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I. INTRODUCTION 

Irrigation water, fertilizers and other inputs along with qualitj' seeds and human 

management of the resources form the foundation of modem agriculture. Though India is blessed 

with abundant water resources, due to various constraints, the utilizable water for irrigation is very 

limited Therefore technological imiovatious are to be exploited to achieve the twin objectives ol 

higher productivity and better water use eflficiency. Micro or drip irrigation has revolutionized 

irrigated agriculture in many countries of the world. In Israel, tl)e entire area is now irrigated by drip 

systems. Similar trend is noticed in USA, Australia, Southern Europe and many other developing 

countries. 

Drip irrigation has shown convincingly superior results wherever it is adapted. More 

than two million haare^^nder drip irrigation for about 60 crops in the World, whereas in India, trom 

literally no area under drip in 19708, it ha.s increased to around 80,000 ha in 1995 feeding 20 cropa 

mainly in Maharastra, Tamilnadu and Kaniataka states. 

The consumption of fertilizeni in India, as an inevitable input of agricultural 

production has reached 20 million tons today from a meager 0.5 m. ton in the early 50's. However, 

escalating prices per unit fertilizers applied especially owing to import of raw materials for their 

production coupled with their low use-efficiencies with nutrients liable to be leached down or 

volatilized cause a serious concern. Under these circumstances, fertigation, a sophiaticated and 

efficient method of applying fertilizers dn'ough drip irrigation system as a canier and distributor of 

crop nutrients holds bright promise. The synergism of water and nutrients leads to efficient use of 

both by the plants Fertigation technology which initially included only plant nutrients is expanding 

however, owing to advances in the irrigation system design, improved chemical injection 

equipments, computerization of operations, and use of wide range of agrochemicals including plant 

protection chemicals, growth regulators etc and is generally termed as ' Chemigation ' . 



nutrients directly to the root zone in easily available form, control of nutrient concentration in soil 

solution to effect proper supply, flexibility of fertilization to match crop nutritional requirements at 

different stages of its growth, saving in ^jplication costs and improvement in soil conditions due to 

better distribution and proper maintenance of soil moisture levels. Promising results indicating a 

saving of i^to 40% of fertilizer by fertigation method besides substantial saving of water have been 

noticed in several parts of the world 

Fertilizer materials used for fertigation must be completely soluble in water and must 

not react with substances in irrigation water to form insoluble precipitates. Hence fully water 

soluble fertilizers (WSF) are being manufactured for easy application through drip system. Keraira 

Agro, Finland have developed many grades of WSF and in these fertigation studies the 30:10:10 and 

19:19:19 grades have been examined. 

Capsicum annuum L. is an important vegetable crop rich in Vitamin C and A 

cultivated in many parts of India both for home market and export Also called bell pepper it has 

attained the status of a high value crop in India during recent years as it fetches high market price 

from the urban consumers. In Kamataka it is grown over an area of 3471 ha with the production of 

about 23602 tons (1994-95). The average productivity is very low (6-8 tons/ha) in India. However, 

its potential is about 20 tons per ha under good management (Joshi and Singh, 1975) 

MHi-L' IH the lliiid inipoHHiiL COI-CHI HRCI l i co Hiid WIICH/ HH Cmnl ciopH. Ff ()t•cll[»K-̂ ^ HI 

area of 3.44 lakh ha in Kaniataka with 9.87 lakh tons of grain production (1994-95). Maize is grown 

for its grain and the whole plant or stover is fed to animals. The starchy grain itself is used â  food 

and as the main constituent of feed to domestic animals besides its use as a source of staich in a 

number of chemical industries. 
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next oftlj' to groundnut in Karnataka This state has the maximum area of 8.4 lakh ha with an annuaJ 

production of 3.6 lakh tons (1994-95). It has been well accepted by the farming community because 

of its desirable attributes like low seed rate, high seed multiplication rate (1-100), short duration, 

photo insensitivity, high water use efficiency and high oil content (42-46%) of superior quality rich 

in poly unsaturated fatty acids. 

All these crops require adequate fertilization and timely irrigation for attaining higher 

productivity The m^or limitation for achieving higher returns from these crops in Karnataka is the 

shortage of groundwater. Adoption of modern and efficient methods of irrigation is one of the 

avenues to increase the output and at the same time to save precious water and fertilizer. Therefore, 

to evaluate the feasibility of fertigation technology in a cropping sequence, field experiments entitled 

" ESect of fertigation with normal and water soluble fertilizei-s compared to drip and furrow systems 

in C^sicum-Maize-Sunflower cropping sequence " were conducted at the Main Research Station, 

University of Agricultural Sciences, Hebbal, Bangalore during the years 1994-95 and 1996-97 witli 

the following objectives: 

a) To determine the water and fertilizer use efficiencies in capsicum, maize and sunflower as 

influenced by methods of in-igation and fertilization, levels and souices of fertilizers, 

b) To study the root distribution pattern in relation to soil depth as influenced by irrigation and 

fertilization methods, levels and souices of fertilizers, 

c) To study the effect of furrow, drip and fertigation, levels and souices of fertilizers on growth, 

quality and yield of capsicum, maize and sunflower crope in a sequence, 

d) To study the residual soil nutrient status and its distribution as influenced by irrigation and 

fertilization methods, levels and sources of fertilizers, and 

e) To assess the economic viability of fertigation in capsicum-maize-sunflower cropping sequence 

file:///Hf/r/f}
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II REVIEW OF LITERATURE 

In India, fertigation practice is only of recent interest, though this technology has been m use 

in many developed countries notably in Israel and U.S.A. What is also new for most countries is the 

adoption of fertigation system for an entire cropping system with such crops as capsicum - maize 

and sunflower as has been examined in the current research study. The literature pertaining to the 

Fertigation studies with water-soluble and normal fertilizers in Capsicum - Maize - Sunflower 

cropping sequence is presented hereunder. lliiB review is dealt under the following headings. 

1. Development of fertigation 

2. Fertilizers suitable for fertigation 

3. Movement of nutrients in soil followed by fertigation ' 

4. Fertigation studies in Capsicum 

5. Fertigation studies in Maize / 

6. Fertigation studies in Sunflower 

7. Effect of trickle fertigation on root distribution 

8. Future of fertigation 

2. l,Developnnnt of fertigation 

Fertigation as a method of combined application of water and plant nutrients only 

started commercially in the mid 20'*' century although there is evidence that the concept of irrigation 

with dissolved nutrients was well known in the past. The first reported example dates back to 

ancient Athens (4000 BC) where city sewage was used for irrigation of tree groves (Young and 

Hargett, 1984). In commercial fertigation, liquid ammonia was probably the fuist produced liquid 

fertilizer. However, in modem fertigation, the use of ammonia is negligible because of the 

development of mechanical ammonia application technology directly to soil through drills, knives 

and injection tubes, etc., is cumbersome and is known to be risky. 
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194J and ten years later the first NPK solution was made by mixing phosphoric acid neutralized with 

anunonia and with an addition of potash to create 40-10-10 grade solution (Young and Hargett, 

1984). 

In promoting modern fertigation, the development of Micro-Irrigation-Systems (MIS) 

was one of the important factors, lliis opened a new era of fertigatioa Field experiments in Israel 

in the early 1960's showed that when only part of the field area was irrigated as in MIS, the use of 

standard broadcast application of fertilizers was ineffective. The broadcast fertilizers resulted in 

reduced nutrient availability to the plants because of the limited root zone and the reduced amount of 

mineralization in the restricted wetted zone. Recognition of these facts lead to the development 

fertigation technology of providing fertilizers with'applications of MIS which included drip, jets and 

microsprinklers. In Israel, fertigation is by far the most common, and in some cases the only method 

of fertilizing greenhouses, orchards, vegetables and drip irrigated field crops such as maize, cotton, 

jujube etc. 

Irrigation system followed in India being mainly through sur&ce flow in the channels 

and distributories diough not completely the flood method, results in huge loss of water. Besides, 

the applied fertilizer nutrients are either leached down on subject to surface run ofl̂  to neighbouring 

fields. 

In this context, fertigation through a trickle irrigation system offers several 

advantages like (i) increased use efficiency of both water and fertilizer, (ii) optimization of nutnent 

balance by supplying nutrient directly to active root zone in available forms, (iii) flexibility of 

fertilizer application in accordance with crop nutrient demand, (iv) reduced labour, (v) reduction in 

groundwater pollution by minimizing leaching below the rooting volume and (vi) reduced soil 
and VouengaYt 

erosion (Steduts, 1984; Haynes, 1985; Hagm, 1996). On the other hand, there may be some 



diatidvtintagcs like unoqunl diB<ributian of nutricnto in tho field, the poosibility of over-irrigation or 

leaching and the possibility of chemical reaction in the irrigation Bystem (Haynee, 1985), 

Requirements in order to effect uniform distribution include well maintained irrigation 

system in which every emitter delivers same cjuaiitity of water during the irrigation period 

Application of fertilizer material into irrigation water can be achieved by simple systems 

such as ventiry (Vacuum) or by-pass tanks as well as through sophisticated computer controlled 

systems. 

2.2 ^rtilizers suitable for rertigation 

Fertigation practice is becoming more popular because of the availability of 

completely water-soluble fertilizer materials of high grade. Tliese fertilizers are made of same 

chemical compounds as those of normal fertilizers but, they are devoid of neutral insoluble materials 

such as earth, gypsum, dolomite, clay etc. Tlierefoie, with pure nutrients in the manufactured 

products, they are 100% soluble in water without leaving any sediments in fertigation or clog the 

sprayers when applied as foliar spray. 

2.2.1 r îtrogen fertiluers 

Nitrogen is the nutrient most commonly used in fertigation with MIS, flood irrigation, 

moving laterals and in overhead sprinklers. In gener̂ d, all N fertilizers cause few precipitation and 

clogging problems. The different nitrogen sources diat could be enployed for fertigation ve 

anhydrous ammonia, ammonium phosphate, urea, ammonium nitrate and calcium nitrate. Careful 

consideration must be given to pH in the irrigation water since some of the N sources cause increase 

in pH leading to precipitation with calcium and magnesium and clog the cfa-ip system. 



Urea is best suited for fertigation because it is highly soluble and does not read with 

water to form ions unless the enzyme urease is present. Possibility of such enzyme breakdown is 

less in fertigation since only a limited area of top soil with greater microbial activity is in contact 

The nitrogen use efficiency could be as high as 90 per cent compared to 40-60 per cent in 

conventional method of application. Alternative wetting and drying of soil in conventional flood 

irrigation also leads to greater denitriflcation loss which is particularly absent with fertigation. 

Calcium nitrate, ammonium polyphosphate, ammonium thiosulphate, ammonium 

nitrate, calcium ammonium nitrate urea, urea ammonium nitrate have all been successfully used as 

liquid N fertilizers for fertigation in Washington orchards. Careful evaluation of soil type, trees and 

irrigation management is necessary in selecting most appropriate type (Paryea, 1992). 

2.2.2 Fhospfaorus fertilizer 

Application of phosphorus to irrigation water may cause precipitation problems. 

Phosphoric acid which is the concentrated form of phosphate, containing 20 to 32% P could be used 

in fertigation as a source of phosphorus. This also aids in cleaning the system of chemical deposits. 

If irrigation water is low in calcium and magnesium, few problems should be 

encountered in applying phosphoric acid through trickle system. In such situations, ammonium or 

potassium dihydrogen orthophosphate could also be used, Other soluble fertilizers available as P 

sources are ammonium polyphosphates and nitrophosphates. A fertilizer compatibility test with the 

irrigation water should be conducted before injecting soluble P fertilizer in a trickle irrigation system 

(Mikkelsen, 1989). 

2.2.3 Fbtassiuin fertilizers 

The common sources of potaKsium '''̂ '>t;iSRnim chloride, pota.ssnim sulphate and 

potaKKium nihale) are readily soluble m water and do not cause any precipitation problem in trickle 

lines andemttters. 



2.2.4 Mcronutrients 

Micronutrients such as iron, manganese, zinc and copper can be applied to irrigation water in 

chelated form without causing precipitation problems. Nevertheless, if such micronutrients are 

added as inorganic forms, they could possibly react with salts in the irrigation water and cause 

precipitates (Haynes, 1985). 

23 MDvement of nutrients foOovied fcgr fertigation 

Under fertigation, movement of the nutrients in the soil is largely determined by the cation 

exchange capacity of the soil and the electrostatic charge of the particular nutrient, the waterflow 

through the soil and plant nutrient uptake. The charged nutrient ions i.e., ammonium, potassium, 

calcium and magnesium are dependent on the degree of saturation and exclumge capacity of the soil. 

A sandy soil has less exchange sites than a loamy soil and a loamy soil less than a clayey soil. 

'Rierefore, nutrient movement in sandy soils occurs more readily than on a loaray or cl^ey soils. 

1.3.1 ^fitTDgen 

The initial distribution of nitrogea added to the soil from trickle emitters is likely to differ 

markedly depending upon the source and rate of nitrogen applied Ammonium if applied at lower 

rate, the ammonium cation will be sorbed onto soil colloids and move only a small distance from the 

emitter. As the concentration of ammonium ions increases suflBciently to overcome the cation 

exchange capacity (CEC) of the soil, ammonium will move further, The extent of movement will, 

therefore, depend on the CEC of the soil and the rate of ammonium ^plicatioa 

Urea is relatively mobile in soils and i-̂  not strongly absorbed by soil colloids. It 

therefore tends to be more evenly distributed within the wetted profile than does applied ammonium 

(Black, 1976). 

Tlie highly mobile nitrate ion moves with the wetting front of the irrigation application and 

tends to accumulate at the periphery' of the wetted soil volume and at the soil surfrice midwaj;' 



(Dalbro aiid Dorp h-Peterson, 1976). In well aerated soils, nitrification occurs, 

thus mobility of nitrogen is not restricted and is equal to that of wetted front (Hj^nes, 1985). In 

over-imgation leaching of nitrate will occur if nitrogen is present in surface and underground water 

sources. Monitoring the depth of the wetted front and/or the concentration of nitrate in soil extract 

can reduce this risk in sandy soils (Magen, 1993). 

Using bromide and chloride as indicators of nitrate movement, Graiez et al.. 1978 in 

capsicum clearly demonstrated that greater lateral movement and less downward movement can be 

achieved by increasing the discharge rate even on a sandy soil. Tliis suggests that faster discharge 

rates may inprove the distribution of soluble nutrients particularly for surface rooting crops. 

Though denitrification process is an anaerobic one and is therefore generally stimulated by 

increasing soil moisture content, as the nitrate moves outward with the wetting front, the potential 

for denitrification decreases so that losses of N through this mechanism may be small. 

2J.2 Phosphorus 

The mobility of phosphorus followed by fertigation is restricted due to its strong 

retention by soil oxides and clay minerals, but continuous application of orthophosphate through 

fertigation proved to be superior to applying P as basai dress (Bar-Yosef, 1991). In contrast, in 

many vegetable fields m USA, P is applied via fertigation. 

Generally, if a more or less uniform concentration of phosphate in the rooting volume is 

desired, tfien a basal, soil incorporated dressing will be required (Goldberg et al.. 1976). Under 

normal agricultural conditions, however, the distribution of phosphate within the rooting zone is not 

uniform since applied phosphate characteristically accumulates close to the soil sur&ce. 

2 3 ^ Potassium 

Potassium ion is adsorbed at the cation exchange sites of soil colloids, but researchers have 

shown lateral and downward mobility of potassium when applied via drip irrigation (Magen, 1995, 
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Haynes, 1985) showed that the distribution of potassium was more uniform than that of either nitrate 

or phosphate. 

23.4 Afcronutrieiits 

Micronutrient cations such as Zn and Cu are characteristically immobile in soils. Even 

when they are added through trickle irrigation system as mobile chelates they are not likely to move 

far in the soil profile. This is because once in the soil, the micronutrient metal ions are displaced 

from the chelate by other ions (eg. Ferric ions) which are present in the soil in high concentrations 

(Mc Laren and Williams, 1981). TTius, the effectiveness of soil ^plied chelates is not normally any 

greater than that of single inorganic co^^)ounds. 

2J.5 Sigiifkanceof non-unifonndistributioiiof nutrients under ferUgatioii 

Tlie uneven distribution of nutrients with the root zone caused by trickle fertigation may be 

undesirable. But HayneB,(1985) suggested that plants can adapt to spatial variability of available 

nutrients through increased rate of nutrient iq}take per unit weight or length of roots in the nutrient 

enriched area and localized root proliferation occurring in the zones of soil high in nutrients in order 

to conq)ensate for an uneven distribution of nutrients within the potential rooting zone. 

2.4 Furtigation studies in Capsicum 

Sagiv et al.. (1978) reported that organic manure applied at 30 or 90 tons per hectare, 

N at 130, 260 or 390 kg/ha and P at 750 or 1500 kg as super phosphate and sprinkler irrigation 

applied daily, it was observed tiiat 60 per cent of capsicum yield was obtained at the first of three 

harvests and the highest yield (31 t/ha) was obtained with 390 kg N and 1500 kg super phosphate, 

when these fertilizers were {q)plied through trickle system, yields (74 t/ha) were higher than those 

under sprinkler (59 t/ha). 

In an experiment designed to compare different fertilization techniques, capsicum 

was grown with fertigation, banded application of fertilizer + drip irrigation, broadcast fertilizer 
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application > drip irrigation and one control treatment. Yield of pepper plants increased with 

maturity until the plants were five months old. Fertigation treatment had the steepest and smoothest 

increasing r ^ and also the highest total yield. Banded fertilizer application followed a close second 

in terms of total yield. Yield from broadcast fertilizer treatments were 15.8% lower than from 

fertigation and 12.3% lower than banded fertilizer. The check plots did not show much 

improvement with maturity. Finally Keng and^,. (1979) concluded that drip fertigation can be a 

promising alternative to currently used water nutrient management method for oxisols m the wet dry 

tropics. 

Tropea et al„ (1982) reported that application of 313, 214 and 538 kg N, P2O5 and 

K2O in the form of liquid fertilizer formulation given monthly through fertigation for capsicum 

grown in two sandy soils under glass resulted in highest yield than an organic fertilizer supplying N, 

P2O5 and K2O at 364, 768 and 564 kg/ha Fertigated phuits receiving 9, 18 or 30 g urea per plant out 

yielded plants receiving side-dressed urea (15 g at planting + 15 g after first harvest )(OoyaJ et 

o/.^1985). 

/ 
Martinez Canadas et aL. (1985) reveaJed that the leaf area and leaf fresh weight of 

sweet peppers in a greenhouse were greater with fertigation than with flood irrigation After 100 

days of growth, intermittent fertilizer supply to the soil surface resulted in greater leaf fresh weight 

but smaller leaf area than continuous fertilizer supply by fertigatioa 

Study conducted by Haes et al^ (1987) reveaJed that P fertigation controlled early 

season stunting. Plants fertigated with 1.3 mM P/litre weighed the most 9 weeks after seedmg. 

After 9 weeks all plots were fertigated with 0.6 mM P/lit Yields were high (61-65 mg/ha) where 0.4 

mM P/litre and more was supplied early in the season and highest (73.74 m g ^ ) where both P 

fertigation and VAM (VA mycorrhiza) inoculation were used 

Crespo-Ruiz g/ al^ (1988) studied the effect of drip fertigation with urea at 500. 300 

or 150 kg N/ha in 11 applications or at 500 kg N/ha side dressed 6^ and 56*̂  day after transplanting 
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capsicum (cv. Cubanelle). The relationships between N, P, K and growth parameters versus days 

after transplanting as determined by a Mischerlich-curve-type equation indicated 5 phases of nutrient 

uptake. Coefficient of determination varied from 0.55 to 0.85 for growth parameters and from 0.70 

and 099 for nutrient uptake. Fertigation with 300 kg N/ha produced the highest commercial yield 

(51.2 t/ha) compared with fertilization (31.01) and control (20.81). 

Hi^nes (1988) made a comparative study of fertigation with broadcast ^plication of 

urea-N on levels of available soil nutrients and on growth and yield of trickle irrigated peppers. Of 

the different freatments evaluated, it was observed thai 75 kg of urea-N given as fertigation gave 

maximum vegetative plant growth and yield \̂ 4lile 150 kg urea-N when fertigated induced Al 

toxicity due to soil acidification below the emitters. Tins sugaiestB that higher than ophmum ratoti 

not only represent an economic loss, but can also have daniaftiuft effect on crop ftiowth. Broadcast; 

at 150 kg N yielded lesser when compared to fertigated pepper at 75 kg. 

Marchesi and Cattivelli (1988) reported that plant height, stem thickness, plant weight 

'li' 0% total DM between plants of Capsicum annuum cv. Sansone Fl seedlings were increased by 

fertigation using the compound product Idronova (21:7.14.2 of N:P:K:Mg) as compared to 

unfertilized plants. 

N fertigation (as urea) at 150, 300 or 500 kg N/ha via 11 irrigations or at 500 kg/ha as side 

dressing on 2 dates had positive effect on fruit width, length, weight and number (Goyal et al. 1989). 

Levels of nitrogen applied as ammonium nitrate in trickle irrigation at ^ rates (67.5, 

45.0 and 22.5 kg/ha) did not cause any significant response. However, marketable yields in both 

1987 and 1988 increased with irrigation rate, the highest yields being obtained at 90% of fractional 

soil volume (FSV). Total leaf N content increased as tiie irrigation rate increased from 25 to 75% 

FSV and then remained constant (Madramootoo mA 1989). 
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In a study conducted by Payero et a!. (1990) solubilized NHtNOj was applied 

through Trickle-irrigation system (total season N ranging from 240 to 310 kg-lia) to ensure uniform 

and timely applications. Rate of mature (green or red) chilli cv. Anaheim fruit production was 

unaffected by any treatment except weekly application of 28 kg N/ha, which stopped production of 

mature fruits before all other frequency of application Total fruit production was maximized at 240 

kg N/ha Differences in total fruit production due to frequency of N application resulted at the 

highest total N level. N use efficiency (NUE) for red fruit production also decreased with N rates 

increasing to 240 kg/ha, but pure live seed yield (PLS)and NUE decreased in a near-linear fashion as 

the amount of total seasonal N increased, regardless of application frequency. The findings 

indicated that different N management strategies were needed to maximize seed yield compared with 

fruit yield 

Capsicum fruit yield and mean fruit site peaked at 252 k^ N/ha supplied in the £onn 

ol Urcaiainiuoiiiuui iiiliali; iinxluic (UN 32) iu weekly iiciduicuia llnougli dnp-imgalioii wilit 

additional N retarding the crop productivity, Maximum fruit yield was obtained by fertilfty 

treatment that maintained petiole N03-N concentration at >500 mug/g through the early fruit 

bulking period (Hartz et al. 1993). 

Olsen et al..{\99^) investigated effect ofN fertilization in bell pepper cv. Belltower 

grown with plastic mulch and trickle irrigation in the Bundaberg region of Australia N was ^pUed 

at 0, 70, 140, 210 or 280 kg/ha in 10 equal doses weekly through the irrigation system. Maximom 

dry weight (kg/ha) of fruits, leaves, roots and stems and maximum frerfi weight of marketable fruits 

were obtained with 210-280 kg/ha N intake was equal to the applied rate at 140 kg/ha Flint 

uptake of elements increased with applied N and, at 280 kg N/ha were ranked in as follows : 

K>N>Ca>Mg>S>P. Fhiits accumulated the greatest proportion of total K, N and P (40/64%, 

40/64%, 49/76% for spring/autumn crops, respectively). The efficiency of fruit production from 

absorbed applied N declined with increasing N rates. 
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Yield of drip fertigated capsicum waf< neither affected by rate of nitrogen nor 

application timing in both the years 1991 and 1992. Mid or late-season fertigation produced more 

second harvest yield and less discards than the first harvest in 1991 but not in 1992. Fruits of plants 

fertilized with high N and K rates had greater N and dry matter concentration. No difiFerences in 

colour or wall thickness at harvest were detected among the treatments (Carbollo et al. 1994). 

Storlie et al. (1995) studied the effects of fertilizer rates and application frequency on 

drip fertigated Capsicum annuum (cultivars Bell Captain, Gator Belle and Camelot) in southern New 

Jersey. Yield and fruit quality were greatest with 158 lb N + 69 lb P + 131 lb K/acre at the site with 

sandy loam soil. Average marlcetabie fiiiit weight increased with increasing fertilizer rate and at one 

of the two loamy sand sites. Increasing the frequency of fertilizer application from every 11 to every 

22 days did not affect yield or fixiit quality in either year when the same total amount of fertilizer 

was 8q)pUed. llie results show that maximizing the yield of bell peppers grown on loamy sand soils 

in New Jersy may require high fertilizer rates, than previously recommended. 

All these results thus indicate that capsicum responds well to fertigation with 11 to 

22 applications in terms of increased growth and yield properties compared to conventional method 

offertilization. 

2.5 Furtigation studies in ^faice 

Response of maize under fertigation has been studied extensively in USA and Israel. 

2.f5.1 N fertigation 

Grain yields of fertigated maize and N, P, K, Mg and S contents of the etr leaf 

sampled at silk emergence were comparable to those resulting from conventional fertilizer and water 

application in Georgia coastal plain (Mitchell et al. 1982). 

In a sandy loam soil, sidedress and fertigation of UAN (fluid ammonium nitrate) 

application were about equal in effect on grain yield. If UAN was banded, single supplemental 
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application was eflfective. Furtigation Moa also effective but split applications of N were needed as 

per needs of crop (Qascho and Hook, 1984). 

The effect of N carriers anhydrous ammonia, ammonium sulfate, ammomum nitrate 

and urea applied at 200 kg N/ha in surface irrigation water were compared with bat^j application of 

anhydrous ammonia and a control on growth and yield of maize and N status of was studied by 

Muirhead et al. (1985). Urea was superior to ammonium forms ol N, while the nitrate earners went 

the least efficient. Urea increased the maize yield by 27"/b^when compared with the band 

application. Fertigation allowed N to be applied during the grand period of growth when N stress 

was more likely to occur. Recovery of N was highest for urea. 

Campe/a/^ (1^6) evaluated two surface and subsurface ti ickle tubing placements in 

both pulsed and continuous models to apply irrigation water and fertilizer on maize. No differences 

in yields were found among treatments except during extreme drought 

Application of 150 kg NPK in irrigation water at flowering with or widiout 20 kg 

ZttSOyha as side dressing resulted in maize grain yield of 8.27 t compared with 6.99 t/ha ui 

traditional method. This new technique seemed promising for maize production in Aragon, Spain 

particularly on heavier badly-drained soils and soils and under conditions of water shortage (Casailo, 

19^). 

In the alluvial plains of the river Ariege (France), fertigation (split N application in 

the irrigation water) proved more economical than applying aJI the fertilizer at the beginning of the 

cropping season. Fertigation resulted in higher maize yields and better grain-N to total-N ratios, 

reduced pollution by eliminating N accumulation in spring (the rainy season), and decreased 

leaching. In addition, any residual N from late applications remained available for the following 

crops (Cosserat et al. 1990). 
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/Bullock et ai. (1990) in field trails at Tifton, USA found that 168, 252 and 336 kg 

N/ha applied in 4 equal fertigations and 44, 73 and 103 kg P ani84, 223 and 363 kg K/ha/ycar soil 
h 

applied to maize in maize/groundnut rotation grain yields were not significantly affected by N, P or 

K rates. It is Euggested that (at least 1 year) NUE of a fertigated maize crop may be improved by 

dressing N fertilizer rates below current recommendations. Tissue N, P and K Concn. increased with 

decreased N, P and K application respectively. Reducing N, P and K application, however, did not 

affect concentration of these and other nutrients in plant tissues. 

In an investigation regarding N uptake efficiency ofNOj applied with irrigation water 

and the fate of fertilizer using stable isotope 15 N as a tracer, the uptake efficiency of the side-

dressed N fertilizer was not affected by the application of N in the irrigation water. The NUE of the 

N03-applied through fertigation was negatively correlated with the amount of side-dressed fertilizer 

N. Second year recovery of 15 N applied in irrigation water was greater at the highest rates (100 kg 

N/ha) of fertilizer and irrigation N. The lack of response according to Francis, (1990 is attributed to 

the relatively high level of residual soil N and the high amount of mineralized N. 

Gascho and Hook (1991) worlced to develop fertigation program for sprinkle 

irrigated com on sandy soils near Tifton, Georgia using ammonium nitrate. With one application, 

grain yields were greatest with surface dribbled N and silage yields were greatest with broadcast or 

fertigated N. With four N applications, grain and silage yields were greatest with fertigation. With 

optimum irrigation, fertigation was more cost effective than dribbling N. 

Sweet com cv. Jubilee was given N, P and K in drip irrigation either on the soil 

surface (S) or 30 cm below the surface (SS) : Marlcetable and total ear yields were higher with SS 

fertigation (3.22 and 4.90 kg/m^ respectively). Total FW, DM production and plant height during 

the growing season were also greater for SS emitters (Martinez - Hernandez, 1991). 

/ 
Girardin et aU (1993) investigaied the effect of conventional and multiple N 

application by fertigation on maize. Maize cv. DEZ was side-dressed with urea by hand to supply 



170 or 220 kg N/ha over the growing aeaflon with an irrigation (7 or 14 mm) treatment after each 

fprfili^pr tr\ nimiilnfp fftrfiontinn T̂ ĥ f** WS5 HO !Ilfll!?nC? of ffftJIlZ^r '"^'^llCStJOn rn?thod OfJ fI!2J2? 

grain yield and yield components. However, the residuaJ soil-N wa« higher aiter multiple side-

dressed N application, even at lower N rate. N fertigation at the conventionaJ N rate (220 kg/lia) 

increased the risk of N leaching after maize harvest, but applying N at lower rates may decrease 

grain yield. It is concluded that if nitrate leaching is a potentiaJ nsk, N fertigation is not 

recommended, unless N fertilizer requirement can be calculated accurately. 

Influence of fertigation with different N sources and doses related to crop production 

and nutrient uptake of corn was studied by Hamdy et al. (1993). Application of 140 kg N/ha 

resulted in a com yield more or less equal to that of 210 kg N/ha dose with a notable increase over 

70 kg/ha. Short application frequencies rather than the long one resulted a greater improvement in 

the yield as well as in the plant growth parameters irrespective of the N source or the rate at which it 

was applied. This was also true for the plant uptake of both P and K. The NUE calculation clearly 

confirmed that among fertigated treatments, the highest efficiencies were obtained from those^where 
. 'M - . 

nitrogen distributed at the same frequencies as those of irrigation. 
^^ 

/ 
Watts et al. (1994) evaluated different strategies for fertigation of maize during surge 

irrigation on three Nebraska, USA Soils : a silt loam, a loam and a loamy sand. A fertigation 

application of 33 kg/ha of N was assumed for all cases. Strategies providing the highest uniformity 

of N application on the silt loam soil were the worst on the loamy sand, and vice versa. For silt loam 

soils with moderate to low intake rates, fertigating during the advance cycles m ^ be the best 

strategy. Applying N throughout the irrigation was an acceptable alternative. For deep loam soils 

with a medium intake rate, the best strategy was to apply N throughout the irrigation. For a loamy 

sand, fertigation only during the cutback appeared to be the best strategy. Suboptimal strategies may 

contribute to groundwater contamination instead of reducing it 

In Sao Paulo State, Brazil sprinkler fertigation of urea at 120 kg N/ha at seven 

advanced growth stages did not decrease nitrate losses but increased N accumulation and grain 
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ptoduotion in plants in oomparision to band placement of urea at two growth stages (Bassoi and 

Reichardt, 1995). 

Blackmer and Schepers (1995) identified that early season N deficiencies in com at 

Nebraska were poorly correlated with &ctors Euch as nitrate leaching, organic matter mineralization 

and nitrate present in irrigation water. Nitrogen deficiencies detected late in the season were highly 

correlated with yield than early season N stress and hence it would be appropriate to supply N 

fertilizer by fertigation during later crop growth stages without yield losses. 

Lysimetric study of cropping techniques for reducing nitrate leaching was conducted 

in France. Results showed that decreasing applied N fertilizer reduced nitrate leaching and maize 

yields. Fertigation reduced leaching but there were some pollution risks. Only cultivating a green 

manure crop after maize crop eliminated nitrate leaching without decreasing the yield (Decau and 
/ 

Pajol, 1995). 

Watts and Schepers (1995) opined that fertigation can be practised by centre pivot 

irrigators to apply N to maize crops throughout the rapid uptake period, thus synchronizing N 

application with peak crop needs. A chlorophyll meter can be used to check crop N status on a 

weekly basis. In contrast, fertigation has not been a viable option for the typical firrow irrigator. 

Hie use of a combination of fertigation and surge flow irrigation made it possible for furrow 

irrigators to apply supplemental N fertilizer later in the season with a reasonable uniform 

distribution. 

2.S.2P fertigation 

Bar-Yosef ff al^ (1989) tested the hypothesis that subsur&ce placement of emitters is 

. more effective in stimulating P iq)take than surface placement when P was applied at 0.04,0.16, 0.64 

and 1.29 mol/m m irrigation water via drip system. Marketable ear yield increased with P 

concentration yielding 22.9, 24.3, 24.9 and 28.9 t/ha respectively. Yield was higher for tricklers 

placed 30 cm below soil surface 25.2 t/ha) than on the surface (23.5 t/ha). Elevated P concentration 
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of imgation water increased the soil solution P concentration. Thereby increasing total P uptake and 

total DM production by the plant. Deep trickier placement significantly increased the fraction of 

totaJ DM allocated to the ears, which resulted in high marketable yield. 

From the foregoing, it can be concluded that fertigation can be practised via drip, 

sprinkler or jRirrow/surge methods of irrigation with various degree of advantages in maize. 

Nitrogen siq>plied at later stages of crop growth improves maize yields considerably than early stage 

applications. Accurate quantity of fertilizer and fertigation frequency need to be caJculated under 

different soil types for higher fertilizer use efficiency and avoidance of pollution risk. 

2.6 I^rtigation studies in sunfloiwer 

Application of fertigation in sunflower cultivation is a new practise and experimental 

fmdings are relatively scarce. 

Urea at 120 kg N/ha applied in irrigation water to a commercial sunflower crop on a 

calcareous, cracking clay soil resulted in even distribution of applied N within the soil profile dofwn 

to the bottom of plough l^er and along the field in the direction of flow. At physiological maturity 

(76 days afier fertilization 57 kg ofN/ha was recovered in the plant tops and the bulk of this (42 kg) 

was in the grain. Based on these findings. Freney et al. (1985) suggests that although this method of 

application of fertilizer N is simple and cost effective, produces an even distribution of applied N 

across the field and reduces NH3 loss, it still appears to be subject to substantial losses of N, 

presumably by denitrification, during subsequent irrigations. 

Smith et al.. (1988) studied nitrogen transformations and transfer after applying urea 

solution to a crop of sunflowers by ponding in furrows. The fertilizer was applied 24 days after 

sowing. This method of fertilizer application resulted in concentration of applied N in the furrow 

and shoulder zone of the soil beds; little of the ^plied N moved across the centre of the beds. A 

15N mass balance showed that 28 kg of the 80 kg N/ha applied (35%) was lost during the 

experiment at the rate of 4.6 kg/ha after each irrigation upto 44 days after fertilizer applicatioa Hie 
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study indicated that N Loss oould be markedly reduced by delaying the bulk of the application to 

coincide with the period of rapid uptake. 

Sunflowers were trickle irrigated with municipal waste water or borewell water 

supplemented with nutrients. In 1985, seed yields were 4.15, 4.68, 4.41 and 4.59 t/ha with borehole 

water and 4.54, 4.62, 4.49 and 4.82 t with efficient at 0, 30, 60 and 90 mg N/litre irrigation water 

respectively. Corresponding yields for 1986 were 2.56, 2.68, 2.76 and 2.65 t/ha with borehole wirter 

and 2.83, 3.24, 3.21 and 2.96 with efficient In 1987, 0, 15,30 and 45 mg P/litre gave seed yields of 

2.39, 2.54, 2.58 and 2.51 t respectively with borehole water and 2.60, 2.68, 2.66 and 2.46 t with 

efiluent treatment (Papadopoulos and Styllian ou, 1991). 

From these studies it can be inferred that nitrogen losses are prominent in furrow 

fertigation. Synchronization of fertigation with the period of rapid uptake may serve as the best 

technique in achieving higher nutrient use efficiency. Efiluent water can be applied to sunflower 

through trickle system s with good results. Puriher research is required to deHneate various aspects 

of influence of fertigation on sunflower. 

2.7, ETTect of trickle fertigation on root cUstribition 

Under trickle irrigation the spatial distribution of soil moisture and consequently crop roots is 

often restricted to a small volume of soil directly below the emitters. Such a restriction has 

important implications for optimum fertilizer placement. Furthermore, water is usually supplied in a 

cyclical fashion such that soil directly below the emitter can be saturated during irrigation cycles. 

Such a moisture regime can also greatly influence nutrient availability and root distrilnition. The 

size of the root system and its distribution pattern in a given soil are determined, to a great extent, by 

soil moisture content and distribution and their interaction witfi soil aeration and nutrient supply 

2.7.1, Capsicuni 

' In a study comparing root distribution as influenced by fertigation, banded application of 

fertilizer + drip irrigation, broadcast fertilizer application + drip irrigation and a control treatment 



21 

Kong r̂  o/.. (1979) found that dcnoe fibroua root growtii toward the nutrient and moisture source in 

fertigation and band placement. The fertilizer band also had more dry matter giowtb toward the 

fertilizer than away from the band. E>rip irrigation encouraged the development of shallow root 

systems since it provided an adequate moisture and fertility conditions in the surface soil. 

No roots were detected below a depth of 30 cm and at no greater lateral distance from 

the trickle nozzle than 30 cm at 155 days after sowing. About 80 per cent of the root system was 

located in the upper 20 cm under sprinkler and in the trickle plots, over 90 per cent of the roots ware 

concentrated in the iq)per 20 cm li^er and approximately 85 per cent of roots were within 20 cm of 

the nozzles. There was a concentration of fine roots close to the source of water (Goldberg et al. 

19-^). 

Goyal et al. (1988) found that in all fertigation treatments under mulching, the root 

values were significantly higher for 0-11 cm soil depth than for other soil depths. More than 80 % of 

the roots were in 0-22 cm soil depth in all plots; this depth corresponded to the wetting zone under 

dripper. 

2.7.2. Make 

In sweet com cv. Jubilee, trickle irrigation with N, P and K given on the soil surface (S) or 30 

cm below soil surface (SS) indicated that deep trickle placement increased P and K cootei^ at the 

centre of root zone. The enhanced concentration appvently stimulated plant rooting, which together 

with the higher nutrient activity in the soil solution, increased the P and K iq̂ take rates. The higher 

root activity in SS than S fertigation was confirmed by soil air CO2 concentration measurements 

which showed significant differences between the two treatment during the growing season 
y 

(Martinez-Hernandez etal. 1991). 

Phosphorus fertigation study by Phene et al (1991) revealed that sweetcom root 

extension continued at depths > 2 m. Roots in the top 45 cm soil depth showed greatest differences 

between S and SS treatment Root length density was higher in the sur&ce 30 cm in S plots and 
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bolcrvr 30 vm in && pioin. Root donoity in (ho SS h-cntmont was highest at 61 kg P/ha in SS plots, 

root length density decreased with increasing P rate. 

In Piracicaba, Brazil maize cv. AG-329 was given a total of 120 kg N/ha at 23 and 47 

d after emergence or fertigated with 4, 6, 45, 30 and 35 kg N/ha on 5 dates between 34 and 101 d 

aAer emergence. Application of N to the soil gave the highest root density in the upper 60 cm 

whereas fertigation gave the highest density in the 60-100 cm zone, vkrith corresponding average 

grain yields of 4.52 t and 5.07 t/ha (Bassoi et a/. ̂ 994). 

In genera], root growth under drip fertigation is highly dense in surface soil profile 

because of favourable nutrient, water and air balmce. While, conventional irrigation and 

fertilization promote uniform root distribution with depth. 

2.8 . F^ure of fertigation 

llie application of fertilizer through the irrigation systems (Fertigation) has become a 

common practice in modern irrigated agriculture. Increased yields, improvement in quality of the 

produce, irrigation and fertilizer use efficiencies and protection of the environment are some of the 

main characteristics of this method, w^ich has made it very popular throughout the world In some 

countries, introduction of fertigation can be regarded as a second 'Green revolution*. However, the 

correct method of application and transfer of technology to the farmers at their own level of grasp 

and adaptability is critical and of great importance (Papadopoulos, 1996). NficroirrigaticMi systems 

(MS) form the basic requirement for successful fertigation. These technological innovations are to 

be exploited to achieve the main objectives of higher productivity and better water use efficiency. 

Although micro or drip irrigation has revolutionized irrigated agriculture in many 

countries of the world and an accepted method of irrigation even in the developing countries. India 

has to embark on a massive program for popularizing this method. According^o Sivanappan (1996) 
v.-

inspite of substantial economic and social advantages, the expected coverage of MIS has not been 
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reached due to institutional, political, financial and technical problems. The farmens are convinced 

about the usefulness of the system, but the adoption is very slow due to the high initial investinent 

coBt for the syBtem. More than two million hectares are under 6hp irrigation for about 60 crops in 

the world, whereas in India, from literally no area under micro irrigation in the 1970'8, it moved to 

1000 ha in 1985 and to around 80,000 ha in 1995 feeding 20 crops of which 50,000 ha is in 

Maharastra state alone followed by Tamil Nadu and Kamataka states. However, it is projected to 

have one million hectares under drip system in another 5-7 years, that is 1% of the irrigated area at 

that time in the country. Fertigation is well suited for these areas because of the availability of high 

grade 100% water soluble fertilizers. With substantial savings in both water as well as fertilizer, it is 

poRRible to increjwe the grom srea l»y 2-/? Hwes to that of net an?aprovi<ted wster iw nvnilnMe In hik? 

2-.̂  crops in a year. TTiis will solve many problems in the country including unemployment and 

foreign exchange by exporting vegetables, fruits and flowers in the coming years. The export 

potentialities of diese crops and other commercial crops like tea, cashew, cardamom, pepper etc can 

be raised from the current levels of about Rs. 2500 crores to Rs. 4000 crores in a short time if drips 

and sprinklers are utilized in conjunction with the right and small amounts of fertilizer given through 

such irrigation treatment to the effective root zone. 

The drip method is technically feasible, economically viable and socially acceptable. 

This method has recorded an increase in yield by 23-90% in variotis fruit and vegetable crops with 

water savings of about 40-77% as compared to conventional method (NCPA, 1990). Therefore, this 

method combined with fertigation can be adopted in the areas like (i) well irrigated areas which 

constitute about 35% of the irrigated area in the country (ii) it is ideally suited to all row crops 

especially coconut, fruit trees, vegetables, flowers, commercial crops, plantation crops etc. which 

occiqjy more than 18 m ha (iii) in waste lands by planting trees including fruit trees. More than 25 

m ha is available in this category (iv) in hills and semi arid areas, coastal sand belts, water scarcity 

areas, command areas with community wells. 

llie plastic revolution on the one hand and the introduction of water soluble NPK 

fertilizers on the other, with Government of India's subsidy and incentives scheme m popularizing 

the micro-irrigation system fertigation assumes a key role in improving agricultural economy as well 

as ecosystem in the years to come (Shivashankar, 1996). 
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III. MATERIAL AND METHODS 

Details of the materiaJs used and techniques adopted in the present investigation are 

described in this chapter. 

3.1 Location 

The experiment was carried out in plot numbers 12 and 13 of 'B' range of the Mam 

Research Station, UAS> Hebbal, Baiigaiore dkrmg 1994-95 and 1996-97. The siie is located at 

12^5^' Nuitli latitude and 77°37' East longitude aiid at an altitude ul 899 ui nho^a lueaii 8ea level. 

Tlie topogr^hy is fairly uniform with a gentle gradient towards North-West direction. 

3.2 Soil cbamcterisdcs 

The experiment was conducted on red sandy loam soils. Before the initiation of 

experiment, composite soil sanqjles from the experimental site were collected from 0 to 30 cm 

depth. These samples were air-dried, powdered and allowed to pass through 2 mm sieve and were 

analyzed for physical and chemical properties (Table-3.1). The soil was near neutral in reaction (pH 

6.75) with 270 kg ha' available N, 26.8 kg ha' available PiOs and 237 kg available K̂ O ha'. 

3.3QimBte 

llie data on climatic parameters such as rainfall, minimum and maximum 

temperature, mean relative humidity and mean daily evaporation recorded at MRS, Hebbal, 

Bangalore during experimental years and the mean of 10 years (1980-90) are presented in Table-3.2 

and Figure 3.1. 

Ilie normal annual rainfall of the station is 819.2 mm. a major portion of which is 

received in May and between July and October months. Two peaks are observed (06.8 nam in May 

and 243.8 mm in September). The average pan evaporation ranges from 3.5 to 7 2 mm per day 

Evaporation increases gradually from January to April and then it decreaees. 
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Table-3.1 : Physical and chemical properties of soil of the experimental site, Main Research Station, 

Hebbal, Bangalore 

1 Particulars 

^ I Mechanical Composition 

! 1. Coarse sand (%) 

1 2.FD1C sand (%) 
i 

1 3.Silt(%) 

4.aay(%) 

5.Textuniiclass 

1 U Physical constants 

l.Ficldcq)Kity(%) 

2.Pcnnancnt Wilting Point(%) 

3.Available watcr(cm) 

4.Biiik density(g/cc) 

in Chemical properties 

l.SoilpH 

2.EC(m.mohos/cm) 

3. Organic cart>on(%) 

.̂Available N(kg/ha) 

5.Available P205(kg/ha) 

6 Available KaOOc&Tia) 

1, 

0J_5 

50.10 

27.36 

8.75 

12.99 

Value 
Soil depth (cm) 

15-30 30-60 

39.75 

29.66 

12.11 

20.29 

Red Sandy loam 

14.03 

8.05 

1.18 

1.63 

6.65 

0.16 

0.35 

291.5 

3075 

248.5 

16.20 

10.65 

1.30 

1.64 

6.86 

0.18 

0.39 

248.6 

22,9 

225.6 

16,40 

12,59 

1.99 

1.56 

J 

Method employed 

— ' - - - • — • - -

Hydrometer method 

Hydrometer method 

Hydrometer method 

Hydrometer method 

Field nKthod 

Simflower method 

Gravimetric method 

Core iwap\cT method 

Buckman's pH mstcr 

Conductivity bridge 

Wet oxidation method 

Modified Kjeldhal;s niediod 

Bray's method 

Flame Photometer method 

Reference 

Piper, 1966 

Piper, 1966 

Piper. 1966 

Piper. 1966 

Dastanc. 1967 

Dastrnw, 1967 

Dastanc. 1967 

Daftanc. 1%7 

Piper. 19<» 

Jackson. 1973 

Jackson. 1973 

Jackson, 1973 

Muhr et at. \%5 

Muhr et al. \9€b 

A total rainfall of 676.1 mm and 847.9 mm was received during 1994-95 and 1996-97 

respectively. The rainfall distribution was good during both the years. Peak rainfall of 159.0 and 

227.1 mm received in June of 1994 and 1996 respectively was higher than the 10 year average 

rainfall (74.9 mm) which resulted in slight water logging situation leading to yellowing of capsicum 

crop. However, the crop recovered to some extent during subsequent growth period. The mean 

maximum and temperature during the crop growth period did not deviate much from the normal 

average values. Mean relative humidity in 1994-95 was 8 and 6 per cent higher in October and 

November than the normal relative humidity (72%) whereas in 1996-97 September and October 
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respectively). The pan evaporation ranged from 3,1 - 7.3 mm and 3 4 - 7 3 mm per day, 

respectively during 1994-95 and 1996-97. Maximum evaporation oi 7.3 mm/day was observed m 

April, 1994 and May, 1996. Thus both the years were favorable for crop growth resulting in 

satisfactory yield. 

3.4 Land prepgiration of the experimentaJ area 

The plot was kept fallow during the preceding season before taking up the present 

investigation. However, the crop raised during the previous kharif (1993) was tomato Before the 

commencement of each crop, the furrow-irrigation plots were thoroughly ploughed once followed by 

harrowing twice and the fertigation plots were hand dug and harrowed. A fine seedbed was prepared 

for sowing maize and sunflower. In case of capsicum, nursery was raised as per standard practice. 

3.5 Enperimental details 

Experiments on capsicum-maize-sunllower sequence were conducted for two 

alternate kharif, rabi and summer seasons during 1994-95 and 1996-97 After the completion of the 

first sequence, the experiment could not be continued successively because of severe bacterial wilt 

on capsicum. So the experiment was continued during 1996-97. The details of the experiment are 

presented in Table-3.3. 

3.5.1 Salient feattres of the varieties 

a) Capsicum: Var. Arka Ua^rav. Vhe plants aie mdetermtnate, beaimg upright tiuits, 3-4 lob^d; 

green blocky. The flesh is thick, juicy and non-pungent. This prolific bearer variety from Indian 

Institute of Horticultural Research, Bangalore produces 10-12 tons of fresh fruits per hectare in 

100-120 days. 
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Table-3.3 : Details of the experiment 

Parficulars 

Title 

Cultivars 

Design 

Replications 

Treatments 

Plot size 

Plan of layout 

Spacing 

IiTigation System 

Description 

Effect of fertigation with watersohibie and normal fertilizers compared to drip and 
fijiTOW systems in Capsicum-Maizc-Suntlower cropping sequence. 

