EVALUATION COF LOW COST TECHNIQUES
IN POTTED VEGETABLES GROWN IN
ROOF GARDENS

By
ROSHNI, G.C., BSc. (Ag)

THESIS _
SUMBITTED IN PARTIAL FULFILMENT
THE REQUIREMENT FOR THE DEGREE
MASTER OF SCIENCE IN AGRICULTURE
FACULTY OF AGRICULTURE
KFRALA AGRICULTURAL UNIVERSITY



Dedicated
fo my
beloved parents



DECLARATION

I hereby declare that this thesis
entitled "Evaluation of low cost techniques in
potted vegetables grown in roof gardens”, is a
bonafide record 'of research work done by me during
the course of research and that the thesis has not
previously formed the basis for the award to me of
any degree, diploma, associateship, fellowship or
other similar title of any other university or

society.

™~
College of Agriculture, ROSHNI. G.C.

Vel layani,
10-12-1993.



CERTIFICATE

Certified that this thesis entitied

"Evaluation of low cost techniques in potted

vegetables grown in roof gardens", is a record
of research work done independently by
Smt. ROSHNI, G.C., under my guidance and

supervision and that it has not previously formed
the basis for the award of any degree, fellowship

or associateship to her.

College of Agriculture, Dr.
Vel layani, Chairman,
10-12-1993 Advisory Committee

GEETHAKUMARI



APPROVED BY:

CHAIRMAN:

(e
s
Dr. (Mrs.) V. L. GEETHAKUMARI @V

MEMBERS :

1. Prof. P. CHANDRASEKHARAN M )377_
2. Dr. V. T. ALEXANDER t/f/ m (G‘D_

3. Dr. (Mrs.) S. PUSHKALA @MW

EXTERNAL EXAMINER: (Q Qumfaxmmw
’-__—______._-’



dratitude

ACKNOWLEDGEMENTS

The author wishes to express her deep sense of

and sincere thanks to

Dr. (Mrs.) V.L. Geethakumari, Associate Professor
of Agronomy, College'of Agriculture, Velliayani and
Chairman of Advisory Committee for her wvaluable
guidance, critical suggestions and constant
encouragement throughout the course of this study

and in the:preparation of the thesis.

Prof. P, Chandrasekharan, Professor and Head of
Agronomy, College of Agriculture, Vellayani for his

sustained interest in the conduct of this work.

Dr. V.T. Alexander, Professor of Agrbnomy, College
of Agriculture, Vellayani for his encouragement,
helpful suggestions and advice rendered during the

course of the study.

Dr. (Mrs.) Pushkala{ Associate Professor of Soil
Science and Agricultural Chemistyy for her valuable
suggestions, critical scrutiny of the maﬁuscript
and for the keen interest shown throughout the

study.



Dr. (Mrs.) P. Saraswathy, Head of Agriculturat
Statistics, Collge of Agriculture, Vellayani for
valuable guidance in the statistical analysis of
the data. Sri. C.E. Ajithkumar, Junior Programmer,
Computer Centre, College aof Agriculture, Vellayani

for analysing the experimental data.

Sri. P. Raghunath, Associate Professor of
Entomology, College of Agriculture, Vellayani for
the guidance rendered at various stages of the

gtudy.

Sudha, Resmi, Rashmi, Rajasree, Sreelatha, Santhi,
Suneetha, Leena, Jacob John, Sanjeev, Louis Joseph
and all my colleagues for their sincere co-

operation and assistance rendered during the course

of this investigatiaon.

to my beloved parents for their sincere help and

inspiration given to me for the completion of the

thesis.

to my husband for his inspiration in the timely

completion of the thesis.



M/s. Athira Computers, Kesavadasapuram for neatly

computing the thesis.

the Kerala Agricultural University for the award of

fellowship for the Poat Graduate Programme.

Above all, to God Almighty, for blesesing me for the

successful completion of the thesis.

ani,

g
LR
[O -12-1993. ROSHNI, G.C.



CONTENTS

Pages
INTRODUCTION c b2
REVIEW OF LITERATURE . 320
MATERIALS AND METHODS Di. 8¢
RESULTS L 39 .92
DISCUSSION 23 - 113
SUMMARY ce Ny - 134
REFERENCES e | - XV
APPENDICES T W

ABSTRACT



LIST OF TABLES

Important properties of.potting mixture

Effect of irrigation and conservation
methods on height

Interaction effect of levels and methods of
irrigation and conservation methods on
height

Effect of irrigation and conservation
methods on branches plant;_1

Interaction effect of levels and methods of
irrigation and conservation methods on
number of branches

Effect of irrigation and conservation
methods on LAI

Interaction effect of levels and method of
irrigation and conservation methods on LAI

Effect of irrigation and conservation
methods on DMP at 35 DAT, 70 DAT and
harvest

Interaction effect of levels of irrigation
and conservation methods on DMP



S T B e o e i S o ol o e o e e e ey T e ey gy ey P ey ey e ey e ey Ty . e ey Y e o SN R T S S S S T B W W e e —— ——— —— —

Effect of irrigation and conservation
methods on root area and tap root length

Interaction effect of levels and method of
irrigation and conservation methods on root
area

Interaction effect of levels and methods of
irrigation and conservation methods on tap
roct length

Effect of irrigation and conservation
methods on root dry weight

Interaction effect of levels and method of
irrigation and conservation methods on root
dry weight

Effect of irrigation and conservation
methods on shoot root ratio

Interaction effect of levels and method of
irrigation and conservation methods on
shoot root ratio

Effect of irrigation and conservation
methods on net assimilation rate and
relative growth rate

Interaction effect of levels and method of

irrigation and conservation methods on NAR
and RGR

57

to

-

G
IR)



T T . — k. R . S T S S G T i e ol g T T i T Tt T S L Skl ey S S S — T . S e o T T T R S S e e

4.10a.

4.100L.

4.11a.

Effect of irrigation and conservation

methods on time of 50 per cent flowering,
‘Number of flowers plant_l, setting per cent

and -fruits plant_l'

Interaction effect of levels and method of
irrigation and conservation methods on

setting per cent and time of 50 per cent
flowering_

Interaction effect of levels and methods of
irr{gation and conservation methods on
number of flowers and fruits pla.nt"1

Effect of irrigation and conservation
methods on length, girth and volume of
fruit and hundred fruit weight

Interaction effect of levela and method of
irrigation and conservation methods on

fruit girth,'fruit volume and hundred fruit
weight

Interaction effect of levels and method of
irrigation on hundred fruit weight

Effect of irrigation and conservation
methods on yield plla.nt_'1

Interaction effect of levels and method of

irrigation and conservation methods on
yield plant™!

6%

70

73

77

79.

go



L ek ey 2 T T T e S S T SR Sk o e D S A el e T L WS Mk Sk A g S S it B e . S S e e P et e e T g S Skl i S ey ey . S S T S

T — . I ey Sy, T . o, Sy o T L Sy ey e T B S . i T S S B ek S} e v Y S T R e R S R S ey e T S S T o g S S Sk o e g S . B

4.12a.,

4,13a,

4.15a.

—— o — — " i e (o . e S T T T S . e ey T ——— —

Effect of irrigation and conservation
methods on harvest index

Interaction effect of .levels and method of-

irrigation and conservation methods on
harvest index

Effect of irrigation and conservation
methods on water use efficiency

Interaction effect of levels and method of
irrigation and conservation methods on WUE

Effect of irrigation and conservation
methods on chleorophyll content

Effect of irrigation and conservation
methods on nutrient uptake

Interaction effect of levels and methods of
irrigation and conservation methods on

nutrient uptake

Economics of cultivation

RN

av

7



LIST OF ILLUSTRATIONS

e o, L Bl g Bl et Sk, ey g oy Ay iy o g Sy, ey ot Gy g e e Sl Yo Sy gy Sy ey g S} ey g v e e . el ey ey ey e e e e e e T A T T ——————

—— e e e e e e e e e S A — . i e S ————————— T —— ——— A —— —— ————— T T e et Sk S L i A

Weather data during crop period

Soil temperature as influenced by
conservation methods

Interaction effect of levels and methods of
irrigation on hundred fruit weight and

yield pla.nt:_1

Interaction effect of levels of irrigation

" and -conservation methods on fruits pla.nt‘."1

hundred fruit weight and yield pla.nt'.'_1

Interaction effect of methods of irrigation

and conservation methods on fruits and
vield pla.nt‘."1

Interaction effect of levels and methods
of irrigation and conservation methods on
water used, WUE and yield

-)' - ‘?_a:)q

101 - 102

(09 -109

io? - 10

g - !

ITTANT



LIST OF ABBREVIATIONS

mm - millimetre
cm - centimetre
mg - milligram
g - gram
kg - kilogram
1 - litres
ha - hectare
N - Nitrogen
P - Phosphorus
K - Potaegsium
Iw - Irrigation water
CPE - Cumulative pan evaporation
ET - Evapotranspiration
DAT - baya aftéf transplanting
Fig - Figure
LAI - Leaf Area Index
DMP - Dry matter produciton
FC - Field Capacity
WUE .- Water Use Efficiency
NAR. - Net Assimilation Rate
RGR - Relative Growth Rate
'Pa - Kilo rascal
HI - Harvest Index

ASM - Available Soil Moisture



INTRODUCTION




1. INTRODUCTION

Our national food production programme, like any
other developing country, has the twin objectives of fighting
hunger and inadequate nutrition. While a failr degree of food
gelf suffipiency a£ current levels of consumption capacity
has been achieved, we are.yet'to stabilize a national
nutrition security system. Vegetables being the cheap source
of vftamins and minerals do a lot to combat with the problem
of undernourishment and malnutrition. Ag per the allowance
recommendations a minimum vegetable supply of 284 ¢ da.y_'1
.*.’Ldult'._1 is required. Hardly half of it is provided at
present in our country. The annual requirement qf veéetablea
at present is 52 m. tonnes of which only 16 m. tonnes is
produced from an area of 1.3 m. ha. The low per capita
consumption is mainly due to the low production level of

vegetables. Hence vegetable production needs to be augmented

on a large scale.

With the inexorable process of urbanisation and
consequent pressure on land, it is becoming increasingly
difficult to own and cultivate confentional type of vegetable
gardens of even a few cents of land. VWhere little space is

available vegetables can be profitably raised in pots.

Among the basic factore of agricul tural

- productivity, adequate and timely provision of irrigation



water is crucial. Water being a scarce resource, efficient
use of available water has become extremely important. In
this context drip irrigation has an important role to play.
Drip irrigation has been recognised by researchers as the
best and most efficient method of irrigation. But its high
cost of installation limits its Qopularity. Hence, this study
is aimed at the feasibility of using an indigenous
autoirrigator fabricated with low cost materials for

irrigating potted vegetables efficiently and economically.

The role of organic spreaders for economising water
use is investigated in many crops. But the feasibility of
using coir pith, a waste product of coir industry, as the
mulch material is not much studied. Jalsakhti, a polymer was
found to have the ability to absorb water and release it
slowly to the crop for a longer time. This property of this

hydrophilic amendment is not much studied for potted

vegetables.

In the light of the above, the present study

embodying the following objectives was taken up.

1. To assess the water requirement of vegetables grown in

pots.

2. To compare the efficiency of different techniques for

economising water use in vegetables.
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2. REVIEW OF LITERATURE

This investigation entitled "Evaluation of low cost
techniques in potted vegetables grown in roof garden" was
taken up with the objective of assessing the water
requirement of vegetables grown in pots in terrace garden and
to oomparg the efficiency of different techniques for
economising water use in vegetables. Water being a scarce
input of agriculture particularly during summer season, the
need.for increasing the efficiency of different methods for
economising water use in summer vegetables is a long felt
need of our vegetablé growers. Since the information on the
effect of irrigation and moisture conservation methods on
chilli grown in pots are meagre, results of similar works on
other related crops are reviewed. Only very scarce data on
response of potted vegetables to irrigation are available.
Hence response of vegetables to irrigation under field
conditions is also reviewed. The present state of knowledge
on these aspects with.special reference to chilli are grouped

under the following headings.

2.1. Effects of methods of irrigation on growth, yield and

nutrient uptake of vegetables

2.2, Effects of levels of irrigation on growth, yield and

nutrient uptake of vegetables



2.3. Effects of soil moisture conservation methods on growth,

Yield and nutrient uptake of vegetables

2.4. Water use efficiency and water requirement of vedetables

2.1. Effects of methods of irrigation on growth, yield and

nutrient uptake of vegetables

Differences in the response of vegetable crops to
various methods of irrigation were observed. The effects of
methods of irrigation on various growth and yield attributes

reported by various workers are reviewedhere under.

Shmucli and Goldberg (1971) observed rapid
vegetative growth in muskmelon under drip irrigation in
comparison with sprinkler and furrow irrigation. Early
maturity and shortening of the growth phase wilhout causing
reduction in yield was observed in drip irrigated plants
(Goldberg et al. 1978). Padmakumari and Sivanappan (1978)
reported higher number of branches under drip irrigation in
brinjal. Bar - Yosef et al. (1980) opined greater vegetative
and root weight with high water application in trickle
irrigated tomatoes. Vasanthakumar (1984) reported that
height, numbqf of branches plant—l. days to 50 per cent
flowering and setting per cent did not differ significantl&

in tomato for drip and furrow methods of irrigation. Bhella



(1988) observed that plant height increased in response to
trickle irrigation. Sanders et al. (1989) reported increased

plant height in drip irrigated tomatoes.

Shmucli and Goldberg (1971) attributed higher
yields in muskmelon under drip irrigation to greater number
of fruits plant"l which reached marketable size and in part
to greater number of large sizéd fruits. Bernstein and
Francois (1973) indicated fruit msize increased with drip
irriéation in bell pepper. .Bar - Yosef et al. (1980) noted
earlier fruit production in drip irrigated tomatoes. Hanna
et al. (1985) reported drip irrigation increased fruit set
and fruit =size in tomatoes. The amount of fruite that

matured early also increased.

