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I INTRODUCTION

Irrigation water, fertilizers and other inputs along with quality 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. Therefor= technolopical innovations are to be exploited to achieve the twin objectives of
higher productivity and better water use efficiency. Micro or drip irmigation has revolutionized
irrigated agriculture in many countries of the world. In Israel, the entire area is now irigated by drip

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

countries.

Drip irrigation has shown convincingly superior resultsg}vherever it is adapted. More
than two million ha arecjmder drip trrigation for about 60 crops in the World, whereas in India, from
literally no area under drip in 1970s, it has increased to around 80,000 ha in 1995 feeding 20 crops
mainly in Maharastra, Tamilnadu and Kamataka states.

The consumption of fertilizers 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 S0’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 concem. Under these circumstances, fertigation, a sophisticated and
efficient method of applying fertilizers through drip irrigation system as a carrier 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 sot!
solution to effect proper supply, flexibility of fertilization to match crop nutritional requirements at
different stages of its growth, saving in application costs and improvement in goil conditions due to
better distribution and proper maintenance of soil moisture levels. Promising results indicating a
saving of upto 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. Kemira
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 Karnataka 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).

Manze in the tird sioportant cerenl afler rice snd whest wx lood cropa. Tt ocenpres s
area of 3.44 lakh ha in Karnataka 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 as food

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

number of chemical industries.



Sunflower is an important oilseed crop of the World ranking secon
next’qnl}'?lto groundnut in Kamnataka This state has the maximum area of 8 4 lakh ha with an annual
production of 3.6 lakh tons (1994-95). 1t has been well accepted by the farming community because
of its desirable am‘ibut;s/;ike 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 major 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
“ Effect of fertigation with normal and water soluble fertilizers compared to drip and furrow systems
in Capsicum-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 with

the following objectives:

a) To determine the water and fertilizer use efficiencies in capsicum, maize and sunflower as
influenced by methods of irrigation and fertilization, levels and sources of fertilizers,

b) To study the root distribution pattern in relation to soil depth as influenced by irrigation and
fertilization methods, levels and sources of fertilizers,

¢) To study the effect of furrow, drip and fertigation, levels and sources of fertilizers on growth,
quality and yield of capsicum, maize and sunflower crops in & sequence,

d) To study the residual soil nutrient status and its distribution as influenced by irrigation and
fedilization methods, levels and sources of fertilizers, and

e) To assess the economic viability of fertigation in capsicum-maize-sunflower cropping sequence.
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II REVIEW OF LITERATURE

In India, fertigation practice is only of recent interest, though this technology has been in use
in many developed countries notably in Israel and U.S.A. What is also new for most countnies 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 — Maze — Sunflower

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

1. Development of fertigation

Fertilizers suitable for ferhigation

Movement of nutrients in soil followed by fertigation -
Fertigation studies in Capsicum .

Fertigation studies in Maize ,

Fertigation studies in Sunflower

Effect of trickle fertigation on root distribution

W =N A AW N

Future of fertigation

2.1, Development 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 urigation of tree groves (Young and
Hargett, 1984) In commerclal fertigation, liquud ammonia was probably the first produced liquid
fertilizer. However, in modern 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., 18 cumbersome and 18 known to be risky.
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1943 wnd ten yenrs Inter the first NPE solution was made by mixing phosphoric acid neutralized with
ammoma 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-Imgation-Systems (MIS)
was one of the important factors. This opened a new era of fertigation. Field experiments in Israel
in the early 1960’s showed that yhen only part of the field area was urigated 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 dnip, 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 imigated field crops such as maize, cotton,

jujube etc.

Irrigation system followed in India being mainly through surface flow in the channels
and distributories though not completely the flood method, results in huge loss of water. Besides,
the applied fertilizer nutnents are either leached down on subject to surface run off to neighbouring
fields.

In this context, fertigation through a trickle imgation system offers several
advantages like (i) increased use efliciency of both water and fertilizer, (ii) optimization of nutrient
balance by supplying nutrient directly to active root zone in available forms, (i) 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 lowengart
erosion (Steduts, 1984; Haynes, 1985, Hagin, 1996). ©On the other hand, there may be some
A



disudvuntuges like unoqual distribution of nutrients in the field, the posnibility of over-irngation or

leaching and the poseibility of chemical reaction in the irmigation system (Haynes, 1985).

Requirements in order to effect umiform distribution include well maintained irrigation

system in which every emitter delivers same quantity of water during the irmigation period.

Appligation of fertilizer matenal into imgation water can be achieved by simple systems
guch as ventury (Vacuum) or by-pass tanks as well as through sophisticated computer controlied

gystems.
2.2 PFertilizers suitable for fertigation

Fertigation practice is becoming more popular because of the availability of
completely water-soluble fertilizer materiale of high grade. These 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. Therefore, 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 fohar spray.
2.2.1 Nitrogen fertilizers

Nitrogen 1s the nutrient most commonly used in fertigation with MIS, flood imgation,
moving laterals and in overhead sprinklers. In general, all N fertilizers cause few precipitation and
clogging problems. The different nitrogen sources that could be employed for fertigation are
anhydrous ammoma, ammonium phosphate, urea, ammonium nitrate and calcium nitrate. Careful
consideration must be given to pH in the irmigation water gince some of the N sources cause increase

in pH leading to precipitation with calcium and magnesium and clog the drip system.



Urea 1s best suited for fertigation because 1t is highly soluble and does not react with
water to form ions unless the enzyme urease 18 present. Possibility of such enzyme breakdown is
less in fertigation since only a limited area of top soil with greater microbial activity 1s In comtact.
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
imgation also leads to greater denitrification loss which is particularly absent with fertigation.

Calcium mtrate, 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
umgation management 18 necessary in selecting most appropniate type (Paryea, 1932).

2.2.2 Phosphorus fertilizer

Application of phosphorus to imigation 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 irmigation water 18 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
ingation water should be conducted before injecting soluble P fertilizer in a trickle irngation system
(Mikkelsen, 198/9).

2.2.3 Potassiuin fertilizers

The common sources of potassium ‘Potassium chloride, potassium sulphate and
potassium nitrate) are readily soluble in water and do not cause any precipitation problem m trickle

fines and emftters.



224 Micronutrients
Micronutrients such as iron, manganese, zinc and copper can be applied to trmgation water in
chelated form without causing precipitation problems. Nevertheless, if such micronutnents are

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

precipitates (Haynes, 1985).

2.3 Movenent of nutrients followed by 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 10ns 1.e., ammonium, potassium,
calcium and magnesium are dependent on the degree of saturation and exchange capacity of the soil.
A sandy soil has less exchange sites than a loamy soil and a loamy soil less than a clayey soil.

Therefore, nutrient movement in sandy soils occurs more readily than on a loamy or clayey soils.

z.3.1 Nitrogen

Tha inttinl Aicteih
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ad 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 soi1l colioids and move only a small distance from the
emitter. As the concentration of ammonium ions increases sufficiently 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 soi1l and the rate of ammonium application.

Urea 18 relatively mobile in soils and 1< not strongly absorbed by soil colloids. It

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

(Black, 1976).

The highly mobile mitrate ion moves with the wetting front of the urigation application and
tends to accumulate at the periphery of the wetted soil volume and at the soil surface midway



Ibro and Dorp h-Peterson, 1976). In well aerated soils, nitrification occurs,
thus mobility of mitrogen is not restricted and is equal to that of wetted front (Haynes, 1985). In
over-urigation leaching of mtrate will occur 1f nitrogen 18 present in surface and underground water
sources. Momitoring the depth of the wetted front and/or the concentration of mtrate 1n soil extract

can reduce this risk 1n sandy soils (Magen, 1995).

Using bromids and chlonde as indicators of mitrate movement, Gratez et a/.. 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. This suggests that faster discharge
rates may improve the distnibution 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.

2.3.2 Phosphorus
The mobility of phosphorus followed by fertigation 18 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 basal dress (Bar-Yosef, 1991). In contrast, in
many vegetable fields in USA, P is applied via fertigation.

Generally, if a more or less umiform concentration of phosphate in the rooting volume is
desired, then a basal, soil incorporated dressing will be required (Goldberg ef al.. 1976). Under
normal agricultural conditions, however, the distribution of phosphate within the rooting zone 1s not

uniform since applied phosphate characteristically accumulates close to the soil surface.

2.3.3 Potassium

Potassium 1on i8 adsorbed at the cation exchange sites of soil colloids, but researchers have

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

2.3.4 Micronutrients

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 jons are displaced
from the chelate by other 10ns (eg. Ferric ions) which are present in the soil in high concentrations
(Mc Laren and Williams, 1981). Thus, the effectiveness of soil applied chelates is not normally any
greater than that of simple inorganic compounds.

2.3.5 Significance of non-umiform distribwution of nutrients under fertigation

The uneven distribution of nutrients with the root zone caused by trickle fertigation may be
undesirable. But Haynes,(1985) suggested that plants can adapt to spatial variability of available
nutrients through increased rate of nutrient uptake 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 compensate for an uneven distribution of nutrients within the potential rooting zone.

2.4  Fertigation 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 imgation
applied daily, it was observed that 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 applied through trickle system, yields (74 t/ha) were higher than those
under sprinkler (59 t/ha).

In an experiment designed to compare different fertilization techmiques, capsicum

was grown with fertigation, banded application of fertilizer + drip urigation, broadcast fertilizer
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application + drip imigation 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 rate and also the highest total yield. Banded fertilizer application followed a cloge 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 ond 5 (1979) concluded that drip fertigation can be a

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

tropics.

Tropea et al,. (1982) reported that application of 313, 214 and 538 kg N, P,0s and
KO in the form of liqud }ertilizer formulation given monthly through fertigation for capsicum
grown in two sandy soils under glass resuited in highest yield than an organic fertilizer supplying N,
P05 and K0 at 364, 768 and 564 kg/ha Fertigated plants receiving 9, 18 or 30 g urea per plant out
yielded plants receiving side-dressed urea (15 g at planting + 15 g after first h;n'vest (Goyal et
al.,1985).

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

sweet peppers in a greenhouse were greater with fertigation than with flood irngation. 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 fertigation.

Study conducted by Haes et al, (1987) revealed that P fertigation controlled early
season stunting. Plants fertigated with 1.3 mM P/litre weighed the most 9 weeks after seeding.
After 9 weeks)a]l 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 mg/ha) where both P
fertigation and VAM (VA mycorrhiza) inoculation were used

Crespo-Ruiz et al, (1958) 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 (31.0 t) and control (20.8 t).

Haynes (1988) made a comparative study of fertigation with broadcast application of
urea-N on levels of available soil nutrients and on growth and yield of trickle urigated peppers. Of
the different treatments evaluated, it was observed that 75 kg of urea-N given as fertigation gave
maximum vegetative plant growth and yield while 150 kg urea-N when fertigated induced Al
toxicity due to soil acidification below the emitters. This suggests that higher than optimum rates_
not only represent an economic loss, but can also have damaging effect on crop growth 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

n¢ om total DM between plants of Capsicum annuum cv. Sansone F1 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 3 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
sotl volume (FSV). Total leaf N content increased as the irrigation rate increased from 25 to 75%

Righ
FSV and then remained constant (Madramootoo and l\g)1989).



In a study conducted by Payero et al. (1990)’ solubilized NHULNO; was applied
through Trickle-irrigation system (total season N ranging from 240 to 310 kg/ha) 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 meaa fruit size peaked at 252 kg N/ha supplied in the form
of Urcwmnmontum nitrale mixture (UN 32) i weckly estmente tlrough dnp-imigation with
additional N retarding the crop productivity, Maximum fruit yield was obtained by fertilfty
treatment that maintained petiole NO3-N concentration at >500 mug/g through the early fruit
bulking period (Hartz et al.. 1993).

Olgen et al..(1993) investigated effect of N fertihization in bell pepper cv. Belltower
grown with plastic mulch and trickle trrigation in the Bundaberg region of Australia N was applied
at 0, 70, 140, 210 or 280 kg/ha in 10 equal doses weekly through the irrigation system. Maximum
dry weight (kg/ha) of fruits, leaves, roots and stems and maximum fresh weight of marketable fruits
were obtained With 210-280 kg/ha. N uptake was equal to the applied rate at 140 kg/ha Plant
uptake of elements increased with applied N and, at 280 kg N/ha were ranked in as follows :
K>N>Ca>Mg>5>P. Fruits 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 dechined with increasing N rates.



Yield of drip fertigated capsicum was neither affected by rate of nitrogen nor
application timing 1n 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 differences 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 Ib N + 69 Ib P + 131 1b K/acre at the site with
sandy loam soil. Average marketable fruit 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 fruit quality in either year when the same total amount of fertilizer
was applied. The 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

of fertilization.

2.5 Fertigation studies in Maize
Response of maize under fertigation has been studied extensively in USA and Israsl.

2.5.1 Nfertigation
Grain yields of fertigated maize and N, P, K, Mg and S contents of the ear leaf
sampled at silk emergence were comparable to those resulting from conventional fertilizer and water

application in Georgia coastal plain (Mitchell ef a/.. 1982).

In a sandy loam goil, sidedress and fertigation of UAN (fluid ammonium nitrate)
application were about equal in effect on grain yield. If UAN was banded, single supplemental



application was effective. Fertigation was also eﬁ'ective_)but split applications of N were needed as

/
per needs of crop (Gascho and Hook, 1984),

The effect of N carriers anhydrous ammonia, ammonium sulfate, ammonium mitrate
and urea applied at 200 kg N/ha in surface irrigation water were compared with band application of
anhydrous a.mmonia/and a control on growth and yield of maize and N status ofﬁ’rwas studied by
Muirhead et a/, (19/85). Urea was superior to ammonium forms of N, while the nitrite CaTIers were
the least efficient. Urea increased the maize yield by 27% when compared with the band
application. Fertigation allowed N to be applied during the grand period ofgrowth_when N stress

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

Camp et aly (1586) evaluated two surface and subsurface trickle 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 1n wurigation water at flowering with or without 20 kg
ZnSOyha as side dressing resulted in maize grain yield of 8.27 t compared with 6.99 t/ha
traditional method. This new techmque seemed promising for maize production in Aragon, Spain
particularly on heavier badly-drained soils and soils and under conditions of water shortage (('asallo
198/8).

In the alluvial plains of the river Ariege (France), fertigation (split N application in
the irmgation water) proved more economical than applying all 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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/‘beullock et al.. (1990) in field trails at Tifton, USA found that 168, 252 and 336 kg
N/ha apphied in 4 equal fertigations and 44, 73 and 103 kg P an;\\84, 223 and 363 kg K/ha/year goil
applied to maize in maize/groundnut rotation’ gram yields were not significantly affected by N, P or
K rates. It is suggested 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 of NO; applied with umigation 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 irigation water. The NUE of the
NOs-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) worked to develop fertigation program for sprinkle
ingated corn on sandy soils near Tifton, Georgia uring ammontum 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 irmgation, fertigation was more cost effective than dribbling N.

Sweet corn cv. Jubilee was given N, P and K in drip imgation either on the soil
surface (S) or 30 cm below the surface (SS) : Marketable 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 algo greater for SS emitters (Martinez — Hernandez, 1961).

/
Girardin et alv (1993) investigated 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 season with an irrigation (7 or 14 mm) treatment after each
fertilizer to simulate fertigation. There wae no influence of fertilizer anplication method on maize
grain vield and yield components. However. the residual soil-N was higher after multiple side-
dressed N application, even at lower N rate. N fertigation at the conventional N rate (220 kg/ha)
increased the risk of N leaching after maize harvest, but applying N at lower rates may decrease
gramn yield. It 18 concluded that if mtrate leaching 15 a potential nsk, N fertigation 12 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. (1963). 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 mghest efficiencies were obtained from those where
nit/rggen/ distributed at the same frequencies as those of irrigation. |

s

7
Watts et al.. (1994) evaluated different strategies for fertigation of maize during surge

imgation on three Nebraska, USA Soils : a st 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
sotls with moderate to low intake rates, fertigating during the advance cycles may be the best
strategy. Applying N throughout the irigation 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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production in plants in comparision 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 factors such 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 appropnate 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
Pujol, 196/5).

Watts and Schepers ( 19;5) 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 irigater.
The use of a combination of fertigation and surge flow irngation made it possible for firrow
irrigators to apply supplememtal N fertilizer later in the season with a reasonable uniform
distribution.

2.52 P fertigation
' Bar-Yosefet al, ( 19%9) tested the hypothesis that subsurface placement of emitters is
more effective in stimulating P uptake than surface placement when P was applied at 0.04, 0.16, 0.64
and 1.29 mol/m’ in urigation water via drip system. Marketable ear yield increased with P
concentration yielding 22.9, 24.3, 24.9 and 28.9 tha 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



of irrigation water increased the soil solution P concentration. Thereby increasing total P uptake and

tota
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M production by the plant. Deep trickler placement sigmficantly increaged the fraction of

M
total 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 firrow/surge methods of irrigation with various degree of advantages in maize.
Nitrogen supplied at later stages of crop growth improves maize yields considerably than early stage
applications. Accurate quantity of fertilizer and fertigation frequency need to be calculated under
different soil types for higher fertilizer use efficiency and avoidance of pollution risk.

2.6‘Fbrtigation studies in sunflower

Application of fertigation 1n sunflower cultivation 18 a new practise and experimental
findings 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 distnbution of applied N within the soil profile down
to the bottom of plough layer and along the field in the direction of flow. At physiological matunty
(76 days after fertilization 57 kg of N/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. (1585) suggests that although this method of
application of fertilizer N 18 simple and cost effective, produces an even distribution of applied N
across the field and reduces NH; 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 fixrow
and shoulder zone of the soil beds; little of the applied 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 application. The
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study indioated that N Loss could be markedly reduced by delaying the bulk of the application to

coincide with the period of rapid uptake.

Sunflowers were trickle mngated with mumcipal 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 irnigation water
respectively. Corresponding yields for 1986 were 2.56, 2.68, 2.76 and 2.65 t/ha with borehole water
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
effluent treatment (Papadopoulos and Styllian ou, 1991).

From these studies it can be inferred that nitrogen losses are prominent in fiarow
fertigation. Synchronization of fertigation with the period of rapid uptake may serve as the best
technique in achieving higher nutrient use efficiency. Effluent water can be applied to sunflower
through trickle system s with good results. Further research is required to delineate various aspects
of influence of fertigation on sunflower.

2.7, Hiect of trickle fertigation on root distribution
Under trickle imgation the spatial distnbuﬁon of so1l moisture and consequently crop roots is

+

often restricted to a small volume of soil directly below the emitters. Such a restriction has
inportant implications for optimum fertilizer placement. Furthermore, water 15 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 distnbution. The
size of the root system and its distribution pattern in a given soil are deterrnined, to a great extent, by
soil moisture content and distribution and their interaction with soil aeration and nutrient supply.

2.7.1, Capsicum
In a study comparing root distribution as influenced by fertigation, banded application of
fertilizer + dnip mrigation, broadcast fertilizer application + drip irrigation and a control treatment
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P
Keng et al.. (1979) found that denne fibrous root growth toward the nutrient and moisture source in

fertigation and band placement. The fertilizer band also had more dry matter growth toward the
fertilizer than away from the band. Drip imgation encouraged the development of shallow root
gystems 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 were
concentrated in the upper 20 cm layer 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.
1971).

Goyal et al. (198%) 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. Maize
- in gsweet corn 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 content at the
centre of root zone. The enhanced concentration apparently stimulated plant rooting, which together
with the higher nutrient activity in the soil solution, increased the P and K uptake rates. The higher
root activity in SS than S fertigation was confirmed by soil air CO; concentration measurements
which showed significant differences between the two treatment during the growing season
(Martinez-Hemandez et al. 1961).
.
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 surface 30 cm in S plots and
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bolow 30 om in 88 plots. Root donnity in tho §8 troutmont wan highost ut 67 kg P/ha in 55 plots,

root length density decreased with increasing P rate.

In Piracicaba, Brazil maize cv. AG-529 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
after 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, with corresponding average
grain yields of 4.52 t and 5.07 tha (Bassoi ef al. ,1994)

In general, root growth under drip fertigation is highly dense in surface soil profile
because of favourable nutrient, water and air balance. While, conventional imgsation and
fertilization promote uniform root distribution with depth.

2.8. Puture of fertigation

“ The application of fertilizer through the irrigation systems (Fertigation) has become s
common practice in modern urigated agriculture. Increased yields, improvement in quality of the
produce, irrigation and fertilizer use efficiencies and protection of the environment are some of the
main characteristice of this method, which 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 cnitical and of great importance (Papadopoulos, 1966). Microirmigation systems
(MIS) 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. Accordingi,qto Sivanappan (1936)
inspite of substantial economic and social advantages, the expected coverag; of MIS has not been
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reached due to institutional, political, financial and technical problems. The farmers are convinced
about the usefulness of the system but the adoption ig very glow due to the high initial investment
cost for the system. More than two million hectares are under drip imigation for about 60 crops in
the world, whereas in India, from literally no area under micro irrigation in the 1970°s, 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 Karnataka states. However, it is projected to
have one million hectares under drip system in another 5-7 years, that 18 1% of the imigated 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
possible to increase the gross aren by 2-3 times to that of net area provided water iz available tn take
2-3 crops in a year. This will solve many problems in the country including unemplovment and
foreign exchange by exporting vegetables, fruits and flowers in the coming years. The export
potentialities of these 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 dripe
and sprinklers are utilized 1n conjunction with the right and small amounts of fertilizer given through

such imigation 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 various fruit and vegetable crops with
water savings of about 40-77% as compared to conventional method (NCPA, 19;0). 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 (i) it is ideally suited to all row crops
especially coconut, fruit trees, vegetables, flowers, commercial crops, plantation crops etc. which
occupy more than 18 m ha (ii1) 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.

The plastic revolution on the one hand and the ntroduction of water soluble NPK
fertilizers on the other, with Government of India’s subsidy and incentives scheme in popularizing

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

ag ecogystem in the vears to come (Shivashankar, 1996).






I11. MATERIAL AND METHODS

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

described 1n this chapter.

3.1 Location

The experiment was carried out in plot numbers 12 and 13 of ‘B’ range of the Mamn
Research Station, UAS, Hebbal, Bangalore durmg 1994-95 and 1996-97. The site 15 located at
12°58' North latitude and 77°37' Lust longilude aud al an altitude of 899 w abuve wean sea level.
The topography is fairly uniform with a gentle gradient towards North-West direction.

3.2 Soil characteristics

The experiment was conducted on red sandy loam soils. Before the initiation of
experiment, composite soil samples from the experimental site were collected from 0 to 30 cm
depth. These samples were aif—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 neutrai in reaction (pH
6.75) with 270 kg ha' available N, 26.8 kg ha'' available POs and 237 kg available K,0 ha™.

3.3 Qimate

The 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.

The normal annual rainfall of the station is 819.2 mm. a major portion of which is
recetved in May and between July and October months. Two pesks are observad (96.8 mm 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 decreases.
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Table-3.1 : Physical and chemical properties of soil of the experimental site, Main Research Station,

Hebbal, Bangalore

( I. Value |
Particufars i Soil depth (cm) ' Mcthod employed

L 4 015 1530 3060 . . ..

- I'Mecchanical Composition | |

‘ 1.Coarse sand (%) 5010 39.75 } Hydrometer method

1 2.Finc sand (%) 27.36 29.66 Hydrometer method

| 3.5ilt(%) | 8.75 12.11 | Hydrometer method

| 4.Clay(%) 1299 2029 | Hydrometer method

5. Textural class Red Sandy loam

| IT Physical constants

" 1.Ficld capacity (%) 1403 1620 1640  Ficld method
2.Permancnt Wilting Point(%) | 8.05 1065  12.59 | Sunflower method
3.Available water(cm) 1.18 1.30 1.99 | Gravimetric mcthod
4.Bulk density(g/cc) 1.63 1.64 1.56 | Corc sampler method

' I Chemical propertics

j 1.S0il pH 6.65 6.86 Buckman’s pH metcr

 2.EC(m.mohos/cm) 0.16 0.18 Comhnct'\tv‘i’t;‘bﬁdgc

~ 3.0rganic carbon(%) . 0.35 0.39 Wet oxidation method

j[ 4.Available N(kg/ha) | 291.5 248.6 Modified Kjeldhal;s method

: 5.Avsilable P,Os(kg/ha) 30.75 229 Bray's method

. 6.Available K,0(kg/ha) 248 % 2256 Flame Photometer method

L 1

e

RS VU —

Dastane, 1967
Dastane, 1967 .
Dastane, 1967
Dastance, 1967

Pipcr, 1966
Jackson. 1973
Jackson, 1973
Jackson, 1973
Mubhr ¢t o/ 1965

Mubhr et al. 1965
SO

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 humdity in 1994-95 was 8 and 6 per cent higher in October and

November than the normal relative humidity (72%) whereas n 1996-97 Sepiember and October
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er relative humidity than the normal values (76 and 72%
respectively). The pan evaporation ranged from 3.1 - 73 mm and 34 - 7.3 mm per day,
respectively during 1994-95 and 1996-97. Maximum evaporation of 7.3 mm/day was observed n
April, 1994 and May, 1996. Thus both the years were favorable for crop growth resulting in

satisfactory yield.
3.4 Land preparation of the experimental 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-imgation 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 Experimental details

Experiments on capsicum-maize-sunflower 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 features of the varieties

a) Capsicum : Var. Arka Gawav. ‘The plants are indetermunate, beaimg upnight fiuits, 3-4 tobed;

green blocky. The flesh is thick, juicy and non-pungent. This prolific bearer vanety from Indian
Institute of Horticultural Research, Bangalore produces 10-12 tons of fresh fruits per hectare in

100-120 days.



Table-3.3 . Details of the experiment

Particulars

Desgcription

T B
!
|
)
|

| Design
Replications

Treatments

Plot size

Plan of layout
Spacing

Imigation System

Fertilizer
NP,0sK,0 kg ha'

Fertilizer sources

Crop period

|

S

Effect of fertigation with watersoluble and nonmal fertilizers compared to drip and
furrow systems m Capsicum-Maize-Sunflower cropping scquence.

Capsicum - Arka Gaurav
Maize - Deccan Hybrid
Sunflower - KBSH-1

Split-split plot design
Three
A. Main Plot (Irrigation methods)

I; ~ Furrow irrigation
I; - Drip irrigation
I; - Fertigation
B. Sub plot (Fertilizer levols)
L; = 80% Recommended dose
L; = 100% Recommended dose
S: = Normal Fertilizer (NF)
S, = Water Sohible Fertilizer (WSF)

Oross -6mx4m
Net -4mx28m

Figure 3.2
60 cm x 30 cm (Common for all crops)
Consists of borewell water source, fertigation tank, sand filter, mesh filter, main,

sub, lateral lincs with perforated biwall tape as a linc source, control valves for
each plot.

Capsicum Maize Sunflower
150:75:50 150:75:50 63:75:63

Nommnal Fertilizer : Urca, superphosphate, muriate of potash
Water soluble fertilizer : 100% solubie NPK complex Grade 30:10:10 and 19:19:19

‘Ferticare’ brand supplicd by Kemira Agro OY Finland.

1994-95 1996-97
Capsicum  12.6.94 to 8.10.94(118 days) 20.5.96 t0 12.9.96 (115 days)
Maize 18.10.94 t0 8.2.95(112 days) 16.9.96 t0 4.1.97(110 days)
Sunflower  20.2.95 t0 26.5.95(35 days) 12.1.97 t6 22.4.37(100 dgys)

2K

T ,_____7

——

——d
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Fig. 3.2: Plan of layout and schenmtic diagram of drip irrigation system

T -

-
| | J = -r_,.l LEGEND
ﬁz@%?ﬂ TLLS) )i%@%l
q—-—————— — | o= 3“ = Main Plots :
\¥21~}31% \) LLiS }1H4$2 I, - Furrow irrigation
L AL I; - Drip irrigation
“oLs; 1T LS |TLL I - Fertigati
LL:;S; LL:S:;! || LLgS, 3~ Pertigation
, b
5= — | oF g Sub plot :
LL;S; LLiS; || LIS L, - 80% Rec. dose of fertilizer
'! L; - 100% Rec. dose of fertiiizer
LLS; || LLS || LLS,
;?l'km; 3 ]j 3 1‘ Sub-gub plot :
— === S, - Normal fertilizer
LLS; LJZZ;SH LS, |] S, — Water soluble fertilizer
L s\.-.‘:_!j
R A R I R Crop sequence :
,Ij%.qS; ' LL2S, LLaS; | Capsicum —Maize - Sunflower
= = oS
LLS; || LLS || LLS, }
,._{_utj ST | ERERY| a Capin cane wall pipe
TI,L]sz LS LS,
L LS, LLaS; || LS
i
L L;S, [ L;S; [ L;S,
LLS I,LS, LLS; |
Rate of discharge  -3.72Lhr'M |
R. 111 R. II R. 1 Operating pressure - 0.6 kg em™* |
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b) Maize : Deccan Hybrid. 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 grains are bold
flinty, bright yellow in color covered with tight husk. This variety 1s highly resistant to downy
mildew, leaf blight and rust. Besides, it is fairly tolerant to top shoot borer and bacterial stalk

rot,

¢) Sunflower : KBSH-1. 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 1s about 20-25 quintals. It contains

42-44 per cent o1l and 18 recommended for cultivation in sunflower growing areas of the country.

3.6 Cultural 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 80 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 submain (2.5 cm dia) and
biwalled pipe perforated at every 30 cm as a line source lateral emitter. The water source 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 imgated plots, imigation was done once in eight days as per farmer’s

practice. The drip and fertigation plots received daily replenishment of 100% 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" gize and conveyed through the pipelines/channels. Quantity of water applied for each crop 1s
presented in Table-3.4.

3.6.2 Fertilizer application

In furrow and drip imgation 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 urigation. When normal fertilizer (1.e. Urea, superphosphate and
muniate of potash) were used for fertigation, the solution was pre-filtered and put into fertigation
tank. Detailed fertigation schedule followed for individual crops is presented in Table-3.5.

3.6.3 After care

Inter cultivation at 15 and 30 DAS and one hand weeding at 30-35 days were
followed for all crops. During the second inter cultivation, earthing up was done to each plant row.
Incidence of bacternial walt 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 were drenched

with bleaching powder (20 kg ha'') in water for the second crop of capsicum.
3.7 Harvesting and threshing

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 dned
under sun for a period of one week. Dried matenials were hands threshed to separate grains. Later

on, grain war air dncd and bagged to record yield and o

r

1 paramctord.