Capsicum - Arka Gaurav 
Maize • Dcccan Hybrid 

SunflowCT . KBSH-1 

Split-split plot design 

Thiee 

A. Mam Plot flirifation methods) 
Ii - Furrow irrigation 
h ~ Drip irrigation 
I3 - Fertigation 

B. Sub plot (FettiUzer levolg) 
LI = 80% Recommended dose 
L2 = 100% Recommended dose 

C. Sub-Sub plot (Fertilizer raoiircc) 
Si == Normal Fertilizer (NF) 
S2 = Water Soluble Fertilizer (WSF) 

Gross - 6 m X 4 m 
Net - 4 m X 2.8 m 

Figure 32 

60 cm X 30 cm (Common for all crops) 

Consists of borewell water source, fertigation tank, sand filter, mesh filter, main, 
sub. lateral lines with perforated biwall tape as a line source, control valves for 
each plot 

Fertilizer 
N:P205:K20 kg ha 

Fertilizer sources 

11 
Capsicum 
150:75:50 

Maize 
150:75:50 

Sunflower 
63:75:63 

Nonnal Fertilizer : Urea, supeiphosphatc, muriate of potash 
Water sohible fertilizer 100% sohiblc NPK complex Grtdc 30:10:10 and 19:19:19 
"Ferticare' brand $iq)plied by Remira Agro OY Finland. 

Crop period 

.__].-

1994-95 
Capsicum 12.6.94 to 8.10.94(118 days) 

Maize 18.10 94 to 8.2.95(112 days) 

Sunnower 20.2.95 to 26.5.95(95 days) 

1996-97 

20.5.96 to 12.9.96 (115 days) 

16.9 96 to 4.1.97(110 days) 

12.1.97 to 22.4.97(100 days) 
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b) Make : Deccan l^brid. A progeny of double cross between CM 104 x CM 105 and CM 202 x 

CM 201, matures in 100-110 days yielding about 55-60 q ha' The crop grows to a height of 

250-300 cm, the stems are thick, stained with reddish color at the base. The grams are bold 

flinty, bright yellow in color covered with tight husk. This variety is highly resistant to downy 

mildew, leaf blight and rust Besides, it is fairly tolerant to top shoot borer and bacterial stalk 

rot. 

c) Surfkwwr : KBSI^l. Released during 1992 as a hybrid (CM 234A x RHA 6D-1) resistant to 

rust and downy mildew diseases. Grows to a height of 120-150 cm maturing in 90-95 days. The 

crop yields about 15 quintals per ha normally and potentiality is about 20-25 quintals. It contains 

42-44 per cent oil and is recommended for cultivation in sunflower growing areas of the country. 

3.6 Guttural operations 

3.6.1 Irrigation 

3.6.1.1 Installation of drip unit 

The drip unit consisted of four stage filter system with a mesh of 100 and SO microns, 

fertilizer tank, water meter, control valve for each plot, air exhaust valve and pressure gauge of 5.0 

cm diameter attached in series to the main line. The system continued into submam (2.5 cm dia) and 

biwalled pipe perforated at every 30 cm as a line source lateral emitter. The water sourc* was from a 

borewell to which the main pipe was connected with a flush valve prior to the fertigation set up in 

order to allow only optimum pressure flow so that the emitters located at different points on the 

laterals deliver uniform discharge. 

3.6.1.2 Irrigation schedule 

In furrow irrigated plots, irrigation was done once in eight days as per farmer's 

practice. TTie drip and fertigation plots received daily replenishment of 100"/o of evaporation losses 

from USWB Class I Open Pan Evaporimeter. Water was measured by a water meter (aquameter) of 
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1.5" size and conveyed through the pipelines/channels. Quantity of water applied for each crop is 

presented in Table-3.4. 

3.6.2 Fbrtiluer application 

In furrow and drip irrigation plots fertilizers were soil applied in the form of urea, 

superphosphate and muriate of potash or 100% water soluble complex as per the treatment. Urea 

was used for top dressing. 

In case of fertigated plots, requisite quantity of 100% water soluble fertilizer 

'ferticare' grade 30:10:10 and 19:19:19 supplied by Kemira Agro, Finland was mixed with water in 

fertigation tank and allowed with irrigatioa When normal fertilizer (i.e. Urea, superphosphate and 

muriate of potash) were used for fertigation, the solution was pre-fiitered and put into fertigation 

tank. Detailed fertigation schedule followed for individual crops is presented in Table-3.5. 

3.63 After care 

Inter cultivation at 15 and 30 DAS and one hand weeding at 30-35 day's were 

followed for all crops. During the second int^r cultivation, earthing up was done to each plant row. 

Incidence of bacterial wih at early vegetative stage and mosaic leaf curl at later stages was noticed 

during both the years on capsicum. As a precautionary measure, experimental plots ware drenched 

with bleaching powder (20 kg ha ) in water for the second crop of capsicum. 

3.7 HarvestinB and threshinB 

Green fruits were harvested from capsicum periodically as the fruits attained 

marketable size. Maize and sunflower crops were harvested when they reached maturity. During 

harvest, border plants were first removed from the plot. Then net plot crop was harvested and dried 

under sun for a penod of one week. Dried materials were hands threshed to separate grains. Later 

r,n., grain wsfi air dried and hasgcd tr» record 'y",c\d nnd Vî ld parameter 
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Table 3.4 Quantity of irrigation water applied during the experimental period 

Treatments 
Capsicum 

1994 1996 

Irrigation water (MV ha) 
Maize Sunflower 

1994 1996 1995 1997 

Furrow 

Drip and fertigation 

5904 5043 4500 4768 7265 6980 

4638 3946 3510 3725 5560 5367 

Table - 3.5 Fertilizer ^iplication schedule 

Treatments 

Funow and Drip* 
(soil application of 
fertilizer) 

Fertigation 
(Fertilizer through 
irrigation) 

Capsicum Maizv 

50% N, full P «& K as 25% N, full P & K as 
basal dose basal dose 
25% N at 4 WAP 25% N at 4 WAS 

25% N at 6 WAS 

8 fertigations of 7 fertigations of 
biweekly equal dose at biweekly equal dose at 
2, 16, 30, 44, 58, 72, 5, 19, 33, 47, 61, 75, 86 
86,100 DAP DAS 

Sunfltnvvr n 
50% N, Full P A K as 
basal dose 
50% N at 4 WAS 

6 fertigations 
of biweekly equal 
dose at 5, 18, 33, 47, 
61, 75 DAS 

DAS =Days after sowing DAP = Days after planting WAS = Weeks after sowing 
WAP = Weeks after planting 'As per recommended package 

3.8 CbllectJai of experimental data and plant sanpHng procedire. 

3.8.1 Studies on growth, yield and quality char»cters 

For recording various biometric observations in both the years, a sample consisting of 

five plants was selected at random from each net plot. Observations on various growth, yield and 
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quality parameters were made in all the samples at difierent stages of crop growth (30, 60, 90 DAS 

and at harvest). All parameters and procedures followed to record the observations are presented in 

Table-3.6. 

3.8^ Sofl moisture studies 

Soil samples were taken from 0-10, 10-20 and 20-30 cm depths 24 hours after 

irrigation in 1994 and 1996 to determine moisture gravimetricaliy after oven drying the samples at 

105°C to a constant weight. 

3.8J Root distribution studies 

Root study was carried out after each harvest using small core sampler (length 10 5 

cm and inner dia meter 5.3 cm). Root plus soil samples were collected by driving the core sampler 

besides the representative plants at three depths i.e. 0-10 cm, 10-20 cm Rootlets were extracted by 

immersing the soil cores in water and root dry weight was expressed as grams per plant 

3.8.4 Residual nutrient distribution studies 

Soil samples were collected before the beginning of experiment and analyzed for 

initial soil NO3-N, extractable P and exchangeable K. Soil depths considered for the study were 0-

15, 15-30, 30-45 and 45-60 cm. After every harvest, treatmentwise soil analysis was carried out 

treatmentwise as per standard procedure. 
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Table-3.6 : Method of recording observatione on different parameters 

Pnticuiars 

I Ckowth components 

Plant height (cm) 
Stem girth (cm) 
No. of branches (plant') 
No. of green leaves 
(plant') 
Leaf area (cm plant ) 
(Vivekanandan et al. 
1972) / ' 
Leaf area index (LAI) 
(Sestakera/. 1971)^ 
Dry matter production (g 

*•') 

50% TasseUing/ailking/ 
flowering 

J 

BvKVdlire fnflntvipd 

Height from base of the plant to the tip of the main shoot/tassel/capttulam 
Girth of the stem just below the first basal node by using calipers 
Number of primary and secondary branches at final picking (C^siciun) 
Number of fully opened green leaves borne on main stem at 60 DAS 

Leaf area was worked out by disc method on dry weight basis 

LAI = Leafarea plant' (cm ĵ 
Land area plant' (cm ) 

Oven dry weight (drying at TÔ C to a constant weight) of different parts was 
recorded afbr partitioning stem, leaf and fruit/cob/head at different crop 
growth stages (30, 60, 90 DAS and at harvest). The sum of mean dry 
wei]^ of all the plant parts represents total dry matter plant' (g). 
Counting the plants with tassela/silk/flower once in two days till 50 per cent 
of the total plants in the plot attained tassel/silk/flowehng. 

XL Yield and vteid conoponetit 

A. Cq)8icum 
Qreen fruit yield 
(g plant', kg ha') 

No. of green fruits 
(plant') 
Length and girth of green; 
fruits (cm) 

i 
B. Maize | 
Orainyield(gcob', kg 
ha') 
Stover yield (kg ha') 

! 
Grain No. row', cob ' 

Hiousand grain weight 
(«) 
Shelling percentage 

Fresh weight of green fruits harvested at different pickings from lebelled 
plants was recorded. Hie green fruit yield ha' was estimated based on 
yield obtained from net plot area. 
No, of fruits harvested from labelled plants at each picking. 

Mean length and girth of five randomly selected fruits from labelled plant in 
each picking. 

Mean weight of grains from san^le cobs was recorded Grain yield in kg 
ha' confuted from grain obtained from each net plot 

Plants separated from cobs were sun dried plotwise. Weight of stover 
recorded and converted into kg ha' values. 
Counting No. of grains in two rows of each cob at random and grains of 
five individual cobs threshed separately to record mean No. of graina cob*' 
Weight of 1000-grains randomly selected from net plot yield. 

Shelling percentage = Grain weight per plot 
Cob wei^t per plot 

xlOO 

Contd, 
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[mw-3.6 : Metliou of rticoiciitig ob«eivaiion8 Oft uiirwiwuparaiiidteiB (Contd.) 

Cob length and girth 
(cm) 
Prolificity per cent 

C. Sunflower 
Seed yield plant', kg ha' 

Stalk yield kg ha' 

Diameter of head (cm) 
No. of seeds plant , No. 
of filled seeds plant' 
Filling per cent 

Threshing per cent 

Husk per cent 

m Qiwfity studies 
A. Capsicum 

Ascorbic acid content 
(mg/100 g green fiiiit) 

(Bessay and King, 1933) 

Mean length and girth of five cob? from labeMed plwit? 

Prolificity per cent = No. of planta with double cob in net plot x 100 
Total plants harvested in net plot 

Mean weight of seeds from labelled plants was recorded; seed yield in kg 
ha' computed from each net plot yield. 
Weight of sun dried plai^ in each plot afier separating bead, expressed as 
kg ha' 
Distance between two diametrically opposite sides of the capitutum. 
Number of well filled seeds and total number of seeds (filled + unfilled) of 
five randomly selected heads. 
Filling per cent = No. of filled seeds head' x 100 

Total No. of seeds head 
TTireshing per cent = Seed weight « plant' x 100 

Head weight g plant' 
Husk per cent = Weight of husk of 50 seeds 

Weight of kernels of 50 of seeds 
xlOO 

/ 

B. Sunflower 
Oil content (%) and oil 

yield (kg ha') 

IV. Chenacal amtysis 

Total Nitrogen (N) (%) 
(Jackson, 1973) 
PhoBphoni8(P) content 
(%) (Jackson, 1973') 
Potassium (K) 
content(%) 
(Jackson, 1973) 
N, P and K uptake 
kg ha' 

Titration involving 2-6-Dichlor(^henol-indophenol as reducing solvent 

By nuclear magnetic rescmance spectrometer (NMR model minispec-lOp). 
The oil yield was calculated from the oil content multiplied with seed yield 

Total nitrogen content on dry weight basis at harvest by modified Kjeldahl's 
method 
Phosphorus content on dry weight basis at harvest by Vanado roolybdo-
phosphoric yellow colour method 
Potassium content on dry weight basis at harvest by Flame Photometer 
method 

TTie concentration ofN, P2O5 and K2O was multiplied with the total dry 
matter &t harvest to obtain iq)take of N, P2O5 and K2O respectively and 
expressed as kg ha' 

Contd 
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V. Assessment of 
eindency 

Irrigation water use 
efficiency (IWUE) 
(Kg yield M"') 

Fertilizer use efficiency 
(FUE) 
(Kg yield kg'NPK) 

VL Econonic anafysls 

IWUE = Economic yield kfl ha 
Amount of irrigation water applied M 

FUE Economic yield kg ha' 
Total NPK fertilizer applied kg ha 

Net returns (Rs. ha') | Net returns was obtained by deducting cost of cultivation from gross 

Cost: Benefit ratio 
(B.C. ratio) 

mcome 

C.B.ratio = Netretuma(Rs. ha') 
Total cost of cultivation (Rs. ha ) 

3.9 Statistical anatysts and interpretation of data 

TTie data recorded on various characters were subjected to Fisher's method of analysis 

of variance and interpretation of data as given by Oomez and Gomez (1984). The level of 

significance used in T ' and *V tests was P = 0.05. Least significant difference (LSD) values were 

calculated vdienever the T ' was found significant 



EXPERIMENTAL RESULTS 



IV. E X P E R I M E N T A L RESULTS 

Results of the field experiment " Effect of fertigation with normal and water soluble 

fertilizers compared to drip and furrow systems in Capsicum - Maize - Sunflower cropping 

sequence" conducted during 1994-95 and 1996-97 at the University of Agriciiltur^J Sciences, 

Bangalore are presented in this chapter. 

4.1 Growth oonfiDneiits of capsicum 

4.1.1 Plant height of capsicum (cm) 

Data on plant height of capsicum recorded at 30, 60 and 90 days after planting 

(DAP) are presented in Tflble-4.1 

hrigation methods had significant influence on plant height at all growth stages 

except at 30 DAP in 1996 Plant height under fertigation and drip was significantly higher than 

under furrow method, Maximum plant height was recorded when fertigation was employed (16.95 -

33.07 cm) at different stages of crop growth. Shortest plants were observed with furrow imgation 

(14 41-28.42 cm). 

Between the fertilizer levels, 100% recommended dose was significantly superior in 

plant height than the 80% recommended dose during 60 and 90 DAP stages in 1996 However, the 

plant height did not differ due to reduced fertilizer level in rest of the stages. 

There were no significant differences between fertilizer sources and the interaction 

effects were also absent among irrigation methods, levels and sources of fertilizer 
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Table-4.1 : Plant height in capaicum as influenced by methods of irrigation, levels and aouices 
of fertilizer during 1994 and 1996 

Treatments 30 DAP 
1994 1996 

Plant height (cm) 
60 DAP 

1994 1996 
90 DAP 

1994 1996 

Main treatments 
Irrigation methods 
Ii Furrow 
tDrip 
I3 Fertigaiion 

Ftest 
CD at 5% 

Fertilizer levels 
Li 80% Rec. dose 
L2 100% Rec dose 

Ftest 
CD at 5% 

Fertilizer sources 
SiNF 
S2WSF 
Ftest 

CD at 5% 
Combined treatments 
Furrow imgation 
Ti 80% Rec. dose NF 
T2 80% Rec. dose WSF 
Ti 100% Rec dose NF 
T4100% Rec. dose WSF 

Drip irrigation 
Tj 80% Rec. dose NF 
Tfi 80% Rec. dose WSF 
T7100% Rec. dose NF 
Tg 100% Rec. dose WSF 
Fertigation 
T9 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
Til 100% Rec. dose NF 
Ti2i00% Rec. dose WSF 
F test 
CD. at 5% 

14.41 
16.13 
16.95 

* 

1.94 

15,56 
1592 
NS 

-

15.84 
15.69 
NS 

15.03 
16.62 
17.00 
NS 

-

15.84 
1659 
NS 

-

16.32 
16.11 
NS 

22.83 
25.72 
27.71 

* 

2.78 

24.93 
25.91 
NS 

-

25.58 
25.26 
NS 

23.23 
25.72 
27.25 

« 

1.87 

24,56 
26.22 

« 

0.71 

25.30 
25.50 
NS 

27.42 
30.00 
33.07 

« 

2.31 

29.19 
31.13 
NS 

-

29.58 
30.75 
NS 

28.42 
29.32 
32.17 

• 

1.96 

29.07 
30.88 

* 

1 62 

29,54 
3041 
NS 

13.97 
14.27 
14.07 
14.27 

15.93 
16.30 
16.47 
15.83 

16.71 
16.13 
17 88 
17.03 
NS 

14.97 
15.57 
15.34 
14.23 

1627 
15.80 
16.73 
17.67 

16.63 
15.80 
17.89 
17.60 
NS 

22.23 
23.30 
21.73 
24.07 

26.88 
23.73 
27.20 
25.07 

26,17 
26.27 
27,27 
28.13 
NS 

22.13 
22.87 
24.20 
23,73 

24,90 
24.83 
26.87 
26.27 

26.37 
26.37 
27.33 
28.93 
NS 

26.27 
27.17 
2820 
28.06 

25.87 
31.17 
31.20 
31.77 

32.40 
32.27 
33.53 
34.07 
NS 

27.57 
2683 
27 90 
31,37 

28.37 
29.23 
29,63 
30,07 

31 03 
31.37 
32,73 
33,57 
NS 

Rec. Dose=l 50:75:50kg NiPjOsiKjO/ha 
DAP = Days after planting 

* ~ Significant 
NS = Non-significanl 

hJF = Normal fertilizer 
WSF = Water gohible fertiUzei 
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4.1.2 Leaf area iii capskuni 

Leal area in caostcum as intluenced bv imcation methods, levels and goiirces ot 

ferti liZcF w'3S icCCrdcd 2i 30 , 60 Slid 90 DAP (Table-4.2). 

Different methods of irrigation caused significant differences in leaf area during aJl 

growth stages except 30 DAP in 1994. The highest leaf area was recorded with fertigated capsicum 

(258-412 cm ) at all stages. Drip irrigation was also significantly superior to furrow method but was 

on par witfi fertigation (231-394 cm^). Lowest leaf area was registered with furrow irrigation (231-

336 cm )̂ throughout different growth stages (Fig. 4.1). 

The leaf area in capsicum was not significantly influenced by either levels or sources 

of fertilizers except at 30 DAP in 1996 wherein 100% dose resulted in significantly higher leaf area 

•y 'y 

of 262.7 cm than 80% dose (246.6 cm ). Water soluble fertilizer registered numerically higher leaf 

area (243 to 380 cm )̂ as compared to normal fertilizer (225 to 382 cm )̂. 

With regard to interaction between different factors, fertigation with water soluble 

fertilizer at 100% recommended dose produced the highest leaf area at all the observations (413 to 

434 cm^/plant at 90 DAS) compared to same level with furrow irrigation (318 to 332 cmVplant) 

although statistically non-significant. 

4. U Number of leaves per plant in capedcum 

Data on number of leaves recorded at 60 DAS per plant as influenced by methods of 

irrigation, levels and sources of fertilizer are fiirnished in Table-4.3. 

Highest number of leaves at 60 DAP was observed in the crop that received 

fertigation treatment in both the years 1994 and 1996 (68.4 and 67.6 respectively) but it was on par 

with drip irrigation (61.4 and 64.9 respectively). Furrow irrigated plants had lower number of leaves 

(54.5 and 58.7) per oiant as compared to driD or iertisation. 



Table-4.2 : Leaf area in capsicum aa influenced by methods of irrigation, levels and sources 
of fertilizer during 1994 and 1996 

Treatments 

Main treatments 
Irrigation methods 
Ii Furrow 
bDrip 
I3 Fertigafion 

Ftest 
C D at 5% 

Fertilizer levels 
j Li 80% Rec. dose 

L2 100% Rec. dose 
Ftest 
C D at 5% 

Fertilizer sources 
S i N F 
S2 WSF 

, Ftest 
C D at 5% 

Combined treatments 
1 Furrow irrigation 

Ti 80% Rec. dose NF 
T2 80% Rec. dose WSF 
T3 100% Rec. dose NF 
T4100% Rec. dose WSF 
Drip inifiation 
T5 80% Rec. dose NF 
Ti 80% Rec. dose WSF 
T7100% Rec. doseNF 
Tg 100% Rec. dose WSF 
Fertiaation 
T9 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
T|i 100%Rec. doseNF 
T12100% Rec. dose WSF 
F test 

i CD. at 5% 

Rec. Dosc=150;75:50kgN;P2 
DAP = Days after planting 

30 DAP 
1994 

212.70 
231.89 
258.94 

: NS 
-

226.97 
242.07 
NS 
-

225,73 
243.29 
NS 
-

190.15 
217.14 
215.26 
228,25 

' 212.15 
241.92 
229.36 
244.15 

242.23 
257.15 
264.22 
271,16 
NS 

OsiKjO/lia 

1996 

224.53 
260.17 
279.31 
* 

30.49 

246.63 
262.71 
« 

19.01 

256.97 
251.37 
NS 
-

214.74 
208.36 
244.19 
230.83 

261.26 
250.15 
270.94 
258.33 

266.52 
278.74 
284.18 
287.79 
NS 

• - Signif 
NS = Non 

Leaf area(cm'') 
60 DAP 

1994 

258.31 
316,91 
343.68 
* 

23.07 

299.53 
313.08 
NS 
-

301,89 
31072 
NS 
• 

258.46 
248.15 
251 r«̂  
269. .<o 

309.08 
318.17 
311.19 
327.22 

322.10 
341.22 
353.16 
358.24 
NS 

• 

leant 
-significant 

1996 

271.30 
342.10 
355.75 
« 

37.78 

315.67 
33047 
NS 
-

320,04 
326.01 
NS 
-

266.25 
274.83 
280.76 
263,36 

323.58 
340.35 
353.71 
350.77 

337.80 
351.32 
358.16 
375.72 
NS 

90 DAP 
1994 

313.57 
373.53 
408.24 
* 

55.68 

357.76 
372.47 
NS 
-

363,87 
36636 
NS 
-

311.26 
294.28 
330.24 
318,30 

371.18 
37224 
363.18 
387.54 

385 17 
412.22 
422.21 
413.36 
NS 

NF '^ Normal fertilize i 

1996 

336,81 
394.03 
412.72 
* 

48.29 

367,50 
394 87 
NS 
-

382,34 
380 04 
NS 
-

343.59 
312.61 
35651 
334,52 

365.44 
395 54 
409.67 
405.68 

390.25 
397.58 
428.57 
43449 
NS 

WSF = Water soluble fertilizer 
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Furrow DDrlp D Fertigation 

Fig. 4.1 : Leaf area in eapsioum as influenced by 
fertigation, drip and furrow with levels and 

sources of fertilizer (mean of two years) 
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Table-4.3 : Number ot leaves per plant in capsicum at 60 days after planting â  tnlluenced by 
mpthodn of irrigntion, Icvclo ond oourcco of fertilizer during 1994 and 1996 

Treatments 

i 

{ Main treatments 
' Imitation methods 
j Ii Furrow 

tDrip 
I3 Fertigation 

Mean 
Fertilizer sources 
S, NF 
S2WSF 

1 

80% Rec. 
dose(Li) 

53.10 
1 59.79 

66.98 

59.96 
1 

' 59.14 
': 60.78 

Number ot leaves/plant 
1994 

100% 
Rec. dose 

(L2) 

56.02 
63.04 
69.75 

62.94 

62.63 
63.24 

Mean 80% Rec 
dose (Li) 

54.56 56.82 
61.42 63.64 
68.37 66.89 

62.45 

60.88 62.57 
62.01 62.34 

1996 

100% 
Rec. dose 

M 

60.53 
66.26 
68.26 

65.02 

64.52 
65.53 

Mean 

58.68 
64.95 
67.59 

63.54 
63.93 

1 

Mean 5996 6294 6245 6502 

Irrigation methods 
It Furrow 
I2 Drip 

; h Fertigation 

1 Mean 

! I 
i L 

S 
I x L 

1 LxS 
: I x S 
j I x L x S 

i ., _ __. 

i NF(S,) 
i 54.95 

60.33 
67.37 

60.88 

F-test 
* 
NS 
NS 
NS 
NS 
NS 
NS 

WSF(S3) 
54.17 
62.50 
69.36 

62.01 

CD at 5% 
7.57 
-
-
-
-
-
-

54.56 
61.42 
68.37 

NF(S,) 
58.44 
64.58 
67.60 

63 54 

F-test 
* 
NS 
NS 
NS 
NS 
NS 
NS 

WSF(S2) 
58.91 
65.31 
67.58 

6393 

CD at 5% 
6.12 
-
-
-
-
-
-

58.68 
64.9S 
67 59 

Rec. Do8e=l50:75:50kg N:P20s:K20/lii * = Sigpincant NF = Normal fertilizer 
DAP = Days after planting NS = Nonsignificant WSF = Water soluble fertilizer 



Recommended doee of fertilizer (100%) or WSF source did not significantly 

influence number of leaves as comoared to lower dose (80%) or hfF source m both the vears 1994 

and 1996. Interactions were also absent 

4.1.4 Leaf Area bidex (LAQ in capsicum 

The data on leaf area index (LAI) in capsicum as influenced by methods of irrigation, 

levels and sources of fertilizer are presented in Table-4.4. 

Significantly higher LAI (0.14-0.23) was recorded in fertigation treatment at all 

growth stages except 30 DAP in 1996 than furrow irrigation (0.12-0.19) but was on par with drip 

irrigation (0.13-0.21) (Table-4.4). Between the levels of fertilizer, higher LAI (0.14-0.22) recorded 

with 100% recommended dose was not statistically significant to the LAI (0.12-0.22) obtained with 

the reduced dose (80%) during three stages of crop growth in both the years 1994 and 1996. 

Differences in LAI due to sources of fertilizer were not significant Similarly 

interaction among various treatments did not evince significant influence on LAI at any stage 

4. L5 Total diy matter in capsicum 

The data on total dry matter of biomass (g plant') as influenced by irrigation 

methods, levels and sources of fertilizer at 30, 60, 90 DAP and harvest are presented in Table-4.5. 

Total dry weight of plant increased progressively as the age advanced from 30 DAP 

upto harvest. Fertigation treatment produced significantly higher dry matter at all stages barring 30 

DAP in 1994 and it varied from 1.8 to 19.92 g per plant Corresponding values for drip method 
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Table-4.4 ;Leaf aiea index in capsicum as influenced by method'̂  of inigation, levels and 
sources of fertilizer during 1994 and 1996 

Treatments 

Main treatments 
Irrigation methods 
Ii Furrow 

tDrip 
I3 Fertigation 

Ftest 
C D at 5% 

Fertilizer levels 
Li 80% Rec. dose 
L2 100% Rec. dose 

Ftest 
CD at 5% 

Fertilizer sources 
S i N F 
S2WSF 

Ftest 
C D at 5% 

Combined treatments 
Furrow inisation 
Ti 80% Rec. dose NF 
T2 80% Rec. dose WSF 
T3100% Rec. dose NF 
T4100% Rec. dose WSF 
Drip irriKatioD 
T5 80% Rec. dose NF 
T6 80% Rec. dose WSF 
T7100% Rec. doseNF 
Tg 100% Rec. dose WSF 
Fertiaation 
T9 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
Til 100%Rec. doseNF 
T12100% Rec. dose WSF 
F test 
CD. at 5% ' 

30 DAP 
1994 

0.12 
0.13 
0.14 
* 

0.01 

0.12 
0.14 
NS 
-

0,13 
0.13 
NS 
-

0.11 
0.12 
0.12 
0.13 

0.12 
0.13 
0.13 
0.14 

0.13 
0.14 
0.15 
0.15 
NS 

1 

1996 

0.13 
0.14 
0.15 
NS 
-

0.14 
0.15 
NS 
-

0.14 
0.14 
NS 
-

0.12 
0.12 
0.14 
0.13 

0.14 
0.14 
0.15 
0.14 

0.15 
0.15 
0 16 
0.16 
NS 
. 

Leal'Area Index (LAI) 
60 DAP 

1994 1996 

0,14 
0,17 
0.19 
* 

0.03 

0,17 
0.17 
NS 

-

0,16 
0.17 
NS 
-

0.14 
0.14 
0.14 
0.15 

0.17 
0.18 
0.17 
0.18 

0.18 
0 19 
0.19 
0,20 
NS 
. 

0.15 
0.19 
0.20 
* 

0.03 

0.17 
0.18 
NS 
-

0,18 
018 
NS 
-

0.15 
0.15 
0.16 
0.15 

0.18 
019 
0.20 
0.19 

0.19 
0.19 
0.20 
0,21 
NS 
• 

90 DAP 
1994 

0,17 
0,21 
0.22 
* 

0.03 

0.20 
0.20 
NS 
-

0,20 
0,20 
NS 
-

0.17 
0 16 
0.18 
0.18 

0.21 
0.21 
0 20 
0.20 

021 
0.23 
0.23 
0,23 
NS 
. 

1996 

0.19 
0,21 
0.23 
• 

0.02 

0.20 
0.22 
NS 
-

0.21 
0.21 
NS 
-

0 19 
0.17 
0.20 
0.19 

0.20 
022 
0.22 
0.22 

0.22 
022 
0.24 
0.24 
NS 
. 

I 

Rec, Dosc=l50.75;50kg NiPzOjiKiO/ha 
DAP = Days atter planting 

* - Significant 
NS - Nonsignificant 

NF -= Normal fertilizer 
WSF = Water soluble fertilizer 
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Table-4.5 : Total dry matter accumulation in capsicum as influenced by methods ot irrigation, 
bvplo ond Boiircpo of fprtilizpr during 1994 nnd 1996 

Treatments 
Total dry matter accumulation (c/plant) 

30 DAP 60 DAP 90DAP" At Final harvest, 
1994 1996 1994 1996 1994 1996 1994 19961 

Main treatments 
Irriftation methods 
Ii Furrow 
bDrip 
I3 Fertigation 

Ftest 
CD at 5% 

Fertilizer levels 
Li 80%Rec. dose 
L2100% Rec. dose 

Ftest 
CD at 5% 

Fertilizer sources 
SiNF 
S2 WSF 
Ftest 

CD at 5% 
Combined treatments 
Furrow irrigation 
Ti 80% Rec. dose NF 
T2 80% Rec. dose WSF 
T3100% Rec. dose NF 
TA 100% Rec. dose WSF 
Drip irrigation 
T5 80% Rec. dose NF 
Tfi 80% Rec. dose WSF 
T7 100% Rec. dose NF 
Tg 100% Rec. dose WSF 
Fertiaation 
T9 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
Til 100%Rec. doseNF 
T12100% Rec. dose WSF 
F test 
CD. at 5% 

. ... 

1 
1.50 

! 1.64 
; 1.80 

NS 
-

i 
1 

1.60 
1.70 

1 
• N S 

-

1 1.65 
1.64 
NS 
-

1.48 
1.46 
1.57 

; 1.51 

1.61 
1.58 

i 1.70 
1.66 

1 

1.69 
1.76 

j 1.85 
' 1.89 
i NS 

1 

1 . _ . 

1.68 
1.79 
1.86 
* 

0.10 

1.69 
1.86 
« 

0.12 

1.77 
1.79 
NS 
-

1.58 
1.62 
1.81 
1.72 

1.78 
1.72 
1.77 
1.89 

1.73 
1.72 
1.93 
2.06 
NS 
-

7.43 
8.77 
9.46 
* 

1.08 

8.27 
8.85 
NS 
-

8.50 
8.62 
NS 
-

7.47 
7.25 
7.53 
7.46 

8.63 
866 
9.04 
8.75 

8.38 
9.15 
9.90 
10,43 
NS 
-

8.02 
9,39 
9.96 
* 

1.17 

8.82 
9.43 
NS 
-

9,16 
9,09 
NS 
-

7.87 
7.55 
833 
8,35 

8.87 
899 
10.03 
9,62 

9.78 
9.87 
10.05 
10.16 
NS 
-

14.09 
16,33 
17.74 
* 

1.42 

15.29 
16.82 
NS 
-

15.98 
16 13 
NS 
-

13.27 
13.33 
14.93 
14.84 

15.56 
15.43 
17.27 
17.06 

16.62 
17.50 
18.22 
18.62 
NS 
-

13.24 
15.71 
17.81 
* 

2 38 

15.07 
16.10 
NS 
-

15,61 
15.56 
NS 
-

12.84 
12.33 
1371 
14.08 

15.28 
1502 
16.49 
16.05 

17.38 
17.60 
17 95 
18,31 
NS 
-

14.85 
1796 
19.92 
* 

2.50 

16.68 
18.47 
NS 
-

17,44 
1771 
NS 
-

13.32 
13.86 
16 51 
15.71 

16.83 
1705 
18.77 
19,19 

1925 
19.79 
19 99 
20,64 
NS 
-

15,5 
18,3 
19.3 
* 

261 

17.2 
18.2 
• 

1 01 

17,5 
17.7 
NS 
-

14.5 
15.4 
15 9 
16,3 

17.5 
17.7 
19.2 
18.8 

18.8 
192 
194 
19.7 
NS 
-

Rec. Do8e=150:75:50kg N:P205;K20/ha 
DAP = Days after planting 

* = Significant 
NS = Non-significant 

NF = Normal fertilizer 
WSF - Water soluble fertilizer 
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ranged from 1.64 to 18.34 g per plant, Least dry weight was observed under furrow method ranging 

from 1.50 to 15.59 g per plant (Table-4.5) (Fig. 4.2). 

The effect of levels of fertilizer was significant only at harvest in 1996. During other 

stages, fertilizer at 100% dose registered 1.70 to 18.47 g dry weight coaq>ared to 1.60-17,24 g with 

80% dose in the two years. 

Fertilizer sources either as WSF or NF did not bring any significant differences m 

total dry matter per plant at 30, 60, 90 DAP and at harvest. With WSF dry weight at these stages 

ranged from 1.64 to 17.91 g per plant while the corresponding values for NF varied between 1.65 

and 17.59 g per plant. 

Interaction effects between irrigation methods, levels and sources of fertilizer were 

not significant at all growth stages. 

4.1.6 Diy matter distribution 

Data on dry matter distribution into leaf, stem and fruit recorded at 30, 60, 90 DAP 

and at harvest are presented in Table-4.6. 

Dky matter distribution in capsicum at 30 days after planting 

The leaf dry matter at 30 DAP was not influenced significantly due to different 

treatments inq>osed. However, the trend indicated that fertigated plants had higher leaf dry matter of 

0.57 g in 1994 and 0.63 g in 1996 as compared to di4> (0.51 and 0.61 g re«pecirveiy) or furrow 

method (0.50 and 0.54 g plant'). Similarly stem dry matter in fertigation was also superior to drip 

or fiirrow altfiough statistically non-significant during both 1994 and 1996. 



80%NF 
80%WSF 

F«f1igayon 

100%NF 
100«WSF 

Fig 4.2 : Total diynuitter (g/plant) In 
capsicum at flnal harvest as Innuancad by 
fertigation, drip and ftirrow wfltti lav«ls and 

sourcas of ffartlilzartmaan of two yaars) 
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Table-4.6 ; Dr"y nmtter distiibutioii in oapaicuin BH influenced by nietlioda of iiri^ation, levelfe 
and soxirceB of fertilizer during 1994 and 1996 

Treatments 

Dry matter distribution (g/plant) 
30 DAP " 60 DAP 

Leaf Stem Leaf .Stem 
1994 1996 1994 1996 1994 1996 1994 19% 

Main treatments 
Irrigation methods 
Ii Furrow 
bDrip 
h Fertigation 

Ftest 
CD at 5% 

Fertilizer levels 
Li 80% Rec. dose 
Lz 100% Rec. dose 

Ftest 
CD at 5% 

Fertilizer sources 
S,NF 
Si WSF 
Ftest 

CD at 5% 
Combined treatments 
Furrow irrigation 
Ti 80% Rec. dose NF 
T2 80% Rec. dose WSF 
Tj 100% Rec. doseNF 
T<t 100% Rec. dose WSF 
Drip irrigation 
Ti 80% Rec. dose NF 
Te 80% Rec. dose WSF 
TvlOO^/oRec. doseNF 
Ts 100% Rec. dose WSF 
Fertigation 
T, 80% Rec. dose NF 
Tin80<?'oRec dose WSF 
TM 100%Rec. doseNF 
T,2100% Rec. dose WSF 
F test 
CD. at 5% 

0.50 
0.51 
0.57 
NS 
-

0.50 
0.55 
NS 

0.53 
0.53 
NS 

0.54 
0.61 
0.63 
NS 
-

0.54 
0.64 
NS 

0.59 
0.60 
NS 

I'M 
1.13 
1.23 
NS 
-

1.10 
1 15 
NS 

1.13 
1.12 
NS 

I 14 
1.18 
1.23 
NS 
-

1 15 
1 22 
NS 

1 18 
1 19 
NS 

2.15 
2.66 
2.75 
• 
0.36 

242 
262 
NS 

2.45 
2.59 
NS 

2.52 
2.87 
3.13 
« 
0.37 

2.74 
2 94 
NS 

2.84 
2.84 
NS 

2 35 
2.73 
285 
NS 
-

2.55 
2.73 
NS 

2.60 
2.70 
NS 

2,44 
2.79 
3 05 
« 
0,37 

268 
2.84 
NS 

276 
2.76 
NS 

0.50 
0.48 
0.53 
0.49 

0.51 
0.48 
0.51 
0,52 

0.49 
0_«5 
0.61 
0.63 
NS 

0.51 
048 
0.60 
0.57 

0.58 
0.55 
0.62 
0.68 

0.55 
0 57 
0.66 
0.73 
NS 

0.98 
0 98 
1.07 
1.02 

1.10 
1.10 
1.19 
1.14 

1.20 
1 21 
1,24 
1.26 
NS 

1.07 
1 14 
1.21 
1,15 

1.20 
1.17 
1.15 
1.21 

1.18 
1 1*= 
1 27 
1.33 
NS 

2.09 
2 13 
2.14 
2.24 

260 
2.73 
2.62 
2.67 

2.31 
269. 
2.93 
3.09 
NS 

2.40 
2.32 
2.65 
2.72 

111 
2.80 
3.04 
2,88 

3,04 
? !0 
3 17 
3.20 
NS 

2.35 
2.24 
2,45 
2,37 

2.67 
2.76 
2.72 
2,79 

2.52 
2 ?X\ 

289 
3.22 
NS 

2.36 
2 27 
2.57 
2.55 

2.72 
2.76 
2.87 
283 

2 97 
^ 0?. 
3 10 
3,12 
NS 

Rec, Dose=150:75.50kgNiPiOj.KiO/ha 
DAP = Days after planting 

* = Significant 
NS = Non-significant 

NF = Normal fertilizer 
WSF = Water soluble fertilizer 
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Table-4.6 : (Contd.) Dry matter disti'ibution in capsicum as influenced by methods of 
irrigation, ICYCIB and oourceo of fertilizer during 1994 and 1996 

Dry matter distribution (g/plant) 

L 

Treatments 

Main treatments 
Irrifiation methods 
Ii Furrow 
IjDrip 
I3 Fertigation 

Ftest 
C D at 5% 

Fertilizer levels 
Li 80% Rec. dose 
L2100% Rec. dose 

Ftest 
C D at 5% 

Fertilizer sources 
S, Normal Fertilizer(NF) 
S2 Water Soluble Fertilizer (WSF) 

Ftest 
C D at 5% 

Combined treatments 
lurrow irrigation 
Ti 80% Rec. dose NF 
T2 80% Rec. dose WSF 
T3100% Rec. doseNF 
T4100% Rec. dose WSF 
Drip nrigation 
Tj 80% Rec. dose NF 
T6 80% Rec. dose WSF 
T7 100% Rec. dose NF 
Ti 100% Rec. dose WSF 
Fertiftation 
To 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
111 lOWoRec. doseNF 
T,2100% Rec. dose WSF 1 
F test 
CD. at 5% 

60 DAP 

1994 

2.93 
3.39 
3.86 
* 
0.49 

3.29 
3.50 
NS 
-

3.45 
3.34 
NS 
-

3.03 
2.91 
2.94 
2.85 

3.36 
3.17 
3.73 
3.29 

3.58 
3.67 
4.05 
4.14 
NS 
-

Fruit 
1996 

3.06 
3.72 
3.81 
* 
0.58 

3.40 
3.66 
NS 
-

3.55 
3.51 
NS 
-

3 11 
2.96 
3.11 
3,08 

3.38 
3.43 
4.17 
3.91 

3.77 
3.75 
.^78 
3.94 
NS 
-

Stem 
1994 

5.97 
6.78 
7.46 
* 
1.03 

6.28 
7.18 
NS 
-

6.69 
6.76 
NS 
-

5.50 
5.45 
6.50 
6.43 

6.43 
6.26 
7.25 
7.18 

6.73 
7.30 
7.76 
7.97 
NS 
-

1996 

5 89 
6.45 
6.63 
NS 
-

6.12 
653 
NS 
-

645 
6.20 
NS 
-

5.67 
5 38 
6.19 
6.12 

6.24 
6.12 
6.81 
6.63 

6.98 
6.12 
6.81 
6.63 
NS 
-

90 DAP 
Leaf 

1994 1996 

348 
3.80 
4.06 
NS 
-

3.66 
3.90 
NS 
-

3.76 
3.80 
NS 
-

348 
3 39 
3.52 
3.53 

3.73 
3.65 
3.92 
3.90 

3.69 
4.02 
4.2t; 
4.33 
NS 
-

3.22 
3.77 
4.09 
* 
0.70 

3.57 
381 
NS 
-

368 
3.70 
NS 
-

3.10 
304 
3.26 
3.48 

3.65 
3.59 
3.99 
3.85 

3.98 
4.07 
4 U 
4.19 
NS 
-

1994 

4.56 
5.75 
6.24 
• 
0.73 

5.29 
5.74 
NS 
-

5.53 
5.51 
NS 
-

4.29 
4 16 
4.91 
4.88 

5.40 
5 52 
6.10 
5 98 

6.20 
6 18 
0 26 
6.32 
NS 
-

Fruit 
199( 

4.13 
5.49 
6.56 
« 
1.10 

5.23 
5.55 
NS 
-

5 40 
5.38 
NS 
-

4.07 
3.71 
4.26 
4.48 

5.39 
5.31 
5.69 
5.57 

6.42 
6.50 
<> ^''J 

6.73 
NS 
-

Rec. Do8e-150:75:50kgN:P2O}:K2O/ha 
DAP = Days after planting 

* "̂  Significant 
NS = Non-significant 

NF = Normal fertilizer 
WSF = Water soluble fertilizer 

r< — * J 
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Table-4.6 : (Contd.) Dry matter distribution in capsicum as influenced by methods of 
irrigtrtion. levelo nnd uovn-ccn of fertilizer during 1994 and 1996 

Treatments 

Dry matter distribution (g/plant) 
At Final harvest 

Stem Leaf Fruit 
1994 1996 1994 1996 1994 1996 

Main treatments 
Irrigation methods 
Ii Furrow 
I2 Drip 
I3 Fertigation 

Ftest 
CD at 5% 

Fertilizer levels 
Li 80% Rec. dose 
L2100% Rec. dose 

F test 
CD at 5% 

Fertilizer sources 
S, Normal Fertilizer(NF) 
S3 Water Soluble Fertilizer (WSF) 
Ftest 

CD at 5% 
Combined treatments 

6.33 
7.36 
8.46 
* 

0.78 

7.01 
7.76 
NS 
-

7.36 
7.41 
NS 
-

6.38 
7.75 
8.19 
* 

1.32 

7.28 
7.60 
NS 
-

7.31 
7.57 
NS 
-

3.13 
3.50 
3.88 
* 

0.57 

336 
3.65 
NS 
-

3.46 
3.55 
NS 
-

3.30 
3.65 
3.66 
NS 
-

3.36 
3.71 
« 

0,29 

3.51 
3.56 
NS 
-

5 47 
6.69 
7.74 
* 

1.21 

6.26 
7.01 
« 

0.59 

6.57 
6.69 
NS 
-

5 89 
6.86 
7.45 
« 

1.02 

6.58 
689 
NS 
-

6.70 
6.76 
NS 
-

Furrow irrigation 
T| 80% Rec. dose NF 
T2 80% Rec. dose WSF 
T3100% Rec. doseNF 
T4100% Rec. dose WSF 
Drip irrigation 
T5 80% Rec. dose NF 
Ts 80% Rec. dose WSF 
T? 100"/o Rec. dose NF 
Tg 100% Rec. dose WSF 
Fertigation 
To 80% Rec. dose NF 
Tio80%Rec. dose WSF 
Til 100% Rec. doseNF 
T12100% Rec, dose WSF 
F teat 
CD. at 5% 

6.02 
6 14 
6,67 
6,50 

7.24 
6.08 
7.76 
8,35 

7 98 
8.59 
8.49 
8.78 
NS 

5.95 
6.58 
6,38 
6.61 

7.60 
7.47 
7.76 
8,16 

7.86 
8.19 
8,32 
8,40 
NS 

2.85 
3 16 
3,28 
3,23 

3.29 
3.46 
3,75 
3,49 

3.65 
3.74 
3.92 
4.22 
NS 

3.10 
292 
3,48 
3,70 

3.40 
3.51 
389 
3.80 

3.55 
3.71 
3.65 
3.74 
NS 

4.45 
4.89 
6.56 
5.98 

630 
6.51 
6,93 
7,02 

7.62 
7.79 
7.58 
7.97 
NS 

5.54 
5 91 
6.09 
6.02 

6.55 
674 
7,22 
693 

736 
7 38 
746 
7,60 
NS 

Rec. Dose=l50:75:50kg N;P205:K20/ha 
DAP = Days aftei planting 

* = Significant 
NS = Non-«ignificant 

NF = Normal fertilizer 
WSF = Water soluble fertilizei 
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Leaf and stem dry matter of capsicum plants was msignificantly higtier with increased 

fertilizer dose (100%) than with reduced dose (80%). Likewise, variation due to either sources of 

fertilizer or interaction effects was also not significant 

Oty matter distribution in capslciim at 60 days after planting 

Leaf dry weight was significantly higher (2.75 g and 3.13 g plant') under the 

influence of fertigation during both 1994 and 1996. However, this was on par with drip method 

(2.66 g and 2.87 g plant' respectively). Furrow irrigation alone resulted in the lowest leaf dry matter 

(2.15 g and 2.52 g plant'). 

Significant differences were noticed in 1996 in terms of stem dry weight (3.05 g) with 

fertigated plants and it was on par witti dnp irrigated < ;>picum (2.79 g) and both of these were found 

s^jerior to stem dry matter obtained with furrow iirigation treatment (2.44 g). 

Application of fertilizers via drip (fertigation) produced significantly higher hniit dry 

matter in both the years 1994 and 1996(3.86 g and 3.81 g plant') than compared to furrow irrigation 

(2.93 and 3.06 g plant' respectively). However, fruit dry weight observed under drip method was 

also siq)erior to furrow only in 1996 (3.72 g plant'). 

Dry matter distribution into leaf̂  stem and fruit was not influenced by levels of 

fertilizer. However, increased fertilizer dose (100%) increased these components than observed with 

reduced dose (80%). Higher fruit dry matter of 3.50 g and 3.66 g plant' dunng the years 1994 and 

1996 respectively was registered by 100% dose as compaied to corresponding values of 3.29 g and 

3.40 g plant' produced by 80% dose. 

Variations due to aoiirces of fertilizers as well as interaction effects were not 

statistically significant with respect to dry matter distribution at 60 DAP. 
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Diy inaUer distribution in capsicum at SKI days after plantii^ (Tab(e-4.6) 

Dry matter distribution was significantly influenced by direct eflect ot irrigation 

methous barring stem dry uiatter in 1996 and leaf in 1994. The highest stem dry matter of 7.46 g, 

stem dry matter of 4,06 g and fruit dry matter of 6.24 g and 6.56 g plant' for the years 1994 and 

1996 respectively were recorded with fertigatioo which were significantly superior to fiirTow method 

which had the correBponding values of 5.97, 3.22, 4.56 and 4.13 g plant'. However, drip method 

was on par widi the fertigation method in terms of stem, leaf and fruit dry matter djring both the 

years 1994 and 1996. 

Tlie dry matter distribution did not differ significantly between the full dose (100%) 

and reduced dose (80%) except for leaf in 1996 and fruit in 1994 where 100% level was superior to 

80% level, Tlie fertilizer sources of WSF and NF produced identical dry matter of stem, leaf and 

fruit in both the years. Similarly, interaction eflfects between I x L , L x S , I x S o r l x L x S were 

found non-significant (Table-4.6). 