Shmucli and Goldberg (1871) observed higher yields
of muskmelon under drip irrigation compared to furrow and
gprinkler irrigation. Bernstein and Francois (1973)
indicated that in bell pepper daily drip irrigated plants,
out yielded the furrow and sprinkler irrigated planta by 50
per cent. Halevy et al. (1973) opined that tomatoes, green
pepper, cucumber, muskmelon and other melon varieties gave
striking response to drip irrigation in terms of higher
vields compared to other surface methods at equal or low

volume of water. Borelli and Zerbi (1977) reported that drip

irrigation . increased total and marketable yields of sweeti



pepper and egg.plant more than furrow irrigation. Padmakumari
and Sivanappan (1978) observed higher yields of brinjal under
drip irrigation using 30 per cent of the total water
requirement of other surface @ethods. Sivanappan et al.
(1978) reported that yield of chilli was significantly more
in drip irrigation compared to conventional surface methods
with a water saving of 62 per cept. Sihgh and Singh (1978)
suggested that drip irrigation increased yield of long gourd
by 48 to 48 per cent, round gourd by 21 to 38 per cent and
water melon by 10 to 22 per cent compared to furrow and
sprinkler irrigation.. Sivanappan (1979) in a trial on
chilli, brinjal, bhindi and tomatoces observed 10 to 40 per
cent increased yield in drip irrigated crops compared to
surface irrigation. Elmstorm et al. (1982) reported early
yvields of water melon in deep pine sandy soils of Lusberg
under drip irrigation compared to sprinkier irrigation. Lin
et al. (1983) noted that drip irrigation in tomatoea with
moisture levels maintained above 25, 50, 85 and 80 per cent
of available water produced 20 to 40 per cent more marketable
yield than monthly furrow irrigation and 80 per cent more
than unirrigated control. Vaganthakumar (1984) reported in
tomatoes that fruit yield plant™ ! was higher in drip
irrigation than convenéional surface irrigation systems.
Younis (1988) observed early maturity, highest yield, higheaf

net profit and least water consumption in tomatoes by drip



and crop quality with drip irrigation compared to
conventiongl methéds. Gutal et al. (1890) reported in
Capsicum that drip irrigatioﬁ to'wet 50 per cent of cropped
area gave highest yield than when 100 per cent cropped area
was Qetted. Wivutvongvana et al. (1990) opined that

marketable yields of sweet pepper were the same for furrow

and drip irrigation.

Bernstein an@ Francois (1973) found that under drip
irrigation more than half of the pepper roots were located
within a depth of 5-15 cn. Vasanthakumar (1984) reported
that root dry matter in drip irrigated plants was lower as
compared to surface irrigation methods Randall and Locascio
(1988) on studying the root growth of drip irrigated cucumber
and tomato reported that water application rates did not
influence root density distributions and high water quantity
(0.5 times pan evaporation) resulted in high root density.
In drip irrigation at different irrigation levels no
significant difference with respect to vertical ana

horizontal roots was reported by Saffadi and Battikhi (1988).



Vertical roots reached maximum average of 27 cm. Sanders et
al. (1989) reasoned increased yield in drip irrigated
tomatoes as response to increased rooting due to higher soil

moisture at the higher irrigation rates.

Bar - Yosef et al. (1980) noted in trickle irrigated
tomatoes that application of 1.43 1 ple.nt"1 day ~! resulted
in higher nitrogen and phosphorus uptake when compared to
0.73 1 plant ~! day™!. Kafkati andB;:)—sef (1980) had observed
that drip irrigation of 642 mm. water resulted in higher
nitrogen and phosphorus concentration compared to 404 mm in

tomatoes. Bhella {(1988) had reported that nutrient loss by

leaching was reduced under drip irrigation.

Literature reviewed here shows that most of the
vegetable crops like chilli, tomato, brinjal, bhindi and
cucurbits performed better under drip irrigation compared to
conventional methods of irrigation like furrow irrigation,
Yield of almost all these crops increased by about 25 to .30
per cent by drip irrigation. This better yield was resulted
from better expression of various growth and yield
attributes. It is also observed that uptake of nutrients by

vegetable crops was better under drip irrigation.



2.2. Effects of levels of irrigation on growth, yield and

nutrient uptake of vegetables

Differences in response of crops to varying soil
moisture were noted. Effect of different levels of

irrigation on growth, yield and nutrient uptake of vegetables

are reviewsd here.

Shmueli and Goldberg (1971) reported linear
response in plant growth with increase in the rate of water
application. Tamaki and Naka (1971) opined that high soil
moisture content (85 per cent field capacity) increased the
number of branches, stem length, lealf number and dry weight
of various aerial parts at later stages of growth in broad
beans. Goldberg et mnl. (1978) reported that longer the soil
moisture is maintained at field capacity the more vigorous is
plant growth and greater the yield. Beese et al. (i882) in
their séudy on chilli under drip irrigation found linear
response to water application rates at 0.8, 1.0, 1.2 and 1.4
times of the control (applied at 25 cbr) in lealf area and DMP
resulting in higher yields at higher regimes. George Thomas
(1984) found that in bittergourd biometric characters like
length of vine, LAI and DMP were favourably influenced by
frequent irrigation. Wankhade and Morey (1984)_repor§pd in
chilli a significant increase .in leaf area and plant height

due to higher levels of irrigation. Palled et al. (1985)



observed no significant difference in plant height in chilli
irrigated at 25, 50 and 75 per cent depletion of ASM. Dirks
and Tan (1988) found that chilli had a shellower root system
with low root intensity below 50 cm. Chilli showed
relatively little response to irrigation in terms of
increased root distributions, Zhong and Kato (1988) in an
experiment jo study the effect of soil moisture (15 to 20, 23
to 28 and 30 to 35 per cent) on growth and yield of
solanaceous fruits in pot reported that in all species dry
weight and proportion of dry weight in stem increased with
increasing Boil moisture. The transpiration rate and
apparent NAR decreasedlas soil moisture increased, but the
difference between intermediate and high levels of soil
moisture was not significant. Jagmail Singh et sl. (1990)
reported that a decrease in soil moisture content resulted in
decrease in leaf area, Raja and Bishnoi (1990) suggdested
that root volume and dry weight increased while tap root and
lateral root lengths decreased with increased irrigation
frequency. Prabhakar and Srinivas (1990) has observed in
bhindi an increase in plant height, LAI and DMP upon
irrigation to meet 100 per cent compared to 50 per cent and
25 per cent pan evaporation. Length and girth of chilli
frgits were favourably influenced under IW/QPE ratio of 0.8
with a little difference between medium and higher levels.
(Wankhade and Morey 1984). Palled et al. (1985) reported in

chilli that irrigation at 50 and 75 per cent depletion



recorded significantly more mature fruits plant"l. Gupta
{1989) in a study on response of tomato to irrigation
reported the moisture had significant effecélon fruit size.
Fruit size was the highest at 80 per cent ASM. Pulekar et
al. (1990) in an experiment with five irrigation regimes on
chilli (12, 24, 38, 48 or 60mm) reported the highest number
of fruits piant_l, weight of fresh fruits plant -1 and yield
when irrigation reached 38 mm. Kwapata (1990) obaserved in
tomatoes that with increasing irrigation frequency, number of
-1

fruits plant and fruit size increased.

The highesf vield in peppers was obtained at 80 to
90 per cent field capacity (Kartalov and Dimitrov, 1970)
Bucks et al. (1974) reported that application of irrigation
water less than optimum consumptive use reduced cabbage yield
under drip irrigation. Bower et al. (1975) observed 17 per
cent higher yields of tomato when soil moisture tension was
maintained below 0.2 bar compared to 0.4 and 0.6 bar.
Sadyvykov and Mikhael (1982) from a two year trial with
capsicum reported that plants irrigated at 70 to 75 per cent
field capacity gave higher yield, More frequent irrigations
slightly decreased vield. Smittle and Threadgill (1882)
compared two irrigation levels in a field trial with
cucumber. They observed that highest marketable fruit yield,
was resulted from irrigation at 0.3 bar s0il water tension.

Lin et al. (1983) noted that drip irrigation in tomatoes with



moisture levels maintained above 25, 60, 65 and 80 per cent
of available water produced 20 to 40 per cent more marketable
yield than monthly furrow irrigation and 80 per cent more
than unirrigated control. Jayakrishnakumar (1986) reported
that the highest yield of bhindi was obtained by irrigation
at 85 per cent field capacity. Ferreyra et al. (1987)
observed that in capsicum yieldlwas the highest with 0.7
times pan evaporation. Narayana Rao and Kondap (1988)
reported mean meximum green pod yield in chilli at 50 per
cent ASM. Gupta (1988) in a study on response of tomato to
irrigation reported the highest yield at 80 per cent ASM.
Prabhakar and Srinivas (1891) has observed in bhindi an
increase in yield on irrigation to meet 100 per cent pan
evaporation compared to 50 per cent and 25 per cent pan

evaporation.

Trouse (1871) reported- that plants are unable to
utilise plant nutrients in dry soil. Accordihg to Sharma and
Prasad (1973) nitrogen uptake by bhindi was higher with
irrigation at soil moisture tension of 0 to 0.5 atm. as
compared to irrigation at O.Lo 0.25 and 0 to 0.75 atm
respectively. They reported that irrigation had failed to
-produce any significant effect on nitrogen content in plant
parts. While studying the effects of irrigation at 80, 70 or
80 per cent of field capacity Gamayun (1980) observed a

moisture regime of 80 per cent of field capacity to be ideal



for the maximum uptake of nitrogen, phosphorus and potassium
by tomato plants. George Thomas (1984) observed that levels
of irrigation did not produce any significant influence on
the content of nitrogen and phosphorus in plant parts of
bitter gourd. Nitrogen, Phosphorus and Potassium uptake of
crop was sBignificantly increased by higher levels of
irrigation. ' Karlen and Camp.(19§5) opined that irrigation
significantly increased plant nitrogen and phosphorus
concentration, but potassium concentration was not influenced
by’ water management practices. Jayakrishnakumar (1986)
reported maximum uptake .of nitrogen, phosphorus and potassium

drdp
in dailyAirrigated crops of bhindi. Ferreyra et al. (1987)

observed that excessive water application (1.3 times pan
evaporation) significantly reduced nitrogen, phosphorus and
potagsium absorption by capsicum planta. Hegde (1888B) noted
that high soil water potenﬁial either tended to decreasge or
failed to change the concentration of nitrogen, phosphorus
and potassium in leaves and bulbs of onion plants, but the
uptake of these nutrients generally increased due to higher
DMP. In another experiment with bhell pepper he reported that
irrigation at 40 per cent ASM resulted in maximum nutrient
uptake. Hegde and Srinivas (1990) reported that nitrogen
concentration generally increased with decreased frequency of
irrigation especially at -85 kPa, Concentration of phosphorus

and potassium tended to decline with stress.



Suryanarayana et al. (1983) reported maximum
chlorophyll content in chilli with irrigation at 6 days

interval compared to 8 days and 12 days interval.

Results of works depicted here show that increase
in soil water potential resulted in increase in various
growth and yield attributes and ?ost of the vegetable crops
responded better at a soil water potential of about 70 to 90
per cent field capacity. In chilli maximum pod yield was
obtained by maintaining soil moisture at 50 per cent ASM.
Little response to irrigation wés obtained in terms of
increased root distribution. The tolerable limit of moisture
depletion in chilli was found to be about 25 per cent of ASM.
An increase in uptake of nutrients with increase in

irrigation levels is seen in most of the vegetable crops.

Increase in uptake was mainly due to increase in DMP.

2.3. Effects of soil moisture conservation methods on growth,

yvield and nutrient uptake of vegetables

Results of various works on effect of so0il moisture
conservation methods on growth, yield and nutrient uptake are

reviewed.

Patil and Bansod (1972) observed significant
increase in. height, number of branches and leaves in tomato

with mulching when compared to unmulched plots. Tumuhairwe



and Gumbs (1982) reported that mean fresh weights and dry
weights of cabbage in mulched plots was significantly higher
than unmulched plotsa. ‘Olasantan (1985) found that in tomato
mulched plants grew taller and produce more number of
branches. Balaswamy et al. (1986) reported that mulch
treatment improved both vegetative and reproductive growth as
compared to no muilch treatment.l Carter and Johnson (1988)
gsuggested significant increase in growth in brinjal with
mulching when compared to unmulched plot. Earliness was also
gsignificantly influenced by mulching. Vanderwerken and
Wilcox (1988) observed that mulching advanced flowering in
bell pepper. Improved growth with respect to plant height

and canopy spread was observed in mulched plots.

Patil and Bansod (1972) observed in tomato,
increase in number of flower clusters by mulching. Clasantan
{1985) reported that by mulching yield and yield components
were significantly more in tomatoes. Fruit size was high in
mulched plots. Kwapata (1990) reported increased fruit size
with increasing mulch depth but the number of fruit plant_l
was not affected by changes in mulching depth. Negreiros et
al. (1990) in an experiment to study the effect of mulching
on capsicum with shredded leaves of Copernicia reported thatf

mulched plants yielded more number of fruits than non mulched

ones.



Isenberg and Odland (19850) reported in cucumber
that mulching increased yield. White et al. (1959) reported
higher yields of tomatoes when mulched with saw dust. Patil
and Bansod (1972) observed significant increase in tomato
yield by mulching. Srivastava et al. (1981) in their trial
with various organic mulches in tomato reported that weed
population Qas effectively checked and marketable yield was
increased by hard mulches like orchard leaves, sugarcene
leaves etc. Hankin et al. (1982) reported the greatest yield
in vegetables when mulched with plastic. Olasantan (1985)
opined increased yield by mulching in tomato. Subbha Reddy
(1986) reported that increased yield under mulching was due
to improved water intake, better aeration, increased water
retention and uptake from soil. Straw mulching in tomato and
okra increased yields by 100 and 400 per cent respectively
(Gupta and Gupta, 1987). Suh Hyo-Duk (1990) had observed 42

per cent increase in red pepper yvields by mulching.

Zheng and Wang (1986) reported increased absorption
of nitrogen and potassium by mulching in cucumbers. Jayasree
(1987) reported that soil temperature was lowered by 1.8 to
200 by mulching. Séil nitrogen and organic carbon contents
were higher and uptake of nutrients like nitrbgen, phoasphorus
and potassium were higher in mulched plots. Gupta and Gupta
(1987) observed increased nitrogen availability with

mulching. Loganathan (1990) reported increased availability



of nitrogen, phosphorus and potassium on application of coir

pith.

Tumuhairwe and Gumbs (1982) opined that mulching
increased available water by 40 per cent with irrigation and
20 per cent without irrigation. Rivera and Goyal (1888)
reported tﬁat soil moisture retention was better in mulched
than in unmulched plots. Subba Reddy (1986) reported
increased water intake, aeration, water retention and uptake

from soil with mulching.

