in red chilli decreased
with increasing N upto 240 kg ha'̂ (Payero etal, 1990). Application ofnutrients in
more number of splits in drip fertigation resulted in minimum or no wastage of

nutrients either through deep percolation or evaporation, leading to higher uptake of

nutrients in bhindi (Kadamet al., 1995).

iLi



Fontes et al. (2000) opined that application of N and K fertilizers in

combination with drip irrigation increased the potassium content and yield by the way

of maximizing the mobility of the nutrients around the root zone. Unlike surface

irrigation and conventional fertilizer application, fertigation makes uniform

distribution of nutrient solution in the root zone and thereby increases the fertilizer

use efBciency, since the uptake of nutrients by the plant roots depends on their

availabilityto the root system Smgh et al. (2002). Patel and Rajput (2003) observed

that drip fertigation in bhindi has resulted in higher nitrogen use efficiency (70 kg

y bhindi kg"^ N) over broadcasting ofnitrogen (48.7 kg bhindi kg"^ N).

Hebbar et al. (2004) reported that fertigation in hybrid tomato resulted in

lesser leaching of nitrate and K to deeper layer of soil. Subsurfece drip fertigation

caused higher assimilable P in deeper layer. Root growth and NPK uptake were

increased by fertigation with water soluble fertilizers compared to drip or furrow

irrigated with soil application of fertilizers. They also observed that fertilizer use

efiSciency of 226.48 kg tomato kg"' NPK was obtained with drip fertigation using
water soluble fertilizers.

Badr and El-Yazied (2007) noticed that N rate and fertigation frequency

resulted in significant differences in N uptake, N recovery and N use efBciency

(NUE) in tomato. Total N uptake was appreciably higher with increasmg N rate and

with more frequent fertigation than with less frequent fertigation. The average N

recovery was 60 and 54 percent and NUE was 221 and 194 kgyield kg"' N with 200
and 300 kg Nha"' applied respectively. They also reported that the total Nuptake by
leaves was higher inthe plants receiving the high Nrate, but fertigation frequency did
not significantly influence leafN concentration.

Frequent supply of nutrients by fertigation significantly increased NPK uptake

and recovery over drip irrigation. The applied NPK in soluble form in fertigation

treatments mighthavebeen distributed betterthrough root zoneof tomato thansoil
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applied treatments producing more available amount for plant uptake. Uptake ofNPK

and recovery were the highest under 100 per cent fertigation rate than in drip

irrigation along with soil application in tomato (Shedeed et £7/.,2009).

Vijayakumar ei al. (2010) reported that nitrogen and potassium use

efficiencies ofbrinjal were higher m drip irrigation at 75 per cent pan evaporation and

fertigation of 75 per cent N and K. Ravel et al. (2013) reported that in bhindi the

maximum N content in plant and uptake ofnitrogen were observed with 100 per cent

RDN as fertigation. The magnitude ofincrease in N content inlOO per cent RDN over

^ 80 per cent RDN and control (farmer's practices) was 17 and 48 per cent respectively

and for uptake it increased to 26 and 88 per cent respectively. They also reported that

uptake by fruit was the highest in N fertigation at weekly interval than that at two and

three weeks interval ofN application through drip.

The fertilizer use efficiency ofhybrid tomato wasthe maximum at 50 per cent

RD of fertilizers than at other levels (Rajan et al, 2014). Hence, application of50 per

cent RD proved to be sufficient for the optimum yield and it also saved 50 per cent of

fertilizer through fertigation.

2.8 DRIP FERTIGATION AND SOIL NUTRIENT STATUS

The study conducted by Badr and EI-Yazied (2007) revealed that residual soil

nitrate N after harvest appeared to be higher at the higher N levels and was

significantly affected by fertigation frequency. Residual soil nitrate N concentration

with high N rate in lower soil profiles (50 to 70 cm soil depth) was marginally

affected m daily, 3 days and weekly fertigation (15, 17 and 21 mg N kg"'soil

respectively). However, nitrate N concentration at the corresponding depth was more

in biweekly fertigation frequency (80 mg Nkg"'soil).

Studies in tomato revealed that the magnitude of increase in available soil N

afterharvest of cropunder 100 per centRDN over80per centandcontrol (farmer's

(b
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practice) were to the tune of 10 and 16 per cent, respectively. The magnitude of

increase in available soil N after harvest of crop under weekly fertigation of N in

comparison with fortnightly interval and control were to the tune of8 and 15 per cent,

respectively (Ravel etal.,20\y).

Organic caibon content, available nitrogen, available phosphorus and

available potassium on 45 DAS and at final harvest were the highest in treatments

receiving 125 per cent RDF whereas, the highest pH and the lowest EC were recorded

in 75 per cent RDF (Puthupalli, 2014).
s

^ 2.9 DRIP FERTIGATION AND ECONOMICS

Muralikrishnasamy et al. (2006) observed an increase in benefit cost ratio

(BCR) of 1.87 in chilli with drip irrigation at 75 per cent pan evaporation and 1GO per

cent N and K through fertigation over 1.77 with surface irrigation at 0.90 IW/CPE

ratio and soil apphcation of RD of N and K. Bhakare and Fatkal (2008) recorded a

BCR of3.30 under 100 per cent RDF applied as fertigation ofwater soluble fertilizers

as against 2.78 in 100 per cent RDF with conventional fertilizer application and

surfece irrigation.

Study on fertigation efficiency and economics of cultivation revealed that

fertigation with 100 per cent RD of N and K was the most efficient treatment with

fertigation efficiency of43.24 per cent and cost: benefit ratio of 1:2.28 (Brahma et al.,

2010). Imamsaheb et al. (2014) reported that fertigation level 100 per cent

recommended NPK in tomato resulted in the highest net income, gross income and

BCRof3.22.

Puthupalli (2014) recorded the highest B:C ratio of 1.83 in yard long bean

when irrigation was given at 60 or 80 per cent pan evaporation with mulching and

fertigation of 125 per cent RDF.
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Fertigation with conventional fertilizers recorded the highest B:C ratio of

1.96 wWch was 58 per cent higher than use of conventional fertilizers with liquid

soluble fertilizers and 42 per cent higher than conventional fertilizers with solid

soluble fertilizers in tomato (Rajan et a/.,2014).

2.10 EFFECT OF FERTILISER APPLICATION, IRRIGATION AND
MULCHING

ON QUALITY

Amans et al. (2011) reported that increase in level ofN fertilizers from 45

)r to 90 kg Nha'̂ increased the crude fibre content in tomato. He also reported that
irrigating at 10 days interval increased the crude fibre content than at 5 days

interval. The fiiiit crude fibre content was significantly more in tomato vwth

polythene mulch than unmulched one. This study revealed that mulching and N

fertilizers increased the crude protein and carbohydrate content in tomato fiiiit. The

irrigation from 5 to 10 days interval decreased crude protein and carbohydrate

contents and further increase in interval to 15 days increased these parameters.

On perusal of research results on drip fertigation, nutrient levels, fertigation

intervals and mulching it was evident that all these treatments in general improved

crop growth and yield and increased nutrient uptake, reduced water requirement

^ and enhanced water use eflBciency ofcrops.

I'B
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3. MATERIALS AND METHODS

The project entitled "Studies on fertigation in yard long bean {Vigna

unguiculata subsp. sesquipedalis (L.) Verdcourt)" was undertaken to standardize the

fertigation schedule and its impact on growth, yield and profitability of yard long

bean. The materials used and the methods adopted for the study are briefly described

below.

3.1 EXPERIMENTAL SITE

y The experiment was conducted in the fanner's field at Pirappancode,

Thiruvananthapuram, Kerala located at 8.65°N latitude and 76.91°E longitude and at
an altitude of 18 m above the mean sea level.

32 SOIL

The soil of the ejqperimental field is sandy clay loam. The mechanical

composition ofthe soil are summarized in Table 1.

3.3 CROPPING HISTORY OF THE FIELD

Upland rice was grown in the field prior to planting yard long bean.

^ 3.4 SEASON

The experiment was conducted during the summer season 2015, crop period

extended fix)m 7^ March 2015 to 21^ June 2015.

3.5 WEATHER CONDITIONS

The weather data on rainfall, maximum temperature, minimum temperature,

relative humidity and evaporation during the cropping period are shown in Fig. 1 and

Appendix 1. The mean maximum temperature during tfie period was 32.9° Cand



Table 1. Mechanical composition and chemical characteristics ofsoil ofthe

experimental site

Particulars/ Parameters Value Method used

A. Mechanical composition (%)

Sand 45.44 Bouyoucos hydrometer

Silt 26.66 method (Bouyoucos, 1962)

Clay 27.90

B. Chemical characteristics ofsoil

Particulars Value Rating Method used

Soil reaction (pH) 5.30 Strongly pH meter with glass electrode (Jackson, 1973)

acidic

Electrical 0.16 Normal Digital conductivity meter (Jackson, 1973)

conductivity (dS m

Organic carbon (%) 1.70 High Walkely and Black rapid titration method

(Jackson, 1973)

Available N (kg ha 301.06 Medium Alkaline Potassium Permanganate method

(Subbiah and Asija, 1956)

Available P (kg ha 78.50 High Brays colorimetric method (Jackson, 1973)

Available K (kg ha 104.12 Low Ammonium acetate method (Jackson, 1973)

2.0
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Fig 1. Weather data during cropping period (from 7^ March 2016 - 21^* June 2016)



minimum 23.3 C with a mean relative humidity of 90.5 per cent. The total rainfall

received during the cropping period was 817.60 mm.

3.6 MATERIALS

3.6.1 Crop and Variety

Yard long bean variety Githika, released from the Department of Plant

Breeding and Genetics, College of Agriculture, Vellayani was selected for the study.

The characters ofthe variety are given in Table 2.

3.6 Source of Seed Material

The seed for the experiment was obtained from the Department of Plant

Breedingand Genetics, CollegeofAgriculture, Vellayani.

Table 2. Characters ofyard long bean var. Githika (VS- 6)

Characters Description

Parentage Selection from Vellayani local

Growth habit Indeterminate, climbing

Immature pod colour Light green

Days to 50 per cent flowering 40- 43 days

Productivity 26-28tha"^
Duration 105-110 days

3.63 Manures and Fertilizers

Farm yard manure analyzing 0.5% N, 0.4% P2O and 0.4% K2O was used as

source of organic manure. Urea (46 per cent N), rajphos (20 per cent P2O5) and

muriate ofpotash (60 percent K2O) were used assources ofnitrogen, phosphorus and

potassium respectively. Watersolublefertilizers like 19:19:19, 13:0:45 and

"h



12:61:0 were used for fertigation in control 1 {ad hoc recommendation of Kerala

Agricultural University).

3.6.4 Mulching Material

Silverblackpolythene mulchof 30 gauge thickness wasused for mulching the

raised beds in all treatments except control 2.

3.6^ Drip System with Fertilizer Injector

Inline drip system with adischarge rate of4Lhr ^was laid out in all the plots
except control 2. A fertilizer injector connected to the sub main of the drip system

was used for fertigation.

3.7 METHODS

3.7.1 Design and Layout

The field experiment was laid out in split plot design. The layout plan is given

in Fig 2. The details ofthe experiment are given below.

Design -Split plot

Replication - Four

3.7^ Treatment Details

Treatments included four levels of nutrients and two fertigation intervals

along with two controls.

Main plot treatments: Levels ofnutrients (L)

Li —75 per cent recommended dose ofN and K

L2- 100 per cent recommended dose ofN and K
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La - 125 per cent recommended dose ofN and K

L4- 150 per cent recommended dose ofN and K

Subplot treatments: Fertigation intervals (I)

Ii - Fertigation once in 4 days

h - Fertigation once in 8 days

Control 1- Kerala Agricultural University (KAU) ad hoc recommendation for

precision farming (details given in Table 3) (KAU, 2013)

Control 2 -Kerala Agricultural University POP recommendation (Normal planting in

shallow raised beds with basin irrigation and soil application of fertilizers without

mulching) (KAU, 2011)

Treatment combination - 8+ 2=10

l:ii, lii2, kii, l2i2, bii, bh, kii, 142, control 1, control2

Deep ploughing, preparation of raised beds, polythene mulching and drip feitigation

were followed unifonnly for all treatments except control 2.

3.73 Plot Size

Sub plot size Gross - 3.0 mx 4.0 m

Net -3.0 mx2.5 m

Spacing - 1.5 m x 0.5 m
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3.7.4 Crop Management

3.7.4.1 LandPreparation andLayout

For treatments except control 2, the experimental field was deep ploughed to a

depth of50 cm with cultivator and stubbles ofprevious crop were removed. The field

was divided into main plots and sub plots. Raised beds of3 m width were prepared at

a height of 30 cm. A buffer strip of 75 cm width was provided around control 2 to

account for the seepage loss of water. Within each sub plot, two fiirrows of 30 cm

width were taken at 1.5 m spacing along the length ofthe plot. Silver black polythene

mulch was laid along the plots except in control 2. Inline drip system with a discharge

rate of 4Lhr ^was installed in all the plots except in control 2. For control 2, the
land was prepared by digging and weeds were removed and shallow raised beds of3

m width were taken.

3.7.4.2 Sowing

Two seeds were dibbled at 50 cm spacing in the fiirrowstaken at 1.5 m apart.

3.7.4.3 Application ofManures and Fertilisers.

As the soil was strongly acidic, lime requirement was worked out based on

initial pH and lune @350 kg ha ^was q^plied to all plots along with ploughing.
Farm yard manure @20 t ha ^was ^plied uniformly to all plots and thoroughly
incorporated before sowing. The initial soil status showed medium N, high P and low

K. Hence, the present recommendation of yard long bean (30:30:20 kg N: P2O5: K2O

ha was modified as 30:25:25 kg N: P2O5: K2O ha ' for all treatments except
control 1. The KAU ad hoc recommendation fi)r precision farming using polyfeed

water soluble fertilizers was followed for control 1 (details given in Table 3). Soil

application ofphosphorus @25 kg ha ^was followed in all treatments except ad hoc
treatment w^ere 50 per cent of P2O5 (52.5 kg P2O5 ha was supplied as basal.

Fertigation started 7 DAS and N and K were supplied as urea and MOP for



Plate 3. Fertilizer injector used for ferligation

Plate 4. An overview of experimental field



treatments except control 1 and control 2. For control 2, 30 kg N and 25 kg K were

given in five split at fortnightly interval. Fertigation schedule for treatments and

control 2 are provided in Table 4.

Table 3. KAU ad hoc recommendation for precision farming (g/treatment)

Control 1 {ad hoc) 1-6"' application

(3-18 DAP)

7-18"' application (

21-54 DAP)

19-3 6"^ application

(57-110 DAP)

19:19:19 25.20 1.80 1.80

13:0:45 28.80 57.60 57.60

Urea 23.40 5.40 27.00

12:61:0 - 3.60 3.60

Table 4. Quantity offertilizers required for each fertigation in different treatments.

^laii^Iot^^Sub^ot Urea(g/treatment) MOP (g/treatment) Application

Ii(4 days

interval)

I2(8 days

interval)

Ii (4 days

interval)

I2 (8 days

interval)

Fertigation

was done

from

DAS to 103*^

DAS

Li(75%RDof N&K) 6.28 15.30 4.00 9.80

L2(100%RDof N&K) 8.38 20.49 5.30 13.00

L3(125%RDof N&K) 10.48 25.61 6.69 16.36

L4(150%RDof N&K) 12.50 30.73 8.00 19.60

Control 2 (KAU Urea and MOP was

POP) 290 g urea /treatment 185 g MOP/treatment applied in equal

30 N : 25 K kg quantity at

haV fortnightly intervals

for five times



3.7.4.4 Aftercultivation

Germination was uniform and §,ap filling was done in few plots at five days

after sowing (DAS). The crop was thinned ten days after sowmg and a single plant

was maintained at a spacing of 50 cm spacing in each row. Trellises were erected

using casuarina poles and crop was trailed on plastic net by three week after

emergence. Two weedings and intercultivations were given at 20 and 40 DAS in

control2. Weedingwas not required in other treatmentsdue to mulching.

3.7.4.5 Irrigation

In all plots except control 2irrigation was given @1Lplant ^during initial
stages upto 15 DAS and later it was increased to 1.5 Lplant ^ In control 2, measured
quantityofwater was given. Irrigationwas given on all days except ramy days.

3.7.4.6 Plant Protection

Application ofQumalphos (Ekalux 25 EC) @ 0.05 per cent was done against

leaf eating caterpillars and bugs at 15 and 45 DAS. Soil drenching with Copper

oxychloride @ 0.3 per cent was done three times in localised spots as Fusarium wilt

was observed in patches.

3.7.4.7Harvesting

Picking ofpods commenced fi-om 47 DAS. Subsequent harvests ofgreen pods

were done on alternate days fi'om all treatments and fi^sh weight was recoided

separately.



3.8 OBSERVATIONS

The observations were recorded fix)m the five observational plants selected

fix)m the net plot area ofeach subplot and the mean values were worked out.

3^.1 Biometric Observations

3.8.1.1 Primary Branchesper Plant

Counted the number ofbranches arising fiom main stem at an interval of 30,

^ 60, 90 DAS and the mean was worked out.

3.8.1.2 Length of Vine at Harvest

Length ofvine at harvest was measured fi-om ground level to the top most leaf

bud and expressed in cm.

3.8.1.3 Number ofProductive Branchesper Plant

Total number of branches bearing inflorescence was noted as productive

branches.