Dly matter distribution in capsicum at final liarvest (Tabie-4.6) 

The data presented in Table-4.6 indicated that fertigation influenced the dry matter 

distribution in different plant parts at final harvest except leaf dry matter in 1996. Significantly, 

higher values of dry matter in stem (8.46 g and 8.19 g in 1994 and 1996), leaf (3.88 g in 1994) and 

fruit (7.74 and 7.45 g in 1994 and 1996 respectively) were obtained with fertigation than those with 

furrow method (6.33 g, 6.38 g, 3.13 g, 5.47 g and 5.89 g correspondingly) but these fertigation 

values were on par with drip method (7.36 g, 7.75 g, 3.50 g, 6.69 g and 6.38 g correspondingly). 

Fertilizer levels significantly affected only leaf and fruit dry wei^t in 1996 and 1994 

respectively. Recommended fertilizer dose of 100% registered significantly higher leaf dry matter 
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„^ •» T i ^ „ „ . „ „ „ „ , J •„ •> -ie ^ .,i^„»-l . . . ; * i , oA«' o;. ; i - , . . i . . * i , , c - .u j „ ,;_i,« . . — ,; .c. «i.. 

in J . /I g cuaipaieu lu J .JU g piaiii wiin ou/o. ouiiiiuiiy iiic uuii uiy wt^igui waa bigiiuictuuiy 

higher (7 01 g) with full dose than with reduced dose (t :!6 g plant') 

The NF or WSF aourcea did not evince significant response in terras of dry matter 

distribution at final harvest. Interactions were also absent with dry matter values in stem (7.86-8.78 

g), leaf (3.55-4.72 g) and fruit (7.36-7.97 g) in fertigation comparable with drip system (7 24-8.35 g, 

3.29-3.89 g and 6.30-7.02 g correspondingly) and (5.95-6.67 g, 2.85-3.70 g and 4.45-6.56 g 

respectively) with furrow method. 

4.1.7 Number of branches in capskum 

Pertinent data on number of branches per plant recorded at flnal harvest are presented 

in Table-4.7. While the number of primary branches was not influenced, the secondary and total 

branches of capsicum were significantly influenced by method of irrigatioa Treatment with 

fertigation had significantly higher secondary (4.87 and 4.89) and total number of branches (70 5 

and 7.10) during 1994 and 1996 than furrow method (4.39,4.47, 6.27 and 6.40 respectively) bat they 

were on par with drip method (4.76, 4.78, 6.80 and 6.93 respectively). 

Neither levels of fertilizers nor sources of fertilizer affected the number of branches 

significanfly. Interactions among treatments were also absent. 

4.2 Yield and Hs components in capsicum 

4.2.1 Total green TrUt yield in capsicum 

The data on green fruit yield of capsicum e^q r̂essed in kg per ha as influenced by 

methods of irrigation, levels and sources of fertilizers are presented in Table-4.8. 

Fertigation produced significantly superior green fruit yield of 9392 kg ha' in 1994 

and 9253 ke in 1996 compared to liirrow imeation which gave 7638 ktt and 7696 kc ha' 
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Table-4.7 : Number of branches in capsicum BB influenced by methods of inigalion, levels and 
oouroen of fertilizer d\rring 1994 and 1996 

" ~ ' 1 
i 

Treatments 

j 

Main treatments 
Irrigation methods 
Ii Furrow 
IsDrip 
I3 Fertigation ' 

Ftest 
C D at 5% 

Fertilizer levels 
Lt 80% Rec. dose 
L2100% Rec. dose 

Ftest 
C D at 5% 

Fertilizer sources 
SiNF 
S2WSF 

Ftest 
C D at 5% 

Combined treatments 
Furrow irrigation 
Ti 80% Rec. dose NF 
T2 80% Rec. dose WSF 
T-t 100% Rec. dose NF 
T4100*?'o Rec dose WSF 
Drip irriaation 
Tj 80% Rec. dose NF 
Tfi 80% Rec. dose WSF 
T7100% Rec. dose NF 
TK 100% Rec. dose WSF 
Fertiaation 
T9 80% Rec. dose NF 
Tjo 80% Rec. dose WSF 
Til 100%Rec. doseNF 
T12100% Rec. dose WSF 
F test 
CD. at 5% 

Rec. Dosc-150:75:50kg N;P20 
DAP = Days after planting 

1994 

1.86 
2.04 
2.21 
NS 
-

1.97 
2.10 
NS 
-

2.03 
2.04 
NS 
-

1.87 
1.75 
1.91 
1.92 

1.98 
1.90 
2.12 
2.17 

2.40 
2.20 
2.19 
2.31 
NS 
-

siKjO/ha 

Number ot 
Primary 

1996 

1.93 
2,15 
2.21 
NS 
-

2.05 
2.14 
NS 
-

2.10 
2.09 
NS 
-

1.91 
1.86 
1.94 
2.01 

2.13 
2.06 
2.24 
2.18 

2.16 
2.19 
2.24 
2.26 
NS 
-

1994 

4.39 
4.76 
4.87 
* 
0.35 

4.63 
4.70 
NS 
-

4.67 
466 
NS 
-

4.23 
4.31 
4.50 
4 5.̂  

4.78 
4.67 
4.78 
4.80 

4.81 
5.00 
4.95 
4.67 
NS 
-

* = Significant 
NS = Non -significant 

[)ranche8/plant 
Secondary 

1996 

4,47 
4,78 
4.89 
* 
0.30 

4.66 
4.77 
NS 
-

4.72 
4.71 
NS 
-

4.36 
4.45 
4.56 
4 50 

4.71 
4.76 
4.86 
4.79 

4.87 
4.81 
4.96 
4.93 
NS 
-

1994 

6.25 
6,80 

7.oe 
* 
0.43 

6.59 
6.82 
NS 
-

6.71 
6.70 
NS 
-

6.10 
6.06 
6 41 
6.5: 

6.76 
6.57 
6.90 
6.97 

6.95 
7.13 
7.13 
6.98 
NS 
-

Total 
1996 

6.40 
6 93 
7.10 
* 
0.42 

6,71 
6.91 
NS 
-

6.82 
6 80 
NS 
-

6.27 
6.31 
6 50 
6.51 

6.84 
6.82 
7.10 
6.97 

7.03 
7.00 
7.20 
7.19 
NS 

. . i 

NF ^ Normal fertilizer 
WSF = Water soluble fertilizer 



52 

respectively. Yield figures of 8631 kg and 8754 kg ha' under drip method were on par with 

corresponding yieida obtained with either in tertigation or furrow irrigation (Fig. 4 3) 

^ Fertilizer level at 100% recommended dose had identical green fruit yi ids of 8427 kg 

and^8442 kg in 1994 and 1996 respectively compared to the ones at 80% dose of 8685 kg and 8693 

kg correspondingly. Also, there were no significant differences observed between NF and WSF 

sources in terms of green fruit yield Combined effect of irrigation methods with fertilizer levels or 

sources did not result in significant differences in fruit yield. 

4.2.2 Green friit yield of capsknim at dtfferent piddles (kg ha^) 

The data on green fruit yield at di£ferent pickings as influenced by difTerent 

treatments under study are presented in TabIe-4.9. 

The green fruit yield increased gradually reaching its peak at third picking and then 

declined in fourth picking. The data revealed that fertigation and drip methods significantly 

increased the green fruit yield at all the pickings except in 11 picking in 1994 and final picking in 

1996. Yields under fertigation varied from 2053 kg to 3164 kg ha' while the drip method gave 1806 

to 2957 kg ha'. Significantly lower yields were obtained with furrow treatment ranging from 1638 

to 2619 kg ha'. 

Levels of fertilizer did not differ statistically with green fruit yields of 1834 to 2947 

kg ha' with 100% dose and 1829 to 2899 kg ha' with 80"/b level, Also, the differences m fertilizer 

sources were on par witti each other in terms of green fruit yield at different pickings in both the 

years. The variation in fruit yield due to interaction effects of different factors were not statistically 

significant. 
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Table-4.8 : Total green fruita yield in capsicum as influenced by niethoda of itrigation, levels 
and sources of fertilizer during 1994 and 1996 

Treatments 

Main treatments 
Irrigation methods 
I) Furrow 
IjDrip 
I3 Fertigation 

80"/o 
Rec. dose 

(L.) 

Green frmt yield (kg/ha) 
1994 

100% Mean 80% 
Rec. dose Rec. dose 

(L2) (L.) 

1996 
lO'̂ /o 

Rec dose 
(L2) 

Mean 

7488 
8466 
9313 

7788 
8795 
9470 

7638 
8631 
9392 

7579 
8636 
9111 

7812 
8872 
9394 

7696 
8754 
9253 

Mean 
Fertilizer sources 
S, NF 
S2 WSF 

8423 8685 8442 8693 

8423 
8422 

8704 
8665 

8564 
8544 

8488 
8396 

8656 
8729 

8572 
8563 

Mean 8423 8685 8442 8693 

L_. 

Irrigation methods 
I) Furrow 
I2 Drip 
13 Fertigation 

Mean 

L,-100%R.D. S,-NF 
S2-WSF 

L2- 80%R.D. Si'NF 
Si-WSF 

I 
L 
S 
I x L 
L x S 
I x S 
I x L x S 

Rec. Doge=l50:75:50kg 
DAP = Days after planti] 

' NHSi) 
7684 
8664 
9342 

. 8564 

II 
7523 
7453 
7846 
7730 

F-test 
j * 

NS 
NS 
NS 
NS 
NS 
NS 

— 
N:P205:K20/lia 
ng 

WSF(S2} 
7591 
8598 
9441 

8544 

h 
8501 
8432 
8827 
8764 

CD at 5% 
1231 

-
-
-
-
-
-

7638 
8631 
9392 

I3 
9245 
9382 
9440 
9501 

* - Significant 
NS = Non-significant 

NF(Si) WSFfS,) 
7750 7641 
8746 8762 
9220 9585 

8572 8563 

Jl fe 
7641 8667 
7518 8605 
7860 8825 
7765 8919 

F-test CD at 5% 
* 1160 

NS 
NS 
NS 
NS 
NS 
NS 

NF = Normal fertilizer 

7696 
8754 
9253 

h 
9157 
9066 
9284 
9505 

_ _.. 

WSF = Water soluble feitilizCT 



Furrow Drip Fflrtigation 

a80%NF Deo%wsF aioo%NF B100%WSF 

Fig 4.3 Green fruit yield (Icg/ha) in capsicufn as 
influenced by fertigation,drip and furrow with sources 

and leveis of fertilizer (mean of two years) 
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Table-4.9 : Green fruit yield in capsicum at different pickings as influenced by methods of 
irrigation levels and sources of fertilizer during 1994 and 1996 

Treatments 

Main treatments 
Irrifiation methods 
ll FUJTOW 

1 IjDrip 
I3 Fertigation 

Ftest 
C D at 5% 

Fertilizer levels 
Ll 80%Rec. dose 
L2100% Rec. dose 

Ftest 
CD at 5% 

Fertilizer sources 
SiNF 
S2WSF 
Ftest 

CD at 5% 
Combined treatments 
Furrow irrigation 
T] 80% Rec. dose NF 
Tj 80% Rec. dose WSF 
T3100% Rec. dose NF 
T4100% Rec. dose WSF 
Drip irrisation 
Tj 80% Rec. dose NF 
Tfi 80% Rec. dose WSF 
T7100% Rec. dose NF 
Tg 100% Rec. dose WSF 
FertiKation 
T9 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
Til 100% Rec. dose NF 
T12100% Rec. dose WSF 
F test 
CD. at 5% 

1 

Rec. Dosc=150:75:50kg N:F 
DAP = Days after planting 

I Picking 
1994 

1638 
1 8 0 6 / 
2053 
« 
261 

1831 
1834 
NS 
-

1835 
1829 
NS 
. 

1663/ 
1641-
1632 
1616 

1841 
1795 
1803 
1785 

2005 
2041 
2067 
2099 
NS 

1996 

1642 
1924 
2057 
« 
234 

1853 
1894 
NS 
-

1873 
1875 
NS 
• 

1657 
1633 
16483 
1627 

1918 
1936 
1947 
1895 

1979 
1996 
2087 
2166 
NS 

^zOj.KjO/ha * = 
NS 

Green fruit 
n Picking 

1994 

251;. 
2802 
2965 
NS 
-

2695 
2816 
NS 
-

2764 
2745 
NS 
• 

2440 
2410 ^ 
2622 
2528 

2727 
2692 
2890 
2899 

2938 
2964 
2972 
2988 
NS 

1996 

1 4 U 
2779 
2917 
1* 

281 

2655 
2751 
NS 
-

2706 
2701 
NS 
-

2387 
2355 
2478 
2436 

2731 
2700 
2782 
2905 

2926 
2834 
2933 
2975 
NS 

Significant 
= Non-significant 

yield (kg/ha) 
m Picking 

1994 

1557 
2957/ 
3164 
* 
269 

2853 
2932 
NS 
-

2895 
2890 
NS 
• 

2528' 
2497 ' 
2597 
2606 

2938 
2897 
3017 
2976 

3107 
3152 
3185 
3214 
NS 

1996 

ZC19 
2915 
3137 
0 

329 

2835 
2947 
NS 
-

2892 
2889 
NS 
• 

2578 
2552 
2680 
2666 

2888 
2843 
2955 
2974 

3068 
3081 
3181 
3219 
NS 

IV Picking 
1994 

935 
1076 
1201 
* 
130 

1042 
1099 
NS 
-

1061 
1080 
NS 
• 

892 
905 
962 
980 

1005 
i058 
1127 
1114 

1165 
1225 
1216 
1200 
NS 

NF ~ Nonnal fertilizer 
WSF = 

1996 

10l4f 
1135 
1139 
NS 
-

1097 
1102 
NS 
-

1100 
1098 
NS 
. 

1019 
978 
1054 
1044 

1130 
1126 
1141 
1145 

1174 
1155 
1084 
1145 
NS 

Water soluble fiirtilizer 

~! 
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4.2^ Total Green fniH yield in cApsicum (s plant') 

The data on total green fruit yield g per plant is influenced by methods of irrigation, 

levels and sources of fertilizer are presented in Table-4.10. 

Total green fruit yield was significantly influenced by irrigation methods. In 1994, 

fertigation alone produced the highest green fruit yield per plant (438 g) as compared to drip (372 g) 

and furrow (314 g). Whereas in 1996 fertigation and drip were oo par with each other in terms of 

green fruit yield (430 g and 375 g respectively) per plant but the former was significantly superior to 

furrow method which yielded 317 g plant'. 

Both the fertilizer levels were statistically identical with respect to green fruit yield 

per plant which was 363 and 387 g plant' with 100% in 1994 and 1996 and 363 g plant' in both the 

years respectively. Similarly both the fertilizer sources registered on par green fruit yield plant'. 

There were no significant differences observed due to interaction effect among the treatment 

combinations. 

4^4 Number of green fruit per plant in capskum 

Data on number of green fruits per plant as influenced by methods of irrigation, levels 

and sources of fertilizer are presented in Table-4.11 md Fig. 4.4. 

The total number of green fruits varied significantly due to irrigation methods. 

Highest number of green fruits per plant was harvested with fertigation in both the years. Fertigation 

alone was significantly siqserior to drip and furrow (6.91, 6.26 and 5.70 fruits per plant respectively) 

in 1994, while in 1996, both fertigation and drip were on par between themselves but the former 

being superior to furrow method (6.75, 6.20 and 5.63 fruits per plant respectively). 

Among the four pickings, fertigation method registered significantly higher number 

of oreen fruitSDerolantthanother two methods of irrisation onlvat noickinsin 1996 but was on 
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Table-4.10 : Total green fruit yield in capsicum aa influenced by niethoda of iirigation, levela 
and sources of fertilizer during 1994 and 1996 

1 

Treatments 

! 

Main treatments 
Irrigation methods 
Ii Furrow 
la Drip 
h Fertigation 

Mean 
Fertilizer sources 
S, NF 
$2 WSF 

Mean 

Irrigation methods 
Ii Furrow 
laDrip 
13 Fertigation 

Mean 
' ""' 1 

L,-100%R.D. Si-NF 
S2-WSF 

L2- 80%R.D. Si-NF 
S2-WSF 

I 
L 
S 
I x L 
L x S 
I x S 
I x L x S 

- - .̂-- -- - . - - . i 

Rcc. Dosc=l50:75;50kgN;P2 
DAP = Days after planting 

" 8 0 % 
Rec. dose 

(U) 

307 
357 
424 

363 

361 
364 

363 

NHSi) 
316 
375 
432 

375 

" V 
308 
309 
324 
319 

F-test 
* 

NS 
NS 
NS 
NS 
NS 
NS 

Os.KjO/ha 

_ _ — 

Green fruit 
1994 

100% 
Rec. dose 

(U) 

321 
387 
452 

387 

388 
385 

387 

WSFfS^) 
313 
368 
444 

375 
h 

36"0 
354 
391 
382 

C D at 5% 
59 
-
-
-
-
-
-

Mean 

- - -

314 
372 
438 

375 
375 

314 
372 
438 

l3 
416 
432 
448 
455 

* = Significant 
NS = Non-gi gnificant 

yield ( g^pl) 

80% 
Rec. dose 

(Li) 

307 
365 
418 

363 

361 
366 

363 

NF(Si) 
319 
373 
422 

371 
Ii 

310 
304 
328 
325 

F-test 
* 

NS 
NS 
NS 
NS 
NS 
NS 

1996 
100% 

Rec. dose 

(U) 

327 
385 
442 

385 

382 
387 

385 

WSFfSj) 
315 
378 
438 

377 
h 

364 
366 
382 

J8i_ 
C D at 5% 

77 
-
-
-
-
-

-

NF = Nonnal fertilizer 

Meaj 

317 
375 
430 

371 
377 

317 
375 
430 

l3 
408 
427 
435 
448 

WSF = Water soluble fertilizer 



Table-4.11: Number of green fiuits per plant in capsicum at different pickings as influenced by 
methods of irrigation, levels and sources of irrigation during 1994 and 1996 

1 

Treatments 

Main treatments 
Irrigation methods 
Ii Furrow 
fcDrip 
Ij Fertigation 

Ftest 
CD at 5% 

Fertilizer levels 
Li 80% Rec. dose 
L2100% Rec. dose 

Ftest 
CD at 5% 

Fertilizer sources 
Si NF 

; S2 WSF 
i Ftest 

CD at 5% 
Combined treatments 
Furrow irrigation 
Ti80%Rec.do8eNF 
T2 80% Rec. dose WSF 
Tj 100% Rec. dose NF 

[ T4100% Rec.dose WSF 
Drip irrigation 

i Ti 80% Rec. dose NF 
1 T« 80% Rec. dose WSF 

T7100% Rec. dose NF 
i Tg 100% Rec.doseWSF 
1 Fertigation 

T9 80% Rec. dose NF 
1 Tio 80% Rec. dose WSF 
j Ti) 100% Rec. dose NF 

T12100% Rec. dose 
WSF 
F test 

1 CD. at 5% 

Rec. Dose=150:75:50kgN 
DAP = Days afler planting 

Total 

1994 

5.67 
6.26 
6.91 
* 
0.63 

6.18 
6.41 
NS 
-

6.27 
6.31 
NS 
-

5.66 
5.54 
5.81 
5.78 

6.06 
6.22 
6.40 
6.27 

6.66 
6.91 
7.02 
7.06 
NS 
-

- . 

[:P205:F 
• 

1996 

5.63 
6.20 
6.75 
* 
0.60 

6.08 
6.31 
NS 
-

6.16 
6.23 
NS 
-

5.50 
5.44 
5.80 
5,77 

6.06 
6.14 
6.27 
6.35 

6.61 
6.74 
6,75 
6.92 
NS 
-

L20/ha 

Number of creen fruits 
0 

I Picking 

1994 

0.67' 
0.85-
0.95 
NS 
-

0.79 
0.86 
NS 
-

0.81 
0.83 
NS 
-

0.65 
0.62 
0,73 
0,69 

0.78 
0.86 
0.89 
0,86 

0.86 
0.96 
0.98 
1.02 
NS 
-

* = 
NS 

1996 

0.69 
0.86 
0.98 
* 
0,15 

0.82 
0.87 
NS 
-

0.84 
0.85 
NS 
-

0.68 
0.65 
0.74 
0,71 

0.82 
0.84 
0.91 
0.86 

0.93 
0.98 
0.97 
1.05 
NS 
-

nF 
1994 

1,55' 
1.63 
1.74 
« 
0.14 

1.60 
0.69 
NS 
-

1.64 
1.64 
NS 
-

1.50 
1.47 
1,63 
1,59 

1.62 
1.59 
1.63 
1,68 

1.68 
1.72 
1.78 
1.80 
NS 
-

Significant 

'icking 

1996 

1.57 
1.68 
1.83 
« 
0.14 

1.68 
1.71 
NS 
-

1.69 
1.70 
NS 
-

1.53 
1.59 
1,61 
1,56 

168 
1.65 
1.69 
1,70 

1.79 
1.84 
1.83 
1.86 
NS 
-

per plant 
ni Picking 

1994 

2.69' 
2.82 
3.05 
• 
0.23 

2.81 
2.86 
NS 
-

2.85 
2.86 
NS 
-

2.65 
2.60 
2.74 
2,79 

2.78 
2.76 
2.84 
2,89 

2.99 
3.06 
3,10 
3.07 
NS 
-

1996 

2,51 
2.67 
2.87 
• 
0,24 

2.63 
2.74 
NS 
-

2.68 
2.69 
NS 
-

2.46 
2.40 
2.62 
2,58 

2.63 
2.60 
2.71 
2.75 

2.81 
2.87 
2.88 
2.93 
NS 
-

IV Picking 

1994 

0,76 
0.97 
1.15 
NS 
-

0.94 
0.98 
NS 
-

0 94 
0.98 
NS 
-

0.70 
0.79 
0.77 
0,77 

0.86 
0.98 
1.03 
1,00 

1.13 
1.16 
1,14 
1.17 
NS 
-

NF = Normal fertilizer 

1996 

0.85 
0 99 
106 
NS 

0.97 
0.97 
NS 
-

0.94 
1.00 
NS 
-

0.80 
0.91 
0.80 
0,89 

095 
105 
0.96 
1,02 

105 
1.07 
1,07 
1.06 
NS 
-

= Non-significant WSF = Water soluble fertilizer 



80%NF 
80%WSF 

100%NF 

Fefligafon 

FUfTOW 

100%WSF 

Fig. 4.4 : Nimibttr of gr««ii fruits p r̂ plant in 
capsicum as influenced by fertigation, drip and 

furrow with levels and sources of fertilizer (mean 
of two years) 
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par with drip at I picidog in 1996, Q picking in 1994 and m picking in both the yaani. Furrow 

method produced the lowest number ot green fiiiits per plant in all the pickings. 

Both the levels ofSQ% to 100% recommended fertilizers had identical number of 

green fruits per plant. With lOO'/o level total number of green fruits 6 41 and 6 31 in 1994 and 1996P 

respectively and number of green fruits harvested at different picldags 0.86-2.86 were comparable 

those of the reduced dose (6.18 and 6.08, 0.79-2.81 correspondingly). 

Fertilizer sources of WSF (6.31 and 6.23) and NF (6.27 and 6.16 fruits plant' 

respectively) were identical in the number of fruits plant'. Similarly number of green fruits with 

WSF at all four pickings in both the yeans (0.83 to 2.86) were on par with NP (0.81 to 2.85 fruits 

plant'). 

4:2.S Ghven fnit length of capsicum 

Data on green fruit length at different pickings as influenced by methods of irrigation, 

levels and sources of fertilizer are presented in Table-4.12. The green fruit length was 5.49 cm with 

fertigation which was significantly superior compare to 4.94 cm in drip and 4.79 cm in furrow 

method during 1994 at first picking. Green fruit length recorded in II and III pickings (6.74 to 7.47 

cm) in both the years 1994 and 1996 due to fertigation treatment was on par with drip (6.46 to 6.83 

cm fruit length) but significantly siqserior to furrow method (5.74 to 5.70 cm fruit length). 

Bill dose (100%) of fertilizer produced significantly maximum fruit length (5.25 om) 

at I picking in 1996 and at U picking in 1996 (6.33 cm) as conq>ared to reduced dose (80%) (4.90 cm 

and 5.53 cm fruit length respectively). Sources of fertilizers were identical in responbe except in 11 

picking during 1996 where NF recorded higher fruit length (6.12 cm) compared to WSF source (5.74 

cm fruit length). 
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Table-4.12: Green fiiiit length in capsicum at diflerent pickings as influenced by methods of 
irrigBtion Icveln and IJOUTCCD of fertilizer during 1994 and 1996 

Treatments 

Main treatments 
Irrigation methods 
Ii Furrow 
liDrip 
h Fertigation 

Ftest 
C D at 5% 

Fertilizer levels 
Li 80%Rec. dose 
L2100% Rec. dose 

Ftest 
C D at 5% 

Fertilizer sources 
SiNF 
S2WSF 
Ftest 

C D at 5% 
Combined treatments 
Furrow irrigation 
Ti 80% Rec. dose NF 
T2 80% Rec. dose WSF 
Ti 100% Rec. doseNF 
T4100% Rec. dose WSF 

j Drip irrisatioo 
1 Tj 80% Rec. dose NF 

Te 80% Rec. dose WSF 
T7100%Rec. doseNF 
Tg 100% Rec. dose WSF 
Fertiaation 
T9 80% Rec. dose NF 
Tio 80*J'o Rec. dose WSF 
Til 100%Rec. doseNF 
T,2100% Rec. dose WSF 
F test 
CD. at 5% 

Rec. Dosc=l50.75:50kg N:P 
DAP = Days after planting 

I Picking 
1994 

1 

4.95 
5.11 
5.66 
NS 
-

5.16 
5.30 
NS 
-

5.00 
5.45 
NS 
-

4.64 
4.28 
4,88 
5.99 

4.95 
5.43 
4.89 
5.18 

5.67 
6.10 
4.98 
5.89 
NS 

205:K20/ha 

1996 

4.79 
4.84 
5.49 
* 
-

4.90 
5.25 
* 
0.29 

5.05 
5 10 
NS 
-

4.49 
4.60 
5.12 
4.95 

4.77 
4.75 
4.96 
5.30 

5.35 
5.44 
5.62 
5.57 
NS 

Green fruit length (cm) 
n Picking 

1994 

5,74 
6.46 
6.74 
* 
0.52 

6.08 
6.54 
NS 
-

6.20 
6.42 
NS 
-

5.19 
5.73 
5.81 
6.25 

6.39 
6.30 
6.85 
6.30 

6.17 
6.73 
6.82 
7.23 
NS 

* = Significant 
NS = 

1996 

5.35 
5.84 
6.59 
* 
0.89 

5.53 
6.33 
* 

0 64 

6.12 
5,74 
* 
0.37 

4.67 
5.14 
5 56 
6.04 

5.78 
5 19 
6.77 
5.72 

6.86 
5.64 
7.08 
6.78 
NS 

, _ ... _ 

Non-significant 

n i Picking 
1994 

5.96 
6.73 
7.14 
* 
0.78 

6,72 
6.50 
NS 
-

6.59 
6.63 
NS 
-

6.93 
588 
4.99 
6.05 

6.54 
6.11 
793 
6.35 

6.45 
8.42 
6.72 
6.97 
* 

1996 

5,70 
6.83 
7.47 
* 
1.28 

6.87 
6.53 
NS 
-

6.47 
6.87 
NS 
-

5.49 
640 
5.26 
5.64 

5.95 
7.89 
7.14 
6.36 

7.45 
7.66 
7.51 
7.27 
NS 

IV F 
1994 

3,83 
3,89 
4.26 
NS 
-

3.78 
4.21 
NS 
-

4.20 
3.79 
NS 
-

4.00 
3.44 
433 
3.54 

3.68 
3 61 
430 
3.99 

4.06 
3.90 
4 83 
4,26 
NS 

0.95 

NF = Normal fertilizer 
WSF = 

ickinj 
19< 

3,97 
4,46 
4.74 
NS 
-

4.11 
4.67 
NS 
-

4.42 
4.36 
NS 
-

3.57 
3.96 
406 
4,30 

4.15 
4.46 
3.98 
5.26 

4.94 
358 
582 
4.62 
NS 
-

Water soluble fertilizer 
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luMtt-HVtioti btitwvtw tht) trftrttntiinto wan Bigaificnnt only at IH pi<:king in 1994. 

Fertigation with WSF at 80% dose produced maximum fruit length (8 42 cm) while the least fiuit 

length (4.99 cm) was recorded with 100% WSF under furrow irrigation. 

4^6 Qreen ttiit girtfa In cflpslciim 

The data on green fruit girth in c^sicum as influenced by methods of irrigation, 

levels and sources of fertilizer at different pickings are presented in Table-4.13. 

Girtfa of green fruits vaied significaitly due to irrigation treatments at I picking in 

1994JI and m pickings in both the years 1994 and 1996. Maximum fruit girth (15.5 to 19.8 cm) 

noticed with fertigation at these stages was significantly superior to fiirrow method (12.8 to 16.1 cm 

fruit girth) but was on par with drip method (14.1 to 17.5 cm fruit girtfa). However, at in picking, 

fertigated capsicum alone was significantly siqserior to both drip and furrow iirigation treatments 

Green fruit girth was significantly higher with 100% fertilizer dose (18.12 cm) only 

at in picking in 1994 tlian 80% dose (17.15 cm). Generally the full dose maintained higher values 

of fruit girth consistently over reduced dose at different pickings. 

Fertilizer sources did not differ significantly with regard to green fruit girth. 

Interaction effects on green fruit girth over four pickings were also absent 

43 Quality analysis 

4 J . l Ascorbic acid content of capsicum fndts 

Data on ascorbic acid content of c^sicum fruits at third picking as influenced by 

methods of irrigation, levels and sources of fertilizers are presented in Table-4.14. 
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Table-4.13: Green fruit girth in capsicum as influenced by methods of inigation, levels and 
sources of fertilizer during 1994 and 1996, 

Treatments 

Main treatments 
Irrigation methods 
Ii Furrow 
IzDrip 
Ij Fertigation 

Ftest 
CD at 5% 

Fertilizer ieveis 
Li 80% Rec. dose 
L2 100% Rec. dose 

Ftest 
CD at 5% 

Fertil^r sources 
Si NF 
S2 WSF 
Ftest 

CD at 5% 
Combined treatments 
Furrow irrigation 
Ti 80% Rec. dose NF 
Tj 80% Rec. dose WSF 
Ti 100% Rec. doseNF 
T4100% Rec. dose WSF 
Drip irrigation 
7580%Rec. doseNF 
Ti 80% Rec. dose WSF 
T7100% Rec. dose NF 
Ti 100% Rec. dose WSF 
Fertigation 
T9 80% Rec. dose NF 
Tio 80% Rec dose WSF 
Til 100%Rec. doseNF 
T12100% Rec. dose WSF 
F test 
CD. at 5% 

I Picking 
1994 1996 

Green fruit cirth (cm\ 
n Picking ni Pickmg 

1994 1996 1994 1996 
IV Picking 

1994 1996 

12.83 
14.07 
15.51 
* 

1.67 

13.97 
14.31 
NS 

14.14 
14.14 
NS 

12.98 
12.37 
12.83 
13.14 

13.67 
1348 
15.03 
14.13 

14.55 
16.77 
15.79 
14.95 
NS 

13.52 
14.86 
15.10 
NS 

14.59 
16.89 
18.12 

14.91 
17.49 
18.41 

1.79 1.91 

14.37 16.24 16.29 
14.61 16.83 17.35 
NS NS NS 

14,51 16.74 16,75 
14.47 16.33 16.89 
NS NS NS 

13.00 15.06 15.29 
13.36 14.06 14.07 
13.77 13.89 14.89 
13.94 15.39 15.38 

14.79 16.74 16.04 
14.88 16.1^ 17 29 
15.97 17.52 18.03 
16.81 17.17 17.24 

14.54 18.07 17.20 
15.67 17.35 1784 
15.10 19.15 19.05 
15.18 17.92 19.54 
NS NS NS 

16,12 
17,55 
19.23 

1.56 

17.15 
18.12 

0.91 

15.45 
17,14 
19.79 
* 

1.96 

17.08 
17.84 
NS 

17.56 17.26 
17.71 17.67 
NS NS 

11,06 
1145 
11.56 
NS 

11.54 
11.63 
NS 

11.61 
11.11 
NS 

107 
114 
11.2 
NS 

11,2 
11.0 
NS 

11.2 
110 
NS 

15.91 
15.59 
15.57 
17,02 

16.46 
16.93 
18.60 
18,21 

18.74 
19.27 
19.68 
19.23 
NS 

14.67 
15.56 
16.02 
15.57 

16.37 
16.73 
17.85 
17.63 

18.83 
20.34 
19.81 
20,18 
NS 

1048 
12.04 
11.24 
10.47 

11.35 
10.93 
12.16 
11.35 

12.78 
1161 
11.63 
10,29 
NS 

12.2 
9.36 
11 1 
10.2 

11.2 
11.6 
11.4 
11.3 

11.2 
11.5 
10.0 
12.0 
NS 

Rec. Dogc=150:75:50kg N.P205:K20/ha 
DAP = Days after planting 

* = Significant 
NS = Non-significant 

NF = Normal fertilizer 
WSF = Water soluble fertilizer 
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in. capsicum. 

Table-4.14: Ascorbic acid content at third picking as influenced by methods of irrigation levels 
and sources of fertilizer during 1994 and 1996. ^ 

Treatments 

Main treatments 
Iirixation methods 
Ii Furrow 
bDrip 
I3 FertigatioD 

Ftest 
CD at 5% 

Fertilizer levels 
LI 80%Rec. dose 
L] 100% Rec. dose 

Ftest 
CD at 5% 

Fertilizer sources 
Si Normal Fertilizer(hfF) 
S2 Water Soluble Fertilizer (WSF) 
Ftest 
CD at 3% 
Combined treatments 
FlffTow irrigation 
Ti 80% Rec. dose NF 
T2 80% Rec. dose WSF 
T3100% Rec. dose NF 
T4100% Rec. dose WSF 
Drip iihi^on 
T5 80%Rec. doseNF 
Tfi 80% Rec. dose WSF 
T7100%Rec. doseNF 
Tg 100% Rec. dose WSF 
Fertixation 
T9 80% Rec. dose NF 
T,o 80% Rec. dose WSF 
Tu 100%Rec. doseNF 
T12100% Rec. dose WSF 
F test 
CD. at 5% 

Rec. Dose=150:75:50kgN:P2O5:K2O/ha * 
DAP = Days after planting N 

Ascorbic acid content 
(mg/lOOg fresh fruit) 

1994 
- - — • 

83.68 
94.38 
108.61 

« 

11.86 

95.96 
95.15 
NS 

-

91.10 
100 00 

« 
7.54 

80.15 
89.97 
78.37 
86.26 

87.27 
98.75 
93.36 
98.13 

105.28 
114.36 
102.24 
112.56 

NS 
-

= Significant 
S = Non-significant 

NF = 
WSF 

1996 
- -

85.29 
99.08 
111.86 

« 

16.87 

98.25 
99.25 
NS 

-

94.08 
10341 

« 

8.31 

82.05 
90 54 
80.23 
88.36 

90.56 
104.90 
93.07 
107.81 

108.53 
112.92 
110.06 
115.95 

NS 
-

= Normal fertilizer 

i 
1 
1 

1 

! 

1 

! 

j 

' 

'•' 

j 
1 
i 

1 

i 

1 
1 
i 
1 

1 
i 

= Water soluble fertilizer 



Fig. 4.5: Ascorbic acid content (mg/IOOg fresh 
fruit) in capsicum as influenced by fertigation, drip 

and furrow with levels and sources of fertilizer 
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Aocwrtijw iwid votitvtit of frweh finite wn«i infliwnvrd eignifipnntly by fcrtigtition, It was thv 

highest (108.6 and 111.9 mg per 100 fresh weight in 1994 and 1996 respectively) with fertigation 

than drip irrigation (94.4 and 99.1 mg respectively). Furrow irrigation resulted in significantly lower 

values for both the years (83.7 and 85.3 mg respectively) (Fig. 4.5). 

The full(100%) and reduced(80%) fertilizer levels did not differ in ascorbic acid content 

Fertilizer applied as WSF source recorded significantly higher vitamin C content of 100 and 

103.4 mg per 100 g fresh fruit in 1994 and 1996 respectively compared to NF source (91.1 and 94.1 

mg per 100 g fresh fruit correspondingly). 

Among the interactions, combination of fertigation inqyroved vitamin C content in 

fruits (102-11S.9 mgper 100 g FF) favourably as compared to drip (87.3-107.8 mg per 100 FF) and 

flirrow (78.4-90.5 mg per 100 mg per 100 g FI) irrigation combinations. 

4.4 Gnmth con^ponents of miiie 

4.4.1 Hant height of imixe 

The data on plant height of maize as influenced by irrigation methods, levels and 

sources of fertilizer at 30,60 and 90 days afler sowing (DAS) are presented in Table-4.15. 

The plant height was significantly influenced by irrigation methods at ail stages 

except 30 DAS in 1994. Tallest plants were observed wider fertigation treatment (72.2 to 196.6 cm) 

conpared to drip irrigation (60.1 to 186.5 cm) at different stages of plant growth. Significantly 

shorter plants were observed with f\irrow method (55.6 to 168.3 cm) than fertigated maize. 

The plant height with 80% fertilizer level was statistically on par with 100% dose 

except at 60 DAS in 1996 wherein the corresponding values were 163.5 cm and 171.8 cm. The 

WSF source resistered taller arowth (61.3 cm - 182.1 cm) but was on par with NP (60.2 cm - 182.6 
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Table-4.15 : Plant height in maize as influenced by methods of tirigation levels and sources of 
fertilizer during 1994 and 1996 

^ - • 

Treatments 

Main treatments 
Irrigation methods 
Ii Furrow 
l2Drip 
Ij Fertigation 

Ftest 
CD at 5% 

Fertilizer levels 
Li 80% Rec. dose 
L2100% Rec. dose 

Ftest 
CD at 5% 

Fertilizer sources 
SiNF 
S2WSF 
Ftest 

CD at 5% 
Combined treatments 
Furrow irrisation 
Ti 80% Rec. dose NF 
T2 80% Rec. dose WSF 
T3100% Rec. dose NF 
T4100% Rec. dose WSF 

Drip irrigation 
Tj80%Rec. doseNF 
Tj 80% Rec. dose WSF 
T7100% Rec. dose NF 
Ts 100% Rec. dose WSF 
Fertigation 
T9 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
Tu 100% Rec. dose NF 
Ti2l00%Rec. dose 
WSF 
F test 
CD. at 5% 

Rec. Dose=l50:75:50kg 
NiPzOjiKjO/ha 
DAS = Days after sowing 

30 DAS 
1994 

55.65 
60.11 
66.56 
NS 

-

59.39 
62.17 
NS 

-

60.24 
61.31 
NS 

-

55.31 
55.81 
57.63 
53.86 

59.34 
56.57 
63.18 
61.36 

62.39 
66.91 
63.60 
73.37 
NS 

-

1996 

56.43 
65.36 
72.18 

* 
5.93 

62.56 
66.75 
NS 

-

64.745 
64.56 
NS 

-

55.35 
52.25 
60.36 
57.76 

61.34 
64.75 
66.98 
68.37 

71.34 
70.36 
73.15 
73.87 
NS 

-

Plant height (cm) 
60 DAS 

1994 

146.86 
163.68 
183.21 

* 
15.80 

162.87 
166.30 

NS 
-

162.90 
166.27 

NS 
-

146.60 
152.33 
139.70 
148.83 

160.10 
153.16 
172.16 
169.29 

180.69 
184.32 
178.14 
189.67 

NS 
-

* = Significant 
NS = Non-significant 

1996 

15281 
169.70 
180.45 

* 
19.69 

163.48 
171.82 

« 
6.86 

166.62 
168.69 

NS 
-

147.24 
149.26 
159.46 
155.28 

167.21 
166.50 
170.10 
174.84 

174.36 
176.19 
181.34 
189.91 

NS 
-

90 DAS 
1994 

161.23 
177.28 
196.57 

* 
23.07 

174.70 
182.02 

NS 
-

177.33 
179 39 

NS 
-

160 17 
15363 
165.74 
165.40 

167.40 
174.51 
186.00 
181.20 

189.21 
203.30 
195.49 
198.30 

NS 
-

NF = Nonnal fertilizer 

1996 
- - i 1 

168.31 
186.48 , 
19388 

* 
1 

18.05 i 
j 

177.15 1 
188.63 ; 

NS ^ 
-

182.63 I 
183 15 ' 

NS 
i 

1 

160 44 
156.35 
182.17 
174.28 1 

179.26 
184.34 I 
187.23 \ 
195.09 ; 

1 

191.97 j 
190.56 i 
194.72 i 
198.72 

NS 
-

1 

WSF = Water soluble fertilizer 
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wm) H* di£EV)r¥tit vtttp jp-ow^ stnive thrins both thr y*ar» 1994 ttnd 199^ Aleo, no inlvnKrtion was 

found significant in influencing the plant height at any stage 

4.4J1 Letf area in mdze 

The data on leaf area (cm )̂ per plant recorded at 30, 60 and 90 DAS as influenced by 

different treatments under study are presented in Table-4.16. 

There were significant differences in leaf area per plant due to direct effect of 

irrigation methods at all the stages except at 30 DAS in 1994. 

Leaf area per plant was higher in fertigation than drip irrigated maize at all growth 

stages in both 1994 and 1996. The leaf area was maximum at 60 DAS wherein both fertigation 

(5791.7 cm^ and 5735.1 cm^ in 1994 and 1996 respectively) and drip irrigation (5623.7 cm^ and 

5S93.8 cm^ in 1994 and 1996 respectively) were on par with each other but significantly st^erior to 

fiirrow method which produced 5131.2 cm^ and 3218.7 cm^ leaf area in 1994 and 1996 respectively 

(Fig. 4.6). Similar trend was observed at 90 DAS during both the years. 

A decrease in fertilizer level from 100% recommended dose to 80% dose did not 

statistically affect the leaf area at various growth stages. Both the NF and WSF sources were on par 

with respect to leaf area in maize. 

Though not significant, higher leaf area (535 cm' - 5821 cm') was obtained with 

either NF or WSF at 100% recommended dose in fertigation while application ofNF or WSF at 80% 

reconunended dose in furrow method had the lowest leaf area (458 cm' - 5124 cm') at all growth 

stages. 



66 

Table-4.16 ; Leaf area in maize as influenced by methods of irrigation, levels and sources of 
fertilizer during 1994 and 1996 

Treatments 

i 

! 
Main treatments 
Irrigation methods 
Ii Furrow 

1 bDrip 
h Fertigation 

Ftest 
CD at 5% 

Fertilizer levels 
Lt 80% Rec. dose 

' L2100% Rec. dose 
Ftest 
CD at 5% 

t Fertilizer sources 
' SiNF 

SjWSF 
Ftest 

CD at 5% 
Combined treatments 
Furrow irrigation 
Ti 80% Rec. dose NF 
T2 80% Rec. dose WSF 
TT 100% Rec. dose NF 

: T4100% Rec. dose WSF 
Drip inisation 

i T5 80% Rec. dose NF 
T« 80% Rec. dose WSF 
T7100% Rec. dose NF 

1 Ts 100% Rec. dose WSF 
Fertixation 
T9 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
Til 100% Rec. dose NF 
T12100% Rec. dose 
WSF 
F test 
CD. at 5% 

30 DAS 
1994 

466.2 
506,3 
528.6 
NS 
-

491.5 
509.3 
NS 

500.6 
500.2 
NS 
-

459.5 
458.6 
467.8 
479.1 

498.5 
490 3 
515.3 
521.1 

527.2 
514.8 
535.3 
537.1 
NS 
-

1996 

483.9 
510.2 
525.8 
* 
20.8 

497.1 
516.2 
NS 
-

505.8 
507.6 
NS 
-

466.9 
477.4 
488.3 
503.2 

488.8 
501.5 
530.3 
520.2 

529.3 
518.6 
531.2 
524.2 

' 

Leaf area(cm /̂plant) 
60 DAS 90 DAS 

1994 

5131.2 
5623.7 
5791.7 
* 
390.1 

5387.5 
5643.6 
NS 
-

5473.7 
5557.4 
NS 
-

4909.8 
5013.4 
5245.6 
5356.1 

5455.4 
5456.1 
5649.5 
5933.8 

5715.8 
5774.4 
5866.3 
5810.2 
NS 
-

1996 

5218.7 
5593.8 
5735.1 
* 
343.1 

5439.9 
5591.9 
NS 
-

5518.8 
55129 
NS 
-

5173.5 
5124.7 
5268.4 
5308.2 

5535.2 
5479.8 
5657.5 
5702.7 

5685.2 
5640.9 
5793.2 
5821.2 
NS 
-

1994 

3929.5 
4278,2 
4495.4 
* 
320.2 

4179.5 
4289.3 
NS 
-

4232,9 
4235.8 
NS 
-

3855.5 
3817.3 
3975.2 
4070.0 

4220.1 
41806 
4390.8 
4321.3 

4528 3 
4475.2 
4427.9 
4550.4 
NS 
-

1996 

i 

3911.6 j 
4207.8 ' 
4326.5 ! 

i 
296.0 

1 
4098.6 
4198.6 
NS : 
-

4143.5 
41538 
NS 
-

3809.5 
3857.6 
4017.6 
3961.7 

4181.5 
4128.9 
4277.6 
4243.2 

4276.5 
43378 
4298.1 
4393.6 
NS 

1 
^ A 

Rec. Dose=150:75:50kg NiPjOsiKjO/ha * = Significant 
DAS = Days after sowing NS = Non-significMtt 

NF =* Normal fertilizer 
WSF = Water soluble fertilizer 
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80%NF 80%W8F 100%NF 
100%WSF J 

Fig. 4.6 : LMf ana in maizt at 60DAS as influancad by 
fertloation, drip and furrow with laveis and sourcas of fartilizar 

(maan of two ywrs) 
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4.4 J Nuniier of teaveg per ptant 

Data on Dumber of leaves at 60 days atter sowing as influenced by methods of 

irrigation, levels and sources of fertilizer during 1994 and 1996 are presented in Table-4.17. 

Nuifihcr of IcHvcK j)LT plaiil diniTod KigtiiricHiilly due lo tliroct L-ITCCI (if irrigHliMlJ 

methods. Maximum number of leaves (13.4 and 13.5 in 1994 and 1996 respectively) recorded with 

fertigation treatment was significantly superior to 12.1 (1994) and 12.6 (1996) leaves per plant 

recorded with furrow method but statistically equal to 12.8 (1994) and 13.1 (1996) leaves observed 

in drip irrigated maize. 

Reduced fertilizer level (80%) or NF source did not bring changes in the number of 

leaves as conq)ared to 100% fertilizer level or WSF source respectively. The variatiMi in number of 

leaves from 11.8-13.6 leaves per jrfant showed no intemction effects both in 1994 and 1996. 

4.4.4 Leaf Area Index (lAI) in maize 

Leaf area index as influenced by methods of irrigation levels and sources of fertilizer 

at 30, 60 and 90 DAS is presented in Table-4.18. 

Leaf area index in maize showed significant variation under the influence of irrigation 

methods except at 30 DAS to 90 DAS during 1994. LAI values obtained with fertigation from 30 to 

90 DAS (0.29 TO 3.12/plant) were significantly superior to corresponding values 0.26 to 2.90 

recorded widi furrow treatment However, LAI of 0.28 to 3.10 per plant produced by drip irrigated 

maize was on par with both fertigation furrow treatments. 
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Table-4.17 : Number of leaves per plant in maize at 60 days ailer sowing as influenced by 
mcthocb of irrigation, Icvclo ond sources of fertilizer during 1994 nnd 1996 

Treatments 

Main treatments 
Irriaation methods 
I] Furrow 
IjDrip 
I3 Fertigfttion 

Mean 
Fertilizer sources 
S iNF 
S2WSF 

Mean 

Lrrisation methods 
1 Ii Furrow 

I2 Drip 
D Fertigation 

Mean 

Li-100%R.D. | ; ^ p 

L.8a%R.D, ^ : ^ 3 p 

I 
L 
S 
I x L 
L x S 
IxS 
I x L x S 

Rcc. Dosc=l50:75:50kg N:P; 
DAS = Days after sowing 

80% 
Rec. dose 

(Li) 

11.8 
12.5 
13.3 

12.6 

12.6 
12.6 

1.26 

12.2 
12.7 
13.3 

12.7 

Ii 

11.9 
11.8 

12.5 
12.4 

F-test 
* 

NS 
NS 
NS 
NS 
NS 
NS 

!05:K20/ha 

Number of! 
1994 
100% 

Rec. dose Mean 
(L2) 

12.4 12.1 
13.1 12.8 
13.4 13.4 

13.0 

12.9 12.7 
13.1 12.8 

13.0 

12.1 
121 12.8 
12-9 13.4 
13.4 

12.8 

fe h 
12.6 13.3 
12.5 13.4 

12.9 13.3 
13.3 13.5 

CD at 5% 
0.7 
-
-
-
-
-
-

* = Significant 
NS = Non-sigpificant 

eaves/plant 

80% 
Rec. dose 

(L.) 