Flannery and Busscher (1882) in a trial with
Permasorb, a water sorbing polymer reported that dry matter
vield was not significantly affected by itreatments. Roots
were found to be thicker and numerous with increasing amount
of Permasorb. Wallace et al. (1984) reported that addition
of hydrophilic polymer improved root and shoot growth.
Arvind Kumar et =al. (1921) observed higher number of
branches pla.nt_l and 1000 seed weight in Jalasakthi treated
plants when compared to control. Woodhouse and Johnson
(1991) reported that synthetic super absorbent starch co-
polymer and polyacrylamide co—-polymer increased dry matter

production in lettuce.

Bandhopadhyay and Ray (1988} reported that addition
of Jalsakhti to soil increased available water content to

the maximum.



From the research works reviewed it is seen that
mulching significantly increased yields in vegetables.
Application of water sorbing polymers had promoted the growth

and yield contributing characters.

2.4. Water use efficiency and water requirement

Differences in WUE was observed under different
methods and levels of irrigation and =so0il moisture
conservation methods. Research work on this aspect are

reviewed.

Hanson and Peterson (1974) reported that WUE was
the highest in onion under drip compared to sprinkle and
furrow irrigation. Adoption of drip irrigation in bhindi
resulted on a saving of 84.7 per cent of water used in
conventional furrow irrigation (Sivanappan et al. 1874)
This was later supported by Padmakumari and Sivanappan
(1978). Bryon et al. (1976) observed that drip irrigation
required 50 to B0 per cent less water than overhead
irrigation in tomatoes,. Sivanappan (1979) in his trial with
chilli, brinjal, tomato an? bhindi observed that about one
third to one fifth of water is sufficient for dpip plot as
compared to surface irrigation. Lin et al. (1983) noted

higher WUE under lower regimes. in drip irrigation as degree

of stress created was relatively low and decrease in yield



was to a lesser extent compared to reduction in water use.
Ramesh (1986) noted higher WUE of 20.88 kg ha mm ! with drip

irrigation at 0.8 times pan evaporation compared to 15.864 kg

ha mm~!

with furrow irrigation at the same level.
Kaniszewski and Dysko (1988) in tomatoes noted that water use
in drip system was about 35 per cent lower than that with
hand watering by hose. Water consumption per kilogram of
fruit was lowest in drip_systems (22-26 1) and highest in
hand . watering (41 1). Chartzoulakis et al. (1990) on
comparing drip, furrow and microtube irrigation systems in
cucumbers reported highest WUE for drip and lowest for
furrow. Gutal et al. (1990) reported in capsicum that under
drip irrigation 63.4 per cent less water was used, Singh
(1990) opined increase in WUE with drip irrigation in
watermelons and gourds. Wivutvongvana et al. (1990) reported

that WUE was high for drip irrigatiqn in sweet peppers.

Selvaraj (1976) opined that more the quantity of
water supplied more would be reduction in WUE. Pai and Hukeri
(1979) while studying the water requirement of vegetables
suggested that for good growth of vegetables, the so0il
moisture should be maintained at or above 75 per cent of
availability in the active root zone. Hedge (1988 a)
indicated that irrigating capsicum at snil matric potential-~-
of -65 k Pa gave in maximum WUE compared to irrigation at -

25, -45 and -85 k Pa. Hedge (1988 b) reported maximum WUE in



bell peppers at 40 per cent ASM. Subba Rao (1989) showed
that in cucumber field water use efficiency was high in the
less frequently irrigated treatments. Ra ja and Bishnoi
(1990) opined that increased irrigation frequency decreased

WUE.

Gupta (1975) reported that mulching remarkably
increased WUE by 25 per cent over no mulch. Patel and Singh
(1979) reported marked reduction in water use by 12.8 per
cent with mulching. Balaswamy et al. (1984) observed that
mulch treatment resulted in higher crop water use efficiency.
Wallace et al. (1984) observed that application of
hydrophilic polymer reduced frequency of irrigation and
decreased the plant water stress. Woodhouse and Johnson

(1991) found increase in WUE with addition of hydrophiliec

polymer.

Research works narrated here indicated that WUE of
most of the vegetables crops was higher under drip irrigation
compared to other surface irrigation methods. It was
observed that about 35 to 60 per cent water can be saved by
adopting drip method of irrigation. Increase in irrigation
frequency decreased WUE. Maximum WUE in bell pepper was
observed at 40 per cent ASM. Significant increase in WUE was

observed by mulching and application of Jalsakhti.



MATERIALS AND METHODS




3. MATERIALS AND METHODS

The present investigation was conducted as pot
culture at College of Agriculture, Vellayani to assess the
water requirement of chilli grown in pots and to compare the
efficiency of different techniques for economising water use
in chilli. The details of the materials used and methods

adopted in this experiment are given in this chapter.

3.1. Location

The experiment was conducted in the net house
attached to the Bepartment of Agronomy, College of
Agriculture, Vellayani. This location is situated 85°N
latitude and 76.9°E longitude at an altitude of 29 m above

mean sea level.

3.2. Season

The experiment was conducted during the summer
season of 1992 - 1993, The details of weather data collected
from the meteorological observatory attached‘to the College
of Agriculture, Vellayani are given in Appendix-I and Fig. 1.
Weekly averages of temperature, evaporation and relative

humidity during the cropping period are presented.
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Fig. 1. Weather data during the

crop period



Maximum temperature ranged between 32.64°C and

29.85°C and the minimum between 24.17°C and 18.862°C.

The relative humidity ranged from 71.23 to 84.92
per cent and pan evaporation values varied from 2.5 mm

to 5 mm per day.

3.3. Materials
3.3.1. Potting mixture

The experiment was conducted with potting mixture
prepared by mixing sand, red loam soil and farm yard manure
in 1 : 1 : 1 proportion. The important physical and chemical

properties of the potting mixture are given in Table 3.t.

Table 3.1. Important properties of the potting mixture

A. Physical properties

S o o " — ———— T — . — T Tk Lk S S e S e o i oy e e e . W T T S —— T o o Tt S o e S

Field capacity (%) 18.4 Pressure plate apparatus
method (Richards, 1947)

Permanent wilting point (¥) 7.4 Pressure plate apparatus-
method (Richarda, 1947)

Bulk density (g cm—s) 1.3 Keen Raczkowski'’'s method.
{Karthikakutty Amma,
1977)
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B. Chemical characteristics

R e e g e il o S S v Sy S S N M SR S ek SELS —y Af o T R T e e S P S S Tt} S Sl S T S S — — ——— — ey yp

Constituent Content Rating Method used
Organic carbon 0.2 Low Walkley and
(%) Black rapid
titration
me thod
{Jackson, 1973)
Available 0.00886 Low Alkaline
nitrogen (%) potassium
permanganate
method

(Subbaiah and
Asija, 1956)

Available 0.0025 High Bray

P05 (%) colorimetric
method (Jackson,
1973)

Available K50 _ 0.0049 Low Ammonium acetate

(%) method (Jackson,

1973)

pH 5.9 Acidic 1:2 so0il solution

ratio using pH
meter (Jackson,
1973)

T L L S e S ey e o S T Tt et S W AP S S R S S S Sy e e R T A S et S S S S R iy el iy e P T S

3.3.2. Cultivar

Chilli wvariety Jwalasakhi, a cross between local

variety Vellanotchi and Pusa Jwala obtained from

instructional farm, Vellayani was used for this study. This
variety released from College of Agriculture, vellayani have

low pungent succulent fruits and is having a high yield

potential of 19.6 t ha~!.



3.3.3. Plianting site

Earthern pots of 25 cm diameter and 30 cm height,
filled with potting mixture at the rate of 8 kg ,)ot‘._1 were

used for raising the crop.

3.3.4. Mulch

Coirpith, =a by—prodhct of coir industry collected
from- Kovaiam was used as mulch. Uniformly measured
quantities of coir pith @ 20g pot—1 was applied in each pot

to give a uniform thickness of 5 cm.

3.3.5. Hydrophilic amendment

Jalsakhti, a product of Indian Organic Chemicals
rAbey
Limited, Bombay which ir ~apable of absorbing hundreds of
~
times of its weight ¢/ .sa..> and releasing water slowly for

the use of plants was used for the study. It was applied @ 5

g pot™!

3.3.6. Indigenous auto irrigator (modified drip system)

The holes of the garden pots were plugged with
rubber corks provided with holes. Through the holtes hospital -~
drips were inserted. Water was stored in these pots and the

flow was regulated @ 4 mi min_1 with the regulator attached



to the hospital drip. These pots served as water source were
placed at a level above p!ant height and plant were irrigated
exploiting gravitational force. Pots were insulated from
solar heating with thick coating of white paint on all

exposed phases.

3.3.7T. Pots for wick irrigation

Specially designed pots were used for wick
irrigation. Water was stored at the bottom of the pot which
was insulated. A hole was provided about 1/4 height from the
base. A di1sc was placed above the hole to separate the
potting mixture and water. A coir rope which served aé wick
inserted through the hole made at the centre of the disc

supplied water to the crop by capillary action.

3.3.8. Manures and fertilizers

éowdung was used for preparing the planting medium.
The fertilizers used were Urea (45.8 X N) Superphosphate
(16.1 % P,05) and muriate of potash (59.5 % K,0).

3.3.9. Source of irrigation water

Tap water with a pH of 5.9 was used for irrigation.



3.4. Methods
3.4.1. Design and treatments

The experiment was laid out in a factorial
completely randomised design with 19 treatment combinations.
Treatments consisted of three moisture regimes)two methods of
irrigationj #ndl three conservation methods and an absolute

control (wick irrigation).
Treatments

A. Irrigation levels- [I}

Il = Field capacity
I, = 80 per cent field capacity
I3 = 60 per cent field capacity

B. Methods of irrigation {M]

Ml = Indigenous auto irrigator
(modified drip)
Mz = Pot watering

C. Method of conservation ([C]
C, = Control
Cl = Mulching with coir pith
Cz = Hydrophilic amendment -

Jalsakhti



D. Wick irrigation {W] ‘= Absolute control

Treatment combinations - 18+1 =19
1. I;M.Co 10. IM,Coy
2. I,M,Cy 11. IaM,Cy
3. IMCy . 12, IgM,C,
4. I M Cy 13. IgM,C,
5. I{MyCy 14. I MyCy
6. TI;MaCy 16. IpMyCo
7. I{M,Cy _ 18. IgM,Cq
8. 1IM5Cg 17. IgMaCy
9. IoM;Cy 18. IqM5Cy

Control Wick irrigation

Replications -~ @6

3.4.2. Layout

The pots were arranged in such a way that one pot
served as the water source for four pots for the treatments

that received irrigation through indigenous auto irrigator.

{Plate 1).

3.4.3. Nursery

Seeds we

beds of size 1.2 |
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to facilitate drainage of excess water. A basal dressing of
powdered cattle manure at the rate of 1 kg m_2 was applied in

nursery beds.

The seeds were Bown on 13-11—~1892. The seedlings
were irrigated daily. Handweeding was done at weekly

intervals. The seedlings were transplanted on 10-12-19892.

3.4.4. Transplanting

The seedlings were transplanted in earthern pots
filled with potting mixture. Immediately after planting

shade was provided for the seedlings.

3.4.5. Manures and Fertilizers

Farm yard manure analysing 0.4 per cent of N, 0.3
per cent P,05 and 0.2 ¥ K,0 was used for making potting
mixture, Nitrogen, phosphorus and potash were applied to the
pots in the form of urea, superphosphate and muriate of
potash respectively. Uniform dose of nitrogen, phosphorus
and potash at the rate of 75, 40 and 25 kg ha~? respectively
were applied to all pots. Fifty per cent nitrogen, full
phosphorus and 50 per cent potash were applied as basal dose.,
The remaining 25 per cent nitrogen and 50 per cent potash
were applied four weeks after transplanting and 25 per cent

nitrogen one month thereafter.



3.4.8. Schedul ing of irrigation

Irrigation was scheduled based on evaporation data.
The evapotranspiration (ET) values were calculated by using

the following relationship

ET =E.x W rz x- crop factor (0.8)

o
where r = radius of the pot in cm
EO = evaporation in cm

Based on this, the quantity of water required for

each irrigation was calculated.

3.4.7. Mulching and application of Jalsakhti

Mulching was done by spreading a 5 c¢cm uniform

thickness of coir pith over the soil surface.

Jalsakhti was applied in the soil in the root zone
area prior to planting. Jalsakhti was mixed with soil at the

rate of 5 g pot_l.

3.4.8. Wick irrigation (Plate II and III)

Wick irrigation pots were prepared with coir rope
wicks and earthern pots. Coir ropes of 1 inch thickness and

8 inch length were used as wicks. The lower half of the pots



Prose 4




were filled with measured quantity of water prior to
planting. Subsequent filling of pots were done at 4 days
interval. On the day of last harvest, the quantity of water
left over in the lower basins were measured. From these the
total volume of water applied during the economic crop life
was calculated. In wick irrigated pots moisture regimes

were maintained near to field capacity throughout the growth

period.

3.5. After cultivation
3.5.1. Gap filling

Gap filling was done on the fifth day after

transplanting.

3.5.2. VWeeding

The crop was handweeded thrice at 25 days interval.

3.5.3. Plant protection

Monocrotophos (0.05 %) was sprayed on crop to

control thrips as a prophylactic measure.



3.5.4. Harvesting

The first harvest was on 9-2-93, abouit two months
after planting and subsequent harvests were made at 8 days
interval.

3.6. Observations

3.6.1. Growth characters

Observatione were recorded at three growth stagdes

viz. 35 DAT, 70 DAT and.harvest.

3.6.1.1. Height of the plant

The height of plants were measured from the base to

the growing tips.

3.86.1.2. Number of branches

The total number of branches per plant were

counted, mean values were calculated and recorded.

3.6.1.3. Total.dry matter production

Total dry matter production was worked out by
recording the dry weight of shoot and pods after oven drying
at 80°C. Drying and weighing were repeated till constant

weights were obtained.



3.6.1.4. Root studies

3.6.1.4.1. Root length

Roots were excavated carefully from each pot 70 DAT

and harvest and length was recorded by measuring the longest

tap root length.

3.6.1.4.2. Root area

Root area at 70 DAT and harvest were recorded by

using graph paper and expressed in cmz.

3.6.1.4.3. Root dry weight

Roots were oven dried at 80°C and weights were

recorded.

3.86.1.5, Time of 50 per cent flowering

The number of days taken for 50 per cent of the
plant population to flower in each treatment was recorded.
3.8.1.8. Number of flowers per plant

o
Flower production on plants was recorded from the

first flower opening till the last harvest.