3.8.1.4 LeafArea Index at Flowering

The leaf area was measured from the observational plants ofeach treatment

at flowering stage. Representative leaves were taken fltim the lower, middle and

upper part of the plant and the leaf area of these leaves were measured using graph

paper. The total leaf area was worked out using the leaf area of selected leaves and

number of leaves coming under each group. Leaf area index (LAI) was determined

usmg the following formula.

2
LAI — Total leafarea ofthe plant (cm )

2
Land area occupied by the plant (cm )



3.8,L5 Dry Matter Production at Harvest

Plants were uprooted at last harvest without d^aging the root and separated

into stem, root and leaves. These were shade dried and oven dried at 70° ± 5^C till

constant weight was reached. The weight of different plant parts including the total

pod weight were added to get dry matter production and expressed as tha\

3,8,1.6 Crop Duration

Period from sowing upto the last harvest was noted and e?q)ressed in days.

3^^ Yield and Yield Attributes

3.8.2.1 Days to 50per cent Flowering

Days taken for flowering of 50 per cent of the net population from each

treatment was recorded and expressed as number ofdays.

3.8.2.2 Setting Percentage

It was calculated by dividing the total number of pods set from tagged

inflorescence with total number of flowers in a same inflorescence and expressed as

percentage.

3.8.2.3 Number ofFlowersper Inflorescence

Total number of opened flowers from three inflorescence of observational

plants were counted and mean worked out.

3.8.2.4 PodsperPlant at each Harvest

Number ofpods collected from each observational plant at each harvest were

recorded. The total number of pod per plant was obtained by adding the number of

pods ofall harvests.
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3.8.2.5 Pod Length at each Harvest

Pod length expressed in cm was the distance measured from the pedicel

attachment to the apex of pod using twine and scale. Observation on pod length at

each harvest was taken and the mean length calculated and expressed in cm.

3.8.2.6 Pod Girth at each Harvest

The diameter ofthe broadest part ofthe pod was measured at each harvest and

the mean e5q)ressed in cm.

3.8.2.7 Weight ofPod at each Harvest

Weight of a five pod at each harvest from each treatment was recorded

separately and average was found out and expressed in g.

3.8.2.8 Pod Yieldper Plant at each Harvest

Weight of pods collected from each observational plant at each harvest was

recorded and expressed in g.

3.8.2.9 Pod Yieldper Plot at each Harvest

Total pod yield at each harvest from all treatments were recorded seperately

and expressed in tha^.

3.8.2.10 TotalPod Yield

For each treatment, total yield obtained from all harvests was noted and

expressed in tha ^

3.8.2.11 Number ofPickings

Total number ofharvests obtained was noted.



3,8,2.12 Harvest Index

Harvest index was calculated by using the formula

Harvest index = Economic yield (Donald, 1962)

Biological yield

Economic yield = Dry weight ofeconomic part (pod)

Biological yield = Total diy weight (pod yield + bhusa yield)

3J&3 Root Studies at Final Harvest

3.8.3.1 Root Length

Plants were uprooted after the final harvest and length of root fi"om base of

stem to tip ofroot was taken and e?q)iBssed in cm.

3.8.3.2 Root Volume

After the final harvest plants were uprooted carefijlly and roots were

immersed in water taken in a graduated cylinder and the root volume determined by

3
water displacement method and expressed in cm .

3.8.3.3 Root Weight

Recorded the fiieshweight ofroots after final harvest and e^qjressed in g.

3^.4 Moisture Studies

3.8.4.1 Water Use Efficiency

Water use efficiency was calculated by dividing the economic crop yield by

the total water requirement and expressed in kg ha mm .̂Water requirement is
calculated by addmg the irrigation requirement ofthe crop and effective rainfell.
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[Effective rainfall- 70 percent oftotal seasonal rainfell (Dastane,1974)]

WUE = Economic yield (kg ha

Total water requirement (mm)

3.8.4.2 Water Productivity

Water productivity was estimated by using the formula suggested by Kijne et

al,2003 and expressed in kg ha mm ^.

Water productivity (WP) = Total biomass (kg ha ^)

Total water required (mm)

3^^ Pest and Disease Incidence

Observation on the incidence ofmajor pests and diseases was made.

3^.6 Chemical Analysis

3,8.6.1 N, P, K Uptake by Crop at Harvest

Observational plants were uprooted after final harvest, dried under shade,

^ oven dried to constant weight at 70 ±5°C and N, Pand Kcontents of root, stem,
leaves and pods were analysed. The nitrogen content was estimated by micro kjeldhal

method (Jackson, 1973), phosphorus content by vanadomolybdo phosphoric yellow

colour method (Jackson, 1973) and potassium content was determined by flame

photometry method (Jackson, 1973). The nutrient uptake was calculated as the

product of the respective nutrient content in percentage and total dry weight and

expressed in kg ha ^

-A
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3.8.6.2 SoilNutrientAnafysis Before andAfter the Experiment

A composite sample was collected before the experiment for nutrient analysis.

After the experiment, soil samples collected from individual plots were dried,

powdered and sieved through 2 mm sieve. Available N was estimated by alkaline

permanganate method (Subbiah and Asija, 1956), available P2O5 by Brays

colorimetric method (Jackson, 1973) and available K2O by neutral normal ammonium

acetate method (Jackson, 1973) and expressed in kg ha ^

3.8.6.3 Organic Carbon

The estimation was done using Walkley and Black rapid titration method

(Jackson, 1973) and ejqjressed as percentage.

3.8.6.4 SoilpH

Soil reaction (pH of soil) from each treatment after the crop was estimated using

pH meter with glass electrode (Jackson, 1973)

3^.7 Chlorophyll Content and Quality Attributes

3.8.7.1 Chlorophyll Content ofLeafat Flowering

The chlorophyll content of fresh green leaves was estimated using Dimethyl

sulphoxide (DMSO) melhod (Yoshida et al., 1976) and reading was taken using

spectrophotometer and expressed in mg g f̂resh weight.

3.8.7.2 Crude Protein

Crude protein of the pod was calculated by multiplying the nitrogen content

with Simpson factor 6.25 (Simpson et al., 1965) and expressed in per cent.
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3.8.73 Crude Fibre

Crude fibre content of pod was determined by A.O.A.C method (A.O.A.C,

1975) and expressed in per cent.

3^.8 Economic Analysis

Economic analysis was done in terms ofgross income, net income and benefit

cost ratio (B:C ratio) considering the cost of cultivation and prevailing market price

ofproduce.

3.8.8.1 Net Income

Cost of inputs including mulching material, drip installation cost and labour cost

prevailed during the period of experiment was considered to work out the cost of

cultivation in ?ha \ Net income was calculated by deducting the cost ofcultivation

fix)m the gross income and it is expressed in ?ha ^
3.8.8.2 B:C Ratio

B:C ratio was calculated as the ratio of the gross income to the cost of

cultivation

^ B:C ratio = Gross income

Total cost ofcultivation

3^.9 Statistical Analysis

The data were analysed statistically by applying the technique of Analysis of

Variance technique (ANOVA) for split plot design (Panse and Sukhatme, 1985).

Significance was tested using F test (Snedecor and Cochran, 1967). Wherever the

effect was foimd to be significant, critical difference (CD) values were calculated by
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using standardtechnique. Comparisonwas made betweentreatmentmean and

controls using t value (Rangaswamy, 2010).
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4. RESULTS

An experiment was conducted during summer season 2015 to standardize

the fertigation schedule for yard long bean and to assess its impact on growth,

yield and economics of yard long bean. The experiment data were statistically

analysed and the results are furnished below.

4.1 GROWTH ATTRIBUTES

4.1.1 Primary Branches per Plant

Result on number of primary branches at 30, 60 and 90 DAS is given in

Table 5.

The different levels of nutrients and fertigation intervals and their

interaction had no effect on number of primary branches per plant at 30 and 60

DAS.

Thenumber ofprimary branches per plant was injfluenced significantly by

levels of nutrients at 90 DAS. Application of 150 per cent RD of N and K (L4)

registered the highest number of branches (15.50) whichwas on par with 125 and

100 per cent RD ofN and K.

Fertigation intervals and interaction did not influence number of primary

branches at 90 DAS.

Comparing control with treatments it was observed that ad hoc

recommendation for fertigation (control 1) was significantly superior to treatments

in number ofprimary branches at 30 and 90 DAS.

4.1.2 Length of Vine at Harvest

The result on length of vine at harvest as mfluenced by treatments is

presented in Table 6.

The levels of nutrients influenced the lengthof vine. Application ofN and

K at 150per cent RD (L4) recorded the highest vine lengthof 5.03 m and the
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Table 5. Influence of levels ofnutrients and fertigation intervals on number

ofprimary branches plant ^

Treatments
Number ofprimary branches plant ^

30 DAS 60 DAS 90 DAS

Levels ofnutrients

Li(75%RDN&K) 4.50 10.75 12.88

L2(100%RDN&K) 4.50 11.75 14.75

U (125% RD N & K) 4.88 10.63 14.00

L4(150%RDN&K) 5.00 11.63 15.50

SEm(±) 0.29 0.52 0.51

CD (0.05) NS NS 1.638

Fertigation intervals

Ii (4 days interval) 4.75 10.69 13.94

h ( 8 days interval) 4.69 11.69 14.63

SEm(±) 0.142 0.374 0.327

CD (0.05) NS NS NS

Interaction

liii 4.50 11.25 13.00

Im 4.50 10.25 12.75

bii 4.75 11.25 14.50

l2i2 4.25 12.25 15.00

bil 4.75 9.50 14.00

l3i2 5.00 11.75 14.00

kii 5.00 10.75 14.25

l4i2 5.00 12.50 16.75

SEm(±) 0.28 0.75 0.65

CD (0.05) NS NS NS

Treatment mean 4.72 11.19 14.28

Control! (KAUai//zoc
recommendation) 5.50 11.75 17.25

Control 2 (KAU POP) 5.25 12.75 15.75

Control 1 Vs Control 2 NS NS NS

Control 1 Vs Treatment S NS S



lowest length of 4.17 m was recorded for 75 per cent RD of N and K (Li).

Comparing the fertigation intervals, 8 days interval (I2) was found significantly

superior (4.92 m) to 4 days interval (Ii).

Among the combinations, 150 per cent of RD at 8 days interval (l4i2)

registered the highest vine length (5.11 m) and was on par with fertigation of 100

per cent of RD at 8 days interval (bi2). The lowest vine length (3.69 m) was

shown by 75 per cent ofRD at 4 days interval (liii).

Ad hoc recommendation for fertigation (control 1) was significantly

superior (5.26 m) to treatments and POP recommendation (control 2). The

treatment mean registered a higher vine length (4.71 m) compared to control 2

(4.38 m).

4.1.3 Number of Productive Branches per Plant

Result on number ofproductive branches are presented in the Table 6.

Results revealed that different levels of nutrients influenced the number of

productive branches while fertigation intervals and their interactions had no

significant efifect.

Among the fertigation levels, 150 per cent RD of N and K (L4) registered

the highestnumber ofproductivebranches (15.50) which was on par with 125per

cent (L3) and 100 per cent RD ofN and K (L2).

Ad hoc schedule (control 1) was observed superior to treatments and

control 2 in its effect on number ofproductive branches at 30 and 90 DAS. KAU

POP (control 2) was found superior to treatment mean.

4.1.4 Leaf Area Index at Flowering

Observation on the leaf area index at flowering is presented in Table 6.



Table 6. Influence of levels of nutrients and fertigation intervals on length ofvine at
-1

harvest, numberof productive branchesplant and leaf area index at flowering

Treatments

Length ofvine
at harvest (m)

Number of
productive

branchesplant

Leafarea

index at

flowering

Levels of nutrients

Li(75%RDN&K) 4.17 12.88 1.72

L2(100%RDN&K) 4.87 14.75 1.80

Ls (125% RD N & K) 4.77 14.00 1.81

L4(150%RDN&K) 5.03 15.5 1.83

SEm(±) 2.79 0.51 0.02

CD (0.05) 0.080 1.638 0.067

Fertigation intervals

Ii (4 days interval) 4.50 13.94 1.80

h ( 8 days interval) 4.92 14.63 1.78

SEm (±) 2.19 0.33 0.02

CD (0.05) 0.064 NS NS

Interaction

hii 3.69 13.00 1.73

lii2 4.66 12.75 1.72

hii 4.77 14.50 1.81

hh 4.98 15.00 1.80

bii 4.58 14.00 1.82

hb. 4.95 14.00 1.81

kii 4.96 14.25 1.86

l4i2 5.11 16.75 1.81

SEm (±) 4.38 0.65 0.03

CD (0.05) 0.139 NS NS

Treatment mean 4.71 14.28 1.79

Control 1 (KAU ad hoc
recommendation) 5.26 17.25 1.87

Control 2 ( KAU POP ) 4.38 15.75 1.53

Control 1 Vs Control 2 S S S

Control 1 Vs Treatment S S S

Control 2 Vs Treatment s NS S



The different levels of nutrients imparted a significant influence on leaf

area index. Among different nutrient levels, 150 per cent RD of N and K (L4)

recorded the highest LAI (1.83) which was on par with 125 per cent (L3) and 100

per cent RD ofN and K (L2).

The LAI at flowering was not influenced by fertigation intervals and

combination offertigation levels and intervals.

Compared to control 2 (POP recommendation) the different treatments

significantly improved the LAI and the ad hoc fertigation schedule (control 1)

registered the highest LAI of 1.87 which was significantly superior to treatments.

4.1.5 Dry Matter Production at Harvest

Dry matter production by different plant parts and total dry matter

production are depicted in Table 7.

Fertigation levels significantly influenced the lea^ stem, pod and total dry

matter production. In case of leaf dry matter production 150 per cent RD ofN and

K(L4) recorded the highest value of 1.47 t ha ^which was on par with 125 per
cent RD of N and K (Ls). Fertigation with 125 per cent RD of N and K (L3)

recorded the highest dry matter of stem (2.33 t ha V Maximum dry matter ofpod
(2.73 t ha ^) and total dry matter production (6.62 t ha ^) were registered by 150
per cent RD ofN and K (L4). Root dry matter production was not influenced by

levels ofnutrients.

Among the intervals, fertigation interval of 8 days (I2) showed the highest

dry matter production of leaf (1.37 t ha \ stem (2.34 t ha ^) and total dry matter
(6.11 t ha ^). However, total pod dry matter production (2.43 t ha ^) was found
significantly higher in fertigation at 4 days intervals (Ii).

The interaction effect was found significant in leaf and root dry matter

production. The highest leafdry matter production of 1.53 t ha ^was registered by
bi2and it was on par with l4i2. Fertigation of 150 per cent RD ofN



Table 7. Influence of levels of nutrients and fertigation intervals on dry
-1

matter production at harvest, t ha

Treatments
Dry matter production at harvest

Leaf Stem Root Pod Total

Levels of nutrients

Li ( 75% RD N & K) 1.13 2.10 0.13 2.11 5.48

L2 (100% RD N & K) 1.26 2.21 0.14 2.17 5.79

L3 (125% RD N & K) 1.43 2.33 0.13 2.35 6.26

L4(150%RDN&K) 1.47 2.26 0.14 2.73 6.62

SEm(±) 0.14 0.19 0.01 0.41 0.51

CD (0.05) 0.446 0.605 NS 1.309 1.644

Fertigation intervals

Ii (4 days interval) L27 2.11 0.14 2.43 5.96

I2 ( 8 days interval) 1.37 2.34 0.14 2.25 6.11

SEm (±) 0.07 0.14 0.01 0.31 0.32

CD (0.05) 0.201 0.425 NS 0.955 1.001

Interaction

liii 1.09 1.97 0.14 2.25 5.46

lih 1.16 2.24 0.13 1.96 5.51

hu 1.24 2.11 0.14 2.16 5.66

hh 1.28 2.31 0.14 2.18 5.92

hh 1.33 2.22 0.14 2.49 6.19

hh 1.53 2.43 0.13 2.21 6.32

kii 1.42 2.14 0.13 2.82 6.52

Uh 1.52 2.39 0.14 2.65 6.71

SEm (±) 0.13 0.28 0.01 0.62 0.65

CD (0.05) 0.412 NS 0.046 NS NS

Treatment mean 1.32 2.23 0.14 2.34 6.04

Control 1 (KAU ad hoc
recommendation) 2.10 2.75 0.15 3.32 8.33

Control 2 (KAU POP) L28 2.45 0.14 1.97 5.82

Control 1 Vs Control 2 S S NS S S

Control 1 Vs Treatment S S S S S

Control 2 Vs Treatment S S NS S s
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and K at 8 days intervals (l4i2) was significantly superior (0.141 ha for root dry

matter and was observed to be on par with liii, hii and l2i2.

Both the controls influenced dry matter production significantly. Control 1

recorded the highest dry matter production of leaves (2.10 t ha \ stem (2.75

t ha root (0.15 t ha ^), pod (3.32 t ha and total dry matter (8.33 t ha and
was significantly superior to treatments and control 2. Comparing treatments and

control 2, the dry matter production of lea{ pod and total dry matter were the

highest in treatments, whereas stem dry matter production was the highest in

control 2 (POP recommendation). Root dry matter production did not vary

between treatments and control 2.

4.1.6 Crop Duration

Different fertigation levels had significant influence on crop duration of

yard long bean (Table 8). Among the levels, fertigation with 150 per cent RD ofN

and K (L4) resulted in the longest crop duration (105.13 days) which was on par

with 125 per cent RD ofN and K (L3). The crop duration was the shortest in 75

per cent RD ofN and K (Li), which was on par with 100 per cent RD ofN and K

(L2).

The fertigation intervals and interaction ejBfects were not found significant.

The duration of crop did not show any variation between treatments and

controls.