Plate 3.1 - General view of the experimental pict
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Plate 3.2- Wetting pattern under Chapin pipe
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Pate 3.3- Fertigation tank with sand and mesh filters

Fate 3.4 - Kemira 100% Water Souble Fertilizers
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Table 3.4 Quantity of irrigation water applied during the experimental period

- — : . —
Treatments Irrigation water (M®/ ha)
Capsicum Maize Sunflower
1994 1996 1994 1996 1995 1997
| |
; Furrow 5904 5043 4500 4768 7265 6980 j
l
Drip and fertigation 4638 3946 3510 3725 5560 5367 l
R - I e -
Table - 3.5 Fertilizer application schedule
B Treatments Capsicum Maizo Sunflower j
Furrow and Drip® | S0% N full P& Kas 25%N,full P&Kas  50% N. Full P & K as
| (soil application of !basal dose basal dose basal dose !
fertilizer) | 25% N at 4 WAP 25% N at4 WAS 50% N at4 WAS j
! : 25% N at 6 WAS ‘
|
i Fertigation 8 fertigations of 7 fertigations of 6 fertigations I
(Fertilizer through | biweekly equal dose at  biweekly equal dose at of biweekly equal |
© imgation) 2,16, 30, 44, 58, 72, 5,19, 33,47, 61, 75, 86 dose at 5, 18,33,47, |
! 86, 100 DAP DAS 61, 75 DAS !
|
e e

DAS =Days after sowing DAP = Days after planting WAS = Weeks after sowing

WAP = Weeks after planting *As per recommended package

3.8 Collection of experimental data and plant sampling procedhure.

3.8.1 Studies on growth, yield and quality characters

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

five plants wag 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 different 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.

3.8.2 Soll muoisture studies

Soil samples were taken from 0-10, 10-20 and 20-30 cm depths 24 hours after
imigation in 1994 and 1996 to determine moisture gravimetrically afler oven drying the samplea at

105°C to a constant weight.

J.8.3 Root distribution sturlies

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 Residusl nutrient distribution studies

Soil samples were collected before the beginning of experiment and analyzed for
initial soil NOs-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 r

Particulars

1 Growth components

© Plant height (cm)

Stem girth (cm)
No. of branches (plant)
No. of green leaves

(plant™)

' Leaf area(cm plant?)

(Vwekana.ndan et al

- 1972)
. Leaf area index (LAI)
. (Sestak et al. 1971)

Dry matter production (g
plant')

50% Tasselling/silking/
flowering

33

ecording observations on different parameters

|

Height from base of the plant to the tip of the main shoot/tassel/capitulam
Girth of the stem just below the first basal node by using calipers
Number of primary and secondary branches at final picking (Capsicum)
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

Land area plant” (cm®)
Oven dry weight (drying at 70°C to a constant weight) of different parts was
recorded after partitioning stem, leaf and fruit/cob/head at different crop
growth stages (30, 60, 90 DAS and at harvest). The sum of mean dry
weight of all the plant parts represents total dry matter plant” (g).
Counting the plants with tassels/silk/flower once in two days till SO per cent
of the total plants in the plot attained tassel/sllk/ﬂowenng

4
|
!
|
|
}
! LAI= Leaf areaplant’ cm?
|
f
i
|
l
i

IL Yield and 1|eld mmmu

A Capsicum
~ Green fruit yield

(g plant”, kg ha)

Grmn yield (g cob™, kg
ha' )
Stover yield (kg ha')

!
Grain No. row™, cob! i’
Thousand grain weight 1

(8) |
Shelling percentage |

T

! Fresh weight of green fruits harvested at different pickings from lebelled
- plants was recorded. The green fruit yield ha! was estimated based on
. yield obtained from net plot area.

| No. of green fruits | No. of fruits harvested from labelled plants at each picking.
(plant™) ‘
Length and girth of green; Mean length and girth of five randomly selected fruits from labelled plant in
- fruits (cm) - each picking.
i
B. Maize | Mean weight of grains from sample cobs was recorded. Grain yield in kg

~ ha'! computed 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 coba 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 x 100
Cob weight per plot

Contd..
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Cob length and girth

(cm) |
Prolificity per cent |
i

C.Sunflower ‘
Seed yield plant”, kg ha
Stalk yield kg ha
Diameter of head gcm)
No. of seeds plant™, No.
of filled seeds plant™ |
Filling per cent
Threshing per cent

Husk per cent

I Quality studies
A. Capsicum
Ascorbic acid content |

(mg/100 g green fruit)
(Bessay and King, 1933){
|

B. Sunflower
Oil content (%) and oil
yield (kg ha™') |

IV. Chemsical analysis

Total Nitrogen (N) (%)
(Jackson, 1973) !
Phosphorus(P) content |
(%) (Jackson, 1973')
Potassium (K)
content(%o)
(Jackson, 1973)

N, P and K uptake
kg ha*
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: Method of recording observations on different parameters {Contd..)

Meim length and gmh Ofﬁve céb_s from labelled pla_nlﬂ

Prolificity per cent = No. of plants with double cob in netplot 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 plants in each plot after separating head, expressed as

kg ha'

Distance between two diametrically opposite sides of the capitulum.
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’
Threshing per cent = Seed weight gplant’ x 100
Head weight g plant’

Husk per cent = Weight of husk of 50 seeds
Weight of kernels of 50 of seeds

x 100

Titration involving 2-6-Dichlorophenol-indophenol as reducing solvent.

By nuclear magnetic resonance spectrometer (NMR model minispec-20p).
The oil yield was calculated from the oil content multiplied with seed yield

Total nitrogen content on dry weight basis at harvest by modified Kjeldah!’s
method.

Phosphorus content on dry weight basis at harvest by Vanado molybdo-
phosphoric yellow colour method.

Potassium content on dry weight basis at harvest by Flame Photometer

method.

The concentration of N, P20 and K,0 was multiplied with the total dry
matter at harvest to obtain uptake of N, P,Os and K, respectively and
expressed as kg ha



Table-3.6 : Method of recording obeervations on different parameters (Contd..)

V. Assesanent of
emdency

Imigation water use
efficiency (IWUE)

(Kg yield M%)

Fertilizer use efficiency

(FUE)
(Kg yield kg NPK)

; VL Economic analysis

i
l

-

Net returns (Rs. ha™)

Cost : Benefit ratio
(B.C. ratio)

|
|
|

[e—

IWUE = Economic yleld kg ha'
Amount of irmigation water applied M

i

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

FUE

' Net returns was obtained by deducting cost of cultivation from gross

income

C.B.ratio = Net returns (Rs. ha'')
Total cost of cultivation (Rs. ha™)

3.9 Statistical analysis and interpretation of data
The data recorded on various characters were subjected to Fisher’s method of analysis

of vanance and interpretation of data as given by Gomez and Gomez (1984).

significance used in ‘F

calculated whenever the ‘F’ was found significant.

35

The level of
> and ‘t’ tests was P = 0.05. Least sigmficant difference (LSD) values were
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IV. EXPERIMENTAL RESULTS

Results of the field experiment « Effect of fertigation with normal and water soluble
fertilizers compared to drip and firrow systems in Capsicum - Maize - Sunflower cropping
gsequence”’ conducted during 1994-95 and 1996-97 at the University of Agricultural Scienceg,

Bangalore are presented in this chapter.

4.1 Growth components 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 Table-4.1.

Imigation 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 firrow method. Maximum plant height was recorded when fertigation was employed (16.95 -
33.07 cm) at different rtager of crop growth. Shortest plants were observed with furrow 1mgation
(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 rrigation methods, levels and sources of fertilizer.



Table-4.1 : Plant height in capsicum as influenced by methods of irrigation, levels and sources

of fertilizer during 1994 and 1996

{ Treatments

¢
|
!
|
|
|

i
I

. Main treatmen

Irrigation methods

I Furrow

. kDnp
' 13 Fertigalion

F test

C.D at 5%
Fertilizer levels
L; 80% Rec. dose
L; 100% Rec. dose

F test

C.D at 5%
Fertilizer sources
Si NF
S; WSF
F test

C.Dat 5%
Combined treatments
Furrow 1migation
T 80% Rec. dose NF
T, 80% Rec. dose WSF
Tz 100% Rec. dose NF
T4 100% Rec. dose WSF

Drip imigation

Ts 80% Rec. dose NF

Ts 80% Rec. dose WSF
Ty 100% Rec. dose NF
Ts 100% Rec. dose WSF
Fertigation

To 80% Rec. dose NF
T, o 80% Rec. dose WSF
T 100% Rec. dose NF
Ti2100% Rec. dose WSF
F test

C.D. at 5%

;
|
i

+
'

30 DAP
1994 1996
14.41 15.03
16.13 16.62
16.95 17.00

* NS
1.94 -
15.56 15.84
15.92 16.59
NS NS
15.84 16.32
15.69 16.11
NS NS
13.97 14.97
14.27 15.57
14.07 15.34
14.27 14.23
15.93 16.27
16.30 15.80
16.47 16.73
15.83 17.67
16.71 16.63
16.13 15.80
17.88 17.89
17.03 17.60
NS NS

Rec. Dose=150:75 :50kg N:P,05:K;0/ha

DAP = Days after planting

Plant height (cm)

60 DAP
1994 1996
22.83 23.23
25.72 25.72
27.71 27.25

. »

2.78 1.87
24.93 24.56
25.91 26.22

NS .

- 0.71
25.58 25.30
25.26 25.50

NS NS
22.23 22.13
23.30 22.87
21.73 24.20
24.07 23.73
26.88 24.90
23.73 24 83
27.20 26.87
25.07 26.27
26.17 26.37
26.27 26.37
27.27 27.33
28.13 28.93

NS NS

* = Significant
NS = Non-significant

ke

90 DAP
1994 1996
27.42 28.42
30.00 29.32
33.07 32.17

» .
2.31 1.96
29.19 29.07
3113 30.88

NS »

- 1.62
29.58 29.54
30.75 3041

NS NS
26.27 27.57
2717 26.83
28.20 27.90
28.06 31.37
25.87 28.37
31.17 29.23
31.20 29.63
31.77 30.07
32.40 31.03
32.27 31.37
33.53 3273
34.07 33.57

NS NS

NF = Nommal fertilizer
WSF = Water soluble fertilizer



4.1.2 Leaf area in capsicum

Leaf area 1n capsnéum as influenced by imigation methods. levels and sources of
fertilizer was recorded at 30, 60 and 50 DAP {Table-4.2).

Different methods of irrigation caused significant differences in leaf area during all
growth stages except 30 DAP in 1994. The highest leaf area was recorded with fertigated capsicum
(258-412 em’) at all stages. Drip imgation was also sigmficantly superior to furrow method but was
on par with 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
0of 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 cm’/plant)

although statistically non-significant.

4.1.3 Number of leaves per plant in capsicum

Data on number of leaves recorded at 60 DAS per plant as influenced by methods of
irrigation, levels and sources of fertilizer are furnished in Table-4.3.

Highest number of leaves at 60 DAP was observed i 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 imgation (61.4 and 64.9 respectively). Furrow imgated plants had lower number of leaves

(54.5 and 58.?) per piant as compared to drip or f’ertigation.



Table-4.2 : Leaf area in capsicum as intluenced by methods of irrigation, levels and sources

of fertilizer during 1994 and 1996

Leaf area(cm
Treatments 30 DAP 60 DAP 90 DAP
1994 1996 1994 1996 1994 1996

Main treatments
Irrigation methods 1
I, Furrow 21270 22453 258.31 271.30  313.57 336.81
L; Drip | 23189 260.17 316.91 342,10 373.53 39403
I; Fertigation . 25894 27931 343.68 355.75 408.24 412.72

F test + NS . . . . .

C.D at 5% - 30.49 23.07 37.78 55.68 48.29
Fertilizer levels
L; 80% Rec. dose 226.97 246.63 299.53 315.67 35776 367.50
L, 100% Rec. dose 24207 26271 313.08 33047 37247 39487

F test NS . NS NS NS NS

C.D at 5% P 19.01 - - - -
Fertilizer sources :
Si NF ; 225,73 25697 301.89 320.04 363.87 382.314
S; WSF . 243.29 25137 310.72 326.01 366.36 380.04
F test " NS NS NS NS NS NS

C.Dat 5% b - - - - -
Combined treatments
Furrow _imigation :
T, 80% Rec. dose NF ' 19015 21474 25846 266.25 311.26 343.59
T,; 80% Rec. dose WSF ‘ 21714 20836 248.15 274 83 20428 312.61
T; 100% Rec. dose NF 21526 24419 251 38 280.76 330.24 356.51
T4100% Rec. dose WSF | 228.25 230.83  269.50 26336  318.30 334.52
Drip_irmigation ,
Ts 80% Rec. dose NF [ 21215 261.26  309.08 323.58 371.18 365.44
Ts 80% Rec. dose WSF f 24192 250.15 318.17 340.35 37224 39554
T; 100% Rec. dose NF | 22936 27094 311.19 353.71 363.18 409.67
Tz 100% Rec. dose WSF ; 24415 25833 327.22 350.77 387.54 405.68
Fertigation !
Ty 80% Rec. dose NF ' 24223 266.52 322.10 337.80 385.17 390.25
T)o 80% Rec. dose WSF 25715 27874 341.22 351.32 412.22 39758
T, 100% Rec. dose NF 26422 28418 353.16 358.16 42221 42857
T2 100% Rec. dose WSF | 271.16 28779 358.24 375.72  413.36 43449
F test NS NS NS NS NS NS

C.D. at 5%

o |

34

L

Ree. Dose=150:75:50kg N:P,Os.K,OMha * = Significant NF = Normal fertilizer
DAP = Days after planting NS = Non-significant ~ WSF = Water soluble fertilizer



Leaf area (cmz)

| Furrow 0 O Fertigation |
ug ]

Fig. 4.1 : Leaf area in capsicum 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 of leaves per plant in capsicum at 60 days after planting as influenced by
methodn of imgation, leveln and nourcen of fertilizer during 1994 and 1996

| Treatments

; Main treatments
! Irrigation methods
? I, Furrow

I; Drip

Iz Fertigation

Mean
Fertilizer sources
S; NF
S; WSF

Mean

Irrigation methods
Ii Furrow

I; Drip

' Iy Fertigation

Mean

l IxLxS

!

80% Rec.
dose (L)

53.10
59.79
66.98

59.96

59.14
60.78

59.96

NF(S))
54.95
60.33
67.37

60.88

F-test
]

NS
NS
NS
NS
NS
NS

Rec. Dose=150:75:50kg N:P,05:K,0/ha

DAP = Days after planting

* = Significant
NS =

~ Number of leaves/plant

1994

100% Mean 80% Rec.

Rec. dose dose (L;)

L
56.02 54.56 56.82
63.04 61.42 63.64
69.75 68.37 66.89
62.94 62.45
62.63 60.88 62.57
63.24 62.01 62.34
62.94 62.45

WSF(S;) NF(S:)

54.17 54.56 58.44
62.50 61.42 64.58
69.36 68.37 67.60
62.01 63 54

C.D at 5% F-test

7.57 .

- NS

- NS

- NS

- NS

- NS

- NS

Non-significant

Rec. dose

1996

100%

L)

60.53
66.26
68.26

65.02

64.52
65.53

65.02
WSF(S3)
58.91
65.31
67.58

63.93

C.D at 5%

6.12

NF = Nommal fertilizer
WSF = Water sohuble fertilizer

Mean

58.68
64.95
67.59

63.54
63.93

58.68
64.95
67.59
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Recommended doge of fertilizer (100%) or WSF source did not significantly

influence number of leaves as compared to lower dose (80%) or NF source in both the vears 1994

and 1996. Interactions were also absent.

4.1.4 Leaf Area Index (LAI) 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
imigation (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.

4.1.5 Total dry 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



Table-4 4 :Leaf area index in capsicum as influenced by method- of urigation, levels and
gources of fertilizer during 1994 and 1996

S T

Leaf Area Index (LAI)
' Treatments 30 DAP 60 DAP %0 DAP
‘ 1994 1996 1994 1996 1994 1996
Main treatments
Irrigation methods
I} Furrow 0.12 0.13 0.14 0.15 0.17 0.19
L Dnip 0.13 0.14 0.17 0.19 0.21 0.21
I; Fertigation - 0.14 0.15 0.19 0.20 0.22 0.23
F test » NS » ] - L]
C.D at 5% 0.01 - 0.03 0.03 0.03 0.02
Fertilizer levels
L: 80% Rec. dose 0.12 0.14 0.17 0.17 0.20 0.20
L; 100% Rec. dose 0.14 0.15 0.17 0.18 0.20 0.22
F test NS NS NS NS NS NS
C.D at 5% - - - - - -
Fertilizer sources
Si NF 0.13 0.14 0.16 0.18 0.20 0.21
S, WSF 0.13 0.14 0.17 0.18 0.20 0.21
F test NS NS NS NS NS NS
C.D at 5% - . . . : :
Combined treatments
Furrow_imgation
T, 80% Rec. dose NF 0.11 0.12 0.14 0.15 0.17 0.19
T; 80% Rec. dose WSF . 0.12 0.12 0.14 0.15 0.16 0.17
T; 100% Rec. dose NF 0.12 0.14 0.14 0.16 0.18 0.20
T4100% Rec. dose WSF 0.13 0.13 0.15 0.15 0.18 0.19
Dnp imgation
T; 80% Rec. dose NF 0.12 0.14 0.17 0.18 0.21 0.20
Ts 80% Rec. dose WSF 0.13 0.14 0.18 0.19 0.21 022
T; 100% Rec. dose NF 0.13 0.15 0.17 0.20 0.20 022
Ts 100% Rec. dose WSF  0.14 0.14 0.18 0.19 0.20 0.22
Fertigation
Te 80% Rec. dose NF 0 0.13 0.15 0.18 0.19 0.21 0.22
T)g 80% Rec. dose WSF ~ 0.14 0.15 0.19 0.19 0.23 022
T, 100% Rec. dose NF 0.15 0.16 0.19 0.20 0.23 0.24
i Ty12100% Rec. dose WSF  0.15 0.16 0.20 0.21 0.23 0.24
" F test | NS NS NS NS NS NS
CD. at 5% - - - : . -
b A S _ . : . R
Rec. Dose=150.75:50kg N:P,0s.K.0/ha  * = Significant NF = Normnal fertilizer

DAP = Days after planting NS = Non-significant  WSF = Water soluble fertilizer
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Table-4.5 : Total dry matter accumulation in capsicum as influenced by methods of irrigation,

levels end nourcen of fertilizer curing 1994 and 1996

{

Treatments

Main treatments
Irrigation methods :
I Furrow j
L Drip |
Iz Fertigation !
F test !
CDat 5% l
Fertilizer levels |
L; 80% Rec. dose :
L; 100% Rec. dose |
F test ‘
C.D at 5%
Fertilizer sources
Si NF j
S; WSF :
F test
C.Dat 5%
Combined treatments
Furrow 1mgation
T, 80% Rec. dose NF
T, 80% Rec. dose WSF
T 100% Rec. dose NF
T4 100% Rec. dose WSF ;
Drip _immigation a
Ts80% Rec. dose NF
Ts 80% Rec. dose WSF
Ty 100% Rec. dose NF
Ts 100% Rec. dose WSF |
Fertigation
To 80% Rec. dose NF }
Tio 80% Rec. dose WSF |
T, 100% Rec. dose NF |
T2100% Rec. dose WSF |
F test |
C.D. at 5% |

A

30 DAP 60 DAP

1994 1996 1994 1996
1.50 1.68 743  8.02
1.64 1.79 877 939
1.80 1.86 946 996
NS » » »

- 0.10 108 117
1.60 1.69 8.27 882
1.70 1.86 885 943
NS » NS NS

- 0.12 - -
1.65 1.77 850 916
1.64 1.79 862 909
NS NS No NS
1.48 1.58 747 787
1.46 1.62 725 755
1.57 1.81 753 833
1.51 1.72 746 835
1.61 1.78 863 887
1.58 1.72 866 B899
1.70 1.77 904 10.03
1.66 1.89 875 9.62
1.69 1.73 838 9.78
1.76 1.72 9.15 9.87
1.85 1.93 990 10.05
1.89 2.06 1043 10.16
NS NS NS NS

Rec. Dose=150:75.50kg N:P,0s:K,0/ha

DAP = Days after planting

* = Sigmficant

NS = Non-significant

90 DAP

1994 1996
14.09  13.24
1633 15.71
17.74 17.81
» »
1.42 2.38
15.29  15.07
16.82 16.10
NS NS
15.98 15.61
16.13  15.56
NS NS
13.27 12.84
1333 1233
1493 1371
14.84 14,08
15.56 15.28
1543 15.02
17.27 16.49
17.06  16.05
16.62 17.38
17.50 17.60
18.22 1795
18.62 18.31
NS NS

Total dry matter accumulation (g/plant)

- T

At Final harvest;
1994  19%
,_J
14.85 15.5
1796 183
19.92 19.3
] ]
2.50 2.61
16.68 17.2
1847 18.2
NS .
- 1.01
17.44 17.5
1771 17.7
NS NS
13.32 14.5
1386 154
16.51 159
1571 16.3
16.83 17.5
17.05 17.7
18.77 19.2
19.19 188
19.25 188
19.79 19.2
19.99 19.4
20.64 19.7
NS NS

NF = Normal fertihizer
WSF = Water soluble fertilizer
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ranged from 1.64 to 18.34 g per plant. Least dry weight was obgerved under firrow 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 compared to 1.60-17.24 g with
80% dose in the two years.

Fertilizer sources either a8 WSF or NF did not bring any significant differences in
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 Dry 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.

Dry matter distribution in capsicum at 30 days after planting

The leaf dry matter at 30 DAP was not influenced significantly due to different
treatments imposed. 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 compar.d to dup {0.51 and 0.61 g respectively) of fuTow
method (0.50 and 0.54 g plant”). Similarly stem dry matter in fertigation was also superior to drip

or furrow although statistically non-significant during both 1994 and 1996.



Dry matter (g/plant)

o s = e
TR --é':' S "" ,‘
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Drip
Furmow
BO%NF  sowwsF

Fig 4.2 : Total drymatter (g/plant) in
capsicum at final harvest as Influenced by
fertigation, drip and furrow with levels and
sources of fertilizer(mean of two years)
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Table-4.6 : Dry matter distribution in capsicum as influenced by methods of urigation, levels

and sources of fertihizer during 1994 and 1996

Treatments

Maip treatments
Irigation methods
Il Furrow
L Drip
I; Fertigation

F test

C.D at 5%
Fertilizer levels
L, 80% Rec. dose
L; 100% Rec. dose

F test

C.D at 5%
Fertilizer sources
S, NF
S; WSF
F test

C.D at 5%
Combined treatments
Furrow irrigation
T, 80% Rec. dose NF
T, 80% Rec. dose WSF
Ty 100% Rec. dose NF
T4 100% Rec. dose WSF
Drip imgation
T, 80% Rec. dose NF
Ts 80% Rec. dose WSF
T, 100%% Rec. dose NF
Tz 100% Rec. dose WSF
Fertigation
To 80% Rec. dose NF
T 80% Rec. dose WSF
- Ti1 100% Rec. dose NF
Ti2100% Rec. dose WSF
F test

C.D. at 5%

{

1994

0.50
0.51
0.57
NS

0.50
0.55
NS

0.53
0.53
NS

0.50
048
0.53
0.49

0.51
0.48
0.51
0.52

0.49
058
0.61
0.63

O
(&)

Rec. Dose=150:75.50kg N:P,()s.K,O/ha

DAP = Days after planting

30 DAP
Leaf Stem
1996 1994 1996 1994

0.54 1.1 1.14 2.18
0.61 1.13 1.18 2.66
0.63 1.23 1.23 2.75
NS NS NS .

- - - 0.36
0.54 1.10 115 242
0.64 1.15 1.22 2.62
NS NS NS NS
0.59 1.13 1.18 2.48
0.60 1.12 1.19 2.59
NS NS NS NS
0.51 0.98 1.07 2.09
048 0.98 1.14 213
0.60 1.07 1.21 2.14
0.57 1.02 1.15 2.24
0.58 1.10 1.20 2.60
0.55 1.10 1.17 2.73
0.62 119 115 2.62
0.68 1.14 1.21 2.67
0.55 1.20 1.18 2.31
087 121 1.1¢ 68
0.66 1.2 127 293
0.73 1.26 133 3.09
NS NS NS NS

Dry matter distribution (g/plant)

* = Significant
NS = Non-significant

60 DAP
Leaf
1996 1994

2.52 2.35
2.87 2.73
3.13 2.85
- NS
0.37 -
2.74 2.88
2.94 2.73
NS NS
2.84 2.60
2.84 2.70
NS NS
2.40 238
2.32 2.24
2.65 245
2.72 2.37
2.17 2.67
2.80 2.76
3.04 2.7
2.88 2.79
3.04 2.52
710 2 R0
317 2.89
3.20 3.22

NS

NF = Normal fertilizer
WSF = Water soluble fertilizer

Stem
1996

2.44
2.79
3.08

0.37

2.68
2.84
NS

2.76
2.76

2.36
227

L L

272
2.76
2.87
2.83

297
LR
310
3.12
NS

.

b
Uit .

-
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Table-4.6 : (Contd..) Dry matter distribution in capsicum as influenced by methods of
imguntion, levels and sourcen of fertilizer during 1994 and 1996

: ) -
| | Dry matter distribution (g/plant)
| 60 DAP 90 DAP
Treatments Fruit Stem Leaf Fruit

1994 1996 1994 1996 1994 1996 1994 1996

—;/Ia—m treatments
- Iimigation methods

* I Furrow 2.93 3.06 597 589 348 322 4.56 4.13
I; Drip 3.39 3.72 6.78 6.45 3.80 3.7 575 5.49
I; Fertigation 3.86 3.81 7.46 6.63 4.06 4.09 6.24 6.56

F test . . » NS NS . . .
C.D at 5% 0.49 0.58 1.03 - - 0.70 0.73 1.10
~ Fertilizer levels
L, 80% Rec. dose 3.29 3.40 6.28 6.12 3.66 3.57 5.29 §.23
L, 100% Rec. dose 3.50 366 7.18 6.53 3.90 381 §74 5.85
F test NS NS NS NS NS NS NS NS
C.Dat 5% - - - - - - - -
Fertilizer sources
S; Normal Fertilizer(NF) 3.45 3.55 6.69 645 3.76 3 68 553 5.40
S; Water Soluble Fertilizer (WSF) 134 3.51 6.76 6.20 3.80 3.70 5.51 S.38
F test NS NS NS NS NS NS NS NS
C.Dat5% - - - - - - - -
Combined treatments

- Furrow irrigation
T, 80% Rec. dose NF 3.03 311 5.50 5.67 3.48 3.10 429 4.07
T, 80% Rec. dose WSF 2.91 2.96 545 538 339 304 416 371
T3 100% Rec. dose NF 2.94 3.11 6.50 6.19 3.52 3.26 4.91 4.26
T4100% Rec. dose WSF 2.85 3.08 643 6.12 3.53 3.48 4.88 4.48
Drip ungation
Ts 80% Rec. dose NF 336 338 6.43 6.24 3.73 3.65 540 5.39
Ts 80% Rec. dose WSF 317 3.43 6.26 6.12 3.65 359 552 5.31
T; 100% Rec. dose NF 3.73 4.17 7.25 681 392 399 6.10 5.69
Ts 100% Rec. dose WSF 3.29 391 7.18 663 390 3.85 598 §.57

" Fertigation
T 80% Rec. dogse NF - 3.58 3.77 6.73 6.98 3.69 3198 6.20 6.42

- Tyo 80% Rec. dose WSF - 3.67 3178 7.30 6.12 4.02 4.07 6.18 6.50

'l 100% Rec. dose NF v 405 378 776 681 424 412 6260 b9

" T12100% Rec. dose WSF i 4.14 394 797 6.63 453 419 6.32 6.73
F test ' NS NS NS NS NS NS NS NS

" C.D. at 5% . - . ; . . ] i

Lo . ) : e
Rec. Dose=150:75:50kg N:P,0¢:K,0/ha * = Significant NF = Normal fertilizer
DAP = Days after planting NS = Non-significant WSF = Water soluble fertilizer

areyy..
C Ol



47

Table-4.6 : (Contd..) Dry matter distribution in capsicum as influenced by methods of
imgntion, leveln and nourcen of fertilizer during 1994 and 1996

r___ﬂ A - ’Drymattef distribution (g/plant)
At Final harvest

Treatments Stem Leaf Fruit
1994 1996 1994 1996 1994 1996

Main treatments
Irrigation methods

Iy Furrow 6.33 6.38 313 330 547 5.89
I Drip . 1.36 7.75 3.50 3.65 6.69 6.86
I; Fertigation - 8.46 8.19 3.88 3.66 7.74 745
F test * » * NS . .
C.D at 5% - 0.78 1.32 0.57 - 1.21 1.02
Fertilizer levels |
L, 80% Rec. dose © 7.01 7.28 336 136 6.26 6.58
L, 100% Rec. dose 1.76 7.60 365 i 7.01 6.89
F test - NS NS NS " * NS
C.D at 5% - - - 0.29 0.59 -
Fertilizer sources ‘
S; Normal Fertilizer(NF) 7.36 7.31 3.46 3.51 6.57 6.70
S; Water Soluble Fertilizer (WSF) ~ 7.41 7.57 3.55 3.56 6.69 6.76
F test NS NS NS NS NS NS

C.D at 5% - - - : -
Combined treatments '
Furrow imigation

T, 80% Rec. dose NF 6.02 5.95 2.85 310 445 5.54
T, 80% Rec. dose WSF 6.14 6.58 316 2.92 4 89 S 91
T3 100% Rec. dose NF 6.67 6.38 3.28 348 6.56 6.09
T4100% Rec. dose WSF 6.50 6.61 3123 3.70 5.98 6.02
Drip imgation
Ts 80% Rec. dose NF - 7.24 7.60 3.29 340 6.30 6.55
Ts 80% Rec. dose WSF 6.08 7.47 3.46 3.51 6.51 6.74
T> 100% Rec. dose NF - 7.76 7.76 378 389 6.93 7.22
Tz 100% Rec. dose WSF 8.35 8.16 3.49 3.80 7.02 6.93
Fertigation ‘
Ty 80% Rec. dose NF 7.98 7.86 3.65 35S 7.62 7.36
Ty 80% Rec. dose WSF 8.59 8.19 374 3.71 7.79 7.38
Ty 100% Rec. dore NF 8.49 8.32 392 3.65 7.58 746
T\2100% Rec. dose WSF 8.78 8.40 422 374 7.97 7.60
F test - NS NS NS NS NS NS

. CD. at 5% |- - - - - -

L l -

Rec. Dose=150:75:50kg N:P,Os:K,0/ha * = Significant NF = Normal fertilizer

DAP = Days after planting NS = Non-significant ~ WSF = Water soluble fertilizer
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Leaf and stem dry matter of capsicum plants was insignificantly higher 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.

Dry matter distribution in capsicum 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 with drip imigated « oeicum (2.79 g) and both of these were found
superior to stem dry matter obtained with furrow imrigation treatment (2.44 g).

Application of fertilizers via drip (fertigation) produced significantly higher truit 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 superior to furrow only in 1996 (3.72 g plant™).