3.8.1.7. Setting per cent

Setting per cent was computed from total number of
fruits and flowers produced on the same plant.
3.6.1.8. Number of fruits per plant

The total number of fruits harvested from all the
plants were counted and the averages were worked out for each

treatment.

3.86.1.9. Length of fruits

Lengths of randomly selected fruits were measured

and averages were worked out and expressed in cm.

3.6.1.10. Girth of fruits

Fruits used for measuring length were used for
recording the girth. Girth was measured at the broadest part

of the fruits and expressed in cm.

3.6.1.11. Hundred fruit weight

From each treatment 25 fruits were drawn at random
o
and fresh weights were recorded. The values were quadrupled

to get the hundred fruit weight.



3.6.1.12. Volume of fruits

From each treatment 1lu 1rruits were drawn at randon
and volume measured by diaplacement method and expressed in

cm3 .

3.6.1.13. Total fruit yield

Total fruit yield was computed by adding the
weights of fruits of each harvest and is expressed in g

plantnl.

3.7. Computed parameters
3.7.1. Harvest Index (HI)

From the yield data, HI was calculated using the
formula suggested by Donald (1962).
Economic Yield

Biological Yieid

3.7.2. Leaf area index (LAI)

Leaf area index was worked out at 35 DAT, 70 DAl
and harvest. Area of all leaves produced per plant was
recorded using LI-3100 leaf areameter and LAI was worked out
using the formula suggested by William (19486).

Leaf area

Pot area



3.7.3. Relative growth rate (RGR)

The rete of increase in dry weight per unit dry

1

weight per unit time expressed as mg day = was calculated by

the following formula suggested by Blackmann (1919) and

expressed as mg day }

RGR = e
ta - 4
W, = Dry weight of the plant at time t;
Wz = Dry weight of the plant at time to

3.7.4. Net Assimilation Rate (NAR)

The rate of increase in dry weight per unit leaf
area per unit time was worked out by the following formula of
William (19486),

(Wz - Wl) (loge Lz - loge Ll)
NAR e

L; and Wl are the leaf area and dry weight of the plant af

time tl and L2 and W2 are the leaf area and dry weight at

time t,. ‘Ihis was expressed as mg cm™ 2 day—l.



3.7.5. Water use efficiency

Water use efficiency was calculated by dividing
economic crop yield Y) by the total amount of weter
used (WR)-(M[QhaeLIQBﬁ)

WUE = Y/WR

This was expressed as g litre~!

3.8. Physical properties of soil

3.8.1i., Soil water status

Moisture contents were recorded gravimetrically

from soil samples collected from 15 cm depth before and after

the experiment.

3.8.2. Soil temperature

Soil temperature at 15 cm depth was recorded at
8.30 and 14.30 hours at weekly intervals. The monthly means

are presented.
3.9. Chemical properties of soil

3.9.1. Available nutrient status

Available nutrient status was determined before

the experiment using standard procedures mentioned in

Table 3.1.



3.10. Plant analysis

Plant samples were analysed for N, P and K at
harvest by adopting standard procedures. The plants were
chopped and dried in an air oven at 80 + 5°¢ separately till
constant weights were achieved. Samples were then passed
through a 6.5 mm mesh in a Wiley mill, Nitrogen content was
estimated using Microkjeldahl method (Jackson, 1873),
phosphorus content using vanadomolybdophosphoric yellow
colour method (Jackson, 1873) and potassium content using

flame photometer (Piper, 19686).

3.10.1. Nutrient uptake

The total uptake of N, P and K were calculated as
the product of per cent content of nutrients in the plant

samples and the dry weight and exprescmed ag g plant_l.

3.10.2. Chlorophyll content

The leaf samples were homogenised in cold 85 per
cent acetone and centrifuged to get the clear extract. The
absorbance of the extracts were measured at wavelengths of
645 and 663 nm for chlorophyll 'a*® and 'b* in Spectronic 20
spectrophotometer. The amounts of total chlorophyll ‘a’ and

'b' were calculated using the'formula of Starnes and Hadley

(1865).



3.11. Economies of cultivation

Economics relating to methods of irrigation and
conservation was worked out. Only the variable costs were
considered in computing the economics. Labour charges were
not included since family labour is utilised for irrigation
in terrace éardens. Discarded hogpital drips were utilised
for the experiment. Thus variable costs for drip irrigation
is that of rubber cork (Rs. 1.25 pot™!) and Rs. 8 pot™! for
specially designed pots for wick irrigation. Considering the
durability of cork and ‘pots as 10 yearas, the cost involved
per season comes to about 12 paise pot™! and 80 paise pot~!
for modified drip and wick irrigation respectively. For
conservation methods, the cost involved pot—1 comes to about

10 paise pot~! for coir pith mulch and 52 paise pot™! for

Jalsakhti treated pots.

3.12. Statistical analysis

Data relating to each character was analysed by
applying analysis of variance technique and significance
tested by F test (Snedecor and Cochran, 1967). Significance

was tested at 0.05 and 0.01 levels.
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4. RESULTS

An investigation was conducted to determine the
water requirement of chilli grown in pots and to compare the
efficiency of different techniques for economising water use
in chilli. The -daata on various observations were

statistically analysed and presented in this chapter.

4.1. Growth Characters

The results on various growth characters recorded

at 35 DAT, 70 DAT and harvest are presented below,

4.1.1. Plant-height

The data on plant height recorded at 35 DAT, 70 DAT
and harvest is presented iq Table 4.1. At all growth stages,
significant influence of methods and levels of irrigation and
conservation methods on height was observed. M, resulted in
significantly higher plant height than Mz at all stages.
Plant height decreased with decrease in quantity of water
applied and irrigation at I5 level recorded the lowest
height. The increase in heights due to I, over 12 and I3 and’
I, over I3 were mignificant at all stages of ‘growth. C; was
significantly superior to C, and Cy. The ‘increase in heights
due to Cl over CZ and C0 and 02 over Co were significant at

all the three stages.



Table 4.1; Effect of nirrigation and conservation methods
on height’plant™1

A . Ay . S Bt S S TR R TR TN S T S v ek} Sk ek R S S S L . P S S P . S s Yy e S Ty Ty S g S Sl S St S S B S . ey Sy S e ey

Treatments === -
35 DAT 70 DAT Harvest
Methods of Irrigation
Ml 24.50 48.40 52.60
My 22.50 44.70 50.60
F test S S s
SE m* 0.28 0.22 0.18
~ CD (0.05) 0.81 0.64 0.52
Levels of Irrigation
11 _ 28.10 48.10 54.60
I, 25.00 48.90 53.80
Iq 19.40 41.80 48.70
F test S S S
SE m+ 0.35 0.28 0.22
CD (0.05) 0.99 0.79 0.84
Methods of Conservation
CO 17.60 40.20 48.50
¢y 28.90 51.30 55.40
Co . 24.00 45.10 51.00
F test 8 S S
SE m#+ 0.35 0.28 0.22
CD (0.05) 0.99 0.72 0.64
Control 31.73 53.00 680.10
Treatment
VS S S S
Control
SE m+ 1.4 1.2 0.94

e . ., g S g, . T e . g e St M M S S, A S S S T —_— " — A S . Ak Sty ek T S S S S R S — N — — — — —

8§ - Significant



Table 4.1a. Interaction effect of levels and method of

irrigation and conservation methods on height
of the plant

o A — o it f—— o A S —— . S S S . ek T St T ey S S e W i Sy S S e i S B ey il W i Ty el Lot S, S Sy el S M i T e S S Sy —

Treatments 70 DAT {(cm)

CO Cl Cq
Ml 41.3 52.6 45.2
Mz 39.2 50.2 45.0
F test S S S
SEm + 0.38 0.38 0.38
CD (0.05) 1.10 1.10 1.10

Harvest

Il 51.5 58.7 53.7
12 50.8 57.8 52.1
13 43.1 49.7 47.4
F test 8 S 5
SEm + 0.38 0.38 0.38
CDh (0.05) 1,.10 1.10 1.10

et Syt T S — ey o - ey ol S Ty Sy . S T k. S S . S

S8 -~ Significant



Wick irrigation was s8superior to all other
treatments which recorded heights of 31.73 cm, 53.00 cm and

60.10 cm at 35 DAT, 70 DAT and harvest respectively.

M x I interaction was not significant at any
stagde. I x C interaction was not significant at 35 and 70
DAT. But 'significant differences were noticed at harvest.
(Table 4.1a). I,Cy was the mostlsuperior (68.70 cm) and was
on a par with I,C, (57.80 cm) which was followed by I,C, (53.70
cm) . These three treatments were significantly superior to
all other treatments. Lowest plant height (43.10 cm) was
recorded by 1300. At all levels of irrigation, Cl recorded
significantly higher plant height over other conservation
methods. M x C interaction was not significant at 35 DAT and
harvest, but was significant at 70 DAT. “101 recorded a
plant height of 52.60 cm which was Bignificantly superior to
all other treatments. Lowest height was recorded at M200

(39.20 cm) (Table 4.1a). In both methods of irrigation, Cy

recorded significantly higher values compared to CO and Cqy.

4,1.2. Number of branches

The data on number of branche

presented in Table 4.2.

Methods and levels of irrigation and conservation

methods had significant influence on number of branches. My



Table 4.2. Effect of irrigation and conservation methods on
branches plant ~!

———— e S Sy S S — ——— T ——— e . S S T T S S S e e S Sk S T S e S - ) e yoiy St S T —

——— T —— . e i S T T o S e S W T e e Ak St S . T Y e — T S TR T o e e S S S — — —— T —— —

Methods of irrigation

M, 15.80 37.50 53.10
M, 13.90 35.80 50.50
F test ) S S

SE m# 0.22 0.25 0.22
"CD (0.05) 0.82 0.72 0.63

Levels of irrigation

I, 17.70 41.10 59.80
12 16.50 40.20 58.10
13 10.00 28.40 37.50
F test s S s

SE m+ 0.27 0.31 0.27
CD (0.05) 0.786 0.88 0.77

Methods of conservation

Co l1.10 31.30 44.30
Cl L8.30 42 .20 57.90
Co 14.70 36.20 53.30
F test S S S
SE m+ 0.27 0.31 0.27
CD (0.05) 0.78 0.88 0.77
Control 12.30 49.70 69.00
Treatment

VS S S )
Contral )
SE m+ 1.12 1.30 1.14

e e e e — — — —— e T . b e e L S iy it T — S Gl S Sl . S S e S S SR i T S S A ML S . S —

S - Significant



Table 4.2a. Interaction effect of levels and method of

irrigation and conservation methods on numbe~
of branches

————— e e — —_—_—————————————_———_——_——_—————_——_——_—————_— e e et e e o o — — ——

Treatments TO DAT Harvest
e o _____ 1t 2 ____ o _____ ¢ S C2__
Il 34.5 48.3 40.5 50.2 87.9 61.5
12 33.5 4T.7 39.5 48.2 65.7T 60.5
13 25.8 30.7 28.7 34.5 40.2 37.8
F test S S S S S S
SEm + 0.53 0.53 0.53 0.47 0.47 0.47
CD(0.05) 1.52 1.52 1.52 1.34 1.34 1.34
M, 45.4  59.8  54.2
Mo 43.1 56.0 52.3

F test S S S

SE m + 0.38 0.38 0.38

CD(0,05) 1.09 1.09 1.09

S - 8Significant



wag significantly superior to Mz at all stages of growth.
Variations among 11,12 and Ia were significant and Il {(17.70,
41.10 and 59.80 at 35 DAT, 70 DAT and harvest respectively)
recorded the maximum number of branches followed by 12 and

Io. Cy was significantly superior to 02 and CO.

Wick irrigation was superior to all other
treatments which reocorded 22.30, 49.70 and 68.00 branches at

35 DAT, 70 DAT and harvest respectively.

M x I interaction was not significant. Among
I x C interaction at 70 DAT, I,Cy reoorded the highest number
of branches (48.30) which was on a par with I,C (47.70).
Both were significantly superior to all other treatments.
Same trend was observed at harvest also. At all levels of

irrigation, C; was gsignificantly superior to Co and Co and C,

superior to C,5 at both stages (Table 4.2a). M x C
interaction at harvest was significant. M;Cy was the
superior most treatment combination (59.80). The variation

among the treatment combinations was significant and MZCO
recorded the lowest wvalue (43.10). Under both methods of

irrigation, C; revealed its superiority (Table 4.2a).
4.,1.3. Leaf Area Index (LATI)

The influence of various treatments on LAI is

presented ip Table 4.3.



Table 4.3. Effect of

on Luaf Aren I

irrigation and conservation methods

ndex LAL

—— —————— " = - Y o T e S " W F T e . — . W — P Y ——— A

Methods of irrigation

My

My

F test
SE mt

CD (0.05)

Levels of irrigetion

I,
1s
14

F test
SE m+

CD (0.05)

Methods of conservation

Co

Cq

Ca

F test
SE m+t

CD (0.05)

Control
Treatment

VS8
Control
SE m+

LAI
35 DAT TO0 DAT Harvest
0.85 1.80 2.50
0.77 1.50 2.30
S S S
0.01 0.02 0.04
0.04 0.07 0.12
0.99 1.80 2.70
0.94 1.70 2.50
0.49 1.10 2.10
S S S
0.02 0.03 0.05
0.05 0.09 Q.15
0.656 1.30 2.10
0.986 1.90 2.70
0.82 1.80 2.40
S S S
0.02 0.03 0.05
0.05 0.09 0.15
0.91 1.30 2.80
S S S
0.06 0.10 0.22

S - Significant

e ——— ———— T W Y — . W . T ey e g — —



Table 4.3a, Interaction effect of levels and method of
irrigation and conservation methods on LAI

Treatments TO DAT Harvest
e i S "o i S M2 ___
11 2.03 1.80 2.80 2.60
12 1.80 1..70 2.60 2.50
13 1.10 1.20 2.10 2.00
F test S S S S
SEm + 0.04 0.04 0.07 0.07
CD(0.05) 0.13 0.13 0.22 0.22
CO 1.30 1.30 2.20 2.10
Cy 1.90 1.980 2.80 2.60
Co 1.70 +.50 2.50 2.30
F test S S S S
SEm + 0.04 0.04 0.07 0.07
CD(0.05) 0.13 0.13 0.22 0.22

S - Significant



The data revealed significant influence of methods
and levels of irrigation and conservation methods on LAI at
all stages. At all stages Ml (0.85, 1.60 and 2.50
respectively) I; (0.99, 1.80 and 2.70 respectively) and Cl

(0.96, 1.90 and 2.70 respectively) recorded the highest LAI.