4.2 YIELD AND YIELD ATTRIBUTES

4.2.1 Days for 50 per cent Flowering

The result fiimished in Table 8 revealed that 100 per cent RD ofN and K

(L2) recordedminimum days for 50 per cent flowering (41.63 days) which



Table 8. Influence of levels ofnutrients and fertigation intervals on crop
duration and days for 50 per cent flowering.

Treatments

Crop Duration
(days)

Days for 50 per cent
flowering

Levels ofnutrients

Li (75% RD N & K) 98.38 42.13

L2 (100% RD N & K) 99.75 41.63

L3 (125% RD N & K) 103.88 42.63

L4(150%RDN&K) 105.13 42.75

SEm (±) 1.26 0.20

CD (0.05) 4.044 0.653

Fertigation intervals

Ii (4 days interval) 101.88 43.50

b ( 8 days interval) 101.69 41.06

SEm (±) 0.75 0.36

CD (0.05) NS 1.105

Interaction

liii 98.50 42.00

lii2 98.25 42.25

hii 98.50 44.00

hh 101.00 39.25

bii 104.50 45.00

hb. 103.25 40.25

Uii 106.00 43.00

hh 104.25 42.50

SEm (±) 1.51 0.71

CD (0.05) NS 2.201

Treatment mean 101.78 42.28

Control 1 (KAU ad hoc
recommendation) 103.75 44.25

Control2 (KAUPOP) 99.50 39.75

Control 1 Vs Control 2 NS S

Control 1 Vs Treatment NS S

Control 2 Vs Treatment NS s

IaZ



was onpar with 75 per cent RD ofN and K (Li). The fertigation'interval of 8 days

(I2) recorded the lowest number of days for 50 per cent flowering (41.06 days)

over fertigation at 4 days interval (Ii).

Among the combinations, hb. recorded minimum days for 50 per cent

flowermg (39.25 days) and it was on par with hh.

Comparing control with treatments, minimum days for 50 per cent

flowering (39.75 days) was observed in control 2 (POP recommendation) and

followed by treatment mean (42.28 days).

4.2.2 Setting Percentage and Number of Flowers per Inflorescence

The results of setting percentage and number of flowers per inflorescence

in yard long bean are presented in Table 9.

The levels of nutrients and its interaction with interval of fertigation had

no significant effect on setting percentage, while fertigation intervals significantly

influenced this parameter. Fertigation at 8 days interval (I2) was found

significantly superior (73.00 per cent) to 4 days intervals (Ii).

The number of flowers per mflorescence was unaffected by different

levels ofnutrient, fertigation intervals and their interactions.

Controland treatments did not influence the settmg percentage. Compared

to control 1 (ad hoc recommendation) the number of flowers per inflorescence

was significantly higher in treatments (8.34).

4.2.3 Pods per Plant

The different treatments and their interactions had a significant influence

on pod number per plant (Table 10). Among the main plot treatments, fertigation

with 150 per cent RD ofN and K (L4) recorded the highest pod number (66.38)

and it was significantly superior to all other levels of nutrients and was followed

by 125per cent RD ofN and K (Ls).
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Table 9. Influence of levels ofnutrients and fertigation intervals on

setting percentage and number of flowers inflorescence

Treatments Setting percentage

Number of flowers

inflorescence

Levels ofnutrients

Li(75%RDN&K) 69.10 8.50

L2(100%RDN&K) 70.70 8.25

L3 (125% RD N & K) 65.47 8.50

L4(150%RDN&K) 71.03 8.13

SEm(±) 2.95 0.32

CD (0.05) NS NS

Fertigation intervals

Ii (4 days interval) 65.14 8.31

I2 ( 8 days interval) 73.00 8.38

SEm (±) 2.13 0.20

CD (0.05) 6.557 NS

Interaction

hii 67.71 8.50

lii2 70.49 8.50

bii 69.52 8.50

l2i2. 71.88 8.00

bil 60.12 8.50

bi2 70.83 8.50

kii 63.24 7.75

Uh 78.82 8.50

SEm(±) 4.25 0.40

CD (0.05) NS NS

Treatment mean 69.07 8.34

Control 1 (KAU ad hoc
recommendation) 61.90 7.25

Control 2 (KAU POP) 62.50 8.00

Control 1 Vs Control 2 NS NS

Control 1 Vs Treatment NS S

Control 2 Vs Treatment NS NS
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Fertigation at 4 days interval (Ii) recorded the highest pod number (59.06)

Fertigation with 150 per cent RD ofN and K at 4 days intervals (kii) was

found significantly superior (67.75) and was followed by 150 per cent RD of N

and K at 8 days intervals (l4i2) (65.00).

Comparing treatments with control, ad hoc fertigation schedule registered

a higher pod number per plant (75.75) and was superior to treatments and POP

recommendation. The treatment mean registered higher pod number per plant than

KAU POP.

4.2.4 Pod Yield per Plant

The data presented in Table 10 revealed the influence of levels of

nutrients, fertigation intervals and their interactions on the pod yield per plant.

Fertigation with 150 per cent RD of N and K (L4) was significantly

superior (1549 g per plant) to other levels of nutrients which was followed by 125

per cent RD of N and K (L3). Fertigation with 75 per cent RD of N and K (Li)

recorded the lowest pod yield of 1167.38 g per plant.

Fertigation at 4 days interval (Ii) registered the highest pod yield (1326 g

per plant) and was significantly superior to 8 days intervals (I2).

Among the combinations, 150 per cent RD ofN and K at 4 days intervals

(Uii) was found significantly superior (1565 g per plant) and was followed

fertigation with 150 per cent RD of N and K at 8 days intervals (Uii). The

treatment combination of 75 per cent RD of N and K at-8 days interval recorded

the lowest pod yield (1110 g per plant).

Comparing controls with treatments, it was observed that the KAU ad hoc

fertigation schedule recorded the highest pod yield per plant (1825.75 g) andwas



Table 10. Influence of levels ofnutrients and fertigation intervals on number

ofpods plant \ pod yield plant ^and total pod yield

Treatments

Number of

pods plant

Pod yield plant ^
(g)

Total pod yield

(tha")
Levels ofnutrients

Li(75%RDN&K) 54.25 1167.38 15.24

L2(100%RDN&K) 53.13 1191.88 15.36

L3 (125% RD N & K) 57.25 1284.63 16.60

L4(150%RDN&K) 66.38 1549.00 19.57

SEm (±) 0.21 1.41 0.77

CD (0.05) 0.659 4.516 2.454

Fertigation intervals

Ii (4 days interval) 59.06 1326.00 17.17

I2 ( 8 days interval) 56.44 1270.44 16.22

SEm(±) 0.14 1.68 0.39

CD (0.05) 0.436 5.165 1.217

Interaction

hii 57.50 1224.75 16.14

Iii2 51.00 1110.00 14.33

kii 52.50 1209.25 15.52

l2i2 53.75 1174.50 15.21

bii 58.50 1305.00 17.00

bi2 56.00 1264.25 16.19

Uii 67.75 1565.00 20.01

l4i2 65.00 1533.00 19.14

SEm(±) 0.28 3.35 0.79

CD (0.05) 0.863 10.331 2.435

Treatment mean 57.75 1298.22 16.69

Control 1 (KAU ad hoc
recommendation) 75.75 1825.75 24.23

Control 2 ( KAU POP ) 53.00 1014.75 13.56

Control 1 Vs Control 2 S S S

Control 1 Vs Treatment S s S

Control 2 Vs Treatment S s S
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found superior to treatments and control 2. The treatments were found superior to

KAU POP (soil application).

4.2.5 Total Pod Yield

Total pod yield presented in Table 10 showed variation due to treatments.

Among the levels of nutrients, fertigation with 150 per cent RD of N and

K (L4) was found significantly superior (19.57 t ha and was followed by 125

per cent RD ofNand K(La) (16.60 t ha ^). Fertigation at 4days interval (Ii) was
significantly superior to 8 days interval

The combined effect of levels of nutrients and fertigation intervals showed

that 150 per centRD ofN and K at 4 days interval (kii) was significantly superior

(20.011 ha ^) and was followed by 150 per cent RD ofN and Kat 8days interval
•(l4i2) (19.14 t ha V The treatment 75 per cent RD ofN and Kat 8days mterval
recorded the lowest value (14.361 ha ^).

Ad hoc fertigation schedule of KAU (control 1) was found significantly

superior (24.23 tha ^) to treatments ahd control 2and the treatments out yielded
KAU POP.

4.2.6 Pod Yield per Plant at each Harvest

Data on pod yield per plant at eachharvest are depicted in Table 11.

The highest pod yield per plant at each harvest was recorded in KAU ad

hoc recommendation for precision ferming and was followed by 150 per cent RD

ofN and K.

4.2.7 Pod Yield per Plot at each Harvest

Data on pod yield per harvest are presented in Table 12. Pod yield in

different treatments mcreased from third harvest onwards and it was sustained

upto fourteenth harvest. The maximimi pod yield per harvest was recorded in ad

hoc treatment and was followed by 150 per cent RD ofN and K. the pod yield per



jr
cO

Table 11. Influence of levels ofnutrients and fertigation intervals on pod yield plant ^at each harvest (g plant ^)*

Treatment Num )er ofharvest

1 2 3 4 5 6 7 8 9 10 11

hu 24.29 26.79 87.86 102.14 177.14 111.43 73.57 95.00 87.86 78.57 73.57

lii2 22.14 30.71 104.29 150.00 112.86 72.86 85.71 75.00 72.14 77.14 67.86

hii 28.57 40.00 60.71 174.29 94.29 103.57 91.43 87.14 75.71 85.71 78.57

1212 39.29 22.71 66.43 180.00 92.86 85.71 98.57 80.00 64.07 87.86 62.86

hii 37.50 111.43 150.00 119.29 119.29 110.00 75.71 78.57 76.43 77.14 62.86

bi2 24.29 26.21 90.71 80.00 145.71 95.71 119.29 108.57 84.29 93.71 73.57

kii 22.93 160.71 87.86 190.71 83.57 89.29 111.43 93.57 95.86 103.57 80.93

l4i2 48.21 89.29 80.00 145.71 93.57 162.14 105.00 80.00 86.43 85.00 87.86

Control 1 (KAU
adhoc

recommendation) 53.57 125.00 92.86 266.43 250.34 111.43 118.57 107.14 93.57 95.71 87.86

Control 2 (KAU
POP) 29.29 63.86 72.14 62.50 72.86 86.43 81.43 68.14 76.43 91.14 61.14
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Continued...

Treatments 12 13 14 15 16 17 18 19 20 21

Total pod
yield plant

hii 71.43 70.71 77.86 67.14 55.71 45.71 24.29 16.71 0.00 0.00 1224.75

lii2 62.71 67.86 62.71 57.79 47.14 31.07 21.96 52.38 0.00 0.00 1110.00

kii 62.57 56.36 69.29 . 52.43 61.07 48.29 32.43 24.43 0.00 0.00 1209.25

l2i2 56.21 87.86 70.00 60.36 40.50 38.79 48.21 24.64 0.00 0.00 1174.50

bii 75.00 86.43 70.71 63.57 56.36 41.79 22.29 21.57 0.00 0.00 1305.00

hh 79.29 63.57 66.71 78.57 55.71 40.21 24.29 29.43 0.00 0.00 1264.25

Uii 73.57 81.43 106.43 69.86 68.93 62.57 54.79 40.29 24.79 0.00 1565.00

l4i2 79.29 70.93 73.57 53.21 77.86 75.00 64.07 46.71 30.07 0.00 1533.00

Control 1 (KAU
adhoc

recommendation)
58.00 86.43 73.57 102.14 88.57 65.14 46.93 56.00 46.57 32.57 1825.75

Control2 (KAU

POP)
44.64 62.57 54.64 69.64 40.50 46.71 40.14 32.29 0.00 0.00 1014.75

* Data is not statistically analysed



a

-1.Table 12. Influence of levels of nutrients and fertigation intervals on pod yieldper plot at eachharvest (kg net plot )*

Treatment Number ofharvests

1 2 3 4 5 6 7 8 9 10 11

hii 0.34 0.37 1.23 1.43 2.48 1.56 1.03 1.33 1.23 1.10 1.03

lii2 0.31 0.43 1.46 2.10 1.58 1.02 1.20 1.05 1.01 1.08 0.95

hii 0.4 0.56 0.85 2.44 1.32 1.45 1.28 1.22 1.06 1.20 1.10

1212 0.55 0.31 0.93 2.52 1.30 1.20 1.38 1.12 0.89 1.23 0.88

hii 0.52 1.56 2.10 1.67 1.67 1.54 1.06 1.10 1.07 1.08 0.88

l3i2 0.34 0.36 1.27 1.12 2.04 1.34 1.67 1.52 1.18 1.31 1.03

kii 0.32 2.25 1.23 2.67 1.17 1.25 1.56 1.31 1.34 1.45 1.13

'Uh 0.67 1.25 1.12 2.04 1.31 2.27 1.47 1.12 1.21 1.19 1.23

Control 1 (KAU ad
hoc

recommendation) 0.75 1.75 1.30 3.73 3.75 1.56 1.66 1.50 1.31 1.34 1.23

Control2 (KAU
POP) 0.41 0.89 1.01 0.87 1.02 1.21 1.14 0.954 1.07 1.27 0.85



Continued

Treatments 12 13 14 15 16 17 18 19 20 21

Total

pod
yield net
plot ^

hii 1.00 0.99 1.09 0.94 0.78 0.64 0.34 0.23 0.00 0.00 19.15

liii 0.87 0.95 0.87 0.80 0.66 0.43 0.30 0.00 0.00 0.00 17.84

hii 0.87 0.78 0.97 0.73 0.85 0.67 0.45 0.34 0.00 0.00 18.58

hh 0.78 1.23 0.98 0.84 0.56 0.54 0.67 0.34 0.00 0.00 18.30

hh 1.05 1.21 0.99 0.89 0.78 0.58 0.31 0.30 0.00 0.00 20.38

hh l.li • 0.89 0.93 1.10 0.78 0.56 0.34 0.41 0.00 0.00 19.32

Uii 1.03 1.14 1.49 0.97 0.96 0.87 0.76 0.56 0.34 0.00 23.84

Uh 1.11 0.99 1.03 0.74 1.09 1.05 0.89 0.65 0.42 0.00 22.88
Control 1 (KAU
ad hoc

recommendation) 0.81 1.21 1.03 1.43 1.24 0.91 0.65 0.78 0.65 0.45 28.61
Control2 (KAU
POP) 0.62 0.87 0.76 0.97 0.56 0.65 0.562 0.45 0.00 0.00 16.19

Data are not statistically analysed



harvest was lower in KAU POP and yield increase in this treatment was evident

from third to tenth harvest.

4.2.8 Pod Characters

The average value of pod characters like pod girth, pod length and pod

weight are depicted in the Table 13.

Pod length was influenced by the levels of nutrients and interaction

between levels and intervals. Fertigation interval had no influence on pod lengtL

Among the levels, 150 per cent RD of N and K (L4) recorded the highest pod

(48.43 cm) and it was significantly superior to all other levels.

Among the combinations, Uii recorded the highest pod length (48.73 cm)

which was on par with bh, bii and l4i2.

The average pod girth and average pod weight were not influenced by the

levels ofnutrients, fertigation intervals and their interactions.

Ad hoc fertigation schedule recorded maximum pod length (50.13 cm) and

was superior to treatments. Control 2 (POP recommendation) also registered

longer pod (49.60 cm) than treatments. The ad hoc recommendation registered

higher average pod weight over soil application (control 2). However, the pod

weight was minimum in control 2 which was on par with treatments.

4.2.9 Number of Pickmgs

Data on number of picking presented in Table 14 indicated that the

fertigation levels, intervals and their interactions had no significant influence on

the number of pickings. However, compared to treatment ad hoc fertigation

schedule ofKAU (control 1) registered the highest number ofpicking (21.00).
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Table 13. Influence of levels ofnutrients and fertigation intervals on average
pod length, pod girth and pod weight

Average pod Average pod Average pod
Treatments length (cm) girth (cm) weight (g)

Levels of nutrients

Li ( 75% RD N & K) 47.23 3.61 21.69

Li (100% RD N & K) 47.66 3.65 22.75

L3 (125% RD N & K) 47.79 3.49 22.31

L4(150%RDN&K) 48.43 3.60 22.75

SEm (±) 0.18 0.06 0.29

CD (0.05) 0.566 NS NS

Fertigation intervals

Ii ( 4 days interval) 47.88 3.60 22.53

h ( 8 days interval) 47.68 3.58 22.22

SEm(±) 0.15 0.06 0.27

CD (0.05) NS NS NS

Interaction

lui 46.58 3.45 21.63

lii2 47.88 3.78 21.75

bh 47.78 3.78 22.75

hb. 47.55 3.53 22.75

bii 48.43 3.50 22.50

bi2 47.15 3.48 22.13

kii 48.73 3.68 23.25

Uh 48.13 3.53 22.25

SEm(±) 0.30 0.13 0.54

CD (0.05) 0.915 NS NS

Treatment mean 47.78 3.59 22.38

Control 1 (KAU ad hoc
recommendation) 50.13 3.38 23.25

Control 2 (KAU POP) 49.60 3.58 19.75

Control 1 Vs Control 2 NS NS S

Control 1 Vs Treatment S NS NS

Control 2 Vs Treatment S NS S
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4.2.10 Harvest Index
>

Results presented in the Table 14 revealed that harvest index w^as the

highest in 150 per cent RD of N and K (L4) (0.42) which was significantly

superior to all other levels. Similarly fertigation interval of 4 days (Ii) had

significant superiority over 8 days interval with a harvest index of0.41.