12.3 
12.8 
13.5 

12.9 

12.9 
12.9 

12.9 

12.6 
13.1 
13.4 

13.1 

II 

12.3 
12.3 

12.9 
12.8 

F-test 
* 

NS 
NS 
NS 
NS 
NS 
NS 

1996 
100«/o 

Rec. dose 
(L2) 

12.8 
13.4 
13.5 

13.2 

133 
13.2 

13,2 

12.6 
13.1 
13.6 

13.1 

k 
12.8 
12.9 

13.5 
13.3 

Mean 

12.6 
13.1 
13.5 

13.1 
I3.I 

12.6 
13.1 
13.5 ! 

1 

k 
13,5 
13.5 

13.4 
13.6 

CD at 5% 
0.7 
-
-
-
-
-

-
i 

NF = Normal fertilizer 
WSF = Water soluble fertilizer 
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Table-4.18 : Leaf area index in maize as influenced by methods of irrigation, levels and sources 
of fertilizer during 1994 and 1996 

Treatments 

Main treatments 
Irrigation methods 
Ii Furrow 
IzDrip 
h Fertigation 

Fteat 
CD at 5% 

Fertilizer levels 
Lt 80% Rec. dose 
L2100% Rec. dose 

Ftest 
CD at 5% 

Fertilizer sources 
SiNF 
S2WSF 
Ftest 

CD at 5% 
Combined treatments 
Furrow irriaation 
T] 80% Rec. doie NF 
T2 80%Rec. doseWSF 
TjlOOHRec.doseNF 
T4100% Rec. dose WSF 
Drio irriftatioD 
Tj80%Rec. doseNF 
T6 80% Rec. dose WSF 
T7100%Rec. doseNF 
Tg 100% Rec. dose WSF 
Fertioation 
T9 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
Til 100%Rec. doseNF 
T12100% Rec. dose 
WSF 
F test 
CD. at 5% 

Rec. Do«e=150:75:50kg NJ>2 
DAS = DsyK sfter sowing 

30 DAS 
1994 

0.26 
0.28 
0.29 
NS 

-

0.27 
0.28 
NS 

-

0.28 
0.28 
NS 

0.25 
0.25 
0.26 
0.27 

. 

0.28 
0.27 
0.29 
0.29 

0.29 
0.29 
0.30 
0.30 
NS 

-

Oj.KaO/hs 

1996 

0.27 
0.28 
0.29 

* 

.01 

0.27 
0.28 
NS 

• 

0.28 
0 28 
NS 

-

0.26 
0.26 
0.27 
0.28 

0.27 
0.28 
0.29 
0.29 

0.29 
0.29 
0.29 
0.29 
NS 

• = Signifi 
NS = Non-

Leaf area L index 
60 DAS 

1994 

2.84 
3.12 
3.22 

* 

0.31 

2.99 
3.13 
NS 

• 

3.04 
3.09 
NS 

-

2.72 
2.78 
2.91 
2.97 

3.03 
3.03 
3.14 
3.30 

3.17 
3.21 
3.26 
3.23 
NS 

-

cant 
signiflcaitt 

1996 

2.90 
3.10 
3.18 

* 

0.18 

3.02 
3.11 
NS 

-

3.06 
3.06 
NS 

-

2.87 
2.85 
2.93 
2.95 

3.07 
3.04 
3.14 
3.17 

3.16 
3.13 
3.22 
3.23 
NS 

-

90 DAS 
1994 

2.18 
2.37 
2.45 

* 

0.19 

2.32 
2.38 
NS 

• 

2.35 
2.34 
NS 

-

2.14 
2.12 
2.21 
2.26 

2.34 
2.32 
2.44 
2.40 

2.51 
2.49 
2.46 
2.53 
NS 

-

NF = Nonnal fertilizer 
WSF = ' 

1996 

2.17 
2.34 
2.40 

* 

0.17 

2.27 
2.33 
NS 

. 

2.30 
231 
NS 

-

2.11 
2.14 
2.23 
2.20 

2.32 
2.29 
2.38 
2.36 

2.37 
2.41 
2.39 
2.44 
NS 

-

1 

^ater soluble fertilizer 
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F«TtiUz«T IPVPID OTI BOTR-ceB did irot produce eignificnnt rvsponBC in trrmB of LAI in 

maize at any stage or year. Likewise, difierence in LAI values of 0.25 to 0.30 at 30 DAS, 2.72 to 

3.26 at 60 DAS and 2.11 to 2.53 at 90 DAS were not stntistically significaDt 

4.4.5 Total diy matter In maize 

Data on total dry matter accumulation (DMA) at 30, 60, 90 DAS and at harvest as 

influenced by methods of irrigation, levels and sources of fertilizers are presei^d in Table-4.19. 

DMA was considerably influenced by main effect of irrigation methods. Significant 

increase in DMA was associated with fertigation treatment at all growth stages viz., 30, 60, 90 DAS 

and at harvest except at 30 DAS in 1994. DMA in fertigation at these growth phases ranged from 

3.86 to 223.75 g plant' in both the years 1994 and 1996 compared to 3.75 g - 209.76 g plaitf' 

obtained with drip method. Furrow iirigated maize showed significantly lower DMA of 3.62 g -

190.56 g plant' at all growth stages compared to fertigation (Fig. 4.7). 

The effect of fertilizer levels on the total dry matter per plant waa significant at 30 

DAS in 1996, 90 DAS in 1994 and at harvest in 1996. The 100% recommended dose at these stages 

registered higher DMA (3.82g, 139.97g and 213.8 g plant') compared to the 80% level (3.66 g, 

122.81 g and 202.24 g plant' correspondingly). Fertilizer sources did not significantly influence 

DMA at any stage. Interactions among different fectors and their levels also diowed no significant 

effect on DMA in maize. 
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Table 4.19 . Total dry matter accumulation in maize as influenced by methods of irri|D;ation, 
levels and sources of fertilizer during 1994 and 1996 

Treatments 
Total dry matter accumulation (g/plant) 

30 DAS 
1994 1996 

60 DAS 
1994 1996 

90 DAS 
1994 1996 

At Harvest 
1994 19« 

Main treatments 
Irrigation methods 
Ii Furrow 
IjDrip 
I3 Fertigation 

Ftest 
CD at 5% 

Fertilizer levels 
L| 80% Rec. dose 
L2100% Rec. dose 

Ftest 
CD at 5% 

Fertilizer sources 
SiNF 
S2WSF 
Ftest 

CD at 5% 
Combined treatments 
Furrow irrigation 
Ti 80% Rec. dose NF 
T2 80% Rec. dose WSF 
T3l00%Rec. doseNF 
T4100% Rec. dose WSF 
Drip irrigation 
T5 80% Rec. dose NF 
Ti 80% Rec. dose WSF 
T7100% Rec. dose NF 
Tg 100% Rec. dose WSF 
Fertigation 
Tj 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
Til 100%Rec. doseNF 
Ti2l00%Rec. dose 
WSF 
F test 
CD. at 5% 

366 
3.82 
3.93 
NS 

-

3.78 
3.84 
NS 

3.80 
3.80 
NS 

-

3.60 
365 
3.68 
3.71 

3.84 
3.80 
3.84 
3,80 

3.87 
3.85 
3.98 
4.02 
NS 

-

i 

3.62 
3.75 
3.86 

* 

0.15 

3.66 
3.82 

« 

0.12 

3.73 
3.76 
NS 

-

3.51 
3.56 
3.68 
3.73 

3.65 
3.73 
3.84 
3,78 

3.72 
3.81 
3.9o 
3.94 
NS 

-

68.57 
84.20 
94.49 

* 

10.95 

78.46 
86.39 
NS 

-

82.70 
82.18 
NS 

-

65.71 
66.20 
69,05 
73.32 

80.45 
78.74 
90.85 
86.96 

91.72 
87.92 
98.22 
100.12 

NS 
-

72.76 
86.34 
9343 

« 

14.45 

80.37 
87.98 
NS 

-

83 89 
84.46 
NS 

-

67.08 
69.25 
75,78 
78.93 

83.32 
83.23 
90.08 
88.72 

91.05 
88.32 
96.06 
98.29 
NS 

-

110.51 
132.85 
150.78 

* 

25.33 

122.81 
139.97 

* 

16.84 

131.50 
131.28 

NS 
-

101.52 
103.81 
118.49 
118.24 

123.23 
119.60 
145.17 
143.54 

145.40 
143.31 
155.21 
159.20 

NS 
-

116.98 
136.06 
148.88 

« 

24.02 

124.74 
143.88 

NS 
-

132.64 
135.97 

NS 
-

104.79 
108.18 
125.16 
129.78 

124.29 
126.15 
147.15 
150.65 

141.20 
143.82 
153.27 
157.25 

NS 
-

185.18 
203.94 
218.46 

* 

19.74 

196.36 
208.69 

NS 
-

202.32 
202.73 

NS 
-

177.57 
180.32 
191.35 
191.47 

196.31 
194.28 
213.83 
211.36 

213.51 
216.16 
221.36 
222.80 

NS 
-

190 
209 
223 

« 

14. 

202 
213 

* 

11. 

207 
208 

N: 
-

184 
182 
195 
199 

202 
205 
216, 
214 

221 
217 
226 
229 1 

Nt 1 
1 

i 

i 

Rec. Dosc=l 50:75:50kg N:P205:K20/ha 
DAS = Days after sowing 

* = Significant 
NS - Non-significant 

NF = Normal fertilizer 
WSF = Water soluble fertilizer 
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Fig. 4.7: Diy matter (g/plant) at harvest In maize as 
Influenced by fertlgatlon, drip and furrow with levels and 

sources of fertilizer (mean of two years) 



72 

4.4.6 Dtymatter distritxiion in nnize 

Data on dry matter distribution into stem, lesf̂  tassel, silk, cob sheath and cob at 30, 

60, 90 DAS and at harvest as influenced by methods of irrigation, levels and sources of fertilizer are 

presented in Tabie-4.20. 

Dry nialtcr tUslrilwlMin ul 30T>A?i 

Both stem and leaf dry matter was significantly influenced due to methods of 

irhgatioa Feitigation treatment significantly increased stem dry matter fi-om 1.31 g (1994) and 1.33 

g (1996) in fiirrow to 1.38 g and 1.42 g respectively. Corresponding values 1.36 g and 1.39 g for 

drip method were on par to both fertigation and finrow irrigatioa Leaf dry matter showed 

significant increase due to fertigation only in 1996 viiierein the value was ttie highest (2.44 g plaof') 

conq>ared to furrow treatment (2.29 g plant^). 

Variations in dry matter distribution due to fertilizer levels or sources and mteractions 

among treatment combinations were not significant 

Diy matter dlatribution at 60 DAS 

Fertigation method produced significantly higher leaf̂  stem and cob dry matter in 

both the years and silk dry weigfit in 1996 (TabIe-4.20). 

Tlie leaf dry matter of 33.2 g and 32.7 g plant' in 1994 and 1996 respectively 

obtained with fertigation was significantly si^erior to 23.6 g and 24.9 g plmt' req>ectively observed 

in furrow method but was on par with 29.3 g and 31.0 g plant' leaf dry weight recorded with drip 

irrigated maize. 
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Table-4.20 : Dry matter distribution in maize as influenced by methods of irrigation, levels and 
sources of fertilizer during 1994 and 1996 

"1 

Treatments 
Dry matter distribution (g/piant) 

30 DAS 60 DAS 

Leaf Stem I^af Stem Tassel 

1994 1996 1994 1996 1994 1996 1994 1996 1994 1996 

Mam treatments 
Inigation methods 
I, Rirrow 
IjDi^ 

113 Fertigation 
Ftest 

i CD at 5% 
j Fertilizer levels 

LI 80% Rcc. dose 
L2100% Rcc. dose 

Ftest 
CD at 5% 

Eotilkcr 89urcc8 
S, NF 
32 WSF 
Ftest 

CD at 5% 
Combined treatments 
FufTow inigation 
Tj 80% Rec. dose NF 
T2 80%Rec.do8cWSF 
T3100% Rec. dose NF 
T4l00%Rec.dO8eWSF 
Drip irrigation 
T580%Rec. doseNF 
Trt 80% Rec. dose WSF 

\ i7lOU%Kct. doscNl* 
Tg 100% Rec. dose WSF 
Fertigation 
Ts 80% Rcc. dose NF 
T,o 80% Rec. dose WSF 
Tu 100%Rcc. doseNF 
T12100% Rcc. dose WSF 
F test 
CD. at 5% 

2.35 
2.46 
2.35 
NS 
• 

2.43 
2.49 
NS 
-

2.44 
2.46 
NS 
-

2.27 
2.35 
2.36 
2.42 

2.46 
2.42 
2.46 
2.50 

2.52 
2.47 
2.59 
2.62 
NS 
. 

2.29 
2.36 
2.44 
* 
0.09 

2.32 
2.41 
* 
0.06 

2.36 
2.37 
NS 
-

2.20 
2.27 
2.35 
2.34 

2.29 
2.34 
2.41 
2.40 

2.38 
2.42 
2.51 
2.45 
NS 
. 

1.31 
1.36 
1.38 
* 
0.05 

1.32 
1.37 
NS 
-

1.35 
1.35 
NS 
-

1.30 
1.27 
1.35 
1.32 

1.31 
1.34 
1.41 
1.38 

1.35 
1.38 
1.39 
1.40 
NS 
-

Rcc. Dosc=150;75:50kgN3>205:K20/ha 
DAS = Days after sowing NS 

1.33 
1.39 
1.42 
m 
0.06 

1.34 
1.42 
« 
0.08 

1.37 
1.39 
NS 

1.31 
1.29 
1.33 
1.38 

1.33 
1.35 
1.46 
1.42 

1.35 
1.41 
1.42 
1.50 
NS 

23.57 
29.26 
33.17 
* 
3.43 

26.62 
30.71 
* 
3.10 

28.73 
28.60 
NS 

21.86 
22.93 
23.36 
26.13 

27.85 
25.17 
33.36 
30.66 

32.37 
29.56 
33.58 
37,17 
NS 

- Significant 
> = Non-s ignificant 

24.89 
31.03 
32.56 
* 
4.98 

26.99 
32.00 
I * 

4.50 

29.26 
29.73 
NS 

22.27 
24.39 
25.15 
27.75 

28.36 
26.59 
35.17 
34.00 

31.16 
29.15 
33.44 
36.49 
NS 

NF = 
WSF 

35.12 
43.74 
49.85 
• 
6.53 

40.89 
44.92 
* 
3.61 

42.78 
43.03 
NS 

34.27 
33.56 
35.48 
3717 

40.25 
42.24 
47.1U 
45.39 

46.50 
48.51 
53.10 
51.31 
NS 

38.21 
44.37 
49.16 
* 
6.27 

41.51 
46.31 
NS 
-

43.67 
44.16 
NS 

36.27 
34.18 
38.67 
43.72 

41.47 
43.25 
46.50 
46 26 

47.35 
46.24 
51.74 
50.99 
NS 

Nonnal fertilizer 

5.83 
6.39 
6.73 
NS 
-

618 
6.46 
NS 

633 
6.30 
NS 

5.63 
5.71 
5.96 
6.02 

6.28 
6.21 
6.64 
6.43 

6.65 
6.57 
6.81 
6.89 
NS 

= Water soluble fertilizer 

5.92 
6.44 
6.59 
NS 
• 

6.26 
6.38 
NS 
-

6.31 
6.32 
NS 

581 
5.87 
6.03 
5.97 

6.43 
6.17 
6.44̂  
6 54 

6.51 
6.57 
6.66 
6.62 
NS 

Contd. 
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Table-4.20: (ContA.) Dry matter distribution in maize as influenced by methods of irrigation, 
levels and sources of fertilizer during 1994 and 1996 

Treatments 

Main trertmeots 
Tnigation mctfaods 
Ii FiUTOw 

I3 Fcrtigation 
Ftest 
CD at 5% 

FertitiTcr levels 
Lt 80% Rec. dose 
LjlOOToRec. dose 

Ftest 
CD at 5% 

Fcrtiliar wurtcs 
Si NF 
S2 WSF 
Ftest 

CD at 5% 
Conrf)ined treatments 
RflTow imgation 
Ti 80% Rec. dose NF 
Ta 80% Rec. dose WSF 
T3100% Rec. dose NF 
T4l00%Rec.doseWSF 
Drip irrigation 
Tj80%R6C. doscNF 
T« 80% Rec. dose WSF 
T7100% Rec. dose NF 
T«100%Rcc.do8eWSF 
Fertigation 
T9 80%Rcc. doseNF 
Tio 80% Rec. dose WSF 
Tu 100% Rec. dose NF 
Ti2100% Rec. dose WSF 
F test 
CD. at 5% 

Diy matter distnbution (g/plant) 
60 DAS 90 DAS 

Silk Cobsheadi Cob Stem Leaf 

1994 1996 1994 1996 1994 1996 1994 1996 1994 1996 

0.09 
0.11 
0.12 
NS 

0.10 
0.11 
NS 

0.11 
0.10 
NS 

0.08 
0.09 
0.09 
0.10 

0.13 
0.10 
0.12 
0.10 

0.11 
0.12 
0.13 
0.12 
NS 

0.13 
0.14 
0.15 

0.01 

0.13 
0.15 
NS 

0.14 
0.14 
NS 

0.13 
0.10 
0.14 
0.14 

0.13 
0.14 
0.13 
0.16 

0,13 
0,15 
0.16 
0.16 
NS 

2.83 
3.20 
3.45 
NS 

3.09 
3.23 
NS 

3.17 
3.15 
NS 

2.73 
2.80 
2.99 
2.82 

3.12 
3.17 
3.26 
3.23 

3.39 
3.35 
3.55 
3.51 
NS 

2.88 
3.23 
3.41 
NS 

3.12 
3.22 
NS 

3.18 
3.17 
NS 

2.80 
2.93 
2.95 
3.20 

3.20 
3.15 
3.20 
3.27 

3.39 
3.36 
3.45 
3.44 
NS 

1.15 
1.36 
1.55 

0.16 

1.32 
1.38 
NS 

1.35 
1.36 
NS 

1.14 
1.11 
1,17 
1.18 

1.31 
1.34 
1.38 
1.41 

1 53 
1.48 
1.55 
1.62 
NS 

1.23 
1.42 
1.58 

1.38 
1.44 
NS 

1.42 
1.40 
NS 

1.20 
1.16 
1.26 
1.30 

1.39 
1.36 
1.44 
1.49 

1.60 
1.55 
1.61 
1,56 
NS 

41.25 46.40 
49.26 49.94 
54,21 53.02 

44.29 
52.18 
NS 

48.70 
47.78 
NS 

47.66 27.88 
51.91 32.35 
NS NS 

38.69 42.78 
37.21 44.57 
45.21 49.51 
43.87 48.74 

42.58 49.18 
45.51 47.37 
55.18 52.02 
53.77 51.19 

51.26 50.40 
50.15 51.69 
58.91 53.82 
56.16 56,19 
NS NS 

25.71 27.36 
30.26 32.04 
34,35 33,68 

0.18 7.43 3.59 5.39 3.38 

29.36 
32.69 
NS 

49.62 30,31 31,08 
49.96 29.90 30.98 
NS NS NS 

24.18 25.48 
23.37 25.81 
28.10 29.61 
27.19 28.54 

27.74 28.84 
25.39 30.06 
34.15 35.08 
33.76 34.18 

34.16 33.57 
32.47 32.42 
33.55 33.88 
37,22 34.85 
NS NS 

Rec. Dose=150:75:50kg Ni>205:K20/ha * = Significant 
DAS = Days after sowing NS = Nonsignificant 

NF = Nonnal fertilizer 
WSF = Water soluble fertilizer 

Contd. 
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Table-4 20: (Contd. ) Dry mattei distiibutjon in maize as iiillueacf^d by methods of iirigation, 
levels and sources of fertilizer durmg 1994 and 1996 

• 

Treatments 

Main treatments 
Irrigation methods 
I) Furrow 
l2Drip 
I3 Fertigation 

Ftcst 
C D at 5% 

Fertilizer levels 
Li 80% Rec. dose 
L^100%Rec dose 

Ftcst 
C D at 5% 

Fertilizer sources 
S, NF 
S2 WSF 
Ftest 

C D at 5% 
Combined treatments 
Funow irrigation 
T, S0% Rec. dose NF 
T2 80% Rec dose WSF 
T3100<)'o Rec. dose NF 
T4100% Rec, dose WSF 
Drip irrigation 
T, 80% Rec. dose NF 
Te 80% Rec, dose WSF 
T7 lOO '̂i Rec. dose NF | 
TglOO^b Rec. dose WSF 
FcrtigatioD 
To 80«''o Rec. dose NF 
Tio 8 )̂% Rec. dose WSF ! 
Til 100% Rec. dose NF I 
T,2lOO%Rec. dose WSF! 
F test 
CD, at 5% 

Rec, Dosc=l 50:75;* 
DAS = Days after 

Tassel 

1994 

^ 
2.70 
3.19 
3.47 
* 

0.51 

3.09 
3.15 
NS 
-

3.09 
3.18 
NS 
-

2.55 
2.80 
2.77 
2.70 

3.14 
3,18 
2.95 
348 

340 
3.45 
3.54 
3.45 
NS 
-

>0kg N:P 
sowing 

19% 

3.05 
349 
3.68 
NS 
-

3.32 
3.49 
NS 
-

3.39 
3.43 
NS 
-

2.93 
3.00 
3 10 
3.17 

3.38 
3.44 
3.61 
3. 53 

3.56 
3,60 
3,74 
3.82 
NS 
• 

Dry matter distribution (g/plant) 
90 DAS 

Silk 

1994 

0.62 
0.74 
0.80 
# 

0.11 

0.70 
0.74 
NS 
-

0.72 
0.72 
NS 
• 

0.61 
0.59 
0.63 
0.66 

0.70 
0.72 
079 
0.75 

0.77 
0.81 
0.82 
0.81 
NS 
• 

205;K20/ha * -
NS 

1996 

0.69 
0.73 
0.82 
i » 

0.11 

0.71 
0.78 
NS 
-

0.74 
0.75 
NS 
-

0.63 
0.67 
0.74 
0.72 

0.71 
0.68 
0.75 
0.78 

0.78 
0.82 
0.85 
0.83 
NS 
• 

Cob sheath 

1994 

11,37 
1405 
1693 
NS 
-

12.48 
15.75 
NS 
• 

13.77 
14.47 
NS 
-

8.55 
10.04 
1271 
14.18 

1218 
11.36 
17.09 
15.57 

15.70 
17.08 
16.37 
18.57 
NS 
• 

Significant 
= Non-

1996 

10.44 
14.37 
17.59 
• 

3.79 

12.02 
16.44 
« 

4,18 

13,64 
14,62 
NS 
-

8,87 
7.31 
11.45 
14,13 

11.48 
12,80 
16.06 
17.14 

15.15 
i6,:.2 
18.84 
19.85 
NS 
• 

NF 

Cob 

1994 

31,21 
36.14 
40.81 
m 

466 

33.49 
38.57 
NS 
-

35.64 
36.41 
NS 
• 

26.40 
28.94 
34.30 
34,84 

34.65 
33.28 
37.38 
39,25 

38.56 
39.12 
42.53 
43.04 
NS 
-

19% 

31.36 
36.09 
39.92 
* 

6 24 

33.57 
38.01 
NS 

35.56 
36.01 
NS 
-

28.50 
28.86 
33.07 
35.00 

34.28 
34.30 
38.41 
37.37 

36 36 
39,12 
42,74 
41.45 
NS 
• 

At harvest 

Stem 

1994 

46,73 
4 9 % 
53.19 
NS 
-

48.00 
51 52 
NS 
-

49.62 
50.30 
NS 
-

43.85 
4 4 % 
47.64 
50.47 

48.86 
46.75 
51.05 
53.18 

51.26 

55.07 
54.10 
NS 
• 

= Normal fertilizer 

19% _̂  

47.36 
5180 
56.35 1 
* 1 
6.24 ; 

50.20 
53.47 
NS 
• 

52.26 
51.42 
NS 1 
-

i 

1 
46,54 ! 
44.36 
48.26 
50,28 

51.74 
48.26 
53.35 
5386 

55-95 
54.37" ; 
57.71 , 
57.37 ' 
NS 

i 

significant WSF = Water soluble fertilizer 

Cootd. 
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Table-4.20: (Contd.) Dty matter distribution in maize aa mtluenced by inethoda ot imgation, 
lovelo and uourccn of fertilizer during 1994 and 1996 

Treatments 

Main treatments 
InigatiQn oi?tli9ds 
Ii Furrow 
laDrip 
1} Fcrtigation 

Ftest 
CD at 5% 

Fertilizer levels 
L, 80% Rec. dose 
L3100% Rec. dose 

Ftest 
CD at 5% 

Fertilizer sources 
S, NF 
S2 WSF 
Ftest 

CD at 5% 
Combined treatments 
F\flTow inigation 
Ti 80% Rec. dose NF i 
T2 80% Rec. dose WSF ; 
T3100% Rec. dose NF 
T^100%Rcc.doseWSF 
Drip irrigation 
T̂  80% Rec. dose NF 
Tfi 80% Rec. dose WSF i 
T7100% Rec. dose NF i 
T«100%Rec.doseWSF i 
Fertigation 
T9 80% Rec. dose NF 
Tio 80% Rec. dose WSF i 
Tii 100% Rec. dose NF | 
T,2lOO%Rec. dose WSF 
F test 
CD. at 5% 1 

Rec. Dose=150:75:5 
DAS = Days after 

Leaf 

1994 

17.74 
20.32 
23.65 
• 

2.97 

19.31 
21.83 
NS 
-

20.29 
20.85 
NS 
. 

16.57 
15.05 
20.19 
19.15 

18.16 
19.87 
21.94 
21.30 

22.36 
23.84 
22.53 
25.87 
NS 

0kg N:P 
sowing 

19% 

18.98 
21.76 
23.47 
NS 
-

20.33 
22.47 
NS 
-

21.31 
21.50 
NS 
-

18.28 
17.63 
19.67 
20.34 

19.35 
21.93 
22.87 
22.89 

23.17 
21.65 
24.50 
24.56 
NS 
-

205:K20/ 

Dry matter distribution (g/plan 

Tassel 

1994 

2.83 
3.41 
3.50 
NS 
-

3.17 
3.32 
NS 
-

3.25 
3.24 
NS 
-

2.78 
2.70 
2.89 
2.95 

3,32 
3.30 
3.48 
3.54 

3.48 
3.45 
3.56 
3.51 
NS 
-

Iia * = 
NS 

19% 

2.90 
3.41 
3.55 
NS 
-

3.24 
3.33 
NS 
-

3.29 
3.29 
NS 
-

2.87 
2.84 
2.94 
2.94 

3.34 
3.31 
3.48 
3.51 

3.55 
3.53 
3.55 
3.58 
NS 
-

At harvest 

1994 

0.57 
0.66 
1.71 
NS 
-

0.62 
0,67 
NS 
-

0.64 
0.65 
NS 
• 

0.55 
0.53 
0.59 
1.61 

0.62 
0.64 
0.71 
0,67 

0.69 
0.71 
0.71 
0.73 
NS 
-

Significant 
= Non-i 

Silk 

19% 

0.59 
0.55 
0.68 
NS 
-

0.62 
0.65 
NS 
-

0.63 
064 
NS 
-

0.56 
0.56 
0.60 
0.64 

0,63 
0.65 
0.66 
0,65 

0.68 
0.66 
0.67 
0.70 
NS 
-

NF 

t) 

Cob sheath 

1994 

13.65 
16.06 
17.83 
* 
2.13 

14.54 
17,15 
* 
2.53 

15.94 
17.77 
NS 
-

11.66 
12.34 
15,47 
15.11 

13,74 
15.22 
18.16 
17,12 

17.56 
16.71 
18.95 
18.11 
NS 
-

19% 

12.97 
15.75 
18,38 
• 

2.81 

14.63 
16.68 
NS 
-

15.36 
16.04 
NS 
-

11.05 
11.47 
15,19 
14.17 

13,56 
15.18 
17.77 
16.50 

17.10 
19,43 
17.50 
19.47 
NS 
-

Cob 

1994 

105.73 
114.77 
120.86 
•> 

8.52 

115.40 
116.03 
NS 
-

114.15 
113.43 
NS 
-

102.45 
105.16 
108.53 
106.78 

112.94 
110.36 
119.52 
116,26 

118.57 
119,76 
122.87 
122,24 
NS 
-

= Noimal fertilizer 
significant WSF = Water soluble fertilizer 

19% 

110.2 
117.5. 
122,2 
* 
7.51 

114.4; 
iis.s-
NS 
-

116.4* 
116.8̂  
NS 
-

106.6. 
108.7 
111.31 
114.11 

115.2' 
115.5) 
120.? 
118.5 

121.1* 
119.2 
123.5 
125.0. 
NS 
-
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llie corresponding dry matter values for stem (49.S g and 49.2 g) and cob (1.5 g and 

1.6 g) were also signillcantiy superior to firrow method (35 1 g, 38.2 g, 1 1 g and 1.2 g 

respectively). However, dry matter in tassel and cob sheath in both years and silk in 1994 did not 

respond significantly due to irrigation treatments. 

Fertilizer level at 100% significantly increased leaf dry weight in both the years (30.7 

g and 32.0 g plant') and stem dry matter in 1994 (44.9 g plant') as conq>«'ed to 80% level (26.6 g 

and 27.0 g leaf dry weight and 40.9 g stem dry weight correspondingly). 

The dry matter distribution in tassel, silk, cob sheath or cob was not affected by 

reducing fertilizer level by 20% in both the years. 

Differences noticed in terms of dry matter distribution due to fertilizer sources were 

not statistically significant Likewise, combined effect of different treatments did not cause 

significant response with respect to dry matter partition into different plant parts. 

Diy matter distribution 8t 90 DAS 

Dry matter distribution was significantly influenced by direct effect of irrigation 

methods barring tassel dry matter in 1996 and cob sheath dry weight in 1994. The highest dry 

matter values 54.21 g (1994) and 53.02 g (1996) in stem, 34.35 g (1994) and 33.68 g (1996) in leaf. 

3.47 g (1994) in tassel, 0.80 g (1994) and 0.82 g (1996) in silk, 17.59 (1996) m cob sheath and 40.89 

g (1994) and 39.92 g (1996) in cob were significantly superior to furrow method which produced 

41.25 g (1994) and 46.40 g(1996) stem dry matter, 25.71 g (1996) leaf dry matter. 2.70 g (1996) 

tassel dry matter, 0.62 g (1994) and 0.69 g (1996) silk dry weight, 10.41 g (1996) cob sheath dry 

weight, 31.21 g (1994) and 31.36 g (1996), cob dry matter respectively. Hie drip treatment was also 
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fciigiiificantly superior to furrow method with respect to dry matter in stem during 1994, leaf in 1996, 

silk m 1994. cob sheath in 1996 and cob drv matter in 1994. 

The dry matter partition did not vary significantly between the full dose (100%) and 

reduced dose (SÔ -o) or NF and WSF sources except fertilizer level on cob sheath in 1996 where full 

dose produced 16.24 g plant' compared to 12 02 g plant' with 80% dose. Sources of WSF and NF 

produced identical dry matter distribution in all plant parts. 

Variations in dry matter partition due to interaction among main factors and their 

levels were not found significant 

Dry matter distribiAioii at harvest 

The data presented in Table 4.20 indicated that fertigation influenced the dry matter 

distribution in 1996 in stem (56.35 g), leaf (23.65 g) and cob sheath and in both the yean in (17.83 

and 18.38 g) and cob (120.8 and 122.2 g) compared to furrow irrigation (47.36 g of stem, 17.74 g of 

leaf in 1996 and 13.65 g and 12.97 g of cob sheath, 105.73 and 110.21 g plant' of cob in 1994 and 

1996 correspondingly. The drip method was also significantly superior to furrow with respect to cob 

dry weight (114.77 g plant') only in 1994 but was on par with eitiier fertigation or fwrow inrigatioa 

in the remaining stages and years. 

Tlie 100% fertilizer dose had higher dry weight of cob sheath (17.1 g) compared to 

80% level (14.5 g). All otiier plant parts were not influenced by fertilizer levels. 

Sources WSF or NF did bring any significant changes in dry weight of plant parts in 

maize at harvest Interactions among treatments were absent 
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4.4.7 Days taken fw SO%tasseIlii« aiid 50%sflldne In niaize 

Data on number of days taken for 50% tasselling and 50% silking in maize as 

influenced by methods of irrigation, levels and soirees of fertilizer are presented in Table-4.21. 

Days taken for 50% tasselling was significantly influenced by methods of irrigation 

only in 1996 wherein fertigation advanced tasselling by two days and one day than observed with 

furrow method (62.1 days) and drip method (61.2 days) respectively. 

However, variations in number of days taken for 50% taaselling due to levels or 

sources of fertilizer aid their interaction were not significant. Similarly, days taken for 50 silking 

did not differ significantly due to different treatments under study. 

4.S Yiekl and tts c o n ^ n e i ^ in maize 

4.S.1 Grain and stover yield of maize (Ug In') 

Data on grain and stover yield of maize as influenced by methods of rrigation levels 

and sources of fertilizer are furnished in TabIe-4.22. 

Maize grain yield was significantly influenced by methods of irrigation both in 1994 

and 1996. Highest yield of 4757 and 4716 kg ha' in 1994 and 1996 respectively was recorded in 

fertigation treatment which was at par with the yield in drip method (4485 g and 4514 kg ha') but 

significantly higher than furrow irrigation (4157 kg and 4239 kg ha^) (Fig. 4.8). 

Fertilizer dose at 100% was superior in grain yield significantly only in 1994 (4545 

kg ha') compared to the reduced dose of 80% (4388 kg ha'). During 1996, no significant 
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Tablp-4.21. D»yB taken for 5(»% tasueling and 50% silking in miuve ae iiii1iienc9d by raethode 
of irrigatio!!, Isvcls and sources of fsrtilizsr durin** 1994 and 1996 

' 
i Treatments 

Main treatments 
Irrigation methods 
Ii Furrow 
l2Drip 
I3 Fertigfltioa 

Fteet 
CD at 5% 

Fertilizer levels 
, Li 80% Rec. dose 

L2100% Rec. dose 
Ftest 
CD at 5% 

Fertilizer sources 
S, NF 
S2 WSF 
Ftest 

CD at 5% 
' Combined treatments 

F\irrow irrigation 
Ti 80% Rec. dose NF 
T2 80% Rec. dose WSF 
T3100% Rec. dose NF 
T4l00%Rec.doseWSF 
Drip irrifatioo 
T3 80% Rec. dose NF 
T6 80% Rec. dose WSF 
T7100% Rec. dose NF 
Tg 100% Rec.doseWSF 
Fertigation 
T9 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
Tn 100% Rec. dose NF 

! T]2100% Rec. dose WSF 
F test 
CD. at 5% 

Rec. Doge=150:75:50kgNi>20 
DAS = Days after sowing 

Days taken for 50% tasseiing 
1994 

61.4 
60.8 
59.5 

i NS 
1 

60.9 
60.3 
NS 

61.2 
59.9 
NS 

-

61.7 
62.3 
62.4 
59.4 

60.4 
61.5 
62.3 
58.9 

60.3 
59.2 
60.1 
58.5 
NS 

s-.KiO/hi * = 
NS 

1996 

62.1 
61.2 
54.8 

* 
1.24 

61.4 
60.7 
NS 

-

61.0 
61.1 
NS 

-

62.5 
63.4 
61.7 
60.9 

61.8 
59.9 
60.6 
62.5 

61.3 
59.7 
58.4 
60.0 
NS 

-

Significnt 
= Non-sigpitlcant 

Days taken for 50% silking 
1994 

63.7 
63.4 
62.7 
NS 

-

63.7 
63.0 
NS 

-

63.3 
63.3 
NS 

-

64.7 
63.8 
62.3 
64.2 

64.5 
63,8 
62.6 
62.9 

630 
62.2 
62.7 
63.1 
NS 

NF = Nonnal fe 

1996 

64.0 
62.4 
61.7 
NS 

-

63.2 
62.2 • 
NS 1 

1 

62.4 
62.1 
NS 

-

1 

63.3 
65.5 
64.4 
62.8 

62.2 
63.1 
62.0 
62.4 i 

61 7 
63.2 
60.8 
611 ! 
NS 1 

1 

Ttilizer 
WSF = Water soluble fertilizer 
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dtffn-raceB were obBcrved in grain yield of maizw with the two levelis of firtilirpn? (4433 and 4546 

keha') . 

Qrain yield did not differ significantly during both the years due to forms of fertilizers 

(4466 to 4496 kg ha'). 

No interaction was found significant in influencing the grain yield. 

Stover yield did not differ significantly due to methods of irrigation or levels or 

sources of fertilizers in the first year (1994). However, it was significantly higher (5615 kg ha') in 

fertigated maize than furrow (5427 kg ha') but was on par with <kip method (5523 kg ha') during 

1996 (Table-4.22) (Fig4.9). Duing that year, stover yield increased fi^om 5449 kg ha' in reduced 

dose (80%) to 5594 kg ha' with full dose 100%. 

This parameter was not influenced by either soiree of fertilizer or the interaction 

between fertilizer and irrigation in both the years although the values varied between 5289 kg ha' 

and 5745 kg ha'. 

4.5^ Yield attributes In maize 

Data on yield components in maize as influenced by method of irrig^on, levels aod 

sources of fertilizer are presented in Table-4.23. 

Yield components exhibited significant response to methods of irrigatioa The 

number of grains (37.3) per row and number of grains per cob (505) were significantly higher in the 

fertigation treatment in 1994 than the furrow iirigated maize which resulted in 32.1 grains row'' and 

467 grains cob' respectively. Significantly higher grain weight per cob (127 g and 128 g in 1994 
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Fig. 4.8 : Grain yi*ld (l(g/ha) in maiz« as influenced by 
fefftigation, drip and 1ijm>w with levels and sources of 

fertilizer (mean of two years) 



I!180%NF 
H1Q0%NF 

D80%WSF 
g 1QQ<ifeWSF 

Fartfgatton 

Fig 4.9 :Stover yield (kg/ha) In maize as Influenced by 
ferttgatlon, drip and fUn^w wttti levels and sources of 

fertilizer (mean of two years) 
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md 1996 respectively) aod test weight (258 g and 257 g in 1994 and 1996 respectively) were also 

recorded under ferti cation than with furrow method (108 a. 113 a. 233 a and 237 a 

correspondingly). Drip irrigation in^roved these parameters than obtained with furrow treatment 

but not significantly except grain weight per cob (120 g) in 1994. 

Cob length (19.54 cm) in 1996 and cob girth in both the years (16.77 and 17.00 cm) 

were significantly si^erior due to fertigation than with finrow method (18.54 cm, 15.32 cm and 

15.78 cm correspondingly but was on par with drip method (19.88 cm, 16.20 cm and 16.65 cm 

respectively). The shelling per cent was insignificantly higher with fertigation than drip sod fiirrow 

in both the years. 

However, the prolificity per cent 6.6 (1994) and 6.9 (1996) widi fertigation waa 

significantly 6iq)erior to finrow irrigation (5.0% and 5.5% respectively) but statistically equal to drip 

treatment only in 1994 (6.2%). 

Higher fertilizer dose (100%) significantly influenced the grain number per row 

(35.8) and grain number per cob (500) both in 1994 and cob length (20.40 cm) in 1996 as compared 

to the lower dose (80%) which registered lower values for these parameters (33.6, 474 and 18.78 

correspondingly). However, die full dose resulted in insignificantly higher value for all other yield 

attributes viz. grain weiglit per cob, test weiglit, cob gii1h, sheUing and proUficity per ceniiujiiniicH w 

The WSF source inqjroved most of the yield conq)onents marginally but not 

significantly. So also, the interaction among irrigation methods, levels and sources of fertilizer was 

not considerable on difierent yield attributes. 
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Table-4.23: Yield attributes in maize as influenced by method of irrigation levels and 

Treatments 

Main treatments 
Inigation methods 
I] Furrow 
IzDrip 

: I3 Fettigation 
Ftest 
CD at 5% 

Fertilizer levels 
1 Lt 80% Rec. dose 
I L2100% Rcc. dose 

F test 
\ CD at 5% 

Feitilizcr S9WCCS 
i Si(NF) 

S2(WSF) 
Ftest 

CD at 5% 
Combined treatments 
Funow irrigation 

1 11 80% Rec. dose NF 
: T2 80% Rec. dose WSF 
1 Tj 100% Rec. dose NF 
1 T4100% Rec. dose WSF 
i Drip inigation 
1 T5 80%Rec. doseNF 

T* 80% Rec. dose WSF 
T7100% Rec. dose NF 
Tg 100% Rec. dose WSF 
Ferti^tion 
Tp 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
Tu 100% Rcc. doscNF 
T,2100% Rcc. dose WSF 
F test 
CD, at 5% 

Rcc. Dosc=l50:75:50kg N:P 
DAS = Days after sowing 

Grain 
number/row 

1994 

32.1 
34.7 
37.3 

Ni 

3.7 

33.6 
35.8 

* 

1.9 

34.8 
34.7 
NS 

-

29.6 
30.7 
34.9 
33.2 

34.2 
34.3 
35.7 
34.8 

36.8 
36.2 
37.4 
38.8 
NS 

205:K20/1 

1996 

33.8 
35.2 
37.1 
NS 

-

34.2 
36.5 
NS 

-

35.4 
35.2 
NS 

-

32.2 
31.2 
36.6 
35.3 

33.3 
34.8 
36.2 
36.1 

36.8 
36.7 
37.2 
37.5 
NS 

la * = 
NS 

Grain 
number/cob 

1994 

467.0 
488.6 
505.0 

* 
23.6 

474.1 
499.7 

<!• 
21.6 

485.2 
488.6 
NS 

-

444.6 
460.2 
490.2 
473.0 

479.2 
478.4 
505.2 
491.6 

486.2 
496.0 
505.6 
532.4 
NS 

Significant 

1996 

475.3 
487.5 
498.7 
NS 

-

480.9 
493.4 
NS 

-

486.1 
488.3 
NS 

-

462.6 
473.2 
480.8 
484.6 

481.8 
481.3 
491.7 
495.2 

494.5 
492.2 
504.7 
503.4 
NS 

= Non-significant 

Grain weight/ 
cob (g) 

1994 

108 
120 
127 

* 
11.0 

114 
123 
NS 

-

118 
119 
NS 

-

98 
105 
116 
115 

117 
114 
126 
124 

124 
126 
130 
128 
NS 

-

1996 

113 
122 
128 

i * 

11.0 

118 
124 
NS 

-

121 
121 
NS 

-

106 
111 
118 
117 

120 
119 
125 
124 

125 
126 
130 
131 
NS 

• 

100 seed 
weight (g) 

1994 

233.5 
248.7 
257.'' 

* 
17.7 

241.9 
251.5 
NS 

-

246.0 
247.4 
NS 

-

222.6 
229.2 
239.6 
242.8 

2464 
241.2 
252.0 
255.4 

256.6 
255.2 
258.8 
260.4 
NS 

-

NF = Normal fertilizer 
WSF = Water soluble fertiliza 

1996 

237 2 
251,5 
256.8 

• 

14.7 1 
' 

244.8 i 
252.2 1 
NS i 

; 

i 
248.4 i 
248,6 
NS 

-

227.2 i 
234.8 ; 
245,0 
241.8 

248.8 
248.5 
257.2 
2515 

253.8 
255.6 
2583 
259,7 
NS 

j 

Contd 
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Table-4.23 (Contd.) Yield attributeg in maize as influenced by method of irrigation levels 
and ao'jrces of fertilizer during 1994 and 1996 

Treatments 
Main treatments 
Irrigation methods 
Ii Furrow 
l2Dr^ 
I3 Feiligation 

Ftcst 
CD at 5% 

Fertilizer levels 
Li 80% Rec. dose 
L2100% Rec. dose 

Ftcst 
CD at 5% 

Feitilizer sources 
Si(NF) 
S2(WSF) 
Ftest 

CD at 5% 
Combined treatments 
Furrow irrigation 
Ti 80% Rec. dose NF 
T2 80%Rec. doseWSF 
T3100% Rec. dose NF 
Ta00%Rec. doscWSF 
Drip irrigjition 
1580% Rec. doseNF 
T« 80% Rec. dose WSF 
T, 100% Rec. dose NF 
Tg 100% Rec. dose WSF 

Fertigation 
TB 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
Til 100%Rec doseNF 
Ti2l00%Rcc. dose WSF 
F test 
CD. at 5% 

Rec. Dose=l50:75:50kg N-
DAS = Days after sowing 

Cob length(cm) 
1994 1996 

17.63 
18.50 
19.20 
NS 
-

17.93 
18.95 
NS 
-

18.43 
18.45 
NS 
• 

17.51 
16.28 
18.44 
18.29 

17.22 
18.40 
19.26 
19.11 

18.97 
19.21 
19.20 
19.42 
NS 
-

18.54 
19.88 
20,35 
* 
1.43 

18.78 
20.40 
* 
0.70 

19,61 
19.57 
NS 
• 

17.35 
17.86 
19.85 
19.10 

19.36 
18,72 
20.36 
21.08 

19.56 
19.83 
21.16 
20.85 
NS 
-

P305:K20/ha * = 
NS 

Cob 
1994 

15.32 
16.20 
16.77 
* 
1.20 

15.68 
16.51 
NS 
-

16.14 
16.05 
NS 
-

14.26 
14.87 
16.13 
16.02 

15.80 
15.57 
16.81 
16.61 

17.02 
16.55 
16.84 
16.67 
NS 
-

>irth cm) 
1996 

15.78 
16.65 
17.00 
* 
0.93 

16.14 
16.81 
NS 
• 

16.20 
16.75 
NS 
. 

15.24 
15.73 
14.93 
17.22 

15.98 
16.60 
16.78 
17.24 

16.74 
16.53 
17.53 
17.20 
NS 
-

Significant 
= Non-significant 

SheUing(%) 
1994 1996 

73.98 
76.35 
78.18 
NS 
-

75.06 
77.29 
NS 
• 

76.37 
75.97 
NS 
. 

73.08 
72.18 
75.71 
74.95 

75.63 
75,28 
76.67 
77.82 

76.96 
77.24 
8016 
78,36 
NS 
-

NF = 
WSF 

72.99 
"?4.76 
76.30 
NS 
-

74.31 
74.92 
NS 
-

74,69 
74.55 
NS 
• 

72.53 
7161 
73.84 
73.19 

74.17 
75.35 
74.85 
74.69 

75.37 
76.84 
77 38 
75.60 
NS 
-

. . ~. 

Prolific ity (%) 
1994 1996 

4.96 
6.21 
6.65 
* 
099 

5.70 
6.17 
NS 
-

5.87 
6.01 
NS 
-

5.15 
4 50 
4.36 
5.83 

5.90 
5,75 
6.72 
6.47 

6.66 
6.27 
644 
7.23 
NS 
-

5.52 
5.96 
6.89 
* 
0.73 

i 

i 
6.00 
6.25 
NS 
. 

6.08 
616 
NS 
-

4.86 
5.79 
609 
5.35 

5.84 
5 71 
6.11 
6.18 

6.77 
7.03 
683 
6.93 
NS 

1 

Normal fertilizer 
= Water soluble feitilizer 
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4.6 Growth chai^aders in sunfloner 

4.6.1 Flani h e i ^ of sunfloner 

Plant height recorded at 30, 60 DAS at harvest as influenced by methods of iirif^ation, 

levels and sources of fertilizer is presented in Table-4.24. 

Plant height differed significantly due to irrigation methods only in 1997 at 30 DAS 

and both the years 1995 and 1997 at 60 DAS. U was the highest (42.6 cm) with fertigation at 30 

DAS in 1997, 159.7 cm and 146.1 cm in 1995 and 1997 respectively at 60 DAS and significantly 

superior to 37.4 cm, 146.4 cm and 130.2 cm plant height observed with furrow method respectively. 

The values 41.5 cm, 142.4 cm and 173.8 cm for plant height observed under drip imgation at the 

same stages as above were also significantly siqjerior to fiirrow method but on par with fertigatioa 

Though fertigation maintained increased plant height even at harvest, it was not significant over drip 

or fiirrow treatments. 

Plant height did not vary significantly due to fertilizer levels except at 60 DAS in 

1995 wherein fiiU dose (100%) fertilizer registered 156.2 cm plant height as against 152.3 cm with 

80% dose. 