Wick irriéation recorded the highest LAI compared

to all other treatments (2.80) at, harvest.

Interactions I x C at atl stages and M x I and M x
C at 35 DAT were not significant. In M x I interaction at
both stages ie., 70_DAT and harvest, MlIl recorded the
highest LAIL. But at harvest M;I; (2.80) was on a par with M;I,

(2.60) and MpI, (2.80) (Table 4.3a).

Among M x C interaction, M{Cy (1.90 and 2.80) and
M5Cy (1.90 and 2.80) recorded gignificantly higher LAI at

both stages while they themselves were at par.

4.1.4. Dry Matter Production (DMP)

The influence of various treatments on DMP
presented in Table 4.4 revealed that the methods and levels
of irrigation and conservation methods had significant
influence on DMP at all stages of growth. Ml' Il and Cl
recorded the highest at all stages of growth But at 35  DAT,

Il (2.70 g plant_l) and I, (2.60 g plant—l) were at par.



Table 4.4 Effect of irrigation and conservation methods on
dry matter production at 35 DAT, 70 :DAT, and
Harvest

S g B ey ey s —————— T . . S Ty . S S S S S WS S L SR e ok e Sy . W TN R R S S e Aer A Sk e e S S e S S ———

Treatments = ——-———————— e e
35 DAT 70 DAT Harvest
Methcds of irrigation
Ml 2.30 8.50 27.30
'Mé 2.00 7.20 25.10
F test S S S
SE m* 0.04 0.25 0.28
CD[u.oi) 0.12 0.74 0.81
Levels of irrigation
I1 2.70 10.80 36.40
I, 2.60 7T.80 25.80
I 1.10 5.00 16.50
F test S S S
SE m+ 0.41 0.31 0.35
CD (©.0%) 0.14 0.91 0.89
Methods of conservation
Co 1.50 5.40 20.90
C1 2.70 10.00 31.30
Cqo 2.30 8.20 26.40
F test S S . S
SE m*+ 0.41 0.31 0.35
CD (0.05) 0.14 0.91 0.99
Control 3.50 12.70 46, 20
Treatment
VS S S S
Contral
SE m#+ 0.18 1.10 1.18

T S R S S e S S L L - o T T T T Py St S - e e T T S S S A oy . S o ———— S o

S - Significant



Table 4.4a. Interaction effect of levels of irrigation and

conservation methods on DMP

g plant 1

Treatments 70 DAT Harvest

Co €1 C2 o Ci Ca
I T.11 13.50 11.70 28.4 43.8 36.9
I, 5.20 10.20 7.90 19.86 31.9 25.9
I3 3.80 6,20 5.00 14.7 18.2 18.5
F test S S S S S S
SE m + 0.53 0.53 0.53 0.860 0.80 0.60
CD(0.05) 1.57 1.57 1.57 1.72 1.72 1.72

T e o S P T S e ey g Sy e M S S i e e oy T g . P S P . T B WS SR, B Sk B dm . . e b g ey T . . W N R L R SMa S . E———

S - Significant



Wick irrigation was BsBignificently superior to all
other treatments st all stages of growth (3.50, 12.70 and
46.20 g plant™l)

Interactions M x I and M x C did not produce any
significant influence on DMP at any stage of growth. I x C
interaction had sighificant influence, but only at 70 DAT and
harvest. £1 Cy recorded the highest DMP (13.5 and 43.8 ¢
plant“l) followed by 1102 (11.7 and 36.9 ¢ plant_l) at both
stageé respectively. At all levels of irrigation, Cy was

significantly higher (Table 4.4a).

4.1.5. Root studies

The observations on root area and tap root length
at 70 DAT and harvest and root dry weight at 70 DAT were

recorded.

4.1.5.1. Root area and taproot length

The influence of various treatments on root area

and tap root length are presented in Table.4.5,

Ml recorded utne maximum root area at both steges
compared to M, while the effect on tap roof length was not
gignificant. Regarding the levels of irrigation, the effect

due to Il.and I, on root area was on a par and was



Table 4.5. Effect of irrigation and conservation methods
on root area and tap root length

S St St St S et e B, T T — T ——— T — — T —— T — — T i Sl T el R Mo o e o e e e e oy ey e ey W W T ey o A e e

Treatments  -—-—-—————————Hm-—"me —————————————————— ——
70 DAT Harvest 70 DAT Harvest

Methods of

irrigation
Ml 72.20 126.70 11.10 19.90
Mz 63.70 108.70 10.80 19.80
F test S S NS NS
SE m+ 0.74 0,94 Q.07 0.06
‘'CD (0.05) 2.20 2.70 - -

Levels of

irrigation
I, 73.90 127.00 10.97 20.10
12 74.40 128.860 11.20 19.860
13 55.40 a7.50 10.70 19.90
F test S S S S
SE m+ 0.91 1.15 0.09 0.08
Ch (0.05) 2.70 3.30 0.27 0.24

Methods of

conservation
CO 61.30 99.20 10.00 18.30
Cl 73.70 128.80 11.30 20.50
Cz 68.90 125.10 11.70 20.80
F test S S S S
SE m+ 0.91 1.15 0.09 0.08
CD (0.05) 2.70 3.30 0.27 0.24
Control 63.70 131,50 9.00 18.90
Treatment

VS NS S S S

Control
SE m+ 3.17 4.89 0.31 0.34

S - Significant

NS - Not significant



Table 4.5a. Interaction effect of levels and method of
irrigation and conservation methods on root

area

—————————————————————————————— E;;z————————-—————————————————
Treatments TO DAT Harveat
e o _____ 1. f2 o ____ ‘v . C2__
I1 66.30 77.30 77.80 107.00/ 140.00 134.10
Iz 64.80 84.980 T74.40 111.00 142.40 132.860
13 52.70 58.90 54.50 80.10 104.00 109.00
F test 'S S S S S s
SEm + 1.58 1.58 1.58 1.99 1.99 1.99
CD(0.05) 4,70 4.70 4.70 5.70 5.70 5.70
Mi 63.20 78.60 14.80 104.10 135.860 140.30
M2 59.50 68.80 62.90 94,30 122.00 110.00
F test S S S S S 3
SEm + 1.28 1.28 1.28 1.684 1.64 1.64
CD (0.05) 3.80 3.80 3.80 4.70 4.70 4.70

—— it e S o S Y e e ey e s Sl e B Rk, D B Sy . Py ey e e s . e ot e e B S, Bk e B W W P e ey oy ey e e e e o e ek e Bt

S - S8Significant



Table 4.5b.

Interaction effect of

levels and method of
irrigation and conservation methods on tap
root length

cin

Treatments 70 DAT Harvest 70 DAT Harvest .

@ ¢ & Co Cy Ca My My My My
I, 10.30 10.80 11.70 18.80 20.10 21.50 10.60 11.40 19.40 20.80
I, 10.50 11.20 12.00 18.80 20.20 19.80 11.30 11.20 20.40 18.80
I3 9.30 11.70 11.20 17.20 21.30 21.00 11.30 10.20 20.10 19.70
F test S S S S S S S S S S
SEm+ 0.13 0.13 0.13 0.12 0.12 0.12 ©0.13 0.13 0.12 0.12
CD(0.05) 0.38 0.38 0.38 0.33 0.33 0.33 0.38 0.38 0.33 0.33
M 9.01 11.60 12.50 17.10 20.70 22.00
M, 11.00 10.90 10.80 18.50 20.40 19.50
F test S S S S S S
SEm+ 0.13 0.13 0.13 0.12 0.12 0.12
CD(0.05) 0.38 0.38 0.38 033 0.33 0.33

S - Significant



significantly superior to 13 at both stages. 12 recorded
maximum tap root length at 70 DAT while Il recorded maximum
length at harvest which was on & par with 13. Regarding
conservation methods maximum root area was observed at C; at
both stages. Maximum root length was observed at Cz at both

stages.

Wick irrigation was supérior to all treatments with
respect to root area at harvest. But the tap root length was

significantly. inferior to all treatments except control at

harvest.

I x C interaction had significant effect on both
root area and tap root length in both stages. ﬁaximum root
area was observed at Izcl in both, stages. But at harvest,
this treatment was on a par with 1101 . Minimum root area
was observed in both stages at I5C5 (Table 4.5a). Max imum
tap root length was observed at 1102 and I5C4y levels. Both
of the these treatments were on a par and were significantly
superior to all other treatments in both stages (Table 4.5b).
Regarding M x C interaction at 70 DAT maximum root area was
obtained at M1C1 and at harvest by MICZ which was on a par
with Ml Cl' M2 CO recorded lowest root area at both stages
(Table 4.5a). Maximum tap root length was at M{Cy, at both
stages and lowest tap root length was at M,Cq (Table 4.5b).
Regarding M x I interaction.'maximum tap root length was

obtained at MIIZ at both stages.



4.1.5.2. Root dry weight

The influence of various treatments on root dry

weight at 70 DAT is presented in Table 4.8.

Maximum root dry weight was at Ml (2.30g) and C,
(2.74 g). Regarding the irrigation levels, effects due to I,
(2.50 g) and I, (2.40 g) were mignificantly superior and were

on a par with each other.

Wick irrigation did not produce any significant

effect on root dry weigpt.

All interaction effects were significant.
Among M x I interaction, under both Ml and Mz,Il and I,
levels behaved similarly but was significantly superior to
I,. In I x ¢ interaction, maximum root dry weight was at
1101 (3.20 ¢) which was on a par with I, ¢y (3.00 g) and was
significantly superior to all other treatment combinations.
At all levels of irrigation, C1 was significantly higher. In
M x C interaction, M; C1 recorded maximum and significant
root dry weight (2.80 g). Under both methods of irrigation,

C, was significantly higher (Table 4.8a).

4.1.6. Shoot Root Ratio (S:R)

The influence of various treatments on S:R ratio at

70 DAT and harvest is presented in Table 4.7



Table 4.8. Effect of irrigation and conservation methods
on root dry weight

Treatments Root dry weight (g)
TO DAT

T T L T S e e R e e S df (e Y T it . T . R S e . e . —— — A fm g Y. . e — —— — .

Methods of irrigation

My 2.30
Mz 2.10
F test S

SE m+ 0.044
CD (0.05) 0.13

Levels of irrigation

I, 2.50
I, 2.40
I, 1.70
F test s

SE m+ 0.054
CD (0.05) 0.186

Methods of conservation

Co 1.72
Cl 2.74
CZ 2.11
F test S
SE m+ 0.054
CD (0.05) 0.186
Control 2.25
Treatment

VS NS
Control
SE m+ 0.18

S - Significant

NS - Not significant



Table 4.6a. Interaction effect of levels and method of
irrigation and conservation methods on root

dry weight

ot S
g plant

Treatments

e o ______ ¢ €2 ________ e S M2___

I, 1.80 3.20 2.40 2.50 2.50

I, 2.00 3.00 2.30 2.40 2.50

Iy 1.40 1.90 .60 1.90 1.50

F test s s S s s

SE m + 0.09  0.09 0.09 " 0.07 0.07

CcD (0.05) 0.27 0.27 0.27 0.22 0.22

M, 1.82 2.90 2.04

Mo, 1.60 2.60 2.20

F test S S S

SE m * 0.07 0.07 0.07

CD €0.05) 0.22 0.22 0.22

e e T ——— . s S — T — T — i — —— et amy

S - Significant



Table 4.7. Effect of irrigation and conservation methods on
shoot root ratio

Treatments === ————emmmmmmm e
70 DAT Harvest
Methods of irrigation
M, 1.98 2.30
MZ 1.73 2.10
F test S S
SE m+ 0.03 0.014
CD €0.0%) 0.09 0.04
Levels of irrigation
Il 2.01 2.30
1o 1.90 2.10
Iq 1.70 2.20
F test S S
SE m+ 0.037 0.018
CD (0-05) 0.11 0.05
Methods of conservation
Co 1.70 2.03
Cy 1.97 2.32
Co 1.90 2.20
F test 5 S
SE m+ 0.037 0.018
CD (0.05) 0.11 0.05
Control 2.30 2.60
Treatment
VS s S
Control
SE m+ 0.13 0.077

—— s —— —— ———— A . Sy . Ty e P T i D St . g g ey . e S B L o Bl Ml ey e ey ey eyt D M S S et T S S S ey g T S A

S - Significant



Table 4.7a. Interaction effect of levels and method of

irrigation and conservation methods on shoot
root ratio

Harvest
Treatments CO 01 02 M1 Mz
Il 2.20 2.40 2.30 2.40 2.20
12 2.00 2.30 2.10 2.30 2.00
13 1.90 2.30 2.30 2.20 2.10
F test L, S L S S
SEm + 0.03 0.03 0.03 0.024 0.024
CD(0.05) 0.08 0.09 0.08 0.07 0.07
M1 2.10 2.50 2.30
M2 2.00 2.20 2.10
F test S ) S
SEm + 0.024 0.024 0.024
CD(0.05) 0.07 0.07 0.07

S - Significant



At both stages maximum ratio was observed at Ml' Il
recorded maximum ratio at both stages but it was on a par
with I, at 70 DAT. In both stages, C, recorded significantly
higher S:R ratio but at 70 DAT, the effect was on a par with
Co.

Wick irrigation was significantly superior to all
treatments and recorded values of 2.31 and 2.80 at 70 DAT and

harveat respectively.

At 70 DAT, none of the interactions were
significant. At harvest all interactions were significant
(Table 4.7a) Regarding M x I interaction M;I, recorded
maximum and significant S:R ratio (2.40) and M212 the lowest
(2.00). In I x C interaction, 1101 recorded maximum ratio
(2.40) which was significantly superior to all other
treatments. In M x C interaction M;C; reoorded a S:R ratio

of 2.50 which was Bignificantlyv superior to all other

treatments.

4.1.7. Net Asgsimilation Rate {NAR) and Relative Growth Rate
(RGR)

The influence of various treatments on NAR and RGR
are presented in Table 4.8. NAR and BRGR were computed at

35 to 70 DAT and 70 DAT to harvest.

No significant difference in RGR was observed

between 35 to 70 DAT with respect to methods of irrigation.