The interaction of 150 per cent RD ofN and K at 4 days interval (kii) was

found significantly superior (0.44) to other combinations. The combmation of 75

and 125 per cent N and K at 8 days interval were on par and registered the lowest

harvest index.

On comparison of treatments with control, it was observed that ad hoc

recommendation of KAU and treatment mean was found superior to control 2

(POP recommendation). There was no significant difference between ad hoc and

treatment mean.

4.3 ROOT STUDIES AT FINAL HARVEST

Data on root parameters viz. root length, root volume and root weight are

presented in Table 15.

Root parameters like root length and root volume were influenced by

fertigation levels, intervals and their interaction. The highest root length (51.50
3

cm) and root volume (62.25 cm ) were recorded by fertigation at 150 per cent RD

of N and K (L4) and was followed by 100 per cent RD of N and K (L2). The

variation on root weight between 100 and 150 per cent RDs ofN and K was not

significant and these two treatments were superior to others.

Fertigation interval of4 days (Ii) registered the highest root length (50.75
3

cm), and the maximum root volume (54.94 cm ) was noticed at 8 days interval

(I2). Fertigation interval had no effect on root weight.

Among the various interactions, the longest root (52.00 cm) was observed

in fertigation at 100 and 150 per cent RD ofN and K at 4 days interval which
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Table 14. Influence of levels of nutrients and fertigation intervals on number
ofpickings and harvest index

Treatments Number of pickings Harvest index

Levels of nutrients

Li ( 75% RD N & K) 18.75 0.39

L2(100%RDN&K) 18.63 0.38

L3 (125% RD N & K) 19.00 0.38

L4(I50%RDN&K) 20.00 0.42

SEm(±) 0.34 0.01

CD (0.05) NS 0.016

Fertigation intervals

Ii (4 days interval) 19.31 0.41

I2 ( 8 days interval) 18.88 0.37

SEm(±) 0.20 0.002

CD (0.05) NS 0.007

Interaction

hii 19.25 0.41

lii2 18.25 0.36

kii 18.50 0.38

l2i2 18.75 0.37

kii 19.25 0.41

hh 18.75 0.35

Uii 20.25 0.44

l4i2 19.75 0.40

SEm (±) 0.39 0.001

CD (0.05) NS 0.015

Treatment mean 19.09 0.39

Control 1 (KAU ad hoc
recommendation) 21.00 0.40

Control2 (KAUPOP) 19.00 0.33

Control 1 Vs Control 2 S S

Control 1 Vs Treatment s NS

Control 2 Vs Treatment NS S
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Table 15. Influence of levels of nutrients and fertigation intervals on root
length, root volume and root weight

Treatments

Root length
(cm)

Root volume

(cm'') • Root weight(g)

Levels of nutrients

Li ( 75% RD N & K) 50.00 39.75 50.70

L2(100%RDN&K) 50.25 54.88 52.23

L3(125%RDN&K) 49.38 54.88 50.73

L4(150%RDN&K) 51.50 62.25 51.85

SEm (±) 0.22 0.44 0.14

CD (0.05) 0.689 1.395 0.442

Fertigation intervals

Ii (4 days interval) 50.75 50.94 51.36

I2 ( 8 days interval) 49.81 54.94 51.39

SEm (±) 0.28 0.33 0.11

CD (0.05) 0.870 1.021 NS

Interaction

liii 50.25 29.75 51.15

lii2 49.75 49.75 50.25

kii 52.00 50.00 52.47

l2i2 48.50 59.75 52.00

bii 48.75 69.50 51.34

l3i2 50.00 40.25 50.13

kil 52.00 54.50 50.50

l4i2 51.00 70.00 53.20

SEm(±) 0.56 0.67 0.21

CD (0.05) 1.740 2.053 0.649

Treatment mean 50.28 52.94 51.38

Control 1 (KAU ad hoc
recommendation) 53.00 80.00 55.13

Control 2 (KAU POP) 50.00 40.00 51.25

Control 1 Vs Control 2 s S S

Control 1 Vs Treatment s S S

Control 2 Vs Treatment NS S NS

%



were on par with 150 percent RD ofN and K at 8 days interval. Root volume was
3

maximum (70 cm ) in 1412 and was on par with 125 per cent RD of N and K at 4

days interval (bii). In case of root weight also 150 per cent RD of N and K at 8

days intervals (l4i2) recorded the highest (53.20 g).

Comparing treatments with control 1 and control 2, the ad hoc fertigation

schedule (control 1) was found superior in terms of root length, root weight and

root volume. Though treatments did not vary from POP on root length and root

weight, treatments registered significant superiority on root volume over POP.

4.4 MOISTURE STUDIES

4.4.1 Water Requirement, Water Use Efficiency and Water Productivity

Results on total water requirement, water use efficiency and water

productivity as influenced by treatments are given in Tables 16 and 17.

The water requirement of yard long bean ranged from 681 - 891 mm.

Water requirement was the highest (891.16 mm) in KAU POP, where hose

irrigation was practiced. Drip irrigation registered lower water requirements and

the values ranged from 681.38 to 741.16 mm.

Fertigation at 150 per cent RD of N and K recorded the highest WUE

(26.55 kg ha.mm and water productivity (8.98 kg ha,mm compared to all

other fertigation levels.

Among the fertigation intervals, fertigation at 4 days interval recorded the

highest WUE (23.90 kg ha mm and it was significantly superior to that at 8

days interval (22.79 kg ha mm ^). Water productivity of 8.60 kg ha mm ^was
noticed in fertigation at 8 days interval and it was significantly higher than that at

4days mterval (8.30 kg ha mm ^).

Interaction between fertigation levels and intervals significantly

influenced WUE, while it w^ insignificant for water productivity. Fertigation at

150 per cent RD ofN and K at 4 days intervals (kii) recorded the highest WUE
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Table 16. Water requirement of yard long bean

Treatments Water requirement (mm)

liii (75 % RD ofN & K at 4 days interval) 696.92

lii2 (75 % RD ofN & K at 8 days interval) 681.38

kii (100 % RD ofN & K at 4 days interval) 696.92

1212 (100 % RD ofN & K at 8 days interval) 705.18

bii (125 % RD ofN & K at 4 days interval) 734.16

bi2 (125 % RD ofN & K at 8 days interval) 721.56

kii (150 % RD ofN & K at 4 days interval) 741.16

l4i2 (150 % RD ofN & K at 8 days interval) 733.46

Control 1 (KAU ad hoc recommendation)
733.46

Control2 (KAUPOP) 891.16

%



Table 17. Influenceoffertigation levelsand intervals on water use efficiency

and water productivity, kg ha mm ^

Treatments WUE Water productivity

Levels ofnutrients

LiC75%RDN&K) 22.10 7.97

L2(100%RDN&K) 21.92 8.27

L3(125%RDN&K) 22.81 8.60

L4(150%RDN&K) 26.55 8.98

SEm(±) 0.11 0.07

CD (0.05) 0.341 0.228

Fertigation intervals

Ii (4 days interval) 23.90 8.30

I2 ( 8 days interval) 22.79 8.60

SEm (±) 0.06 0.04

CD (0.05) 0.171 0.132

Interaction

hii 23.17 7.85

lii2 21.04 8.09

hii 22.27 8.13

hh 21.58 8.41

bii 23.17 8.44

bi2 22.45 8.76

Uii 27.00 8.81

l4i2 26.10 9.16

SEm(±) 0.09 0.09

CD (0.05) 0.342 NS

Treatment mean 23.34 8.45

Control 1 (KAU ad hoc

recommendation)
33.05 11.36

Control 2 ( KAU POP ) 15.23 6.54

Control 1 Vs Control 2 S S

Control 1 Vs Treatment s S

Control 2 Vs Treatment s S
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and was followed by 150 per cent RD of N and K at 8 days interval. Comparing

control with treatment, ad hoc fertigation schedule recorded the highest WUE and

water productivity. The treatments were, significantly superior to KAU POP

recommendation with respect to WUE and water productivity.

4.5 CHEMICAL ANALYSIS

4.5.1 N Uptake by Crop

The N uptake by different plant parts and total uptake by the crop are

presented in Table 18.

Among nutrient levels, 150 per cent RD of N and K (Li) recorded the

highest Nuptake by leaf (56.96 kg ha \ pod (132.15 kg ha and total N
uptake by plant (249.80 kg ha ^). However, 100 per cent RD of Nand K(L2)
registered The N uptake by the stem (69.38 kg ha was the highest in 100 per

cent RD of N and K, which was on par with 125 per cent RD of N and K (L3).

Fertigation with 75 per cent RD of N and K (Li) registered the highest N uptake

by root (4.83 kg ha ^

The fertigation interval of 8 days (I2) recorded maximum N uptake by

leaves (50.24 kg ha and stem (63.18 kg ha ^), however fertigation at 4days
mterval recorded the highest N uptake by pod. The total N uptake was unaffected

by fertigation interval.

N uptake by leaves and totalN uptake were the highest in 150per cent RD

of N andK at 8 days interval (l4i2). Fertigation of 100per centRD of N and K at 4

days intervals (bii) recorded maximum N uptake by stem whichwas on par with

125 per cent RD at 8 days interval (bii). The combination of 75 per cent RD ofN

and K at 4 days interval (liii) recorded maximum N uptake by root. Regarding

podN uptake, kii (150 per cent RD of N and K at 4 days interval) was superior to

other treatments and was on par with l4i2.

KAU ad hoc recommendation for precision farming registered the highest

N uptake by leaf stem, pod and totaluptake andwas significantly superior to

QO



Table 18. Influence of levels of nutrients and fertigation intervals on

uptake ofnitrogen, kg ha ^

Treatments
U ptake ofnitrogen

Leaf Stem Root 1 Pod Total

Levels ofnutrients

Li ( 75% RD N & K) 43.63 53.64 4.83 80.65 182.75

L2 (100% RD N & K) 48.56 69.38 3.94 87.47 209.35

U (125% RD N & K) 44.78 65.28 2.92 109.71 222.70

L4(150%RDN&K) 56.96 57.23 3.45 132.15 249.80

SEm C±) 0.48 1.32 0.03 1.92 2.62

CD (0.05) 1.538 4.227 0.083 6.152 8.379

Fertigation intervals

Ii (4 days interval) 46.73 59.59 3.91 106.57 216.80

h ( 8 days interval) 50.24 63.18 3.66 98.41 215.49

SEm (±) 0.23 0.95 0.02 1.44 1.68

CD (0.05) 0.718 2.928 0.062 4.436 NS

Interaction

liii 38.42 42.05 4.91 86.93 172.30

lii2 48.84 65.23 4.75 74,37 193.19

bii 52.10 73.94 3.93 87.78 217.75

hh 45.03 64.82 3.94 87.16 200.95

bii 46.57 62.37 2.94 117.15 229.04

bi2 42.99 68.18 2.91 102.27 216.35

kii 49.83 59.99 3.86 134.44 248.12

Ub. 64.11 54.48 3.05 129.85 251.48

SEm (±) 0.47 1.90 0.04 2.88 3.37

CD (0.05) 1.436 5.847 0.135 8.875 10.37

Treatment mean 48.48 61.38 3.79 102.50 216.15

Control 1 (KAU ad hoc

recommendation) 58.94 77.00 3.19 174.57 313.70

Control2 (KAUPOP) 35.84 50.93 2.95 72.02 161.73

Control 1 Vs Control 2 S S S S S

Control 1 Vs Treatment s S S S S

Control 2 Vs Treatment s S S S s



treatment and POP recommendation. The treatment mean was superior to POP on

N uptake by various plant parts and total N uptake.

4.5.2 P Uptake by Crop

Uptake of P by different plant parts (Table 19) and total P uptake by the

crop were influenced by the treatments. Among levels, fertigation at 150 per cent

RD ofN and K (TU) recorded maximum P uptake by pod (7.89 kg ha and total

Puptake by plant (17.61 kg ha VPuptake by leaves and stem were the highest
in 125 per cent RD ofN and K (Ls) which was on par with 150 per cent RD ofN

and K (L4). Fertigation at 75 per cent RD of N and K (Li) recorded maximum P

uptake by root.

The fertigation interval of 8 days (I2) recorded maximum P uptake by

leaves (3.92 kg ha stem (6.14 kg ha and total Puptake (16.53 kg ha ^). P
uptake by pod was the highest (6.65 kg ha at 4 days interval. P uptake by root

was not influenced by fertigation intervals.

Among the interactions, l4i2 recorded maximum P uptake by leafand stem.

While in case of root uptake, 75 per cent RD of N and K at 4 days interval (liii)

was found superior. P uptake by pod was superior for 150 per cent RD ofN and K

at 4 days intervals (Uii). The treatment combination was insignificant for total P

uptake.

Ad hoc recommendation for fertigation was foimd superior to POP

recommendation and treatments in case of P uptake by lea^ stem, root, pod and

total uptake. Comparing treatment mean and POP recommendation, POP was

found superior for P uptake by leaf and stem, while treatment mean recorded the

highest value for P uptake by pod and total uptake.

4.5.3 K Uptake by Crop

Result of K uptake by the different plant parts and total K uptake by the

crop are presented in Table 20.
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Table 19. Influence oflevels ofnutrients and fertigation intervals on uptake

ofphosphorus, kg ha ^

Treatments
Uptake ofphosphorus

Leaf Stem Root Pod Total

Levels ofnutrients

Li(75%RDN&K) 2.76 5.00 0.41 4.90 13.05

L2(100%RDN&K) 3.30 5.24 0.32 7.03 15.89

U (125% RD N & K) 4.02 5.60 0.33 5.74 15.68

L4(150%RDN&K) 3.93 5.48 0.31 7.89 17.61

SEm(±) 0.03 0.05 0.004 0.04 0.21

CD (0.05) 0.107 0.153 0.014 0.114 0.672

Fertigation intervals

Ii (4 days interval) 3.08 4,51 0.34 6.65 14.58

I2 ( 8 days interval) 3.92 6.14 0.34 6.13 16.53

SEmC±) 0.01 0.03 0.003 0.02 0.14

CD (0.05) 0.045 0.103 NS 0.076 0.418

Interaction

hii 2.10 4.04 0.44 5.28 11.84

hi2 3.42 5.96 0.38 4.52 14.27

kii 3.24 4.44 0.25 6.83 14.75

hb. 3.36 6.04 0.40 7.24 17.03

bh 3.60 5.19 0.32 6.25 15.35

hh 4.44 6.01 0.34 5.23 16.01

Uii 3.39 4.40 0.36 8.25 16.38

l4i2 4.48 6.57 0.27 7.53 18.84

SEm(±) 0.03 0.07 0.01 0.05 0.27

CD (0.05) 0.081 0.217 0.016 0.143 NS

Treatment mean 3.50 5.33 0.34 6.39 15.56

Control I {KAV ad hoc
recommendation) 5.30 6.87 0.40 8.25 20.82

Control 2 (KAU POP) 3.64 6.06 0.31 3.43 13.44

Control 1 Vs Control 2 S S S S S

Control 1 Vs Treatment s S s S S

Control 2 Vs Treatment s s NS s s
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Fertigation at 150 per cent RD of N and K (L4) recorded maximum K

uptake by leaf (51.72 kg ha \ stem (66.10 kg ha \ pod (47.60 kg ha and
total K uptake by the crop (166.88 kg ha Maximum K uptake by root (3.27 kg

ha was registered for 100 per cent RD ofN and K (L2).

The fertigation at 8 days interval (I2) recorded maximum K uptake by

leaves (45.53 kg ha \ stem (58.94 kg ha \ root (2.97 kg ha and total K
uptake (149.24 kg ha by the plant. K uptake by pod was the highest (42.74 kg

ha at 4 days interval.

Among the interactions,150 per cent RD of N and K at 8 days intervals

(1412) was significantly superior in K uptake by leaves and total K uptake. In the

case of K uptake by stem bi2 registered the highest value while in case of root

uptake, 100 per cent RD of N and K at 8 days interval (bi2) was found superior.

Pod K uptake was superior for 150 per cent RD ofN and K at 4 days interval (Uii)

and it was on par with 150 per cent RD ofN and K at 8 days interval (l4i2).

Comparing control with treatment mean, KAU ad hoc recommendation

was found superior in K uptake by leaf, root, pod and total uptake. Treatment

mean was significantly higher than control 2 in K uptake by stem, root, pod and

total uptake. Soil application recorded the highest K uptake by leaf

4.5.4 Available Soil N, P and K after the Experiment

Data presented in Table 21 revealed that different fertigation levels,

intervals and their interaction had significant effect on soil N, P and K status of

soil. The fertigationlevels at 125per cent RD ofN and K (L3) recorded maximnm

soil N(378.98 kg ha \ while 75 per cent RD ofN and K(Li) registered the
highest value ofsoil P and K.

The fertigation at 4 days intervals was found significantly superior to

fertigation at 8 days interval for soil N, P and K.