Both fertilizer sources as NF or WSF and interaction effect between various treatment 

combination were non-significant in influencing plant height at diiferent growth stages 

4.6.2 Leaf area taisunflovwr 

Data on leaf area recorded at 30 and 60 DAS as influenced by different treatments 

under study are presented here (Table-4.25). 
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Table-4.24; Plant height in sunflower as influenced by methods of irrigation levels and 
sources of fertilizer during 1995 and 1997 

Treatments 

Main treatments 
Irrigation methods 
Ii Furrow 
IjDrip 
I3 Fertigation 

Ftest 
C D at 5% 

Fertilizer levels 
Li 80% Rec. dose 
L2100% Rec. dose 

Ftest 
CD at 5% 

Fertilizer sources 
S iNF 
S2WSF 
Ftest 

CD at 5% 
Combined treatments 
Furrow irrigation 
Ti 80% Rec. dose NF 
T2 80*/o Rec. dose WSF 
T3100% Rec. doseNF 
T4100% Rec. dose WSF 
Drip irrigation 
T580%Rec. doseNF 
Tft 80% Rec. dose WSF 
T7100% Rec. dose NF 
Tg 100% Rec. dose WSF 

1 Fertigation 
! T980%Rec. doseNF 
1 Tio 80% Rec. dose WSF 
i Tn 100%Rec. doseNF 

Tu 100% Rec. dose WSF 
F test 
CD. at 5% 

Rec. 0086=63:75:63 kg N:P205:I 
DAS = Days after sowing 

30 DAS 
1995 

38.6 
42.9 
45.7 
NS 

-

41.6 
43.3 
NS 

-

42.4 
42.5 
NS 

-

38.2 
37.4 
39.6 
39.2 

41.5 
42.2 
44.1 
43.9 

44.7 
45.8 
46.0 
46.3 
NS 

CjO/ha 

1997 

37.4 
41.5 
42.6 

* 
3.31 

39.7 
41.3 
NS 

-

40.2 
40.8 
NS 

-

36.2 
37.6 
38.1 
37.7 

41.5 
39.2 
41.8 
43.5 

41.2 
42.5 

n.s 
44.2 
NS 

-

* = Signifi 
NS = Non-

Plant height (cm) 
60 DAS 

1995 

146.9 
156.2 
159.7 

* 
8.10 

152.3 
156.2 
NS 

-

154 4 
154.1 
NS 

-

142.9 
145.5 
152.8 
146.4 

152.6 
155.7 
158.2 
158.3 

160.7 
156.5 
159.2 
162.4 
NS 

-

:ant 
significant 

1997 

130.2 
142.4 
146.1 

* 
10.: 

137.2 
141.9 
NS 

-

139 8 
139.4 
NS 

-

125.5 
128.6 
133.7 
133.2 

138,6 
141.7 
146.5 
142.8 

145.8 
143.2 
148.7 
146.7 
NS 

i 

90 DAS 
1995 

176.6 
185.2 
184.8 
NS 

• 

180.1 
183.0 
NS 

-

1810 
182.1 
NS 

-

173.5 
184.7 
178.2 
170.0 

177,5 
178.2 
187.2 
189.9 

183.6 
183.0 
186.2 
186.6 
NS 

NF = Normal fertilizer 

1997 

1 

167.4 
173.8 
175.7 
NS 

• 

170.2 
174.4 
NS 

-

1732 
171.5 
NS ; 

-
j 

1 
162.3 •• 
165,8 
172.2 
169.3 

170,9 
168,3 
178.6 
177.4 

; 
180,5 i 
173.6 ; 
174.2 ; 
174.5 
NS 

• t 
— . . . -J. 

WSF = Water sohible fertilizer 



88 

Tablp-4.25, Leaf nrcn in mmllowcT iw influenced by methods of irrigation level and gourceg 
of fertilizer during 1995 and 1997 7 

Treatments 

Main treatments 
Irrigation methods 
Ii Furrow 
fcDrip 
I3 Fertigation 

Ftest 
CD at 5% 

Fertilizer levels 
Li 80% Rec. dose 
L2 100% Rec. dose 

Ftest 
CD at 5% 

Fertilizer sources 
SiNF 
S2WSF 
Ftest 

CD at 5% 
Combined treatments 
Furrow irrigation 
Ti 80% Rec. dose NF 
T2 80% Rec. dose WSF 
Tj 100% Rec. dose NF 
T4100% Rec. dose WSF 

Drip initiation 
T5 80%Rec. doseNF 
If, 80% Rec. dose WSF 
T7100% Rec. dose NF 
Tg 100% Rec. dose WSF 
Fertiiiation 
Ts» 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
Til 100%Rec. doseNF 
T12100% Rec. dose WSF 
F test 
CD. at 5% 

1995 

470.2 
487.3 
496.2 
NS 

-

478.1 
491.0 
NS 

483.1 
486.0 
NS 

-

465.2 
462.2 
470.1 
483.3 

475.2 
484.1 
501.7 
488.2 

488.3 
493.8 
498.3 
504.4 
NS 

-

Leaf area (cm /plant) 
30 DAS 60 DAS 

1997 1995 1997 

443.2 
459.2 
462.3 

* 

10.8 

447.9 
4619 

* 

12.5 

454.3 
455.5 
NS 

24386 
2486.1 
2517.3 

* 

58.5 

2439.9 
2521.4 

* 

73.6 

2470.3 
2491.0 

NS 

23273 
2383.5 
2411.3 

* 

63.5 

2343.4 
2404.7 

NS 
-

2366.9 
2381.2 

NS 

440.1 
433.2 
447.3 
452.2 

440.3 
453.1 
468.2 
475.2 

464.6 
456.3 
465.1 
463.2 
NS 

2357.4 
2439.4 
2504.2 
2453.3 

2406.5 
2457.6 
2517.3 
2563.0 

2478.1 
2500.3 
2558.6 
2532.2 

NS 

2327,3 
2260.2 
23561 
23656 

2324.2 
2359.1 
2435.6 
2415 1 

2374.3 
2415.2 
2384.2 
2471.5 

NS 

Rec. Dosc=63:75:63 kg N:P203:K20/ha 
DAS = Days after sowing 

* = Significant 
NS = Non-si^ificant 

NF = Nonnal fertilizer 
WSF = Water soluble fertilizei 



Fig. 4.10 : Ltaf arta In tunflowtr at SODAS M InflUMwed 
by fertlgotlon, drip and furrow wth lavato and sourcat of 

fertiMzar (maan of two yaara) 
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T!ie leaf area responded significantly due to methods of irrigation. Highest leaf nrea 

(462.3 cm )̂ recorded at 30 DAS in 1997 and at 60 DAS Iwtti in 1995 and 1997 (2517 3 cm' and 

2411.3 cffl̂  respectively) was significantly si^erior to corresponding leaf area (443.2 cm^ 2438.6 

cm and 2327.3 cm ) registered by furrow irrigated sunflower (Fig. 4.10). The leaf area recorded 

with drip irrigated sunflower (459 cm ,̂ 2486 cm^ and 2383 cm^ respectively) was on par with both 

fertigation and furrow treatment but significantly superior to the latter only at 30 DAS. 

Fertilizer dose at 100% had higher leaf area of 447.9 cm^ at 30 DAS (1997) and 

2439.9 cm^ at 60 DAS (1995) compared to 461.9 cm^ (1997) and 2521.4 cm^ (1995) at 80% level of 

fertilizers respectively. 

Sources of WSF and NF did not bring significant changes in leaf area 

Recommended level of 100% WSF (463 to 2532 cm"̂ ) or 80% NF applied to soil in furrow method 

(440 to 2327 cm^ leaf area) statistically brought similar results in leaf area. 

4 . ^ Number of leaves per plant in suiA)iwer 

Data on number of leaves per plant recorded at 60 DAS in sunflower as influenced by 

methods of irrigation levels and sources of fertilizer are presented in Table-4.26. 

Number of leaves per plant differed in the fu^ year 1995 being significantly higher 

(33.8 per plant) in fertigation than furrow (26.5 leaves per plant) but was on par v t̂ii dnp method 

(31.2 leaves per plant). Differences observed in terms of number of leaves 31.5, 29,2 and 25.8 per 

plant with fertigation, drip and fijrrow treatments respectively during 1997 were not statistically 

significant 

Increase in number of leaves from 29.6 in 80% dose to 31.5 by increased (100%) 

dose during 1995 and corresponding values 27.8 and 29.8 leaves per plant during 1997 were 

statisticallv identical. 



Tnb\v-4.26: Numbpr of IPHVOP per plant in Bunflower at 60 dsyn after sowing as influenced by 
m e t h o d s o f irr iCSti"" l^vialo <MU\ amtrf^t^o / \ f fM^iti7<>r /hn'int* 1 0 0 S onH 1 Q07 

Treatments 

i 

Main treatm^Dts 
Irrisation methods 
I] Furrow 
l2Drip 
I3 Fertigation 

Mean 
Fertilizer aources 
Si NF 
S2 WSF 

Mean 
Irrigation methods 
Ii Furrow 
la Drip 
D Fertigation 

Mean 

L,-100%R.D. Si-NF 
S2-WSF 

L2- 80%R.D. Si-NF 
S2-WSF 

I 
L 
S 
I x L 
L x S 
I x S 
I x L x S 

Rec. Do8e=<3:75:63 kgNJ^jC 
DAS = Days after sowing 

80«l/o 
Rec. dose 

(Li) 

25.6 
29.8 
33.3 

29.6 

29.7 
29.5 

29.6 
NF(sn 

26.8 
31.3 
33.6 

30.5 

II 
26.2 
25,1 
27.5 
27.2 

F-test 
* 

NS 
NS 
NS 
NS 
NS 
NS 

)5:K20/ha 

1995 

100% 
Rec. dose 

(L2) 

27.3 
32.6 
34.3 

31.5 

31.3 
31.5 

31.5 
WSF(S2) 

26.1 
31.3 
33.9 

30.5 

h 
29.1 
30,6 
33.1 
32.1 

C D at 5% 
4.7 

-
-
-
-
-

No. of leaves/plant 

Mean 

265 
31.2 
33.8 

30.5 
30.5 

26.5 
31.2 
33.8 

- -

33.9 
32,7 
33.4 
35.2 

* = Significant 
NS = Non-si gnificant 

8O9/0 
Rec. dose 

( L I ) 

26.0 
26.9 
30.5 

27,8 

28.3 
27.3 

27.8 
NFfSn 

25.4 
29.9 
32.6 

29.3 

II 
26.6 
25,5 
24,2 
26.9 

F-test 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

NF = Noni 

1997 

100«^ 
Rec. dose 

(L2) 

25.5 
31..S 
32.4 

29.8 

30.3 
29.3 

29.8 
WSFfS2) 

26.2 
28.4 
30.3 

28.3 

h 
27.5 
26,3 
32.4 
30.6 

C D at 5% 
-
-
-
• 

-
-

lal fertilizer 

Mean 

25.8 
29.2 
31.5 

29.3 
28.3 

25.8 
29.2 
31.5 

h 
30.9 
30,2 
34,4 
30.5 

1 
J 

WSF = Water sohjblc feitiliza 



Fprtilizer BOiircQB did not bring difilprciK̂ oEi in number of IPHYVB pvr pltmtr Iirtw action 

efi'ects were also absent 

4.6.4 Leaf area index (L4I) in suiAmer 

The LAI recorded at 30 and 60 DAS as influenced by various treatments under study 

is presented in Table-4.27. 

At 30 DAS the LAI ranged from 0.26 to 0.28 in 1995 and 0.24 to 0.26 under the 

influence of various treatments under study but these were on par witti each other. 

However, at 60 DAS fertigation registered the highest LAI of 1.40 (1995) and 1.34 

(1997) vv îch was significantly superior to furrow method where the LAI was 1 35 and 1.29 

respectively. Drip irrigation method with 1.38 and 1.32 LAI for 1995 and 1997 respectively was on 

par with both fertigation and furrow method. 

Fertilizer levels or sources did not influence the LAI at both the stages. Similarly the 

variation in LAI from 0.24-0.28 at 30 DAS to 1.29-1.42 at 60 DAS due to interaction effect of 

combined treatments also was non-significant. 

4.6.5 Total dry matter in sunflower 

Total dry matter accumulation (DMA) recorded at 30, 60 DAS and at harvest as 

influenced by methods of irrigation, levels and sources of fertilizer is presented in Table 4.28. 

The DMA was markedly influenced by methods of irrigation at all growth stages and 

years except at 30 DAS in 1997. Total dry matter accumulation was comparatively lower in the 

second year than in the first year. At 30 DAS, in 1995 fertigation had the highest DMA (7.38 g 

plant'^) significantly Biq)erior to furrow (7.18 g plant' DMA) but statistically identical to drip (7.29 g 

plant' DMA) which m turn was on oar with liirrow treatmenL 
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Tabl0-4.27; Leaf Area Index (LAI) in sunflower as influenced by methods of irrigation, 
levels and sources of fertilizer during 1995 and 1997 

Treatments 

1 

1 Main treatments 
Irrigation methods 
Ii Furrow 
fcDrip 
h Fertigation 

Fteat 
CD at 5% 

Fertilizer levels 
Li 80%Rec.do8e 
L2lOO%Rec. dose 

Ftest 
CD at 5% 

Fertilizer sources 
S, NF 

! S2 WSF 
Ftest 

CD at 5% 
i Combined treatments 
j Furrow irri«ation 

Ti 80% Rec. dose NF 
T2 80% Rec. dose WSF 
Tj 100% Rec. doseNF 
T4100% Rec. dose WSF 

Drip irrisation 
Tj80%Rec. doseNF 
Tfi 80% Rec. dose WSF 
T7 100% Rec. doseNF 
Tg 100% Rec. dose WSF 
Fertijiation 
T9 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
Til 100% Rec. doseNF 
T12100% Rec. dose WSF 
F test 
CD. at 5% 

Rec. Do»c^3.75:63 kgNiP^O 
T^ A C — T^Attdi AA'AT cy\»TTi«ft 
i-frkL» — i^aya a i i^ i ax^rtui^ 

1995 

0.26 
0.27 
0.27 
NS 
-

0.26 
0.27 
NS 

-

0.27 
0.27 
NS 

-

0.26 
0.26 
0.26 
0.27 

0.26 
0.27 
028 
0.27 

0.27 
0.27 
0.28 
0.28 
NS 

-

5:K20/ha 

Leaf area Index 
30 DAS 

1997 

0.24 
0.25 
0.26 
NS 
-

0.25 
0.26 
NS 

. 

0.25 
0.25 
NS 

-

0,24 
0.24 
0.25 
0.25 

0.25 
0.25 
026 
0.26 

0.26 
0.25 
0.26 
0.26 
NS 

-

* = Sipiificant 
KTC — VTAn ciftnifir^nryt 
xmj — x«u i i -a i^ i i j i \ . iu iL 

60 DAS 
1995 

1.35 
1.38 
1.40 

« 
0.03 

1.35 
1,40 
NS 

• 

1.37 
1.38 
NS 

-

1,31 
1.35 
1.39 
1.36 

1.34 
1.36 
1.40 
1.42 

1 38 
1.39 
1.42 
1.40 
NS 

-

1997 

1.29 
1.32 
1.34 i 

• 
004 

1 

1.30 
1.33 
NS 

. 

1.31 
1.32 
NS 

1 

1 
i 

1.29 1 
1.25 
1.31 : 
1.31 1 

i 
1 
1 

1.29 
1.31 
135 
L34 1 

1 
1 

1.32 ' 
1.34 ! 
1.32 
1.37 ; 
NS 

- i 

NF = Normal fertilizer 
\ 1 7 C r — MTnt^ f / i h i k k 
r* »ji — rr aî â o\>iuui\ 

k Fi>W'lltT*»' 
^ ICli lLL^Vl 

file:///17Cr
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Table-4,28; Total dry matter accumulation in eunllower m influenced by methods of 
irriryotirtfi IAVAIO onA onttrrt^o nf {"/^riW'frar /hwirtf IQOS onrl 1 0 0 7 
k« a T ^ i i ' * 1 v r 4 » ] a V f V- « t_/ UL*a v « u xj a.A« w v > - > v / a . A X ^ a a - a a aa_>v- • I T * * * a aaaw A. ̂  ^ —• .̂a-* •« - • -a ^ ^ ' 

Treatments 

Main treatments 
Irrigation methods 
Ii Furrow 
tDrip 
I3 Fertigation 

Ftest 
CD at 5% 

Fertilizer levels 
Li 80% Rec. dose 
L2 100% Rec. dose 

Ftest 
CD at 5% 

i Fertilizer sources 
' SiNF 

S2WSF 
Ftest 

CD at 5% 
Combined treatments 

i Furrow irriaation 
i Ti 80% Rec. dose NF 
: T2 80% Rec. dose WSF 

T3 100% Rec. dose NF 
T4100% Rec. dose WSF 

Drip inixation 
Tj 80% Rec. dose NF 

I Ts 80% Rec. dose WSF 
: T7100% Rec. doseNF 

Tg 100% Rec. dose WSF 
1 Fertiaation 

T9 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
Tu 100% Rec. doseNF 
T12100% Rec, dose WSF 
F test 
CD. at 5% 

1 _, _„ 

Rec. Dosc=«3:75:63 kRNiPzC 

Total drj' 
30 DAS 

1995 

7.18 
7.29 
7.38 

« 

0.1 

7.22 
7.34 
NS 

-

7.30 
7.27 
NS 

' 

7.11 
7.09 
7.34 
7.18 

7.25 
7.20 
736 
7.35 

7.35 
7.34 
738 
7,45 
NS 

>5:K20/ha 

1997 

669 
6.81 
6.85 
NS 

-

6.71 
6.86 
NS 

-

6.81 
6.78 
NS 

-

6.67 
6.54 
6.78 
6.76 

6.72 
6.68 
6.97 
6.87 

6.84 
6.80 
6.87 
6.90 
NS 

-

matter accuraulation(g/plant) 
60 DAS At Harvest 

1995 

68.84 
80.84 
86.10 

• 

9.57 

75.95 
81.24 
NS 

-

78.89 
78.29 
NS 

-

65.36 
66.20 
70.14 
73.65 

79.10 
76.90 
84.41 
82.95 

84.71 
83,42 
89.64 
86.62 
NS 

-

* = Sienificant 
KTC — XJnrt «• f w i i f l »»rtr>#• 

1997 

66.16 
76.41 
84.46 

* 

11.71 

73.45 
77.89 
NS 

-

75.64 
75.70 
NS 

-

63.46 
65.18 
6863 
67.38 

74.73 
70.65 
7880 
81.46 

82.53 
84.18 
85.70 
85,36 
NS 

-

1995 

96.77 
109.13 
112,45 

« 

11.53 

103.41 
108.83 

NS 
-

105.82 
106.41 

NS 
-

93,70 
90.48 
103.17 
99.90 

106.83 
108.08 
106 74 
114.88 

109.60 
111.92 
114.91 
113,37 

NS 
-

NF = Normal fertilizer 

1997 

90.39 
101,18 
105,56 1 

• j 
10.18 

1 
95.85 
102.24 

NS : 
1 

1 

98.99 
99.09 
NS 

1 
; 
[ 

86.56 
88.34 
95 23 
9143 

98.46 
95.30 
10468 
106.29 

101.95 1 
10447 
107.09 
107.73 

NS 
j 

i 



Fig. 4.11 : Dry matter in sunflower at harvest as 
influencad by ftrtigation, drip and furrow with lavals and 

sources of fertilizer (mean of two years) 



94 

Mtutimutn DMA of 84,46 g-112.45 g pintit' rpcortted with fprtignted BunflowPT frmn 

60 DAS to harvest in both the years was aicniticant as compared to DMA (66.16 a to 96.8 a. plant') 

obtained under furrow method but was on par to drip irrigated sunflower where the DMA was to the 

tune of 76.41 g to 109.13 g plant ̂ (Fig. 4.11). 

Fertilizer levels of 80% and 100% recommended did not change the DMA of 

sunflower. TTie DMA increased with crop growth from about 7.0 g at 30 DAS to around 95 to 108 g 

at harvest 

Likewise, the slightest variation in DMA due to fertilizer sources as WSF and NF was 

statistically equal. Again the differences in DMA from 6.54 g, to 7.45 g at 30 DAS during both the 

years, 63.46 g to 89.64 g at 60 DAS and 86.56 g to 114.91g harvest was also not significant 

4.6.6. Dry matter dlsdibiMion In sunfkmer 

Data on dry matter distribution (g plant') into stem, leaf and head recorded at 30, 60 

DAS and at harvest as influenced by methods of irrigation, levels and sources of fertilizer are 

presented in 4.29. 

Diy matter dlstiibiiioti at 30 DAS 

llie leaf as well as stem dry matter was significantly improved from 3.84 g and 3.12 g 

respectively in fiirrow irrigation to 3.96 g and 3.22g. by employing fertigation during the years 1995 

and 1997. However drip irrigated sunflower recorded on par values (3.93 g and 3.17 g plant') with 

fertigation treatment 
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Tiiblp-4,29: Dry nialtpr ditrtriVnition in Sunflower as influenced by methods of irrigation. 
Icvsis 2nd sources oflbrtiliz^r d'>''i"'> IOQS anA looi 

Treatments 
1 

Main treatments 
1 Irrigation methods 
1 Ii Furrow 
! IjDrip 
1 I3 Furtigation 

Ftest 
CD at 5% 

Fertilizer levels 
LI 80%Rec. dose 
L2100% Rec. dose 

Ftest 
CD at 5% 

Fertilizer sources 
S,(NF) 
SzOVSF) 
Ftest 

CD at 5% 
Combined treatments 
Furrow irrigation 
Ti80%Rec. doseNF 
T2 80% Rec. dose WSF 
T3100% Rec. dose NF 
T4100% Rec. dose WSF 
Drip iniicition 
1580% Rec. dose NF 
Ts 80% Rec. dose WSF 
T7100% Rec. dose NF 
Tg 100% Rec. dose WSF 
Fertisation 
Ts 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
Tii 100% Rec. dose NF 
T12100% Rec. dose WSF 
F test 
CD, at 5% 

Dry matter distribution (g/plant) 
30 DAS 

Stem 
1995 

3.84 
3.93 
3.96 

* 

0.08 

3.86 
3.95 

0 

0.06 

3.92 
3.90 
NS 

-

3.75 
3.79 
4.00 
3.82 

3.89 
3.90 
3.95 
3.98 

3.95 
3.92 
3.96 
4.00 
NS 

-

1997 

3.57 
3.63 
3.64 
NS 

-

3.58 
3.65 
NS 

-

3.60 
3.62 
NS 

-

3.50 
3.61 
3.56 
3.61 

3.59 
3.53 
3.75 
3.65 

3.61 
3.63 
6.62 
3.70 
NS 

-

Leaf 
1995 

3.34 
3.36 
3.42 
NS 

• 

3.36 
3.39 
NS 

-

3.38 
3.37 
NS 

-

3.36 
3.31 
3.34 
3.36 

3.36 
3.30 
3.41 
3.37 

3.39 
3.42 
3.42 
3.45 
NS 

-

1997 

3.12 
3.17 
3.22 

« 

0.08 

3.13 
3.21 
NS 

-

3.19 
3.15 
NS 

-

3.14 
2.97 
3.23 
3.15 

3.13 
3.15 
3.19 
3.22 

3.23 
3.17 
3.25 
3.23 
NS 

-

60 DAS 
Stem 

1995 

36.18 
40.82 
42.26 

« 

4.46 

39.17 
40.33 
NS 

-

40.32 
39.18 
NS 

-

34.77 
36.05 
37.26 
36.64 

40.98 
38.77 
42.32 
41.21 

42.56 
41.92 
44.05 
40.52 
NS 

-

1997 

35.68 
38.19 
42.70 

* 

3.64 

38.04 
39.67 
NS 

-

38.99 
38.72 
NS 

-

36,05 
35.27 
36.14 
35.28 

37.76 
35.66 
38.14 
41.20 

41,26 
42.25 
44.62 
42.62 
NS 

-

I>eaf 
1995 

18.35 
23,27 
26.51 

« 

5.79 

21,76 
23.67 
NS 

-

22.73 
24.10 
NS 

-

17,92 
15.97 
18.43 
21.08 

23.00 
21.86 
24.05 
24.18 

25.72 
26.06 
27.23 
27.03 
NS 

-

1997 

16.11 
22,24 
24.37 

• 

5.65 

20.21 
21.60 
NS 

-

21.36 
20.46 
NS 

-

14,66 
16.05 
16.41 
17.33 

21.71 
20.84 
27.57 
18.84 

23.65 
24.36 
24.13 
25.34 
NS 

-

Rec. Dosc=63:75:63 kg NiPzOj.KjO/ha 
TS _ i 

UAo = uays auci i»owuig 

= Sipificant 
Koii-sig '̂iiricain 

NF = Nonnal fertilizer 
i i r / ^ i - ' «ir_A U.I.I, f. .^:t: 

v̂ ,̂ f = waiei soiuoic iciiuuiei 

Contd.. 



Tab|p-4.29; (Coirtd.) Dry maltpr dislribiition in sunflower as influenced by methode of 
irrigation, levels and sources of fertilizer during 1995 and 1997 

1 
j 

Treatments 

, 

Main treatments 
Irrigation methods 
Ii Furrow 
tDrip 
I3 Fertigation 

Ftest 
C D at 5% 

Fertilizer levels 
Li 80% Rec. dose 
L2 100% Rec. dose 

Ftest 
CD at 5% 

Fertilizer sources 
SiNF 
SjWSF 
Ftest 

CD at 5% 
Combined treatments 
Furrow irrigation 
Ti 80% Rec. dose NF 
T2 80% Rec. dose WSF 
T3100% Rec. dose NF 
T4100% Rec. dose WSF 
Drip irrioation 
Tj 80% Rec. dose NF 
Te 80% Rec. dose WSF 
T7100% Rec. dose NF 
Tg 100% Rec. dose WSF 
Fertigation 
T9 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
Til 100%Rec. doseNF 
T12100% Rec. dose WSF 
F test 
CD. at 5% 

i 
j 
i 

Dry matter distribution (g/plant) 
60 DAS 

; Head 
^ 1995 

! 14.31 
' 16.58 

17.43 
« 

2.25 

15.64 
16.57 

* 

0.87 

, 15.99 
' 16.23 

NS 
-

1 

12.97 
14.88 
14.15 

: 15.24 

1 16.25 
\ 15.97 
' 17.34 

16.76 

1 

17.36 
16.44 
17.85 
18.07 

' NS 

1 
t 

Kcc. Uosc=^J:/y.bJ kg N:i'2U5:K2U/na 

1997 

14.45 
15.98 
16.94 

* 

1.27 

14.91 
16.67 
NS 

-

15.56 
16.01 
NS 

-

12.75 
13.86 
16.08 
15,10 

15.26 
14.15 
16.42 
18.09 

15.89 
17.57 
17.00 
17.32 
NS 

Stem 
1995 

33.87 
36.54 
37.89 

* 

2.90 

34.66 
37.55 
NS 

-

36,45 
35.76 
NS 

• 

33.76 
31.00 
36.14 
34.60 

36.56 
33.26 
37.26 
39.08 

36.75 
36.60 
38.21 
40.00 
NS 

-

"• = isignincant 
MO -

1997 

30.16 
34.65 
35.71 

» 

3.89 

32.13 
34.89 
NS 

-

33.68 
33.33 
NS 

-

28.85 
30.16 
32.24 
29.38 

33.15 
32.24 
36.37 
36.84 

35.25 
33.10 
36.24 
38.25 
NS 

- - - - -

At Harvest 
Leaf 

1995 

15.78 
18.89 
18.37 

* 

2.13 

1722 
18.14 
NS 

-

18.44 
16.92 
NS 

-

16.78 
14.56 
16.02 
15 76 

18.36 
16.97 
20 16 
20. C 7 

18.55 
18.10 
20.75 
16.08 
NS 

• 

1997 

15,52 
16.75 
17.21 
NS 

-

16,27 
16.72 
NS 

-

16.91 
16.08 
NS 

-

16.05 
14.14 
15.84 
16.05 

17.17 
16.15 
17.24 
16.44 

16.84 
17.25 
18.32 
16.43 
NS 

Head 
1995 

47,24 
53.71 
56 19 

* 

6.10 

51.67 
53 09 
NS 

-

51.18 
53.58 
NS 

-

43.16 
45.25 
51.01 
49,54 

53.24 
56.84 
4932 
55,43 

5436 
57.16 
56.00 
57,24 
NS 

— 

KF = Kormai icitiiizcr 
WTQV -t» o x — 

1997 

44.71 
49.85 
52,64 

* 

538 

47.50 
50.63 
NS 

-

48.45 
49.68 
NS 

-

41.65 
44.04 
47 15 
46 00 

48.44 
46.88 
51 07 
53.01 

49.86 
54.12 
52.53 
54,05 
NS 

-
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Sigriificaiiily superior stein dry weight (3.95 g) was observed with 100% 

recommended dose than with SO'/o recommended dose (3.86 e) m 1995. Except this, mcreased leal 

dry weight and stem dry weight in both 1995 and 1997 due to full fertilizer dose was not statistically 

higher than the values recorded for 80% dose. 

Differences in dry matter production into leaf or stem were not found significant due 

to either sources of fertilizer or interaction effects of combined treatments. 

Diy iiMtter distribution at 60 DAS 

The data presented in Table-4.29 indicated that dry matter distribi^on improved 

considerably on account of combining fertilizer through irrigation over traditional furrow method 

Significantly higher stem dry matter of 42.26 g (1995) and 42.70 g(1997) was 

registered with fertigation than with furrow which produced 36 18 g in 1995 and both drip (38 19 g) 

and furrow (3568 g) in 1997. Similarly maximum leaf dry weight (26.51 g and 24.37 g in 1995 and 

1997 respectively) was associated with fertigation followed by drip (23.27 g and 22 24 g 

respectively). Lowest values for leaf dry weight (18.35 g and 16.11 g respectively) were recorded 

under furrow method. 

Fertigation significantly enhanced head dry wei^t at 60 DAS from 14.31 g in furrow 

to 17.43 g plant' during 1995. Head dry matter (16.58 g) recorded with drip was on par with 

fertigation but si^erior to firrow method The corresponding values of 14 45 g, 16.94 g and 15.98 g 

in 1997 followed the same trend as in 1995. 

Fertilizer level at 100% dose steadily produced higher stem, leaf and head dry matter 

at 60 DAS during both the years of observatioa However, significant increase was noticed only in 
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recorded with 80% dose. 

Response of sunflower in terms of dry matter partition into leaî  stem and head due to 

sources of fertilizer was not significant £>ry matter differences in stem, leaf and head due to 

treatment combinations were ait non-significant 

Dry matter distribution at liarveat 

Dry matter differences were significant due to direct effect of imgation methods 

barring leaf dry weight in 1997. The highest stem dry wei^t of 37.89 g and 35.71 g in 1995 and 

1997 respectively recorded with fertigation was significantly superior to furrow irrigated sunflower 

where the stem dry matter was 33.87 g and 30.16 g respectively. Drip treatment with stem dry 

weight of 36.54 g and 34.65 g respectively was on par to fertigation but superior to furrow method in 

1997 only. 

Leaf dry weight of 18.37 g, 18.89 g and 15.78 g in 1995 registered by fertig^on, drip 

and furrow followed similar trend as that of stem dry wei^t in 1995. 

The head dry weight in both the years responded significantly to fertigation which 

produced the highest head dry weight of 56.19 g and 52.64 g in 1995 and 1997 respectively as 

compared to 47.24 g and 44.71 g recorded with furrow method. The values for the drip method 

53.71 g and 49.85 g were on par with fertigation but superior to flrrow only in 1995. 

Stem, leaf and head dry matter were not influenced by fertilizer levels. Similarly, the 

sources of WSF or NF had no influence on dry matter partitioa Further, although fertigation 

combinations recorded maximum values for stem (33.10 g - 40.00 g), leaf (16.43 g - 20.75 g) and 

head (49.86 a - 57.24 a) drv matter conroared to drio (32.24 a to 39.88 a. 16.15 a to 20.16 a and 
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4<».8eg to S«,es g vOTroBprnidingly) and furrvw (28,85 g to 36,14 g, 14,14 g to 16,78 g and 41,65 g 

to 51.07 6 respectively) the response was not significant 

4.6.7 Days taken for SO%floffering in sunflower 

Flowering in sunflower was influenced due to treatments imposed only in 1997 

(Table-4.30). Fertigation significantly advanced days taken for 50% flowering by four d^s as 

compared to 59 days u4ien the crop was firrow irrigated Flowering under drip iirigation (57 d ^ ) 

was statistically equal to both fertigation and furrow method 

Response in terms of flowering in sunflower was not significant due to levels or 

sources of fertilizer and even their interaction within themselves. 

4.6.8 Stem dUmeter at harvest 

Data on stem diameter (cm) at harvest as influenced by various treatments under 

study are presented in Table-4.30. 

Stem diameter increased from 25.5 cm in furrow to 28.2 cm in drip and 29.6 in 

fertigation wherein the latter two treatments were significantly superior to fiirrow in 1995. 

However, improvement in stem diameter in 1997 was not significant. 

Stem diameter of 28.7 cm in 1995 and 27.9 cm in 1997 recorded with 100% dose was 

not significantly superior to 80% recommended dose which registered 26.8 cm and 26.3 cm 

respectively. 

Similarly diameter of stem did not respond significantly due to fertilizer sources or 

interaction amons treatment factors and their levels. 
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TBblc-4.30; Dnyu tnkon for 50% flowering and (rtcm dinmetw at harvcut in sunflower ae 
influsncfd b" methods of irri'*2iion Isvels snd sources of fertilizer duriri'* 1995 zr^ '9^7 

Treatments 

Main treatments 
Irrisation methods 
Ii Furrow 
IzDrip 
I3 Fertigation 

Ftert 
CD at 5% 

F77ertiHzer levels 
Li 80% Rec. dose 
L2100% Rec. dose 

Ptest 
CD at 5% 

Fertilizer sources 
SiNF 
S2WSF 
Ftest 

CD at 5% 
Combined treatments 
Furrow irrigation 
Ti 80% Rec. dose NF 
T2 80% Rec. dose WSF 
Tj 100% Rec. dose NF 
T4100% Rec. dose WSF 

Dnp irrigation 
Tj80%Rec. doseNF 
T6 80% Rec. dose WSF 
T7100% Rec. dose NF 
Tg 100% Rec. dose WSF 
Fertigation 
T9 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
Til 100%Rec. doseNF 
T12100% Rec. dose WSF 
F test 
CD. at 5% 

Rec. Dosc=63:75:63 kcNi',05 
T \ A C — T\#««*n n A » « - n/\TT*mrr 
t-fiXkj — uaya diiot au«*iu^ 

Days taken for 50% 
flowering 

1995 

57.92 
56.18 
56.42 
NS 

-

56.72 
56.94 
NS 

-

56.94 
56.72 
NS 

-

56.67 
58.00 
56.67 
60.33 

57.00 
56.00 
57.33 
54.33 

57.33 
55.33 
56.67 
56.33 
NS 

-

:K?0/ha 

1997 

59.25 
56.92 
55.08 

* 

2.92 

57.83 
56.33 
NS 

-

57.17 
57.00 
NS 

-

59.33 
61.67 
58.67 
57.33 

58.67 
56.67 
55.00 
57.33 

56.00 
54.67 
5583 
54.33 
NS 

-

•• = significant 
XTC — IbTrxn firr^ifi^,^ 

1 

Stem dia meter at harvest 

1995 

25.50 
28.20 
29.60 

* 

2.67 

26.80 
26.70 
NS 

-

27.10 
28.40 
NS 

-

23.80 
24.60 
27.20 
26.40 

27.80 
28.60 
26.00 
30.40 

28.50 
27.80 
29.50 
32.60 
NS 

-

(mm) 
1997 

i 

1 

25.90 
27.40 
28.00 
NS 

-

26.30 
27 90 
NS 

-

26.10 
28.10 

* 

19 

24.50 
23.40 
26.50 
29.20 

25.70 
29.80 
26.80 
27.30 

26.50 
28.10 
26.40 , 
31.00 
NS 

1 

tit = Normal fertilizer 
n« ^ircr- — 

i l O — i 1 U U - 3 1 g l t l t l « . d l U T» 0 1 -
\^rr.*m^ —^i..Ki. »'<r.4-:i;-r„ 
n ait<i auutUK. ibiiui^wi 
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4.7 Yield and its components in suiAmer 

4.7.1 Seed and stalk yield of sunflofier (kg ha^) 

Data on seed yield and stalk yield of sunflower in kg ha as influenced by methods of 

irrigation, levels and sources of fertilizer are presented in Table-4.31. 

Fertigation had signifjcant influence on seed yield of sunflower in both the years. 

The seed yield was enhanced from 1355.8 kg ha' in furrow method to 1621.5 kg ha' by fertigatioa 

Drip irrigation recorded 1518.7 kg ha' seed yield which was significantly superior over furrow but 

was on par witii fertigation during 1995. The corresponding figures of 1247.7 kg, 1460.5 kg and 

1375.8 kg ha' in 1997 also showed superiority of fertigation over mere furrow irrigatioa However, 

the drip treatment was on par with both fertigation and furrow method (Fig. 4.12). 

Fertilizer levels did not evince significant repoose in terms of sunflower seed yield 

(1549.8 kg ha', and 1402.8 kg ha' with 100% dose and 1447 6 kg ha' and 1319.9 kg ha' with 80% 

dose during 1995 and 1997 respectively). 

Influence of fertilizer sources on seed was not significant Similarly yield dififerences 

from 1177.5 kg ha' to 1400.5 kg ha"' in furrow, 1296.5 kg ha' to 1605.6 kg ha' in drip and 1405.2 

kg ha' to 1700.7 kg ha' in fertigation were not significant during both the years 

Stalk yield 

Stalk yield differed significantly due to irrigation methods in both the years 1995 and 

1997 (Tabgle-4.31). The treatment of fertigation gave the highest stalk yield (1710.4 and 1668.6 kg 

ha')followed by dnp (1657.8 and 1629.4 kg ha'). Furrow irrigation had significantly lower stalk 

yield of 1592.3 and 1550.7 kg ha' in 1995 and 1997 respectively than fertigatioa 
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80%NF 
80%WSF 

100%NF 
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Fig. 4.12 Seed yteM (kg/ha) In Mjnflower as Influenced by 
fertlgatlon, drip and furrow with levels and eoureee of fertilizer 

(mean of two years) 
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The recommended tertiiizer dose (100%) had sicniticantiv hicher stover vieid onlv in 

1997 (1636.5 kg ha') compared to 80% level (1595 kg ha'). 

Neither fertilizer sources nor the interaction effect between different treatments waR 

found significant in influencing the stalk yield in sunflower. 

4.7.2 \leld coitfionet^ in sunflovwer 

Data on yield components in sunflower as influenced by methods of irrigation, 

sources and levels of fertilizer are presented in Table-4.32. 

Yield attributes were considerably influenced by irrigation methods. Hie seed yield 

per plant (33.5g) and number of seeds per head (975) were significantly higher in the fertigation 

treatment in 1995 than fiirrow irrigated sunflower (26.6 g and 917 seeds head' respectively) In 

1997, only seed yield per plant (32.2 g) showed significant improvement due to fertigation over 

furrow treatment (25.21 g). Seed yield (30.1 g) recorded under drip method was also superior to 

furrow only in 1995. 

Number of filled seeds (784 and 795 in the years 1995 and 1997 respectively) and 

filling per cent (80.5 and 79.4 % respectively) were significanfly superior under fertigation than with 

furrow (687, 652, 73.8% and 74.7% respectively) treatment but were on par wife drip method (742, 

722, 77.4% and 77.6% respectively). Similarly, the test weight recorded with fertigation (4.24 and 

4.16 g) during both the years 1995 and 1997 (Table-4.32) was significantly 8i4>erior to furrow (3.79 

g and 3.81 g) but was statistically equal to that obtained under drip (4.07 and 4.04 g). 

Tlie data on husk per cent in 1995, threshing per cent as well as head diameter (Table-

4.32) also indicated the consistencv of fertioation treatment in sisnificantiv iraprovins thete vield 

file:///leld
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Table-4.32; Yield attributes in sunflower as influenced by methods of irrigation levels and 
sources of fertilizer during 1995 and 1997 ^ 

-

Treatments 
Seed Yield 

i (g/plant) 
! 1995 

Main treatments 
Irrigation methods 
Ii Furrow 
bDrip 
I3 Fertigation 

Ftest 
CD at 5% 

Fertilizer levels 
Li 80% Rec. dose 
L2 100% Rec. dose 

Ftest 
C D at 5% 

Fertilizer sources 
, S,(NF) 

S2(WSF) 
Ftest 

CD at 5% 
Combined treatments 
Furrow irrigation 
Ti 80% Rec. dose NF 
T2 80% Rec. dose WSF 
T3100% Rec. doseNF 
T4100% Rec. dose WSF 
Drip inisation 
Tj80%Rec. doseNF 
Ts 80% Rec. dose WSF 
T7100% Rec. dose NF 
Tg 100% Rec. dose WSF 
Fertisation 
T9 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
Til 100%Rec. doseNF 
T12100% Rec. dose WSF 
F test 
CD. at 5% 1 

Rec. Dosc=63:75:63 kgNJ>2( 
DAS = Days after sowing 

26.61 
31.66 
33.53 

« 
3.54 

29.47 
31.73 
NS 

-

30.84 
30.35 
NS 

-

25.71 
24.84 
29 04 
26.85 

30.84 
30.06 
33.00 
32.74 

32.88 
32.50 
33.60 
35.14 
NS 

Js-KjO/ha 

1997 

25.21 
30.07 
32.24 

* 
5.02 

27.71 
30.64 

« 
2.64 

28.88 
29.47 
NS 

-

23.97 
23.48 
27.05 
25.68 

28.55 
27.32 
31.28 
33.15 

29.88 
33.04 
32.56 
33.58 
NS 

._ . _. _ . 

No. of 
seeds/head 

1995 

917 
958 
975 

* 
43 

907 
993 

« 
31 

950 
949 
NS 

-

890 
845 
933 
1000 

934 
887 
1015 
996 

934 
950 
998 
1018 
NS 

* = Significant 
NS = Non-signif 

1997 

873 
933 
940 
NS 

-

888 
942 
NS 

-

904 
926 
NS 

-

830 
863 
930 
869 

928 
886 
925 
995 

897 
925 
918 
1020 
NS 

cant 

No. ( 5f filled 
seeds/head 

1995 

678 
742 
784 

* 
56 

695 
774 

* 
47 

731 
738 
NS 

-

642 
622 
703 
744 

700 
685 
802 
782 

750 
774 
791 
823 
NS 

1997 

652 
722 
745 

• 
71 

676 
737 

* 
32 

698 
714 
NS 

-

618 
635 
704 
652 

693 
671 
735 
789 

707 
732 
734 
808 
NS 

Filling (%) 

1995 

73.8 
77,4 
80.5 

« 
4.4 

76.6 
77.9 
NS 

-

76.8 
77.7 
NS 

-

72.1 
73.6 
75.4 
74,2 

75.0 
77.1 
79 0 
78,5 

80.0 
81.5 
79.3 
81.2 
NS 

hJF = Nonnal fertilizer 
WSF = Water solubl e fertili2ei 

1997 

1 
74.7 
77.6 
79.4 

« 
3.2 

76,5 
78.0 

« 
0.8 

77,5 
78.0 
NS 

-

74.5 
73.6 
75.7 
75.0 

; 
76.8 
75.7 
79.4 
78.5 

78.8 
79.6 
80.0 
79,2 
NS 

i 

r 
y^m\^ 
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Table-4.32: (Contd.) Yield attributes in sunflower as influenced by methods of iirigation 
levels and sources of fertilizer during 1995 and 1997 

Treatments 

Main treatments 
Irrigation methods 
Ii Furrow 
tDrip 
I3 Fertigation 

Ftest 
CD at 5% 

Fertilizer levels 
Li 80% Rec. dose 
L2lOO%Rec. dose 

Ftest 
CD at 5% 

Fertilizer sources 
! S i W 
; S2(WSF) 

Ftest 
CD at 5% 

Combined treatments 
Furrow irrigation 
Ti 80% Rec. dose NF 

! T2 80% Rec. dose WSF 
T3100% Rec. doseNF 

! T4100% ORec. dose WSF 
1 DriD irhfiation 

Tj80%Rec. doseNF 
T* 80% Rec. dose WSF 
T7100%Rec. doseNF 

i Tg 100% Rec. dose WSF 
j Fertisation 

T9 80% Rec. dose NF ! 
Tio 80% Rec. dose WSF 
Tn 100%Rec. doseNF i 
Ti 2100% Rec. dose WSF ' 

; F test 
1 CD. at 5% 

100 seed 
weight (g) 

1995 

1 
1 

3.79 
4.07 
4.24 

* 

0.22 

3.91 
4.15 

» 

0.17 

4.01 
4.05 
NS 

• 

3.70 
3.61 
3.82 
4.03 

3.85 
3.96 
4.30 
4.17 

4 18 
4.19 
4.23 
4.35 
NS 

1997 

3,81 
4.04 
4.16 

• 

0.26 

3.83 
4.12 
NS 

-

3.96 
4.05 
NS 

• 

3.50 
3.64 
4.40 
3.96 

3.93 
3.85 
4.11 
4.27 

398 
4.10 
4.10 
4.46 
NS 

-

Husk% 

1995 

32.53 
31.70 
31.00 

* 

1.12 

32.27 
31.11 
NS 

-

31.98 
31.51 
NS 

-

33.94 
31.15 
31.92 
33.11 

32.88 
32.00 
31 .1/ 
30.56 

32.21 
32.06 
29.56 
30.17 
NS 

-

1997 

32.53 
31.26 
31.75 
NS 

-

31.96 
31.74 
NS 

-

32.80 
30.89 

* 

1.35 

34.75 
30.57 
32.56 
32,24 

32.48 
30.24 
32.55 
29.77 

31.99 
31.71 
32.46 
30.84 
NS 

-

Threshing % 

1995 

56.40 
59.22 
59 88 

* 

2.33 

58.02 
58.98 
NS 

• 

59.55 
57.45 

» 

1.72 

59.57 
54.90 
56.93 
54,20 

58.02 
57.87 
61 91 
59.07 

60.68 
57.06 
60.20 
61.59 
NS 

-

1997 

56,01 
58.18 
62.56 

• 

4.78 

57.82 
60.02 
NS 

-

59.62 
58.22 
NS 

-

57.55 
53.31 
57.37 
5583 

57.31 
54.35 
59.55 
61,30 

63.34 
61.05 
62.58 
62.27 
NS 

-

Head diameter 
(cm) 

1995 

12.6 
14.4 
15.2 

* 

1.3 

13.5 
14.6 
NS 

-

13.7 
14.4 
NS 

-

12.0 
11.9 
13.4 
12.9 

13.1 
14.6 
14.2 
15,5 

14.5 
14.9 
15.0 
16,6 
NS 

-

1997 

12.7 
14,1 
14.8 

« 

1.2 

13.3 
14.4 

m 

0.90 

13.8 
U.9 
NS 

-

11.3 
12.0 
13.8 
13.6 

14.2 
12.9 
14.5 
14.8 

14.6 
14.9 
14.5 
15.4 
NS 

J 

Rec. Dogc=«3:75:63 keN.P2O5.K2O/ha * = Significant NF = Normal fertilizer 

http://keN.P2O5.K2O/ha
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aitriuUiefi SS COuipSTeu lu liuTOw iii^iuOa At ibo SSIfkc tiiBe, it w3S obKeFv^d ihitt th^ vaJUae for diip 

method lor husk oer cent, threshinff oer cent, and head dia meter were on oar with fertiaatioD but 

aigoiflcantly superior to furrow method except the threshing per ceot in 1997 (Table-4.32}. 

Between the fertilizer levels, the full dose (100%) recorded insignificantly higher 

values for most of the yield components. However, seed yield of 30.64 g plant' in 1997, 993 

number of seeds per head in 1995 recorded with lOÔ ô dose were significantly higher than 27.71 g 

and 907 seeds respectively registered by 80% dose. Similarly, number of filled seeds in both the 

years and filling per cent in 1997 also followed the same trend. Further, die reconunended dose 

(100%) produced superior test weight (4.15 g) in 1995 and head diameter (14.4 cm) in 1997 only as 

conq>ared to 3.91 g and 13.3 cm observed with 80% dose respectively. 

Fertilizer sources of NF and WSF did not influence the yield attribute in sunflower 

like seed yield per plant However reduced husk per cent (30.89%) by WSF was significant over NF 

in 1997 (32.80%). Similarly the threshing per cent was also significantly lower (57 45%) with WSF 

as compared to NF (59.55%) only in 1995. 

Tlie overall interaction effects between I x L , L x S , I x L o r l x L x S were not 

statistically significant (Table-4.32). 

4.8 Quality analysis 

4.8.1 OO content insunfkmvr 

Data on oil content in sunflower as influenced by methods of irrigation, levels and 

sources of fertilizer are presented in Table-4.33. 

Seed oil content of 43.8%, 44.6% and 47.8% registered by furrow, drip and 

fertigation respectively were at par with each other in 1995. Also, corresponding figwes 42.6%, 

44.6% and 45.0% represented same trend in 1997. 