Dry matter distribution into leaf, stem and fruit was not influenced by levels of
fertilizer. However, increased fertilizer dose (1009%) increased these components than observed with
reduced dose (80%). Higher fruit dry matter of 3.50 g and 3.66 g plant”’ during the years 1994 and
1996 respectively was registered by 100% dose as compared to corresponding values of 3.29 g and
3.40 g plant” produced by 80% dose.

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

statistically significant with respect to dry matter distribution at 60 DAP.
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Dry matter distribution in capsicum at 90 days after planting (Table-4.6)

Dry matter distribution was significantly influenced by direct effect of irrigation
methods barring stem dry matter in 1996 and leal 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 recarded with fertigation which were significantly superior to firrow method
which had the corresponding values of 5.97, 3.22, 4.56 and 4.13 g plant’. However, drip method
was on par with the fertigation method in terms of stem, leaf and fruit dry matter during both the
years 1994 and 1996.

The 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 superiar to
80% level. The fertilizer sources of WSF and NF produced identical dry matter of stem, leaf and

fruit in both the years. Similarly, interaction effects between I x L, Lx S, I xSorI x L x S were

found non-significant (Table-4.6).

Dry matter distribution in capsicum at final harvest (Table-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 respeciively) were obtained with fertigation than those with
furrow method (6.33 g, 6.38 g, 3.13 g, 547 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 weight in 1996 and 1994

respectively. Recommended fertilizer dose of 100% registered significantly higher leaf dry matter
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371 g copared 16 3.36 & plait’ with 80%.  Simitarly the fuit dry weight was significantly
higher (7.01 g) with full dose than with reduced dose (¢ 26 g plant*)

The NF or WSF sources did not evince significant response in terms 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 capsicum

Pertinent data on number of branches per plant recorded at final 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 irrigation 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).

Netther levels of fertilizers nor sources of fertilizer affected the number of branches

significantly. Interactions among treatments were also absent.

4.2 Yield and its components in capsicum
4.2.1 Total green fruit yield in capsicum

The data on green fruit yield of capsicum expressed 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 9233 ke in 1996 compared to furrow irrigation which gave 7638 ke and 7696 ke ha*
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Treatments

Main treatments
Irrigation methods
I; Furrow
L Drip
13 Fertigaﬁon

F test

C.D at 5%
Fertilizer levels
L: 80% Rec. dose
L; 100% Rec. dose

F test

C.D at 5%
Fertilizer sources
S| NF
S; WSF

F test

CD at 5%
Combined treatments
Furrow imgation
T, 80% Rec. dose NF
T, 80% Rec. dose WSF
Tz 100% Rec. dose NF
T4 100% Rec. dose WSF
Drip imgation
T; 80% Rec. dose NF
Ts 80% Rec. dose WSF
T7 100% Rec. dose NF
Ts 100% Rec. dose WSF
Fertigation
To 80% Rec. dose NF
Ty 80% Rec. dose WSF
T, 100% Rec. dose NF
T2 100% Rec. dose WSF
F test
C.D. at 5%

1994

1.86
2.04
221
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

Rec. Dose=150:75:50kg N:P.0O5:K;0/ha

DAP = Days after planting

Primary
1996 1994

1.93 4.39
2.15 4.76
221 487
NS *
- 0.35
2.05 4.63
2.14 4.70
NS NS
2.10 4.67
2.09 4.66
NS NS
1.91 4.23
1.86 431
1.94 4.50
2.01 433
2.13 4.78
2.06 4.67
2.24 4.78
2.18 4.80
2.16 4 81
219 500
2.24 4.95
2.26 4.67
NS NS
* = Significant

NS = Non-gignificant

Secondary
1996

447
4.78
4.89
»

0.30

4.66
4.77
NS

4.72
4.71
NS

4.36
445
4.56
4 50

4.71
4.76
4.86
4.79

4.87
4.81
4.96
4.93
NS

Number ot branches/plant

1994

6.25
6.80
7.08

0.43

6.59
6.82
NS

6.71
6.70
N3

6.10
6.06
6.4]

652

6.76
6.57
6.90
6.97

6.95
7.13
7.13
6.98
NS

Total

1996

6.40
693
7.10

0.42

6.71
6.91
NS

6.82
6.80
NS

6.27
6.31
6.50
651

6.84
6.82
7.10
6.97

7.03
7.00
7.20
7.19
NS

NF = Normal fertilizer
WSF = Water soluble fertilizer

|

Table-4.7 : Number of branches in capsicum as influenced by methods of irrigation, levels and
nources of fertilizer during 1994 and 1996

R
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respectively. Yield figures of 8631 kg and 8754 kg ha' under drip method were on par with
corresponding vields obtained with either in tertigation or furrow irngation (Fig 4.3).

pen Fertilizer level at 100% recommended dose had identical green fruit yi-lds of 8427 kg
and@44§ kg 1n 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 irigation methods with fertilizer levels or

sources did not result in significant differences in fruit yield.

4.2.2 Green fruit yield of capsicum at different pickings (kg ha'')

The data on green fruit yield at different pickings as influenced by different
treatments under study are presented in Table-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 II 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% level. Also, the differences in fertilizer
sources were on par with each other in terms of green fruit yield at different pickings in both the
years. The vanation in fiuit yield due to interaction effects of different factors were not statistically

significant.



Table-4.8 : Total green fruits yield in capsicum as influenced by methods of irrigation, levels
and sources of fertilizer during 1994 and 1996

] Green fruit yield (ke/ha)
Treatments ‘ 1994 1996
80% 100% Mean 80% 10M% Mean
| ' Rec. dose  Rec. dose Rec. dose  Rec. dose
f - (L) (La) (L1) (L2)
. Main treatments
| Imigation methods ‘
E I; Furrow ‘ 7488 7788 7638 7579 7812 7696
LI Drip L 8466 8795 8631 8636 8872 8754
L Fertigation " 9313 9470 9392 9111 9394 9253
. Mean | 8423 8685 8442 8693
; Fertilizer sources
S, NF © 8423 8704 8564 8488 . 8656 8572
S; WSF L 8422 8665 8544 8396 8729 8563
Mean 8423 8685 8442 8693
Irrigation methods ' NE(S;) WSF(S;) NF(S)) WSF(S;)
I; Furrow - 7684 7591 7638 7750 7641 7696
L Dnp 8664 8598 8631 8746 8762 8754
I3 Fertigation 9342 9441 9392 9220 9585 9253
_ Mean . 8564 8544 , 8572 8563 i
I L I I L I
Li-100%RD. Si-NF 7523 8501 9245 7641 8667 9157
S-WSF | 7453 8432 9382 7518 8605 9066
L.- 80%R.D. SieNF 7846 8827 9440 7860 8825 9284
B 5-WSF = 7730 8764 9501 7765 8919 9505
 F-test C.D at 5% F-test C.D at 5%
I ok 1231 * 1160
L ‘ NS - NS -
S f NS - NS -
IxL NS - NS -
LxS NS - NS .
IxS : NS - NS -

IxLxS NS - NS -
e L - e e
Rec. Dose=150:75:50kg N-P,Os:K;O/ha  * = Significant NF = Nommal fertilizer
DAP = Days after planting NS = Non-significant WSF = Watcer soluble fertilizer

-

e —————— - . - - - -



DO0%NF DBO%WSF Q100%NF D100%WSF

Fig 4.3 Green fruit yield (kg/ha) in capsicum as

influenced by fertigation,drip and furrow with sources

and levels 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

irﬁgation)levels and sources of fertilizer during 1994 and 1996

Treatments

(— e

Main treatments
Irrigation methods
1, Furow
L Drip
I; Fertigation

F test

C.D at 5%
Fertilizer levels
L; 80% Rec. dose
L; 100% Rec. dose

F test

C.D at 5%
Fertilizer sources
SiNF
S; WSF
F test

C.D at 5%
Combined treatments
Furrow imgation
T; 80% Rec. dose NF
T; 80% Rec. dose WSF
Tz 100% Rec. doge NF
T4100% Rec. dose WSF

Drip_imgation

Ts80% Rec. dogse NF

Ts 80% Rec. doge WSF
T; 100% Rec. dose NF
Ts 1006 Rec. dose WSF
Fertigation

Ts 80% Rec. dose NF
T)o 80% Rec. dose WSF
T}, 100% Rec. dose NF
T2 100% Rec. dose WSF
F test

C.D. at 5%

Rec. Dosc=150:75:50kg N:P,0s:K,0/ha

DAP = Days after planting

!
|
,,#m

I Picking

1994 1996 1994 1996 1994 1996 1994 1996

1638
1806 7
2053

261
1831

1834
NS

1835
1829

NS = Non-significant

II Picking

1642 2346 2414
1924 2802 2779
2057 2965 2917
- NS L
234 - 281
1853 2695 2655
1894 2816 2751
NS NS NS
1873 2764 2706
1875 2745 2701
NS NS NS
1657 2440 2387
1633 2410 7 2355
16483 2622 2478
1627 2528 2436
1918 2727 2731
1936 2692 2700
1947 2890 2782
1895 2899 2905
1979 2938 2926
1996 2964 2834
2087 2972 2933
2166 2988 2975
NS NS NS
* = Significant

Green fruit yield (kg/ha)

I Picking

1537 2619
2957+ 2915
3164 3137
* »
269 329
2853 2835
2932 2947
NS NS
2895 2892
2890 2889
NS NS
2528 ¢ 2578
2497 < 2552
2597 2680
2606 2666
2938 2888
2897 2843
3017 2955
2976 2974
3107 3068
3152 3081
3185 3181
3214 3219
NS NS

1

Il

IV Picking

i

935 10240 |
1076 1135
1201 1139
* NS
130 - 5
;
1042 1097 '
1099 1102
NS NS
1061 1100
1080 1098
NS NS
892 1019
90s 978
962 1054
980 1044
1005 1130
1058 1126
1127 1141
1114 1145
1165 1174
1225 1155 |
1216 1084
1200 1145 |
NS NS
- - |
o

NF = Normal fertilizer
WSF = Water soluble fertilizer
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4.2.3 Total Green fruit yield in capsicum (g 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 imgation 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 on 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.

4.2.4 Number of green fruit per plant in capsicum

Data on number of green fruits per plant as influenced by methods of urigation, levels
and sources of fertilizer are presented in Table-4.11 and 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 gignificantly superior to drip and firrow (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 areen fruits Der plant than other two methods of ixrigation only at I picking in 1996 but was on
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Table-4.10 : Total green fruit yield in capsicum as influenced by methods of irrigation, levela
and sources of fertilizer during 1994 and 1996

[ T Green fruit yield ( g/pl) |
| Treatments 3 1994 1996 N
| i 80% 100%  Mean  B0% 100% Mean
| Rec. dose Rec. dose Rec. dose Rec. dose
* (Ly) (L) (Ly) (L2) |
. Main freatments
~ Irrigation methods
I, Furrow 307 321 314 307 327 317
I; Drip 357 387 372 365 385 378
I Fertigation . 424 452 438 418 442 430
!
Mean 363 387 363 385
Fertilizer sources i
Si NF L 361 388 375 361 382 In
S; WSF | 364 385 375 366 387 717
Mean r 363 387 363 385
Irrigation methods ' NF(S;)  WSE(S;) NF(S;)  WSF(S;)
I; Furrow 316 313 314 319 315 317
L Drip 378 368 3712 373 378 375
I3 Fertigation 432 444 438 422 438 430
Mean ey 375 375 3. 33
b L 15 Ly kL ¢
Li-100%RD. Si-NF = 308 360 416 310 364 408
S5;-WSF | 309 354 432 304 366 427
L- 80%RD. Si-NF | 324 391 448 328 382 435
o SWSF 319 3 455 35 389 448
| F-test C.Dat5% F-test C.Dat 5%
I Lok 59 * 77
L . NS - NS -
S NS - NS .
IxL | NS . NS .
LxS | NS - NS -
IxS | NS - NS -
IxLx5S - NS - NS -
R (O L
Rec. Dose=150:75:50kg N.P,0s:K,O/ha  * = Significant NF = Normal fertilizer

DAP = Days after planting NS = Non-significant WSF = Water soluble fertilizer
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Table-4.11: Number of green fruits per plant in capsicum at different pickings as influenced by
methods of irrigation, levels and sources of irrigation during 1994 and 1996

r Number of green fruits per plant ‘}I
Treatments Total I Picking I Picking OI Picking IV Picking 1
| 1994 1996 1994 1996 1994 1996 1994 1996 1994 1996 g
NS § B : mee]
- Main treatments
 Irigation methods ‘
1 Furrow 567 563 067 069 155 157 269" 251 076 085
" I; Drip 1626 620 085 08 163 168 282 267 097 099
- Ly Fertigation '691 675 095 098 174 183 305 287 115 106
~ Ftest | » . NS * * . . v NS NS -
E, CD at 5% 063 060 - 015 014 014 023 024 - - \
! i

t Fertilizer levels

i L, 80% Rec. dose

L, 100% Rec. dose
F test

I CDat5%

' Fertilizer sources

' S] NF

S, WSF |

| Ftest
‘ C.D at 5%

618 608 079 082 160 168 281 263 094 097 ]
641 631 08 087 069 171 286 274 098 097
NS NS NS NS NS NS NS NS NS NS

627 616 081 084 164 169 285 268 094 094
631 623 083 085 164 170 286 269 098 100
NS NS NS NS NS NS NS NS NS NS

. Combined treatments | !

~ Furrow irrigation | |

T; 80% Rec. dose NF | 5.66 550 065 068 150 153 265 246 070 080

T, 80% Rec. dose WSF : 554 544 062 065 147 159 260 240 079 091

- T3 100% Rec. dose NF 1581 580 073 074 163 161 274 262 077 0.80

Drip irmigation

Ts 80% Rec. dose WSF
T7 100% Rec. doge NF
Ts 100% Rec.doseWSF
Fertigation
Ty 80% Rec. dose NF
Tyo 80% Rec. doge WSF
Ty 100% Rec. dose NF
1 Ti> 100% Rec. dose
. WSF

F test
C.D. at 3%
.

T4100% Rec.dose WSF | 5.78 577 069 071 159 156 279 258 077 089

Ts80% Rec. doge NF 1606 606 078 082 162 168 278 263 086 095

622 614 08 08 159 165 276 260 098 105
640 627 08% 091 163 169 28 271 103 096
627 635 08 08 168 170 28 278 100 102

666 661 08 093 168 179 299 281 113 105
691 674 096 098 172 18 306 287 116 107
702 675 098 097 178 183 310 288 114 107
706 692 102 105 180 18 307 293 117 106 |
NS NS NS NS NS NS NS NS NS NS

- - - - - - - - -

Rec. Doge=150:75:50kg N:P,0s.K,0/ha * = Significant NF =Normal fertilizer
DAP = Days after planting NS = Non-significant WSF = Water soluble fertilizer
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par with drip at I picking in 1996, 1I picking in 1994 and II picking in both the ye
method produced the lowest number of green fruits per plant in all the pickings.

Both the levels of 80% to 100% recommended fertilizers had identical number of
green fruits per plant.  With 100% [evel total number of green fivits 6. 41 and 6 31 in 1994 and 1996
respectively and number of green fruits harvested at different pickings 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 years (0.83 to 2.86) were on par with NF (0.81 to 2.85 fimits

plant™).

4.2.5 Green fruit length of capsicum

Data on green fruit length at different pickings as influenced by methods of irrigation,
levels and sources of fertilizer are presemted 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 superior to furrow method (5.74 to 5.70 cm fruit length).

Full dose (100%) of fertilizer produced significantly maximum fruit length (5.25 om)
at I picking in 1996 and at I picking in 1996 (6.33 cm) as compared to reduced dose (80%) (4.90 cm
and 5.53 cm fruit length respectively). Sources of fertilizers were identical in response except in II
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 fruit length in capsicum at different pickings as influenced by methods of
im'gution)leveln and nources of fertilizer during 1994 and 1996

Green fruit length (cm)
Treatments I Picking I Picking II Picking
1994 1996 1994 1996 1994 1996
Main treatments
Irrigation methods
I; Furrow 4,95 479 574 5.35 5.96 570
L, Drip 5.11 484 646 584 673 6.83
I; Fertigation 5.66 5.49 6.74 6.59 7.14 7.47
F test NS » * * . *
C.D at 5% - - 0.52 0.89 0.78 1.28
Fertilizer levels
L, 80% Rec. dose 5.16 490 608 553 672 6.87
L; 100% Rec. dose 5.30 5.25 6.54 6.33 6.50 6.53
F test NS . NS » NS NS
C.D at 3% - 0.29 - 0.64 - -
Fertilizer sources
Si NF 5.00 505 620 612 6.59 6.47
S; WSF 5.45 5.10 642 5.74 6.63 6.87
F test NS NS NS * NS NS
C.Dat 5% - - - 0.37 - -
Combined treatments
Furrow imgation
T, 80% Rec. dose NF 4..64 4.49 5.19 4.67 6.93 5.49
T, 80% Rec. dose WSF 428 4.60 573 5.14 5.88 6.40
T; 100% Rec. dose NF 488 S12 S81 556 499 5.26
T4100% Rec. dose WSF | 5.99 495 625 604 6.05 5.64
Drip_imigation
T;80% Rec. dose NF 495 4.77 6.39 578 6.54 5.95
Ts 80% Rec. dose WSF 543 475 6.30 519 6.11 7.89
T; 100% Rec. dose NF 4.89 4.96 6.85 6.77 7.93 7.14
Ts 100% Rec. dose WSF | 5.18 530 630 572 6.35 6.36
Fertigation
Ts 80% Rec. dose NF 5.67 535 6.17 686 645 7.45
T)o 80% Rec. dose WSF | 6.10 5.44 6.73 5.64 842 7.66
T, 100% Rec. dose NF 498 5.62 6.82 7.08 6.72 7.51
Ti2100% Rec. dose WSF | 5.89 557 7.23 6.78  6.97 7.27
F test NS NS NS NS * NS
C.D. at 5% - - - 0.95 -

[ |

Rec. Dose=150.75:50kg N:P.05:K,0/ha

DAP = Days after planting

* = Significant

NS = Non-significant

e

IV Picking
1994  19%
383 397
389 446
426 474
NS NS
378 4l
421 467
NS NS
420 442
379 436
NS NS .
T
400 357
3.44 3.96
433 406
354 430
3.68 415
361 446
430 398
3.99 526
406 494
390 358
183 582
426 462

NS

NF = Nommal fertilizer
WSF = Water soluble fertilizer

NS
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Interuvtion butwoen the towtments was significant only at I picking in 1994,
Fertigation with WSF at 80% dose produced maximum frmt length (8.42 cm) while the least fruit

length (4.99 cm) was recorded with 100% WSF under furrow irmigation.

4.2.6 Green frult girth in capsicum

The data on green fruit girth in capsicum as influenced by methods of irrigation,
levels and sources of fertilizer at different pickings are presented in Table-4.13.

Girth of green fruits varied significantly due to trrigation treatments at I picking in
1994 11 and I pickings in both the years 1994 and 1996. Maximum fruit girth (15.5 to 19.8 c¢m)
noticed with fertigation at these stages was significantly superior to furrow method (12.8 to 16.1 cm
fruit girth) but was on par with drip method (14.1 to 17.5 cm fruit girth). However, at IIT picking,
fertigated capsicum alone was significantly superior to both drip and furrow imrigation treastments.

Green fruit girth was significantly higher with 100% fertilizer dose (18.12 c¢m) only
at III picking in 1994 than 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.

4.3 Quality analyss
4.3.1 Ascorbic acid content of capsicum fruits

Data on ascorbic acid content of capsicum fruits at third picking as influenced by

methods of irrigation, levels and sources of fertilizers are presented in Table-4.14.



Table-4.13: Green fruit girth in capsicum as influenced by methods of irrigation, levels and
sources of fertihzer during 1994 and 1996.

- ( Green frmt girth (cm) o
Treatments I Picking II Picking I Picking IV Picking
{ 1994 1996 1994 1996 1994 1996 1994 19%
! !
|  Main treatments ‘
. Irrigation methods ‘
I Furrow i, 12.83 1352 14.59 1491 1612 1545 1106 107
| L Drip 1407 1486 1689 1749 1755 17.14 1145 114
i b Fertigation 1551 1510 18.12 1841 1923 1979 1156 112 g
F test . NS » . . NS NS
C.Dat 5% 1.67 - 1.79 191 1.56 196 - -
Fertilizer levels
L1 80% Rec. dose 13.97 1437 16.24 16.29 1715 17,08 1154 11.2 .
L; 100% Rec. dose 14.31 1461 1683 1735 18.12 17.84 11.63 110 .
F test NS NS NS NS * NS NS NS
C.D at 5% - - - - 0.91 - - -
Fertiljzer sources
. S NF 1414 1451 1674 16.75 17.56  17.26 1161 112 .
; S; WSF i 14.14 1447 1633 16.89 17.71 17.67 11.11 11.0 %
F test | NS NS NS NS NS NS NS NS
C.DD at 5% b - - - - - - - \
Combined treatments |
Furrow imgation ;
T, 80% Rec. dose NF 1298 1300 1506 1529 15.91 1467 1048 12.2 |

i T, 80% Rec. dose WSF | 1237 1336 14.06 14.07 15589 1556 1204 936 |
| T3 100% Rec. dose NF 1283 1377 1389 1489 1557 1602 1124 111 |
] T4100% Rec. dose WSF | 13.14  13.94 1539 1538 17.02 1557 1047 10.2
l

\
f
Drip _imgation |
|
|
§
|

Ts 80% Rec. dose NF i 13.67 1479 1674 16.04 1646 1637 1135 11.2 |
Te 80% Rec. dose WSF | 1348 1488 1615 17.29 1693 1673 1093 116
' Ty 100% Rec. dose NF 1503 1597 1752 18.03 1860 1785 1216 114
| Ti100% Rec. dose WSF | 14.13 1681 17.17 17.24 1821 17.63 1135 113 |
i Fertigation : ‘
| To 80% Rec. dose NF 1455 1454 1807 17.20 18.74 1883 1278 11.2 |
. Tio 80% Rec. dose WSF | 1677 15.67 1735 17.84 19.27 2034 1161 115 |
. Ty; 100% Rec. dose NF | 15.79 1510 19.15 19.05 19.68 1981 1163 100 |
| Ti2100% Rec. dose WSF| 14.95 1518 1792 1954 1923 2018 1029 120 |

!

&

t

F test NS NS NS NS NS NS NS NS
C.D. at 5% - - - - - - - -

S e
Rec. Dose=150:75:50kg N:P,O5:K,0/ha  * = Significant NF = Normal fertilizer

DAP = Days after planting NS = Non-significant WSF = Water soluble fertilizer
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n capsicum
Table-4.14: Ascorbic acid content at third picking as influenced by methods of lmganon levels
and sources of fertilizer during 1994 and 1996. *

Ascorbic acid content 1
Treatments (mg/100 g fresh fruit) |
1994 1996 -_;
Main treatments ;
Irrigation methods
I) Furtow 83.68 85.29
L Drip 94,38 99.08 j
I; Fertigation 108.61 111.86
F test . " ‘
C.Dat5% 11.86 16.87 ;
Fertilizer levels !
Li 80% Rec. dose 95.96 98.25 |
L; 100% Rec. doge 95.15 99.25 i
F test NS NS ‘
C.D at 5% - - |
Fertilizer sources :
S1 Normal Fertilizer(NF) 91.10 94.08
S; Water Soluble Fertilizer (WSF) 100.00 103 .41
F test » »
C.D at 5% 7.54 8.31
Combined treatments @ | E
Furrow imigation ;
T, 80% Rec. dose NF : 80.15 82.05
T; 80% Rec. dose WSF 89.97 90.54
Tz 100% Rec. dose NF 78.37 80.23
T4 100% Rec. dose WSF 86.26 88.36
Dnp imgation
Ts80% Rec. dose NF 87.27 90.56
Ts 80% Rec. dose WSF 98.75 104.90
Ty 100% Rec. dose NF 93.36 93.07 |
T3 100% Rec. dose WSF 98.13 107.81 i
Fertigation )'
Ty 80% Rec. dose NF 105.28 108.53
T)o 80% Rec. dose WSF 114 36 112.92 !
Ti1 100% Rec. dose NF 102.24 110.06 !
Ti2100% Rec. dose WSF 112.56 115.95 i
F test NS NS ;
C.D. at 5% - - i
R
Rec. Dose=150:75:50kg N:P,0Os:K,0/ha * = Significant NF = Normasl fertilizer

DAP = Days after planting NS = Non-significant WSF = Water soluble fertilizer
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Asvorbiv wid voment of fresh fruits was influenced significantly by fertigntion. 1t was the
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 improved vitamin C content in

fruits (102-115.9 mg per 100 g FF) favourably as compared to drip (87.3-107.8 mg per 100 FF) and

furrow (78.4-90.5 mg per 100 mg per 100 g F1') irrigation combinations.

4.4 Growth components of maize

4.4.1 Plant height of maize

The data on plant height of maize as influenced by irrigation methods, levels and
sources of fertilizer at 30, 60 and 90 days after sowing (DAS) are presented in Table-4.15.

The plant height was significantly influenced by irrigation methods at all stages
except 30 DAS in 1994. Tallest plants were observed under fertigation treatment (72.2 to 196.6 cm)
compared to drip irrigation (60.1 to 186.5 cm) at different stages of plant growth Significantly
shorter plants were observed with firrow 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



Table-4.15 : Plant height in maize as influenced by methods of urigation levels and sources of

fertilizer during 1994 and 1996

—

Plant height (cm)

90 DAS
1994 1996
161.23  168.31
177.28  186.48
196.57  193.88
» ]
23.07 18.05
17470  177.18
182.02  188.63
NS NS
17733 182.63
17939 183.15
NS NS
16017 16044
15363 15635
165.74  182.17
165.40  174.28
16740  179.26 |
17451 18434
186.00  187.23
181.20  195.09 .
189.21  191.97
20330  190.56
19549 19472
19830  198.72
NS

Treatments 30 DAS 60 DAS
1994 1996 1994 1996
Main treatments
Irrigation methods
I; Furrow 55.65 56.43 146.86 15281
I, Dnip 60.11 65.36 163.68 169.70
Iz Fertigation 66.56 72.18 183.21 180.45
F test NS * . »
CDat 5% - 5.93 15.80 19.69
Fertilizer levels
L; 80% Rec. dose 59.39 62.56 162.87 163.48
L; 100% Rec. dose 62.17 66.75 166.30 171.82
F test NS NS NS .
C.D at 5% - - - 6.86
Fertilizer sources
S; NF 6024 64.745 16290  166.62
S: WSF 61.31 64.56 166.27 168.69
F tesat NS NS NS NS
C.D at 5% - - - -
Combined treatments
Furrow_imgation
T, 80% Rec. dose NF 55.31 55.35 146.60 147.24
T; 80% Rec. dose WSF 55.81 52.28 152.33 149.26
T; 100% Rec. dose NF 57.63 60.36 139.70 159.46
T4 100% Rec. dose WSF | 53.86 57.76 148.83 155.28
Drip irrigation
Ts 80% Rec. dose NF 59.34 6134 160.10 167.21
Ts 80% Rec. doge WSF 56.57 64.75 153.16 166.50
T; 100% Rec. dose NF 63.18 66.98 172.16 170.10
Tz 100% Rec. dose WSF | 61.36 68.37 16929 17484
Fertigation
Ty 80% Rec. dose NF 62.39 71.34 180.69 174.36
T)o 80% Rec. dose WSF | 66.91 70..36 184.32 176.19
Ty 100% Rec. dose NF | 63.60 73.15 178.14 181.34
Ty2100% Rec. dose 73.37 73.87 189.67 189.91
WSF NS NS NS NS
F test - - - -
C.D. at 5%

Rec. Dose=150:75:50kg
NZPzOsIKzO,hﬂ
DAS = Days after sowing

NS

* = Significant
NS = Non-significant

NF = Normal fertilizer

WSF = Water soluble fertilizer

€4
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vint) ut differvit vrop growth stuges during both the yewrs 1994 and 1996, Alro, no interaction was

found significant in influencing the piant height at any stage.

4.4.2 Leaf area in nmize

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
5593.8 cm’ in 1994 and 1996 respectively) were on par with each other but significantly superior to
furrow method which produced 5131.2 cm’ and 5218.7 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 of NF or WSF at 80%

recommended dose in furrow method had the lowest leaf area (458 cm® - 5124 cm?) at all growth

stages.



Table-4.16 : Leaf area in maize as influenced by methods of irrigation, levels and sources of

fertilizer during 1994 and 1996

g

Leaf area(cm’/plant)
Treatments 30 DAS 60 DAS 90 DAS
1994 1996 1994 1996 1994 1996 ‘{
Main treatments |
Irrigation methods ['
I, Furow 466.2 483.9 5131.2 52187 39295 39116 |
- LDnp 506.3 510.2 5623.7 55938 42782 42078 f
' I; Fertigation 528.6 525.8 5791.7 57351 4495 4 4326.5 |
' Ftest NS . . * . . {
) C.Dat 5% - 20.8 390.1 343.1 320.2 296.0
i Fertilizer levels !
I L; 80% Rec. dose 491.5 497.1 5387.5 54399  4179.5 40986
' L, 100% Rec. dose 5093 516.2 5643.6 5591.9 42893 41986 ;
I Ftest NS NS NS NS NS NS ’
‘ C.D at 5% . - . . - . |
. Fertilizer gources
" S| NF 500.6 505.8 5473.7 55188 42329  4143.5
83 WSF 500.2 507.6 55574 5512.9 42358 41538
. F test NS NS NS NS NS NS
C.D at 5% - - - - - -
- Combined treatments
Furrow_imgation
' T, 80% Rec. dose NF 4595 466.9 4909.8 S173.5 3855.5 3809.5
- T; 80% Rec. dose WSF . | 458.6 4774 5013.4 5124.7 3817.3 3857.6
; Tz 100% Rec. dose NF 4678 4883 5245.6 5268.4 3975.2 4017.6
. T4100% Rec. dose WSF | 479.1 503.2 5356.1 5308.2 40700 3961.7
- Drip_imigation '
. T5;80% Rec. dose NF 498.5 488 8 54554 5535.2 4220.1 41815
! Ts 80% Rec. dose WSF | 490.3 501.5 5456.1 54798 41806 41289
. Ty 100% Rec. dose NF 5153 5303 5649.5 5657.5 4390.8 42776
| T; 100% Rec. dose WSF | 521.1 520.2 59338 57027 43213 42432
I Fertigation
- T, 80% Rec. dose NF 527.2 5293 57158 5685.2 45283 4276.5
| Tio 80% Rec. dose WSF | 514.8 5186 5774.4 5640.9 4475.2 4337.8
| Ty; 100% Rec. dose NF | 535.3 531.2 5866.3 5§793.2 44279 42981
. T12100% Rec. dose 5371 524.2 5810.2 58212 45504 43936
” WSF NS NS NS NS NS
| F test - - - - - |
I C.D. at 5% ' 7
I |
Rec. Dose=150:75:50kg N:P,05:K,0/ha  * = Significant NF = Normal fertilizer

DAS = Days after sowing

NS = Non-significant WSF = Water soluble fertilizer

66
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4.4.3 Number of leaves per plant

Data on number of leaves at 60 days after sowing as influenced by methods of
irrigation, levels and sources of fertilizer during 1994 and 1996 are presented in Table-4.17.