Thecombined effectof fertigation levels and intervals showed that 125per

cent RD ofN and K at 4 days intervals (bii) was significantly superior



Table 20. Influence of levels ofnutrients and fertigation intervals on uptake

ofpotassium, kg ha ^

Treatments

Uptake ofpotassium

Leaf Stem Root Pod Total

Levels of nutrients

Li(75%RDN&K) 37.17 50.65 2.25 38.25 128.32

L2 (100% RD N & K) 40.52 50.56 3.27 40.05 134.39

L3 (125%RDN&K) 42.52 65.05 2.99 43.19 153.75

L4(150%RDN&K) 51.72 66.11 1.45 47.60 166.88

SEm(±) 0.47 0.49 0.03 0.02 0.24

CD (0.05) 1.512 1.569 0.09 0.069 0.77

Fertigation intervals

Ii ( 4 days interval) 40.43 57.24 2.01 42.74 142.43

h (8 days interval) 45.53 58.94 2.97 41.81 149.24

SEm(±) 0.25 0.11 0.02 0.02 0.05

CD (0.05) 0.781 0.367 0.052 0.059 0.142

Interaction

hii 33.30 52.67 1.38 38.35 125.70

lii2 41.04 48.62 3.13 38.16 130.94

bii 41.27 49.67 2.43 38.90 132.26

l2i2 39.77 51.45 4.12 41.20 136.53

bii 40.91 59.87 3.01 46.06 149.84

bh 44.14 70.23 2.97 40.33 157.66

Uii 46.26 66.76 1.24 47.66 161.91

l4i2 57.19 65.45 1.67 47.55 171.85

SEm(±) 0.51 0.24 0.04 0.04 0.095

CD (0.05) 1.563 0.725 0.114 0.119 0.295

Treatment mean 42.98 58.09 2.49 42.27 145.83

Control 1 (KAU ad hoc
recommendation) 64.47 81.34 5.09 57.05 207.95

Control2 (KAUPOP) 46.33 47.81 2.16 32.95 129.25

Control 1 Vs Control 2 S S S S S

Control 1 Vs Treatment S NS S S S

Control 2 Vs Treatment s S S s S
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Table 21. Influence of levels of nutrients and fertigation intervals on available

soil nitrogen, phosphorus and potassium after the experiment, kg ha

Treatments Available soil nutrients after the experiment

N P K

Levels ofnutrients

Li ( 75% RD N & K) 363.08 69.11 127.61

L2 (100% RD N & K) 368.63 67.19 126.78

L3(125%RDN&K) 378.98 67.32 119.55

L4(150%RDN&K) 356.71 67.25 120.01

SEm(±) 2.19 0.001 0.003

CD (0.05) 6.997 0.004 0.009

Fertigation intervals

Ii (4 days interval) 370.48 67.71 124.72

I2 ( 8 days interval) 363.22 67.72 122.25

SEm (±) 2.24 0.005 0.002

CD (0.05) 6.909 0.017 0.007

Interaction

hii 355.18 69.47 131.02

lii2 370.99 68.74 122.54

kii 367.22 66.27 127.54

l2i2 370.05 68.12 127.67

bh 402.97 67.53 121.66

hh 354.99 67.11 117.44

kii 356.56 67.59 118.67

Uh 356.87 66.91 121.34

SEm(±) 4.48 0.008 0.001

CD (0.05) 13.819 0.025 0.004

Treatment mean 366.85 67.72 123.48

Control 1 (KAU ad hoc

recommendation)
367.23

68.91
132.21

Control 2 ( KAU POP ) 348.41 66.57 121.87

Control 1 Vs Control 2 S S S

Control 1 Vs Treatment NS S S

Control 2 Vs Treatment S s s



(402.97kg ha for available soil N. The combination of 75.per cent RD ofN and

K at 4 days intervals (liii) recorded maximum soil P and K.

Comparing control and treatment, ad hoc fertigation schedule (control 1)

recorded the highest soil N, P and K and was significantly superior.

4.5.5 Soil Organic Carbon and pH

The data on soil organic carbon and pH are presented in Table 22.

Soil pH was significantly influenced by fertigation levels, while organic

carbon was not influenced by fertigation levels, intervals and their interaction.

Application ofN and K at 75 per cent RD recorded the highest soil pH and

was on par with 100 per cent RD ofN and K.

Comparing the control and treatment, treatment mean was significantly

superior to ad hoc recommendation of KAU (control 1). Soil application of

fertilizers (control 2) recorded the highest soil pH over ad hoc and treatment mean

and it was significantly superior. Soil organic carbon was not influenced by

control and treatments.

4.6 CHLOROPHYLL CONTENT AND QUALITY ATTRIBUTES

4.6.1 Chlorophyll Content at Flowering

The results presented in Table 23 revealed that different treatments and

their interaction had significant influence on the total chlorophyll content.

Fertigation at 150 per cent RD of N and K (L4) recorded the highest value (2.41

mg g ') and it was significantly superior to all other nutrient levels. Fertigation at

4days interval (I2) recorded maximum total chlorophyll (2.20 mg g ^).
Among the various combinations of fertigation levels and intervals the

treatment receiving 150 per cent RD ofN and K at 4 days interval (Uii) registered

the highest total chlorophyll (2.42 mg g which was on par with l3i2 and l4i2.



Table 22. Influence of levels ofnutrients and fertigation intervals on

organic carbon and soil pH after the e?q)eriment

Treatments Organic carbon (%) Soil pH

Levels ofnutrients

Li ( 75% RD N & K) 1.66 5.24

Li (100% RD N & K) . 1.67 5.22

L3 (125% RD N & K) 1.67 5.16

L4(150%RDN&K) 1.68 5.15

SEm(±) 0.01 0.02

CD (0.05) NS 0.065

Fertigation intervals

Ii (4 days interval) 2.09 5.19

I2 ( 8 days interval) 1.67 5.20

SEm(±) 0.001 0.01

CD (0.05) NS NS

Interaction

liii 1.67 5.24

Im 1.66 5.23

bii 1.67 5.21

hh 1.68 5.22

bii 1.68 5.15

hh 1.67 5.18

Uii 1.68 5.14

1412 1.68 5.16

SEm(±) 0.01 0.02

CD (0.05) NS NS

Treatment mean 1.67 5.19

Control 1 (KAU ac/ hoc
recommendation) 1.67 5.11

Control2 (KAUPOP) 1.68 5.26

Control 1 Vs Control 2 NS S

Control 1 Vs Treatment NS S

Control 2 Vs Treatment NS S



The ad hoc recommendation for fertigation (control 1) was significantly

superior to treatment and POP recommendation (control 2). Treatment mean

registered higher chlorophyll content (2.18 mg g than POP recommendation.

4.6.2 Crude Protein

Crude protein content of yard long bean pods as influenced by treatments

is presented in Table 23.

The crude protein content was influenced by levels ofnutrients, fertigation

intervals and their interactions. Among the levels of nutrients, fertigation atl50

per cent RD of N and K (L4) recorded maximum crude protein (30.13 per cent),

followed by 125 per cent RD ofN and K (L3).

The fertigation at 4 days interval registered the maximum crude protein

content (27.08 per cent).

Among the various interactions, crude protein content was found superior

(30.63 per cent) at 150 per cent RD ofN and K at 4 days intervals (Uii), and was

followed by 150 per cent RD ofN and K at 8 days interval.

Comparing control and treatment mean, KAU ad hoc recommendation

(control 1) recorded the maximum crude protein (32.79 per cent) and it was

significantly superior to ICAU POP (control 2) and treatments.

4.6.3 Crude Fibre

The result presented in Table 23 showed that crude fibre was significantly

influenced by fertigation intervals, while it was not affected by levels of nutrients

and their interactions.

Crude fibre was the highest (16.58 per cent) in fertigation at 8 days

interval.

KAU POP recommendation (control 1) registered the highest crude fibre

and it was significantly superior to KAU ad hoc recommendation(control 2) and

6^



Table 23. Influence of levels ofnutrients and fertigation intervals on
chlorophyll content at flowering, crude protein and crude fibre

Treatments

Chlorophyll
content at

flowermg (mg g

fresh weight)

Crude protein
(%)

Crude fibre

(%)

Levels of nutrients

Li ( 75% RD N & K) 1.92 23.83 16.33

L2 (100% RD N & K) 2.10 25.01 16.38

L3 (125% RD N & K) 2.28 29.01 16.48

L4(150%RDN&K) 2.41 30.13 16.56

SEm (±) 0.01 0.02 0.07

CD (0.05) 0.037 0.079 NS

Fertigation intervals

Ii (4 days interval) 2.20 27.08 16.30

I2 ( 8 days interval) 2.15 26.90 16.58

SEm (±) 0.01 0.02 0.05

CD (0.05) 0.036 0.067 0.146

Interaction

liii 1.92 24.06 16.02

lii2 1.93 23.58 16.65

hii 2.07 25.34 16.26

hh 2.13 24.69 16.50

bii 2.20 29.30 16.44

hh 2.37 28.72 16.52

Uii 2.42 30.63 16.47

l4i2 2.40 29.64 16.65

SEm(±) 0.02 0.04 0.10

CD (0.05) 0.072 0.135 NS

Treatment mean 2.18 27.00 16.44

Control 1 (KAU ad hoc
recommendation) 2.67 32.79 16.53

Control2 (KAUPOP) 1.06 22.74 17.07

Control 1 Vs Control 2 S S S

Control 1 Vs Treatment s S NS

Control 2 Vs Treatment s S S

^X)



^ treatment mean. There was no significant difference between ad hoc
recommendation for fertigation and treatment mean.

4.7 PEST AND DISEASE INCIDENCE

Pest incidence was comparatively less and minor attack by leaf eating

caterpillar {Spilosoma oblique) and pod borer (Maruca testulalis) were observed.

Treatment wise variation was not observed in pest incidence. Wilt caused by

Fusarium oxysporum was observed in isolated patches and the incidence

percentage varied from 1.59 to 2.30 as depicted in Table 24. Wilt incidence was

not influenced by treatments. Incidence was noticed in plants near the water

channel immediately after the heavy rain at 38 DAS.

4.8 ECONOMIC ANALYSIS

4.8.1 Net Income and B:C Ratio

The effect of treatments on net income and B:C ratio is presented in Table 25 and

details on cost of cultivation is given in Appendbc II.

Among the treatment combinations, KAU ad hoc recommendation for

precision farming registered the highest net income (T 6.10 lakhs). Maximum B:C

ratio (3.34) was obtained from the treatment combination of 150 per cent RD ofN

^ and Kat 4 days interval. The B:C ratio ofcontrol 1was 2.71 which is analogous

to the conventional system ofcultivation (control 2) (2.74).



Table 24. Influence,of fertigation levels and intervals on pest and disease
incidence*

Treatments Incidence of wilt (%)

hii 2.30

lii2 2.22

hii 2.13

hh 2.01

bii 2.11

hh. 1.65

Uii 2.10

Uh. 1.73

Control 1 (KAU ad hoc
1.80

recommendation)

Control2 (KAUPOP) 1.59

Table 25. Influence of levels of nutrients and fertigation intervals on economics of

yard long bean *

Treatments

Total cost

of

cultivation

(? lakhs)
Gross Income

(? lakhs)

Net Income

(? lakhs) B:C ratio

hii 2.391 6.457 4.065 2.70

hi2 2.388 5.734 3.346 2.40

hii 2.394 6.209 3.814 2.59 -

hi2 2.391 6.086 3.694 2.54

bii 2.396 6.803 4.406 2.84

bii 2.395 6.477 4.081 2.70

Uii 2.399 8.004 5.604 3.34

kii 2.398 7.656 5.257 3.19

Control 1 3.577 9.695 6.118 2.71

Control 2 1.982 5.427 3.444 2.74

Data is not statistically analysed



Qisctission



5. DISCUSSION

The experiment entitled "Studies on fertigation in yard long bean (Vigna

unguiculata subsp. sesquipedalis (L.) Verdcourt)" was undertaken during summer

2015 to standardize the fertigation schedule for yard long bean in precision farming

and to assess its impact on growth, yield and economics. This chapter encompasses

the discussion ofthe results obtained.

5.1 INFLUENCE OF FERTIGATION LEVELS, INTERVALS AND THEIR

INTERACTION ON GROWTH ATTRIBUTES.

Any management practice adopted for yield improvement of crops usually

exerts a positive influence on the growth characters ofthe crop. In this experiment the

treatments, viz., levels of nutrients and interval of fertigation along with their

interaction had significant influence on the different growth parameters recorded. In

general, an enhancement in growth was observed by increasing the levels ofN and K.

The growth attributes like vine length at harvest, number of primary branches at 90

DAS, number ofproductive branches and LAI recorded at flowering were the highest

when N and K were applied at the highest dose (150 per cent RD). This improvement

in growth was mainly attributed to the availability of suflBcient quantity of

macronutrients through fertigation throughout the growth period ofcrop. In addition,

the nutrient uptake by the crop was more at the highest nutrient level (Table 18,19

and 20) contributing to better growth. The role of N in cell division, growth and

photosynthetic activities of plant was already pointed out by Brady and Weil (2008).

Higher levels of N along with adequate quantity of K might have enhanced the

photosynthetic rate resulting in better growth attributes.

Several workers have also reported improvement in growth attributes at higher

nutrient levels. Puthupalli (2014) reported increase in vine length in yard long



bean when it was fertigated with 125 per cent RD ofN and K. Ughade and Mahadkar

(2014) reported an increase in number ofprimary branches of brinjal by increasing N

and K levels through fertigation. Kumawat (2012) attributed improvement in the LAI

of yard long bean due to increased N levels through soil application. Growth

improvement of crop by increasing nutrient levels through fertigation was also

reported by Shinde et al. (2002) in brinjal.

The duration ofyard long bean varied with varying levels ofN and K through

drip fertigation. Application of 150 per cent RD of N and K extended the crop

duration by seven days. Yard long bean being an indeterminate plant might have

continued its growth at higher nutrient levels resulting in extended duration. The

continued availability of higher quantity of nutrients during the entire crop growth

period might have prolonged the crop duration at higher nutrient levels.

Fertigation at 150 per cent RD registered the highest total dry matter

production. The enhanced vegetative growth as evident fix)m vine length and number

ofbranches led to enhanced dry matter production. The same nutrient level registered

the highest dry matter production of the economically important part, pod and also

leaf The improvement in vegetative growth at higher levels of N and K could be

attributed to the increase nutrient uptake at this level and subsequent improvement in

physiological activities of the plant as reported by Ramachandrappa et al. (2010) in

chilli. Dry matterproductionby the stem was the highest at 125per cent RD ofN and

K and the root dry matter was not at all influenced by the levels of N and K.

Phosphorus, the nutrient involved in root development was applied uniformly to all

treatments and this might have reflected in non significant variation on root dry

matter production. To sum up, application of higher dose of water soluble fertilizers

like urea and MOP through drip fertigation in the root zone improved the growth

attributes and total vegetative growth of plant \N^ich in turn enhanced the dry matter

production at higher nutrient levels. Udhade and Mahadkar (2014) reported similar

improvement in totalbiomass production due to improvement in vegetative growth



characters like plant height, number of branches and number of leaves in brinjal at

higher levels ofdrip fertigation. Moreover, the total rainfall received during cropping

period v^as also higher (817.6 mm) v^ich enhanced the vegetative growth and dry

matter production as a ^^^ole.

Considering the effect of fertigation intervals on growth attributes, no

significant variation was noticed between 4 and 8 days interval on the number of

productive branches, number of primary branches, LAI at flowering and crop

duration. However, the total dry matter production varied with changes m fertigation

interval. Fertigation at 8 days registered the highest total dry matter production over 4

days interval. Examining the diy matter partitioning towards the different plant parts

it was noticed that diy matter accumulation in pod was the highest in 4 days interval

while partitioning towards the uneconomic part like stem was the highest at 8 days

interval. In leaf dry matter production also 8 days interval was observed superior to 4

days interval. Supply of water soluble nutrients at shorter interval of 4 days might

have assured continuous availability of nutrients during the entire reproductive stage

of the crop leading to better partitioning of assimilates towards the economic part,

pod. Though the leaf dry matter was significant at 8 days interval, the LAI registered

did not show any variation indicating that enhanced leafdry matter production did not

contribute to significant variation in LAI and photosynthetic efficiency of crop.

Kadam et ah (1995) reported improvement in crop growlh when nutrients were

applied in more number ofsplits.

Among the interactions, significance was noticed for vine length at harvest

and for leafdry matter production. The combination of 150per cent RD ofN and K at

8 days interval recorded the highest vine length and leaf dry matter production. The

individual effect of nutrient levels and fertigation interval along with good rainfell

received during the crop period enhanced the vine length and leaf dry matter

production.



The response of nutrient levels to root parameters was varying. Root length

and root volume registered improvement at higher levels ofN and K, while the root

weight did not show any variation between 100 and 150 per cent. Under adequate

nutrient supply, roots might have produced more root branches and better growth as

evident from root length and root volume. Phosphorus, the major nutrient for root

growth was sufiBciently available and the entire dose of25 kg ha ^was applied to all
plots as basal. Hence, variation was not observed among different levels ofN and K

on root weight Fertigation at 8 days interval significantly enhanced the root volume

but this did not influence root weight. Continuous availability of nutrients at shorter

intervalsoffertigation might have stimulated root length leadingto higher root length

at 4 days interval. The interaction effect showed that the highest levels ofN and K at

8 days interval resulted in maximum root weight and root volume. However, the

combinations of kii registered maximum root length. Individualeffect ofeach fector

might have reflected in the interaction effect also.

52 INFLUENCE OF FERTIGATION LEVELS, INTERVALS AND THEIR

INTERACTION ON YIELD ATTRIBUTES AND YIELD.

In any crop early flowering is the indication of early yield. In this experiment

the different levels of N and K significantly influenced the days for 50 per cent

flowering where the lower levels' of N and K (75 and 100 per cent RD) registered

minimum days for 50 per cent flowering. Enhanced nutrient availability at higher

levels of nutrients, especially N might have prolonged vegetative growth resulting in

a slight delay in 50 per centflowering. Similar observation was also reported by Babu

(2015) in yard longbean. However, the earliness in flowering at 75 and 100 per cent

RD ofN and K had not reflected in crop yield. This could be attributed to the reduced

crop duration in these treatments resulting in lower number of picking (18.75) and

crop yield.