107 

Table-4.33: Oil content and oil yield in sunflower as influenced by methods of irrigation, 
levels and sources of fertilizer during 1995 and 1997 

i 

Treatments 

Main treatments 
Irrigation methods 
Ii Furrow 
laDrip 
h Fertigation 

Ftest 
CD at 5% 

Fertilizer levels 
Li 80% Rec. dose 
L2100% Rec. dose 

Ftest 
CD at 5% 

Fertilizer sources 
SiNF 
S2WSF 
Ftest 

CD at 5% 
Combined treatments 
F ^ o w irrigation 
Ti 80% Rec. dose NF 
T2 80% Rec. dose WSF 
T3100% Rec. dose NF 
T4100% Rec. dose WSF 

Drip irrigation 
Tj80%Rec. doseNF 
T< 80% Rec. dose WSF 
T7100%Rec. doseNF 
Tg 100% Rec. dose WSF 
Fertigation 
To 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
Tij 100% Rec. dose NF 
T12100% Rec. dose WSF 
F test 
CD. at 5% 

Oil content 

1995 

43.8 
44.6 
47.8 
NS 

-

44.7 
46.1 
NS 

-

45.7 
45.1 
NS 

(%) 

1997 

42.6 
44.6 
45.0 
NS 

-

43.5 
44.7 
NS 

-

44.4 
43.8 
NS 

Oil yield (kg/ha) 

1995 

593.50 
677.32 
734.17 

* 

95.62 

640.23 
696.37 

• 

30.40 

670.49 
666.11 

NS 

1997 

532.21 
613.77 
657 19 

« 

70.7 

574.70 
62742 

• 

52.28 

600.27 
601.84 

NS 

44.8 
42.5 
43.6 
44.4 

45.3 
43.0 
44.2 
45.9 

46.0 
46.6 
50.3 
48.2 
NS 

43.1 
40.6 
44.3 
42.5 

45.0 
44,3 
43.7 
45.4 

44.3 
43.6 
45.9 
46.2 
NS 

596.38 
535.30 
625.50 
621.83 

657.70 
643.03 
709.67 
700.50 

700.73 
710.23 
739.97 
785.70 

NS 

507.50 
495.97 
587.67 
537.70 

608,00 
574.33 
609.23 
663.50 

622.50 
639,87 
666.70 
699.70 

NS 

J J 

Rec. Dosc=63 -.li -.63 kg N-.P:j05.K20/ha * = Signiftcant NF = Normal fertilizer 
vto — vTvu-aigmnkotu «rr«(r = wroMo- *uiuwni naMiu,^!*. 



Fwtfoiiion 
Orfp 

Furrow 

Fig. 4.13 : Oil content and oil yl^ld (kg/ha) 
In sunflower as Influanoed by tertlgatlon, 

drip and furrow with levels and sources of 
fertilizer (mean of two years) 



Variations in seed oil content diw to ftrtiliz»r IPV?IS or Boirvps or interaction eflett 

amonc combined treatments were not sicniticaiit either in 1995 or 1997 althouch oil content vwied 
K^ K.' KJ 

between 42.5%-50.3% in 1995 and40.6%-46.2% in 1997. 

4.8^00 yield InsunTlower 

Data on oil yield in sunflower as influenced by different treatments under study is 

presented in TabIe-4.33. 

Oil yield under fertigalion was in the order of 734.2 and 657.2 kg ha ' for 1995 and 

1997 respectively and hence significantly siqjerior to firrow method where corresponding oil yield 

was 593.5 and 532.2 kg ha' Drip treatment produced 677 3 and 613.8 kg ha' oil yield 

correspondingly and was on par with both fertigation and furrow method in 1995 but sqjerior to 

furrow iirigation in 1997 (Fig. 4.13), 

Recommended dose of fertilizer level (100%) had higher oil yield (696,4 and 627,4 

kg ha' significantly during both 1995 and 1997 as compared to the lower (80%) dose (640.2 and 

574.7 kg ha' respectively). 

Significant variations in terms of oil yield were not observed because of fertilizer 

sources. Further, the highest oil yield of 785.7 kg and 699.7 kg ha in 1995 and 1997 respectively 

obtained with 100% dose WSF applied through fertigation as against the lowest oil yield of 535 3 kg 

and 496.0 kg ha' respectively in 80% dose WSF applied in furrow method was also non-significant 

statistical Iv. 
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4.9 Nutrient uptake studies 

4.9.1 Nutrient content In capsicum, maize and smnower 

Data on N, P and K content in whole plant of capsicum, maize and minflower 

determined at final harvest are presented in Table-4.34. 

Nitrogen content in capsicum plant dry matter at harvest was 2.87% to 2.93% in 1994 

and 2.86 to 2.94% in 1996. The P content ranged from 0.76% to 0.85% without much difference 

between the two years 1994 and 1996. The plants had K content to the tune of 4.42% to 4.63% over 

the two years of observation. 

N, P and K content in maize was 1.42% to 1.52%, 0.25% to 0.29%, 1.28 to 1 37% 

respectively and values for 1996 were slightly higher than 1994, 

Sunflower plants had 1.54% to 1.62% N, 0.24% to 0.29% and 1.02% to 1.08% K 

during both 1995 and 1997 under the influence of difierent treatments. 

4.9.2 N, P and Kuptake In capsicum 

Data onN, P and K uptake in capsicum as influenced by methods of irrigation, levels 

and sources of fertilizer are fiimished Table-4.35 and depicted in Fig. 4.14. 

The N, P and K uptake was highest with fertigation in both years 1994 and 1996 

(32.2 and 31.4 kg ha', 9.2 and 8.8 kg ha ' and 50.5 and48.7 kg ha' respectively) followed by drip 

irrigation (28.7 and 29.5 kg ha', 8.1 and 8.4 kg ha' and 45.5 and 47.3 kg ha' respectively). Both of 

these were on par with each other but significantly superior to N, P and K uptake recorded under 

furrow method (24.4 and 25.1 kg ha', 6.8 and 7.0 kg ha' and 37.5 and 38.7 kg ha' 

corresDondineiv). 
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Table-4.34:: Nitrogen, phosphorus and potassium content (%) on whole plant basis at harvest 
in c^sicum, maize and sunflower as influenced by methods of irrigation, levels and sources 
of fertilizers during 1994-95 and 1996-97 

Treatments 

Furrow irrigatioQ 
Ti 80% Rec. dose NF 
Tj 80% Rec. dose WSF 
T3100% Rec. dose NF 
T4100% Rec. dose WSF 

Drip irrigation 
Tj80%Rec. doseNF 
Ts 80% Rec. dose WSF 
T7100%Rec, doseNF 
Tg 100% Rec. dose WSF 

! Fe r t i^on 
i T9 80% Rec. dose NF 

Tio 80% Rec. dose WSF 
Tu 100%Rec. doseNF 
T12100% Rec. dose WSF 

' 

Furrow inisation 
Ti 80% Rec. dose NF 

j T2 80% Rec. dose WSF 
' T3100%Rec. doseNF 

T4100% Rec. dose WSF 

Drip irrigation 
T580%Rec. doseNF 
Te 80% Rec. dose WSF 
T7100% Rec. dose NF 
Tg 100% Rec. dose WSF 
Fertigation 
T9 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
Tii 100%Rec. doseNF 
T12100% Rec. dose WSF 

„ _ 1 

N 

2.93 
2.91 
2.95 
2.88 

2.87 
2.93 
2.86 
2.87 

2.87 
2.90 
2.89 
2.93 
NA* 

2.90 
2.94 
2.89 
2.93 

2.86 
2.89 
2.93 
2.90 

2.90 
2.95 
2.92 
2.93 
NA 

Capsicum 
P 

1994 

0.78 
0.82 
0.83 
0.85 

0.83 
0.79 
0.82 
0.78 

0.81 
0.83 
0.79 
0.84 
NA 

1996 

0.80 
0.78 
0.81 
0.81 

0.76 
0.84 
0.83 
0.82 

0.81 
0.82 
0.80 
0.83 
NA 

K 

4.61 
4.59 
4.54 
4.47 

4.63 
4.51 
4.55 
4.53 

4.58 
4.52 
4.50 
4.55 
NA 

4.42 
4.44 
4.51 
4.47 

4.57 
4.60 
4.62 
4.59 

4.49 
4.50 
4.55 
4.47 
NA 

N 

1.44 
i t2 
1.43 
1.44 

1.45 
1.48 
1.48 
1.47 

1.48 
1.50 
1.49 
1.48 
NA 

1.47 
1.47 
1.49 
1.46 

1.48 
1.47 
1.49 
149 

1.50 
1.52 
1.52 
151 
NA 

Maize 
P 

1994 

0.26 
0.26 
0.28 
0.27 

0.26 
0.27 
0.27 
0.28 

0.27 
0.28 
0.29 
0.29 
NA 

1996 

0.26 
0.25 
0.25 
0,26 

027 
0.28 
0.27 
0.26 

0.27 
0.29 
0.28 
0,29 
NA 

K 

1.28 
1.29 
1.29 
1,30 

1.32 
1.31 
1.33 
132 

1.34 
1.33 
1.34 
1.35 
NA 

1.32 
1.34 
1.35 
1,33 

1.35 
1 36 
1,34 
1.36 

1.35 
1.37 
1.36 
1.37 
NA 

Sunflower 
N 

1.57 
1.56 
1.58 
1,57 

1.58 
1,57 
1.59 
1.60 

1.61 
1.63 
1.62 
1.62 
NA 

1.54 
1.55 
1.57 
1,56 

1.56 
1.57 
1.58 
1.59 

1.59 
1.58 
1.59 
160 
NA 

P 
1995 

0.25 
0.25 
0,26 
0.25 

0.26 
0,26 
0.27, 
0.26 

0.27 
0.28 
0.28 
0.28 
NA 

1997 

0.24 
0.25 
0 25 
0.26 

0.25 
0.26 
0.27 
0.26 

0.27 
0.28 
0,28 
0 29 
NA 

K 

1.04 
1.04 
1.05 
1,06 

1.06 
1,05 
1.07 
1.07 

1 07 
1.06 
1.08 
1.08 
NA 

1.02 
1.03 
1 04 
1.03 

1 05 
1.04 
1,05 
1,06 

1 06 
1.06 
1,07 
1,07 
NA 

n 

..J 

ii\^ - i>oi ^"^yae-y 
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Table-4.3S: Nitrogen, phogphonis and potassium uptake by capBicum as influenced by 
methods of irrigation, levels and sources of fertilizer during 1994 and 1996 

Treatments 
Nutrient uptake (kg/ha) 

N P 
1994 1996 1994 1996 1994 

K 
1996 

Main treatments 
I r r i ^ o n methods 
Ii Furrow 
laDrip 
I3 Fertigation 

Ftest 
CD at 5% 

Fertilizer levels 
Li 80% Rec. dose 
U 100% Rec. dose 

Ftest 
CD at 5% 

Fertilizer sources 
SiNF 
S2WSF 
Ftest 

CD at 5% 
Combined treatments 
Furrow irrisation 
Ti80%Rec. doseNF 
Ta 80% Rec. dose WSF 
Tj 100%Rec. doseNF 
T4100% Rec. dose WSF 

Drip iniKation 
7580%Rec. doseNF 
T6 80% Rec. dose WSF 
T7100% Rec. dose NF 
Tg 100% Rec. dose WSF 
Fertigation 
T9 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
Tu 100%Rec. doseNF 
T12100% Rec. dose WSF 
F test 
CD. at 5% 

* = Significant 

1 

24.44 
28.75 

i 22.20 
i * 

! 4.15 
1 

\ 27.30 
i 29.63 
': NS 

-
1 

28.11 
28.82 

• NS 
-

22.68 
i 23.41 

26.54 
25.14 

; 

i 26.83 
27.75 

i 29.82 
: 30.59 

30.69 
1 32.42 
1 32.10 
1 33.60 

NS 

iNd =-fHon-BigniHcani 

25.12 
29.50 
31.39 

* 

3.91 

27.76 
29.58 
NS 

-

28.35 
28.99 
NS 

-

23.51 
24.80 
25.60 
26.5 

27.87 
28.45 
31.25 
30.43 

30.35 
31.58 
31.52 
32.13 
NS 

" 

6.83 
8.07 
9,21 

* 

1.60 

7.64 
8.43 
NS 

-

7.97 
8.10 
NS 

-

5,97 
6.31 
7.61 
7.42 

7.86 
7.58 
8.55 
8.31 

886 
9.28 
8.97 
9.73 
NS 

" 

6.98 
8.38 
8.79 

« 

1.12 

7.73 
8.37 

« 

0.52 

7.93 
8.17 
NS 

-

6.48 
6.71 
7.28 
7.45 

7.61 
8.27 
8.95 
8.70 

8.56 
8.78 
8.73 
9.10 
NS 

• 

37.48 
45.47 
50,53 

« 

6.16 

42.71 
46.27 

* 

3.43 

44.26 
44.72 
NS 

-

34,34 
35.63 
41.27 
38.67 

43.64 
43.15 
47.03 
48.05 

49.44 
50.08 
49.87 
52,72 
NS 

~ 

NF = Normal fertilizer 
•war - ' WM9T soiuoie rennizer 

38.72 
47.29 
48.71 

« 

7.42 

43,50 
46.32 
NS 

-

44,55 
45.27 , 
NS 

' 
' 

36,.50 
37.87 
39 96 
40.55 

1 

45.17 : 
45 89 
49.17 
48.96 

46.84 
48.75 

1 49.68 
49,58 ! 
NS 

"• 



Fig 4.14 N» P n d K uptake in capsicum as influenced 
by fertigation, drip and firrow with levels and sources 

of fertilizer (mefln of two yean) 
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Data CD uptake of nutriectu io suaflower ghowed uignilicaat iioproveQieQi with 

respect P iq)take (8.67 kg ha") in 1996 and K uptake (46.3 kg ha') tn 1994 due to till I (100%) dose 

fertilizer over the reduced (80%) dose which recorded 7.7 kg and 42.7 kg ha' respectively. 

Higher N, P and K intake recorded with WSF source was not significant as conq)ared 

to the Intake obtained with NF source. Similarly the variation due to treatment interactions on 

uptake ofN(22.7 to 33.6 kg ha'), P (6.0 to 9.7 kg ha') and K (34.3-52.7 kg ha') over the two yea^ 

of observation was also non-significant 

4.9J Pi,Pnai Kuptuke in mdze (k^ln) 

Data on N, P and K intake in maize as influenced by methods of irrigation, levels and 

sources of fertilizer are presented in Table-4.36. 

Tlie highest N (180.8 and 188.0 kg ha ' ) , ? (34.3 and 35 1 kg ha') and K (163 1 and 

170.0 kg ha') uptake recorded under fertigation respectiveiy durmg 1994 and 1996 followed by drip 

method which registered 166.6 and 157.6 kg ha' (N), iO.6 and 31.4 kg ha' (P) and 149 3 and 157.6 

kg ha' (K) Intake correspondingly were significantly superior to N (147,4 and 155.6 kg ha"'), 

P(27.5 and 27.0 kg ha') and K (132.7 and 141.3 kg ha') uptake recorded under furrow method 

except the K intake in 1994 (Table-4.36). However, fertigation and drip treatments were on par with 

each other in terms of N uptake in 1994 and K uptake in both the years (Fig. 4.15). 

Between fertilizer levels 100% dose had significantly higher uptake of P only in 

1994 from 29.1 kg ha' in 80% dose to 32.5 kg ha'. However, higher uptake of N, K and P in 1996 

due to full dose fertilizer over reduced dose was not significant. 
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TabIe-4.36; Nitrogen, phosphonis and potassium uptake by maize as influenced by methods 
of irrigation, levels and sources of fertilizer during 1994 and 1996 

Treatmente 

Main treatments 
Irrigation methods 
Ii Furrow 
laDrip 
I3 Fertigation 

Ftest 
CD at 5% 

Fertilizer levels 
Li 80%Rec. dose 
L2100% Rec. dose 

Ftest 
CD at 5% 

Fertilizer aourcea 
SiNF 
S2WSF 
Ftest 

CD at 5% 
Combined treatments 
Furrow irrigation 
Ti 80% Rec. dose NF 
T2 80% Rec. dose WSF 
T3100% Rec. dose NF 
T4100% Rec. dose WSF 
Drip inisation 
Tj80%Rec.doBeNF 
Tfi 80% Rec. dose WSF 
T7100% Rec. dose NF 
Tg 100% Rec. dose WSF 
Fertisation , 
T9 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
Til 100% Rec. dose NF ! 
T12100% Rec. dose WSF 
F test 
CD. at 5% 

1 

* = Significant 
NS = Non-sianifi( 

1994 

147.4 
166.6 
180.8 

* 

15.9 

159.7 
170.1 
NS 

-

164.5 
165.4 
NS 

-

142.1 
142.3 
152.0 
153.2 

158.2 
159.8 
175.8 
172.7 

175.6 
180.4 
183.3 
183.8 
NS 

-

;aiit 

N 
1996 

155.6 
172.8 
188.0 

* 

14.6 

166.8 
177.5 
NS 

-

172.1 
172.1 
NS 

-

149.5 
148.8 
162.1 
162.0 

166.2 
168.1 
179.5 
177.3 

184.5 
183.6 
191.1 
192.8 
NS 

-

Nutrient 

1994 

27.5 
30.6 
34.3 

* 

2.8 

29.1 
32.5 

* 

2.0 

30.6 
31.1 
NS 

-

25.6 
26.1 
298 
28.7 

28.3 
29.1 
32.1 
32.9 

32.0 
33.7 
35.7 
36.0 
NS 

NF = No 

uptake (kg/ha) 
P 

1996 

27.0 
31.4 
35.1 

* 

36 

30.4 
31.9 
NS 

-

30.8 
31.5 
NS 

-

26.6 
25.3 
27.2 
27.8 

30.3 
32.0 
32.5 
309 

33.2 
35.0 
35.2 
37.0 
NS 

-

1994 

132.7 
149.3 
163.1 

* 

16.8 

143.1 
153.7 
NS 

-

148.1 
148.7 
NS 

-

126.3 
129.3 
137.1 
138.3 

142.5 
141.7 
158.0 
155.0 

158.9 
160.0 
166.1 
167.6 
NS 

-

rmal fertilizer 
WSF = Water soluble fertilizer 

K 
1996 

1 

141.3 ' 
157.6 
170.0 

• 

14.1 
1 

151.6 
161.0 ' 
NS i 

1 
] 
i 

155.8 
156.8 
NS 

-

135.2 
135.6 
146.9 
147.6 

151.6 
155.5 
161.4 
1618 

166.0 
1655 
173.5 ; 
174.9 
NS 

) 



80%NF 
80%WSF 

iao%NP 
100%WSF 

Fig. 4.!S -.N^8nlKiq)takemiiiaizea8infhMDcedbyfectigad<xudnpand 
fluTOW with levels and sources of f.:ttilizer (mean of two yean) 
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WSF and NF SGiirceu did uot differ between themselves with respect to nutrient 

uptake. Similarly N, P and K uptake in maize was not intluenced significantly by different 

interaction e£fects. 

4.9.4 IS P and K uptake In sunflower 

The data on nitrogen, phosphorua and potassium uptake by sunflower as influenced by 

methods of irrigation, levels and sources of fertilizer are presented in Table-4.37 and Fig. 4.16. 

N, P and K uptake was considerably influenced due to irrigation methods. Imposition 

of fertigation significantly increased N vptake from 84.6 kg ha' (199S) and 78.1 kg ha'(1997) is 

furrow irrigation to 101.2 kg ha' and 93.2 kg ha' respectively. N uptake of 96.2 kg ha' and 88.6 kg 

ha * observed with drip treatment was also significantly stqserior to furrow but was on par with 

fertigation. 

P uptake values were 17.4 and 16.4 kg ha' for fertigation, 15.9 and 14.6 kg ha' for 

drip and 13.6 and 12.6 kg ha' for furrow methods in 1993 and 1997 respectively indicating 

significant siq)eriority of fertigation over furrow irrigatioa However, drip method was also Boptriv 

to furrow method in both the years but on par with fertigation only in 1995. 

Significantly higher K uptake of 67.0 and 62.5 kg ha' in 1995 and 1997 respectively 

by fertigated sunflower and 64.5 and 59.0 kg ha* respectively under dnp method was observed as 

compared to 56.3 kg and 51.7 kg ha' K uptake obtained with fiirrow method. 

Increased N, P and K vptake was recorded with increased dose of fertilizer (100%) as 

conq}ared to reduced dose (80%) but not significantly. Similarly, the marginal increase in nutrient 

uptake because of WSF source over NF source was also non-significaot (Table-4.37). 



Table-4.37: Nitrogen, phosphorus and potassium intake by sunflower as influenced by 
methods of irrigation, levels and sources of fertilizer during 1995 and 1997 

Treatments 

Main treatments 
Irrigation methods 
I] Furrow 

tDrip 
I3 Fertigation 

Ftest 
CD at 5% 

F77ertilizer levels 
LI 80% Rec. dose 
L2100% Rec. dose 

Ftest 
CD at 5% 

Fertilizer sources 
SiNF 
S2WSF 
Ftest 

CD at 5% 
Combined treatments 
Furrow inixation 

' Ti 80%Rec. doseNF 
T2 80% Rec. dose WSF 
T3100% Rec. dose NF 
T4100% Rec. dose WSF 
Drip irrigation 
T580%Rec. doseNF 
T« 80% Rec. dose WSF 
T7100%Rec. doseNF 
Tg 100% Rec. dose WSF 
FertiOTtion 
Ts 80% Rec. dose NF 
Tio80%Rec. dose WSF 
Tu 100%Rec. doseNF 
T12 100% Rec. dose WSF 
F test 
CD. at 5% 

L — ---- -

* = Significant 
NS = Non-signific 

1995 

84.6 
96.2 
101.2 

* 
10.3 

91.3 
96.6 
NS 

-

93.7 
94.2 
NS 

-

81.7 
78.4 
90.6 
87.5 

94.0 
94.3 
94.8 
102.1 

98.0 
101.3 
103.4 
10.20 
NS 

-

ant 

N 
1997 

78.1 
88.6 
93.2 

* 
8.8 

88.4 
89.9 
NS 

-

86.3 
86.8 
NS 

-

74.0 
76.1 
83.0 
79.2 

85.3 
83.1 
91.8 
93.9 

90.0 
91.7 
94.6 
96.7 
NS 

-

Nutrient 

1995 

13.6 
15.9 
17.4 

* 
1.7 

15.1 
16.1 
NS 

-

13.6 
15.6 
NS 

-

13.1 
12.6 
14.9 
139 

15.5 
15.6 
16.0 
166 

16.4 
174 
17.9 
176 
NS 

-

uptake (kg/ha) 
P 

1997 

12.6 
14.6 
16.4 

* 
1.5 

13.8 
15.3 
NS 

-

14.4 
14.7 
NS 

-

11.5 
12.3 
13.2 
13.2 

13.7 
13.8 
15.7 
15 3 

15.3 
16.2 
16.7 
17.5 
NS 

-

NF = Normal fertilizer 

1995 

56.3 
64.5 
67.0 

« 
6.9 

60.6 
64.6 
NS 

-

62.3 
62.7 
NS 

-

M l 
52.3 
60 I 
58 8 

63.1 
63.0 
63.4 
68 3 

65.1 
65.9 
68.9 
68 0 
NS 

-

WSF= Water soluble fertilizer 

K 
1997 

51.7 
590 
62.5 

m 

6.0 

556 
59.9 
NS 

-

37.7 

57.8 
NS :' 

-

49.0 
50.6 
55.0 
52.3 

57.4 
55.0 
61 1 
62.6 

60.0 
615 
62.7 : 
64.6 i 
NS 

_ " 1 



Fuirow Dfip Fertigation 

a80%NF QSOHWSF B100%NF BIOOHWSF 

Fig 4.16 : N, P and K iqjtake in sunflower AS influeoced by 
fotigatioci, dfip and funow with kwels and sources of feftilizcr 

(mean of two yean) 
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None of the interactions was found significant witii reepect to nutrient uptake 

aJthouchN. P and K uotake valuen varted trom 74 0-103 4 kc ha'. 11 5-17 9 ka ha' and49 0 to 68.9 

kg ha' respectively over the t\^o years of observation. 

4.9.5 Fertilizer use efficiency in capsicum, maize and surflower 

Data on fertilizer use efficiency (kg yield per kg NPK fertilizer) in capsicum, maize 

and sunflower as influenced by methods of irrigation levels and sources of fertilizer are presented in 

Table-4.38 and illustrated in Fig. 4.17. 

Fertilizer use eHidency in dpncum 

Green fruit yield in capsicum responded significantly to methods of irrigation and 

fertilizer application. Fertilizer use efficiency of 38.7 and 38 8 kg per kg NPK in 1994 and 1996 

respectively under fertigation followed by 35.2 and 35.7 kg per kg NPK respectively obtained with 

drip method was significantly superior over 312 and 31.4 kg yield per kg NPK achieved by furrow 

irrigation. However, both fertigation and drip treatment were on par with each other. 

Fertilizer applicafion at 80*̂ 'b recommended dose was aignificaotly superior in 

recording higher FUE in both 1994 and 1996 (38.5 and 28.4 kg per kg NPK) as compared to 100*/u 

dose (31.6 and 31.6 kg per kg NPK respectively). 

FUE did not differ between NF or WSF sources. So also the interaction effects were 

on par altiiough higher FUE values (43.4-33/8 kg per kg NPK) were recorded with fertigation 

combinations than drip (31.9-39 4 kg per kg NPK) or furrow (28.1-34.7 kg per kg NPK) methods 

during both the years 1994 and 1996. 



Table-4.38: Fertilizer use efilciency in capsicum, maize and sunflower as influenced by 
methods of irrigation, levels and sources of fertilizer 

1 ]i 

Treatments 

Main treatments 
Irrigation methods 

i Ii Furrow 
{ tDrip 
I I3 Fertigation 

Ftest 
CD at 5% 

Fertilizer levels 
Li SCW-i Rec. dose 

1 L2100% Rec. dose 
! Ftest 

C D at 5% 
Fertilizer Bources 
S i N F 
SjWSF 
Ftest 

C D at 5% 
Combined treatments 
Furrow irrisation 
Ti 80% Rec. dose NF 

1 T2 80% Rec. dose WSF 
T3100% Rec. dose NF 
T4100% Rec. dose WSF 
E>rip iniiiation 
T5 80%Rec. doseNF 
Ti 80% Rec. dose WSF 
T7 100%Rec. doseNF 
Tg 100% Rec. dose WSF 
Fertioation 
T9 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
Ti 1 100% Rec. dose NF 
T12100% Rec. dose WSF 
F test 
CD. at 5% 

Fertilizer use 
Capsicum 

1 1994 

t- -
1 

31.18 
35.23 
38.73 

* 
3.88 

38.51 
31.58 

* 
3.57 

35.19 
34.90 
NS 

-

34.19 
33.88 
28.53 
28.11 

38.64 
38.34 
32.09 
31.89 

43.34 
42.64 
34.33 
34.55 
NS 

-

1996 
-- ' 

31.43 
35.75 
37.79 

* 
4.25 

38.37 
31.61 

« 

3.46 

35.03 
34.95 
NS 

-

34.73 
34.17 
28.58 
28.24 

39 39 
39.11 
32.09 
32.43 

41.62 
41.21 
33.76 
M.56 
NS 

-

efficiency (kg yield/kg 
Maize 

1994 
' • — - -

17.04 
18.30 
19.40 

« 
1.39 

19.99 
16.51 

* 

0 94 

18.28 
18.22 
NS 

-

18.83 
1848 
15.39 
15.47 

19.91 
20.03 
16.79 
16.49 

21.47 
21.24 
17.28 
17,62 
NS 

-

1996 

17.22 
18.42 
19.27 

« 
1.45 

20.08 
16 53 

» 
0.97 

18.37 
18.24 
NS 

-

19 52 
18.33 
15.64 
15.40 

20.09 
2013 
16.62 
16.86 

21.09 
21.34 
17.25 
17.40 
NS 

-

NPK fertil 
Sunfl 

1995 

7 55 
8.47 
9.45 

« 
1.09 

9.00 
771 

<« 

0 90 

8.40 
830 
NS 

-

8.28 
7 82 
7.12 
6 97 

9 00 
930 
7 99 
7.59 

991 
9 69 
8 13 
8.46 
NS 

-

zer) 
3wer 

1997 

6,95 
7.67 
8 16 

* 
0.91 

8,21 
698 

« 

0.99 

7.54 
7.65 
NS 

-

7.32 
7 60 
6.60 
6,29 

840 
8 06 
6.94 
7.27 

8.74 
9.13 
7.24 
7.53 
NS 

-

i^^'&^fmmom W,^ ^W^Wimenmz^T 



118 

remiuei use eiiiueiB:^ ui iviau,*; 

FUE under the iniluence of irrigation water and fertilizer application methods showed 

that furtigation was significantly supenor which recorded 19.4 and 19.3 kg yield per kg NPK 

respectively in 1994 and 1996 as compared to furrow method (17.0 and 17 2 kg per kg NPK 

respectively). TTie drip method with FUE of 18.3 and 18.4 kg per kg NPK correspondingly was on 

par witti both fertigation and fiirrow method 

Highest FUE of 20.0 and 20.1 kg per kg NPK for 1994 and 1996 respectively 

recorded with 80% dose was significant as compared to 16.5 kg per kg NPK in both the years 

obtained with 100% dose. 

Neither the sources of fertilizer nor the treatment interactions were found significant 

in influencing the fertilizer use efficiency. 

I^rtiliEer use eflideiKy inSunfkTvicr 

Fertigation favoured high FUE in both 1995 and 1997 (4.0 and 8.2 kg per kg NPK) 

followed by drip (8.5 and 7.7 kg per kg NPK) and the former being significantly superior to furrow 

method (7.5 and 6.9 kg per kg NPK correspondingly). However, the drip treatment was on par with 

both fertigation and furrow method. 

Reduced dose (80%) fertilizer was significantly higher by recording 9.0 and 8.2 kg 

per kg NPK FUE than the full dose (100%) which registered 7.7 and 7.0 kg per kg NPK 

correspondingly. However, FUE variation due to WSK or NF or interactions between treatments 

were not statistically significant 
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Fig.4.17 : Fertilizer Use Efficiency (kg yield/ kg NPK) in 
capsicum, maize and sunflower as influenced by fertigatioa 

drip and furrow with levels and sources of fertilizer 
(mean of two years) 
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4.10 SoO iilOliiuFe StOufy Miiu IfrigMuGii Waiter U ^ VHldeiM^ 

4.10.1 Safl moiature diitribiAion 

Per cent soil moisture distribution under furrow, drip and fertigation systems in the 

experimenta] plot recorded at 24 hours after irrigation is presented in Table-4.39. 

During both the years 1994 and 1996 relatively lower moistire content was noticed 

under furrow irrigated plots (16.9 to 22.2%) as compared to drip (18.7 to 26.6%) and fertigation 

(20.2 to 28.2%) in top 0>30 cm layer. Under furrow method, moisture content increased witti depth 

reaching maximum values at 30-60 cm soil profile. However, under drip/fertigated plots, unifcHm 

distribution of moisture was noticed upto 60 cm depth with slight variation at each depth. In 

general, the fertigated plots did not differ to a considerable extent with respect to soil moisture 

content as compared to drip irrigated plots. 

4.10.2 Irrigatioii water use eflkieny (kg M ^ 

Irrigation water use efficiency (IWUE) was influenced by dififerent irrigation and 

fertilization methods (T^le-4.40). Fertigation treatment recorded significantly higher IWUE in 

c^sicum, maize and sunflower crops in both the years 1994-95 and 1996-97 (Fig. 4.18). 

In capsicum IWUE recorded under fertigation was significantly superior (2.02-2.34 

kg M )̂ tp fijrrow (1.29-1.53 kg M )̂ but was on par witfi drip method (1.86-2.22 kg M )̂ which in 

turn was significantly higher than furow method Corresponding values in maize 1 35-1 26 kg NT̂ , 

0.92-0.89 kg M"̂  and 1.28-1.21 kg M^ showed the similar trend as observed in capsicum. 

Fertigation in sunflower significantly increased the IWUE from 0.18 kg M in furrow 

to 0.29 kg M ^ in 1995 and 0.27 kg M ^ in 1997. Drip irrigation with 0.27 kg M^ and 0.25 kg M "* 

durins 1995 and 1997 resoectivelv was also suDerior to furrow but was eoual to fertisation. 
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Table-4.39 : Soil moishire status in 0-60 cm l^er as influenced by methods of irrigation 

RadiaJ distance 
(cm) 

Soil depth (cm) 

0-15 
15-30 
30-45 
45-60 

0-15 
15-30 
30-45 
45-60 

0-15 
15-30 
30-45 
45-60 

i 

0-10 10-20 

1994 

Furrow 

Soil moisture (%) 

20-30 0-10 10-20 

1996 

Furrow 

Fertigation Fertijgation 

20-30 

19.35 
20.82 
25.56 
24.73 

26.65 
25.17 
22.23 
21.74 

18.84 
20.55 
24.60 
23.29 

Drip 

24.51 
26.10 
21.75 
18.57 

16.93 
18.36 
23.72 
21.90 

20.89 
18.75 
16.51 
15.47 

! 17.87 
i 21.35 

25 86 
i 24.51 

1 

27.24 
1 27.26 

24.13 
: 22.12 

18.27 
22.19 
2636 
23.17 

Drip 

25.83 
26.05 
23.15 
19.83 

18.10 
20.35 
2478 
22.75 

22.10 
17.36 
16 15 
16.38 

26.13 
25.29 
23.18 
20.35 

24.31 
24.85 
22.74 
20.00 

21.17 
17.36 
17.10 
15.69 

' 28.18 
' 27.34 

25.26 
21.76 

25.56 
25.50 
22.19 
20.31 

23.75 
20.17 
18,36 
1626 

-̂  _i_ 
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Table-4.40; Irrigation water use efficiency in capsicum, maize and sunflower as influenced 
by methods of irrigation, levels and sources of fertilizer 

Treatments 

Main treatments 
Irrigation methods 
Ii Furrow 
la Drip 
I3 Fertigation 

Ftest 
CD at 5% 

Fertilizer levels 
Li 80% Rec. dose 
U 100% Rec. dose 

F test 
CD at 5% 

Fertilizer sources 
S, NF 
S2WSF 
Ftest 

CD at 5% 
Combined treatments 
Furrow irriaation 
Ti 80% Rec. dose NF 
T2 80% Rec. dose WSF 
T3100% Rec. doseNF 
T4100% Rec. dose WSF 
Drip initiation 
1580%Rec. doseNF 
Tg 80% Rec. dose WSF 
T7100%Rec. doseNF 
Tg 100% Rec. dose WSF 
Fertisation 
T(» 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
Til 100%Rec. doseNF 
T12100% Rec. dose WSF 
F test 

Irrigation water use efficiency (Kg yield/M^ water) 
Ctqssicum 

1994 

1.29 
1.86 
2.02 

• 
0.26 

1.70 
1.75 
NS 
-

1.73 
1.72 
NS 

-

1.27 
1.26 
1.33 
1.31 

1.83 
1.82 
1.90 
1.89 

1.99 
2.02 
2.03 
2.05 
NS 

1996 

1.53 
2.22 
2.34 

« 
0.25 

2.00 
2.06 
NS 
-

2.03 
2.03 
NS 

-

1.51 
1.49 
1.56 
1.54 

2.20 
2.18 
2.24 
2.26 

2.32 
2.30 
2.35 
2.41 
NS 

Maize 
1994 

0.92 
1.28 
1.35 

* 
0.11 

1,16 
1,20 

* 
0.03 

1.19 
1.18 
NS 

-

0.92 
0.90 
0.94 
0.94 

1.25 
1.25 
1.32 
1.29 

1,34 
1.33 
1.36 
1.38 
NS 

1996 

0.89 
1.21 
1.26 

« 
0.12 

1,11 
1,13 
N S 

-

1.12 
1.12 
NS 

-

0.89 
0.88 
0.90 
0.89 

1.19 
1.19 
1.23 
1.24 

1.24 
1 26 
1.27 
1.28 
NS 

Sunflower 
1995 

0.18 
0.27 
0.29 

* 
0.06 

0,24 
0,26 
N S 

-

0,25 
0,25 
NS 

-

0.18 
0.17 
0.20 
0.19 

0.26 
0.27 
0.29 
0.27 

0.29 
0 28 
0.28 
0.30 
NS 

1997 

0.18 
0,25 
0.27 

» 
0.04 

0,23 
0,24 
N 3 

-

0.23 
0.23 
NS 

-

0.17 
0.17 
0.19 
0.18 

0.25 
0.24 
0.26 
0.27 

0.26 
0.27 
0.27 
0.28 
NS 

CD, at 5% 
._„J_ ...J 

• = Significant 
NS = Non-sianificant 

NF = Normal fertilizer 
WSF - Water soluble fertilizer 
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Doth thp drip irrigirtion nnd fprtigatiî n rPBuited in iwiriy 43-50 prr vwrt, 36-50 ppr 

cent and 44-55 per cent increase in IWUE in capflicum, maize and sunflower respectively The 

higher IWUE recorded witti 100% recommended dose as compared to 80ŷ o recommended dose was 

significant only in maize during 1994, wherein the respective values were 1.10 kg M'and 1.16 kg 

\ r l Fertilizer sources of WSF or NF did not differ in terms of IWUE. 

The fertigation combinations with levels and sources of fertilizers registered IWUE of 

1.99-2.41 kg M \ 1.24-1.38 kg M"' and 0.26-0.30 kg M^ in capsicum, maize and sunflower as 

compared to 1.26 - 1.56 kg M ^ 0.89-0.94 kg M ^ and 0.17-0.20 kg M ^ correspondingly. However, 

the variations were not statistically significant In particular, the highest IWUE was obtained with 

100% WSF Biqpplied in fertigation method whereas the least IWUE was observed with 80% WSF m 

furrow irrigation for all the three crops. 

4.11 Root distribition psittem in capsicum, maize and s i n A m e r as iirfluenced bgr mstfaods of 

irrigation and fertilizadon sources and levels of fertiUzer 

4.11.1 Root diyvieiglit incapsicim^ maize and surfkuvur 

Data on root dry weight (g/plant) in capsicum, maize and sunflower recorded at fmal 

harvest as influenced by different treatments under study is presented in Table-4.41. 

Fertigated capsicum plants had higher root dry weight in both the years (5 39 to 5 35 

g plant') as conqjared to 5.14 to 4.93 g plant' in drip irrigation and S.03 to 5.28 g plant' in furrow 

method. However, in particular the fertigation at 100% dose as WSF recorded maximum root dry 

weight of 5.51 and 5.43 g plant' in 1994 and 1996 respectively while the minimum root dry weight 

of 4.77 and 5.08 were observed under 80% dose NF aooiied m furrow method. 
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Table 4.41 Root dry weight in capsicum, maize and sunflower at finaJ harvest ae mfluenced 
by methods of irrigation, levels and sources of fertilizer 

Root dry weigKt ( 9 / P l a i ^ O 

Treatments 

Furrow irrigation 
Ti 80% Rec. dose NF 
Tj 80% Rec. dose WSF 
T3100% Rec. dose NF 
T4100% Rec. dose WSF 

Mean 

Drip inigatioD 
Tj 80% Rec. dose NF 
Ti 80% Rec. dose WSF 
T7100% Rec. dose NF 
Til 100% Rec. dose WSF 

Mean 

FertiiBition 
T9 80% Rec. dose NF 
Tio 80% Rec. dose WSF 
Til 100% Rec. doseNF 
T12100% Rec. dose WSF 

Mean 

Capsicum 

1994 1996 

4.77 5.08 
4.93 5.21 
5.30 5.38 
5.12 5.46 

Maize 

1994 

52.29 
57.53 
63.85 
61.32 

1996 

54.16 
55.25 
55.32 
59.84 

Sunfl( 

1995 

31.81 
29.25 
34.07 
32.19 

3wer 

1997 

28.53 
27.25 
30,84 
32.32 

5.03 

5.14 

5.39 

5.28 

4.93 

5.35 

58.75 56.14 

59.32 59.94 

62.44 59.65 

31.83 

34.69 

36.03 

29.13 

4.95 
5.51 
5.23 
5.37 

4.82 
4.98 
5.02 
4.90 

57.85 
34.24 
61.53 
63.65 

58.12 
37.23 
63.80 
60.75 

32.54 
33.29 
36.56 
36.38 

26 56 
30.23 
31.02 
31.84 

10.42 

5.40 
5.29 
5.38 
5.51 

5.30 
5.38 
5.29 
5.43 

62.38 
58.45 
64.38 
64.36 

56.36 
62.45 
59.24 
60.55 

34.85 
36.37 
35.78 
35.72 

34.35 
33.24 
34 15 
35.39 

34.28 

._i 

NF = Normal Fertilizer WSF = Water Soluble Fertilizer 
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In mniw IUBO, combining irrigntion with fnliiiziition rosultod in incrpased root dry 

weight in both the years from 58.7 to 56.1 g plant' in furrow irrigation and 59 3 to 59 9 g plant' in 

drip method to 62.4 to 59.6 g plant' correspondingly. Further, in 1994, the treatment involving 

100% WSF fertigation produced 64.56 g plant' root diy weight as compared to 52.29 g plant' m 

80% NF supplied in furrow method. Where are in 1996, the maximum root dry weight (62.45 g 

plant') was associated with 80% WSF fertigation in conqiarison with 54.16 g plant' recorded 

under 80% NF in furrow irrigatioa 

Root dry weight in sunflower indicated that fertigation was favourable for higher root 

growth as the values 36.0 and 34.3 g plant' were higher than 34.7 and 30.4 g plant' and 31.8 and 

29.7 g planf' observed with drip and furrow methods respectively. Root dry was relatively lower in 

1997 than in 1995. 

Among the individual treatments, it was the 100% WSF fertigation which recorded 

the highest root dry weight (37.1 and 35.4 g plwf' in both 1995 and 1997. Whereas the 80% WSF 

applied in furrow method had the least root mass (29.2 and 27.2 g plant') than rest of the 

treatments. Fertilizer levels as fiUl dose (100%) or reduced dose (80%) and NF or WSF as fertilizer 

sources did not cause considerable variation with respect to root dry weight in all the three crops. 

4.11^ Root dladibiMloii pattern In capsicum, maize and sunTlovwr 

Data on root dry weight (g plant') in ct^sicum, maize and sunflower crops in 

relation to soil depth during 1994-95 and 1996-97 are presented in Table-4.42. The data revealed 

that there is a decrease in root density with all the treatments as the soil depth increased. 

In capsicum, under fertigation, maximum root concentration of 3.30 to 3.4 g plairt ' 

was observed in ttie too 0-10 cm laver which Airther decreased to 1.93 to 2.01 a olant' in 10-20 cm 
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depth. A negligible root concentration of 0,07-0,10 g plant' was recorded at the lowert soil depth 

of 20-30 cm. Corresponding values of 2.93 to 3.09 g, 1.68 to 1.83 g and 0.10-0.23 g plant' m dnp 

irrigation showed similar trends as observed in iertigatioa However, the values of 2.26 to 2.3Sg, 

2.30 to 2.51 g and 0.48 to 0.69 g planf correspondingly for furrow irrigation indicated root 

distribution upto 0-20 cm soil depth as compared to high root proliferation i^to only 0-10 cm in 

case of drip or fertigation (Fig. 4.19). The varied fertilizer levels or fertilizer sources induced little 

variation on rooting pattern in capsicum during both 1994 and 1996. 

Root density in maize in relation to soil depth from plant base as influenced by 

fertigation and non-fertigation during the years 1994 and 1996 indicated that the root density was 

concentrated much within 0-20 cm soil depth with fertigated treatment vt^ereas, the root 

concenh*ation was between 0-30 cm depth of soil with furrow iirigation (Fig.4.19). 

The distribution of feeder roots was found to be maximum within 10 cm depth of soil 

in fertigation treatments (31.5 to 37.1 g plant') beyond this depth there was a decrease in root 

wei|^(20.3 to 23.4 gplant"') which further reduced in 20-30 cm depth of soil (3.2 to 4,5 g plant'). 

Similar trend was noticed in drip method also. However in traditionally irrigated and fertilized 

plots, the surface dish-ibution was less (20.1 to 26.2 g plant') in top soil layer and remained equally 

distributed in 10-20 cm layer (18.5 to 25.6 g plant') and further declined beyond this depth (9.8 to 

15.2 gplant'). 

The 100% dose fertilizer caused higher root dry weight as compared to 80% 

recommended dose at all the soil depths. Response of root weight due to fertilizer sources as NF or 

WSF not consistent. 



Root dry weight (g/plant) 

O — N> W 

g 
3 
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capsicum maize 

i«̂  

•1^1 

S O I L D E P T H 

D 0-lOcm 

EH IO-20c« 
B 20 30c« 

Fig. 4 19 : Root distribution pattern in capsicum, maize and 
sunflower as influenced by fertigation, dnp and furrow 

irrigation (mean of two years) 
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In sunflower, during both 1995 and 1997, the dry weight of roots in relation to soil 

depth was maximum at the vicinity ot the plant base and then decreased at varied pomts aw^ from 

plant base with all the treatment combioatioos. However, treatments involving fertiî ation recorded 

maximum dry weight of feeder roots (19.2 to 22.2 g plant') in top 0-10 cm soil layer as compared 

to drip (15.3 to 20.2 g plant') and furrow (11.3 to 15 3 g plant') freatments in both the years 1995 

and 1997. On contrary to this at 10-20 cm soil depth the corresponding values 10.5 to 13.0 g 

plant', 8.7 to 13.3 g plant' and 10.1 to 14.4 g plant' were almost equal suggesting a drastic 

re<biction in root density in case of drip md fertigation treatments but same root density in Rrrow 

method in relation increasing soil depth. At deeper soil depth (20-30 cm) the trend was higher root 

biomass (3.9 to 5.9 g plant') in furrow method as compared to drip (2.6-3.1 g plant') aod 

fertigation (2.1 to 3.2 g plant )̂ (Fig. 4.19). 

Root dry weight in relation to soil depth due to fertilizer levels at 80% and 100% or 

fertilizer sources NF and WSF were not considerable. Thus, it can be inferred that fertigation 

favoured root distribution limited to the wetter zone where nutrients and soil moisture were in 

constant supply. 

4.12. Residinl sofl nutrient sUtus and distribution in capsicunî  maue and sunHovwr as 

affected by nethods of irrigation, levels and sources of fertilizers 

4.12.1 Residinl NO}-N distribution in snl 

The sanqjles collected before the beginning of the experiment for initial NO3-N at 

different depth of soil revealed that the initial NQj-N was sli^tly more between 30-45 cm depth 

and negligible amount of NO3-N was observed as the depth advanced (Table-4.43). 
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TBblc-443: Residual soil NQj-N distribution after the harvcrt of c^sicum maize and sunflower during 
1994-95 and 1996-97 as influenced by methods of irrigation, levels and sources of fertilizer 

' 

Soil 
depth 
(cm 

0-15 
15-30 
3045 
45-60 

0-15 
15-30 
30-45 
45-60 

0-15 
15-30 
30-45 
45-60 

0-15 
15-30 
30-1! 
45-60 

0-15 
15-30 
30-45 
45-60 

0-15 
15-30 
30-45 
45-60 

Initial 

2,4 
3.5 
4,7 
1.2 

2,4 
3 5 
4,7 
1.2 

2,4 
3.5 
4,7 
1.2 

2.4 
3,5 
1 7 
1.2 

2.4 
3,5 
4.7 
1,2 

2.4 
3.5 
4.7 
1.2 

80% 
RD 

HF 

10,5 
16.3 
15.1 
10.2 

11,3 
20.6 
15,6 
11.3 

10,8 
22.6 
19,9 
12.2 

12.3 
24,6 
18.? 
13,6 

12.5 
24.6 
19.7 
12,7 

13.1 
25.7 
18.3 
13,4 

Furrow 
80% 
RD 

WSF 

11,4 
16.7 
10,1 
12.6 

12,3 
15.6 
12,7 
12.8 

12,3 
19.2 
18,1 
10.9 

13.1 
20,5 
21.0 
15,6 

13.2 
26.5 
21.8 
16,9 

14.5 
21.5 
23.6 
10,8 

irrigation 
100% 
RD 

NF 

13,1 
20.6 
14,8 
12.4 

13,4 
22.8 
20.1 
10.6 

13,1 
24.5 
21.4 
145 

13.6 
26.7 
2.1 
16,6 

13.9 
23,2 
23.4 
10,5 

14.9 
26.2 
25.1 
17,2 

100% 
RD 

WSF 

14,6 
22.5 
15.5 
11.9 

17,1 
23.2 
18,5 
13.2 

17.5 
25.9 
25,4 
15.9 

18.5 
27.2 
21.2 
14.8 

16.5 
27,9 
24.5 
16,6 

17.3 
301 
26.8 
16,2 

Residual Boil NOj-N (mg/kg soil) 
l?94_-?5 

Drip in^gation 
80% 80% 100% 
RD RD RD 
NF WSF NF 

After Capsicum harvest 
18,1 20,2 22,1 
20.3 23.5 25.6 
13,6 18,3 17.5 
6.4 7 9 6.5 

After Maize harvest 
14,8 19.2 16,3 
16.5 21.6 18.9 
12.3 16.1 20 6 
6.8 5 9 7.3 

After Sunflower harvest 
18,3 22,6 17,9 
21.6 24.5 20.8 
12.3 17 6 21,6 
7.0 5.6 8 4 

1996-97 
After C^sicum hardest 
17.9 21.5 18.3 
20,8 24.5 23.5 
\C3 19.5 19.2 
8.1 6,9 10.5 

After Maize harvcrt 
16.5 17.9 19.3 
18,5 18,6 23.5 
15.9 19.2 17.9 
4,9 7,5 9,5 

After Sunflower harvest 
18.9 18.3 196 
21,3 20,5 23.6 
16.9 21.2 20.3 
5.8 6,5 8,1 

100% 
RD 

WSF 

22,9 

80»/(> 
RD 

MF 

24,5 
26.5 16.7 
19,5 il4,5 
8.2 J 3 8 

1 

23 8 !22 1 
25.6 ' 17.2 
183 13,8 
6.8 (4,2 

21,9 |25,1 
25.2 17 2 
20,5 : 14,5 
10.5 5.0 

22.2 ' 24 6 
26,8 201 
21,; ' 15 •? 
9,2 ; 6,8 

i 
20.5 22.5 
23,9 j 20,6 
20.6 j 13 7 
10,5 i 7,2 

236 
26.7 
19.8 
11,2 

245 
20,7 
15.6 
8.2 

Fertjgation 
80% 
RD 

WSF 

26.5 
24.2 
8,4 
6 5 

26,1 
23,6 
10 5 
3 2 

29,5 
24 6 
12.7 
6 8 

265 
22,4 
10'. 
7 6 

23.5 
19,5 
10.5 
8,9 

25.6 
21.7 
10.2 
9,8 

100% 
RD 

- i£L_ 

28,5 
266 
11,4 
4 V 

248 
21,6 
13,1 
69 

24,5 
24 2 
16,8 
•79 

26.5 
25,0 
1 G •-. 