Number of lewven per phot differed wignifieantly duc to direct offect of irigitiem
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 irmgated maize.

Reduced fertilizer level (80%) or NF source did not bring changes in the number of
leaves as compared to 100% fertilizer level or WSF source respectively. The variation in number of

leaves from 11.8-13.6 leaves per plant showed no interaction 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 with 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 after sowing as influenced by
methods of irnigation, levels and sources of fertilizer during 1994 and 1996

Nurﬁni)?etr'r ofriéa;/veis;/;latrlitﬂ |
1994 1996
80% 100% 80% 160%
Treatments Rec. dose Rec. dose Mean Rec. dose Rec. dose Mean
(L) (L) L) e
Main treatments |
Imigation methods |
I, Furrow 11.8 12.4 12.1 123 12.8 12.6 ‘
I; Drip 12.5 13.1 12.8 12.8 134 131 |
I; Fertigation 13.3 13.4 134 13.5 13.5 13.5 l
Mean 12.6 13.0 12.9 13.2 )
Fertilizer sources
S; NF 12.6 12.9 12.7 129 133 13.1
S WSF 12.6 13.1 12.8 12.9 13.2 13.1
Mean 1.26 13.0 12.9 13.2
Imgation methods 12.1 12.6
IQDI'ip 12.7 12.9 134 13.1 13.1 13.5 |
I3 Fertigation 13.3 13.4 134 13.6 i
Mean 12.7 ) 12.8 B 13.1 13.1 y
I 16 L I L Lo
S;-NF 11.9 12.6 13.3 12.3 12.8 13.5
Lisl00%RD. g wsF 11.8 12.5 13.4 12.3 12.9 13.5
Si-NF 12.5 12.9 133 129 13.5 134
L 80%RD. 5 wsF 12.4 13.3 13.5 12.8 13.3 13.6
F-test C.D at 3% F-test C.Dat 5%
I . 0.7 » 0.7
L NS - NS -
N NS - NS -
IxL NS - NS -
LxS NS - NS -
IxS NS - NS -
IxLxS NS - NS - ‘
Ree. Dose=150:75:50kg N:P,0s:K>O/ha * = Significant NF = Normal fertilizer

DAS = Days after sowing

NS = Non-sipnificant

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

T Leaf area index i
Treatments 30 DAS 60 DAS 90 DAS
1994 1996 1994 1996 1994 1996
e e U O
Main treatments
Irrigation methods
I, Furrow 0.26 0.27 2.84 2.90 2.18 2.17
L Drip 0.28 0.28 312 3.10 2.37 2.34
I; Fertigation 0.29 0.29 3.22 3.18 2.45 240 |
F test NS » ] ] [ ] »
C.D at 5% - .01 0.31 0.18 0.19 0.17
Fertilizer levels
Li 80% Rec. dose 0.27 0.27 2.99 3.02 2.32 2.27
L; 100% Rec. dose 0.28 0.28 3.13 3.11 2.38 233
F test NS NS NS NS NS NS
C.D at 5% - - - - - -
Fertilizer sources
Si NF 0.28 0.28 3.04 3.06 2.35 2.30
S, WSF 0.28 0.28 3.09 3.06 2.34 2.31
F test NS NS NS NS NS NS
CDat 5% - - - . - -
Combined treatments | ',
Furrow_imigation | {
T, 80% Rec. dose NF 0.25 0.26 2.72 2.87 2.14 211
T; 80% Rec. dose WSF 0.25 0.26 2.78 2.88 2.12 2.14 ’
T; 100% Rec. dose NF 0.26 0.27 2.91 2.93 2.21 223 |
T4 100% Rec. dose WSF | 0.27 0.28 2.97 2.95 2.26 2.20
Drip irrigation .
T;s80% Rec. dose NF 0.28 0.27 3.03 3.07 2.34 2.32
Ts 80% Rec. dose WSF 0.27 0.28 3.03 3.04 2.32 229 |
T; 100% Rec. dose NF 0.29 0.29 314 3.14 244 2.38
Tz 100% Rec. dose WSF | 0.29 0.29 3.30 3.17 2.40 2.36
Fertigation ;
Ty 80% Rec. doge NF 0.29 0.29 3.17 3.16 2.51 2.37
T, 80% Rec. dose WSF 0.29 0.29 3.21 3.13 2.49 241
T;1 100% Rec. dose NF 0.30 0.29 3.26 3.22 2.46 2.39
Ti2100% Rec. dose 0.30 0.29 3.23 323 2.53 2.44
WSF NS NS NS NS NS NS
F test - - - - - -
C.D. at 5% ;
— |
Rec. Dose=150:75:50kg N:P,05:K,0/ha  * = Significant NF = Normal fertilizer

DAS = Days after sowing NS = Non-significant  WSF = Water soluble fertilizer
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Fertilizer levels on sources did not produce significant response in terms of LAI in
maize at any stage or year. Likewise, difference 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 statistically significant

4.4.5 Total dry 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 presented in Table-4.19.

DMA was considerably influenced by main effect of imgation 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 plant’
obtained with drip method. Furrow imrigated 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 was 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 factors and their levels also showed 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 irrigation,
levels and sources of fertilizer during 1994 and 1996

17 { Total dry matter accumulation (g/plant) W‘
4 Treatments |
| | 30DAS 60 DAS 90 DAS At Harvest
| 1994 1996 1994 1996 1994 1996 1994 19¢
— [ 4 e . - - . -
H :
Main treatments |
- Irrigation methods i
| I Furrow 3.66 362 6857 7276 110.51 11698 185.18 190
| L Drip 3.82 3.75 8420 8634 13285 136.06 20394 209
S ¢ Fertigation 3.93 3.86 94 .49 9343 150.78 14888 21846 223
F test NS ] » » » [ ] ] [ ]
' CDat5% - 0.15 1095 1445 2533 2402 1974 14,
i Fertilizer levels
! L, 80% Rec. dose 31.78 3.66 7846 8037 12281 12474 19636 202
, L; 100% Rec. dose 184 3182 8639 B798 13997 14388 20869 213
i F test NS . NS NS . NS NS .
C.D at 5% - 0.12 - - 16.84 - - 11.
Fertilizer sources
S| NF 3.80 373 82.70 8389 13150 13264 20232 207
S; WSF 3.80 3.76 B2.18 8446 131.28 13597 20273 208
F test NS NS NS NS NS NS NS N
C.D at 5% - - - - - - - -
Combined treatments
Furrow irrigation

T, 80% Rec. dose NF 3.60 3.51 65.71 67.08 101.52 10479 17757 184
T, 80% Rec. dose WSF 3.65 3.56 66.20 6925 103.81 108.18 180.32 182
Tz 100% Rec. doge NF | 3.68 3.68 69.05 7578 11849 125.16 191.35 195
T4100% Rec. dose WSF | 3.71 373 7332 7893 118.24 129.78 19147 199
Drip_irmigation
Ts80% Rec. dogse NF 384 3.65 8045 83.32 123.23 12429 19631 202
Ts 80% Rec. dose WSF 4 3.80 3.73 78.74 83.23 119.60 126.15 194.28 205
T; 100% Rec. dose NF 384 38 9085 9008 14517 147.15 21383 1216
Ts100% Rec. dose WSF | 3.80 3.78 8696 88.72 143.54 15065 211.36 214
Fertigation
Ty 80% Rec. dose NF 3.87 372 91.72 91.05 14540 141.20 213.51 221
T,o 80% Rec. dose WSF 385 3.81 87.92 88.32 143.31 14382 216.16 217
Ty, 100% Rec. dose NF 398 39 9822 96.06 15521 153.27 221.36 226

i Ti12100% Rec. dose 4.02 394 100.12 9829 159.20 157.25 222.80 229 |

J WSF NS NS NS NS NS NS NS N |

| F fest - - . . . . . . ‘l

. CD. at 5% | ,

1 I |
Rec. Dose=150:75:50kg N:P,0s:K;O/ha  * = Significant NF = Normal fertilizer

DAS = Days after sowing NS = Non-significant WSF = Water soluble fertilizer
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4.4.6 Drymatter distribution in nmize
Data on dry matter distribution into stem, lesf, 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 Table-4.20.

Dry nuticr distribution at 30 DAS

Both stem and leaf dry matter was significantly influenced due to methods of
irigation. Fertigation treatment significantly increased stem dry matter from 1.31 g (1994) and 1.33
g (1996) in furrow 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 furrow umigation. Leaf dry matter showed
gignificant increase due to fertigation only in 1996 wherein the value was the highest (2.44 g plant™)
compared to fiurow treatment (2.29 g plant").

Variations in dry matter distribution due to fertilizer levels or sources and interactions

among treatment combinations were not significant

Dry matter distribution at 60 DAS
Fertigation method produced significantly higher leaf, stem and cob dry matter in
both the years and silk dry weight in 1996 (Table-4.20).
The leaf dry matter of 33.2 g and 32.7 g plant’ in 1994 and 1996 respectively
obtained with fertigation was significantly superior to 23.6 g and 24.9 g plant”' respectively 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

Dry matter distribution (g/plant)
Trcatments 30 DAS 60 DAS
|| Leaf Stem Leaf Stem
| 1994 199 1994 199 1994 1996 1994 199
Lr [N - . - e . PN . - .
' Main treatments
Imgauon methods
, I, Furrow 2.35 2.29 131 1.33 23.57 2489 13512 31821
' L Drip 2.46 2.36 1.36 1.39 2926 3103 4374 4437
+ I; Fertigation 2.55 2.44 1.38 1.42 33.17 3256 4985 4916
F test NS [ ] L ] [ ] ] - L
f C.Dat 5% . 0.09 0.05 0.06 3.43 498 6.53 6.27
| Fertilizer levels
' L1 80% Rec. dosc 2.43 232 1.32 1.34 2662 2699 40.89 41.51
- L2 100% Rec. dosc 2.49 241 1.37 1.42 3071 3200 4492 4631
F test NS . NS b hd - . NS
CDat5% - 0.06 - 0.08 3.10 4.50 3.61 -
Fertili
S; NF 2.44 236 1.35 1.37 2873 2926 4278 43.67
3, WSF 2.46 2.37 1.35 1.39 2860 2973 4303 4416
F test NS NS NS NS N3 NS NS NS
C.D at 5% - - - - - - - -
Combined trestments
Furrow irrigation
T, 80% Rec. dose NF 2.27 220 130 131 2186 2227 3427 3627
T, 80% Rec. dose WSF 2.35 2.27 1.27 1.29 2293 2439 3356 3418
T3 100% Rec. dose NF 2.36 2.35 1.35 1.33 2336 25.15 3548 13867
" T4100% Rec.dose WSF 2.42 234 1.32 1.38 2613 2775 3717 437
Drio imieati
- Ts80% Rec. doge NF 2.46 229 1.31 1.33 2785 2836 4025 4147
. T4 80% Rec. dose WSF 2.42 2.34 134 1.35 25.17 2659 4224 4325
LTy 100% Ree. dose NE 2.40 241 1.41 1.40 33.36 3517 4710 4.3
~ Tg 100% Rec.dose WSF 2.50 2.40 1.38 1.42 3066 3400 4539 46.26
' Fertiali
i To 80% Rec. dosec NF 2.52 2.38 1.35 1.35 3237 3116 46.50 4735
" Ty 80% Rec. dose WSF | 2.47 2.42 1.38 1.41 20.56 29.15 4851 4624
- Ty 100% Rec. dose NF 2.59 2.51 1.39 1.42 33.58 3344 5310 5174
~ T12100% Rec. dosc WSF| 2.62 2.45 1.40 1.50 37.17 3649 5131 5099
i F test NS NS NS NS NS NS NS NS
L C.D, 3t 5% - - . . - -
Rec. Dose=150:75: SOkg N.P;O; K-,O/ha * = Significant NF = Normal fertilizer

DAS = Days after sowing

NS = Non-significant

WSF = Water soluble fertilizer

Contd..

i
|
Tassel
1994 1996
£83 592
6.39 6.44
6.73 6.59
NS NS
6.18 6.26
6.46 6.38
NS NS
6.33 631
6.30 6.32
NS NS
563 581
5.71 5.87
5.96 6.03
6.02 597
6.28 6.43
6.21 6.37
0.64 644
6.43 6.54
6.65 6.51
6.57 6.57
6.81 6.66
6.89 6.62 |
NS NS
- .
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Table-4.20: (Contd..) Dry matter distribution in maize as influenced by methods of irrigation,
levels and sources of fertilizer during 1994 and 1996

— . .
Dry matter distribution (g/plant) f
Treatments 60 DAS 90 DAS
Silk Cob sheath Cob Stem Leaf
1994 1996 1994 1996 1994 1996 1994 1996 1994 1996
Main treatments
I L IQ I’ l
I, Furrow 0.09 0.13 2.83 2.88 1.15 1.23 41.25 4640 2571 2736 i‘
L, Drip 011 014 320 323 136 142 4926 4994 3026 3204 |
I, Fertigation 0.12 0.15 3.45 3.41 1.55 1.58 5421 5302 3435 33.68 ,
F test NS . NS NS . . - b . .
CDat 5% - 001 - - 0.16 0.18 7.43 3.59 5.39 338
lizer level
L; 80% Rec. dose 0.10 0.13 3.0 3.12 132 1.38 4429 4766 2788 2936
1, 100% Rec. dosc 0.11 0.15 3.23 3.22 1.38 1.44 52.18 5191 3235 3269
F tost N3 N3 N3 N3 N3 NS NS NS N3 NS
C.D st 5% - - - - - - - - - -
| i
i’ 8; NF 011 014 317 318 135 142 4870 4962 3031 3108 !
L8 WSF 0.10 0.14 3.15 317 1.36 1.40 47.78 4996 2990 30.98 f
+ Ftest N3 NS NS NS NS N3 NS NS NS NS !
| C.D &t 5% . . . . . . . . . .
i Combined treatments
- Furrow mrigation

{

!
T, 80% Rec. dose NF 008 013 273 280 114 120 3869 4278 2418 2548 1
T, 80% Rec. dose WSF 009 010 280 293 111 116 3721 4457 2337 2581
T3 100% Rec. dosc NF 009 014 299 295 117 126 4521 4951 128.10 12961
T4100% Rec.dose WSF [ 0.10 0.14 282 320 118 130 4387 4874 2719 2854
Drip irrigation
Ts80% Rec. dose NF 013 013 312 320 131 139 4258 4918 27.74 2884
Ts 80% Rec. dose WSF 010 014 317 315 134 136 4551 4737 2539 30.06
T, 100% Rec. dose NF 012 013 326 320 138 144 5518 5202 34.15 3508
Tz 100% Rec.dosc WSF 010 016 323 327 141 149 53.77 5119 33.76 34.18
Fertigation
Ty 80% Rec. dose NF 011 013 339 339 153 160 5126 5040 3416 33.57
Ti080% Rec. dosc WSF [ 0.12 015 335 336 148 155 50.15 5169 3247 3242
. T;;100% Rec. dose NF {013 016 355 345 155 161 5891 5382 3355 3388
! T,2100% Rec. dose WSF [ 0.12 016 351 344 162 1.5 5616 56.19 3722 3485

F test N3 N3 NS N3 N3 N3 N3 N3 N3 N3
CD. at 5% - - - - - - - - . .
Rec. Dosc=150:75:50kg N.P,Os:K,O/ha  * = Significant NF = Normal fertilizer
DAS = Days after sowing NS = Non-significant ~ WSF = Water soluble fertilizer

Contd..
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Table-4.20: (Contd..) Dry matter distribution in maize as influenced by methods of irrigation,
levels and sources of fertilizer during 1994 and 1996

-
Dry matter distribution (g/plant) |
| Treatments 90 DAS At harvest |
5 Tassel Silk Cob sheath Cob Stem !
S 1994 1996 1994 1996 1994 1996 1994 19% 1994  19%
- Mam treatments |
" Imigation methods . (
' T, Furrow 1 2.70 3.05 0.62 0.69 11.37 1044 3121 3136 4673 4736 |
. I, Drip ‘ 3.19 349 074 073 1405 1437 3614 3609 499 5180 |
' I Fertigation 347 368 080 082 1693 1759 4081 3992 5319 5635 |
~ Fest P NS * * NS * . . NS . ;
C.D a1t 5% } 0.51 - on 0.11 - 379 466 624 - 624
Fertilizer levels | '
L, 80% Rec. dosc i 3.09 332 070 071 1248 12.02 3349 33.57 4800 50.20
L, 100% Rec. dose i 315 3.49 074 078 1575 1644 3857 3801 5152 5347
F test , NS N3 NS N3 N3 - NS NS N3 NS
C.D at 5% |- . - . 4,18 -
Fertilizer sources 1
S5; NF | 309 339 072 074 13.77 1364 3564 3556 49.62 52.26
3. WSF | 318 343 072 0.75 1447 1462 3641 3601 5030 5142 }
F test | NS NS NS NS NS NS NS NS NS NS ;
C.D at 5% , - . . - . . . . . .
Combined treatments é
Furrow irrigation Z 1
T, 80% Rec. dosc NF 2.5% 2.93 0.61 .63 B.55 8.87 2640 28.50 4385 46.54
T, 80% Rec. dose WSF = 280 300 059 067 1004 731 2894 2886 449 4436
T; 100% Rec. dose NF | 2.77 310 0.63 0.74 1271 1145 3430 3307 4764 4826
T4100% Rec.dose WSF = 2.70 317 066 072 1418 1413 3484 3500 5047 50.28
Drip_irrigation :
T:80% Rec. dose NF 314 3.38 0.70 0.71 1218 1148 3465 3428 4886 5174
Ts 80% Rec. dose WSF 3.18 3.44 0.72 0.68 11.36 12.80 33.28 3430 46.75 48.26
T;100% Rec. dose NF | 295 361 079 075 1709 16.06 3738 3841 5105 5335
T 100% Rec.dose WSF 348 3.53 075 0.78 1557 17.14 3925 3737 5318 5386
Fertieati ,
To 80% Rec. dose NF~ . 3.40 3% 077 078 1570 1515 3856 3636 5126 5595
Ti0 80% Rec. dose W3F | 3.45 3.60 035l 0.82 17.08  10.52 3942 39142 5235 5437
-~ Th; 100% Rec. dose NF [ 3.54 3.74 082 085 1637 1884 4253 4274 5507 5771 |
Ty2100% Rec. dose WSEF!  3.45 3182 0.81 0.83 1857 1985 4304 4145 5410 5737
F test | NS NS N3 N3 NS NS NS NS NS NS ‘
C.D. at 5% - - . - . . - - . . ;
- S

NS = Non-significant

Rec. Dose=150:75:50kg N:P,Os:K:O/ha * = Significant
DAS = Days after sowing

NF = Nommal fertilizer

WSF = Water soluble fertilizer

Contd..
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Table-4.20: (Contd..) Dry matter distribution in maize as influenced by methods ot irrigation,

levels and sources of fertilizer during

1994 and 1996

—

 Dry matter distribution (¢/plant)

Trcatments At harvest !
1
I Leaf Tassel Silk Cob shesth Cob [
} 1994 199 1994 199% 1994 1996 1994 1996 1994 19% _1‘
! |
Main treatments x l
Imigation methods :
I, Furrow 11774 1898 283 290 0357 059 1365 1297 105.73 110.2
L Drip f 2032 2176 341 341 066 0.55 16.06 1575 114.77 117.5.
I, Fertigation | 23.65 2347 3.50 3.55 1.71 0.68 17.83 1838 12086 1222 !
F test 1 * NS NS NS NS NS hd s * * |
. CDat5% 297 - - . i : 213 281 852 751
' Fertilizer lovels f |
L, 80% Rec. dose [ 1931 2033 317 324 0.62 0.62 1454 1463 11540 1144
" L, 100% Rec. dose 1 21.83 2247 332 333 0.67 0.65 17.15 16.68 116.03 1188
- Ftest . NS NS NS NS N3 NS . NS NS NS
C.D at 3% Lo - - - - - 2.53 - - -
Fertili
8, NF 2029 2131 125 3.29 0.64 0.63 1594 1536 114.15 116.4
S, WSF . 2085 21.50 324 329 065 064 17.77 16.04 113.43 116.8
" F test . NS NS NS NS N3 NS N3 N3 N3 N3
C.D at 5% - . . - . - - - - -
. Combined treatments |
- Furrow irrigation !
i T, 80% Rec. dose NF | 16.57 1828 278 287 055 056 11.66 11.05 10245 106.6.
T, 80% Rec. dose WSF = 1505 1763 270 284 053 05 1234 1147 10516 1087
T 100% Rec. dose NF 2019 1967 289 294 059 060 1547 15.19 108.53 111.3!
T4100% Rec.dose WSF © 19.15 2034 295 2.94 1.61 0.64 1511 14.17 106.78 114.1h
Drip frrigation j
Ts80% Rec. dosc NF ' 1816 1935 332 334 062 063 13.74 13.56 112.94 11520
T¢ 80% Rec. dose WSF l 1987 2193 330 331 064 065 1522 1518 11036 1155
- T7100% Rec. dose NF | 2194 2287 348 348 0.71 0.66 1816 17.77 119.52 1207
Tg100% Rec.doseWSF | 21.30 2289 3.54 3.51 0.67 0.65 1712 16.50 116.26 118.5.
- Fertigation |
' Ty 80% Rec. dose NF ‘ 2236 2317 348 3.55 0.69 0.68 17.56 17.10 118.57 1211«
| T1080% Rec. dose WSF | 23.84 21.65 3.45 3.53 0.71 0.66 16.71 1943 119.76 119.2° ¢
' Ty, 100% Rec. dose NF 2253 2450 35 355 071 0.67 1895 17.50 12287 123.5
+ T12100% Rec. dose WSF l 25.87 24.56 3.51 3.58 0.73 0.70 18.11 19.47 12224 125.0;
' F test : NS N3 NS N3 NS NS N3 NS NS NS |
t C.D. at 5% { - - - - - - - - - - ll
Rec. Dose=150:75:50ke N:P,0x: K;O/ha *= Slgmﬁcant NF Nonnal fcrtlllzcr

DAS = Days after sowing

NS = Non-significant  WSF = Water soluble fertilizer
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The corresponding dry matter values for stem (49.8 g and 49.2 g) and cob (1.5 g and
1.6 g) were also significantly superior to furrow method (351 g 382 g 11 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 imigation 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 compared 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 differemt treatments did not cause

significant response with respect to dry matter partition into different plant parts.

Dry matter distribution at 90 DAS

Dry matter distribution was significantly influenced by direct effect of imigation
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) in cob sheath and 40.89
g (1994) and 39.92 g (1996) in cob were significantly superior to firrow 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. The drip treatment was also
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significantly superior to furrow method with respect to dry matter in stem during 1994, leaf in 1996,
silk 1n 1994, cob sheath 1n 1996 and cob dry matter in 1994.

The dry matter partition did not vary significantly between the full dose (100%) and
reduced dose (80%6) 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 1dentical dry matter distribution 1n all plant parts.

Variations in dry matter partition due to interaction among main factors and their

levels were not found significant

Dry matter distribution at harvest

The data presented in Table 4.20 indicated that fertigation influenced the dry matter
distnbution 1n 1996 in stem (56.35 g), leaf (23.65 g) and cob sheath and in both the years in (17.83
and 18.38 g) and cob (120.8 and 122.2 g) compared to firrow 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 plaat” of cob in 1994 and
1996 correspondingly. The drip method was also significantly superior to firrow with respect to cob
dry weight (114.77 g plant) only in 1994 but was on par with either fertigation or furrow imgation
in the remaining stages and years.

The 100% fertilizer dose had higher dry weight of cob sheath (17.1 g) compared to
80% level (14.5 g). All other 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 for 30%otasselling and 50%6silking In maize

Data on number of days taken for 50% tasselling and 50% silking in maize a8
mfluenced by methods of imgation, levels and sources 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% tasselling due to levels or
sources of fertilizer and their interaction were not significant. Similarly, days taken for 50 silking

did not differ significantly due to different treatments under study.

4.5 Yield and its conponents in maize

4.5.1 Grain and stover yleld of maize (kg ha™)

Data on grain and stover yield of maize as influenced by methods of rrigation levels

and sources of fertilizer are furnished in Table-4.22.

Maize grain yield was significantly influenced by methods of irrigation both in 1994
and 1996. Highest yield of 475';and 471% 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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Table-4.21: Days taken for 5096 tasseling and 50%6 silking in maize as influenced by methods

of irrigation levels and sources of fertilizer during 1094 and 1996

Days taken for 50% tasseling  Days tf;kz-en for 50% silking'z

| Treatments 1994 1996 1994 199¢
— e . S —
. Main treatments
Irmgation methods
- I Furrow . 614 62.1 63.7 64.0
I; Drip 608 61.2 63.4 62.4
- I Fertigation . 595 54.8 62.7 61.7
" Ftest I * NS NS
~ CDat5% - 1.24 - -
- Fertilizer levels i |
. L, 80% Rec. dose 609 61.4 63.7 63.2
' Lz 100% Rec. dose | 603 60.7 63.0 622
" Fest . Ns NS NS NS |
C.D at 5% ; - - - - :
Fertilizer sources ;
8, NF 61.2 61.0 63.3 62.4
S; WSF . 599 61.1 63.3 62.1
F test NS NS NS NS
CDat5% - - - -
' Combined treatments :
Furrow irrigation :
- T 80% Rec. dose NF i 617 62.5 64.7 633
T, 80% Rec. dose WSF 62.3 63.4 63.8 65.5
- Ts 100% Rec. dose NF 62.4 61.7 62.3 64.4
+ T4100% Rec.dose WSF 5§94 60.9 64.2 62.8
- Drip irrigation
T;80% Rec. dose NF 604 61.8 64.5 62.2
- Te 80% Rec. dose WSF 61.5 59.9 63.8 63.1
- T7 100% Rec. dose NF 62.3 60.6 62.6 62.0 ‘
Ts100% Rec.doseWSF | 589 62.5 62.9 624 |
- Fertigation ] ‘
Ty 80% Rec. dose NF 60.3 61.3 63.0 61.7
T10 80% Rec. dose WSF 59.2 59.7 62.2 632
- Ty; 100% Rec. dose NF 60.1 58.4 62.7 60.8 |
| T12100% Rec. dose WSF 58.5 60.0 63.1 611
| F test NS NS NS NS ]
E.D. at 5% | - . - . ‘
Rec. Doge=150:75:50kg N:P,0s:K;0/ha  * = Significant NF = Normal fertilizer

DAS = Days after sowing NS = Non-significant WSF = Water soluble fertilizer
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differences were observed in grain yield of maize with the two levels of fertilizers (4433 and 4546
ke ha').

Grain 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 imgation 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 drip method (5523 kg ha') during
1996 (Table-4.22) (Fig.4.9). During that year, stover yield increased from 5449 kg ha' in reduced

dose (80%) to 5594 kg ha' with full dose 100%.
This parameter was not influenced by either source 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.

4.52 Yield attributes in maize

Data on yield components in maize as influenced by method of irrigation, levels and
sources of fertilizer are presented in Table-4.23.

Yield components exhibited significant response to methods of imgation. 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 irigated 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 yield (kg/ha) in maize as influenced by
fertigation, drip and furrow with levels and sources of
fertilizer (mean of two years)
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Fig 4.9 :Stover yield (kg/ha) in maize as influenced by
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fertilizer (mean of two years)
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recorded under fertigation than with furrow method (108 ¢ 113 g 233 ¢ and 237 ¢
correspondingly). Drip irrigation improved these parameters than obtained with furrow treatmeat
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 superior due to fertigation than with fisrow method (18.54 ¢m, 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 and furrow
in both the years.

However, the prolificity per cent 6.6 (1994) and 6.9 (1996) with fertigation wasa
significantly superior to fimrow imigation (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, the full dose resulted in insignificantly higher value for all other yield
attributes viz. grain weight per cob, test weight, cob girth, shelling and prolificity per centamivuien v

The WSF source improved most of the yield components marginally but not
significantly. So also, the interaction among irrigation methods, levels and sources of fertilizer was

not considerable on different yield attributes.