Perusal of yield data revealed that the total pod yield showed a linear response

to increasing levels of N and K. Number of pods per plant is an important yield

determinant which was the highest at 150 per cent N and K. Significant increase in

the number of productive branches observed at 150 per cent N and K led to more

number of pods per plant leading to higher pod yield (Fig 3 and 4). The findings of

the study is in agreement with the result ofShedeed etal. (2009) who also reported an

increase in tomato yield at higher levels of NPK fertigation. They also attributed

increased finit number per plant as the main reason for enhanced crop yield.

Moreover, the higher N and K levelsenhancedcrop durationby one week resultingin

more number ofpickings, though not significant. In addition,the length of individual

pod was also the highest at higher level of N and K. Other yield parameters like

setting percentageand average pod weightdid not show any variation due to levels of

fertilizers but the higher level recorded comparatively higher values. The cumulative

effect ofall these fectors resulted in higherproductivity at highernutrient level.

Crop yield is decided mainly by the management practices and its interaction

with microclimate. During the crop growth period 817.60 mm rainM has been

received. This conducive microclimate along with higher N and K nutrition (150 per

cent RD) enhanced the LAI and chlorophyll content wiiich might have enhanced

photosynthetic rate resulting in higher assimilate synthesis and enhanced assimilate

partitioning towards the sink (pod). It has been established that the chlorophyll

content and LAI correlates positively with the crop yield (Taiz and Zeiger, 2006).

Yield improvement at 150 per cent RD (Fig 5) could also be attributed to the

increased availability of nutrients and enhanced uptake of nutrients as evident fix)m

Table 18,19 and 20. Puthupalli (2014) also reported increase in yield of yard long

beanat 125 per centofRD of N and K. Similar results were obtained by Kadam et al.

(2007) and Ughade and Mahadkar (2015) in brinjal who reported higher yield at

higher levels ofN and K.
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In the present study, drip fertigation of 150 RD of N and K registered 27.37

per cent yield improvement over the recommended dose (Fig 4). The linear response

ofyield to N and K levels also indicated the possibility of enhancing the N and K for

further improvement in productivity of yard long bean. This needs further

investigation. The higher economic yield realized in 150 per cent N and K

significantly enhanced the harvest index (0.42).

Comparingtwo fertigation intervals, it was observed that fertigation at

4 days interval registered the highest pod yield. Yield improvement was mainly

attributed to the increased number of pods per plant registered at 4 days mterval.

Continued availability of nutrients at shorter intervals enhanced the crop growth as

evident fix)m LAI. The chlorophyll content, though not significant, is within optimum

range for a healthy plant. These two parameters led to higher photosynthetic

efficiency and crop yield. Though no significant variation was observed in yield

attributes like pod length, pod girth and average pod weight, the values were slightly

higher in fertigation at 4 days interval. In addition the partitioning of dry matter

towards the pod was tiie highest m fertigation at 4 days interval. Several reports are

available on the improvement of crop yield at shorterintervals of fertigation. Pandey

et al (2013) observed that fertigation at 8 days interval resulted in superior yield and

quality of tomato over 10 and 14 days interval. Ravel et al (2013) and Danso et al

(2015) reported that drip fertigation at weekly interval recorded the highest fiiiit yield

plant'̂ and total fruit yield in bhindi over fertigation intervals ofthree and two weeks.
Better availability of nutrients continuously during the reproductive stage enhanced

partitioning of photosynthates towards economic part which resulted in higher yield

and harvest index at 4 days interval.

Combination of 150per cent RD N and K at 4 days interval was significantly

superior to all other combinations in terms of yield. The increase was mainly

attributed to the significant improvement in number ofpods per plants.The improved

pod yield had a positive reflection on harvestindexof this combination. The
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economic yield of any crop is the outcome of the agronomic manipulation and the

environmental fectors. The drip fertigation along with mulching modified the

microclimate and helped the crop to exploit available resources more efficiently.

Hence, the ideal combination of higher levels of nutrients supplied at shorter

fertigation interval improved the nutrient uptake of crop and enabled it to use the

resources ofwater and nutrients more effectively for enhancing the yield.

5.3 INFLUENCE OF FERTIGATION LEVELS, INTERVALS AND THEIR

INTERACTION ON WUE AND WP.

From the present study it was observed that the water requirement of drip

fertigated treatments ranged fix)m 681 mm to 741 mm. WUE ofa crop is an indication

of the economic yield produced per unit quantity of water. The different levels ofN

and K tried showed significant variation on WUE. Drip fertigation at 150 per cent RD

ofN and K registered the highest WUE due to the highest economic yield realized at

this level. Water productivity was also the highest at this level owing to the

improvement in plant growth and high yield leading to higher total dry matter

production. Enhancement in WUE and water productivity in tomato at higher

fertigation level (120 per cent RD ofN) was reported by Batchelor et al. (1996).

Fertigation at 4 days interval resulted in the highest WUE of 22.90 kg ha

mm ^ Continued availability ofwater and nutrients throughout the crop growth stage
by way ofdrip fertigation at shorter intervals improved yield leading to higher WUE.

Ravel et al (2013) also observed high WUE in bhindi when fertigation was given at

weekly interval than at two or three weeks interval. However, water productivity was

the highest in fertigation interval of 8 days. This could be attributed to the enhanced

diy matter productionregistered in this interval. WUE was significantly influenced by

the combination of the highest nutrient levels at shorter interval of fertigation (150

per cent at 4 days interval). Higher pod yield obtained in



this treatment combination resulted in the improvement of WUE. Water productivity

was not influenced by the combinations.

5.4 INFLUENCE OF FERTIGATION LEVELS, INTERVALS AND THEIR

INTERACTION ON QUALITY ATTRIBUTES.

The crude protem content of pod is mainly decided by the crop and is

modified by its nutrition. The highest crude protein content of pod was registered at

150 per cent RD of N and K. The availability of adequate N at this level through

fertigation and subsequent increase in N uptake by pod (Table 18) resulted in the

highest crude protein content Increase in crude protein content of yard long bean

with increase in N supply was reported by Chandran (1987) and Babu (2015).

Fertigation at 4 days interval enhanced crude protein owing to the continuous

availability ofN and enhanced N uptake by the pod. The combination of 150 per cent

RD of N and K at 4 days interval recorded maximum crude protein and this could

also be attributed to the enhanced N uptake by the pod due to continuous N

availability at finiting stage ofcrop.

Crude fibre content in any vegetable plays an important role in human diet

and yard long bean is considered as a vegetable rich in cmde fibre. Fertigation levels

and interaction between levels and interval of fertigation had no influence on crude

fibre content indicating the feasibility of applying higher levels ofN and K without

affecting the fiuit quality. However, the fibre content was the highest \\^en fertigation

was given at 8 days interval. The increase in fibre content at wider intervals of

irrigation and soil application of fertilisers was reported earlier by Amans et al.

(2011) in tomato.



5.5 INFLUENCE OF FERTIGATION LEVELS, INTERVALS AND THEIR

INTERACTION ON PLANT NUTRIENT UPTAKE.

Fertigation levels and intervals significantly influenced the nutrient uptake by

yard long bean. The highest N and K levels tried m this experiment (150 per cent RD)

invariablyregistered the highest total N, P and K uptake by crop. Continued supplyof

higher levels ofnutrients and water to crop root zone by drip fertigation enhanced the

root length and root volume leading to better nutrient uptake, improved growth and

total dry matter production at this level. Nutrient uptake being the product of dry

matter production and nutrient content, the level of 150 per cent RD of N and K

registered the highest total nutrient uptake due to high diy matter production.

Fertigation reduced the nutrient loss from the crop root zone by way of leaching and

this in turn enhanced the nutrient uptake by crop when higher levels were supplied

(Shedeed e/ al., 2009). Present result is in conformity with their findings. Higher

levels of N had an indirect influence in enhancing the K uptake at higher K level

(Havlin et al., 2004). The result ofthe study is in agreement with this theory.

Between the intervals, though the N uptake was not influenced by fertigation

interval, fertigation at 8 days interval significantly enhanced P and K uptake. This

enhanced uptake could be attributed to the enhanced dry matter production in this

treatment though it was not reflected in the yield. The variation in partitioning of dry

matter to different plant parts might have resulted in changes in nutrient uptake by

various plant parts. The interaction effect of fertigation at 150 per cent RD of N and

K at 8 days interval recorded significantly higher N and K uptake compared to other

levels. Here also enhanced dry matter production could be attributed as the reason for

enhanced nutrient uptake.



5.6 INFLUENCE OF FERTIGATION LEVELS, INTERVALS, INTERACTION

AND CONTROLS ON SOIL NUTRIENT STATUS.

Organic carbon content in soil after the ejqjeriment was not influenced by

fertigation levels, intervals and their interaction. Compared to initial soil status, no

considerable variation v^as observed in soil organic carbon after the experiment.

However, the different levels of fertigation significantly influenced the soil pH. A

slight reduction in pH was observed in all fertigated plots compared to initial soil

status. Among the levels, the highest level of 150 per cent RD ofN and K registered

the lowest pH of 5.15 \^^ich was significantly different from other levels. It had

already been reported that use of acid forming fertilizers and soluble salts have a

direct impact in reducing the pH of soil (Havlin et al., 2004). Wein et al. (1993) also

observed a decrease in soil pH with higher levels ofN application. The results of this

study were in conflrmity with the findings ofPuthupalli (2014) in yard long bean who

observed that application of higher levels ofN and K significantly decreased the soil

pH.

The different nutrient levels also influenced the soil nutrient status after the

experiment. Fertigation with 125 per cent RD of N and K registered the highest

available N in soil, wdiile 75 per cent RD ofN and K registered high P and K content.

Comparatively lower nutrient uptake by the crop at 75 and 125 per cent RD ofN and

K might have resulted in higher nutrient status at these levels. Compared to the initial

nutrient status, an increase was observed in N and K status of soil after the

experiment This could be attributed to the reduced crop uptake towards later crop

stages ^\ilere a portion of N and K supplied through fertigation might be left

unutilized in the soil leading to higher N and K after the experiment. Fertigation at 4

days interval registered the highest available N and K in soil and available P was

higher at 8 days interval. Nutrient applied flirough fertigation at shorter intervals

during later growth period might not be ftilly utilized by plant resulting in high N and

K in soil after the crop. Considering treatment combinations, the reduced uptake of
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Plate 5. Field view of Uii. KAU ad hoc and KAU POP at 85 DAS



nutrients resulted in higher content ofN in bii (125 per cent RD ofN and K at 4 days

interval) and P and K in liii (75 per cent RD ofN and K at 4 days interval).

Compared to soil application (control 2), the treatments and control 1 {ad hoc

recommendation) registered significantly higher NPK content in soil. Application of

fertilizer in small quantities in several split doses reduced the loss ofnutrient resulting

in higher soil NPK status compared to soil application. Moreover in fertigation

treatments and control 1 mulching was provided. Both these practices helped to

reduce the nutrient loss by way of leaching and deep percolation (Bhogi et aL, 2011).

In control 2, though more quantity of fertilizers were applied to soil, the crop uptake

was comparatively higher resulting in lower available nutrient status after the crop.

5.7 COMPARISON OF TREATMENTS WITHRECOMMENDATION

FOR PRECISION FARMING (CONTROL 1) AND SOIL APPLICATION

(CONTROL2) ON GROWTH, YIELD AND WATER USE.

Critical analysisofresults revealed that the KAU ad hoc recommendation for

fertigation (control 1) had an upper hand in all the growth attributes like number of

productive branches, length of vine at harvest, LAI and total diy matter production

over KAU POP (control 2). In ad hoc treatments the quantity ofnutrients applied was

much higher (208.72:104.80:292.80 kg NP2O5 K2O ha ^) and also fertigation was
given at shorter interval of 3 days. This enhanced nutrient availability throughout the

crop growth period along with good rainfall received during cropping period

increased vegetative growth. The LAI and chlorophyll content were also the highest

in ad hoc recommendation. These factors contributed to the enhanced photosynthetic

efficiency of plant resulting in improvement in yield attributes like pod length,

average pod weight and number of pods per plant leading to higher pod yield per

plant and total pod yield. It was observedthat ad hoc treatmentsregistered 78 per cent

yield increase over KAU POP where yard long bean was raised in the
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conventional method with soil application offertilizers without mulching (Fig 6). Use

of polyfeed fertilizers at shorter interval in ad hoc treatment ensured better nutrient

availability throughout the growth period. This along with the favourable

microclimate due to mulching resulted in yield improvement. It was also evident that

though the pod yield in different treatments increased from third harvest and extended

upto fourteenth harvest, the incremental increase was more in ad hoc which again

contributed to higher yield. Studies in tomato also revealed that highest fruit yield

was obtained \\iien crop was fertigated with poly feed fertilizers than application of

ordinary fertilizers through soil application (Prabhakar and Hebbar, 1996). In ad hoc

recoirunendation as fertilizers were supplied mostly in the form ofcomplex polyfeed

fertilizers their solubility and subsequent availability was high leading to better root

length, root volume, root weight and higher NPK uptake. Continued availability of P

in water soluble form (19:19 :19 and 12: 61:0) along with N and K throughout the

crop growth period also helped m better expression of yield attributes leading to

higher yield. Sufficient quantity of P throughout the crop period in the readily

available form has a favourable influence on flowering and yield ofa crop (Havlin et

al, 2004).

In addition, the loss of nutrient by way of leaching was less by adopting

fertigation and mulching and it helped to reduce other forms of losses wiiich resulted

in better utilization of applied nutrients (Shedeed et al, 2009). The ad hoc treatment

also recorded more number ofpickings and higher yield per picking leading to high

total yield and harvest index. The crude protein content increased in KAU ad hoc

treatment owing to the high N uptake registered in this treatment. However, crude

fibre content was reduced in this treatment. The high N uptake and mcreased

succulence might have reduced the crude fibre content

Comparing treatments with KAU POP (control 2), it was observed that plant

height, LAI, number of branches and diy matter production were the highest in

fertigation treatments over conventional method ofirrigation and soil application of

•34



e

M

80

60

I 40

6
20

Mil I4i2 KAU ad

hoc

KAU

POP

-1
Fig 7. Comparison ofbest treatments with KAU POP on number ofpods plant

25

h 20

•O 15

•gio

KAU ad

hoc

KAU

POP

Fig 8. Comparison of best treatments with KAU POP on total pod yield



fertilizers. This improvement has also reflected in chlorophyll content and yield

attributes like average pod weight and number of pods per plant, which in tum

enhanced the pod yield per plant in fertigation treatments compared to control 2 (Fig

7 and 8). Solaimalai et al. (2005) observed that the amount of fertilizer lost through

leaching could be as low as 10 per cent in fertigation, whereas it was 50 per cent in

the traditional system. Moreover, in precision farming treatments, improved land

management practices like deep ploughing, raised bed and polythene mulching were

followed. These practices provided a well aerated root zone without any weed

infestation and resulted in reduced nutrient loss which in tum unproved the growth

parameters and photosynthetic rate. Similar results on improvement m growth

attributes ofbhindi by drip fertigation was reported by Narda and Lubana (1999).

hi general, fertigation treatments registered 23.1 per cent yield mcrease over

KAU POP and also recorded high harvest index, hi fertigation, small quantity of

fertilizers were applied through irrigation water in root zone in several splits in

contrast to larger quantity applied at wider interval in KAU POP. This reduced the

nutrient loss and increased the nutrient uptake. Mulching in fertigation treatments

provided a fevourable soil microclimate and maintained better soil water relations and

resulting in increased nutrient uptake. The enhanced nutrient uptake m fertigation

treatments also contributed to higher yield attributes like pod length, average pod

weight and number ofpods per plant resulting in higher yield. Ughade and Mahadkar

(2014) reported that fertigation provided uniform distribution of nutrient solution in

the root zone and thereby increased the fertilizer use efficiency and nutrient uptake.

Yield improvement in various vegetable crops by drip fertigation was reported by

Hatami et al. (2012).

Quality attributes like crude protein showed improvement in treatments over

control 2 (KAU POP) due to improved nutrient use efficiency especially that ofN and

this has resulted in reduced crude fibre content in fertigation treatments.

^5"
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Assessing the variation between treatments and KAU ad hoc (control 1), it

was evident that control 1 was found superior both in growth and yield attributes.

KAU ad hoc recommendation registered 21.1 per cent yield increase over the best

fertigation treatment (150 per cent RD ofN and K at 4 days interval). In fertigation

treatments P was applied as basal and N and K were supplied as urea and MOP,

whereas in ad hoc higher amount of completely water soluble polyfeed fertilizers

were used for fertigation which ensured better solubility and availability of nutrients

resulting in highernutrientuptake, growth and yield.

Application of irrigation water through drip system reduced the water

requirement of yard long bean compared to the conventional method of basin

irrigation. Water requirement in conventionally irrigated plot was 891 mm while in

drip irrigation it ranged from 683 mm to 741 mm resulting in a saving of 19.6 per

cent irrigation water (Fig 9). In drip irrigation as water was directly applied to the

crop root zone, it gets stored there andhelped in conserving water andminimizing the

lossdue to deep percolation (Bhogi et al., 2011). Rekha andMahavishnan (2008) also

reported water saving of 40 to 70 per cent through drip fertigation in vegetables.

Moreover, mulching was also provided to all the drip fertigation treatments, w^ich

helped to regulate the soil temperature and reduced evaporation loss from the surface.