Table 4.8. Effect of irrigation and conservation methods on
Net Assimilation Rate and Relative growth rate

e e, e T P Ty it Sl - — i P iy S ey Sy B S S S S S B B S ey e ey S T N R S P S e S R S S b S A A i St

T St W Bt e e B o T T T W W W} S e . e g g e R S T S Ty o . o T P T S T T St B Skt S Bk b Sy g Y W PR R E T e —

Methods of irrigation

My 0.30 0.52 39 34
My 0.27 0.54 38 35
F test S NS NS 8
SE m#* 0.01 0.013 0.77 0.71
CDh (0.05) 0.034 - - 2.1

Levels of irrigation

Il 0.33 0.66 39 35
12 0.23 0.49 31 35
Iq 0.30 0.43 45 35

F test S S S NS
SE m#+ 0.014 0.017 0.98 0.87
CD (0.05) 0.042 0.051 2.9 —

Methods of conservation

CO 0.26 0.54 41 39
C, 0.31 0.52 as 32
Co 0.29 0.53 36 38
F test NS NS S S
SE m+ 0.014 0.017 0.98 0.87
CD (0.05) - - 2.9 2.6
Control 0.48 . 1.02 38 37
Treatment

VS S S S S
Control
SE m#+ 0.0015 0.00i8 0,104 0.003

T Bt ey e, P S G S T S S T G S} Sk S e T —— — T ) St B S T P e Y T S A S Sy S e e o T 7R W N T N T EEE SR R e S

S - Significant

NS - Not significant



Table 4.8a. Interaction effect of

levels and method of

irrigation and conservation methods on NAR and

0.37

o

.23

0.024

0.073

39

29

56

40

33

41

40

31

38

T S T e e T T W T T . oy P e ey o o ks e ek A S S W P S . g S S e e o et et M S Y W e o S . e e ] e ) e ek et Mt

RGR
Treatments CO 01
Initial stage
11 0.28 .36
I2 0.19 0.28
Iq '0.33 0.29
F test S S
SEm + 0.024 0.024
CDh{(0.05) 0.073 0.073
Final stagde
Il 0.85 0.67
I, 0.72 0.12
I, 0.49 3912
F test S S
SE m + 0.029 0.029
CD(0.05) 0.088 0.088

0.49

4349

-8

0.028

My My
0.62 0.71

0.52 0.73
0.43 0.43
S S

0.024 0.024

0.072 0.072

40
38

39

34
33

31

S
1.52-

4.50

33
34

34

S

1.52

o

4.50

8 - BSignificant



But at later stage M, recorded significantly higher value (35
mg dayil). Effect of methods on NAR was significant only in
the initial stage. Significantly higher value was recorded
by M; (0.3 mg cm™ 2 day“l). Effect of irrigation levels on
RGR was significant only in the initial stage. Maximum value
was observed at I, (45 mg day~!). Effect of irrigation on
NAR was significant at both stages. Maximum NAR was observed
at Il level at both sBtages. Regarding the effect of
consérvation methods, CO recorded maximum RGR while the

effect of NAR was not significant at both stages.

Wick irrigation was significantly superior to all
other treatments at both stages with respect to NAR. 1In the

initial stages RGR was inferior in Wick irrigation.

M x I interaction waas significant only on NAR at
later stage, Maximum- was observed at HM,yI,. I x C
interaction was significant at all stages on both parameters.
Maximum RGR was observed at Ig Cy at the initial stage (35 to
70 DAT) and at I,Cy at later stage (70 DAT to harvest).
Maximum NAR was observed at I; level for both C; and C, at
initial stage. At later stage, all the three conservation
methods at Iy level and Cj at I, level behaved similarly and
was Bignificantly superior to all otheré {Table 4.Ba).

Interaction MXC was not significant.



4.2. Yield and yield attributes
4,2.1, Time of 50 per cent flowering

The data on the influence of various treatments on

50 per cent flowering are presented in Table 4,9,

Methods and levels of irrigation and conservation
methods had profound influence on 50 per cent flowering. Ml
(36.60 days) was significantly superior to My Earliness in
flowering occured with increase in quantity of weter applied.
Significant variationé ﬁere noticed among Il' Iz and 13' 11
was the superiormost (34.80 days) followed by 12 (35.60
days) and I, (43.00 days). él (35.90 days) was

gignificantiy superior to 02 (37.60 days) and Co (39.90

days).

Wick irrigation was superior to all other

treatments (30.30 days).

Interactions M x T and I x C were not significant.
But the interaction M x C was significant. Mlcl (34.46
days) was the superiormost followed by M, C, (36.40 days).

Flowering was delayed most in Mz Cog (41.10 days) (Table

4.9a).



Table 4.9, Effect of irrigation and conservation methods on
time of 50 per cent flowering, Number of flowers
plant_l. setting per cent and fruits pla.nt‘._1

R T T . St S e T T S S S T S W St ey e S fot e Yy S Py W AL SR Bk Sl o e oy o YR W S R TR SR Se e i S v S W S ————

Treatments Time of 50 Number of Setting Number
per cent - flowers per of fruits
flowering planl‘.-l cent planl;_l

Methods of

irrigation

My 36.60 111.80 42.90 47 .80
M2 39.10 106.30 39.90 42.80
F test S s S S

SE m+ G.20 0.72 0.32 0.386
CD(0.05) 0.57 2,07 0.91 1.03

Levels of
irrigation

I1 34.80 115.40 46.70 54,00
I2 35.80 109.60 45.20 48.50
Iq 43.00 102.40 32.50 a3.i1o0
F test S S S S
SE m+ 0.24 0.89 0.389 0.44
CD(0.05) 0.69 2.54 1.12 1.27
Methods of
conservation
Co 39.80 104.80 39.10 41.40
Cy 35.90 113.80 43.90 50.10
02 37.80 108.60 41.30 44 .10
F test S S s S
SE m+ 0.24 0.889 0.39 0.44
CD(0.05) 0.69 2.54 1.12 1.27
Control 30.30 125 418.80 61.00
Treatment s S s S
VS
Control
SE m+ 1.02 3.75 0.95 1.24

S - Significant

e ey s —————— o . S T A T ey T T —— T —



4.2.2. Number of flowers plant™l

The data showing the in(}Pence of varilious
treatments on number of flowers plant are presented in

Table 4.9.

Methods and levels of irrigation and conservation
methods had significant inf}uence on number of flowers
plant_l. M, (111.80) was significantly superior to M,
(106.30). Number of flowers increased with increase in
quantity of water applied. Variations among Il' 12 and 13
were highly Bignificgnf. Il recorded the highest (115.40)
and I4 the lowest (102.40) number of flowers. Cy recorded
the highest number of flowers (113.80) and C0 the lowest
(104.90).

Wick irrigation resulted in maximum number of
fiowers (125) and was significantly superior to all other

treatments.

The interaction M x I and I x C were not
significant. However the interaction M x C had significant
effect on number of flowers plantul. My €y (118.80) recorded
the highest number of flpwers pla.nt_1 followed by Mlaé
(110.70) and My C; (108.90) which were on a par with each

other. Mzco recorded the lowest number of flowers {(Table~”

4.9h).



Table 4.9a. Interaction effect of levels and method of
irrigation and conservation methods on setting
per cent and time of 50 per cent flowering

Treatments Setting Time of 50 per cent
per cent flowering

e Co______ NS 2. I S Ca__

Il 45.50 49.50 45.00

I, 41.50 47.20 47.00

13 30.40 35.00 32.00

F test S S S

SEm + 0.67 0.87 0.87

CD(0.05) 1.93 1.93 1.93

My 40.10 44.88 43.90 38

Mo 38.10 43.00 38.70 41

F test S S S S S S

SEm + 1.60 1.680 1.60 0.34 0.34 0.34

CD(0.05) 0.56 0.56 0.56 0.98 0.98 0.98

o o ey e e . ———— —— i {m. b . TEE . . e — —

S - Significant



4.2.3. Setting per cent

The influence of various treatments on setting per

cent are given in Table 4.9.

Methods and levels of irrigation and conservation
methods had significant influence on setting per cent.
Setting percentage was signif?cantly.higher in Ml (42.90)
than Mz (39.90). Setting percentage increased with increase
in levels of irrigation. Variations among 11,12 and I, were
significant. I, recorded the highest setting per ocent
(48.70) and I the lowest (32.50). Cy was the superiormost

(43.90) followed by C, (41.30). Co (39.10) reoorded the

lowest setting per cent.

Wick irrigation was gignificantly superior to all

other treatments (48.80).

Interaction M x I was not significant.
Interaction I x C and M x C had significant influence on
setting percentage. Ilcl reco;ded the maximum setting _per
cent (49.50). At all levels of irrigation Cl increased
setting percent significantly compare& to CO and Czj
Interaction M;C; recorded tﬁe highest (44.80) and MaCy

recorded the lowest metting percent (38.10) (Table 4.89a)



Table 4.9b.

Interaction

effect of

levels and method of

irrigation and'conservatioglmethods on number
of flowers and fruits plant

T T T e e o o e e e e e e e e e e e o e e e et ek 2 ) 2 T e . oy . T — . S e e S

F test
SEm =*

CD(0.05)

50,20 60.30
44 .30 92.70

29.70 37.30

51.50

48.50

32,30

._.._-_._..___——.__.-.___.—_...-.-.——__—_-_._—.____.—_._—._._.___—._..___..-.___—-.._—.—.—___.—

106.40

103.30

S - Significant

118.80

108,90

110.70

106.80

46.70

41.860

0.63

1.80



4.2.4. Fruits plant™}!

The data on number of fruits plant_l are presented

in Table 4.9,

Methods and levels of irrigation and conservation

methods had significant influence on number of fruits
plant-l. M] (47.80) was significantly superior to M,
(42.60). I,,I, and I, showed siénificant variations. I
recorded the maximum number of fruits plant_'1 (54.00) and 14
recorded the lowest (33.10). CO' Cyand C, differed
significantly. Cl was the superior most (50.10) and Cj, was

the most inferior (41.40).

Wick irrigation was significantly superior to all

other treatments (81.00).

Interaction MxI was not significant, but IxC and
MxC interactions were significant. 1I,C; recorded the highest
number of fruits plant“1 (60.30) followed by 1201 (52.70)
which was on a par with I;Cy (51.50). I4C, recorded the lowest
number of fruits plant:“1 (29.70). At all levels of
irrigation Cl was significantiy superior to CO and CZ' In
MxC interaction, M;C; recorded the highest number of fruits
pla.nt_1 (53.80) followed by M,;C, (46.70) which was on a par
with MpCy (46.70). M;CH recorded the lowest number of fruits
plant_1 (39.70),. Under both methods of irrigation Cl was

significantly higher than C; and C, (Table 4.8b).



4.2.5. Length of fruit

The data on length of fruit are presented in Table

The effect of methods and levels of irrigation and
conservat;on me£hods on length of fruit was highly
significang. Ml (8.20 cm) wis superior to M, (8.03 cm). With
respect to levels of irrigation, Il recorded the maximum
lengfh of fruit (8.30 cm). Among the conservation methods C;

recorded the maximum length (8.40 cm) and Cg the minimum

(7.80 cm).

Wick irrigation was significantly superior to all

other treatments (8.80 cm).

The interactions M x I, I x C and M x C were not

significant.

4.2.8. Girth of fruit

The influence of various treatments on girth of

fruit are presented in Table 4.10.

M, recorded higher girth of fruit (4.30 cm) than M,
(4.20 em). I, recorded the maximum girth of fruit (4.50 cm).

Among conservation methods{ 02 recorded maximum girth

(4.80 cm).



Table 4.10, Effect of irrigation and conservation methods
on length, girth and volume of fruit and
hundred fruit weight

Treatments Length of Girth of Volume of Hundred
fruit fruit fruit fruit
(cm) (cm) (cma) weight
(g)
Methods of
irrigation
Ml 8.20 4,30 41.80 358.20
Mz 8.03 4,20 40.00 318.10
F test S S S S
SE m+ 0.027 0.02} 0.37 2.44
CD(0.05) 0.08 0.06 1.07 6.99

Levels of
irrigation

Il 8.30 4.50 45.50 372.80
12 8.20 4.40 43.40 347.80
Ig 7.70 3.80 33.80 290.80
F test S s S s
SE m+ 0.03 0.027 0.45 3.00
CD(0.05) 0.09 0.08 1.30 8.80
Methods of
conservation
Co 7.80 3.90 35.90 316.70
Cy 8.40 4.60 48.70 360.30
Co 8.10 4.20 40.10 334.40
F test s s S s
SE m+ 0.03 0.0627 0.45 3.00
CD(0.05) 0.09 0.08 1.32 8.80
Control 8.80" 5.10 48.70 397.30
Treatment S S S S
Vs
Control
SE m+ 0.14 0.11 1.95 12.7

[ ————— PR P e et e Bt el ]

8 - Significant



Wick irrigation was significantly superior to all

other treatments (5.10 cm).

M x I interaction was not significant, but I x C
and M x C interactions had significant influence on girth of
fruit. IIC1 gave thé maximum fruit girth (5.00 cm) and 1300
the lowest-(3.50 cm) . At‘all levels of irrigation,
significantly higher fruit girth was observed at Cl‘ Among
MxC interaction, M C; recorded the highest value (4.80 cm)
and M,C, the lowest value (3.80 cm) for fruit girth. C; was

significantly higher at both methods of irrigation (Table

4.10a).

4.2.7. Volume of fruits

The data on the influence of various treatments on
fruit volume presented on Table 4.10 revealed that methods
and levels of irrigation and conservation methods produced
gignificant effect., Fruit volume was significantly higher in
My (41.90 cma). The variations among 11,12 and I, were
significant and I, recorde& the highest fruit volume (45.50

cms). Conservation method Cl recorded the maximum fruit -

volume (46.70 cma).



Table 4.10a. Interaction effect of levels and method of
irrigation and conservation method on fruit
girth, fruit volume and hundred fruit weight

Fruit girth Fruit golume Hundred fruit
Treatments  (cm) * (em™) weight (g)

% ¢ © G ¢y Ca o ¢y G

I 4.20 5.00 4.50 40.70 51.00 44.80 354.20 403.00 361.20
15 4.10 4.80 4.30 - 36.20 60.20 43.80 316.30 374.30 352.70
Iq 3.50 4.10 3.80 31.00 39.00 31.70 279.70 303.20 289.70
F test S S S S S S S S S

SEm + 0.04 0.04 0.04 0.08 0.08 0.08 5.17 5.17 . 5.17

CD(0.05) 0.13 ©0.13 0.13 2.30 2.30 2.30 14.80 14.80 14.80

M, 4.00° 4.80 4.20
M,y 3.80 4.50 4.70
F test S S S

SEm+ 0.04 0.04 0.04
CD(0.05) 0.11 0.11 0.11

S - Significant



Wick irrigation was significantly superior to all

other treatments (48.70 cm3).