Table-4.23: Yield attributes in maize as influenced by method of imigation levels and

sources of fartilizer during 1994 and 1996

i 4o

Treatments

.
Immm. 5 hod
I; Futrow
I; Drip
1; Fertigation

F test

C.Dat 5%
Fertilizer levels
L, 80% Rec. dose
L; 100% Rec. dose

F test

C.D at 5%
Fertil
S; (NF)
S2 (WSF)
F test

C.D at 5%
Combined treatments
Furrow imrigation
T, 80% Rec. dose NF
T, 80% Rec. dose WSF
T5 100% Rec. dosc NF
T4100% Rec. dose WSF

Dnop mmigation

T:80% Rec. dose NF

T¢ 80% Rec. dose WSF
T; 100% Rec. dosc NF
T 100% Rec. dose WSF
Fertigation

Ty 80% Rec. dosec NF
Ty o 80% Rec. dose WSF
T}, 100% Rec. dose NF
T12 100% Ree. dose WSF
F test

C.D. at 5%

i
!
|
|
i

i

|

Grain weight/

100 seed

weight (g)
1994 1996
2335 2372
2487 2515
2577 2568
- .
177 147
2419 2448 |
2515 2522
NS NS !
|
2460 2484 |
474 2486 |
NS NS
' o
226 2272
2292 2348 |
239.6 2450
2428 2418
2464 2488
2412 2485
2520 2572
2554 2515
256.6 2538
2552 2556 |
2588 2583 |
2604 2597 |

NS

NS

Grain Grain
number/row number/cob cob (p)
1994 1996 1994 1996 1994 1996
P 321 338 467.0 4753 108 113
I 347 35.2 488.6 4875 120 122
373 i 5050 4987 127 128
L] NS . NS L] [ ]
3.7 - 23.6 . 11.0 11.0
336 342 474.1 480.9 114 118
358 36.5 499.7 4934 123 124
* NS * NS NS NS
1.9 - 21.6
348 354 4852  486.1 118 121
34.7 352 4886  485.3 119 121
NS NS N3 N3 N3 N3
296 322 444 6 462.6 98 106
30.7 31.2 460.2 4732 105 111
349 36.6 490.2 4808 116 118
332 353 473.0 484 6 i15 117
342 333 4792 481 8 117 120
343 348 478.4 4813 114 119
35.7 36.2 505.2 4917 126 125
348 36.1 491.6 4952 124 124
36.8 368 486.2 4945 124 125
36.2 36.7 4960 4922 126 126
374 372 505.6 504.7 130 130
388 37.5 532.4 503.4 128 131
NS NS NS NS NS NS
* = Significant NF = Nommnal fertilizer

Rec. Dose=150:75:50kg N:P,0s:K,0/ha

DAS = Days after sowing

NS = Non-significant

WSF = Water soluble fertilizer

Contd
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Table-4.23 (Contd..) Yield attributes in maize as influenced by method of irrigation)levels

and gources of fertilizer durine 1994

cas

vy

and 1996

Cob length(cm) Cob girth cm) Shelling(%o) Prolificity (%)
Treatments 1994 1996 1994 1996 1994 1996 1994 1996
Main treatments
Imigation methods
I, Furrow 1763 18.54 1532 1578 7398 7299 496 5.52
I; Drip 1850 1988 1620 1665 7635 476 621 5.96
I; Fertigation 1920 2035 1677 17.00 7818 7630 6.65 6.89
F test N3 . * . N3 N3 . -
C.D at 5% - 1.43 1.20 093 . - 099 0.73
Fertilizer level
L: 80% Rec. dosc 1793 1878 1568 16.14 7506 7431 5.70 6.00
L, 100% Rec. dose 1895 2040 16.51 1681 7729 7492 617 6.25
F test NS . NS NS NS NS NS NS
C.D at 5% - 0.70 - - . - - .
Fertilizer sources
S (NF) 18.43 19.61 1614 1620 7637 7469 587 6.08
S; (WSF) 1845 1957 1605 1675 7597 7455 6.01 6.16
F test N8 NS NS NS NS NS NS NS
C.D at 5% . . . . . . . .
Combined treatments
Furrow irrigation
T, 80% Rec. dosc NF 17.51 1735 1426 1524 73.08 72.53 5.15 4.86
T, 80% Rec. dose WSF 1628 178 1487 1573 7218 7161 450 579
T; 100% Rec. dose NF 1844 1985 1613 1493 7571 7384 436 6.09
T4100% Rec. dosc WSF 1829 19.10 1602 1722 7495 7319 583 5.35
Drip itrigation
Ts80% Rec. dosec NF 1722 1936 1580 1598 7563 7417 59 5.84
Ts 80% Rec. dose WSF 1840 1872 1557 1660 7528 7535 5.75 i |
T, 100% Rec. dose NF 1926 2036 1681 16.78 7667 7485 672 6.11
Tg 100% Rec. dosc WSF 19.11 21.08 16.61 1724 7782 7469 6.47 6.18
Fertigation
To 80% Rec. dosc NF 1897 1956 1702 1674 7696 7537 6.66 6.77
T,0 80% Rec. dose WSF 19.21 1983 1655 16.53 7724 7684 627 7.03
Ty; 100% Rec. dose NF 1920 2116 1684 1753 8016 7738 64 6.83
T,2100% Rec. dose WSF | 1942 2085 1667 1720 7836 7560 723 6.93
F test NS NS NS

C.D. at 5%

NS

NS

NS

NS

NS

Rec. Dose=150:75:50kg N P;05:K,0/ha
DAS = Days after sowing

* = Significant
NS = Non-significant

NF = Normal fertilizer
WSF = Water sotuble fertilizer




4.6 Growth characters in sunflower

4.6.1 Plant heigiht of sunflower

Plant height recorded at 30, 60 DAS at harvest as influenced by methods of imigation,
levels and sources of fertilizer is presented in Table-4.24.

Plant height differed significantly due to urrigation ruethods only in 1997 at 30 DAS
and both the years 1995 and 1997 at 60 DAS. It was the highest (42.6 cm) with fertigation at 30
DAS in 1997, 159.7 c¢m 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 irrigation at the
same stages as above were also significantly superior to furrow method but on par with fertigation.
Though fertigation maintained increased plant height even at harvest, it was not significant over drip

or furrow treatments.
Plant height did not vary significantly due to fertilizer levels except at 60 DAS in

1995 wherein full 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 different growth stages.

4.6.2 Leaf area In sunflower

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 xmgatlon levels and

sources of fertilizer during 1995 and 1997
.
Plant helght (cm) |
Treatments 30 DAS 60 DAS 90 DAS
1995 1997 1995 1997 1995 1997
Main treatments
Irrigation methods
I, Furrow 38.6 374 146.9 1302 176.6 167.4
I; Drip 42.9 41.5 156.2 142.4 185.2 173.8
I; Fertigation 45.7 42.6 159.7 146.1 184.8 175.7
| Ftest . NS * * * NS NS
| CDat5% R 331 8.10 10.2 . .
| Fertilizer levels )
| L, 80% Rec. dose | 416 39.7 152.3 1372 180.1 170.2
| L2 100% Rec. dose | 433 41.3 156.2 1419  183.0 174.4
} F test 1 NS NS NS NS NS NS
| CDat5% - . . - . .
. Fertilizer sources |
‘ S| NF 42.4 40.2 154 .4 139.8 181.0 1732
| S WSF 42.5 40.8 154.1 1394 1821 1715
| Ftest NS NS NS NS NS NS
| CDats% - . . - - -
Combined treatments |
Furrow _imigation
T, 80% Rec. dose NF 38.2 36.2 142.9 1255  173.5 162.3 |
| T, 80% Rec. dose WSF 374 37.6 145.5 1286 1847 1658
T; 100% Rec. dose NF 39.6 38.1 152.8 133.7 1782 1722
T4100% Rec. dose WSF 39.2 37.7 146.4 133.2 170.0 1693
Drip irrigation
Ts 80% Rec. dogse NF 41.5 41.5 152.6 138.6 177.% 170.9
Ts 80% Rec. dose WSF 422 39.2 155.7 1417 17182 168.3
T, 100% Rec. dose NF 44.1 418 158.2 146.5 187.2 178.6
T; 100% Rec. dose WSF 43.9 435 158.3 1428 1899 177.4
, Fertigation ;
" T 80% Rec. dose NF 44.7 412 160.7 1458 1836 1805
\ Tio 80% Rec. dose WSF 45.8 42.5 156.5 1432 183.0 173.6 |
| T), 100% Rec. dose NF 46.0 125 159.2 1487 1862 1742 |
T);100% Rec. dose WSF 46.3 442 162.4 146.7  186.6 1745
F test NS NS NS NS NS NS
CD. at 5% - - - - - .
S R _ R
Rec. Dose=63:75:63 kg N:P,0sK,0/ha * = Significant NF = Normal fertilizer

DAS = Days after sowing N3 = Non-significam

WSF = Water soluble fertilizer



Table-4.25: Leaf area in sunflower as influenced by methods of urigation level and sources

of fertilizer during 1995 and 1997

Treatments

Main treatments
Irrigation methods
I) Furrow
I; Drip
I3 Fertigation

F test

C.Dat 5%
Fertilizer levels
L, 80% Rec. dose
L2 100% Rec. dose

F test

C.D at 5%
Fertilizer sources
S; NF
S2 WSF
F test

C.D at 5%
Combined treatments
Furrow _imigation
T: 80% Rec. dose NF
T, 80% Rec. dose WSF
T3 100% Rec. dose NF
T4100% Rec. dose WSF

Drip _imgation

Ts80% Rec. dose NF

Ts 80% Rec. dose WSF
Ty 100% Rec. dose NF
T 100% Rec. dose WSF
Fertigation

Ty 80% Rec. dose NF
T)o 80% Rec. dose WSF
T} 100% Rec. dose NF
T2 100% Rec. dose WSF
F test

C.D. at 5%

- - ..

Rec. Dose=63:75:63 kg N:P.Os:K:0/ha

DAS =Days after sowing

NS = Non-significant

2
_ " Leafarea (cm¥plant)
30 DAS 60 DAS

1995 1997 1995 1997
470.2 4432 2438.6 23273
487.3 4592 2486.1 2383.5
496.2 462.3 2517.3 2411.3

NS  J * x

- 10.8 58.5 63.5

478.1 4479 24399 23434
491.0 461.9 25214 2404.7

NS * * NS

- 12.5 73.6 -

483.1 4543 2470.3 23669
486.0 455.5 2491.0 2381.2

NS NS NS NS
465.2 440.1 23574 23273
462.2 433.2 24394 2260.2
470.1 4473 2504.2 2356.1
4833 4522 24533 23656
475.2 440.3 2406.5 2324.2
484.1 453.1 2457.6 2359.1
501.7 468.2 25173 2435.6
488.2 475.2 2563.0 24151
488.3 464.6 2478.1 2374.3
4938 456.3 2500.3 2415.2
498.3 465.1 2558.6 2384.2
504.4 463.2 25322 24715

NS NS NS NS

* = Significant NF = Normal fertilizer

WSF = Water soluble fertilizer

K&



ettt
||u|u|lll|||“

Leaf area (cm’)
WrrEeL R

Fig.4.10 : Leaf area in sunflower at 60DAS as Influenced
by fertigation, drip and furrow with levels and sources of
fertilizer (mean of two years)
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The leaf area responded significantly due to methods of irrigation. Highest leaf area
(462.3 cmz) recorded at 30 DAS 1n 1997 and at 60 DAS both 1n 1995 and 1997 (2517.3 cm* and
2411.3 cm® respectively) was significantly superior to corresponding leaf area (443.2 cm’, 2438.6
cm?® and 2327.3 cm?) registered by furrow imgated 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 firrow 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 leafl asea
Recommended level of 100% WSF (463 to 2532 cm’) or 80% NF applied to soil in fiurow method

(440 to 2327 cm’ leaf area) statistically brought similar results in leaf area.

4.6.3 Number of leaves per plant in sunflower

Data on number of leaves per plant recorded at 60 DAS in sunflower as influenced by
methods of imigation levels and sources of fertilizer are presented in Table-4.26.

Number of leaves per plant differed in the first year 1995 being significantly higher
(33.8 per plant) in fertigation than furrow (26.5 leaves per plant) but was on par with drip 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 finrow treatments respectively during 1997 were not statistically
gignificant.

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

statistically 1dentical.
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Tuble-4.26: Number of leaves per plamt in sunflower at 60 days after rowing a& influenced by

methode of irrigation levels and sources of fertilizer during 1

995 and 1997

P V341 I Sy

No. of leaves/plant ~{
Treatments 1995 1997 |
N S , ; R
80% 100% Mean 80% 100% Mean
Rec. dose  Rec. dose Rec. dose  Rec. dose |
4y (L2) (L) (La) |
Main treatments
Irrigation methods ;
1, Furrow 25.6 27.3 26.5 26.0 255 258
I Drip 29.8 32.6 31.2 26.9 31.5 29.2
I; Fertigation 33.3 343 33.8 30.5 32.4 31
Mean 29.6 31.5 27.8 29.8
Fertilizer sources
S, NF 29.7 313 305 283 303 293 |
S, WSF 295 315 30.5 27.3 293 283 |
Mean 29.6 315 27.8 29.8
Irrigation methods NF(S1)  WSF(52) NF(S1)  WSF(S2)
I, Furrow 26.8 26.1 26.5 25.4 26.2 258
I; Drip 31.3 31.3 31.2 29.9 28.4 29.2
I3 Fertigation 336 339 338 326 303 315
Mean 30.5 2 3%s 293 283
I L L I L L |
L;-100%R.D. S5i-NF 26.2 29.1 339 26.6 27.5 30.9
S2-WSF 25.1 30.6 12.7 25.5 26.3 302
Lr- 80%R.D. Si-NF 27.5 33.1 334 24.2 324 344
S5;-WSF 27.2 32.1 35.2 26.9 30.6 30.5 (
F-test C.D at 5% F-test C.D at 5% !
I * 4.7 NS - k
L NS - NS i 5
S NS - NS . :
IxL NS - NS . :
LxS NS - NS - |
IxS NS - NS - l
IxLx$ NS - NS - j
. - e e _,-_W___l
Rec. Dose=63:75:63 kg N:P,05:K,0/ha * = Significant NF = Normal| fertilizer

DAS = Days after sowing

N3 = Non-significant

WSF = Water solublc fertilizer
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Fertilizer sources did not bring differences in number of leaves per plant. Interaction

effects were also absent.

4.6.4 Leaf area index (LAI) in sunflower

The LAIrecorded at 30 and 60 DAS as influenced by various treatments under study
18 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 with each other.

However, at 60 DAS fertigation registered the highest LAI of 1.40 (1995) and 1.34
(1997) which was significantly superior to furrow method where the LAI was 135 and 1.29
respectively. Drip nrigation method with 1.38 and 1.32 LAl 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 LAl 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
gecond year than in the first year. At 30 DAS, in 1995 fertigation had the highest DMA (7.38 g
plant) significantly superior to furrow (7.18 g plant' DMA) but statistically identical to drip (7.29 g

piant* DMA) which in turn was on par with furrow treatment.
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Table-4.27. Leaf Area Index (LAI) in sunflower as influenced by methods of irrigation,
levels and sources of fertilizer during 1995 and 1997

Leaf area Index
Treatments 30 DAS 60 DAS
1995 1997 1995 1997
Main treatments
Imigation methods
I; Furrow 0.26 0.24 1.35 1.29
L Drip 0.27 0.25 1.38 1.32
Lz Fertigation 0.27 0.26 1.40 1.34
F test NS NS . »
C.D at 5% - - 0.03 0.04
Fertilizer levels
L; 80% Rec. dose 0.26 0.25 1.35 1.30
L, 100% Rec. dose 0.27 0.26 1.40 1.33
F test NS NS NS NS
C.D at 5% - . . .
| Fertilizer sources
. Si NF 0.27 0.25 1.37 1.31
S2 WSF 0.27 0.25 1.38 1.32
F test NS NS NS NS
C.D at 5% - . . -
Combined treatments
Furrow imgation i
T; 80% Rec. dose NF 0.26 0.24 1.31 1.29 |
. T,80% Rec. dose WSF | 0.26 0.24 1.35 1.25 ¢
T3 100% Rec. dose NF 0.26 0.25 1.39 131
| T4100% Rec. dose WSF 0.27 0.25 136 131
| i
. Drip_imgation |
| T580% Rec. dose NF 0.26 0.25 1.34 129 |
T, 80% Rec. dose WSF 0.27 0.25 1.36 131 |
T, 100% Rec. dose NF 028 0.26 1.40 135 |
Tz 100% Rec. dose WSF 0.27 0.26 1.42 134 |
Fertigation |
T, 80% Rec. dose NF 0.27 0.26 138 132
T)o 80% Rec. dose WSF 0.27 0.25 1.39 134 |
Ty 100% Rec. doseNF . 0.28 0.26 1.42 1.32 i
Ti2100% Rec. dose WSF | 0.28 0.26 1.40 137
F test NS NS NS NS
C.D. at 5% - - . -
Rec. Do3c=63:75:63 kg N:P,0s:K;O/ha  * = Significant NF = Normal fertilizer

NAQC — Nanre afrar satminn NIC — Wan ocianificant \ITQE‘ — Watar cahihla fortilivor
/PN < Asayo aslul dUYYAMLAG 1W0 T lvULEdlglIIIL A L T VY GluE JUILUSL vl it vl
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Table-4.28: Total dry matter accumulation in zunflower as fluenced by methods of

irmgation, levels and sources of fertilizer during 1995 and 1097

t Total dry matter accumulation(g/plant)
Treatments ; 30 DAS 60 DAS At Harvest
1995 1997 1995 1997 1995 1997

: S
Main freatments |
Irrigation methods ;
I, Furrow 718 6.69 68.84 66.16 96.77 90.39
~ LDrip - 7.29 6.81 80.84 7641  109.13  101.18
L Fertigation 738 6.85 86.10 84.46 112.45  105.56
F test | NS . . . .
C.D at 5% 01 - 9.57 11.71 11.53 10.18
Fertilizer levels ‘

L; 80% Rec. dose L 1.2 6.71 75.95 73.45 103.41 9585
L; 100% Rec. dose - 7.34 6.86 81.24 77.89 10883  102.24
F test . NS NS NS NS NS NS
C.D at 5% , : . . - ;

Fertilizer sources

St NF 730 6.81 78.89 75.64 10582  98.99

S» WSF 7.27 6.78 78.29 7570  106.41 99.09

F test NS NS NS NS NS NS
 CDat5% b - . . . .

Combined treatments

Furrow _irmigation

T, 80% Rec. dose NF 71 6.67 65.36 63.46 93.70 86.56

T, 80% Rec. dose WSF 7.09 6.54 66.20 65.18 90.48 88 34

Tz 100% Rec. dose NF 7.34 6.78 70.14 68.63 103.17  95.23

T4100% Rec. dose WSF 7.18 6.76 73.65 67.38 99.90 91 43

 Dnip_imgation ?

" T580% Rec. dose NF | 1.28 6.72 79.10 74.73 106.83 98 46
T, 80% Rec. dose WSF 7.20 6.68 76.90 70.65 108.08 9530
T, 100% Rec. dose NF 736 6.97 84.41 78.80 106.74 104 68
Ts 100% Rec. dose WSF 7.35 6.87 82.95 81.46 114.88  106.29

- Fertigation !

- Ty 80% Rec. dose NF 735 6.84 84 .71 82.53 109.60 10195

' Ty 80% Rec. dose WSF  7.34 6.80 83.42 84.18 111.92 10447

| Ty, 100% Rec. dose NF 738 6.87 89.64 85.70 11491  107.09

" T\2100% Rec. dose WSF 7.45 6.90 86.62 85.36 113.37 107.73

F test NS NS NS NS NS NS

| C.D. at 5% - - - . - -

Sienifican NF = Normal fertilizer

L=
DAS = Days after sowing NS = Non-significant WSF = Water scluble fertilizer
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Muaximum DMA of 84,46 g-11245 5 plant’ recorded with fertignted sunflower from
60 DAS to harvest in both the vears was significant as compared to DMA (66.16 g to 96.8 g 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. The 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 distribution in sunflower

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.

Dry matter distribution at 30 DAS

The leaf as well as stem dry matter was significantly improved from 3.84 gand 3.12 g
respectively in furrow imrigation 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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Table-4.29: Dry matter distribution in Sunflower as influenced by methods of irmigation,

l o r g .
levels and sonrces of fartitizer during 1995 and 1097

¥

i

=

|
!

Treatments

Main treatments
Irigation methods

I; Furrow

| LDrip
| I; Fertigation

F test
C.D at 5%

| Fertilizer levels
' Li 80% Rec. dose
L; 100% Rec. dose

F test
C.D at 5%
Fertilizer sources

S (NF)
5, (WSF)
- Ftest

C.D at 5%

. Combined treatments
- Furrow imgation
- 'T; 80% Rec. dose NF

T, 80% Rec. dose WSF
T; 100% Rec. dose NF
T4 100% Rec. doge WSF

. Dnip_umgation
" Ts80% Rec. dose NF
Ts 80% Rec. dose WSF

T; 100% Rec. dose NF
Ts 100% Rec. dose WSF
Fertigation

Ts 80% Rec. dose NF

T 80% Rec. dose WSF
T;; 100% Rec. dose NF
T;;100% Rec. dose WSF
F test

; C.D. at 5%

i
It e~ =

Ree. Dose=63:75:63 kg N:P,OsK;0/ha

NN TN B ol
DAD = DEYS AT 50Wilg

T

.

BT I

30 DAS
Stem Leaf

1995 1997 1995 1997
384 3.57 3.34 312
393 3.63 3.36 317
3.96 3.64 3.42 3.22

" NS NS *
0.08 - - 0.08
3.86 3.58 3.36 3.13
3.95 3.65 3.39 3.21

* NS NS NS
0.06 - - -
3.92 3.60 3.38 3.19
3.90 3.62 3.37 3.15
NS NS NS NS
3.75 3.50 3.36 3.14
379 3.61 331 2.97
4.00 3.56 3.34 3.23
382 3.61 336 3.15
3.89 3.59 3.36 3.13
3.90 3.53 3.30 3.15
3.95 3.75 341 3.19
3.98 3.65 3.37 3.22
3.95 3.61 3.39 3.23
3.92 3.63 342 3.17
3.96 6.62 342 3.25
4.00 3.70 3.45 3.23
NS NS NS NS

* = Significant

- T WT... . ..M% . _ ...
IND = INOH-SIZIICE

| Dty matter distribution (p/pfmt)

95

60 DAS |
Stem Leaf

1995 1997 1995 1997
36.18 3568 1835 16.11
4082 38.19 2327 2224
4226 4270 26.51 24137
] [ ] | L]
4 46 3.64 5.79 5.65
39.17 3804 2176 20.21
40.33 3967 2367 21.60
NS NS NS NS
40.32 3899 2273 21.36
39.18 3872 24.10 20.46
NS NS NS NS
3477 3605 1792 14.66
36.05 35.27 1597 16.05
37.26 36.14 1843 1641
3664 3528 2108 1733
4098 37.76 23.00 21.71
3877 3566 21.86 20.84
4232 3814 2405 2757
41.21 41.20 2418 18.84
4256 4126 2572 23.65
4192 4225 2606 2436
4405 4462 2723 24.13
4052 4262 2703 2534
NS NS N3 NS

o

NF = Nommnal fertilizer
ALARJad ol L | SNSRI SN N DY PP I
WO = wWaldl S01uliC 1ICI1ULCT

Contd..



Table-4.29: (Contd..) Dry matter distribution in sunflower as influenced by methods of
irrigation, levels and scurces of fertilizer during 1995 and 1997

S

![ | Dry matter distribution (g/plant)

| Treatments : 60 DAS At Harvest

: : Head Stem Leaf Head

oo 1995 1997 1995 1997 1995 1997 1995 1997

- Main treatments

. Irrigation methods .

" I Furrow ' 1431 1445 3387 3016 1578 1552 47.24 447
L Drip ' 16.58 1598 36.54 3465 1889 1675 53.71 49.8S

) Fertigation © 1743 1694 3789 3571 1837 17.21 5619 5264

: F test » % * ] * NS % %

i C.D at 5% 0 2.25 1.27 2.90 3.89 2.13 - 6.10 5.38

- Fertilizer levels

- L; 80% Rec. dose 1564 1491 3466 3213 1722 1627 5167 4750
L; 100% Rec. dose 16.57 1667 3755 3489 1814 1672 5309 5063

" Ftest . NS NS NS NS NS NS NS

C.D at 5% 0.87 - - - - - - .

Fertilizer sources ‘
SiNF . 1599 1556 3645 33.68 1844 1691 51.18 4845
S; WSF ''16.23 1601 3576 3333 1692 1608 5358 4968

F test NS NS NS NS NS NS NS NS

. CDat5% - - . - . . - -

. Combined treatments

- Purrow irrigation |

' T} 80% Rec. dose NF 1297 1275 33.76 2885 1678 1605 4316 4165

T; 80% Rec. dose WSF . 14.88 1386 31.00 3016 1456 14.14 4525 4404

T; 100% Rec. dose NF 1415 1608 36.14 3224 1602 1584 5101 4715
' T4100% Rec. dose WSF ' 15.24 1510 34.60 2938 1576 16.05 4954 46.00
- Drip_irmigation ‘
 T580% Rec. dose NF ; 1625 1526 3656 3315 1836 1717 5324 4844
' Ts 80% Rec. dose WSF 15.97 1415 3326 32.24 1697 1615 5684 46388
| T, 100% Rec. dose NF ' 17.34 1642 3726 3637 2016 1724 4932 5107
* T3 100% Rec. dose WSF - 1676 18.09 39.08 36.84 20.07 1644 5543 53.01
. Fertigation
. Ty 80% Rec. dose NF 1736 1589 36.75 3525 1855 1684 5436 4986
' T)o 80% Rec. dose WSF | 1644 17.57 36.60 3310 1810 1725 5716 5412
' Ty; 100% Rec. dose NF 17.85 17.00 3821 36.24 20.75 1832 56.00 5253

T12100% Rec. dose WSF | 18.07 17.32 40.00 38.25 16.08 1643 57.24 54,05

F test NS NS NS NS NS NS NS NS
C.D. at 5% - - - - - - - -
Lo i O e

Kec. D03¢=63:75:63 kg N:F;0sKo0ma  ~ = Sigmificant NF = Normal fertilizer
DAS = Days after sowing NS = Non-significant WSF = Water schuble fertilizer



97

RN o

Significaitly superior stem dry weight (3.85 &) was observed with 100%
recommended dose than with 80% recommended dose (3.86 ¢) n 1995. Except this. increased leaf
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.

Dry matter distribution at 60 DAS

The data presented in Table-4.29 indicated that dry matter distribution 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 weight at 60 DAS from 14.31 g in furrow
to 1743 g plzmt'l during 1995. Head dry matter (16.58 g) recorded with drip was on par with
fertigation but superior to furrow method. The corresponding values of 1445 g, 16.94 g and 15.98 ¢
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 observation. However, significant increase was noticed only in
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g plaiit wiui the 100% dose was superior over 15.64 g
recorded with 80% dose.

Response of sunflower in terms of dry matter partition into leaf, stem and head due to
sources of fertilizer was not significant. Dry matter differences in stem, leaf and head due to

treatment combinations were all non-significant.

Dry matter distribution at harvest

Dry matter differences were significant due to direct effect of imgation methods
barring leaf dry weight in 1997. The highest stem dry weight of 37.89 g and 35.71 g in 1995 and
1997 respectively recorded with fertigation was significantly superior to furrow imgated 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 fertigation, drip
and furrow followed similar trend as that of stem dry weight 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 dnp method
53.71 g and 49.85 g were on par with fertigation but superior to furrow 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 partition. 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 2~ 57.24 g) drv matter compared to dﬁp (32.24 g to 39.88 2 16.15 g to 20.16 g and
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49.86 x tv 36,83 x vorrespondingly) and furrow (28.85 gto 36.14 g, 14.14 g to 16.78 g and 41,65 g

to 51.07 g respectively) the response was not significant

4.6.7 Days taken for S0%flowering in sunflower

Flowenng in sunflower was influenced due to treatments imposed only in 1997
(Table-4.30). Fertigation significantly advanced days taken for 50% flowering by four days as
compared to 59 days when the crop was firrow irrigated Flowering under drip imigation (57 days)
was statistically equal to both fertigation and firrow 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 Stemdiameter 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 firrow to 28.2 cm in drip and 29.6 in
fertigation wherein the latter two treatments were significantly superior to furrow 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 among treatment factors and their ievels.



Tuble-4,30: Duyn tuken for 504 flowering and stem diameter at harvest in sunflower as

influenced by methods of irrigation, levels and sources of fertilizer during 1995 and 1997

B "
|
Days taken for 50% Stem dia meter at harvest
Treatments flowering (mm)
1995 1997 1995 1997 ‘
i A —
Main treatments
Irrigation methods
I; Furrow 57.92 59.25 25.50 25.90
L, Drip . 56.18 56.92 28.20 27.40
L; Fertigation . 56.42 55.08 29.60 28.00
F test ‘ NS * * NS
C.D at 5% | - 2.92 2.67 -
F27Zertilizer levels !
L; 80% Rec. dose L 56.72 57.83 26.80 26.30
L; 100% Rec. dose . 56.94 56.33 26.70 27.90
F test . NS NS NS NS
CDat 5% | - - - -
Fertilizer sources
St NF | 56.94 5§7.17 27.10 26.10
S; WSF . 56.72 57.00 28.40 28.10
F tost NS NS NS .
C.Dat 5% i - - - 19
Combined treatments ‘
Furrow irrigation
T, 80% Rec. dose NF . 56.67 5933 23.80 24.50
T, 80% Rec. dose WSF 58.00 61.67 24.60 23.40
Tz 100% Rec. dose NF | 56.67 58.67 27.20 26.50
T4100% Rec. dose WSF | 60.33 §7.33 26.40 29.20
Drip irrigation ‘
Ts 80% Rec. dose NF * 57.00 58.67 27.80 25.70
Ts 80% Rec. dose WSF - 56.00 56.67 28.60 29.80
T; 100% Rec. dose NF 57.33 55.00 26.00 26.80
Ts 100% Rec. dose WSF 54.33 57.33 30.40 27.30
Fertigation ‘
To 80% Rec. dose NF 57.33 56.00 28.50 26.50
Tio 80% Rec. dose WSF 55.33 54.67 27.80 28.10 :
Ty; 100% Rec. dose NF 56.67 55.83 29.50 26.40 |
T)2 100% Rec. dose WSF 56.33 54.33 32.60 31.00 ?
F test NS NS NS NS
~ CD.at5% - - - -
L e I S |
Ree. Dose=63:75:63 kg NP,0sK;0/ha * = Sigmificant NF = Normal fertilizer
DAS = Days after sowing NS = Non-significant  WSF = Water sohible fatilizer
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4.7 Yield and its components in sunflower

4.7.1 Seed and stalk yield of unflower (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 significant 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 fertigation.
Drip irrigation recorded 1518.7 kg ha™ seed yield which was significantly superior over furrow but
was on par with 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 irrigation. However,
the/drip treatment was on par with both fertigation and furrow method (Fig. 4.12).

Fertilizer levels did not evince significant reponse 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 differences
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 drip (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 fertigation.
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Seed yield (kg/Ma)

100%NF

100%WSF

Fig. 4.12 Seed yield (kg/ha) In sunflower as influenced by
fertigation, drip and furrow with levels and sources of fertilizer
(mean of two years)
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The recommended tertilizer dose (100%) had signiticantly higher stover vield only 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 Yield components in sunflower

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. The seed yield
per plant (33.5g) and number of seeds per head (975) were significantly higher in the fertigation
treatment in 1995 than furrow 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 significantly superior under fertigation than with
furrow (687, 652, 73.8% and 74.7% respectively) treatment but were on par with drnp 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 supenor to furrow (3.79
g and 3.81 g) but was statistically equal to that obtained under drip (4.07 and 4.04 g).