7 9 

24 6 
235 
166 
9,8 

258 
26.1 
172 
11,0 

} 

j 
I 

100% 1 
RD j 

WSF 1 
1 

30,8 
27 1 
14,5 
5 6 

30,5 
26.2 
15,6 
7,5 

28 1 
2 6 6 
15,2 
7 8 

iQ\ 

298 
•,3 5* 
7,5 

27.1 

26.8 
17.2 
8,2 

31 8 
29,9 
20 1 
8,7 

_ 1 

R,D — Recommended Dose NF - Normal Fertilizer WSF - Water Soluble Fertiliaer 
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Hiv dntn obtninrd by nniUyz:ing soil BinnplPB nfter harveBt of capsitnini, maize and Bunflower 

in both 1994-95 and 1996-97 as presented in Table-4.43 and depicted in Fig. 4 20 Indicated that 

out of the irrigation and fertilization methods, fertilizers applied ttrough drip irrigation showed 

concentrated NO3-N distribution in effective root zone (10-30 cm) without giving much icopt for 

leaching and hence resulted in lesser NQj-N accumulation beyond the depth of root zone Under 

furrow iirigation, the residual NO3-N content in the rhizosphere of capsicum, maize and sunflower 

was not satisfactory as thai of fertigation. However, drip irrigation with conventional fertilizer 

applicadon had higher NO3-N accumulation at 15-30 cm depth than furrow irrigated plots. 

Infertigated capsicum, the NO3-N level varied between 24.5 - 3.08 rag/kg soil at 0-

15 cm soil depth during both the years and decreased with increasiog soil depth registering 16.7-

29.8 mg^g soil, 8.4 - 14.5 mg^g soil and 3.8 - 7.9 rag^g soil at 15-30. 30-45 and 45-60 cm soil 

depths respectively during both 1994 and 1996. Full fertilizer dose (100%) and WSF source 

resulted in slightly higher NCH-N values than reduced dose (80%) and NF source respectively 

llie drip method in capsicum had residual NO3-N to the tune of 17.9 - 22.9 mg/kg 

soil in the top soil l^er (0-15 cm) which slightly increased to 18.5-26.5 mg/kg soil at 15-30 cm 

deptfi and then lowered to 13.6-20.6 mg/kg soil at 30-45 cm layer (Fig4.20). The NO3-N level 

further reduced to 5.6-8.5 mg/kg soil in 45-60 cm soil depth thus indicating a moderate leaching of 

NO3-N ions because of constant water ^iplication coi4>led with conventional bulk fertilizer 

application method 

Among the individual treatments, 100% dose WSF had higher NO3-N accumulation 

in differeitf soil profiles than the 80% dose NF where the NO3-N values were the lowest The NO3-

N levels in soil were relatively higher in 1996 than 1994. 

In case of furrow irrigated capsicum, the NO3-N accumulation was observed in the 



Residual NOa (mg/ kg soil) 
12 18 24 30 6 12 18 24 30 6 12 18 24 30 

After capsicum harvest 
A C 6 » 

After maize harvest 

A: 80% NF 
B : 80% WSF 
C;100%NF 
D; 100% WSF 

After sunflower harvest 
Fig. 4.20. Residual soil NOj-N (mg/kg soil) after harvest of capsicum, 
maize and sunflower as influenced by fertigation, drip and furrow with 

levels and sources of fertilizer during 1994-95 
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mj/kgBoil at 30-45 cm dvpth in both thr yrnnj 1994 and 1996 wms higher thiui 10,5 to 18,5 m g ^ g 

soil observed in top soil layer (0-15 cmV Considerable accumulation ot NO^-N (10 2-14.8 rae/ka 

soil) was also noticed at the deepest layer (45-60 cm) which indicated higher leaching risk of 

TiitrHloH C()iJ{)lcd wiJJi ii()Ti-HVnilMl)ilil.y of the iiiilriciil in cITcLlJvt.- rool /OFIC (JUL- io finrDW inigMliHlr 

and bulk fertilizer ^)piication as basal dose. Here also, increased fertilizer dose (100%) and water 

soluble fertilizer had an edge over reduced fertilizer dose (80%) and formal fertilizer by resulting in 

higher NO3-N accumulation as observed in fertigation or drip method. 

Similar trends were observed wi& samples collected after maize harvest in 1994 and 

1996 (Table-4.43). However, the residual NO3-N status at various soil depths remained almost 

same as that observed after capsicum harvest in fertigated plots but slightly increased in case of 

furrow method Further, in sunflower <he NO3-N distribution pattern remained same in diflFerent 

treatments, but greater accumulation of N03-N (10.8 - 26.8 mg/kg soil) was detected under furrow 

irrigation at 15-60 cm soil depth as compared to fertigated plots (9.8 - 20 1 mg/kg soil) In case of 

drip irrigation relatively balanced depthwise NO3-N distribution was noticed although leaching 

losses were evident but not upto the extent as observed in furrow irrigation (Table-4.44) (Fig.4.20) 

4.12Jt Reaktual phosphorui diatrtbutlon in aofl 

The initial status of residual extractable P at different soil depth, are presented in 

Table-4.44 revealed that the initial soil extract{d>le P was sli^tly more within 30 cm depth and 

beyond which the P content reduced 

The san:q)les analyzed for extractable-P as influenced by levels and sources of 

fertilizer ^ipliedin furrow, drip and fertigation after the harvest of capsicum, maize and sunflower 

are presented in Table-4.44 and depicted in Fig. 4.21. The data indicated that accumulation of 

residual'P'was satisfactorv in the effective root zone when 'P' was aDoiied throuah imsation 
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Tablc-4,44; Residual soilP distribution aiWthc harvest of ctq^gicum maize and sunflower during 1954-95 
and 1996-97 as influenced by methods of irrigation, levelg and BOurc4« of fatiliaer 

Soil 
depth 

1 (cm) 
! 

1 
0-15 
15-30 
30-45 

' 45-60 

Initial 

3.1 
4.2 
2.7 
2,1 

80% 
RD 
NF 

8.2 
3,5 
2.6 
2.1 

Regidufll Boil P(mg/k^ soil) 
LS94-_25--. -

Furrow irrigation 
80% 100% 100% 
RD RD RD 

W3F NF WSF 

0-15 
15-30 
30-45 
45-60 

3.1 
4,2 
2.7 
2.1 

9.6 
3.8 
2.5 
2,6 

10 3 
3.6 
2.5 
2.0 

10.9 
2.7 
3.1 
1,8 

12.6 
2,5 
3.0 
2.1 

13.1 
3.6 
16 
2,5 

0-15 
15-30 
30-45 
45-60 

3.1 
4.2 
2.7 
2,1 

10.5 
4.6 
2.5 
2.1 

11.8 
3.9 
2.6 
1,9 

12.9 
3.8 
3.7 
1,7 

16.5 
4,7 
4.5 
18 

14.9 
5.2 
25 
3.1 

18.5 
5.6 
5.0 
4,1 

Drip irrigation 
80% 80% 100% 
RD RD RD 
NF W3F NF 

After Capsicum harvest 
5.5 7.5 10.6 
3.2 2,7 3,7 
2.5 2.2 3.2 
19 18 22 

After Maize harvest 
7.0 6.5 10.0 
2.3 3.7 3.8 
2.4 2.3 2.6 
2.0 2,0 1.7 

After Sunflower harvest 

8.6 
3,7 
2.5 
1,7 

8.9 
2.6 
1.5 
1,2 

115 
3.5 
2.1 
2,0 

1996-97 
After Capsicum harvest 

0-15 
15-30 
30-45 
45-60 

0-15 
15-30 
30~*5 
45-60 

0-15 
15-30 
30-45 
45-60 

3,1 
4.2 
2.7 
2.1 

3.1 
4,2 
2,7 
2.1 

3,1 
4,2 
2,7 
2.1 

10,3 
4.6 
2,2 
2.0 

9.2 
4.4 
2,2 
2,1 

10,7 
4.9 
3,5 
2.1 

12,8 
5.1 
2,7 
1.9 

11,3 
4.6 
2,7 
1.8 

14,2 
4.5 
2.0 
3.2 

13,9 
5.8 
3,5 
4.2 

12,5 
4.4 
3,1 
1.6 

16,8 
5.4 
3.5 
2.4 

17,9 
4.8 
2,7 
3.5 

14.7 
5.6 
2,8 
3.2 

16,7 
4.8 
4.3 

^L.. 

10.2 
3.9 
2,5 
2.0 

8.9 
3.8 
2.9 
1.9 

12.6 
4.5 
3.1 
1.9 

After Maize harvest 
11,3 
3.6 
2.6 
2.0 

8.7 
4.2 
3,8 
1.9 

10,6 
4.7 
3,2 
2.2 

After Sunflower harvest 
12.5 
3.6 
2,1 
2.0 

9,8 
4.6 
3 1 
2.2 

11,3 
4.3 
2 8 
1 9 

11.3 
5.2 
2.5 
2.1 

110 
4.0 
3.1 
2.6 

12.5 
4.7 
3.8 
3,0 

57 
3.1 
2.8 
2,1 

6.9 
4,7 
2.8 
2,1 

84 
3 1 
2.7 
20 

9.3 
4,6 
4 1 
25 

93 
3.2 
19 
32 

96 
2,9 
2.5 
17 

8.4 
4,5 
42 
20 

9.8 
6,3 
3.5 
1.6 

104 
2.8 
2.3 
I 9 

12.3 
5,0 
26 
20 

12.5 
4.3 
25 
3.2 

13.8 
4.7 
2.0 
25 

13.2 
2.8 
2,5 
3 0 

13,9 
5.2 
2,1 
3.0 

15,5 
5.2 
2,9 
2.0 

10,6 
3.5 
2.4 

; 2.2 

; 11,2 
3.2 
2,5 

: 3.1 

127 
3.8 
3.0 

1 2.9 

9 8 
3.5 
2.6 
2.5 

9,2 
3.0 
2.5 
1 6 

9 6 
3.5 
2.5 
1.0 

10,5 
5,6 
4 7 
2.2 

10.9 
3.1 
2,0 
2 1 

10.2 
6.2 
•^3 

2.7 

15,6 
6.1 
3,8 
3.0 

15,0 
4.3 
3 0 
3,1 

! 3 9 
4.5 
4 3 
2.6 

RD = Recommended Dose NF = Normal FertiliHer WSF= Water Soluble Fertilizer 



Residual P (mg/ kg soil) 

12 16 20 4 8 12 16 20 4 8 1.2 16 20 

After capsicum harvest 

After maize harvest 

A: 80% NF 
B:80%WSF 
C:100%NF 
D : 100% WSF 

After sunflower harvest 
Fig, 4.21 ; Residual soli P (mg/kg soil) after harvest of capsicum. 

maize and sunflower as influenced by fertigation, drip and fun"ow with 
levels and sources of fertilizer during 1994-95 



Residual K (mg/ kg soil) 
80 100 120 140 180 180 100 120 140 160 180 100 120 140 160 180 

After maize harvest 
B A 9 C 

A: 80% NF 
B ; 80% WSF 
C : 100%NF 
D : 100% WSF 

After sunflower harvest 
Fig. 4.22 . Residual soil K (mg/kg soil) after harvest of capsicum. 

maize and sunflower as influenced by fertigation, drip and furrow with 
levels and sources of fertilizer during 1994-95 
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plots. However, at 0-15 cm soil depth the residual P accumulation was sliditly more under tiirrow 

irrigation (9.2 to 18.5 mg/kg soil) as compared to drip (5.5 to 15.5 rag/kg soil) or fertigation (5.7 to 

15.6 mg/kg soil) in all the three crops but at the later depths (15-45 cm) of effective root zone 

fertigated plots had more 'P' accumulation (1.9 to 6.2 mg/kg soil) thai] furrow irrigation (1.6-5.8 

mg/kg soil). Residual P distribution under the influence of drip irrigation was not much different 

from fertigation treatment 

Between the levels of fertilizer, 100% recommended dose resulted in higher P 

accumulation at all soil depths than the 80% recommended dose. Similarly, water soluble source 

caused higher P accumulation than the normal fertilizer. 

As an interaction effect, 100% dose WSF application in furrow caused for 

considerable accumulation of P below root zonal depths (5.6-2.7 mg/kg soil) as compared to same 

treatment in fertigated plots (5.0-2.0 mg/kg soil) except at 15-30 cm in maize during 1996 where 

the residual P level was 6.1 mg/kg soil. 

The data obtained for the year 1996-97 was sli^tly higher than 1994-95 in all the 

treatments. The P distribution pattern did not differ much among capsicum, maize or sunflower but 

the residual P level increased gradually over the cropping sequences. 

4.123 Residual exchangeable-Kdistribution in soil 

Data collected by analyzing soil senates for exchangeable K at different soil depttis 

revealed that initial exchangeable K was more (1.25 mg/kg soil) in top soil l^er and then reduced 

into deeper layers. 

The soil samples analyzed for exchangeable-K as influenced by levels and sources of 

fertilizer SDolied in irriaation water and localized placement of the harvest of each croo are 



|«-ei«etitc?d in Tablc-4.45 and drpictcd in Fig.4.22. The data implies that the residual K wag higher 

in the effective root zone with fertigated plots and also resulted in lesser accumulation of K at 

beyond root zonal depth and hence less leaching as compared to non-fertigaied plots Drip method 

with direct soil application of fertilizer also maintained satisfactory K level at 0-30 cm soil depth 

but the highest K accumulation was observed in 15-30 cm depth than the top 0-15 cm l^er 

Rill dose (100%) resulted in higher K accumulation than the reduced dose (80%) 

irrespective of method of q)plication. Similarly water soluble fertilizer increased residual K level 

than the normal fertilizer at all soil depths in both the years. 

In fertigated capsicum, the exchangeable-K level varied between 141.2-161.2 mg/kg 

soil at 0-15 cm soil depth during both the years and decreased with deeper soil profiles registering 

128.2-151.0 mg/kg soil, 121.1-134.6 rag/kg soil and 110.2-129,2 mg^geoil at 15-30, 30-45 and 45-

60 cm soil depths respectively during both 1994 and 1996. Whereas, the drip method had residual 

K to the tune of 133.2-164.5 mg/kg soil in the top soil layer (0-15 cm) which slightly increased to 

136.8 —163.6 rag/kg soil at 15-30 cm and then decreased to 121.6-144.2 rag/kg soil in 30-45 soil 

depth. The exchangeable-K further reduced to 102.0-125.5 rag/kg soil in 45-60 cm soil depth thus 

indicating moderate leaching of K because of continuous water movement under drip coupled with 

conventional bulk fertilizer application. 

Generally, the 100% dose WSF had the highest K accumulation in different soil 

profiles and ttie least values were associated with 80% dose NF. The residual K in soil was 

relatively higher in 1996-97 than in 1994-95. 

In case of furrow irrigated capsicum, concentrated exchangeable K accumulation was 

found at sub surface (15-45 cm) where the values 140.5-152.7 mg/kg 8oil)\ in 15-30 cm depth and 

140.2-159.0 mg/kg soil in 30-45 cm depth were higher than 122.6-135.6 mg K/kg soil observed in 

surface Itcyw (0-15 cm). The K distribution patter under furrow irrigation mdicated higher leaching 
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Table-445; Rcs idwl soil K distribution after the harvest o f capsicum maize and sunflower dunng 1994-95 
and 1996-97 aa influenced by methods o f irrigation, levels and aourcea of fertiliaer 

0-15 
15-30 
30-45 
45-60 

0-15 
15.30 
30-45 
45.60 

125 
99 
95 
88 

125 
99 
95 
88 

After Maize harvest 

122.6 107.3 125.1 
138.2 139.2 141.6 
140.2 140.6 148.2 
102.6 99.6 116.6 

127.1 
152.2 
142.6 
104.6 

146.5 
120,3 
98.2 

137.8 
119.6 
102.1 

156.5 
132,4 
115.2 

157.6 
125,3 
121.8 

127.6 
122.3 
112.0 

135.6 
123,2 
97.5 

135.0 
132.8 
108 0 

Soil 
depth 

(cm 

0.15 
15-30 
30-45 
i^-6Q 

Initial 

125 
99 
95 

n 

SOVo 

RD 
NF 

131.6 
140.5 
145.6 
no 7 

Furrow 
60% 

RD 
WSF 

124.6 
148,7 
146.0 
lis,'? 

Residual aoi 

irrigation 
lOOW 

RD 
NF 

128.1 
152.7 
151.0 
17!.: 

100% 80Vo 

RD 1 RD 
WSF i NF 

1 

iKCmg/kg 
1994-95 

Drip 
80Vo 

RD 
WSF 

inngation 
100% 

RD 
NF 

After Capiicum harveat 
1 
1 

129.8 140.3 
151.2 
150.1 
! 74.6 

143,5 
134,7 
no 5 

135.8 
138.6 
136,3 
\in I 

143 8 
141.4 
127.6 
n?, 0 

soil) 

100% 

RD 
WSF 

151.5 
153 2 
141.5 
175.5 

r 
180% 
1 RD 
, N F 

1 

iu8.3 
131.2 

1123.1 
! 1 r> s 

Fertigation 
80% 

RD 
WSF 

145.7 
128 2 
125,0 
i n 0 

100% 

RD 
NF 

152.5 
147 6 
130,5 
US 7 

100% 
RD , 

WSF 

' 

159.5 '. 
!51,0 : 
131.2 ! 
i 70 I 

128.2 
131,6 
128.1 
118.1 

118,2 
141.2 
135.1 
119.2 

119.6 
150.2 
152.6 
119.2 

131.2 
148.6 
145.6 
128.0 

138,8 
139,6 
114.5 
108,0 

133.5 
136,7 
125.7 
107 2 

153,2 
150.6 
143.6 
119.5 

145.9 
149.5 
131.2 
120.0 

145.8 
132.6 
120.7 
102.0 

141.8 
132.2 
123.6 
107 5 

ISO. 2 
125 0 
132.0 
113,7 

i53,e 
138.5 
129.0 
107,8 

After Sunflower harvest 

143.2 135.6 154.8 155,8 150.5 143.5 162.3 160.3 
142.2 
1356 
1128 

1996-97 

After Capsicum harvest 

0-15 
15-30 
30JJ5 
45-60 

125 
( 99 
1 95 
i 88 

129.1 122.6 129.2 
141.2 138.2 149.0 
148.8 140.2 151.2 
112.6 117.2 120,0 

135.6 
152 7 
159.0 
122,1 

! 151,2 
1 153,5 

144.3 
120,1 

133,2 
136.8 
121.6 
102.6 

157.6 
159 5 
136.8 
112.0 

164.5 
166.6 
142.2 
125.0 

i 159,3 
132.0 

I 125 0 
' 119,6 

141,2 
129.5 
125.0 
110.2 

165,8 
140 8 
132.0 
129.2 

161.2 
149 8 
134.6 
121.1 

After Maize harvest 

0-15 
15-30 
30-45 
45-60 

0-15 
15-30 
30-45 
45-60 

125 
99 
95 
88 

131.1 
146.6 
149,2 
113.8 

120.1 
131.2 
135.6 
115.3 

128.1 
137.1 
163.0 
121.2 

139.2 
147 5 
161,5 
123.8 

1 157.5 
' 160.3 

133.5 
1 103.5 

142.6 
143 5 
126.8 
108.9 

153.5 
154.6 
139.5 
120.2 

156.8 
155.3 
140.2 
123.0 

; 161.5 
i 130 2 
i 123.7 
; 112.0 

148.5 
123.6 
127.8 
102 5 

160.0 
132 1 
130.8 
115 3 

165.3 
150.2 
135.5 
!16 0 

125 
99 
95 
88 

After Sunflower harvest 

132.2 
148,5 
143.1 
110.8 

127.2 
139.0 
171,2 
128.1 

139.2 
147.5 
165.8 
127.2 

141.7 
160.6 
165.9 
128.8 

155.6 
154,6 
144,6 
113.8 

146.3 
143,8 
148,9 
112.2 

166.5 
164.8 
151.6 
119.5 

161.6 
163.7 
149.3 
125.6 

165.2 
158 0 
121.5 
110.5 

151.8 
120.6 
125.9 
112.8 

172.6 
157 0 
138.6 
1155 

169 5 
145.3 
132.7 
122.5 



risk ofK into deeper layers co\J{)led with non-avaiiability of sufficient imtiient HI the etiectivt; root 

zone 

Similar {rsiids wBrs observed with iected altei rnaize and sunflower 

harvest m 1994-95 and 1996-97 (Tabie-4.'t5) However, the reKidual exchanaeabie K '^tntiiF 

gradually increased over the cropping sequence. Leaching losses were also evident with thf use of 

drip irrigation as the residual K level was slightly higher than fertigaled plots in 30-60 cm soil 

depth. 

4.13 Economics of fertigation in capsicum, maire and sui^nver 

Economics pertaining to levels and sources of fertilizer applied in fertigation, drip and furrow 

methods during I sequence are presented in Table-4.46 The cost of equipment, 35,000 Rs/ha wais 

spread over for an estimated life span of 10 yeai-s for 3 crops a year included interest on investment 

and share of depreciation at KW'o per annum. The cost of normal and water soluble fertilizer were 

taken at the existing rates 'Ilie cultivation cost included the cost ot all other inputs except 

fertilizers. 

Among the methods of water and fertilizer application methods, fertigation method 

resulted in higher gross and net returns and hence maximum Cost Benefit ratio of 4 18, 2 10 and 

1.59 in capsicum, maize and sunflower respectively followed by drip method (J.8j. 1 K5 and 1 34 

correspondingly). The C : B ratio of 3.47, 1.85 and 1.28 correspondingly obtained with furrow 

method was lower than the former treatments. 

Among different treatment combinations althoiigh the higheiit gtosN rftmiis werr 

registered in all three crops (85.509. 24.688 and 19 56? Rs ) with the use of loim. dos? WSF m 
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Tabic 4,46 : Econon 

Treatmentt 

PHvTow iniBBtion 
T|;80%R,D.NF 
Ta;80%R,D. WSF 
Tj:100%R.D. NF 
T4;100%R.D. WSF 
M«aD 
Drip ImBsbon 
Ts;80%R.D, NF 
T^•.80%R.D.WSr 
T7:100%R.D. NF 
Tj:100%R.D.WSF 
Mean 
FertiBation 
T9;80%R.D. NF 
T,o:80%R.D, WSF 
T„.100%R.D. NF 
Tij;100%R.D, WSF 
Mean 

FWTOW irriwtian 
Ti!80%R.D,NF 
Tj-.gOlt R.D. WSF 
Ti;100%R.D, NF 
T«ilOO%R.D. WSF 
M e n 

Dh> Imtatwo 
Ti;8e%R,D,NF 
T,:80%R.D. WSF 
T7;100%R.D,NF 
T|:100%R.D. WSF 
Mean 
Fwtipiion 
T,:80%R.D. NF 
TKI:80%R.D. WSF 

TuilOOHR,D, NF 
Tu:100%R.D. WSF 
Mean 

F t m w JniBfltioi) 
T,.80HR.D. NF 
Ta:80%R.D.WSF 
Tj;lOO%R.D. NF 
T4:100%R.D. WSF 
Mean 
Dry IrriBitiBfi 
Tj:80%R.D. NF 
T«:80HR.D. WSF 
T7;100%R.D.NF 
T|:100%R.D. WSF 
Mean 
Ferhgafaop 
T,:80%R.D. NF 
Tu,;80%R.D. WSF 
T„:100%R.D. NF 
Tu:100%R.D.WSF 
Mean 
•Price of capsicum Ri 

Sunflower seeds Rs. 

lie analysis of Fertigation in capsicum-maize-

Fixed Fertilizer Cost of Total cost 
Cd«t 

-
1 

i . 

i 
1 

14^0 
1440 
1440 
1440 

1440 
1440 
1440 
1440 

-
• 
-
-

1440 
1440 

1440 
1440 

1440 
1440 
1440 
1440 

. 
-
-
. 

1440 
1440 
1440 
1440 

1440 
1440 
1440 
1440 

cost 

226 S 
8161 
2830 

10202 

2265 
8161 
2830 
10202 

2263 
8161 
2830 
10202 

2263 
8161 
2830 
10202 

2265 
8161 
2830 
10202 

2263 
8161 
2830 
10202 

1825 
3717 
2281 
7147 

1823 
3717 
2281 
7147 

1825 
3717 
2281 
7147 

cultivatiori 

11970 
11970 
11970 
11970 

11300 
11500 
11500 
11300 

11200 
11030 
11200 
11030 

3400 
3400 
3400 
3400 

2400 
2400 
2400 
2400 

2100 
1950 
2100 
1950 

2980 
2980 
2980 
2980 

2000 
2000 
2000 
2000 

1750 
1600 
1750 
1600 

R«./ha 
Cmiiemn 

14235 
20131 
14800 
22172 

15203 
21101 
15770 
23142 

14905 
20651 
15470 
22692 

ftUtt 
3663 
U561 
6230 
13602 

6103 
12001 
6670 
14042 

5805 
11551 
6370 
13592 

giy<l«»«r 
4805 
8697 
3261 
I0I27 

5265 
9157 
5721 
10587 

5015 
8757 
5471 
10187 

»,9,0(ykg. Maize Grain Rs.4,80/kg. 3tovcr Rs 

n.50/kg 

Rijnfiowcr rnipping scqurni 

Oross' Netrehim: 
retittiw 

67707 
67347 
70614 
69570 

76509 
75888 
79443 
78876 

83205 
84438 
84960 
85509 

20985 
20842 
21685 
21782 

22380 
22537 
23547 
23161 

24052 
23811 
24357 
24688 

15306 
14478 
16468 
16100 

16640 
17192 
18457 
17549 

1833 
17917 
18780 
19562 

^5D^onnc, 

55472 
47216 
55814 
47398 

61304 
54787 
63673 
55734 

68300 
63787 
69490 
62817 

15230 
9281 
15455 
8180 

16273 
10536 
10877 
9119 

18247 
12260 
17987 
11096 

I050I 
5781 
11207 
3973 

11375 
8033 
12736 
6962 

13316 
9160 
13309 
9375 

cm 1994-55 

CB Ratio i 

.>75 
2,34 
< T 

; M 
.< 00 

4,03 
2,60 
4 04 
2,41 

3.r 

4 58 
3.09 
449 
2,77 
3,73 i 

1 

2.68 , 
0 80 
2.48 
0.60 
1 64 

2,67 
0 88 
2 5? 
0 65 
1 68 

3 14 
1 06 
282 
0,82 
1 96 

' "̂  
2 18 
0,66 
2.13 
0 58 
1 39 

2 16 
0,88 
2 23 , 
0 66 
! 4S 

2 6c 
1,05 
243 ' 
0,92 

1,77 i 
— * 

1ft,n — RrrmnrrirTidpil HORT NTT - •Mni-ffiBl FrH.tti^fr W.'TF - WiW(^ 3rttriht(« Fmitt?**f 
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furtigation, maximum net rptumi? wpre obtnined with fVrtignted \()(i^ii dopp NF m ef^pitum (69,490 

Rs.) and 80% dose NF in both maize (18,247 Rs.) . and sunflower (13J16 Rs ) Use of 100% 

dose WSF in furrow irrigation resulted in lower net returns (47,398, 8,180 and 5,973 Rs. 

respectively) and hence the lowest C . B ratio (2.14, 0.60 and 0.58 respectively) in all these crops 

Economics of second capsicum-maize-sunflower cropping sequence also followed the 

similar trend as in the first sequence. However, the gross, net and C : B ration were higher in maize 

but decreased in case of c^sicum and sunflower as compared to the previous sequence (Table-

4.47) (Fig. 4.23). 

Combined cost economics for 3 crops in a sequence and for 6 crops in two sequences 

indicated that fertigation method enhanced the C : B ratio by 0.54 Rs. and 0.51 Rs. in 1994-95 and 

1996-97 respectively from 2.32 Rs. and 2.59 Rs. obtained under furrow irrigation method 

correspondingly (Tabie-4.48). At the end of the experiment, an increase of 0.53 Rs. was registered 

by fertigation treatments over C ; B ratio of 2.46 Rs. obtained with furrow treatments 

Among different treatment combinations, the net return was the highest (2,09318 

Rs./ha) with 100% dose NF supplied through fertigation. However, the C : B ratio (4.04) observed 

with 80% dose NF under fertigation was the highest than rest of the treatments. The net return 

(1,31,452 Rs./ha as well as C : B ratio (1.43) were the least when 100% dose WSF was fiirrow 

applied (Table-4.48). 
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Tabic 4,47 ; Economic analysis of fcrtigation in capsiciim-maizc-sunflowfr cropping scqi.trncc in 19%-57 

TreaUneots 

Furrow imBBbon 
T,:80%R.D,NF 
Tj;80%R,D, W3F 
TjrlOOHRD. NF 
T4:100%R.D, WSF 
M«an 
Dnp ImBBbon 
Ti;80%R.D, NF 
T,.80%R.D. WSF 
T7.100%R.D. NF 
T,;100%R.D, WSF 
Mean 
Fertxgvtion 
T9;80%R.D, NF 
T,o:80%R.D. WSF 
Tn.lOO%R.D. NF 
Tu:100HR.D. WSF 
Mean 

FiiTBW vrintivn 
Ti;80%R.D.NF 
Tj.SO^RD. WSF 
Tj:100%R.D, NF 
T4;100%R.D. WSF 
Mean 
DriplfTiffltioD 
T3:80%R,D, NF 
T,:gO%R.D. WSF 
T7;100%R,D,NF 
T,:100%R.D. WSF 
Mean 
Fwiiffltiop 
T,: 80%R.D. NF 
T,o:80%R.D. WSF 
T„;100%R.D. NF 
Tu:100%R.D. WSF 
Mean 

Furrew irrigati9r> 
Ti:80%R.D. NF 
T2;80%R.D. WSF 
T,;100%R.D, NF 
14:100% R.D WSF 
M«an 
Dt^ IfTiyotion 
T5:gO%R.D. NF 
T<:80%R.D, WSF 
T,:100%R.D. NF 
T,;100%R.D. WSF 
M«aii 1 
FertiBBtion 
T,: 80%R.D. NF 
T,o:80%R.D. WSF i 
Tii:100%R.D. NF 
Tu:100%R.D. WSF j 
Mean 1 

Fixed 
co«t 

1 

i 
1 

-

1 j 
1440 

1 1440 
1440 
1440 

1440 
1440 
1440 
1440 

-
. 
-
-

1440 
1440 
1440 
1440 

1440 
1440 
1440 
1440 

. 
-
-
• 

1440 
1440 
1440 
1440 

1440 
1440 
1440 
1440 

Feitiliz 
er cost 

2265 
8161 
2830 
10202 

2265 
8161 
2830 
10202 

2265 
8161 
2830 
10202 

• -

2265 
8161 
2830 
10202 

2265 
8161 
2830 
10202 

2265 
8161 
2830 
10202 

1825 
5717 
2281 
7147 

1825 
5717 
2281 
7147 

1825 
5717 
2281 
7147 

Cost of 
dittvation 

11970 
11970 
11970 
11970 

11500 
11500 
11500 
11500 

11200 
11050 
11200 
11050 

- • - - • 

3400 
3400 
3400 
3400 

2400 
2400 
2400 
2400 

2100 
1950 
2100 
1950 

2980 
2980 
2980 
2980 

2000 
2000 
2000 
2000 

1750 
1600 
1750 
1600 

Total cost 

QmilcKin 
14235 
20131 
14800 
22172 

15205 
21101 
15770 
23142 

14905 
20651 
15470 
22692 

Mafaa 
5665 
1156! 
6230 
13602 

6105 
12001 
6670 
14042 

5805 
11551 
6370 
13592 

Smtliowyy 
4805 
8697 
5261 
10)27 

5265 
9157 
5721 
10587 

5015 
8757 
5471 
10187 

dross* 
retuma 

76410 
75180 
78600 
77650 

86670 
86050 
88250 
89190 

91750 
90660 
92840 
95050 

22870 
22727 
23334 
22972 

23914 
23942 
24702 
25052 

25043 
25337 
25597 
25845 

14124 
14652 
15924 
15180 

16212 
15552 
16728 
17532 

16860 
17616 
17496 
13180 

Net 
retitnw 

62175 
55049 
63800 
55478 

71465 
64949 
72480 
66048 

76665 
70009 
77370 
72358 

17205 
11166 
17104 
9370 

17809 
11941 
18032 
11010 

19238 
13736 
19227 
12253 

9319 
5955 
10663 
5053 

10947 
6395 
11007 
694 5 

11845 
8859 
12025 
7993 

s':' B Rabo 

4 36 
273 
4 31 
2,50 
3 47 

4,70 
3 08 
4 60 
2.85 
3 81 

5,14 
3.39 
5 00 
3 19 
4 1_8__ 

3,04 
0 "6 
2,74 
0,69 
1 85 

2.92 
1.00 
270 
0.79 
1 85 

> 11 
' i < J 

'02 
0.90 

, 2.10 _ 

1 03 
0.68 
2.02 
0 50 
1 28 

208 
070 
1.92 
0.66 
1 34 ! 

2 36 
1 02 
2.20 
0 78 
1 5« 

*Price of c^sicunn Rs. 10/kg, Maize Qrain-Rs 5.10/kg, Stover-RB.250/loirie Sunflower geedfi Rs 1 Z/v^ 
TT n - R'<»rnfnfn<»ff(1<»(1 r>rt*« rjp - Nrtrmirt K(Ttilf7(T W3V - Watrr Snlnhlr FrrHttTrr 



Furrow Drip Fertlgatlon 

Fig 4.23 :Co8t : Benefit ratio In capsicum, maize and sunflower 
as Influenced by fertlgatlon, drip and furrow and drip with 

levels and sources of fertilizer (mean of two years) 



]39 

Tablc-4.48 ; Economic analysig of fcrtigation in Capsicum-maisc-sunflowrr <Txipping crqurncr in 1994-95 
and 1996-97 

TVcBtmcnU 

Fvnff JrriMtigo 

Tr.80%R.D, NF 
T2:80y.R.D. WSF 
T3;100%RD, NF 
T4;100HR.D. WSF ! 43901 61551 

1994-93 
Total toUlNct 
co«t retims 

Rs/ha 

24705 81203 
40389 62278 
26291 82476 

C.B 
Ratio 

3.29 
1 54 
3,13 
1 34 

1996-97 
Total "Total Net C.B̂  
co«t returns Ratio 

Rs/ha 

24705 88699 
40389 72170 
26291 91567 
45901 69901 

3,59 
1.79 
3.48 
1.52 

1 '.̂ ^4-97 
ToUi ToUl Net 
cost returns 

Rs/ha 

49410 
80778 
52582 
91802 

169902 
134448 
174043 
131452 

C.B. 
Ratio 

3.43 
1 66 
3 31 
I 43 

Mean 2.32 259 246 

Prig Iirigtipn 

T,:80HRD. NF 
T<:80»/oR.D, W3F 
TT:100V»R.D. NF 
TsilOOHRD. W3F 

Mcao 

26575 88954 
42259 73358 
28161 93286 
47771 71815 

333 
1.74 
3.31 
1,51 

2,48 

26373 100221 
42259 83285 
28161 101519 
47771 84003 

3.77 
1 97 
3.61 
1.76 

2.78 

33130 
84518 
56322 
95542 

189173 
156643 
194805 
155818 

3 36 
; 86 
346 
1.63 

2 63 

Fcrtigation 
Tj^SQ'i'iR.D.NF 

Tio 
Tn 
T,2 

80% R.D. WSF 
lOOHRD, NF 
100% RD. WSF 

Mean 

25725 
40959 
27311 
46471 

99663 
85207 
100696 
83288 

2.08 
3.69 
1.79 

2.86 

25725 107748 
40959 92634 
27311 108622 
46471 92604 

4.19 
2.26 
3.98 
1 99 

3 10 

51450 
81918 
54622 
92942 

- i 

207611 
177861 
209318 
T75892 

4.04 
2.17 
3 83 
1 89 

2.98 

J 



DISCUSSION 



V. DISCUSSION 

The results presented in the previous chapter on the "Effect of fertigation with 

normal and water soluble fertilizers on capsicum-maize-sunflower cropping sequence" are discussed 

here in this chapter. 

Soil moisture and plant nutrients are essential inputs required for high productivity of 

crops. In most situations, these requirements are not optimally met under farmers method resulting 

in poorer yields. Conventionally, flat bed and furrow methods of irrigation aie widely followed 

uliich result in low WUE also. Coupled with such inefificient methods of irrigation, the fertilizet 

doses are also not optimized and their use efficiencies are very low. Therefore, a synergistic effect 

of simultaneously supplying water and fertilizers in smalt and frequent dose is expected to enhance 

their effective use. These are assured in the recent years through drip irrigation or fertigation 

In the current experiment, it was envisaged to raise the crops in a sequence so that the 

cost of cultivation could be considerably reduced by adopting a thorough cultivation ol the fir̂ it ciop 

only and installing chapins in crop rows and raising the subsequent five crops with only loosening 

the soil between the crop rows at the beginning of each sowing/planting, thus curtailing the 

preparatory cultivation practices of ploughing, leveling, marking and formation of ridges and 

fujTows. To achieve tliese, a common spacing of 60 cm x 30 cm was adopted for all the crops m the 

sequence and achapin drip system was inh-oduced at the beginning of the first crop which remained 

intact till the end of the experiment after the sixth crop. However, at the beginning of each crop 

small replacements of chapins to the tune of 10% was necessiated because of damage caused 

through cultural operations. A light flushing of the whole system was undertaken at the ead of each 

crop to clear sway any possible blockages of fertilizers in the outlets by adding weak acids in 

irrigation water. Precautions were taken especially in the kharif season to provide fiirrow irrigation 

or drip-cum-fertigation only in fair weatlier by slightly modifying the schedules by 1-3 days 
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An examination of the growth yield and quality aspects of capsicum, maize and 

sunflower under varied treatment combinations indicated significant differences among themselves 

in all the three crops during both the years 1994-95 and 1996-97 In general, the growth and 

development of maize and sunflower were excellent resulting in superior yields However, 

capsicum suffered relatively more due to pest and disease problems inspite of proper execution of 

recommended plant protection procedures. There was no paucity of moisture or nutiients since the 

crops were irrigated either through drip or furrow method The weather conditions particularly 

rain&ll did not aflEect the fertigation practice even in the khai if scaBoiis 

1 »m iiiOuiiuiv iuMnuutiuri pMiivni nnu irrigiuioh Wmef use effidtewy of cafjskum, imize 

and sunflower as influenced by methods oT irrigation, levels and sources of rertJUier 

The soil moisture data revealed tliat at the top 0-30 cm soil profile, both drip and ferttgatiou 

treatments had more soil moisture content (28.2-24.3%) upto 20 cm radial distance fiora the crop 

row. Thus, there was adequate availability of moisture in the active root zone of these crops. The 

same moisture regime slightly above field capacity was maintainrd throughout crop growth period 

by daily operation of drips widi the water quantity equal to previous days open paii evapoiatioiL In 

contrast, in the furrow method, the top 0-30 cm soil layer had lower soil moisture content (17 8-

22.2%) upto 30 cm horizontal distance from crop row as compared to drip or feitigation systems 

This soil moisture regime was not maintained constantly due to cyclic nature of furrow irrigation oi 

weekly intervals. Thus, though initially the moisture percentage was near the field capacity, witii 

each passing day, the moisture was depleted and was nearing wilting point by 4^ or 5^ day itself 

However, the below 30 cm soil l^er contained higher moisture per cent (23.2 - 26 4%) which was 

not easily within the reach of the roots. This percolated water along with moisture between 20-30 

cm horî ontAJ difitanco from tho crop row wi-ni-T fhnî  tmnvai/ahJo far pifiiif nt̂ o Fiirfhcr inv!Ttor\ 

fluctuations in soil water conteat at different strata between the weekly irrigation cycles resulted in 

reduced water availability as against constant moistuie supply characteristic to dttp or feitigation 
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system. These results are in conformity with the work of Goldberg and Sh inueli (1970) who 

observed diat the soil moisture content under drip irrigation was constantly between saturation and 

field capacity while in the furrow method of irrigation soil moisture ranged from field capacity to 

wilting point. In this context Bucks et a!. (1981) also reported that drip system wets 33 to 66 per 

cent of root volume for better performance of tomato. 

TTiufl, in the drip irrigation, since the water was given only around the root zone of the 

crop, the iq>take of water per unit weight and per unit length of roots in the wetted portion increased 

as also reported by Haynes (19'85). The wetted area led to less loss of moisture through evaporation 

as compared to the conventional method of furrow irrigatioa 

In the current experiment, low moisture loss and daily irrigation in drip method 

increased the availability of water which in turn caused higher irrigation water use efficieoey la 

capsicum (1.86 - 2.34 kg M"*), maize (1.21-1.35 kg M ) and sunflower (0.25-0.29 kg M ') m both 

fertigation and dnp irrigation treatments over the furrow method where the correspooding values 

were lower than drip/fertigatioa Thus, these effected a higher efficiency of drip/ferti system by 50-

49% in c^sicum, 43-41% in maize and 55-44% in sunflower. These results are in agreement with 

the findings of Ben-Asher e\ al. (1978) wherein he stated that ferti-(fa'ip iirigation serves better with 

increasing WUE to an extent of 30 per cent in tomato crop over traditional method In the current 

study, nearly 21-23% of water saving was noticed with drip/fertigated plots as compared to furrow 

method (Table-3.5). 

5.2 Status and nutrient distrlbiAion pattern, niArient uptake and fertlilier usie eflHkiency a& 

influenced ty fertigation and non-fertigation in capsicum, maize and suitfkmer. 

5.2.1 NiMiient distribution pattern 

The distribution of residual NO3-N was confined to the effective root zone (0-30 cm) 

in fertigation (31.8-16.7 mg/kg soil) without giving much scope for leaching. Thus, lower NO3-N 



143 

accumulation was observed beyond the depth of root zone. Whereas in the soil applied plots but 

witti drip irrigation relatively lower NO3-N level at top (0-15 cm) layer (23 6-14.8 mg/kg soil) was 

observed which slightly increased in the 15-30 cm zone (26 7-16.5) along with the wetting front. 

However, considerable NQj-N concentration was also noticed below root zonal depths (30-60 cm). 

This was as a result of application of fertilizers to soil in two doses of basal and top dressing only 

compared to biweekly application of fertilizers through drip system in the fertigation tieatments. 

In case of fuiTow method most of the soil NO3-N content was distributed below root 

zonal depths (30.1 - 10.8 rag/kg soil) and hence the NO3-N level within the rhizosphere of 

capsicum, maize and sunflower was not satisfactory (10.5-18.5 mg/kg soil). Full fertilizer dose 

(100%) and WSF source resulted in slightly higher soil NQj-N content than reduced dose (80%) and 

NF source respectively (Table-4.44). 

Relatively smaller doses of fertilizer with increased frequency of application in 

fertigation resulted in lower accumulation of NO3-N after capsicum (18.5-3.8 mg/kg soil), maize 

(16.6-3.2 mg/kg soil) and sunflower (20.1-5.0 mg/kg soil) below root zonal depth as compared to 

drip irrigated plots (21.2-6.4, 20.6-4.8 and 21.2-5.8 mg/kg soil) conespondingly or furrow irrigated 

plots (24.2-10.2, 24.5-10.5 and 26.8-10.9 mg/kg soil respectively). The increased leaching lossee in 

furrow method was due to conventional bulk application of fertilizer coi^iled with high quantity of 

water applied in weekly intervals. In contrast, under drip method, leaching losses were not so severe 

but the NO3-N ions were found to have moved into deeper soil l^ers because of bulk soil applied 

fertilizer subjected to daily water application. These lesults are in agreement with the fmdings of 

Papadopoulos (1985 and 1988). 

The P accumulation was satisfactory in the top soil when it was fertigated (15.6-5.7 

mg/kg soil) and also at 15-30 cm soil depth (6.3-2.8 mg/kg soil) which further decreased with 

decrease in soil deptii However, the residual P level was sligluly iuui'e ui'iuei fuifO'w imgatiuu at 
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top soil layer (18.5 -8 2 mg/kg soil) as conjpaied to both diip aiid feiligalion methods At the lower 

soil depths (15-60 cm) fertigation had slightly more P accumulation (6.2-1 9 mg/kg soil) than furrow 

method (5.8-1.6 mg/kg soil) Thus, it implies that there exists a scope for P leaching in all the 

treatments under study. Major differences were not observed between fertilizer levels or sources It 

can be inferred that fertilizer and water application methods did not influence P movement in soil 

considerably which accumulated mostly within 0-15 cm soil profile. Similar results with the 

expected slow movement of P in soil is also reported by Bacon and Davey (1^89), H^nes (1985) 

and Papadopoulos (1992). 

The residual K contrnt in soil was also influrncrd conBidcmbly due to ftrrtJUnn- Hnd 

water application methods. Tlie direct, controlled and frequent application of water and fertilizer 

resulted in relatively more accumulation of K in the effective root zone (0-30 cm) of fertigated plots 

(172.6-120.6 mg/kg soil) as compared to traditionally fertilized but drip irrigated plots (164.8-133.5 

mg/kg soil) or conventional furrow inigation (160.6-107.3 mg/kg soil). However, 'K' accumulation 

under fertigation showed reduced concentration in below root zone depth (138.6-97.5 mg/kg soil) 

While the other two treatments had considerably higher accumulation of residual K »t lower depths 

(151.6-98.1 and 171.2-102 6 mg/kg soil respectively) indicating a potential leaching risk which waa 

more severe in furrow irrigated plots in comparison with fertigated plots Further, it can be observed 

that even at higher dose of potassium application (100%) K leaching was relatively less with 

fertigation compared to same dose of fertilizer applied in one basal application as followed in 

conventional method. This aspect can be further examined witli the studies of Papadopoulos (1988) 

wherein he reported that leaching losses of K can be minimized by supplementing the 'K' source 

through ferti-drip system 

5.2.2 NiArlent uptake and Fbrtflizer Lise ETTldetKy 

The uptake of nutiients and the FUE in capsicum maize aijd sunflower were 

illflllrnCf^d si.i;i"iii]Citii(Iy oiif" lO fpui^iitiOii auu uCui-u-itiuritiOii tjpC«ait'utr:> Tiit- rriiliiii'f'u -.-Vipijly m\ 
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water and nutrients directly to the root zone at different stages of crop growth resulted in adequate 

availability of these and witli the increased density of functional loots in the root zone caused for 

greater intake of nitrogen (32.2-31.4 kg ha'), phosphorus (9.2-8.8 kg ha') and potassium (50.5 

48.7 kg ha') in capsicum during both the years of 1994 and 1996 Identical trend was recorded with 

maize and sunflower also (180.8-188.0, 34.3-35.1 and 163-170 kg ha' in maize and 101 2-93.2, 

17.4-16.4 and 67.0-62.5 kg ha' in sunflower correspondingly), whereas the drip and furrow 

irrigation treatments resulted in low N, P and K uptake compared to fertigation Therefore, with 

fertigation there were greater yield upgradation as a result of gieater uptake of nutrients Thus there 

were simultaneous in FtJE of 38.7 -38.8 kg kg' NPK in capsicum, 19.4-19 3 kg kg' NPK in maize 

uiid 9.05-8.2 kg kg NPK iii uunilowpi. T^iese impiuvt;me:iil» wcir 2,4-2\>Vo, iA-li'Vo ami 2\)-i7'Vj 

lii.eher than FUE obtained with furrow rnt-thotl and lO-C Î., G-A";., ruid T-r?;. hiuhfr thnn di ip rnelhoiVi 

correspondingly. Thus, the cmrent studies point out the possibility of enhancing the FUE through 
/ 

fertigation. Similarly, the findings of Isobe (1974), indicated that the nitrogen uptalv in sugarcane 

was greater when the fertilizer was continuously applied along with water through drip system 

However, non-uniform distiibution and inadequate availability of nutrients and moisture in the root 

zone of a crop are responsible for lower uptake of nutrients and moisture. Thun tii the ouireni 

shidies, the reduced levels of fertilizers (80%) levels and normal fertilizer souice decreased the 

nutrient availability in soils resulting in lower yields in all tlie three crops of capsicum, maize and 

sunflower. There was reduced FUE also. However, when drip system was adopted the differences 

were not much witfi full dose on WSF while the furrow irrigation resulted in lower yields as well as 

FI.IE compared to drip system. 