M xIand M x C interactions were not significant,
but I x C had significant influence on pod volume. The
treatment combination Il Cl recorded the highest value
(51.00 cma) which ﬁas on a par with I,Cy (50.20 cma). Cy was
significantly higher than Cg.and C, at all levels of

irrigation. (Table 4.10a).

4,2.8. Hundred fruit weight

The data on the influence of methods and levels of

irrigation and conservaiion methods on hundred fruit weight

are presented in Table 4.10.

The treatments had significant influence on hundred
fruit weight. M, (358.20 g) was superior to M, (316.10 g).
Variations among Il' 12 and 13 were Bignificant and I, gave
the maximum value (372.80g). Cl recorded the maximum hundred

fruit weight (360.30 g) than Cy and C,.

Wick irrigation was Buperior to all other

treatments‘(397.30 £).

M x C interaction was not significant, but M x I

and I x C.interactions were significant. Mlll gave the



Table 4.10b. Interaction effect of ilevels and method of

irrigation on hundred fruit weight

A T ———— T — T T S S T B WS B e Sl Sy e ey e R B TR S S S R T S S . S e e Sk R Skl e (o ey e

Treatments Il 12 I3
(g) (g) )
Ml 383.00 360.90 330.70
M2 362.60 344.80 251,00
F test S S S
SEm *+ 4,22 4.22 4.22
CD(0.05) 12.10 12.10 12,10

—— — — —— ————— — —— T T . T _— ft. Rk, Sl S i i g Efl ey o . e ey ey Ty S T TR W W S P Y . —————

S - Significant



maximum hundred fruit weight (383.00 g) followed by M,I;
(382.60 g). Under both methods of irrigation I; recorded
gignificantly higher hundred fruit weight (Table 4.10Db). Il
Cy recorded the highest hundred fruit weight (403.70 g).
Lowest fruit weight was recorded by 1300 (279.70 g). The
difference between I5Cq and I5C, was not significant. Under

all levels of irrigation C; was significantly superior (Table

4.10a).

4.2.9. Yield per plant

The data presented in Table 4.11 revealed that
vield pla.nt_1 ig significantly influenced by methpds and
levels of irrigation and conservation methods. M; recorded
the highest yield pla.nt_'1 (196.90 g). I (196.90 g) followed
by I, (168.80 g) and I5 (100 g) gave the highest respective
yields plf;m‘l'._1 with respect to levels of irrigation. Among
conservation methods Cl recorded the highest yield (181.30 g)

and Cy the lowest (139.20 g).

Wick irrigation was significantly superior to all

other treatments (244.10 g).

All interactions ﬁad gsignificant influence on yield
plant_l.In M x I interaction, M;I; recorded the maximum yield
(203.40 g) followed by MpI,; (180.40 g). Iy recorded

significantly higher yields under both methods of irrigation.



Table 4.11. Effect of irrigation and conservation methods
of yield plant™!

——— . — — ———— ———— — ———— S — A S ey B} Sk oy Sy by oy e el S P e g Sy g e

Treatments Yield plant_l(g)

e e S o e e e e o g ey ey (e W g e ) ey ] Sy e ey W Y T W I T T SR RS S S e T A S S S ————— —— b — —— —— ————

Methods of irrigation

Mf 196.90
M, 142.80
F test S

SE m+ 0.71
Ch (0.05; 2.04

Levels of irrigation

Il 196.90
Iz 1688.00
Ia ‘ 100.00
F test S

SE m+ 0.87
CDh (0.05). 2,50

Methods of conservation

Co 139.20
Cy 181.30
Cq 144.20
F test S
SE m+ 0.87
CD (0.05) 2.50
Centrol 244.10
Treatment

VS S
Control
SE mt 3.7

A ———— e " v S T — T Sl ey Seul T —————— T S o S S G . e i — ————

8 - Significant



Table 4.11a. Interaction effect of levels and method of
irrigation and conservation methods on yield

pla.nt:—1
1
g plant

Treatments

Co Cy 'Cy My Moy
Il .94.50 226.50 169.70 203..40 190.40
I2 .35.80 206.80 161.40 176.90 159.00
13 17.30 110.80 101.50 120.80 78.80
F test s S S S s
SEm + 1.50 1.50 1.50 1.22 1.22
CD(0.05) 4.30 4.30 4.30 3.50 3.50
Ml 147.80 198.40 154,90
MZ 130.50 184.30 133.40
F test S S S
SEm + 1.22 1.22 1.22
CD(0.05) 3.50 3.50 3.50

——— — T S Gl T B ot ks S Sl Sl S Sl Sl o} S} S g B Sk e Sarep e, Sl vy S e ey S T S T T T T T —————————— —

S - Significant



Among 1IxC interaction I; C4 (226.50 g) followed by I,C,
(206.80 g) recorded the highest yield. Variations among the
treatment combinations were highly significant. I3CO gave
the lowest yield (87.30 g). Yield obtained at C‘ was
significantly higher than that at C3 and C, at all levels of
irrigation. In interaction MxC, “101 recorded the highest
vield (1988.40 g) and MyC, recprded the lowest value (130.50
£€). Under both methods of irrigation Cl recorded

significantly higher yield (Table 4.1la).

4.2.10. Harvest index (HI)

The data on the influence of various treatments on

HI are presented in Table 4.12.

Methods and levels of irrigation had profound
influence on HI. But the influence of congervation methods
wag not significant. M; (0.64) was superior to H2(0.59). Iy
gave the highest HI (0.77). Variations between I, ,I, and Iq

were significant.

Wick irrigation was significantly Buperior to all

other treatments (0.88) except I; (0.77).

M x I and I x C interactions were highly
significant (Table 4.12a). Among M x I interaction the-
highest value was obtained at “111 (0.77) which was on a par

with lel {0.77). lea“recorded the lowest HI (0.40). Under



Table 4.12. Effect of irrigation and conservation methods
on harvest index

oy o e e e ey e g . oy ey Sy . ey g W Y R S . S S T S S T S T et St et it it Bt T S S et Bl St T T Tt S S ———

Methods of irrigavion

Ml 0.64
Mz 0.59
F test S
SE m+ 0.0084
CD(0.05) 0.02

Levels of irrigation

Il 0.77
I2 0.65
I3 0.43
F test S
SE m+ 0.01
CD{(0.05) 0.03
Methods of conservation
CO 0.83
01 0.61
Cq 0.61
F test NS
SE m+ 0.01
CD(0.05) -
Control 0.69
Treatment
VS S
Control
SE m#+ 0.04

————— —— i e k. i S s A A S S S Bl Sk o S A e e ok o e e e e e e e e ey e T e T —————————— ——

S - Significant



Table 4.12a. Interaction effect of levels and method of
irrigdation and conservation methods on harvest

index

Treatments Co Cy Co My Mo
Il 0.80 0.76 0.74 0.77 0.77
12 0.68 0.62 0.65 0.67 0.62
13 g.40 0.45 -0.44 0.47 0.40
F test S S S S S
SEm #+ 0.02 0.02 0.02 0.015 0.015
CD(0.05) 0.05 0.05 0.05 0.042 0.042

—— ——— e it ot S A S B Bk ok e o o ey By e ey Sy T T T T e S T P N T T T . e i T S S e S S St Sk et St it T it e T S St i it Bt i

S - Significant



both methods of irrigation Il was superior. In IxC
interaction IICO and Ilcl were significantly superior to all
other treatments while they themselves were on a par, the
latter was on a par with 1102. Interaction MxC was not

gignificant.

4.3. Water Use Efficiency (WUE)'*

The data on the influence of various treatments on

WUE are presented in Table 4.13.

WUE was significantly higher for M; (12.80 g
litre™!) I, (12.90 g litre ~!) and C, (13.70g litre™!) with
respect to methods of irrigation, levels of irrigation and

conservation methods respectively.

WUE of wick irrigation (10.80g litre~!)was higher
than My (10.50g litre™!).

All interactions had significant influence on WUE.
In M x I interaction, MIIZ produced the highest WUE (13.60g‘
litre™!) and M,I, the lowest (7.90g litre”!). Im IxC
interaction, Izcl recorded the maximum (15.90g litre_lf‘and
I5C, the lowest WUE (8.70¢ litre~l). Among MxC interaction
M;C; recorded the maximum WUE (15.20¢g liireﬂl) followed by

M,C, (12.20g litre”!) which was on a par with M;C, (12.10¢
itre”!) .(Table 4.13a).



Table 4.13., Effect of irrigation and conservation methods
on water use efficiency

o e et T S — T — e S Sty S S S T i} S S S Tt S S i e - S S — —— S e i i S o s M Ty o S S S S S—— —

— e i —— — - e . —— e S el S S Sy S i A S S Sy o i ot A S e it et e = S M S T N e At} S S St e S —

Methods of irrigation

My 12.80
M, 10.50
F test S

SE m#+ 0.06
CD (0.05) 0.17

Levels of irrigation

I, 12.00
I2 12.90
1, 10.10
F test S

SE m+ 0.07
CD (0.05). 0.21

Methods of conservation

Co 10.30
Cy 13.70
Cq 11.00
F test S
SE m+ 0.07
CD (0.058) 0.21
Control 10.80
Treatment

VS S
Control
SE m+ . - 0.31

S ~ Significant



Table 4.13a. Interaction effect of levels and method of
irrigdation and conservation methods on WUE

. Y . . . s e b Sy Sk iy S S} S et S T T W . (o g e, St Sy T e S St S T S —— — — o ——

g litre~!

Treatments

Co ¢y Ca My My
I, 11.80 13.80 10.40 12.50 11.50
I, 10.30 15.90 12.40 13.80 12.10
I, 8,70  11.40 10.20 12.30 7.90
F test S s s S s
SE m + 0.13 0.13 0.13 0.10 0.10
CD (0.05) 0.36 0.36 0.38 0.29 0.289
M, 11.10 15.20 12.10
M, 9.50 12.20 9.80
F test [ S S
SE m + 0.10 0.10 0.10
CD (0.05) 0.29 0.29 0.29

\ ——— e ey Skl S Y S S T S S S S R T T T —— ey S ey Ay Rk S S L N S S T TS et Ry S G e S S ————— -

8 - Significant



Table 4.14, Effect of irrigation and conservation methods
ofi chlorophyll ocontent

Treatments Chlorophyll content (mg g_l of fresh leaf)
70 DAT Harvest

— S S i s it S ] T o Py ey ey o e . o g e oy ek e e o e o e ey e el e e ek B A e e A et e

Methods of
irrigation

Ml 0.48 0.19
M2 0.48 0.18

F test S S

SE m+ 0.0027 0.0019
CDh (0.05) 0.008 0.008

Levels of
irrigation

I, 0.52 0.24
I, 0.50 0.18
Iq 0.42 0.186
F test S s
SE m+ 0.0030 0.0024
CD (0.05) 0.005 0.007
Methods of
conservation
Co 0.46 0.18
Cl 0.50 0.20
Co 0.48 0.18
F test S S
SE m+ 0.0030 0.0024
CD(0.05) 0.005 0.003
Control 0.50 0.24
Treatment
VS S S
Control
SE m+ 0.0018 0.0051

S - Significant



4.4. Chemical analyseis
4.4.1. Chlorophyll content

The influence of various treatments on chlorophyll

content is presented in Table 4.14.

Maximum and significant chlorophyil contents were

obgserved in Ml’ Il and Cl at 70 DAT and harvest.

Wick irrigation wase Buperior to other methods of

irrigation and recorded a chlorophyil content of 0.50 mg g_l.

None of the interactions were significant.

4.4,2. Nutrient uptake

The data on nutrient uptake is presented in Table

Ml recorded maximum and significantly higher uptake
of all nutrients compared to M,. Uptake of nitrogen and
potassium was maximum at Iy level while the effect due to 11
and 12 on uptake of phosphorus was similar and was
significantly superior to 13. Cl recorded maximum uptake of

all nutrients.

Wick irrigation was significantly superior to all

treatments with respect to nitfogen uptake.



Table 4.15. Effect of irrigation and conservation methods
on nutrient uptake

- — ———— ey — — ——————— S S = Tt T R T e e e Sl A S G N S S e T et S T ————

Treatments === —-——————————r———
N P50g K20
Methods of
irrigation
Ml 0.71 0.18 1.32
Mo 0.70 0.17 1.30
F test S s S
SE m+ 0.008 0.0012 0.0018
CD (0.05) 0.02 0.003 0.008
Levela of
irrigation
I, 0.80 0.18 1.35
I, 0.77 0.18 1.34
13 0.50 0.16 1.25
F test S S S
SE m+ 0.0098 0.0014 0.0023
CD (0.05) 0.03 0.004 0.007
Methods of
conservation
C0 0.52 0.17 1.30
Cy 0.86 0.18 1.33
Co 0.68 0.17 1.31
F test S S S
SE m+ 0.0098 0.0014 0.,0023
CD(0.05) 0.03 0.004 0.007
Control 0.95 0.18 1.30
Treatment
VS S 8 S
Control
SE m+ 0.04 0.0061 0.0097

— ————— ————————————————— ———— ——————— -l b T P} Fy e .y ) e e e S S Skl Sk S S Sk W Sy S — — —

S - Significant



Table 4.15a. Interaction effept of levels and method of
irrigation and conservation method on nutrient

uptake
Potassium (g plant"l)

Treatments B Il_ _ 12 - 33 __________
M1 1.38 1.3 1.27
M, 1.35 1.33 1.23
F test S S S
SE m + 0.0032 0.0032 0.0032
CD(0.05) 0.0083 0.0083 0.0083

—— A . — S, Sy e . S o T Ty e} S p— . e . Y Sy T T . Tl S S T S e el S S S Sy e B S S S Sy e Sl S W S S e e = S

Co 0.60 0.56 0.41

Cy 0.96 0.94 0.70

Co 0.79 0.80 0.47

F test s s S

SE m + 0.017 0.017 0.017
CD(0.05) 0.05 0.05 0.05

—— e et . S T T B T i S — o . il S T Y, it T vy o S S S TR Tk e S S, g . i S ey ek S g . Tt T ey e Al W . S Y Ty . S . st

S - SBignificant



Table 4,16, Economics of cultivation

— e i o oy e o oy . . . e g e g e e ey ey e (g g g g e R e P S W W W R TR S TEE W W WY S R R T P SN R W W W TR — . — T — ———

Treatments Cost of Lfeatments Retug?s Progit
pot pot pot
Rs. Ps Rs. Ps Rs. Ps
I;MCo 0.12 1.98 1.88
IMCy -0.32 2.40 2.08
I,M,Cy 0.62 1.72 1.10
IoM,Ch 0.12 1.43 1.31
IZMICI 0.32 2.20 1.88
I M, Cy 0.62 1.67 1.05
IaM4Cp 0.12 1.03 0.91
IgM,Cy 0.32 1.35 1.03
IqM{Co 0.82 1.24 0.62
I,M;Cy 0.00 1.90 1.90
I M,Cy 0.10 2.12 2.02
11M202 0.52 1.87 1.15
I,M5C, 0.00 1.28 1.28
IM,Cy 0.10 1.83 1.83
IM5C, 0.52 1.54 1.02
IgM5Cq 0.00 0.71 0.7t
IgMaCy 0.10 0.85 0.75
I4M,Cy 0.52 0788 0.28
Absolute control 0.80 2.44 1.64
M1 0.35 1.86 1.32
Mo 0.21 1.42 ‘ 1.21
W 0.81 2.44 1..84
Co 0.06 1.38 1.32
Cq 0.21 1.80 1.59

S —— M el SEA M A S S Al et fen Sy e e e ey S T i T T W S R T ——— T —— T T M S . G W -



M x I interaction was 8significant only for the
uptake of potassium. Maximum uptake was observed at Mlll
(1.36g plant™!) and the lowest at My,I, (1.23g plant™l). 1IxcC
interaction was significant with respect to uptake of
nitrogen. Maximum uptake as recorded by I;C; (0.96g plant-l)
and I,C, (0.94g plant™!) but they themselves were on a par

(Table 4.15a). M x C interaction was not significant.