The data on husk per cent in 1995, threshing per cent as well as head diameter (Table-

4.32) also indicated the consistencv of fertigation treatment in significantly improving these vield
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Table-4.32; Yield attributes in sunflower as influenced by methods of umigation levels and
sources of fertilizer during 1995 and 1997 )

-
Seed Yield
Treatments (g/plant)
1995 1997
Main treatments |
I Irrigation methods
1y Furrow ‘ 26.61 25.21
L Drp 31.66 30.07
I; Fertigation | 3353 32.24
F test . .
C.D at 5% | 3.54 5.02
Fertilizer levels ]
i Ly 80% Rec. dose 2947 2771
. L3 100% Rec. dose - 31.73 3064
. Ftest . NS *
. CDat5% |- 2.64
. Fertilizer sources |
. $1(NF) | 3084 28388
. S, (WSF) . 30.35 2947
' Fiest NS NS
- CDat5% - -
. Combined treatments
' Furrow imgation !
T, 80% Rec. dose NF | 25.71 23.97
T; 80% Rec. dose WSF | 24.84  23.48
- T; 100% Rec. dose NF 29.04 27.05
- T4100% Rec. dose WSF ' 26.85  25.68
i Drip_imigation
| Ts80% Rec. dose NF 30.84 2855
i Ts 80% Rec. dose WSF 30.06 27.32
| T; 100% Rec. dose NF | 33.00 3128
Ts 100% Rec. dose WSF | 32.74 33.15
. Fertigation
- Ty 80% Rec. dose NF 32.88 2988
| Tio 80% Rec. dose WSF | 32.50 33.04
' Ty; 100% Rec. dose NF | 33.60 32.56
- T12100% Rec. dose WSF | 35.14 33.58
F test NS NS

liD' at 5%

Rec. Dose=63:75:63 kg N:P.Os:K;O/ha  * = Significant

DAS = Days after sowing

-

No. of No. of filled Filling
seeds/head seeds/head

1995

1997 1995 1997 1995

917
958
975

43

907
993

31

950
949
NS

890
845
933
1000

934
887
1015
996

934
950
998
1018
NS

873 678 652 73.8
933 742 722 774
940 784 745 80.5

- 56 71 4.4
888 695 676 76.6
942 774 737 77.9
NS * * NS

- 47 32 -

904 731 698 76.8
926 738 714 77.7
NS NS NS NS

830 642 618 72.1
863 622 635 73.6
930 703 704 75.4
869 744 652 4.2

928 700 693 75.0
886 685 671 771
925 802 735 79.0
995 782 789 78.5

897 750 707 80.0
925 774 732 81.5
918 791 734 79.3
1020 823 808 812
NS NS NS NS

NF = Normal fertilizer

NS = Non-significant ~ WSF = Water soluble fertilizer
oujy..

(%)

1997

[

4.7
77.6
794

32

76.5

| ]

0.8

71.5
78.0
NS

74.5
73.6
758.7
75.0

76.8
757
79.4
78.5

78.8
79.6
80.0
79.2




Table-4.32: (Contd.) Yield aftributes in sunflower as influenced by methods of irrigation
levels and sources of fertilizer during 1995 and 1997

o e - e
Treatments 100 seed Husk % Threshing %  Head diameter
weight (g) (cm)
| 1995 1997 1995 1997 1995 1997 1995 1997
Main treatments i
| Irigation methods
| I) Furrow 3.79 381 3253 3253 5640 S56.01 126 12.7
L Drip 407 404 31,70 31.26 59.22 58.18 144 14.1
I; Fertigation 4.24 416 3100 3175 S988 6256 152 14 8
F test » ] [ NS » » L L]
C.D at 5% 0.22 0.26 1.12 - 2.33 4.78 13 1.2
Fertilizer levels
L1 80% Rec. dose 391 383 3227 3196 5802 5782 13.5 13.3
L, 100% Rec. dose 415 412 3111 31.74 5898 60.02 14.6 14 4
| F test ro» NS NS NS NS NS NS .
C.Dat 5% | 0.17 . . . . - - 0.90
. Fertilizer sources !
. S| NF) | 401 396 3198 3280 59.55 59.62 137 138
LS (WSF) ’ 4.05 405 31.51 3089 5745 5822 144 13.9
| Ftest ' NS NS NS » * NS NS NS
C.D ot 5% b - - 1.35 1.72 - - -
Combined treatments
. Furrow imigation

l

!

|
| T, 80% Rec. dose NF £ 370 350 3394 3475 5957 5755 120 11.3
i Tz 80% Rec. dose WSF . 3.61 364 3115 3057 5490 5331 119 12.0
. T3 100% Rec. dose NF ; 382 440 3192 3256 5693 5737 134 13.8
. T4100% ORec. dose WSF | 4.03 396 33.11 3224 5420 5583 129 13.6
. Drip iumigation !
' Ts80% Rec. dose NF i
" Ts 80% Rec. dose WSF |
i T; 100% Rec. dose NF 1
" Ts100% Rec. dose WSF |
% Fertigation ,
I Ty 80% Rec. dose NF | 4.18 398 3221 3199 6068 6334 145 14.6
- Ty 80% Rec. dose WSF 419 410 3206 31.71 5706 6105 149 14.9
. Ty 100% Rec. dose NF | 423 410 29.56 3246 60.20 6258 150 14.5
- T12100% Rec. dose WSF ' 435 446 3017 3084 61.59 6227 166 154
. F test NS NS NS NS NS NS NS NS
© CD. at 5% L - - - - - - - -

. 3.85 393 3288 3248 5802 5731 131 14.2
| 396 385 3200 3024 S787 5435 146 12.9
430 411 313/ 3255 6191 5955 142 14.5
417 427 3056 2977 59.07 6130 155 14.8

\

j S—

[ - . ————

Ree. Dose=63:75:63 kg N:P20sK,0/ha * = Sienificant NF = Normal fertilizer
HIT K34 SHal SRmemb AN T ATRRRIGHIFINEME XU T OTReXE SXIHKY FxbHitiext

NAITar CATITIN
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atfribuites as compared {o fuitow method Al the same time, it was observed that the values for drip
method for husk per cent, threshing per cent, and head dia meter were on par with fertigation but
gignificantly superior to furrow method except the threshing per cent in 1997 (Table-4.32).

Between the fertilizer levels, the full dose (100%) recorded insiguificantly 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 100°% 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, the recommended dose
(100%) produced superior test weight (4.15 g) in 1995 and head diameter (14.4 cm) 1n 1997 only as
compared 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.

The overall interaction effects between I x L, Lx S, I x Lor I x L x S were not

statistically significant (Table-4.32).

4.8 Quality analysis
4.8.1 Oil content in sunflower

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 figures 42.6%,

44.6% and 45.0% represented same trend n 1997,



Table-4.33: Oil content and o1l yield in sunflower as influenced by methods of irmigation,

levels and sources of fertilizer during 1995 and 1997

Treatments

Oil content (%)

Oil yield (kg/ha)

Main treatments
Irmigation methods
I, Furrow
I; Drip
L Fertigation

F test

CDat 5%
Fertilizer levels
L, 80% Rec. dose
L; 100% Rec. dose

F test

CDat 5%
Fertilizer sources
Si NF
S; WSF
F test

CDat5%
Combined treatments
Furrow _irrigation
T, 80% Rec. dose NF
T, 80% Rec. dose WSF
T3 100% Rec. dose NF
T4100% Rec. dose WSF

Drip_irrigati

Ts 80% Rec. dose NF

Ts 80% Rec. dose WSF
T; 100% Rec. dose NF
Ts 100% Rec. dogse WSF
Fertigation

Ts 80% Rec. dose NF
Tio 80% Rec. dose WSF
Ty; 100% Rec. dose NF
T2 100% Rec. dose WSF
F test

C.D. at 5%

1995 1997 1995 1997
43.8 42.6 $93.50 532.21
44.6 44.6 677.32 613.77
478 45.0 734.17 657.19
NS NS . *

- - 95.62 70.7
44.7 435 640.23 574.70
46.1 44.7 696.37 627 42
NS NS . .

_ - 30.40 52.28
45.7 44.4 670.49 600.27
45.1 43.8 666.11 601.84
NS NS NS NS
448 431 596.38 507.50
42.5 40.6 535.30 495.97
43.6 443 625.50 587.67
44.4 425 621.83 537.70
45.3 45.0 657.70 608.00
43.0 443 643.03 574.33
442 43.7 709.67 609.23
45.9 454 700.50 663.50
46.0 44.3 700.73 622.50
46.6 43.6 710.23 639.87
50.3 45.9 739.97 666.70
48.2 46.2 785.70 699.70

NS NS NS NS

t

Rec. Dose=63:75:63 kg N:P,0s:K;0/ha

RO = BRAFD ARLE ANIIE

* = Significant
AVQ — AYHUAIEHIAL AN WrOL = Wratl AW PNliiiol

NF = Nommal fertilizer



Oil content (%)

Qil

Fig. 4.13 : Oll content and oll yleld (kg/ha)
in sunflower as influenced by fertigation,
drip and furrow with levels and sources of
fertilizer (mean of two years)
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Variations in seed oil content due to fertilizer levelz or sowrcer or interaction effect

among combined treatments were not significant either in 1995 or 1997 although oil content varied

between 42.5%-50.3% in 1995 and 40.6%-46.2% in 1997.

4.82 Oll yleld In sumflower

Data on oil yield in sunflower as influenced by different treatments under study is

presented in Table-4.33.

Oil yield under fertigation was in the order of 734.2 and 657.2 kg ha' for 1995 and
1997 respectively and hence significantly superior to firrow method where corresponding oil yield
was 593.5 and 5322 kg ha' Drip treatment produced 6773 and 613.8 kg ha' oil yield
correspondingly and was on par with both fertigation and furrow method in 1995 but superior to

furrow imigation in 1997 (Fig. 4.13).

Recommended dose of fertilizer level (100%) had higher o1l 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 5353 kg
and 496.0 kg ha ' respectively in 80% dose WSF applied in furrow method was also non-significant

statistically.
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4.9 Nutrient uptake studies

4.9.1 Nutrient content in capsicum maize and sumflower

Data on N, P and K content in whole plant of capsicum, maize and sunflower
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 different treatments.

4.9.2 N Pand Kuptake incapsicum

Data on N, P and K uptake in capsicum as influenced by methods of irrigation, levels
and sources of fertilizer are furnished Table-4.35 and depicted in Fig. 4.14.

The N, P and K uptake was highest with fertigstion in both years 1994 and 1996
(32.2 and 31.4 kg ha’, 9.2 and 8.8 kg ha” and 50.5 and 48.7 kg ha™' respectively) followed by drip
irmigation (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 387 kg ha®

correspondingly).
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Table-4.34: : Nitrogen, phosphorus and potassium content (%) on whole plant basis at harvest
in capsicum, maize and sunflower as influenced by methods of irrigation, levels and sources
of fertilizers during 1994-95 and 1996-97

—

Treatments Capsicum
N P K
1994
Furrow irrigation
T, 80% Rec. dose NF 293 0.78 461
T; 80% Rec. dose WSF 291 082 4.59
T3 100% Rec. dose NF 295 083 4.54
T4100% Rec. dose WSF [ 2.88 085 4.47
Drip irrigation
Ts 80% Rec. dose NF 287 083 463
Ts 80% Rec. dose WSF 293 079 451
T> 100% Rec. dose NF 28 082 455
Tg 100% Rec. dose WSF (287 078 4.53
Fertigation
' Ty 80% Rec. dose NF 287 081 458
Tio 80% Rec. dose WSF | 2.90 0.83 4.52
Ty 100% Rec. dose NF 289 079 4.5
T12100% Rec. dose WSF [ 293 084 455
‘ NA* NA NA
' 1996
Furrow _immigation
| T) 80% Rec. dose NF 290 0.80 442
i T; 80% Rec. dose WSF 294 078 4.44
' T3 100% Rec. dose NF 289 081 451
| T4100% Rec. dose WSF | 2.93 081 4.47
Drip_irrigation
Ts 80% Rec. dose NF 286 076 457
| Ts 80% Rec. dose WSF 289 084 460
T> 100% Rec. dose NF 293 083 4.62
T 100% Rec. dose WSF | 290 082 4.59
Fertigation
To 80% Rec. dose NF 290 081 449
i T1p 80% Rec. dose WSF | 295 0.82 450
| Ti; 100% Rec. dose NF 292 080 455
+ T12100% Rec. dose WSF | 293 083 447
NA NA NA

«AH2 T 0L [ljydey

N

1.44
112
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
147
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

0.27
0.28
0.27
0.26

0.27
0.29
0.28
0.29
NA

K

1.28
1.29
1.29
130

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 P K
1995
1.57 025 104
1.56 025 104
1.58 026 1.08
1.57 025 1.06
1.58 026 106
1.57 026 1.058 !
1.59 0.27. 1.07
1.60 026 107
1.61 027 107 .
1.63 028 1.06
1.62 0.28 1.08
162 028 108
NA NA NA
1997
1.54 024 1.02
1.5 025 103
1.7 0258 104
1.5 026 1.03
1.5 025 1.05
157 026 104
1.58 027 1.05
1.59 026 1.06
1.59 027 106
1.58 028 106 .
1.59 028 1.07
166 029 1.07
NA NA

NA
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Table-4.35; Nitrogen, phosphorus and potassium uptake by capsicum as influenced by
methods of irrigation, levels and sources of fertilizer during 1994 and 1996

;{ Nutrient uptake (kg/ha) a’
Treatments i N P K l
- 1994 1996 1994 1996 1994 1996 |
— i o 7 o : , S
Main treatments ! [
Irrigation methods ; ;
I; Furrow - 2444 25.12 6.83 6.98 37.48 38.72 ;
L Drip 2875 29.50 8.07 8.38 45.47 47.29 |
L Fertigation 2220 31.39 9.21 8.79 50.53 48.71 |
F test ' L » *® " » .
C.D at 5% : 4.15 391 1.60 1.12 6.16 742 |
Fertilizer levels : :
Li 80% Rec. dose 12730 27.76 7.64 7.73 42.71 43.50 |
L2 100% Rec. dose . 29.63  29.58 8.43 8.37 46.27 46.32 |
F test ' NS NS NS . . NS |
C.D at 5% - . - 0.52 343 -
: Fertilizer sources } |
. S| NF 28.11 28.35 7.97 7.93 44.26 44,55 1‘
. 5 WSF . 2882 2899 8.10 8.17 44.72 45.27
l F test . NS NS NS NS NS NS
; C.Dat 5% - - - - - -
| Combined treatments :
. Furrow irmgation
| Ti80%Rec.doseNF 2268 2351 597 648 3434 3650
| T; 80% Rec. dose WSF | 2341 24 .80 631 6.71 35.63 3787
- T3 100% Rec. dose NF | 26.54 25.60 7.61 7.28 41.27 3996
i T4100% Rec. dose WSF = 25.14 26.5 7.42 7.45 38.67 40.55
. Drip_irrigation ; |
| Ts;80% Rec.doseNF | 2683 2787  7.86 761 4364 45.17
| Ts 80% Rec. dose WSF - 27.75 28.45 7.58 8.27 43.15 4589
1 T, 100% Rec. dose NF | 29.82 3125 855 895  47.03 49.17
Ts 100% Rec. dose WSF @ 30.59 3043 8.31 8.70 48.05 48.96
Fertigation ‘ :
Ty 80% Rec. dose NF ' 30.69 30.35 8.86 8.56 49.44 46.84
Tio 80% Rec. dose WSF | 32.42 31.58 9.28 8.78 50.08 48.75
Ty, 100% Rec. dose NF | 32.10 31.52 8.97 8.73 49.87 49.68
Ti2100% Rec. dose WSF | 33.60  32.13 9.73 9.10 52.72 49.58 |
F test NS NS NS NS NS NS
C.D. at 5% b- - - - - -
R |
* = Significant NF = Normal fertihizer

No = INON-SigItHCcam waott = Wwalel 801UD1e rertmizer
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Fig4.14 N, P and K uptake in capsicum as influenced
by fertigation, drip and fisrow with levels and sources

of fartilizer (mean of two years)
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Data on uptake of nulrients in sunflower showed significant improvement with
respect P uptake (8.67 kg ha') in 1996 and K uptake (46.3 kg ha") in 1994 due to full (100%) dose
fertilizer over the reduced (80%) dose which recorded 7.7 kg and 42.7 kg ha respectively.

Higher N, P and K uptake recorded with WSF source was not sigmficant as compared
to the uptake obtained with NF source. Similarly the variation due to treatment interactions on
uptake of N(22.7 to 33.6 kg ha™'), P (6.0 t0 9.7 kg ha') and K (34.3-52.7 kg ha") over the two years

of observation was also non-significant

4.93 N P and Kuptake in maize (kg/ha)

Data on N, P and K uptake in maize as influenced by methods of irigation, levels and
sources of fertilizer are presented in Table-4.36.

The highest N (180.8 and 188.0 kg ha), P (34.3 and 35.1 kg ha') and K (163.1 and
170.0 kg ha™') uptake recorded under fertigation respectively during 1994 and 1996 followed by drip
method which registered 166.6 and 157.6 kg ha' (N), 30.6 and 31.4 kg ha' (P) and 149.3 and 157.6
kg ha' (K) uptake 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 uptake 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.



Table-4.36: Nitrogen, phosphorus and potassium uptake by maize as influenced by methods
of irrigation, levels and sources of fertilizer during 1994 and 1996

NS = Non-significant

WSF = Water soluble fertilizer

]

1413

157.6

170.0
|

14.1
151.6

161.0
NS

155.8
156.8

| Nutrient uptake (kg/ha)
Treatments N P
| 1994 1996 1994 1996 1994
Main treatments
Irrigation methods
I; Furrow 1474 155.6 27.5 27.0 132.7
L Drip 166.6 172.8 30.6 314 149.3
I; Fertigation 180.8 188.0 34.3 351 163.1
F test L] [ L ] L L]
C.D at 5% 15.9 14.6 2.8 3.6 16.8
Fertilizer levels
L; 80% Rec. dose 159.7 166.8 29.1 304 143.1
L; 100% Rec. dose 170.1 177.5 32.5 319 153.7
F test NS NS . NS NS
C.D at 5% - - 2.0 - -
Fertilizer aources ‘

I S NF . 164.5 172.1 30.6 30.8 148.1
S; WSF 1654 1721 311 31.5 148.7
F test - NS NS NS NS NS

| CDat5% - - - - -
Combined treatments :

Furrow _irTigation

. T; 80% Rec. dose NF 142.1 149.5 25.6 26.6 126.3
T, 80% Rec. dose WSF L 142.3 148.8 26.1 253 129.3
T; 100% Rec. dose NF | 1520 1621 298 272 1371

| T4100% Rec. dose WSF | 1532 162.0 28.7 27.8 1383
Drip_irrigation |
Ts80% Rec. dose NF " 158.2 166.2 28.3 30.3 142.5
Ts 80% Rec. dose WSF ; 159.8 168.1 291 32.0 141.7

. T; 100% Rec. dose NF . 1758 179.5 32.1 32.5 158.0
Ts100% Rec. dose WSF . 1727 1773 32.9 30.9 155.0

" Fertigation
Tos 80% Rec. dose NF 175.6 184.5 32.0 33.2 158.9
T)o 80% Rec. dose WSF 180.4 183.6 33.7 35.0 160.0
Ty 100% Rec. dose NF 183.3 191.1 35.7 35.2 166.1
T,z 100% Rec. dose WSF 183.8 192.8 36.0 370 167.6
F test NS NS N3 NS NS
C.D. at 5% - - - - -

—_1 i —
* = Significant NF = Normal fertilizer
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Fig. 4.15 : N,P and K uptake in maize as influenced by fertigation, drip and
furrow with levels and sources of {ortilizer (mean of two years)
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WSF and NF sources did not differ between themselves with respect to nutrient
uptake. Similarly N, P and K uptake in maize was not influenced significantly by difterent

interaction effects.

4.94 N P and Kuptake in sunflower

The data on nitrogen, phosphorus 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 uptake from 84.6 kg ha"' (1995) and 78.1 kg ha'(1997) in
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 superior 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 1995 and 1997 respectively indicating
significant superiority of fertigation over furrow irrigation. However, drip method was also superior
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 drip method was observed as
compared to 56.3 kg and 51.7 kg ha K uptake obtained with furrow method.

Increased N, P and K uptake was recorded with increased dose of fertilizer (100%) as
compared to reduced dose (80%) but not significantly. Similarly, the marginal increase in nutrient

uptake because of WSF source over NF source was also non-significant (Table-4.37).



Table-4.37: Nitrogen, phosphorus and potassium uptake by sunflower as influenced by
methods of irrigation, levels and sources of fertilizer during 1995 and 1997

Nutrient uptake (kg/ha)
Treatments N p K
o 1sas 1997 1095 (997 [95 1997
Main treatments
Irrigation methods
I; Furrow 846 78.1 13.6 12.6 56.3 S1.7
L Drip 96.2 88.6 15.9 14.6 64.5 59.0
Iz Fertigation 101.2 93.2 17.4 16.4 67.0 62.5
Fteﬂt ] » | » . =
C.Dsat 5% 10.3 8.8 1.7 1.5 6.9 6.0
F77ertilizer levels
L: 80% Rec. dose 91.3 88.4 15.1 13.8 60.6 s86
L> 100% Rec. dose 96.6 89.9 16.1 15.3 64.6 59.9
F test NS NS NS NS NS NS
C.D at 5% - - - - - :
Fertilizer sources 1
S) NF | 937 865 15.6 14.4 62.5 57.7
S2 WSF | 94.2 86.8 15.6 14.7 62.7 57.
F test | NS NS NS NS NS NS
C.Dat 5% Lo - . . - -
Combined treatments |
| Fwrrow_irmigation !
' T 80% Rec. dose NF . 817 74.0 13.1 11.5 54.1 49.0
' T, 80% Rec. dose WSF | 784 76.1 12.6 12.3 523 50.6
' T3100% Rec. dose NF | 90.6 83.0 14.9 132 60.1 55.0
;' T4100% Rec. dose WSF 87.5 79.2 139 13.2 S8.8 5§23
\ Dnp_imigation i
Ts80% Rec. dose NF 94.0 85.3 15.5 13.7 63.1 574
Ts 80% Rec. dose WSF 943 83.1 15.6 13.8 63.0 55.0
! Ty 100% Rec. dose NF 948 918 16.0 15.7 634 61.1
| T3100% Rec. dose WSF | 102.1  93.9 16.6 15.3 683 62.6
| Fertigation |
Ts 80% Rec. dose NF | 98.0 90.0 16.4 15.3 65.1 60.0
Tyo 80% Rec. dose WSF 101.3 91.7 174 16.2 65.9 61.5
T 100% Rec. dose NF 103.4 94.6 17.9 16.7 68.9 62.7
T;2100% Rec. dose WSF 10.20 96.7 17.6 17.5 68.0 64.6
F test ’ NS NS NS NS NS NS
C.D. at 5% ' - - - - - -
* = Significant NF = Normal fertilizer

NS = Non-sigmiicant WSF = Water solubie fertiiizer

S
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Fig 4.16 : N, P and K uptake in sunflower as influenced by
fertigation, drip and furrow with levels and sources of fertilizer
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None of the interactions was found significant with respect to nutrient uptake
although N, P and K uptake values varied trom 74 0-103 4 ke ha* 11.5-17 9 kg ha ‘ and 49.0 to 68.9

kg ha ' respectively over the two years of observation.

4.9.5 Fertilizer use effidency in capsicum, maize and samflower

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 efficiency in Capsicum

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 31.2 and 31.4 kg yield per kg NPK achieved by furrow
imgation. However, both fertigation and drip treatment were on par with each other.

Fertilizer application at ‘ 80% recommended dose was significantly superior in
recording higher FUE in both 1994 and 1996 (38.5 and 28.4 kg per kg NPK) as compared to 100%
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 although 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 efficiency in capsicum, maize and suntlower as intluenced by
methods of irrigation, levels and sources of fertilizer

Treatments

Main treatments i
Irrigation methods
I} Furrow
L Drip
I; Fertigation

F test

C.D at 5%
Fertilizer levels
L; 80% Rec. dose |
L; 100% Rec. dose

F test

CDat 5%
Fertilizer sources
Sy NF
S; WSF
F test

C.D at 5%
Combined treatments
Furrow _1mgation
T, 80% Rec. dose NF
T, 80% Rec. dose WSF
T; 100% Rec. dose NF
T4100% Rec. dose WSF
Drip imgation
T;s80% Rec. dose NF
Ts 80% Rec. dose WSF
T; 100% Rec. dose NF
Ts 100% Rec. dose WSF
Fertigation
Ty 80% Rec. dose NF
T)o 80% Rec. dose WSF
T\, 100% Rec. dose NF
Ti2 100% Rec. dose WSF
F test
C.D. at 5%

1

Fertilizer use efficiency (kg yield’kg NPK fertilizer)

N3 SIRRSIBh cany

Capsicum

P 1994 1996
3118 31.43
35.23 35.75
38.73 37.79

» .
3.88 425
38.51 3837
31.58 3161

» .
357 3.46
35.19 35.03
34.90 34.95

NS NS
34.19 34.73
33.88 34.17
28.53 28.58
28.11 28.24
38.64 39.39
38.34 39.11
32.09 32.09
31.89 32.43
43.34 41.62
42.64 41.21
34.33 33.76
34.55 24.56
NS NS

Maize Sunflower
1994 1996 1995 1997
17.04 17.22 7.55 6.95
18.30 18.42 847 7.67
19.40 19.27 945 816
] » " [
1.39 1.45 1.09 091
19.99 20.08 9.00 8.21
16.51 16.53 T 71 6.98
» [ ] v »
0.94 0.97 0.90 0.99
18.28 18.37 8.40 7.54
18.22 18.24 8.30 7.65
NS NS NS NS
18.83 19.52 8.28 7.32
18.48 18.33 7.82 760
15.39 15.64 7.12 6.60
15.47 15.40 6 97 6.29
19.91 20.09 900 8.40
20.03 20.13 930 8 06
16.79 16.62 7.99 6.94
16.49 16.86 7.59 7.27
21.47 21.09 9.9] 874
21.24 21.34 9.69 913
17.28 17.28 813 724
17.62 17.40 8.46 7.53 !
NS NS NS NS
S e
NEE Novmak Bsttenermyizer
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FUE under the influence of irrigation water and fertilizer application methods showed
that fertigation was sigmficantly superior which recorded 19.4 and 19.3 kg vield per kg_NPK
respectively in 1994 and 1996 as compared to furrow method (17.0 and 17.2 kg per kg NPK
respectively). The drip method with FUE of 18.3 and 18.4 kg per kg NPK correspondingly was on
par with both fertigation and furrow 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.

Fertilizer use efficiency in Sunflower

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 WS 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 fertigation.
drip and furrow with levels and sources of fertilizer
(mean of two years)
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4.10 Soll nolstiire study and Irrigation Waler Use Ellldeincy

4.10.1 Soll noisture distribution

Per cent 801l moisture distnbution under firrow, dnp and fertigation systems in the
experimental plot recorded at 24 hours after irrigation is presented in Table-4.39.

During both the years 1994 and 1996 relatively lower moistwe content was noticed
under furrow imgated 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 with depth
reaching maximum values at 30-60 cm soil profile. However, under drip/fertigated plots, uniform
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 =oil moisture

content as compared to drip irrigated plots.

4.10.2 Irrigation water use efficiency (kg M)

Irrigation water use efficiency (IWUE) was influenced by different irrigation and
fertilization methods (Table-4.40). Fertigation treatment recorded significantly higher IWUE m
capsicum, 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 furrow (1.29-1.53 kg M"*) but was on par with drip method (1.86-2.22 kg M) which in
turn was significantly higher than furrow method. Corresponding values in maize 1.35-1.26 kg M,
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"’

during 1995 and 1997 respectively was also superior to furrow but was equal to fertigation.
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Table-4.39 : Soil moisture status in 0-60 ¢m layer a8 influenced by methods of imigation

| Radial distance 10-20 20-30

| (em)

. S

| Soil depth (cm) 1994 .

J

‘ Furrow

[

015 1935 1884 1693

- 15-30 2082 20.55 18.36

©30-45 | 25.56 24.60 23.72

| 45-60 24.73 23.29 21.90

f

| Drip

!

| 0-15 26.65 24.51 20.89

15-30 25.17 26.10 18.75
30-45 22.23 21.75 16.51
45-60 21.74 18.57 15.47

1 | Fertigation
0-15 2613 24.31 21.17
15-30 | 25.29 24.85 17.36
30-45 . 2318 22.74 17.10
45-60 2035 20.00 15.69

Soil moisture (%)

0-10

17.87
21.35
25.86
2451

27.24
27.26
24.13
22.12

28.18
27.34
25.26
21.76

1996

10-20

Furrow

18.27
22.19
26.36
23.17

Drip

25.83
26.05
23.15
19.83

Fertigation

25.56
25.50
22.19
20.31

18.10
20.35
24 78
22.75

22.10
17.36
16.15
16.38

23.75
20.17
18.36
16.26

S |



Treatments

Main treatments
Irrigation methods
1, Furrow
L Drip
Iz Fertigation

F test

C.D at 5%
Fertilizer levels
L; 80% Rec. dose
L2 100% Rec. dose

F test

C.D at 5%

' Fertilizer sources

Si NF
S2 WSF
F test

CDat5%
Combined treatments
Furrow_imgation
T, 80% Rec. dose NF
T, 80% Rec. dose WSF
T> 100% Rec. dose NF
T4100% Rec. dose WSF
Drip _imigation
Ts 80% Rec. dose NF
Ts 80% Rec. dose WSF
Ty 100% Rec. dose NF
T3 100% Rec. dose WSF
Fertigation
Ty 80% Rec. dose NF
Ty 80% Rec. dose WSF
T 100% Rec. dose NF
T2 100% Rec. dose WSF

. F test

* = Significant

Irrigation water use efficiency (Kg yield/M® water)

o

Capsicum
1994 1996
1.29 1.53
1.86 2.22
2.02 2.34

[ ] [ ]
0.26 0.25
170 2.00
1,75 2.06
| NS NS
? 1.73 2.03
1.72 2.03

f NS NS

i - -
127 151
| 1.26 1.49
| 1.33 1.56
1.31 1.54
1.83 2.20
1.82 2.18
1.90 2.24
1.89 2.26
1.99 2.32
2.02 2.30
2.03 2.35
2.05 2.41
NS NS

C.D. at 5% |

NS = Non-siaenificant

Sunflower |
1995 1997 |
0.18 0.18
0.27 0.25
0.29 0.27

] [ ]

0.06 0.04
0.24 0.23
0.26 0.24
NS N3

0.25 0.23
0.25 0.23
NS NS

0.18 0.17
0.17 0.17
0.20 0.19
0.19 0.18
0.26 0.25
0.27 0.24
0.29 0.26
027 0.27
0.29 0.26
0.28 0.27
0.28 027
0.30 0.28
NS NS

Maize
1994 1996
0.92 0.89
1.28 1.21
1.35 1.26

L L]
0.11 0.12
1.16 1.11
1.20 1.13

hd N3
0.03 -
1.19 1.12
1.18 1.12
NS NS
0.92 0.89
0.90 0.88
0.94 0.90
0.94 0.89
1.25 1.19
1.25 1.19
1.32 1.23
1.29 1.24
1.34 1.24
1.33 1.26
1.36 1.27
1.38 1.28
NS NS

NF = Normal fertilizer

WSF = Water soluble fertilizer

Table-4.40: Imgation water use efficiency in capsicum, maize and sunflower as influenced
by methods of irrigation, levels and sources of fertilizer
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Both the drip irrigation and fertigation remulted in nearly 43-50 per cent, 36-50 per
cent and 44-55 per cent increase in IWUE in capsicum, maize and sunflower respectively. The
higher IWUE recorded with 100% recommended dose as compared to 80% recommended dose was
significant only in maize during 1994, wherein the respective values were 1.10 kg M and 1.16 kg

M. 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 supplied in fertigation method whereas the least IWUE was observed with 80% WSF in

furrow irrigation for all the three crops.