This could beattributed to the saving inwater requirement.

The results also revealed that WUE and water productivity were significantly

higher m KAU ad hoc (control 1) and drip fertigation treatments compared to control

2 (KAU POP) (Fig 10). The enhanced crop yield in drip fertigation due to easy

availability and high efiSciency of nutrients and lower water requirement in these

treatments improved the WUE and water productivity over conventional method of

cultivation. Singh et al. (2002) reported higher WUE and water productivity in chilli

by drip fertigation compared to surface irrigation and soil application of fertilizers.

Patel and Patel (2011) also reported water saving to the tune of 50 per centby drip

fertigation.
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5.7 ECONOMICS AS INFLUENCED BY TREATMENTS.

Economics is an important aspect determining the feasibility andacceptability

of any technology. In this experiment also the different treatment combinations

showed variation in net income and B:C ratio. Among the treatment combinations,

fertigation of 150 per centRD ofN andK at 4 days interval recorded thehighest B:C

ratio (3.34), while net income was the highest in ad hoc recommendation of precision

farming (? 6.10 lakhs). The higher pod yield obtained from KAU ad hoc

recommendation resulted in the highest net return. However, this treatment recorded a

^ B:C ratio of only 2.71 v^^ch is similar to the conventional system of cultivation
(2.74) (Fig 11). This reduction in B;C ratio is mainly attributed to the high cost of

cultivation in control 1. The high quantity of fertilizers required for this treatment

along with the high cost of complex polyfeed fertilizers led to increased cost of

cultivation and reduction in B:C ratio. Hence, based on the B:C ratio the N and K

recommendation for higher yield and economic return from yard long bean could be

identified as 150 per cent RD ofNand K(45 kg Nand 375 kg Kha"^) applied as
fertigation at 4 days interval usingureaand MOP.



Summary



6. SUMMARY

An experiment on "Studies on fertigation in yard long bean (Vigna

unguiculata subsp. sesquipedalis (L.) Verdcourt)" was conducted at farmer's jBeld at

Pirappancode, Thinivanathapuram, during the summer season of 2015 to standardize

the fertigation schedule for yard long bean and to assess its impact on growth, yield

and economics ofyard long bean. The experimentwas undertaken in split plot design

with fourmainplot, two sub plot and two control and eachwerereplicated four times.

Different levels of fertigation, viz., 75 per cent RD ofN and K (Li), 100 per cent RD

ofN and K (L2), 125 per cent RD ofN and K (Ls), 150 per cent RD ofN and K (L4)

constituted the main plot treatments. Fertigation at 4 days (Ii) and 8 days (I2) interval

were the sub plot treatments. The two control treatments were also included in the

study, viz., Kerala Agricultural University ad hoc recommendation for precision

fanning (Control 1) and Kerala Agricultural University POP recommendation

(modified as 30:25:25 kg N: P2O5: K2O ha with normal planting in shallow raised

beds, basin irrigation and soil ^plication of fertilizers without mulching (Control 2).

Deep ploughing, preparation of raised beds, polythene mulching and drip fertigation

were followed uniformly for all treatments except for control 2. Farm yard manure @

20 t ha ' and lime @350 kg ha ^were applied uniformly to all plots. Full dose ofP
were applied in all plots except in ad hoc treatment were half dose of P was applied

as basal and the remaining half through fertigation. The nutrient status of soil was

analysed for high organic carbon, phosphorous and potassium and medium nitrogen

content.

The salient results ofthe study are summarized below.

The growth parameters showed a positive response to increased levels of

fertigation. The application of 150 per cent RD of N and K registered maximum

number ofprimary branches at 90 DAS, productive branches, hi^er vine length, root

length, root volume, LAI and crop duration. Fertigation at 8 days interval recorded
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the highest vine length, root length and root volume. The dry matter of leaf, pod and

total dry matter production were the highest for fertigation at 150 per cent RD ofN

and K. The highest leaf, stem and total dry matter production were observed at 8 days

fertigation interval whereas, pod dry matter was the highest at 4 days interval.

Considering the interaction effect, 150 per cent RD of N and K at 8 days

interval (1412) registered the highest vine length and root dry matter production. All

other growth parameters were not influenced by the interaction between fertigation

levels and intervals.

The yield attributes were positively influenced by fertigation treatments. The

minimum days taken for 50 per cent flowering were recorded wiien fertigation was

given vsdth 100 per cent N and K at 4 days interval. The setting percentage was

signiflcantly higher at 8 days intervals.

Application of 150 per cent RD of N and K recorded the highest number of

pods per plant (66.38), pod yield per plant, pod length, total pod yield (19.57 t ha '̂ )
and harvest index. The fertigation given at 4 days interval had benefit on yield, yield

attributes and harvest index over 8 days interval. The pod characters like pod girth

and average pod weight were not influenced by different levels of fertigation and

intervals.

The effect of different levels of fertigation and intervals revealed that,

fertigation with 150 per cent RD of N and K at 4 days intervals (Uii) recorded

maximum pods per plant, podyield per plant, total yield andharvest index (0.44).

The total water requirement of yard long bean varied fix)m 681 mm to 891

mm. Water productivity (8.98 kg ha mm \ WUE (26.55 kg ha mm"^) and crude
protein content (30.13 per cent) were the highest in fertigation at 150 per cent RD of

N and K. Fertigation interval of 4 days recorded higher WUE and crude protein,

whilewaterproductivity and crudefibre content were the highestat 8 days interval.



The application of 150 per cent RD ofN and K at 4 days (l4ii) interval recorded the

highest WUE and crude protein.

Regarding the soil nutrient status, pH was comparatively higher in the lowest

fertigation level (75 per cent RD ofN and K), whereas organic carbon was unaffected

by the treatments. The available N content in soil was maximum at 125 per cent RD

of N. Available soil P and K were the highest wiien fertigation was given at 75 per

cent RD ofN and K. The fertigation at 4 days interval positively influenced the N, P

and K contents in soil. The interaction of 125 per cent N and K at 4 days interval

recorded the highest N content, while 75 per cent N and K at 4 days interval recorded

the highest P and K content in soil.

The uptake of nutrients was significantly influenced by fertigation levels,

intervals and interaction of both; The total N, P, K uptake and total pod uptake were

maximum at fertigation with 150 per cent RD of N and K, whereas 8 days interval

recorded total N, P, K uptake. The combination of 150 per cent at 8 days interval

recorded the maximum N, P and K uptake.

The chlorophyll content ofleaves at flowering was more in treatment with 150

per cent RD ofN and K and fertigation interval of4 days. The interaction of 150 per

cent ofN and K at 4 days recorded maximum chlorophyll content in leaf.

Comparing controls and treatments, it was found that growth attributes like

number of primary branches, productive branches, vine lengtfi, LAI, root length, root

volume, root weight and total dry matter were observed the highest in ad hoc

recommendation for fertigation, followed by treatment mean

Among the yield attributes, control 2 (POP recommendation) recorded

mmimum days for 50 per cent flowering (39.75 days) and this was followed by

treatment mean (42.28 days). The number of flowers per inflorescence was

significantly superior in treatments (8.34). Adhoc fertigation schedule registered a

°iO



higher pod number per plant, pod yield per plant, pod length, average pod weight,

total yield (242.39 q ha and number of picking and it was superior to treatments

and POP recommendation (control 2).

WUE (33.05 kg ha mm and water productivity (11.36 kg ha mm ^), total
chlorophyll content and crude protein also recorded maximum value in ad hoc

fertigation schedule. KAU POP recommendation registered the highest crude fibre.

KAU ad hoc recommendation for fertigation registered the highest N, P and K

uptake by leaf, stem, pod and total uptake and was significantly superior to treatment

and POP recommendation (control 2).

Soil N and K status were the highest in ad hoc fertigation schedule. Soil P was

maximum m treatment mean and was superior to control treatments. The soil

application (control 2) recorded the highest soil pH over ad hoc and treatment. Soil

organic caibon was not influenced by control and treatments.

The KAU ad hoc recommendation (control 1) recorded the highest gross

income (? 9.06 lakhs) and net income (^ 6.10 lakhs), whereas B:C ratio (3.34) was the

highest for the treatment 150 per centRD ofN and K at 4 days interval.

From the results of the study it is inferred that a fertigation schedule of98 kg

urea ha ^and 62.5 kg MOP ha ^at 4days interval (25 fertigations) along with abasal

application of 125 kg rajphos (equivalent to 45:25:37.5 kg NP2O5 and K2O ha ^)
could be recommended for the economic production of yard long bean in precision

farming.

Future line ofwork.

• Evaluate the performance ofyard long bean at higher nutrient levels.

• Standardize the spacing requirement for precision farming in yard long bean.

^1



^ferences



7. REFERENCES

A.O.A.C. 1975. Official and Tentative Methods of Analysis. Association of

Official Agricultural Chemists, Washington, D. C., 350p.

Ajmalkhan, S. 2000. Effect of irrigation, plant geometry and density under drip-

cum-fertigation system on tomato crop {Lycopersicon esculentum Mills.)

M.Sc. (Ag). Thesis, Tamil Nadu Agricultural University, Coimbatore (T.N.)

INDIA.

Amans, E. B., Abubakar, U. I. and Babaji, B. A. 2011. Nutritional Quality of

Tomato {Lycopersicon esculentum Mill) as Influenced by Mulching,

Nitrogen and IrrigationInterval. J. Agri Sci. 3(1): 266-269.

Asiegbu, J. E. 1991. Response of tomato and eggplant to mulching and nitrogen

fertilization under tropical conditions. Sci. Hortic. 46: 33-41.

Aujia, M. S., Thind, H. S. and Buttar, G. S. 2007. Fruit yield and water use

efficiency of eggplant as influenced by different quantities of nitrogen and

water appliedthrough drip and furrow irrigation. Sci. Hortic. 112: 142-148.

Babu, A. R. S. 2015. Stress induced source- sink modulation in yard long bean

[Vigna unguiculata subsp. sesquipedalis (L) Verdcourt] M. Sc.(Ag) Thesis,

Kerala Agricultural University, Thrissur, 113p.

Badr, M. A. and El-Yazied, A. A. 2007. Effect of fertigation frequency from

subsurfece drip irrigation ontomato yield grown onsandy soil. Australian J.

ofBasic andAppliedSciences. 1(3): 279-285.

Bahadur, A., Singh, K, P. and Rai, M. (2006), Effect of fertigation on growth,

yield and water use efficiency of tomato. VegSci. 33(1): 26-28.

Banu, R. 2005. Effect ofvarious levels of irrigation and nitrogen levels on pod

yieldof bhindi. J. Trap. Agric. 43(2): 43-46.



Basamma, K. A. and Shanmugasundaram, K. 2016. Influence of open filed

mulching on growth and yield ofhybrid tomato under drip fertigation.

Environment & Ecology 34 (2) : 416-420.

Batchelor, C., Lovella, C. and Murata, M. 1996. Simple microirrigation technique

for improving irrigation efficiency on vegetable gardens. Agric. Water

Manage. 32(1): 37-48

Bhakare, B.D. and Fatkal, Y.D. 2008. Influence of micro irrigation and fertilizer

levels through fertigation on growth, yield and quality ofonion Seed. Agric.

Water Mgmt., 16(1): 71-76.

Bharadwaj, R. L. 2013. Effect of mulching on crop production under rainfed

condition-A review, ^grzc. Rev. 34: 188-197.

Bhogi, B. H,, PoHsgowdar, B. S. and Patil, M. G. 2011. Effectiveness and cost

economics of fertigation in Brinjal {Solanum melongena) under drip and

fiirrow irrigation. Karnataka J. Agric, Sci. 24: 666-667.

Bouyoucos, C.J. 1962. Hydrometer method improved for making particle size

analysis ofsoil. Agron. J. 54: 464-465.

Brady, N. C. and Weil, R. R. 2008. The Nature and Properties ofSoil. (2"^ Ed.).
Pearson Prentice Hall, 965p.

Brahma, S., Phookan, D.B., Barua, P. and Saikia. 2010. Effect of drip-fertigation

on performance of tomato under Assam conditions. Indian J. Hort. 67(1):

972-75.

Chandran, R. 1987. Effect of different levels of nitrogen, phosphorus and

potassium onthe growth and yield ofvegetable cowpea var. kuruthola payar

(Vigna unguiculata (L.) Walp.) grown as intercrop in coconut garden an in

the open. M.Sc.(Ag) Thesis, Kerala Agricultural University, Thrissur, 86p.

^3



Clough, G. H., Locascio, S. J. and Olson, S. M. 1990. Yield of successively

cropped polyethylene mulched vegetables as affected by irrigation method

and fertilization management. J. ofAmericansociety ofHorti. Sci. 115: 884

- 887.

Cook, W. P. and Sanders, D. C. 1991. Nitrogen appli-cation frequency for drip

irrigated tomatoes. Hort. Sci. 26: 250-252.

Danso, E. O., Abenney-Mickson, S., Sabi, E. B., Plauborg, F., Abekoe, M.,

Kugblenu, Y. 0., Jensen, C. R. and Andersen, M. N. 2015. Effect of

different fertilization and irrigation methods on nitrogen uptake, intercepted

radiation and yield of okra {Abelmoschus esculentum L.) grown in the Keta

Sand Spit of Southeast Ghana, Agric. waterManag. 147:34-42.

Dastane, N. G. 1974. Effective Rainfall in Irrigated Agriculture. Land and Water

Development Division, FAG, Rome, 25p.

Deek, I. M., Battikhi, A. M. and Khattari, S. 1997. Effect of irrigation and N

fertilization (fertigation) scheduling on tomato in the Jordan valley. J.

Agron. <& Crop Sci. 178(4): 205-209.

Donald, C. M. 1962. In search of yield . J. Aust. Inst. Agric. Sci. 28:171-178.

FIB (Farm Information Bureau). 2015. Farm Guide. Department of Agriculture,

Government ofKerala, 220p.

Fontes, C. R., Sampaio, R. A and Finger, F. L. 2000. Fruit size, mineral

composition and quality of trickle irrigated tomatoes as affected by

potassium rates. Pesqui.Agro pecuariaBras.35 (1): 21-25.

George, T. E. 2008. Yard long bean strength in length. Kerala Calling 29(9): 32-

33



Gilshabai, E. B. and Jobi, P.V. 1998. Effect ofuse of synthetic mulch on moisture

conservation and yield of drip irrigated Brinjal. Proceedings of the Tenth

Kerala Science Congress, January, Kozhikode. 513-554.

Goswami, S. B., Sarkar, S. and Mallick, S. 2006. Crop growth and fruiting

characteristics of Brinjal as influenced by gravity drip. Indian J Plant

Physiol 11: 190-194.

Hatami, S., Nouijou, A., Henareh, M. and Pourakbar, L. 2012. Comparison

effects of different methods of blackplastic mulching and planting patterns

on weed control, water use efficiency and yield in tomato crops. Int J. Agri

Sci. 2: 928-934.

Havlin, J. L., Beaton, J. D., Tisdale, S. L., and Nelson, W. L. 2004. Soilfertility

andfertilizers: An introduction to nutrient management. (7^ Ed.). Pearson
Education Singapore. 221p.

Hebbar, S.S., Ramachandrappa, B.K., Nanjappa, H.V. and Prabhakar, M. 2004.

Studies on NPK drip fertigation in field grown tomato

{Lycopersicumesculentum Mill.). European J. Agron. 21: 117-127.

Hongal, M. M. and Nooli, S. S. 2007. Nutrient movement in fertigation through

drip-A review. Agric. Rev. 28: 301-304.

Imamsaheb, S. J., Hanchinmani, C. N. and Ravinaik, K. 2014. Impact of drip

uxigation and fertigation on growth, yield, quaUty and economic returns in

different vegetable crops. Asian1 Hort., 9(2): 484-491.

Jackson, M. L. 1973. Soil Chemical Analysis (2"^ Ed.). Prentice Hall of India,
New- Delhi, 498p.

Kadam, J.R., Dukre, M.V. and Firake, M.N. 1995. Nitrogen saving through

Biwall subsurface irrigation in okra. J. Mahrashtra Agric. Univ. 20(3): 475-

476.



KAU [Kerala Agricultural University] 2011. Package of Practices
th

Recommendations: Crops. (14 Ed.). Kerala Agricultural University.

Kerala, Thrissur, 360p.

KAU [Kerala Agricultural University] 2013. Package ofPractices for Precision

Farming in Vegetables (Ad hoc). Kerala Agricultural University. Kerala,

Thrissur, 44p.

Kay B. L., 1998. Mulching and chemical stabilizers for land reclamation in dry

regions. In. Schaller, F.W. and Sutten, P. (eds). Reclamation of Drastically

Distributed Lands. J. Amer. Soc. Agron. pp. 467-483.

Kijne, J. W., Barker, R., and Molden, D. J. 2003. Water Productivity in

Agriculture: Limits and Opportunities for Improvement. CABI, Wallinfford,

U. K., 352p.

Kumawat, J. 2012. Effect of fertility levels and biofertilizers on growth, yield and

quality of vegetable cowpea [Vigna unguiculata (L.) Walp.]. M.Sc.(Ag)

Thesis, Swami Keshwanand Rajasthan Agricultural University, Bikaner,

95p.

Locascio, S. J., G. Hochmuth, Rhoads, P.M., Olson, S.M., Smajstrla, A.G. and

Hanlon, E.A. 1997. Nitrogen and potassium application scheduling effects

on drip-irrigated tomato yield and leaf tissue analysis; Hort. science. 32:

230-235.

Luckknov, P.O.; Ponomarenko G.A.; Kudaev, R. K.. 1988. Mulching the soil in

young orchards in slopes. Russian J. ofAgric. Chem. 4:11-12.