5.3 Root dry weight and root dlstrlbitfion pattern in capsicum, maize and sunflower as 

inflienced by methods oT Irrigation and Tertillzation, levels and sources at Tertilizers 

Root system forms a cnicial pai1 of plant as absoii)ei of moistui'e and tiutiients thus 

conti'ollingphuit development. The oiinenf studies indicated thai total root di'y weight was higher in 

fertigation tieatment inespective ol tlie levels or souices of feililizer as compaied to futTow 
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clip and fertigation treatment 
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irrigalion. Frequent supplementation of nutrients along wiUi water under ferti-drip «yatenj increased 

the accumulation of available N, P and K in the crop root zone (Table-4 44 to 4 46) and therefore 

influenced in producing more number of total roots in capsicum {5^59-5 35 g plant'}, maize (62.44-

59 65 g plant') and sunflower (.16.0.?-54.28 g plant') in both the yemv 1994-95 mci 1996-97 as 

compared to plots with soil application of lertilizers tollowed by drip irrigation (3.1-4.93 g, 59 32-' 

59-94 g aiid 34.69-30.42 g plaiil cuiit;»puiidingly) or iunow iinguliun (3.*).V3.2'8 g, 3'8.73-36.14^'j^ 

aiid 11.83-29.73 .f; plant' con^spomiin.uly^ TVir vruied ffililizei \r\i'h with or \vithoiil fertiunlioin 

also influenced the root growth wherein the recommended feililizer dose (lOCy/o) produced higher 

root dry weight than the reduced (SO /̂o) dose. Similarly, the WSF feililizer was superior for root 

growth as compai'ed to NF source A combination of lOWo dose in the form of WSF in feiligation 

resulted in maximum root weight while tlie S(y>/o dose thiough NF application in funow had the 

lowest root dry weight in case of capsicum and maize but it was 80% dose WSF in sunflower. In 

genei-al, treatment combinations undei- fertigation had maximum total root density than the rest of 

the treatments. This increase was mainly due to adequate availability of both moisture aiid nutrients 

in the crop roots zone thus leading to better proliferation of nutrients under ferti-drip system. 

Tlie depth wise disb-ibution of roots was also infliu need under furrow, dnp and 

fertigation treatments. The roots were concentrated much within 0-10 cm with fertigation in all the 

three crops. Whereas root mass was distributed upto 0-20 cm soil under conventionally irrigated and 

fertilized treatments. Since the moisture and nutrient distribution was confined to upper strata (0-20 

cm) of soil under fertigation, the feeder root distribution was found to be concentrated accordingly in 

capsicum (3.67-1.90 g plant'), maize (37.15-20 34 g plant ') as well as in sunflower (22 25-10.53 g 

planf') (Table-4.43). Tlie root mass was denser at 0-10 cm layer and then, it drastically got reduced 

at 10-20 cm soil depth in these ti-eatments 

However, witli fuiTow inigation, the nutiients moved down the Moil thiougli 

percolation and leaching losses were high due to flooding. HOIKC, the surface (0-10 cm) distribution 

file:///vithoiil
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of feeder root was less in aJl the tluee crops (2.51-1 97 g plajit ' in capsicnm, 26.2-20 1 g plant' in 

maize and 15.3-11.3 g plant' in sujiflower) which gradually reduced between 10-20 and 20-30 cm 

soil layers. Fertilizer doses as full (100%) or reduced (80 /̂o) levels induced little vaiiation in root 

distribution pattern in fertigation but moderately in fuiTow method Similarly, fertilizer sources as 

eitfier WSF or NF were identical in respect to root distribution. 

Root distribution pattern in drip method was snnilar to fertigation system except that 

the root weight was relatively lower than ferti-drip treatment Root studies in capsicum conducted 

by Keng and Lugo-Lopez (1979) also point out dense fibrous root gjowth towads the nubient and 

moisture source in fertigation and band placement Root growth restiicfFd fo upprr surfacr of soil 

because of spatial distiibution of nutrients aiid moisture is also confirmed by the findings of 

Goldberg and (1971) and uoyi 

and Phene t?M/. (1991) in maize. 

Goldberg and (1971) and Goyui ei al. (1988) m capisicuni and rviaiinie/.-Heniaiiue^ et at 0 9 9 1 / 

5.4 Ellect of methods ol irrigation and ter(31ike?"appii«^tion'on' grui^th pdram^te^ "oi 

capsicum, maize and sunflower 

5.4.1 Growtli components In capsicum 

Among the growth components the plant height recorded was tl)e highest under 

fertigation closely followed by drip method throughout the crop gjowtli in both the yeais, excepting 

at 30 DAP in 1996 (Table-4.41) 

Better growth of plants under fertigation is confinned by the significantly increased 

leaf area and number of leaves per plant during 30, 60 and 90 days after planting (Table8-4.2 to 4 4). 

Tlie leaf area to the tune of 4.08 to 4.13 cm^ at 90 DAP stage in fertigafion tieatments compared to 

373 to 394 cm^ in di'ip and 314 to 337 cnr in fuiTow method showed the favourable influence of 

fi'equent application of fertilizer tliro ugh iirigsilion over drip or timow methods with soil applicaiion 

of fertilizers Similarly, the total dry matter remained high in fertigation and drip methods 1 64 to 
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9 86 g plant an compared to t'uirow irrigation 1.50 I 68 g plant ' indicating higher vegetative 

growth at the early start. 

Reduced growth and productivity under conventionaJ irrigation has been attributed to 

rapid depletion of readily available soil moisture from the limited root zone (Proebsting et al 1977) 

Under such circumstances, frequent irrigations would permit available water to be consistently 

maintained in the root zone while either frequent irrigations (Sadykov and Mikhel, 1981) or large 

moisture deficits (Sirjacobs and Dada, 1983) have been shown to affect adversely the growth and dry 

matter production. 

The number of secondary branches and total number of branches wcrr h i^rr in 

fertigation (Table-4.7) in accordance with its vigorous growth as seen by improved leal'area and dry 

matter production. In capsicum, the number of branches have direct relationship to fi-uit yield a£ they 

serve as fruiting points. However, number of primary branches were not significaiitly infiUeiiCeu by 

fertigation. 

Dry matter accumulation at 30 DAP showed no significant effect due to fertigation or 

drip over fiirrow method both in stem and leaf although these three treatments recorded stem and 

leaf dry matter in the descending order correspondingly (Table-4.5) The non-significant response 

may be due to high concenb'ation of available nufrients in fiinow and drip freatments because of 

high basal dose application of fertilizers However, growth and dry matter accumulation was rapid 

at lower stages with fertigation. With improvement in stem dr '̂ matter, the leaf dry weight 

increased gradually as the age advanced upto 90 DAP ranging between 2 85 to 3 88 g per plant 

with fertigation as compared to 2 66 -3 65 g per plant in drip and 2 35-3 30 g per plant in furrow 

inigation wherein the fertigation treatment was significantly superior to furrow method at 60 DAP in 

1996, 90 DAP in 1996 and at hai-vest in 1994 but was on pai witli diip tieatment always. 



Rate 5.4 - Capsicum crop grcMm under furrcw irrigation 

Rate 5.6 - Capsicum crop grcwn under drip irrigation 

Rate 5.6 - Capsicum crop grcwn under fertlgatlon 
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Congequent to the impiovement in ieal'aiea, number ofleaves, (by matter of the plant 

well supported by root growth and density, the fertigation tieatnients recorded highet fruit weight 

starting from 60 days after planting. The overaJl improvements in the fertigation treatments was thus 

effected by monitoring the moisture and nutrient supply to the crop nearly in consonance with the 

steady growth and development stages of the crop. Thus, fertigation produced higher tiiiit weight of 

3.81-7.74 g plant'. The next in order was soil application of fertilizer followed by drip irrigation 

which ranged from 3.39-6.86 g plant' Tlie lowest fruit weights recorded were 2 93"*̂  84 g plant' 

with furrow irrigation. Thus, fertigation produced 30-31% higher yields over the furrow method, 

whereas soil application of fertilizer followed by drip system increased tlie yield by 15 7-16..*i% over 

the furrow method. In studies on drip irrigahon, Ramcsh (1986) obscrvrd that dry matter in chilli 

in furrow irrigation remained lower which was ascribed to non-availabiUty of soil moisture 

continuously in the irrigation cycles. Also the beneiiciaJ effect of drip over funow method of 

irrigation has been demonstrated by Kundaiimaoi, 1977: SrinivaK, 1986: riyde el ai 1989, GutaJ ei 

at. 1990; Hapse^/fl/ 1990, Jalidav t-r<i/ 1990 andKatariaand Michael, 1990 m several ciops 

From these observations, it can be iiifeiTed that fertigation generally effected 

significant increase in growth attributes of capsicum which were fuilher reflected in terms of 

superior fruit yield compared to soil application of fertilizers as followed in drip and funow irrigated 

capsicum. 

5.4.2 Growth coni|]onerts in maize 

Maize has been considered as a hea\'y feeder of nutrients A perusal of the data 

(Table8-4.15 to 4.21) revealed that maize had constantly shown positive response to regular nutrient 

and moisture supply as achieved by fertigation. Such responses to fertigation in maize are well 

documented by Casallo, 1988, Cosserat et al. 1990; Gascho and Hook, 1991; Maitinez-Hernandez, 

et al. 1991; Bassoi and Richard, 1995 and Watts and Schepers, 1995 
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In the present investigations, amongst the water and fertilizer application njethods, 

fertigation was found to be distinctly superior compared to drip irrigation and funow method in 

almost all aspects of growth and yield of maize in both the years 1994 and 1996. Besides the 

improvement in plant height (TabIe-4.15) and number of leaves (Table-4.18), the leaf area of 

fertigated maize increased reaching a maximum of 5791.7 and 5735.1 cm^per plant as con^ared to 

5623.7 and 5593.8 cm^ per plant in drip, both the treatments being on par with each other but 

significantly superior to 5131.2 and 5218.7 cm^ per plant obtained with furrow irrigation at 60^ day 

(Table-4.16). Concurrent with these in^ovements in leaf area fertigated maize had an edge over 

drip or fiirrow irrigated crop in respect of LAI (0.29-3.18, 0.28-3.12 and 0.26-2.90 correspondingly) 

at three stages of crop growth. Improvement in leaf growtli caused a sliglit incrrajscB in tlic number 

of leaves per plant The combined effect of improvements in plant height, number of leaves and 

leaf area raised the dry matter production in fertigated maize well over those of furrow or drip 

methods (Table-4.19). At harvest, fertigated maize both in 1994 and 1996 feiligated maize bad 

significantly higher DMP of 218.5 g and 223.7 g per plant as compaied to 185.2 g and 190 6 g pet-

plant in the furrow irrigated maize. However, the DMP of 203.9 g and 209.8 g per plant obtained 

with soil applied fertilizers followed by irrigation with drip method was on par with fertigation but 

superior to fiirrow method (Fig.4.7). Besides, there was a better dry matter accumulation (DMA) in 

growth components like stem, leaf, tassel, silk and cob fi'om the early stages upto harvest (Table-

4.20). During 1996, DMA of fertigated maize was superior (56.3 g/plant) compared to furrow 

irrigation coupled with soil application of fertilizers (47.4 g/plant). Similar increases in leaf DMA 

were observed. For instance, at 60t*'day leaf dry matter of 33.2 g (1994) and 32.6 g (1996) per plant 

with fertigation was significantly superior to both drip (29.3 g) ajid furrow (23.6 g) in 1994 but only 

to furrow (24.9 g) in 1996. Thus DMA had a favourble influence on yield especially in fertigated 

maize. Higher DMA in tassel, silk, cob sheath and cob of fertigated maize was seen in both the yeary 

compared to other treatments. Under the influence of fertigation, the DMA in tassel wae Ixigher by 

15-11 per cent, the silk by 33-15 per cent and in cob sheath by 22-18 per cent at 60'*' day conipareu 
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Rate 5.9 - Maize o'op grown under fertlgation 
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to furrow irrigated maize. The corresponding values at harvest were 24-22, 25-15 and 25-19 per 

cent. 

At harvest, the DMA in cob of fertigated maize was significantly higher in both the 

years compared to furrow method but was on par with drip method. Thus, with an overall 

improvement in DMA in vegetative parts like stem and leaf, reproductive parts like tassel, silk, cob 

sheath and cob were improved in one or the other year effecting a better translocation of 

photosynthates and thus, resulting in higher yield of maize under fertigatioii 

The overall improvement in the growth and yield of maize was also dur to grcatrr 

availabtlity of nutrients tike N, P and K aided by optimum moisture and nutrient balance at the active 

root zone under fertigatioa 

S.4 J Growth components in suMflower 

Application of fertigation or drip irrigation for sunflower is only a recent practice In 

consonance with the popular concept that fertigation is beneficial for vegetables and in situations 

where higher fertilizer applications are desired, the present investigations revealed that combining 

fertilization with irrigation was also helpful in improving the growth and yield of sunflower 

Fertigation afforded more plant height with increased number of leaves compared to 

the other two treatments(Table8-4.24 and 4.27). At the 60"* day, when maximum leaf area was 

observed in all the treatments, the order of increase in the leaf area per plant was furrow (2437 aid 

2327 cm )̂, drip (2486 and 2383 cm )̂ and fertigation (2517 and 2411 cm )̂ wherein fertigation 

treatment was significantly superior to the first one but was on par with the second treatment 

Eventually, the LAI also increased from 1.35 and 1.29 in furrow to 1.39 and 1.32 with drip and 1.40 

and 1.29 with fertigation during 1995 and 1997 respectively (Table-4.26) 
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The totaJ dry nialt^r production (DMP) increased al aJI Uie t̂aRes (Tablt-4 28) At 

harvest, the DMP increased from 96.8 ajid 90.4 g per plant in fiurow inigated sunflowet to 109.1 

and 101.2 g with drip method and 112.4 and 103 6 g per plant with fertigation When the 

components of DMP were examined, again the favourable influence of fertigation was prominently 

observed Both stem (42 g) and leaf dry matter (26 g) with fertigation were significantly superior to 

furrow iirigated plants (35-36 g and 16-18 g per plant respectively). Similarly the head dry matter ^ 

harvest showed significant improvement witli fertigation treatment with values of 56 2 aiid 52 6 g 

per plant followed by 53.7 and 49.8 g per plant in drip and 47.2 and 44.7 g per plant in furrow 

method This indicated higher diversion of photosynthates viz., cuirent photosynthates tu)d stored 

photosynthates to sink. Thus the growth attributes in sunflower were gi-eatly influenced by 

fertigation. The increased growth and vigor WHB iiiBbumentHJ for rnhmicctd yield. Also, sevei'MJ 

studies have found close correlation between total dry matter production and yield (Watson, 1952; 

Beese et al. 1 Sf82 and Horton et al.\9^1) 

5.5 EfTect of metliods oT irrigation and fertilizer application, on yieid and its cumpuntsnlH in 

capsicum, maize and sunfloHer 

5.5.1 Yield and its components In capsicum as influenced tjy irrigation and TertJUxer 

applications 

Examination of green fruit yield of capsicum in different treatments showed that 

fertigation method of fertilizer plus water application recorded significantly higher fiiiit yield 

compared to furrow irrigation. Maximum green fruit yield of 9.39-9.25 tons per hectare was 

obtained with fertigation in both the years 1994 and 1996 as compared to crop (8.63 and 8.75 t ha') 

and furrow methods (7.64 and 7.70 t ha') This increase in green fruit yield was a reflection of 

better plant growth as evidenced by superior dry matter production under feiligation Further, li was 

noticed that since pre-determined rate of water dissolved witli nutiient wa» uupplied to a specific soil 

volume, it helped to keep the entire root zone under low moisture tension Hence, the plants were 
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not 8UujeCteu to aiiy mwii dUiiiig iheii' giOwtii peiiou iii coiiiiasi io fliiiow liieiliou wheit; UDeveu 

distribution of nutrients was noticed across soil depths and stages of plant growth These results are 

in confirm^ion with similar yield improvements due to fertigation in capsicum as reported by Keng 

and Lugo-Lopez, (979. Tropea et at. 1982; Haes et at. 1987; Cre8po^•uiz et al. 1988, Haynes, 

1988; Qoyal etal. 1989 and 1995 

The higher yield with fertigation over drip or furrow irrigation was associated with 

higher number of green fruit (6.91-6.75) per plant (Table-4.11) coupled with higher green fruit yield 

per plant (438-430 g). This was a consequence of better plant height (32-30 cm), number of 

branches (7.05-7.10) and leaf area (408-413 cm )̂ which helped in improved assimilation and 

translocation of photosynthates to growing fruits. On the other hand lower plant heiglrt (27-28 cm) 

in turn lower number of branches (6.3-6.4) and lower leaf area (313-337 cm )̂ reduced production 

and translocation of photosynthates to growing fruits ultimately resulting in lower number of gt^en 

fruits (5.7-5.6) and lower green fi-uit yield (314-317 g) per pltttit witli fuiTow inigatioiL Similar 

observations of lower yields with furrow irrigation have been reported by Freeman el al 1976, 

Vasanthakumar, 1984 and Narayanan, 1991). 

The differences in yield among fertilization methods were Uie reflections of 

significant differences in fruit length and girth (Tables-4.12 and 4.13). Fertigated capsicums showed 

constantly bigger fruit size at all pickings especially during 11 and lU pickings. In these harvests, 

6.6-7.5 cm fruit length and 18.1-19.8 cm fruit girth were recorded witti fertigation treatment as 

compared to 5.3-6.0 cm fruit girth and 16.1-17.6 cm fruit length obtained with furrow method. 

However, fruit size of drip irrigated capsicum was equal to fertigatioa Better size of vegetables 

only under drip in sandy soils was recorded by Goldberg et al.{\91\). Capsicum fhiit yield and 

mean fruit size peaked at 252 kgN ha' siqjplied in the form of Urea:anmionium nitrate mixture in 

weekly treatments tlirougli diip inigation according to Hai1z et al. 1993 Reduction in fiuit size 

witli reduced moisture supply as is the case with fuiTow irrigation was iioiiced by niatiy and a few 
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reasoned it out to poor translocation of cai-bohydrateg and low turgor (Beg/̂  and Turner, 1976) 

Abou-Husain et al.(l9S4) reported tliat fruit length, size and diameter increased witli nia-ease ui 

field capacity percentage. Similar findings were obtained by other investigators (Dimitrov and 

Cherrenkove, 1976; 0 ' Sullivan, 1979). In the current study, moisture and nutrient supply were 

steady with fertigation treatments which maintained field capacity to saturation and the nutrients 

here were within the root zone. 

Quality parameter like ascorbic acid content of green fruits significantly varied ckie to 

the methods of fertigation and irrigation. Ascorbic acid content of green fruits recorded at third 

picking WMJ8 the higliesl in lei ligation (108.6-111.9 uig 100 g ' ix«^\ Iniil) ais conipaieC lo ^.4-99. \ 

mg 100 g ' fresh fruit and 83.4-85.3 mg 100 g ' fresh fruit in drip and furrow respectively wherein 

fertigation was superior to both drip and furrow methods in 1994 but only to funow method in 1996 

Therefore Vitamin ' C content responded positively to the easily available soil moisture and 

nutrients with fertigation These results are in accordance with the results of Ramamurthy (1988) 

and Narayanan (1991). 

S.Sk2 Yield and Its CDm|)onents in maize as influenced fay irrigation and fertilizer applications 

The effect of fertigation was distinctly superior in the grain and stover yield as well as 

on yield components of maize in confirmation widi the observations of Cassallo, 1988; Cosserat et 
/ y 

al. 1990; Gasho and Hook, 1991; Martinez-Hernandez, et a/. 1991; Bassoi and Reichardt, 1995 and 

Blackmer and Schepers, 1995. 

In the present investigation the yield related data indicated that fertigation enhanced 

the grain yield from 4157 and 4239 kg ha' in furrow to 4756 and 4716 kg ha' and the stover yield 

from 5384 and 5427 kg ha ' to 5578 and 5615 kg ha' Such a positive response in maize has also 

been reported by Gasho and Hook, 1991. In their fertigation studies, witli foui N applications, gj-ain 

and silage yields were gieatest witii fertigation and they opined that witii optimum iirigation. 



155 

fertigation was most cost effective thaii di"ibbling N in saiidy soils at Tiftoiv, Georgia In the current 

study, the increase in yield of maize has been supported by the improvements in yield attributes 

The grain weight per cob increased by 19-15 g and the thousand grain weight by about 24-19 g as 

compared to furrow irrigated maize Likewise, the grain number per cob increased from 467-475 to 

505-499 while the shelling per cent from 74-73 to 78-76. The grain number per row and poliftcity 

per cent were also increased under the influence of fertigation (Table-4.23) in both the years 1994 

and 1996. Such improvements in reproductive components were assisted by healthy and vigorous 

growth leading to better dry matter accumulation due to fertigation Mertinez-Hemandez et al. 

(1991) reported that sweet com showed higher marketable and total ear yields because of higher 

total fr^sh weight, dry matter production and plant height during the growing Beason with the aid of 

sub surface N, P and K fertigation In this study, superior yield under fertigation was also due to 

better ear size as 19.2-20.3 cm cob length and 16.8-17.0 cm cob girth was bigger than 17.6-18.5 cm 

cob teiigth and 15.3-15.8 cob girth produced by furrow itiigation (Table-4.23). However, , maize 

ears with drip irrigation were equal with those obtained under fertigation 

The significant improvement in yield and yield pai^neters observed due to combined 

use of irrigation atid fertilizer are attributable to the overall growtii and growth parameters like plant 

height, leaf area and dry matter accumulation. In the ferti-drip system the higher yields could be 

directly related to the direct controlled and frequent supply of moisture and nutrients to the effective 

root zone of the crop. This was possible because of one water outlet point on the chapin provided at 

the base of each plant and operated daily with water quantity equal to previous days evaporation. To 

maintain the concentration of fertilizer not to get too diluted in irrigation water, fertigation was 

imposed at biweekly intervals till the crop attained maturity. Thus tiie wetting zone ^ the base of 

the plants remained more or less constant. It was here in this wetting zone, that there was a 

maximum concentration of young functional feeding roots with fertigation (31 to 37 g/plant) 

compared to furrow irrigation (20 to 26 g/plant) (Table-4 42) This sihiation favoured better nutrient 

uptake and higher fertilizer use efficiency by 13 per cent (Tal)le-4.38) All tiieee factoid contiibuted 

to enhanced yield and its components in maize with fertigation through chapin systems which can 
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thus become a promising new technology in achieving increased yields in maize while saving both 

water and fertilizer. 

S.5J Yield and yield com|]onent& in sunflofwer as influenced by irrigation anl fertJUier 

appttcatlons 

Sunflower growth was better under fertigation with the different growth components 

showing higher values as compared to furrow or drip irrigation Consequently, the seed yield in the 

both years was also higher in fertigation registering 1621 and 1460 kg ha ' than 1519 and 1376 kg 

ha' in drip or 1356 and 1248 kg ha' in furrow (Table-4.32) Thus the fertigation produced 16.3-

17% increase while the yield increase in drip was 6.7-6 3% of furrow iirigation. 

Similarly, the stalk yield of 1710-1669 kg ha', 1658-1629 kg ha ' and 1592-1551 kg 

ha' in fertigation, drip and firrow followed the simitar trend as that of seed yield. Increase in seed 

yield of sunflower due to fertigation by efiQuents enriched with nutrients has been repoded by 

Papadopoulos and Stylian ou, ̂ 991. 

The increase in seed yield in sunflower has been supported by the improvements in 

yield attributes. The seed yield per head increased by 6 9-7 0 g and the test weight by about 0.45-

0.35 g as compared to furrow irrigated sunflower. Similarly the number of filled seeds per head 

increased from 678-652 to 784-745 and hence filling per cent from 73.8-74 7 to 80.5-79 4 in both 

1995 and 1997. The husk per cent decreased by 1.5-0 8*'/o under fertigation indicating more kernel 

content in seeds than with furrow method. The si^eriority of fertigation was also visible in terms of 

higher threshing per cent and head dia meter (Table-4.32) over other freatments. Oil content was 

sli^fly higher with fertigation (47.8-45.0%) over drip (44.6"/o) aiid fiirrow (43.8-42 6) leading to 

significanfly higher oil yields of 657 to 735 kg ha' compared to 532 to 593 kg ha' obtained with 

furrow method. Drip irrigation with 614 - 677 kg oil per ha was equal to other two treatments in 

1995 but superior to fuirow method in 1997 only (Table-4.jj) 
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Tlie variation in yield components and ultimately yield may be attributed to the 

dififerences in dry matter production at different growth stages Regular nutrient supply througli 

solution resulted in a significant response in terms of dry matter production of sunflower which 

eventually increased source and sink capacities. Similar studies of Sabina Aiyaiina (1995) and 

Virender Singh (1996) in geranium indicated increased growth character like leaf area, canopy 

spread, number of leaves and leaf dry weight under ferti-irrigation caused an increased herbage yield 

and geranium oil yield by 40 per cent over traditionally inigated and fertilized plots From the 

present investigation it is clear that sunflower responded to fertigation method of combining 

fertilizer and water in terms of improved yield. 

S.6 ETTect of levels of rertlllzer on growth and yield of capsicum, maize and sunflower 

Fertilizer levels are known to effect improvements in biomass production in crop 

varieties. However, in the present study, although different attributes in capsicum, maize and 

sunflower were numerically higher with the recommended dose (100%) compared to reduced dose 

(80%), in general, these fertilizer levels were observed equal in influencing the performance of crops 

studied in the experiment 

In capsicum, 80% recommended dose of did not affect the fertilizers the green fruit 

yields (8425 1^ and 8422 kg ha' averaged over 12 treatments) compared to 10u<̂ /o recommended 

fertilizer level (8685 and 8693 kg ha'). This was because most of the yield parameters also did not 

differ among themselves for variation in fertilizer levels. Though fruit yields in 1996 during the I 

and n pickings were significantly siqierior with 100% dose, the total yields for all the four pickingh! 

were however similar to those of 80% fertilizer level. Thus these results indicate that reducing 

fertilizer dose by 20% may not reduce capsicum yield substantially and hence a saving of 20% 

fertilizer can be realized. Similar trend was recorded by Madramooto and (1989) when 3 levels of 

nifrogen(67.5,45.0 and 22.5 kg ha') applied as ammonium nib-ate in trickle irrigation did not cause 

any significant change in capsicum yields 
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In maize during 1994, the gi-owth in general was nof influenced by flie levels of 

fertilizer. In 1996, the plant height (171.8 cm) and leaf aiea at hai-vest (139J cm )̂ with 100% 

fertilizer dose were significantly superior to 163.5 cm and 1228 cm^ respectively obtained with 80"/o 

dose. Yet dry matter production due to I00"/o level was on pai- witli the reduced (80<'̂ ) dose at 60**" 

day and at harvest whereas it was superior at 30 and 90'*' day in 1996 (Table-4.19) Among the yield 

and its components, full dose fertilizer caused for significant increase in grain yield in 1994 This 

was, Iflî gely due to increase in grain number per cob and a few yield attributing factors Also, the 

mean yield data was especially influenced by the higher yield obtained witli 100% fertilizer dose in 

furrow itrigation. This was however not reflected in the interaction effects During 1996, though 

grain yields were not influenced by fertilizer levels, the stover yields were better with 100^ 

fertilizer level due to some improvements in plant height, leaf area and dry matter at some stages 

TTiese results are concordant with the work of Bullock er a/. (1990) who found 168, 252 and 336 kg 

N ha' ^plied in 4 equal fertigations with 3 levels of P and K applied to soil did not affect grain 

yield in maize. It was suggested that NUE of a fertigated maize crop may be improved by dressing 

N fertilizer rates below current recommendations. Also, tissue N, P and K concentration increased 

with decreasing N, P and K application respectively. In the cunent study, the fertilizei use 

efficiency was higher witli lower fertilizer dose and hence the perfonnance of maize was not 

affected considerably due to small variation in dose of fertilizers by 20 per cent 

With regard to sunflower, although the trend was identical as seen in maize and 

capsicum, head dry matter in 1995 and only a few growth attributes like plant height at 60 DAS, leaf 

area at 30 DAS in 1996 were found significantly si^erior under the influence of lOQ^/o fertilizer dose 

as conpared to 80% dose. Further, the stalk yield (1660 kg ha') in 1996 and some yield 

conq)onent8, particularly the number of filled seeds (774-737) per head were found maximum with 

higher fertilizer dose than with lower dose (1573 kg ha' and 695-676 seeds correspondingly) 
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These results indicated that deer easing fertilizer level l>y 20''/ii than the ri'conimended 

level especially under fertigated conditions may not affect the yield level in sunflower because of 

improved fertilizer use efficiency at the lower fertilizer dose 

S.7 EfTect of fertilizer sources on growth and yield of capsiciun maize and sunflofver 

Fertigation technology is new and use of water soluble fertilizers is recognized to 

safeguard the drip system in the long run. The normal fertilizers generally tend to clog the emitters 

and cause uneven distribution of fertilizers. In order to make the comparison even, in the current 

experiment, the normal fertilizers were dissolved in water and only clear supemant fertilizer 

solutions were fed to the drip system. Even with this precaution, the drip system had to be flushed 

with dilute acid solution once after each crop. In case of WSF, these cumbersome processeB were 

not required Thus, for large scale field applications compared to small experimental plots as m the 

current study, the use of normal fertilizers catuiot be said to be practicable or helpful in the long ruii. 

However, for comparison on equal nutrient basis, both WSF and NF in ttie current studies showed 

similar results. The long term ill-effects if any on the chapins and outlet points thiougli use of NF 

have not been made Thus, fertilizer sources as water soluble or normal fertilizer applied in furrow 

drip and fertigation generally did not cause significant differences in most attributes observed in 

capsicum, maize and sunflower. The normal fertilizers used in the experiment were urea, 

superphosphate and potassium chloride as N, P and K sources respectively whereas the 100% water 

soluble fertilizer formulations were supplied by Kemira Agro, Finland. 

As the growth parameters in all three crops showed little variation due to sources of 

fertilizer, tfie green fruit yield in capsicum (8544 and 8563 kg ha') grain yield in maize (4464 and 

4496 kg ha') and seed yield in sunflower (1490 and 1372 kg ha') respectively in 1994-95 and 1996-

97 with the use of w^er soluble fertilizer were equal to yields obtained with the application of 

normal fertilizers (8564 and 8573 kg ha' fruit yield, 4468 aid 4484 kg ha' grain yield and 1507 and 

1351 kg ha"' seed yield correspondingly). However, the quality of capsicum in terms of vitamin ' C 
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content was enhanced with WSF. It increased from 91 1 and 94 J mg/100 g fresi fruit' in NF to 

100.0 and 103.4 mg/100 g fresh fruit' with WSF as recorded at third picking in 1994 and 1996 

respectively. Thus, it can be inferred that WSF had an edge over NF in influencing the quality of 

capsicum vegetable Other increases associated with WSF application in a few atfributeh spread 

randomly among the different observations recorded were not effective in influencing the yield of 

ceqpsicum, maize and sunflower to a considerable extent during both the years Equal response 

expressed by both the fertilizer sources may be due to fact that the normal fertilizers urea, si4)er 

phosphate and potassium chloride were also used in formulations of grades for water soluble 

fertilizers and hence exhibited comparable values in use efficiency (Table-4 38) and other related 

attributes. However, it was observed that use of WSF in fertigation was convenient as normal 

straight fertilizers when applied through drip was labour intensive and time consuming for a througli 

pre-filtering before infroducing into fertigation tank. Especially bodi supeiphosphate and potassium 

chloride (fertilizer grade) caused sedimentation on dissolution in water while the Water Soluble 

Fertilizers (used from Kemira-OY, Finland) were safe and easy as they were specially designed for 

direct use in fertigation system. Urea as a N source for fertigation is well documented by Muirhead 

etal. 1985;H^nes, 1985,1988; Crespo-Ruizera/. 1988 and Qoyal t̂ f a/. 1989 

S.8 Interaction efTecis of methods oT Irrigation, levels and sources oT Tertlllzer on performance 

of cajfJHiciun, imize and surfluwer a- ;... ....,_ 

With regard to different interaction effects of the main factors i.e irrigation/ 

fertilization methods x fertilizer levels or irrigation/fertilization methods x fertilizer sources or 

fertilizer levels x fertilizer sources or irrigation/fertilization methods x fertilizer levels x fertilizer 

sources, none of the interactions were found significant in any of the growth or yield parameters 

studied in capsicum, maize or sunflower. However, a closer examination of the data recorded in 

various parameters revealed some general trends in each case. 
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5.8.1 Interactkn between irrigatioivTertflfzation methods and fertilizer levels 

The trend pertaining to interaction between itrigation/fertilization methods and 

fertilizer levels indicated that the influence of lower do£ie (80^«) iertilizer was greater in magoitude; 

in dnp or fiirrow method of irrigation than in fertigatioa For instance, in case of capsicum the 

reduced dose reduced the green fruit yield by 3.4% and 3.2% (mean of two years) in furrow and drip 

methods respectively whereas it was 2.3% reduction in case of fertigation as contpared to the full 

dose (100%) fertilizer (Table-4.29). Corresponding yield reductions were 8%, 6.7<'/o and 4.3% in 

maize and 3.4%, 3.2% and 2.3% in sunflower (TableB-4.31 and 4.32) suggested tlmt proportionate 

yield reduction in capsicum, maize and sunflower due to 20% reduction in fertilizer in fertigation 

was not so severe as observed in fiirrow or drip methods and hence a saving of 20% on fertilizer cost 

is possible under fertigation. This advantage in fertigation realized may be because of higher 

fertilizer use efficiency which is facilitated by easy availability of nutrient and less wastage 

eventually effecting vigorous plant growth. The results are in line with the findings reported by 

Madramootoand '*fl989), Olsen et <2/.(19$3); Carbolic et al. (1994) 

5.8.2 Interaction between IrrigationTertfllzation metliods and fertilizer sources 

Interaction between irrigation and fertilization methods and fertilizer sources revealed 

that in general, use of WSF was not beneficial in case of drip or fiirrow method but was slightly 

superior to NF in fertigation. Application of WSF in furrow method reduced capsicum green fruit 

yield by 93-103 kg ha' and in drip method by 66 kg ha' than the NF source but the response was 

not consistent in maize and sunflower. This performance of WSF in furrow or drip method may be 

due to loss of nutrients by leaching when applied to soil in bulk quanHty as basal dose followed by 

furrow irrigation or applied to soil followed by drip-irrigation system 



5.8J Interaction between fertllteer levels and soirees 

In general, the 100% dose inespective of source wan superior to lower dose (80%) 

effecting higher growth and yield components in capsicum, maize and sunflower than the reduced 

dose. However, the fertilizer use efficiency became significantly higher with SC/o dose m the yield 

increase due to increased fertilizer level by 20% was not significant 

S8.4 Interaction eflTect among irrigatJonTertllfzation methods, fertilizer levels and its sources 

Although the interaction effects were non-significant, the trend indicated that in 

general, a combination of higher dose (100%) fertilizer in the form of WSF source applied through 

fertigation gave the highest values in most of the attributes in capsicum, maize and «unilower 

followed by 80% dose WSF, 100% dose NF and 80% dose NF in fertigatio'i In th«R order th? 

green fruit yield in capsicum were 9.50, 9.36, 9.22 and 9 20 tons ha ' (mean of two yeais); the maize 

yields were 4.82, 4.76, 4.68, 4.68 tons ha' respectively and the sunflower yields were 1 61, I 54 

1.51, 1.50 tons ha' seed yield respectively 

In drip method, 100% WSF was superior in capsicum (8.84 fTia) and sunflower (1.49 

t/ha) while it was 100% NF which was superior in maize (4 99 t/ha) 

With furrow iirigation capsicum, maize and sunflower yields (7 85, 4 27 and 1.38 

tones ha' respectively) recorded with 100% dose NF was the highest followed by 100% dose WSF 

which in turn was superior to 80% dose NF. The least values among all the treatments studied in the 

experiment was registered with 80% dose WSF in furrow irrigation (7 48, 4 13, I 24 tons ha' 

capsicum, maize and sunflower yields respectively) From these data it can be infen-ed that 

fertigation method irrespective of different b'eatment combinations was the most superior method of 
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appiyiiig fertilizer uiiu Water «« ooiiipareu to HOII appiication oi fettiii/t^ix follovvinl by fiiiiuw or chip 

methode of applying water in cat)t)icum, maize and sunflower 

5.9 Economic analysis of rertjgation in capsicun^ maize anri uinfloner cropping sequence 

Economics on the use of WSF andNF in fertigation reveaJed ttiat improved gross and 

net returns and hence better C:B ratio were obtained in fertigation as compared to either drip method 

or furrow method. Although, the fertilizer cost was more with WSF (Rs 5,717 to 10,202) the 

operational costs were lower (Rs. 1,600-11,050) in fertigation and thus resulted in superior net 

returns (1,77,861-1,75,892 Rs./ha) at the end of the experiment 

Fertigation as a method of fertilizer and water application irrespective of sources or 

levels of fertilizer resulted in 2.98 Rs. per nqsee investment whereas the drip and furrow methods 

registered C:B ratio of 2.63 and 2.46 respectively. The initial cost of the drip system (Rs 35000/ha) 

can be recovered with the first/Crop of capsicum itself In case of tomato, the payback period is only 

one season (Sivanappan, 1996). In this context, Moll (1996) observed that, though the flood system 

is considerably cheaper to install drip system, the low annual operating costs in drip method out 

weighs its initial expense and make it the most financially and environmentally attractive system. In 

the present investigation, it has been observed that higher returns under fertigation could not only 

improve FUE but also increase yields and C:B ratio. 
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1. Fertilizer schedules should be matched with the nutrient demands of the cropb Since crops have 

varied demands at various stages of growth, intentjive studies are needed in this regard 

2. Identification of high value crops and their sequence needs be examined to maximize benefits 

from fertigatioa 

3. Greater insight is needed on fertigation system with regard to maximizing WUE and FTJE while 

simultaneously reducing the risks of soil and water pollution 

ResidtsoT extension va]iie 

1. Iliere is an urgency to save water and costly inputs of fertilizer. Tliis investigation suggests that 

transfer of technology of drip system instead of furrow inigation and adoption fertigation 

through chapin drip for the entire cropping sequence of Capsicum-Maize-Sunflower, be taken 

up on a large scale 

2. "Cropping system rather than individual ciops" should be the principal approach to be 

demonstrated with inclusion of at least one high value crop such as Capsicum or Tomato 



SUMMARY 



VI. SUMMARY 

An agronomic investigation on "Effect of fertigation with normal and water soluble 

fertilizers compared to furrow and drip systems in capsicuni-maize-sunflower cropping sequence" 

was Cflrried out at the Main Research Station, University of Agricultural Sciences, Bangalore during 

two years 1994-95 and 1996-97. 

Twelve treatments combinations involving thiee methods of irrigation viz., furrow, 

drip and fertigation each in combination with 80% and 100% of water soluble or normal fertilizers 

were compared and assessed for their performance of the entire cropping sequence of capsicura-

maize-suaflower in a split-split plot design with three replications. The irrigation water was 

conveyed through chapin pipes without altering their position for all the six crops Tlie salient 

fbature of the investigation are summarized and presented here 

1. llie study on the soil moisture distribution revealed tliat at the top 0-30 cm soil depth both drtp 

and fertigation had relatively more soil moisture content (24 3-28.2 %) upto 20 cm distance from 

the crop row indicating good availability of moisture in the root zone of crops In contrast, in the 

furrow method lower soil moishjre content (17.8-22.2 %) at tfie top 0-30 cm l^er upto 20 cm 

distance from crop row was recorded. Even this soil moisture status was not maintained 

constantly due to cyclic nature of furrow irrigation of biweekly intervals while constant moisture 

regime was maintained in drip and fertigation throughout the crop growth period by daily 

operation of drips with water quantity equal to previous days open pan evaporation Further, 

deep percolation of water was also noticed at below root zone (30-60 cm) which was absent in 

fertigation and drip systems where concentration of wetting zone was restricted to the active root 

zone of capsicum, maize and sunflower. 
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2. The IWUE significantly increased by 56.6% an 52 9"/o during 1994 and 1996 respectively with 

fertigated capsicum and by 44.2 and 45.1% respectively witli drip method over the green fruit 

yields of capsicum of 1.29 and 1.93 kg M ' obtained under furrow method. Similaily increase in 

IWUE to an extent of46.7-41.6% and 39.1-35.9% in maize as compared to 1 35-1 26 kg M^ 

grain yield was observed under furrow method. The corresponding values for sunflower were 

61-50%, 50-39% and 0.29-0.27 kg M'̂  seed yield which indicated that both fertigation and drip 

were effective in improving IWUE. No major differences in IWUE was observed due to levels 

or sources of fertilizer or their interactions with irrigation methods. 

3 Study on nutrient distribution pattern indicated that the residual NO3-N was confined to the 

effective root zone (0-30 cm) in fertigation (31.8-16.7 mg/kg soil) with least of leaching In 

furrow and dnp irrigations, soil application of fertilizers as basal dose and top dressing resulted 

in relatively lower NO3-N accumulation in 0 to 15 cm soil in drip (14.8-23.6 mg/kg soil) and 

fuiTow, (13.5-15.5 mg/kg soil) methods. In these systems, leaching losses of NO3-N was 

detected at subsurface (15-30 cm) layers (16.5-26.S mg/kg soil) and beyond root zonal depths as 

compared to fertigation methods. Full dose of fertilizer (100%) and WSF source resulted in 

sli^tly higher soil NQj-N content than the reduced dose (80%) and the NF source respectively 

4 The residua] P accumulation was satisfactory in the top soil l^ers (0-15 cm) when it was 

fertigated (5.7-15.6 mg/kg soil) and also at 15-30 cm soil depth (2.8-6.3 mg/kg soil) T ' level 

was relatively higher at the top soil (8.2-18.5 mg/kg soil) in furrow method as compared to drip 

method (5.5-15.5 mg/gsoil). 

5. Relatively more accumulation of K was noticed in the effective root zone (0-30 cm) (120 6-172.6 

mg/kg soil) of fertigated plots as compared to traditional fertilized but drip irrigated plots (133.5-

164.8 mg/kg soil) or conventional furrow irrigation (107 3-160.6 mg/kg soil) At deeper layers, 

reduced concentration of K was obsei-ved in fetligation (97 5-138 6 nig/kg soil) while tJieie was 
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high accumulation of residual 'K' (98.1-151.6 in drips and 102 6 and 171.2 mg/kg in furrow 

respectively). 

6. The Intake of nitrogen (31.4-32.2 kg/ha), phosphorus (9.2-8.8 kg/ha) and potassium (50 5-48 7 

kg/ha) in capsicum during both the years 1994 and 1996 was greater with fertigatioa Identical 

trend was recorded with maize and sunflower also (180.8 - 188 0 kg, 34.3-35.1 kg and 163-170 

kg/ha in maize and 932-101.2 kg, 16.4-17.4 kg and 62.5-67.0 kg/ha in sunflower) 

correspoodif^y, whereas the drip and furrow treatments caused lower N, P and K uptake 

conq)ared to fertigatioa 

7. The FUE with iertigation was 38.7 and 38.8 kg*g NFK in capuJcuiii, I9.t-i9.3 kgrkg PTTK 1H 

maize and 8.2-9.05 kg/kgNPK in sunflower (24-20%, 14-12% and 20.17% higher than furrow 

method and 10-6%, 6-4% and 7.6% higher than drip methods correspondingly). 

8. Hie root dry weight was higher in capsicum (5.35-5.39 g/plait), maize (62.44-59.65 g/plant) 

and sunflower (34.28-36.03 g/plant) in fertigation treatment irrespective of fertilizer levels or 

sources as conqiared to plots with traditionally fertilized but drip irrigated (4.93-5.4 g, 59.32-

59.94 g and 30.42-34.69 g/plant correspondingly) or furrow irrigation (5.03-5.28 g, 58.75-56.14 

g and 31.8-29.7 g/plant correspondingly). 

9. C^sicum growth was superior with fertigation a£i the growth conjponents viz, plant height, leaf 

area, number of leaves, number of primary and secondary branches were improved by fertigation 

which eventually resulted in significantly higher dry matter production at all stages of growth. 

The leaf area of 408-413 cm^ 373-394 cm^ and 314-337 cm^ recorded at 90 DAP with 

fertigation, drip and furrow respectively and total dry matter of 19.9-19.3 g, 18.0-18.3 g and 

14.8-1S.6 g at harvest indicated the superiority of fertigation over other two treatments. 
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10. Green fruit yield with fertigation was maximum in capsicum (9.25-9.39 t/ha) as compared to drip 

(8.63-8.75 t/ha) and furrow (7.64-7,70 t/ha) methods. 

11. Plant height, leaf area, number of leaves and LAI of maize improved with fertigation resulting m 

218.5 g and 223.7 g dry matter per plant in 1994 and 1996 respectively as compared to 203.9 g 

and 209.8 g per plant in drip or 185.2 g and 190.6 g per plant in the iurrow method. 

12. Maize grain yield increased from 4.48-4.51 t/ha in drip and 4.16-4.23 t/ha in furrow method to 

4.76-4.72 t/ha with fertigation registering 4.7 and 14.4% increase respectively. This was caused 

by superior yield attributes like grain number per row, number of grains per cob, gram weight 

per cob test weight, cob length and girth and prolificity per cent 

13. Fertigation afiforded better growth in sunflower with the different growth components showing 

higher values as compared to the traditional management or soil appUcation of fertilizer followed 

by drip irrigation. Leaf area at 60*̂  day was maximum in fertigation (2411 to 2877 cm ) 

followed by drip (2486 and 2383 cm )̂ and furrow (2437 and 2327 cm )̂ systems. The head dry 

matter was 47.2-44.7 g/plant in furrow, 53.7 and 49.8 g/plant in dnp and 56.2 and 52.6 g/plant in 

fertigatioa 

14. Sunflower seed yield in both the years 1995 and 1997 was also higher in fertigation registering 

6.7-5.7% and 19.5-17.0% over drip and furrow systems respectively. This increase m seed yield 

was particularly due to increased filling per cent from 73.8-74.7% in furrow irrigation to 80.5-

79.4% in fertigation. Though oil content did not vary among the treatments (42.6-47 8%), oil 

yield was higher by 144-125 kg ha' in fertigation over 593-532 kg ha' obtained m furrow 

method 

15. Reduced level of fertilizers of 80% did not generally affect the performance of capsicum, maize 

and sunflower compared to 100% level. 
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16. Fertilizer Bources as water soluble or normal fertilizer applied in fLnrow, drip or fertigation 

generally did not also cause significant influence on any attributes in capsicum, maize or 

sunflower. However, the WSF source improved the quantity of capsicums »n terms of Vitamin 

*C' content from 91.1 and 94.1 mg/100 g fresh fruit in NF to 100.0 and 103 4 mg/100 g fresh 

fruit at in picking in 1994 and 1996 respectively. Thus the WSF source had an edge over NF in 

influencing the quality of capsicum vegetable. 

17. Application ofNF i.e., urea, superphosphate and muriate of potash in fertigation was feasible on 

this small scale e;q>erimentation. However, it was time and labour intensive as they should be 

pre-filtered and then incorporated into irrigation water, Both superphosphate and munate of 

potash caused sedimentation on dissolution while urea was mostly suitable for fertigation 

purpose. 

18. All ttie interactions were non-significant. However, the interaction between imgalion methods 

into fertilizer levels indicated ttiat reducing fertilizer dose by 20% caused more yield reduction in 

capsicum, maize and sunflower especially in furrow method than with fertigation indicating a 

saving on fertilizers only in case of WSF. Interactions in irrigation methods and fertilizer 

sources are suggestive of the fact that WSF are not fit for traditional methods of soil application 

19. Fertigation treatments irrespective of levels or sources of fertilizer resulted in the highest net 

returns in capsicum (62,817-77,370 Rs./ha), maize (11,096-19,238 Rs./ha) and sunflower (7,993-

13,316 Rs.^a) as compared to drip method (54,787-72,480, 9,119-18,032 and 6,395-12,736 Rs. 

/ha respectively) and traditional furrow method (47,216-63.800, 8,180-17,205 and 5,053-11,207 

correspondingly). 

These investigations brought out the salient features that fertigation with WSF is feasible for 

the whole cropping sequence of Capsicum ~ Maize - Sunflower effecting a saving of 20% in 

fertilizer, 23% in water, improving C:B ratio 2.98 and preventing pollution and loss of fertilizer 

nutrients through leaching to below root zone. 
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