4.11 Root distribution pattern in capsicum, maize and sunflower as influenced by nethods of
irrigation and fertilization sources and leveils of fertilizer

4.11.1 Root dry weight in capsicum, maize and sunflower

Data on root dry weight (g/plant) in capsicum, maize and sunflower recorded at final
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 compared to 5.14 to 4.93 g plant” in drip irrigation and 5.03 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 543 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 appited in turrow method.
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Table 4.41 Root dry weight in capgicum, maize and sunflower at final harvest as influenced
by methods of irrigation, levels and sources of fertilizer

Treatments

L ]

Furrow _irrigation

T, 80% Rec. dose NF
T, 80% Rec. dose WSF
Tz 100% Rec. dose NF
T4100% Rec. dose WSF

Mean

Drip imgation

T580% Rec. dose NF
Ts 80% Rec. dose WSF
T; 100% Rec. dose NF |
Ts 100% Rec. dose WSF |

Mean i
Fertigation '
Ty 80% Rec. dose NF

T\ 80% Rec. dose WSF

T, 100% Rec. dose NF
T2100% Rec. dose WSF

Mean

NF = Normal Fertilizer

[N T

Capsicum
1994 1996
4.77 5.08
493 5.21
5.30 3.38
5.12 5.46
5.03 5.28
4.95 482
5.51 4.98
5.23 5.02
5.37 4.90
5.14 493
5.40 5.30
5.29 5.38
5.38 5.29
5.51 5.43
5.39 5.35

_Rool dry wedght (‘_J_I_p\avgt)

WSF = Water Soluble Fertilizer

Maize Sunflower
1994 1996 1995 1997
52.29 S54.16 31.81 28.53
57.53 55.25 29.25 27.25
63.85 55.32 34.07 30.84
61.32 59.84 32.19 32.32
5878 56.14 31.83 2913
57.85 58.12 32.54 26.56
54.24 57.23 33.29 3o.23
61.53 63.80 36.56 31.02
63.65 60.75 36.38 31.84
59.32 59.94 34.69 30.42
62.38 56.36 34 85 34.35
5845 62.45 36.37 33.24
64.38 59.24 35.78 3415
64.36 60.55 3572 35.39
62.44 59.65 36.03 34 .28
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In maize aleo, combining irrigation with fertilization resulted in increased 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 dry weight as compared to 52.29 g plant” in
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 comparison with 54.16 g plant' recorded
under 80% NF in furrow irrigation.

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 plant™ 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 plant” 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 full 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.

4.11.2 Root distribution pattern in capsicum, maize and sunflower

Data on root dry weight (g plant’) in capsicum, 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 plant’

was observed in the top 0-10 cm la_ver which further decreased to 1.93 to 2.01 g plant" in 10-20 cm
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depth. A negligible root concentration of 0.07-0,10 g plant” was recorded at the lowest soil depth
0f 20-30 cm.  Corresponding vaiues of 2.93 t0 3.09 g, 1.68 to 1.83 g and 0.10-0.23 g pient” in drip
irrigation showed similar trends as observed in fertigation However, the values of 2.26 to 2.35g,
2.30 to 2.51 g and 0.48 to 0.69 g plant’ correspondingly for finrow imigation indicated root
distribution upto 0-20 cm soil depth as compared to high root proliferation upto 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 whereas, the root

concentration was between 0-30 cm depth of soil with firrow irrigation (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
weight (20.3 to 23.4 g plant") 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 distribution 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 g plant).

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.
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In sunflower, during both 1995 and 1897, the diy weight of roots in relation to soil
depth was maximum at the vicinity of the plant base and then decreased at varied points away from
plant base with all the treatment combinations. However, treatments involving fertiqation 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 firrow (11.3 to 15 3 g plant™) treatments in both the years 1995
and 1997. On contrary to this at 10-20 cm soil depth the comresponding 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
reduction in root density in case of drip and fertigation treatments but same root density in furrow
method in relation increasing soil depth. At deeper s0il 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’) and
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. Residual s0il matrient status and distribution in capsicum, maize and sunfllower as
affected by methods of irrigation, levels and sources of fertilizers

4.12.1 Residual NOs-N distribution in soil

The samples collected before the beginning of the experiment for initial NO;-N at
different depth of soil revealed that the initial NO;-N was slightly 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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Table-443: Residual soil NOy-N distribution after the harvest of capsicum maize and sunflower during
1994-95 and 1996-97 as influenced by methode of irrigation, levels and sources of fertilizer

el . R
Residual soil NO3-N (mg/kg soil) '
. 199495 e S r~——J
Soil " Furrow irrigation T Drip irrigation [ Fertigation !
depth Initial 80% 80% 100% 100%%| 80% 80% 100% 100% [80% B80% 1008 100% i
{em RD RD RD RD RD RD RD RD RD RD RD RD |
NF WIF NF _W3F! NF WIF NF WIF | NF__W3F NF E!F__,’
After Capgicum harvest ;
0-15 24 105 114 131 14.6 181 202 121 129 245 265 185 308
15-30 35 163 167 206 225 203 235 256 265 1167 242 26¢ 27
30-45 4.7 151 101 148 15.5 136 183 17.5 195 (145 84 11.4 14,5
45-60 1.2 102 126 124 119 64 7.9 65 B.2 63.8 (5] 4.9 56
; ;
| After Maize harvest i
0-15 24 113 123 134 17.1 148 152 16.3 238 ! 221 261 148 30.5
15-30 3s 206 156 228 232 1685 216 189 285¢ 172 236 216 262
30-45 4.7 156 127 201 185 123 161 206 183 [138 105 131 156
45-60 1.2 113 128 106 132 6.8 59 7.2 6.8 !4,2 32 69 7.5
After Sunflower harvest
0-15 24 108 123 131 17.5 183 226 17.9 219 i 251 295 245 28.1
15-30 35 226 192 245 25.9 216 245 208 252 172 246 242 266
30-45 4.7 199 181 214 254 123 176 216 205 145 127 168 152
45-60 1.2 122 109 145 159 7.0 5.6 84 105 5.0 68 79 78
{ 1996-97
] After Capsicum harvest '
b 0-158 24 123 131 136 185 1179 215 183 222 246 265 265 301
; 15-30 3.5 246 205 267 272 ! 208 245 235 268 201 224 150 298
! 20-45 17 189 216 21 242 162 195 122 NI 13 10% 16k A
| 45-60 1.2 136 156 166 148 8.1 6.9 10.5 9.2 (68 76 79 75
' l :
! . After Maize harvest i
015 24 125 132 139 165 165 179 193 205 Q 228 235 2246 271
15-30 3.5 246 265 232 279 185 186 235 239 206 195 235 268
30-45% 47 197 218 234 24.5 159 192 179 206 137 1085 166 172
45-60 1.2 127 169 105 166 49 7.5 Q.5 105 172 8.9 28 8.2
After 3unflower harvest 5
0-15 24 131 145 149 173 189 183 196 236 248 256 258 318
15-30 3.5 257 215 2612 301 213 205 236 267 207 217 261 299
I 3045 4.7 183 236 251 268 169 212 203 198 156 102 172 201
. 45-60 12 134 108 172 162 5.8 6.5 81 112 g2 2.8 11 87

R.D = Recommended Dose

NF = Normal Fertilizer  W3F =~ Water Soluble Fertilizer
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The data obtaned by analyzing soil smmnples after harvest of capsicum, maize and sunflower
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 through drip irrigation showed
concentrated NOs-N distribution in effective root zone (10-30 cm) without giving much scope for
leaching and hence resulted in lesser NO3;-N accumulation beyond the depth of root zone. Under
furrow imgation, the residual NOs-N content in the rhizosphere of capsicum, maize and sunflower
was not satisfactory as that of fertigation However, drip irrigation with conventional fertilizer
application had higher NO;-N accumulation at 15-30 cm depth than furrow irrigated plots.

In fertigated capsicum, the NOs3-N level varied between 24.5 — 3.08 mg/kg soil at 0-
15 cm soil depth during both the years and decreased with increasing soil depth registering 16.7-
29.8 mg/kg soil , 8.4 - 14.5 mg/kg soil and 3.8 - 7.9 mg/kg 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 NO;-N values than reduced dose (80%) and NF source respectively.

The drip method in capsicum had residual NO3-N to the tune of 17.9 - 22.9 mg/kg
soil in the top soil layer (0-15 cm) which slightly increased to 18.5-26.5 mg/kg soil at 15-30 cm
depth and then lowered to 13.6-20.6 mg/kg soil at 30-45 cm layer (Fig4.20). The N(s-N level
further reduced to 5.6-8.5 mg/kg soil in 45-60 cm soil depth thus indicating a moderate leaching of
NO;-N ions because of constant water application coupled with conventional bulk fertilizer
application method.

Among the individual treatments, 100% dose WSF had higher NO;-N accumulation
in different soil profiles than the 80% dose NF where the NO:-N valueg were the lowest. The NOs-

N levels in soil were relatively higher in 1996 than 1994.
In case of firrow imigated capsicum, the NO3-N accumulation was observed in the

alreyr - ~ verhara a vnbiino ~ allre anst o vy An ~
below root zonal depths whers the valuss 16.3 - 27.2 mg/kg soil in 15-30 cm depth and 10.1 -
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Fig. 420 . Residual soil NOsN (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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mg/kx soil at 30-45 vm depth in both the yewrs 1994 and 1996 were higher than 10,5 to 18.5 mg/kg

soil observed in top soil layer (0-15 cm). Considerable accumulation of NO3-N (10.2-14 8 mg/kg

soil) was also noticed at the deepest layer (45-60 cm) which indicated higher leaching risk of
nitrsten conpled with non-avalability of the nutrient in ¢ Mective rool sone dne to Tarow T gl
and bulk fertilizer application 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 with samples collected after maize harvest in 1994 and
1996 (Table-4.43). However, the residual NOs-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 the NO3-N distribution pattern remained same in different
treatments, but greater accumulation of NO;-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 irigation relatively balanced depthwise NO;-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).

4.12.2 Residual phosphorus distribution in soil

The initial status of residual extractable P at different soil depth, are presented in
Table-4.44 revealed that the initial soil extractable P was slightly more within 30 cm depth and
beyond which the P content reduced.

The samples analyzed for extractable-P as influenced by levels and sources of
fertilizer applied in 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 applied through imgation
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Table-4.44: Residual soil P distribution after the harvest of capsicum maize and sunflower during 1754 -5
and 1996-97 ag influenced by methods of irmigation, levels and sourcés of fertilizer

Residual soil P(mg/kg goil) ‘
—. S 199495 . .. . : __.f
Soil Furrow irrigation Drip ifrigation | Fertigation
| depth | Initial 80% 80% 100% 100% | B80% 80% 100% 100% ( 80% 8% 100% 100% |
} (em) RD RD RD RD RD RD RD RD | RD RD RD kD
i NF WSF NF WIF | NF WJF NF W3F | NF  W3F NF W3IF
_— T _ SRSl S R A N B
After Capsicurn harvest ;

0-15 | 31 8.2 103 126 16.5 55 7.5 106 113 57 9.3 84 123
15-30 | 4.2 3.5 3.6 2.5 47 32 2.7 317 52 31 46 45 5.0
3045 | 2.7 2.6 2.5 3.0 4.5 25 22 32 25 28 4.1 42 2.6

45-60 | 2.1 2.1 2.0 2.1 18 1.9 1.8 22 2.1 - 21 15 10 20

‘ After Maize harvest ,

L 015 |31 96 109 131 149 170 65 100 110 69 93 98 125
| 15-30 | 4.2 38 27 36 52 23 37 38 40 47 32 63 43
| 30-45 |27 285 31 1.6 25 24 23 2.6 31 28 19 35 25
| 45-60 | 2.1 26 1.8 25 3.1 20 20 1.7 2.6 21 32 16 3.2

l After Sunflower harvest

0-15 |31 105 118 129 185 86 89 115 125 84 9.6 104 138
15-30 | 4.2 4.6 3.9 38 5.6 3.7 2.6 35 47 31 29 18 47
3045 |27 25 26 37 5.0 25 1.5 21 38 127 25 23 2.0
45-60 1 2.1 2.1 1.9 1.7 41 |17 1.2 2.0 36 20 17 19 15

1996-97
After Capsicum harvest
102 89 12.6 13.2 106 9.8 10.5 156
39 38 4.5 28 35 35 s¢ 6.1
25 19 3.1 1.5 24 26 47 3.8
20 19 1.9 30 22 25 22 30

0-15 3.1 103 128 139 179
15-30 142 4.6 51 58 48
30-45 | 2.7 212 y i 3.5 .7
45-60 |2.1 2.0 1.9 42 35

After Maize harvest

11.3 87 106 139 ;1121 212 108 15.0
3.6 4.2 4.7 52 32 3.0 3.1 43
2.6 38 32 2.1 2.5 2.5 2.0 30
2.0 1.9 2.2 3.0 31 16 2.1 31

[ 015 (3.1 92 113 125 147
1530 |42 44 46 44 56
| 30-45 (2.7 221 27 3.1 2.8
i 45-60 (2.1 21 18 16 32
|

After Sunflower harvest

0415 (31 107 142 168 167 125 98 113 155 127 96 102 139
11530 |42 49 45 54 48 36 46 43 52 38 35 61 43
) 3045 (27 35 20 35 43 |21 31 28 29 30 25 <$3 43
14560 21 21 32 24 27 {20 22 19 20 ;29 10 27 26

e e U U O |

R.D = Recommended Dose NF = Normal Fertilizer WSF = Water Soluble Fertilizer
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wiiich also resulted in accumulation of P’
plots. However, at 0-15 cm sotl depth the residual P accumulation was slightly more under furrow
irrigation (9.2 to 18.5 mg/kg soil) as compared to drip (5.5 to 15.5 mg/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) than furrow irrigation (1.6-5.8
mg/kg soil). Residual P distribution under the influence of drip imgation was not much different
from fertigation treatment.

Between the levels of fertilizer, 100% recommended dose resulted in higher P
accumulation at all so1l 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 so1l.

The data obtained for the year 1996-97 was slightly 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.

4.12.3 Residual exchangeable- K distribution in soil

Data collected by analyzing soil samples for exchangeable K at different soil depths
revealed that initial exchangeable K was more (1.25 mg/kg =oil) in top soil layer and then reduced
into deeper layers.

The soil samples analyzed for exchangeable-K as influenced by levels and sources of

fertilizer applied in imigation water and localized placement of the harvest of each crop are



prewented in Table-4.45 and depicted in Fig4.22. The data implies that the residual K was 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-fertigated 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 ¢m layer.

Full dose (100%) resulted in higher K accumulation than the reduced dose (80%)
irrespective of method of application. 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 varted between 141.2-161.2 mg/kg
goil 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 mg/kg =oil and 110.2-129.2 mg/kg soil 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 mg/kg soil at 15-30 cm and then decreased to 121.6-144.2 mg/kg soil in 30-45 soil
depth. The exchangeable-K further reduced to 102.0-125.5 mg/kg soil in 45-60 cm goil 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 the 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 fiuTow irrigated capsicum, concentrated exchangeable K accumulation was
found at sub surface (15-45 cm) where the values 140.5-152.7 mg/kg soil)\ 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 layer (0-15 cm). The K distribution patter under furrow irmigation indicated higher leaching
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Table-445; Residual soil K distribution after the harvest of capsicun maize and sunflower during 19%4-95
and 1996-97 aa influenced by methods of irrigation, levels and sources of fertilizer

Residual il K (mg/kg soil)
. . 1994-95 .
Joil Furrow irrigation Drip irrigetion
depth Initial 80% 80% 100% 100% | 80% 80% 100% 100%
] (cm ' RD RD RD RD | RD RD RD RD RD
{ NF WSF NF WSF_i NF WSF NF W3F J_,NF
= S S A S S
|‘ : After Capsicum harvest !
i i
| | :
'\' 0.15 ;125 131.6 124.6 118\ 129.8 © 1403 1358 143 8 151.5 11483
¢ 1830 99 140.5 1487 1527 1512 1435 1386 141.4 1532 132
30458 95 145.6 146.0 181.0 150.1 1347 136.3 127.6 1418 1231
| 45.6Q o8 1162 1iR8% 1217 174.4 1108 1201 1190 1255 fH.".\R
r s |
| | |
| After Maize harvest :
|
I
| 0-18 128 128.2 1182 119.6 131.2 138.8 133.5 153.2 1459 1453
15-30 o9 131.6 141.2 150.2 1486 | 139.6 1367 1506 149.5 1326
30-45 95 128.1 135.1 1526 1456 | 114.5 1257 143.6 131.2 120.7
| 45-60 88 8.t 119.2  119.2 123.0 ‘) 108.0 107.2 119.5 120.0 \102.0
'I | i
% § After Sunflower harvest
| 0-15 128 1226 1073 1281 127.1 { 143.2 1356 154.3 155.8 l 150.5
J 15.30 99 138.2 139.2 1416 152.2 | 146.5 1378 156.5 157.6 ] 127.6
| 3045 98 140.2 140.6 148.2 142.6 120.3 119.6 132.4 128.3 | 122.3
I 45.60 88 102.6 99.6 116.6 104.6 98.2 102.1 115.2 121.8 1112.0
el e -
: ! | ‘
z_ 1996-97
| ! ARter Capsicum harvest
:, 0-18 b128 129.1 1226 1292 138.6 f 181.2 133.2 157.6 164.5 1 159.3
-+ 15.30 | 99 141.2 1382 1490 1527 | 1535 136.8 1595 166.6 1320
i 3045 i 95 148.8 140.2 151.2 159.0 . 144.3 121.6 136.8 142.2 ;1250
] 45-60 ! 1] 126 112.2 1100 122,10 1200 1026 112.0 1280 1190
| ‘ |
} i After Maize harvest ';
:‘ | |
| 018 125 1311 1201 1280 139.2 | 1575 1426 1535 156.8 | 1618
| 15-30 99 146.6 131.2 1371 147.5 k 160.3 143.5 154 6 155.3 i 130.2
' 3045 95 149.2 1386 163.0 1615 | 1338 1268 139.5 140.2 | 1237
45-60 83 113.8 1153 121.2 123.8 . 103.5 108.9 120.2 123.0 | 1120
i | After Sunflower harvest :
| 0-15 125 1322 127.2 1392 141.7 " 155.6 146.3 166.5 161.6 165.2
15-30 9 148.8 1390 14728 160.6 154.6 1438 164.3 163.7 11580
3045 98 143.1  171.2  165.8 165.9 144.6 148.9 151.6 149.3 | 121.8
45.60 88 110.8__71_28_.17 Al_TJ‘__Z B I?S:E 113.8 1122 1195 1256 llOA5
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Fertigation
R0% 100%%
RD RD
WSF NF

I}

1457
128.2
128.0
W20

141.3
132.2
123.6
107.5

143.5
135.6
123.2
975

141.2
120.5
125.0
110.2

148.5
123.6
127.3
102.5

151.8
120.6
128.9
112.8

1 Py~
Trant i 10 mn

152.5
147.6
130.5
1R 2

160.2
128.0
132.0
113.7

162.3
135.0
132.8
108.0

168.8
140.8
132.0
129.2

160.0
1321
130.8
1153

172.6
1570
138.6
1155

=

|
100% |
RD
WSF |

- o]

159.5
1510
131.2
im2

133.6
138.8
129.0
107.8

160.3 '
142.2
138.6
112.8

164.2
149.8
134.6
121.1

165.3
150.2
138.8
116 0

169.5
148.3
1327 |
1225 |



rigk of K into deeper layers coupled with non-availability of sufticient nutrient wi the eftective root
zone.

Similar frends were observed with samples collected after maize and sunflower
harvest in 1994-95 and 1996-97 (Table-4.45) However. the residual exchangesble K «tatus
gradually increased over the cropping sequence. Leaching losses were alse evident with the use of

drip mmigation as the residual K level was slightly higher than fertigated plots n 30-60 ¢m soil

depth.

4.13 Economics of fertigation in capsicum, maire and sunflower

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 war
spread over for an estimated life span of 10 years for 3 crops a vear included interest on investment
and share of depreciation at 10% per annum. The cost of normal and water soluble fertilizer were
taken at the existing rates. The cultivation cost included the cost of all other puts 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 ot 4 18, 2 10 and
1.59 in capsicum, maize and sunflower respectively followed by drip method (3.8]1. t 85 and 1 34
corregpondingly). The C : B ratio of 3.47, 1.85 and 1.28 correspondingly obtained with turrow

method was lower than the former treatients.

Among different treatinent combinations although the highest gross returns were

registered in all three crops (85,509, 24 688 and 19 562 Rs ) with the use ot 100« dose WSF 1n
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Table 4,46 . Economic analysis of fertigation in capsicurn-maize-suntlower qupping scquence i 173455

- ‘ Fixed Ferhlizer Cost of Total cost Oross* Net returnz C.B Rahe —E
Treatments cont cost cultivation retuns
e ___Reha S —
Furrow wrigation Capsicum
T1:80% R.D. NF b 2265 11970 14238 67207 88472 378
T280% R.D. WSF b 8161 11970 20131 67347 4716 PR ]
Ty3:100% R.D. NF [ 2830 11970 14800 0614 55814 AT
Te:100% R.D. WSF - 10202 11970 ryies 69570 47298 314
Mean 200
Drip Imigation ;
Ts: 80% R.D. NF 1440 2268 11500 18208 76509 61304 4,03
Te:80% RD. WSF 1440 8i6i 1500 41101 75888 54787 1.60
Ty:100% R.D. NF 1440 2830 11500 15770 79443 63673 404
Te:100% R.D. WSF 1440 10202 11800 23142 738% $$734 241
Mean 3.7
Feshigation
To: 80% R.D. NF 1440 2265 11200 14905 83208 68300 458
Ty0:80% R.D. WSF 1440 8161 11050 20651 84438 63787 3.09
Ty;:100% R.D. NF 1440 2830 11300 15470 34960 694 90 449
Ty2:100% R.D. WSF 1440 10202 11050 22692 23509 62817 7m ;
Mean o 3.73 |
E n 0 0 l I I — T - - o '_‘(
T1:80% R.D. NF - 2268 3400 3665 20983 18230 1.68
T;:80% R.D. WsF . gi61 3400 11561 10842 9281 0.80
Ts:1009 R.D. NF - 2830 3400 6230 21685 18488 2.48
T«:100% R.D. WSF - 10202 3400 13602 21782 8180 0.60
Mean 1 64
Dria Irrigati
Ts: 80% R.D. NF 1440 2268 2400 6108 22330 162738 2.67
Te:80% R.D. WSF 1440 8161 2400 1200] 22537 10536 0.88
[ T2100% R.D. NF 1440 2830 2400 6670 22547 10877 242
Ty:100% R.D. WSF 1440 10202 2400 14042 23161 9119 0.65%
Mesn i 68
Fortigati
Ty: 830% R.D. NF 1440 21265 2100 5805 14052 18247 314
T19:80% R.D. WSF 1440 8161 1950 11551 23811 12260 1.06
T1:100% R.D. NF 1440 2830 2100 6370 243%7 17982 282
Ty3:100% R.D. WSF 1440 10202 1950 13592 24688 11096 0.82
| _Mesn o o 196 .
T1:80% R.D. NF . 1825 2980 4805 15306 10501 218
T2:30% R.D. WSF - N7 2080 3697 14473 781 0.66
Ty:100% R.D. NF - 2281 2980 5261 16468 11207 .13
T,:100% R.D. WSF . 7147 2980 16127 16100 5973 0.58
Mean 1239
Drio Lorigati
Ty 80% R D. NF 4490 1825 2000 5265 16640 11375 316
Ts:80% R.D. WSF 1440 517 2000 9157 17192 8035 0.88
Ty100% R.D. NF 1440 2281 2000 i 18457 12736 223,
Ty:100% R.D. WSF 1440 7147 1000 10587 17549 6962 066
Mean 1 43
Fertigation
Ty: 80% R.D. NF 1440 1825 1750 5015 1833 13316 2 606
T10:80% R.D. WSF 1440 sh? 1600 8757 17917 9160 1.08
T,:100% R.D. NF 1440 2281 1750 5471 18780 13309 243
Ty3:100% R D. W3F 1440 7147 1600 10187 19562 9375 0.92 '
Mean L

" *Price of capsicum Rs.9.00/kg. Maize Grain Rs.4.80/kg, Stover s 250Xorme.

Sunflower seeds Ks.11.50/kg
KD = Recommended Dore NF = Narmial Fafitiza  WIF = Watét Sahinhts Farrttioer
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fertigation, maximum net returns were obtained with fertigated 100% dore NF 1n eapricum (69,490
Rs.) and 80% dose NF in both maize (18,247 Rs.) . and suntlower (13,316 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) 1n all these crops.

Economics of second capsicum-maize-sunflower cropping sequence also followed the
sumilar trend as in the first sequence. However, the gross, net and C : B ration were higher in maize
but decreased in case of capsicum 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 imgation method
correspondingly (Table-4.48). Atthe end of the experiment, an increase of 0.53 Ra. 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 furrow

applied (Table-4.48).



Table 4.47 : Economic analysis of fartigation in capsicumn-maize-sunflower cropping sequence in 15%6-37

Total cost

| Fixed
Treatments cost
Furrow irigation
T1:80% R.D. NF
T280% R.D. WSF )
Ty:100% R.D. NF
Te:100% R.D. WSF
| Mean
Drip Irrigation
Ts: 80% R.D. NF 1440
T¢:30% R.D. WSF 1440
T;:100% R.D. NF 1440
Te:100% R.D. WSF 1440
Mean
Ferhigation
To: 80% R.D. NF 1440
T10:80% R.D. WSF 1440
T1:100% R.D. NF 1440
Ti2:100% R.D. WSF 1440
Mean 1
; —
T::80% R.D, NF
| T;:80% R.D. WSF
I Ts:100% R.D. NF
| T4:100% R.D. WSF
| Mean
j n . l .
 Ts 80% R.D. NF 1440
| T¢30% R.D. WSF 1440
" Ty100% R.D. NF 1440
| T4:100% R.D. WSF 1440
i Mean
' Ty 80% R.D. NF 1440
' Ty0:80% R.D. WSF 1440
- T1:160% R.D. NF 1440
| T12:100% R.D. WSF 1440
| Mean
| T,:80% R D. NF
| Ty:80% R.D. WSF
. Ty:100% R.D. NF
| T,:100% R.D. WSF
| Mean
| Dnp loigatico
| Ty 80% R.D. NF 1440
' Ts:80% R.D. WSF 1440
| T7:100% R.D. NF 1440
| Tg:100% R.D. WSF 1440
Mean
Fertigation
| Te: 80% R.D. NF 1440
Tw:80% RD. WSF | 1440
Tn:IOO% R.D. NF | 1440
T;100% RD. WSF | 1440
Mean 1

Fertiliz
er cost

2268
8161

1330
10202

2268
2161
2830
10202

2268
3161

2830
10202

2265
8161

2830
10202

2268
8161

2830
10202

1265
8161

2830
10202

1825
7
2281
7147

1825
17
2281
7147

1825
2
2181
7147

Cost of
cultivation

11970
11970
11970
11970

11800
11500
11500
11500

11200
11050
11200
11030

5015
7157
5471
10187

Cross*
returmns

76410
75180
73600
77650

26670
86050
88250
89190

91750
90660
92840
94030

12870
77
13334
20

23914
23942
24702
25052

25043
35337
18597
25845

14124
14652
15924
15] 80

16212
13582
16728
17532

16860
17616
17496
18180

Het
retums

64178
55049
63800
53478

1468
64949
72480
66042

76665
70009
77370
72338

172058
11166
17104
9370

17309
11941
18032
11010

16238
13736
1927
12253

9319
5988
10663
5053

10947
6395
11007
6945

11845
8359
12025
7993

135

" B Rateo

436
i
4 31
.50
347

470
308
4.60
2.88
381

S.14
3.39
5.00
319

418

3.04
096
2.74
0.69
t 85

2.92
1.00
2
0.79
1.85

t31
(I
o2
099
210

102
0.68
i02
0.50
123

2.08
¢
1.92
0.66
134

2.36
1.02
.20
0.78
| 80

#Price of capsicum Re. 10/kg, Maize Grain-Ks 5. 10/kg, Stover-Rg. 250/torme. Sunflower seeds Rs 1 Zkg

R D = Récnirrerided

ipat

WF = Narrriat Fertitirer

WaF = Water Snhte Ferthioer
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and 1996-97
7T — -
o 1994-95
Trestments Total Total Net
cost retuns
o Rs/ha
! L
T,:80% R.D. NF 24705 81203
T;:80% RD. WSF | 40389 62278
T»:100% RD.NF | 26291 82476
| To100%RD. WSF | 45901 61551
Mean |
i mm‘ ‘ i t
| Ty 80% R.D. NF izes';s 88954
| T, 8% RD.WSF 42259 73358
Ty:100% R.D. NF 28161 93286
Tg:100% R.D. WIF g47771 71815
| i
Fertigmion |
Te: 803% K.D. NF 28728 9MRE3
| T,g:80% RD. WSF |40959 85207
| T;;:100% RD.NF 27311 100696
| T;2100%R.D. WSF | 46471 83288

I
|
|

13%

Table~4 48 : Economnic analyris of fertigation in Capsicum-maize-sunflower cropping sequence in 1 934-35

Meean

N SR

CB
Ratio

335
1.74
3.31
1.51

2.48
389
208

3.69
1.99

2.86

| .

I b
Total  Total Net
cost retuns
- Rg/ha
24705 88699
40389 72170
126291 91567
145901 69901
|
(26575 100221
142259 83285
128161 101519
47771 R4003
125728 107748
f40959 92654
127311 108622
| 46471 92604

CB
Ratio

3.59
1.99
3.48
1.52

2.59

3.77
1.9
3.61
1.76

218

419
226
3.9
1.99

| Total
cost

43410
1807718
152582

91802

' 3313C¢
184518
| 56322
| 95542

51450
181918
54622
192942
1

b

1497
Total Net
retums
Rs/ha

169902
134448
1740432
131452

189173
156643
134805
155818

207611
177841
209318
175892

N
CR
Ratio -

3.43
166
331
i 43

146

3 3¢

346
1.63

263

4.04
2
383
1RO
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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 are widely followed
which result in low WUE also. Coupled with such inefficient methods of irrigation, the fertilizer
doses are also not optimized and their use efficiencies are very low. Therefore, a synergistic effect
of simultapeously supplying water and fertilizers in small 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 of the first crop
only and installing chapins in crop rows and raiging 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
furrows. To achieve these, a common spacing of 60 cm x 30 cm was adopted for all the crops in the
sequence and a chapin drip system was introduced 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 end of each
crop to clear away any possible blockages of fertilizers in the outlets by adding weak acids in
irrigation water. Precautions were taken egpecially in the kharif season to provide furrow irrigation

or drip-cum-fertigation only in fair weather 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 1In 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 nutrients since the

crops were irrigated either through drip or firrow method The weather conditions particularly
rainfall did not affect the fertigation practice even in the kharif seasons.