Manjunatha, M. V. 2004. Effect of drip and sxirface irrigation on yield and water

production efficiency ofbrinjal (Solanum melongena) in saline vertisols.

Indian J. Agric. Sci. 74: 577-583.

%



Muralikrishnaswamy, S., Veerabadran, V., Krishnasamy, S., Kumar, V. and

Sakthivel, S. 2006. Drip irrigation and fertigation in chillies (capsicum

annuum). 7th International Micro Irrigation Congress.

Narda, N.K. and Lubana, S.P. 1999. Growth dynamics studies of tomatoes under

sub-sur&ce drip irrigation. J. Res. PunjabAgric. Univ. 36(3-4): 222-223.

NCPAH [National Committee on Plasticulture AppKcation inHorticulture]. 1991.

Performance ofsome solanaceous and cucurbitaceous vegetables [on-line].

Available: http://www. Ncpathindia.com/pfdc_details.php. [11 May2016]

Nwadukwe, P. O. and Chude, V. 0. 1994. Response of tomato to nitrogen

fertilization and irrigation frequencies in a semi-arid tropical soil Nutrient

CycUng.^gr/. Ecosyst. 40(2): 85-88.

Pandey, A. K., Singh, A. K., Kumar, A. and Singh, S. K. 2013. Effect of Drip

Irrigation, Spacing and Nitrogen Fertigation on Productivity of Chilli

(Capsicum annuum L.). Environ. andEcol 31 (1): 139-142.

Panse, V. G. and Sukhatme, P. V. 1985. Statistical Methods for Agricultural

Workers (4^^ Ed.). Indian Council of Agricultural Research, New Delhi,
347p.

Papadopoulos, A. P. and Ormorod, D. P. 1991. Plant spacing effect ongrowth and

development ofgreen house tomato. Can. J. Plant. Sci. 71: pp.297-304.

Patel, D. B. and Patel, R. H. 2011. Influence of drip irrigation, mulch and N-

fertigation on biometric yield of okra (Abelmosclhus esculentus (L.)

Moench). J. Res.Crops. 12(2):551-555.

Patel, N. and Rajput, T.B.S. 2003. Yield response of some vegetable crops to

different levels of fertigation. Ann. KarAgric. Res. 24(3): 542-545.



x4>

Pawar, D. D., Dingre, S. K., Kale, K. D. and Surve, U.S. 2013. Economic

Feasibility of Water Soluble Fertilizer in Drip Irrigated Tomato

(Lycopersicon esculentum). Indian J. Agric. Sci. 83(7): 331-345.

Payero, J. O., Bhangoo, M. S. and Steiner, J. J. 1990. Nitrogen fertilizer

management practices to enhance seed production by Anaheiem chilli

pepper. J. Amer. Soc. Hort. Sci. 115(2): 245-251.

Prabhakar, M. and Hebbar, S. S. 1999. Micro irrigation and fertigation in

capsicum and tomato. In: Khan, M.M., (Ed), National seminar on problem

and prospects of micro irrigation - A critical appraisal, Bangalore,

KARNATAKA.pp: 60-68.

Puthupalli, M. 2014. Fertigation and mulching studies in yard long bean (Vigna

unguiculata var-sesquipedalis (L.) verdcourt). M.Sc. Thesis, Kerala

Agricultural University, Thrissur. 111 p.

Raina, J. N., Thakur, B. C. and Bhandari, A. R. 1998. Effect ofdrip irrigation and

plastic mulch on yield, quality and water use efficiency of tomato.

Proceedings of the national Seminar on Microirrigation Research in India:

Status and perspectives for the 21st Century, Bhubaneswar, July 27-28,

1998.

Raina, J. N., Thakur, B.C. and Verma, M.L. 1999. Effect of drip irrigation and

polythene mulch on yield, quality and water use efiiciency of tomato

{Lycopersicon esculentum). Indian J. Agric. Sci. 69: 430-433.

Rajan, K., Haris, A. A. and Shivani, L. P. 2014. Efficacy of conventional, soHd

soluble and liquid fertilizers applied through drip-fertigation on tomato.

Indian J. Hort. 71(2): 217-221.



Rajbir, S., Sathyendra, K., Nangare, D. D. and Meena, M. S. 1999. Drip irrigation

and black polyethylene mulch influence on growth, yield and water use

efficiency oftomato. 4^. J. Agric. Res. 4: 1427-1430.

Ramachandrappa, B. K., Nanjappa, H.V., Soumya, T.M. and Mudalagiriyappa.

2010. Effect of fertigation with sources and levels of fertilizer on yield,

quaUty and use efficiency of water and fertilizer in green chilli {Capsicum

annuum L.). Indian J. DrylandAgric. Res. Dev. 25 (2): pp.33-39.

Rangaswamy, R. 2010. ATextbook ofAgricultural Statistics. (2^^ Ed.). New Age
International. 53Ip.

Ravel, C. H., Patel, J. C., Vyas, K. G. and Bedse, R. D. 2013. Effect of nitrogen

levels and time of application on okra {Abelmoschus esculentus (L).

Moench.). Curr. Adv. in Agric. Sci. 8 (3): 433-435.

Rekha, K., Reddy,G. M., Mahavishnan, K. and Bhanumurthy, V. B. 2009.

Moisture extraction patternof bhendi {Abelmoschus esculentus L. moench)

as influenced by various levels of drip fertigation. Indian J. Agric. Res.

43(1) : 69-72.

Rekha, K.B. and Mahavishnan, K. 2008. Drip fertigation in vegetable crops with

emphasis on Lady's finger {Abelmoschus esculentus (L.) Moench) - A

review". Agricultural Review, vol. 29(4). pp. 298-305.

Sainju, U. M., Singh, B. P. and Whitehead, W. F. 2001. Con^arison of theeffects

of cover crops and nitrogen fertilization on tomato yield, root growth, and

soil properties. Set Hortic. 91: 201-214.

Sawant, A. A., Patil, V. S., Kumbhar, U. D. and Pmgle S. S. 2004. Studies on

fertigation of bhindi {Abelmoschus esculentus (L) Moench.). New Agric.

15(1): 113-115.



Shedeed, L S., Sahar, M. Z and Yassen, A. A. 2009. Effect ofMethod and Rate of

Fertilizer Application under Drip Irrigation on Yield and Nutrient Uptake by

Tomato. OzeanJ. Appl. Sci. 2(2); 139.

Shinde, P.P., More, V.G., Ramteke, J.R. and Chavan, S. A. 2002. Response of

brinjal to fertigatioa J. Maharashtra Agric. Univ. 27(3): 260-262.

Simpson, J. E., Adair, C. H., Kohler, G. O., Dawson, E. N., Debald, H. A., Kester,

E. B., and Klick, J. T. 1965. Quality evaluation studies of foreign and

domestic rices. Tech. 5m//. No. 1331. Services, U.S.D.A., pp. 1-86.

Singandhupe, R. B., James. B. K., Edanna, Anthony, Nanda, P. and Behera, M.S.

2007. Response of fertigation and mulching on growth and fruit yield of

pointed gourd {Trichosanthesdioica). Indian J. Agric. Sci., 77(1): 8-13.

Singandhupe, R.B., Rao, G.G., Patil. M.T. and Brahmanad, P.S. 2002. Fertigation

studies and irrigation scheduling in drip irrigation system in tomato crop

{Lycopersicon esculentus L.). Europe J. Agro.l9:327 -340.

Smgh, A. K, Chakraborty, D., Mishra, B. and Singh, D. K. 2002. Nitrogen and

potassium dynamics in fertigation system. 17th WCSS, 14-21 August,

Thailand.

Singh, A. K., Singh, B. and Gupta, R. 2011. Performance of sweet pepper

{Capsicum annum) varieties and economics under protected and open field

conditions in Uttarakhand. IndianJ. Agric. Sci. 81 (10): pp.973-975.

Singh, Y. V and Saxena, A. 2001. Chilli yield as related to water and nutrient

management under drip irrigation system. In: Singh, H. P., Kaushish, S. P.,

Kumar, A., Murthy, T. S. and Samuel, J. C. (eds), Micro-irrigation. Central

Board ofIrrigationand Power, New Delhi, pp. 468-471.

Snedecor, G. W. and Cochran, W. G. 1975. Statistical Methods. Oxford and IBH

Publishing Company, New Delhi, 593p.

/oo



CENTRAl

J>lj
l^si/

Solaimalai, A., Baskar, M., Sadasakthi, A. and^iiotoamu, K. 2005. Fertigation

in high value crops. Agric. Rev. 26(1): 1-13.

Stark, J. C., Jarrell, W. M. Letey, J. and Valoras, N. 1983. Nitrogen use efficiency

of trickle-irrigated tomatoes receiving continuous injection ofN. J. Agron.

75 : 672-676.

Subbaiah, B.V. and Asija, G.L. 1956. A raphid procedure for determination of

available nitrogen in soil. Curr. Scl25: 259-260.

Sunilkumar, C. and Jaikumaran, U. 2002.Yield and yield attributes of Bhindi as

influenced by mulching and methods of irrigation. J. Trop. Agric. 40: 56-58.

Taiz, K., and Zeiger, E. 2006. Plant Physiology. (5^ Ed.). Sinauer Associates, Inc.

Tanaskov^, V., Cukaliev, O., Romic, D. and Ondrasek, G. 2011. The Influence of

drip fertigation water use efficiency in tomato crop production. Agric.

Conspec. Sci. 76: 57-63.

Tarawali, S. A., Singh, B. B., Gupta, S. C., Tabo, R. andHarris, F. 2002 Cowpea

as a key factor for a new approach to integrated crop-livestock systems

research in the dry savannas of West Africa. Intl. Inst. Tropical Agric. pp.

233-251

Tiwari, K. N., Mal,P.K., Singh,R.M. and Chattopadhyay, A.1998. Response of

okra {Abelmoschus esculentus (L.) Moench.) to drip irrigation under mulch

and non-mulchconditions^gr/. Water Management. 38 : 91-102.

Tiwari, K. N., Singh, A., Singh, A. and Mai, P.K. 2003. Effect of drip irrigation

on yield of cabbage under mulch and non-mulch conditions. Agric. water

Manag. 58: 19-28.

Tu, J. C., Liptay, A, Tan, C. S., Drury, C. F. and Reynolds, D. 2000. Effect of

drip irrigation anddrip fertigation on yield ofprocessing tomato insouth-

io)



western Ontario. ISHS Acta Horticulturae 635: XXVI International

Horticultural Congress: Managing Soil-Borne Pathogens: A Sound

Rhizosphere to Improve Productivity in Intensive Horticultural Systems.

Ughade, S.R. and Mahadkar, U. V. 2014. Effect ofplantingdensity, irrigationand

fertigation levels on water saving and water use efficiency of brinjal

{Solanum melongem L.). Adv. Res. J Crop Improv. 5 (2): 114-117.

Vijayakumar, G., Tamilmani, D. and Selvaraj, P. K. 2010. Irrigation and

Fertigation Scheduling under drip Irrigation in Brinjal crop. Indian J.

Biores. Manag. 1: 72-76.

Wein, H.C., P.L. Minotti, and V.P. Grubinger. 1993. Polyethylene mulch

stimulates earlyroot growthand nutrient uptake of transplanted tomatoes. J.

Amer. Soc. Hort. Sci. 118:207-211

Yoshida, S. K., Fomo, D. A., Cook, J. H., and Gonez, K. A. 1976. Laboratory

Manual for Physiological Studies of Rice (3^^ Ed.). International Rice
ResearchInstitute, Los Banos, Philippines, 83p.



STUDIES ON FERTIGATION IN YARD LONG BEAN {Vigna

unguiculata subsp. sesquipedalis (L.) Verdcourt)

by

ELSA GILES

(2014-11-135)

Abstract of the thesis

Submitted in partial fuUllhnent of the

requirements for the degree of

MASTER OF SCIENCE IN AGRICULTURE

Faculty ofAgriculture

Kerala Agricultural University

DEPARTMENT OF AGRONOMY

COLLEGE OF AGRICULTURE

VELLAYANI, THIRUVANANTHAPURAM-^95522

KERALA, INDIA

2016



ABSTRACT

An experiment entitled "Studies on fertigation in yard long bean (Vigna

unguiculata subsp. sesquipedalis (L.) Verdcourt)" was taken up in farmer's field at

Pirappancode, Thimvananthapuram, Kerala during the summer season of 2015. The

objective of the study was to standardize the fertigation schedule in yard long bean

under precision farming, to assess the impact of precision forming practices on

growth and yield and to work out the economics.

The experimentwas laid out in split plot design with four levels offertigation,

v/z., 75 per cent recommended dose (RD) ofN and K (Li), 100 per cent RD ofN and

K (L2), 125 per cent RD ofN and K (Ls) and 150 per cent RD ofN and K (L4) as

main plot treatments. Fertigation interval of4 days (Ii) and 8 days (I2) constitutedthe

sub plot treatments. Two controls were also included in the study, viz., Kerala

Agricultural University ad hoc recommendation for precision farming (Control 1) and

Kerala Agricultural University POP recommendation (Control 2). Farm yard manure

@20 t ha ^was applied unifomily to all plots. Based on the initial soil analysis, the

nutrient recommendation for yard long bean was modified as 30:25:25 kg NPK ha ^
and lime @350 kg ha ^was applied as basal. Full dose ofPwas applied as basal in
all treatments except control 1 (half applied as basal and the remaining through

fertigation).

The results of the study revealed that the growth parameters, vfe., number of

primaiy branches at 90 days after sowing (DAS), productive branches, vine length,

LAI and total dry matter production were Ae highest in 150 per cent RD ofN and K.

Root parameters (root length and volume) were also higher at this level.

The main yield attribute, the number of pods per plant was the highest in 150

per cent RD (L4) resulting in maximum pod yield per plant (1549 g), total pod yield

(19.571 ha ^) and harvest index (0.42). The same fertigation level also resulted in



longer pods and was on par with 125 per cent RD ofN and K. Water use efficiency

(WUE) and water productivity were the highest at 150 per cent RD ofN and K. The

crude protein content of pods (30.13 %), total NPK uptake by plant and leaf

chlorophyll content were the highest in the highest level ofnutrients (L4).

Though fertigation at 8 days interval recorded higher values for growth

attributes, the number ofpods per plant, total pod yield and harvest index were higher

at 4 days interval. Leaf chlorophyll content and WUE were also higher at 4 days

interval, whereas fertigation at 8 days interval recorded higher water productivity.

Among the interactions, fertigation at 150 per cent RD ofN and K at 4 days

interval recorded maximum number of pods per plant, pod yield per plant, total pod

yield, harvest index, chlorophyll and crude protein content. This combination also

resulted in higher WUE, while the same level at 8 days interval recorded the highest

water productivity and NPK uptake.

Comparison of treatment mean with the controls revealed that all growth

characters, yield attributes, yield (24.23 t ha"^), WUE (33.05 kg ha mm'̂ ), water

productivity (11.36 kg ha mm ^), NPK uptake by crop, leaf chlorophyll and crude
protein content of pod were the highest in ad hoc recommendation (control 1).

However economic analysis revealed tiie superiority of Ljii (fertigation with 150 per
cent RD at 4 days interval) over ad hoc recommendation registering a B:C ratio of

3.34.

The results ofthe study indicated that a fertigation schedule of98 kg urea and

62.5 kgMOP ha at4 days interval (25 fertigations) along with a basal application of

125 kg rajphos (equivalent to 45:25:37.5 kg N, P2O5 and K2O ha"^) could be
recommended for the economic production of yard long beanin precision iamiing.
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APPENDIX-1

Weather parameters during the crop period (March 2015—June 2015)

Period Standard Temperature Rainfall Evaporation Relative

week (°C) (mm) (mm) weekly humidity

Max. Min. weekly

Total

total (%)

2015 10 32.1 233 0.0 31.1 88.6

11 32.1 23.6 45.7 14.7 91.4

12 32.7 233 0.0 28.4 90.7

13 33.0 24.7 9.4 283 90.7

14 33.1 2S2 7.0 28.9 91.9

15 32.6 243 23.8 253 91.4

16 32.9 243 80.8 30.7 89.7

17 32.5 23.8 71.0 26.9 89.6

18 33.2 252 0.0 30.8 85.1

19 32.5 252 103.1 28.1 91.4

20 30.4 243 293 9.8 94.0

21 32.3 26.1 97.7 222 92.1

22 31.9 252 13.0 21.9 90.8

23 31.9 24.7 61.5 24.5 89.7

24 31.9 24.0 63.0 35.1 91.7

25 31.6 24.4 47.8 26.3 903



APPENDIX-n

Economics of cultivation ofyard long bean ha

3^11

CENTRAl

LIBRARY

Treatments

Total cost

excluding
treatment

cost

Treatment

cost

Total cost
of

cultivation

Gross

Income Net Income

liii 157208 81942 239150 645720 406569

lii2 157208 81599 238807 573460 334652

hii 157208 82206 239414 620900 381485

l2i2 157208 81952 239160 608620 369459

bii 157208 82471 239679 680340 440660

l3i2 157208 82293 239501 647700 408198

Uii 157258 82686 239944 800420 560475

l4i2 157208 82648 239856 765640 525783

Control 1 157208 20053 357741 969550 611808

Control 2 176204 32051 198256 542720 344464

Unit cost ofinputs used

Items Price (tkg ^)
Urea 8

MOP 17

Raj phos 7

13:0:45 200

12:61:0 140

19:19:19 140

Cow dung 1

-1
Sale price ofyard long bean - ? 40 kg
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