30 B LN | PO SO SN [ VL) TS ST ¥ SR N NN SN 1 SR S : : :
2.1 dOU DIMSLIFe (MSUFIOIR 0T peiieni 4o iFngaton waler ise efficiency of capsicum, maize

and sunflower as influenced by methods of irrigation, levels and sources of fertilizer

The soil moisture data revealed that at the top 0-30 cm soil profile, both drip and fertigation
treatments had more soil moisture content (28.2-24.3%) upto 20 cm radial distance from 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 maintained throughout crop growth peried
by daily operation of drips with the water quantity equal to previous days open pai evaporatioin 1i
contrast, in the firrow method, the top 0-30 ¢m soil layer had lower soil moisture content (17.8-
22.2%) upto 30 cm horizontal distance from crop row as compared to drip or fertigation systems
This soil moisture regime was not maintained constantly due to cyclic nature of firrow imgation of
weekly intervals. Thus, though initially the moisture percentage was near the field capacity, with
each passing day, the moisture was depleted and was nearing wilting point by 4 or S* day itself
However, the below 30 cm soil layer 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 horizontal distance from the crop rosw was thur anasailable for plant use. Tirther  groaterg
fluctuations in soil water content at different strata between the weekly irrigation cycles resulted in

reduced water availability as against constant moistwe supply characteristic to drip or fertigation
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gystem. These results are in conformity with the work of Goldberg and Sh mueli (1970) who
observed that 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.

Thus, in the drip irrigation, since the water was given only around the root zone of the
crop, the uptake of water per unit weight and per unit length of roots in the wetted portion increased
as also reported by Haynes (1985). The wetted area led to less loss of moisture through evaporation

as compared to the conventional method of furrow irrigation.

In the current experiment, low moisture loss and daily irrigation in drip method
increased the availability of water which in tum caused higher irvigation water use efficiency 1n
capsicum (1.86 — 2.34 kg M*), maize (1.21-1.35 kg M ') and sunflower (0.25-0.29 kg M) in both
fertigation and drip irrigation treatments over the furrow method where the corresponding values
were lower than drip/fertigation. Thus, these effected a higher efficiency of drip/ferti system by 50-
49% in capsicum, 43-41% in maize and 55-44% in sunflower. These results are in agreement with
the findings of Ben-Asher et al. (197/8) wherein he stated that ferti-drip irrigation 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).

52 Status and nutrient distribution pattern, mirient uptake and fertilizer use efficlency as
influenced by fertigation and non-fertigation in capsicuum, maize and sunflower.
5.2.1 Nutrient distribution pattern
The distribution of residual NO;-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 NO;-N
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accumulation was observed beyond the depth of root zone. Whereas in the soil applied plots but
with drip irmgation relatively lower NO;-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 NO3-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 treatments.

In case of furrow method most of the soil NO:-N content was distributed below root
zonal depths (30.1 — 10.8 mg/kg s=oil) 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 NOs-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 NO;-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) correspondingly or firrow imgated
plots (24.2-10.2, 24.5-10.5 and 26.8-10.9 mg/kg soil respectively). The increased leaching losses in
furrow method was due to conventional bulk application of fertilizer coupled with high quantity of
water applied in weekly intervals. In contrast, under drip method, leaching losses were not so severe
but the NO;-N ions were found to have moved into deeper soil layers because of bulk soil applied
fertilizer subjected to daily water application. These esults are in agreement with the findings of

Ve 7~
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 depth. However, the residual P level was slightly inore under fuirow wnigation ai
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top soil layer (18.5 —8.2 mg/kg soil) as compared to both drip and fertigation 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 tlere 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 (1989), Haynes (1985)

and Papadopoulos (1992).

The residual K content in soil was also influenced considerably due to fertitizer wnd
water application methods. The 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
mg/kg soil) or conventional furrow irmgation (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 at lower depths
(151.6-98.1 and 171.2-102.6 mg/kg soil respectively) indicating a potential leaching risk which was
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 with 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 Nutrient uptake and Fertilizer Use FiTickency

The uptake of nutrients and the FUE in capsicum maize and sunflower were
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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 with the increased density of functional roots in the root zone caused for
greater uptake of nitrogen (32.2-31.4 kg ha), phosphorus (9.2-8.8 kg ha') and potassium (50.5 -
487 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 greater uptake of nutrients. Thus there
were simultaneous in FUE of 38.7-38 8 kg kg’ NPK in capsicum, 19.4-19.3 kg kg' NPK in maize
und 9.05-8.2 kg ky ' NPK m sunilower. These nuprovemnems were 24-20%, 14-12% wnd 20-17%
higher than FUE obtained with furrow method and 10-6%%, 6-4%%, aud 7-6%% Wicher than drip methods
correspondingly. Thus, the cwrent studies point out the possibility of enhancing the FUE through
fertigation. Similarly, the findings of Isobe (]9/74), indicated that the nitrogen uptale in sugarcane
was greater when the fertilizer was continuously applied along with water through drip system
However, non-uniform distribution and inadequate availability of nutrients and moisture wm the root
zone of a crop are responsible for lower uptake of nutrients and moisture. Thus w the current
studies, the reduced levels of fertilizers (80%) levels and normal fertilizer source decreased the
nutrient availability in soils resulting in lower yields in all the three crops of capsicum, maize and
sunflower. There was reduced FUE also. However, when drip system was adopted the differences
were not much with tull dose on WSF while the furrow irrigation resulted in lower yields as well as

FUE compared to drip system.

£3 Root dry weight and root distribation pattern In capsicum, mailze and sunflower as
influenced by methods of irrigation and fertilization, levels and sources of fertilizers

Root system forms a crucial part of plant as absorber of moisture and outrients thus

controlling plant development. The current studies indicated that total root dry weight was higher in

tertigation treatment irrvespective of the levels or sources of fertilizer as compared to furow



Fate 5.1 - Rgot growth In capsicum as Influenced by furrow,
drip and fertigation treatment

Plate 52- Roct growth in maize as influenced by furrow, drip
and fertigation treatment

Plate 5.3- Root growth In sunflower as Influenced by furrow,
drip and fertigation treatment
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immgation. Frequent supplementation of nutrients along with water under ferti-drip system 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 ot total roots in capsicum (5.39-5.35 g plant '), maize (62.44-
59.65 g plant”) and sunflower (36.03-34.28 g plant”') in both the years 1994-95 and 1996-97 as
compared to plots with so1l application of fertilizers tollowed by drip imgation (3.1-4.93 g, 59 32-
59-94 g und 34.69-30.42 g plunt ' conespondingly) or lurow irigaiion (5.03-5.28 g, 38.75-36.1F
and 31.83-29.73 5 plant” correspondingly)  The varied fertifizer tevels with or without fertigatiom
also influenced the root growth wherein the recommended fertilizer dose (100%) produced higher
root dry weight than the reduced (80%) dose. Similarly, the WSF fertilizer was superior for root
growth as compared to NF source. A combination of 100% dose in the form of WSF in fertigation
resulted in maximum root weight while the 80% dose through NF application in furrow had the
lowest root dry weight in case of capsicum and maize but it was 80% dose WSF in sunflower. In
general, treatment combinations under fertigation had maximum total root density than the rest of
the treatments. This increase was mainly due to adequate availability of both moisture and nutrients

in the crop roots zone thus leading to better proliferation of nutrients under ferti-drip system.

The depth wise distribution of roots was also influcnced under furrow, drip 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 conventiopally 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
plant') (Table-4.43). The root mass was denser at 0-10 cm layer and then, it drastically got reduced

at 10-20 cm soil depth in these treatments.

However, with furrow irrigation, the nutrients moved down the soil through

percolation and leaching losses were high due to flooding. Hence, the surface (0-10 cm) distribution
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of teeder root was less in all the three crops (2.51-1.97 g plant ' in capsicum, 26.2-20.1 g plant’ in
maize and 15.3-11.3 g plant ' in sunflower) which gradually reduced between 10-20 and 20-30 cm
soil layers. Fertilizer doses as full (100%) or reduced (80%) levels induced little variation in root
distribution pattern in fertigation but moderately in firrow method. Similarly, fertilizer sources as

either WSF or NF were identical in respect to root distribution.

Root distribution pattern in drip method was similar 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) algo point out dense fibrous root growth towards the nutrient and
moisture source in fertigation and band placement. Root growth restricted to upper surface of soil
because of spatial distribution of nutrients /a:;d moisture is also confirmed by the findings of

= shmue'i a 1 . T N R - : . M A P ) fl\ 1} -
Goldbergand  (1571) und Goyul ¢ @i, (1988) n capsicumn and Marunez-Hemandez er i (19917

and Phene ef a/. (1991) in maize.

5.4 Ktlect of methods of irrigation and ferfilize¥application ‘o’ growth' parameters “of
capsicum, maize and sunflower
5.4.1 Growth conponents in capsicum
Among the growth components the plant height recorded was the highest under
fertigation closely followed by drip method throughout the crop growth in both the years. excepting

at 30 DAP in 1996 (Table-4.41).

Better growth of plants under fertigation is confirmed by the significantly increased
leat area and number of leaves per plant during 30, 60 and 90 days after planting (Tables-4.2 to 4.4).
The leaf area to the tune of 4.08 to 4.13 cm” at 90 DAP stage in fertigation treatments compared to
373 to 394 cm’ in drip and 314 to 337 em? in furrow method showed the favourable influence of
frequent application of fertilizer through irrigation over drip or firvow methods with soil application

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’ as compared to furrow imrigation 1.50 168 g plant” indicating higher vegetative

growth at the early start.

Reduced growth and productivity under conventional irrigation has been attributed to
rapid depletion of readily available soil moisture from the limited root zone (Proebsting e a/ 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 were higher in
fertigation (Table-4.7) in accordance with its vigorous growth as seen by improved leaf area and dry
matter production. In capsicum, the number of branches have direct relationship to frnt yield as they
gerve as fruiting points. However, number of primary branches were not significanily iniluenced by

fertigation.

Dry matter accumulation at 30 DAP showed no significant effect due to fertigation or
drip over furrow 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 concentration of available nufrients in furrow and drip treatments 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 drv 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
irrigation wherein the fertigation treatment was significantly superior to furrow method at 60 DAP

1996, 90 DAP in 1996 and at harvest in 1994 but was on par with drip treatment always.



Plate 5.5- Capsicum crop grown under drip irrigation
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Consequent to the improvement in leaf area number of leaves. diry matter of the plant
well supported by root growth and density, the fertigation treatments recorded higher fruit weight
starting from 60 days after planting. The overall 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 fiuit 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”’. The lowest fruit weights recorded were 2 93-5.84 g plant’
with furrow imrigation. Thus, fertigation produced 30-31% higher yields over the furrow method,
whereas soil application of fertilizer followed by drip system increased the yield by 15 7-16.5% over
the furrow method. In studies on drip trrigation, Ramesh (198‘6) observed that dry matter in chilli
in furrow irrigation remained lower which was ascribed to non-availability of soil moisture
continuously in the irrigation cycles. Also the beneficial effect of drip over furrow method of
irrigation has been demonstrated by Kundarimani, 1977. Srinivas, 1986 Clyde ef /. 1989 Gutal ei

al. 1990; Hapse ef a!l. 1990, Jahdav et «/. 1990 and Kataria and Michael, 1990 in several crops

From these observations, it can be inferred that fertigation generally effected
significant increase in growth attributes of capsicum which were finther reflected in terms of
superior fiuit yield compared to soil application of fertilizers as followed in drip and furrow irrigated

capsicum.

5.4.2 Growth components in maize

Maize has been considered as a heavy feeder of nufrients. A perusal of the data
(Tables-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 e7 «/. 1990; Gascho and Hook, 1991, Martinez-Hernandez,

et al. 1991; Bassoi and Richard, 1995 and Watts and Schepers, 1995,
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In the present investigatiéns, amongst the water and fertilizer application methods,
fertigation was found to be distinctly superior compared to drip irmigation and firrow method in
almost all aspects of growth and yield of maize in both the years 1994 and 1996. Besides the
improvement in plant height (Table-4.15) and number of leaves (Table-4.18), the leaf area of
fertigated maize increased reaching a maximum of $791.7 and $735.1 cm? per plant as compared to
5623.7 and 5593.8 cm’® per plant in drip, both the treatments being on par with each other but
significantly superior to S131.2 and 5218.7 cm? per plant obtained with furrow irrigation at 60 day
(Table-4.16). Concurrent with these improvements in leaf area fertigated maize had an edge over
drip or firrow irrigated crop in respect of LAT (0.29-3.18, 0.28-3.12 and 0.26-2.90 correspondingly)
at three stages of crop growth. Improvement in leaf growth caused a slight increases in the 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 fertigated maize had
gignificantly higher DMP of 218.5 g and 223.7 g per plant as compared to 185.2 g and 190.6 g per
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 irmgation with drip method was on par with fertigation but
superior to furrow method (Fig.4.7). Besides, there was a better dry matter accumulation (DMA) in
growth components like stem, leaf, tassel, silk and cob from 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) and 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 years
compared to other treatments. Under the influence of fertigation, the DMA in tassel was higher by

15-11 per cent, the silk by 33-15 per cent and in cob sheath by 22-18 per cent at 66™ day compared
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Plate 5.7 - Maize crop grown under furrow irrigation
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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 fertigation

The overall improvement in the growth and yield of maize was also due to greater
availability of nutrients like N, P and K aided by optimum moisture and nutrient balance at the active

root zone under fertigation.

£.4.3 Growth components in sunflower

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 alzo 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(Tables-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 and
2327 cm®), drip (2486 and 2383 cm’) and fertigation (2517 and 2411 c¢m®) 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)



Plate 5.10- Sunflower crop groan under furrow irrigation
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Plate 5.12- Sunflower crop grown under fertigation



The total dry matter production (DMP) incressed at all the stages (Tuble-4 28) Al
harvest, the DMP increased from 96.8 and 90.4 g per plant in furrow irrigated sunflower to 109,
and 101.2 g with drip method and 1124 and 1056 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 irrigated plants (35-36 g and 16-18 g per plant respectively). Similarly the head dry matter at
harvest showed significant improvement with fertigation treatment with values of 56 2 und 526 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 current photosynthates und stored

photosynthates to sink. Thus the growth attributes in sunflower were greatly influenced by
fertigation. The increased growth and vigor was instrumental for enhanced yietd  Also. severl

studies have found close correlation between total dry matter production and yield (Watson, 1952

Beese et al. 1982 and Horton ef al. 19‘82).

5.5 FYect of methods of irrigation and fertilizer application, on yield and ils componenis in
capsicum, maize and sunflower
5.5.1 Yield and its components in capsicum as influenced by irrigation and fertilizer

applications

Examination of green fruit yield of capsicum in different treatments showed that
fertigation method of fertilizer plus water application recorded significantly higher fruit 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 875 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 uinder fertigation  Further, it was
noticed that since pre-determined rate of water dissolved with nutrient was supplied to a specific soil

volume, it helped to keep the entire root zone under low moisture tension. Hence, the plunis were



iot siibjecied {0 @iy stress duriig iheir growth period in contiast to frow method where unevet
distribution of nutrients was noticed across soil depths and stages of plant growth These results are
in confirmation with similar yield improvements due to fertigation in capsicum as reported by Keng
and Lugo-Lopez, {979. Tropea et al. 1582; Haes et al. 1987, Crespo~uiz ef al. 1988. Haynes,
19;38; Goyal et al. 1989 and 198S.

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 height (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 green
fruits (5.7-5.6) and lower green fiuit yield (314-317 g) per plant with furrow imigaion  Similar
observations of lower yields with furrow irrigation have been reported by Freeman ef ai 1976,

s
Vasanthakumar, 1984 and Narayanan, 1991 ).

The differences in yield among fertilization methods were the 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 I and III pickings. In these harvests,
6.6-7.5 cm fruit length and 18.1-19.8 ¢m  fruit girth were recorded with fertigation treatment as
compared to 5.3-6.0 cm fruit girth and 16.1-17.6 cm fiuit length obtained with furrow method.
However, fruit size of drip irrigated capsicum was equal to fertigation. Better size of vegetables
only under drip in sandy soils was recorded by Goldberg et al.(l9:ll). Capsicum fruit yield and
mean fruit size peaked at 252 kg N ha supplied in the form of Urea:ammonium nitrate mixture in
weekly treatments through drip irrigation according to Hartz ef a/. 1963. Reduction in fruit size

with reduced moisture supply as 1 the case with furrow irrigation was noticed by many aid a few



reasoned it out to poor translocation of carbohydrates and low turgor (Begg  and Turner, 1976).
Abou-Husain et al.(198i1) reported that fruit length, size and diameter increased with increase in
field capacity percentage. Similar findings were obtained by other investigators (Dimitrov§ and
Cherrenkove, 1976; O’ Sullivan, 19;9), 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 due to
the methods of fertigation and irrigation. Ascorbic acid content of green fruits recorded at third
picking was the highest in lertigation (108.6-111.9 mg 100 g * fesh fruity as conpured w $4.4-99. 1
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 furrow 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 (199} ).

£.52 Yield and its components in nmize as influenced by 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 with the observations of Cassallo, 1988; Cosserat e/

al. 199/0; Gasho and Hook, 1991; Martinez-Hernandez, et a].l9;1; 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, with four N applications, grain

and silage yields were greatest with fertigation and they opined that with optumum wrigation,
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fertigation was most cost effective than dribbling N in sandy soils at Tifton, 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 polificity
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.
(19641) reported that sweet com showed higher marketable and total ear yields because of higher
total fresh weight, dry matter production and plant height during the growing scason 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 length and 15.3-15.8 cob girth produced by furrow irrigation {Table-4.23). However, , maize
ears with drip imigation were equal with those obtained under fertigation.

The significant improvement in yield and yield parameters observed due to combined
use of irrigation and fertilizer are atfributable to the overall growth 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 operafed 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 biv;leekly intervals till the crop aftained maturity. Thus tie wetting zone at 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/plamt)
compared to furrow irrigation (20 to 26 g/plant) (Table-4.42). This situation favoured better nutrient
uptake and higher fertilizer use efficiency by 13 per cent (Table-4.38). All these factors contributed

to enhanced yield and its components in maize with fertigation through chapin systems which can



thus become a promising new technology in achieving increased yields in maize while saving both

water and fertilizer.

553 Yield and yleld components in sunflower as influenced by irrigation and fertilizer
applications

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 firrow imrigation

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 similar trend as that of seed yield. Increase in seed
yield of sunflower due to fertigation by effluents enriched with nutrients has been reported by
Papadopoulos and Stylian ou, 1991.

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 imigated suntlower. 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% under fertigation indicating more kernel
content in seeds than with furrow method. The superiority of fertigation was also visible in terms of
higher threshing per cent and head dia meter (Table-4.32) over other treatments. Oil content was
slightly higher with fertigation (47.8-45.0%) over drip (44.6%) and furrow (43.8-42.6) leading to
significantly 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 furrow method in 1997 only (Table-4.33).
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The variation in yield components and ultimately yield may be attributed to the
differences in dry matter production at different growth stages. Regular nutrient supply through
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 Aiyanna (19595) and
Virender Singh (l966) 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 irrigated 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.

5.6 FiTect of lewels of fertilizer on growth and yield of capsicum, nmize 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 (8423 kg and 8422 kg ha" averaged over 12 treatments) compared to 100% 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 [
and II pickings were significantly superior with 100% dose, the total yields for all the four pickings
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:iqb( 1989) when 3 levels of
nitrogen (67.5, 45.0 and 22.5 kg ha'') applied as ammonium nitrate in trickle irrigation did not cause

any significant change in capsicum yields.
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In maize during 1994, the growth in general was not influenced by the levels of
fertilizer. In 1996, the plant height (171.8 cm) and leaf area at harvest (1393 cm’) with 100%
fertilizer dose were significantly superior to 163.5 cm and 1228 c¢m? respectively obtained with 80%
dose. Yet dry matter production due to 100% level was on par with 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, largely 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 with 100% fertilizer dose in
furrow imigation. 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.
These results are concordant with the work of Bullock et al. ( 19965 who found 168, 252 and 336 kg
N ha’ applied 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 current study, the fertilizer use
efficiency was higher with lower fertilizer dose and hence the performance 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 superior under the influence of 100% fertilizer dose
as compared to 80% dose. Further, the stalk yield (1660 kg ha') in 1996 and some yield
components, 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 decreasing fertilizer level by 20% than the recommended
level especially under fertigated conditions may not affect the yield level in sunflower because of

improved fertilizer use efficiency at the lower fertilizer dose.
5.7 Fiect of fertilizer sources on growth and yleld of capsicum maize and sunflower

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

golutions 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 processes were
not required. Thus, for large scale field applications compared to small experimental plots as n the
current study, the use of normal fertilizers cannot be said to be practicable or helpful in the long rui.
However, for comparison on equal nutrient basis, both WSF and NF in the curent studies showed
similar results. The long term ill-effects if any on the chapins and outlet points through 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

gsoluble fertilizer formulations were supplied by Kemira Agro, Finland.

As the growth parameters in all three crops showed little variation due to sources of
fertilizer, the 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 water soluble fertilizer were equal to yields obtained with the application of
normal fertilizers (8564 and 8573 kg ha™ fruit yield, 4468 and 4484 kg ha™ grain yield and 1507 and
1351 kg ha" seed yield correspondingly). However, the quality of capsicum in terms of vitamin ‘C’



content was enhanced with WSF. It increased from 91.1 and 94.1 mg/100 g fresl: fiuit” 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 aftributes spread
randomly among the different observations recorded were not effective in influencing the yield of
capsicum, 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, super
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 through
pre-filtering before introducing into fertigation tank. Especially both superphosphate 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

7 E ‘ P4
et al. 1985; Haynes, 1985, 1988; Crespo-Ruiz ef a/. 1988 and Goyal et al. 1989.

5.8 Interaction efTects of methods of irrigation, levels and sources of fertilizer on performance

wd Do L S S

of capmicum, muize aml sunflower

With regard to different interaction effects of the main factors ie imigation/
fertilization methods x fertilizer levels or irrigation/fertilization methods x fertilizer sources or
fertilizer levels x fertilizér sources or irrigation/fertilization methods x fertilizer levels x fertilizer
gources, none of the interactions were found significant in any of the growth or yield parameters
studied in capsicum, maize or sunflower. However, a cloger examination of the data recorded in

various parameters revealed some general trends in each case.



161

5.8.1 Interaction between irrigation/fertilization methods and fertilizer levels

The trend pertaining to interaction between irrigation/fertilization methods and
fertilizer levels indicated that the influence of lower dose (80%) fertilizer was greater in magnitude
in drip or firrow method of irrigation than in fertigation. Kor instance, in case of capsicum the
reduced dose reduced the green fruit yield by 3.4% and 3.2% (mean of two years) in firrow and drip
methods respectively whereas it was 2.3% reduction in case of fertigation as compared to the full
dose (100%) fertilizer (Table-4.29). Corresponding yield reductions were 8%, 6.7% and 4.3% n
maize and 3.4%, 3.2% and 2.3% in sunflower (Tables-4.31 and 4.32) suggested that proportionate
yield reduction in capsicum, maize and sunflower due to 20% reduction in fertilizer in fertigation
was not so severe as observed in fixrow 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
Madramooto and i’f’ 1989), Olsen et al.(1993); Carbollo e al. (1994).

5.8.2 Interaction between irrigationfertilization methods 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 furrow 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 quantity as basal dose followed by

furrow irrigation or applied to soil followed by drip-irmigation system.
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5.8.3 Interaction between fertitizer levels and sowrces

In general, the 100% dose irrespective of source was 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 80% dose as the yield

increase due to increased fertilizer level by 20% was not significant.

£.8.4 Interaction effect anong irrigationfertilization methods, fertilizer levels and fts 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 sunflower
followed by 80% dose WSF, 100% dose NF and 80% dose NF in fertigation In this order the
green fruit yield in capsicum were 9.50, 9.36, 9.22 and 9.20 tons ha' (mean of two years); the maize
yields were 4.82, 4.76, 4.68, 4.68 tons ha' respectively and the sunflower yields were 1 61 154

1.51, 1.50 tons ha™ seed yield respectively.

In drip method, 100% WSF was superior in capsicum (8.84 t/ha) and sunflower (1.49

t’/ha) while it was 100% NF which was superior in maize (4 99 t/ha).

With furrow imrigation capsicum, maize and sunflower yields (7.85, 427 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, | 24 tons ha’
capsicum, maize and sunflower yields respectively). From these data it can be inferred that

fertigation method irrespective of different treatment combinations was the most supertor method of
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appiying fertilizer and waler as compared to soil applicaiion of fertilizers followed by firrow or drip

methods of applying water in capsicum, maize and sunflower.

1.9 Fconomic analysis of fertigation in capsicum, maize and sunflower cropping sequence

Economics on the use of WSF and NF in fertigation revealed that improved gross and
net returns and hence better C:B ratio were obtained in fertigation as compared to either drip method
or firrow method. Although, the fertilizer cost was more with WSF (Rs 5717 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 imrespective of sources or
levels of fertilizer resulted in 2.98 Rs. per rupee investment whereas the drip and finrrow 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 ﬁr}érop of capsicum itself. In case of tomato, the payback period 15 only
one geason (Sivanappan, 1996). In this context, Moll (1996) observed that, though the tlood system
is considerably cheaper to install drip system, the low annual operating costs in drip method out
weighs it 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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Future line of work

1. Fertilizer schedules should be matched with the nutrient demands of the crops. Since crops have

varied demands at various stages of growth, intenxsive studies are needed in this regard.

2. Identification of high value crops and their sequence needs be examined to maximize benefits

from fertigation.

3. QGreater insight is needed on fertigation system with regard to maximizing WUE and FUE while

simultaneously reducing the risks of soil and water pollution.

Results of extension value

1. There is an urgency to save water and costly inputs of fertilizer. Thig investigation suggests that
transfer of technology of drip system instead of firrow imigation 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 crops” should be the principal approach to be

demonstrated with inclusion of at least one high value crop such as Capsicum or Tomato.



SUMMARY



V1. SUMMARY

An agronomic investigation on “Effect of fertigation with normal and water soluble
fertilizers compared to firrow and drip systems in capsicum-maize-sunflower cropping sequence”
was carried out at the Main Research Station, University of Agricultural Sciences, Bangalore during

two years 1994-95 and 1996-97.

Twelve treatments combinations involving three 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 capsicum-
maize-sunflower 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. The salient

feature of the investigation are summarized and presented here.

1. The study on the soil moisture distribution revealed that at the top 0-30 ctn soil depth both drip
and fertigation had relatively more soil moisture content (24.3-28.2 %) upto 20 cimn distance from
the crop row indicating good availability of moisture in the root zone of crops. In contrast, in the
furrow method lower soil moisture content (17.8-22.2 %) at the top 0-30 cm layer upto 20 cm
distance from crop row was recorded. Even this soil moisture status was not maintained
constantly due to cyclic nature of furrow irigation 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.



2. The IWUE significantly increased by 56.6% an 52.9% during 1994 and 1996 respectively with
fertigated capsicum and by 44.2 and 45.1% respectively with drip method over the green fruit
yields of capsicum of 1.29 and 1.93 kg M obtained under furrow method. Similarly increase in
IWUE to an extent 0f 46.7-41.6% 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 drip 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
furrow, (13.5-15.5 mg/kg soil) methods. In these systems, leaching losses of NOs-N was
detected at subsurface (15-30 cm) layers (16.5-26.8 mg/kg soil) and beyond root zonal depths as
compared to fertigation methods. Full dose of fertilizer (100%) and WSF source resulted in
slightly higher soil NO;-N content than the reduced dose (80%) and the NF source respectively

4. The residual P accumulation was satisfactory in the top soil layers (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). ‘P’ 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/g soil).

S. 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 imgated plots (133.5-
164.8 mg/kg soil) or conventional furrow irmigation (107.3-160.6 mg/kg soil). At deeper layers,

reduced concentration of K wax observed in fertigation {(87.5-138.6 mg/kg soil) while there 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).

. The uptake 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 fertigation 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, 164-174 kg and 62.5-67.0 kg/ha in sunflower)
correspondingly, whereas the drip and furrow treatments caused lower N, P and K uptake

compared to fertigation.

. The FUE with fertigation was 38.7 and 38.8 kg/kg NPK in capsicuin, 19.4-19.3 kg/kg NPK 1H
maize and 8.2-9.05 kg/kg NPK 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).

. The root dry weight was higher in capsicum (5.35-5.39 g/plant), 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 compared to plots with traditionally fertilized but drip irmigated (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) .

. Capsicum growth was superior with fertigation as the growth components 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 finrow respectively and total dry matter of 19.9-19.3 g, 18.0-18.3 g and
14.8-15.6 g at harvest indicated the superiority of fertigation over other two treatments.



10.

11.

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.

Plant height, leaf area, number of leaves and LAI of maize improved with fertigation resulting in
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 firrow 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

13.

14,

15.

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 gramns per cob, grain weight
per cob test weight, cob length and girth and prohificity per cent.

Fertigation afforded better growth in sunflower with the different growth components showing
higher values as compared to the traditional management or soil application 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 drnip and 56.2 and 52.6 g/plant in

fertigation.

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 in seed yield
was particularly due to increased filling per cent from 73.8-74.7% in furrow irmigation to 80.5-
79.4% in fertigation. Though oil content did not vary among the treatments (42.6-47 8%), ol
yield was higher by 144-125 kg ha' in fertigation over 593-532 kg ha' obtained in furrow
method.

Reduced level of fertilizers of 80% did not generally affect the performance of capsicum, maize

and sunflower compared to 100% level.



/3930 ) 169
g

16.

17.

18.

19.

Fertilizer sources as water soluble or normal fertilizer applied in furrow, drip or fertigation
generally did not also cause significant influence on any attnbutes in capsicum, maze or
sunflower. However, the WSF source improved the quantity of capsicums in terms of Vitamin
‘C’ content from 91.1 and 94.1 mg/100 g fresh fruit in NF to 109.0 and 103.4 mg/100 g fresh
fruit at III picking in 1994 and 1996 respectively. Thus the WSF source had an edge over NF 1n
influencing the quality of capsicum vegetable.

Application of NF 1.e., urea, superphosphate and muniate of potash in fertigation was feasible on
this small scale experimentation. However, it was time and labour intensive as they should be
pre-filtered and then incorporated into irrigation water. Both superphosphate and muniate of

potash caused sedimentation on dissolution while urea was mostly suitable for fertigation

purpose.

All the interactions were non-gignificant. However, the interaction between nmigation methods
into fertilizer levels indicated that 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.

Fertigation treatments irrespective of levels or sources of fertilizer resuited 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./ha) as compared to drip method (54,787-72,480, 9,119-18,032 and 6,395-12,736 Res.
/ha respectively) and traditional furrow method (47,216-63,800, 8,180-17,205 and 5,053-11,207

comrespondingly).

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% m

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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