4.5 Economics of cultivation

Economics of cultivation for the various treatments

are presented in Table 18.

The data revealed that the maximum profit (Rs.
2.08) was obtained for the treatment of drip irrigation at
100 per cent FC with coir pith mulching. Among the methods
of irrigation, W (Rs. 1.64) was the most profitabie. Cy

(Rs. 1.59) gave the maximum profit oompared to Cg and C;.



DISCUSSION




5. DISCUSSION

Result of the investigation "Evaluation of low cost
techniques in potted vegetables grown in roof gardens"” and to
determine the water requirement of vegetables are discussed

in this chapter.

65.1. Effect of methods of irrigation on growth and yield of

chilli

Three methods of irrigation viz. pot, drip and wick

were compared and the effects on chilli is discussed.

Drip irrigation promoted growth characters like
height, number of branches and LAI at all growth stages.
Height increased by 3.8 per cent, branches by 5.1 per oent
and LAI by 8.6 percent at harvest stage compared to pot

irrigation.

Root area increased by 13.3 and 16.5 per cent at 70
DAT and at harvest respectively. Root dry weight increased
by 9.5 per cent at 70 DAT. Similar increase in root dry
weight by drip irrigation was reported by Goldberg and
Shmueii (1871). in green pepper. Better root‘growth resulted
in better uptake of nutrients (Russell, 19882). Uptake of

nitrogen, phosphorus and potassium was increased by 1.4, 5.8



and 7.5 per cent respectively compared to pot watering. The
NAR and chlorophylii content also increased by drip
irrigation. The increased aveilability of nitrogen helped to
increase the chlorophyll content. (Tisdale and Nelson, 1885).
The better values of NAR might be due to better tapping of
solar radiation in drip irrigated plants due to better
spreading and higher LAI. Leaves are the actual sites of
photosynthesis and LAI is the best index to study the ability
of a .crop to produce dry matter. This better uptake of
nutrients coupled with higher content of chilorophyll and NAR
resulted in significant increase in growth characters.
Similar increase in leaf growth and root development by drip
irrigation had been reported by Shmueli and Goldberg (1971)
in chilll. A significant increase in DMP was observed at 35
and 70 DAT by drip irrigation. This was due to the higher
plant height, more number of branches and higher LAI resulted
by drip irrigation. Similar increase in plant DMP due to the
increase in number of leaves per plant and LAI had been

reported by Shmueli and Goldberg (1971) in drip irrigated

muskmelon.

A positive and gignificant influence on yield
contributing characters like number of flowers plnnt-l,
setiting per cent, fruits plant_l, fruit iength, fruit'girth.J
fruit volume and fruit weight were also observed by drip

irrigation.'Fruits p]m.mt;_1 increased by five and 100 fruit



weight increased by 42 g plant -1 compared to pot watering
(Table4.9 and 4.10). Similar increase in yield contributing
characters by drip irrigation had been reported by Goldberg
and Shmueli (1971) in green peppers, Shmueli and Goldberg
(1971) in muskmelon, Sivapappan et al (1978)in bhindi and
Wivutvongvana et gi. (1990) in sweet pepper. A significant
positive correlation had been noticed between_growth
characters like plant height, branches and LAI and yield
contfibuting characters like fruita pla.nt._1 fruit length,
fruit girth, fruit volume and fruit weight with yield. This
favourable influence on growth and yield contributing
characters resulted in higher yield in drip irrigation. By
pot watering yield plant 1 was 142.8 g€ and increased to
196.9 g by drip irrigation. Similar increase in yield by drip
irrigation had been reported by Goldberg and Shmueli (1971)
in green pepper, Sivanappan et al. (1978) in bhindi and

Ramesh (1986) in chilli.

In drip irrigation, since water is applied in
droplets directly to the root zone, loss is leas and
availability is more;.and this enable the plants to maintain
better turgidity of leaves. This along with greater plant -
vigour and fast growth rate gave higher y&eld under“drigj
irrigation. (Sivanappan et g;. 1976). In drip irrigation,

since water is made available to plant in small quantities,



evaporation and leaching losses are reduced (Bressler, 1977).
Data presented in Appendix II showed that pots irrigated with
drip irrigation analyzed a moisture content of 7.8 per cent
more than that of pot irrigation. This showed that soil
moisture potential was maintained high in drip irrigated

pots.

Growth characters viz. height, branches plant—l and
LAI at all stages were superior in wick irrigation compared
to drip irrigation and pot watering. This better performance
may be due to the cpnﬁinuous availability of water which
hélped in better uptake of nutrients. The uptake of nitrogen,
increased by 25.2 per cent than drip irrigation. There was a
significant  increase in NAR and chlorophyll content aiso by

wick irrigation.

Higher chlorophyll content may be due to higher
uptake of nitrogen due to better availability of water.
Increased availability éf nutrients might have helped in the
better expression of growth characters, which helped in
better tapping of solar radiation. All these might have

resulted in a significant 'increase in DMP in wick irrigated

plants.

Yield contributing characters viz. flowers plant_l,

fruits plant_l, length, girth, volume and weight of fruits



were also significantly higher in wick irrigation. This
higher fruit weight and size could be attributed to higher
rate of photosynthesis and increased translocation of

photosynthates to the fruits because of continuous asupply of
waters. (Kaufmann, 1974). This favourable influence on growth
and yield contributing characters resulted in higher yield in

wick irrigation.

5.2. Effects of levels of irrigntion on growth and yield of

chilli

Chilli was subjected to three levels of irrigation
(60, 80 and 100 per cent FC) and the effect of these levels is

discussed here.

When the soil moisture regime was increased from 60
to 80 and 100 per cent FC, a progressive and significant
increase in plant height and branching was observed. This
increase in plant height and branching resulted in the
production of more number of.leaves and significantly
increased the LAI from 0.49 to 0.94 and 0.99 at 35 DAT gpd
from 1.1 to 1.7 and 1.9 at.70 DAT and from 2.1 to 2.5 and 2.7
at harvest when the moiasture potential was in&reased from 60
to 80 and 100rper cent FC respectively. Similar results were
reported by Tamaki and Naka (1971) in broad beans, Beese et

al. (1982) in Chilli, George Thomas (1984) in bittergourd,



Wankhade and Morey (1884) in chilli and Jayakrishnakumar
(1986) in bhindi.

Water is the most important limiting factor among
the various factors contributing to plant growth, It is a
universal solvent and major constituent of protoplasm which
is often Eegarded as the “phys?ological basis of life".
Increased growth of plants is related to increased turgidity
of cell with increase ?n s80il moisture availability leading
to cell enlargement and cell division - the two vital
processes in plant growth. On the contrary, low available
s0il moisture or water stress adversely nffectéd the above
processess and retarded growth (Begg and Turmer, 1976).
Reduction in rate of leaf initiation and cell.division might
be the causes the production of leaser number of leaves under

water stress.

A significant and progressive increase 1in
chlorophyll content was observed with increasing levels of
moisture. Root area was also increased with increasing
levels of s80l1l moisture and this resulted in better
exploitation of nutrients which helped to increase the uptake
of nutrients. Russell (1982) had opined that low water
potential reduces root growth and restrict nutrient uptaké

because of the reduced root metabolic activity.



Suryanarayana et al. (1983) had reported an increase in
ohlorophyll, content with reduction in irrigation frequency.
Uptake of nitrogen increased from 0.5 to 0.8 and P05 from
0.16 to 0.18 and K,0 from 1.25 to 1.35g plant™ when the
moisture content was increased from 60 to 100 per cent FC.
This higher uptage of nutrientes is mainly due to the
reduction .in moisture stress under higher levels of
irrigation. Similar results in nutrlient uptake was reported
by Gamayun (1980) in tomato and George Thomas (1984) in
bittergourd. Thus higher values of LAI, better branching and
higher content of chlorophyll mighp have resulted in better
tapping of solar radiétion which might have resulted in
higher NAR at 100 per cent FC compared to the lowest level.
DMP was profoﬁndly influenced by irrigation (Table 4.4).
The production of dry matter is influenced mo}e by moisture
supply. It was considered to be the most sensitive index for
water supply (Black, 1973). Efficient utilisation of
nutrients in the frequently irrigated treatments (Table 4.14)
had increased plant growth as evident from the plant height,
leaf area index end thereby DMP. Photosynthesis is the basic
process for the build up of organic substances and the amount
of DMP depend upon the effectiveness of photosynthesia:
Leaves are the actual sites of photosynthesiq and LAT is the
best measure to study the ability of a crop to produce dry.
metter. Higher DMP due to frequent irrigation had been

reported by ‘Tamaki and Neka (1971) in broad beans, Hafeez and



Cornillion (1976) in brinjal, Desai and Patil (1984) in

Muskmelon and George Thomas (1884) in bittergourd.

All these resulted in better expression of yield
parameters. Setting percentage increased with increasing
levels of irrigation and resulted in more number of fruits
plant—l'which increased from 33.12 to 49.50 and 54.00 with
increasing levels of irrigafion: Besides the number, the
length, girth, volume and weight of fruits also increased
with'increasing levels of irrigation. Significant positive
correlation was noticed between yield and fruit number
(0.95), fruit length (0.87) fruit girth (0.88)and fruit
volume (0.88). Similar results had been reported by Doss et
al. (1975), Goldberg et al., (1976), Gupta and Rao (1978),
Beese et al. (1882) and Kwapata (1990). According to
Kaufmann (1974) water deficit induced retardation of floral
primordia development, flower production, fruit set and
induced flower and fruit abscission leading to decrease in
fruit production. Increase in fruit length due to frequent
irrigation could be attributed to continuing cell division,
progressive initiation of tissues and on the differentiation
and enlargement of cell (Fisher, 1973). The results are 'in
conformity with the findinés of 0'Dell (1983) in Capsicum and
George Thomas (1984) in bittergourd. Yield plant_l iqcreasle
by 68 to 96.9 per cent when the irrigation level was

increased from 60 to 80 and 100 per cent FC (Table 4.11).



This better performance of crop under 100 per cent FC will be
due to the better availability of water which helped to
promote the nutrient uptake and various other metabolic
activities. Vegetables being highly sensitive to water,
maintaining the water potential at higher level must have
helped in increasing the yieldzaignificantly. This is in
agreement with the findings of Sm?ttle and Threadgill (1982)

in cucumber and George Thomas (1984) in bittergourd.

5.3. Effects of conservation methods on growth and yield of

chilli

Effects of various moisture conBervation methods
like mulching with coir pith, application of a hydrophilic
amendment, Jalsakhti on the perfqrmance of chilli are
discussed in comparison with control where no conservation

method was adopted.

Compared to control and application of hydrophilic
amendment, coir pith mulching was significantly superior.
Mulching with coir pith must have reduced the evaporation
loese of water (Nathan, 1991), Soil temperature recorded at
different groyth stages showed a reduction by about L—2°c _
(Appendix II and Fig.2) compared to other two methods.. Final'

moisture content in pots mulched with coir pith was about
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18.9 and 7.8 per cent higher than control and Jalsakhtli
(Appendix II). This shows that water potential was
maintained at higher level in this treatment. According to
Bar-Yosef and Sagiv (1982) slight difference in soil matric
potential at even a relativeiy high level of 8soil moisture
can result in marked difference in growth and yield of

vegetables.

Uptake of nutrients and root spread were also
highef in pots mulched with coir pith. High soil moisture
content and low soil temperature helped in better growth of
root system. (Uthaiah'gl al 1989). Increase in uptake of
nutrients with coir pith mulching was reported by Jayaraj
(1992) in rice. This better absorption of water and
nutrients resulted in better expression of growth parameters
like height, number of branches and LAI which resulted in
better DMP. WNot only DMP, but aiso the distribution was
favoured by mulching with coir pith . Higher values.of NAR
was observed at 35-70 DAT. This better NAR may be due to the
better development of the solar tapping surface as evidenced
by higher LAI and bettgr plant spread. Leaves are the actual
sites of photosynthesis. Thus high LAI indicates higher
photosynthetic efficienéy and thereby higher DMP and
distribution. LAI increased by 47.8 and 1?.1 per cent by
coir pith mulching compared to control and application of

Jalsakhti at 35 and 70 DAT respectively. This result is in




conformity with the findings of Patil and Bansod (1972) and
Olasantan (1985) in tomatoes and Vander Werken and Wilcox

(1988) in bell pepper.

Improved growth associated with mulched crops
resulted from both the cooling effect of mulch and the
improved soil moisture retqntiop by mulch (Uthaiah et al.
(1989). Mulch also benefits crop production through weed
control; improved soil physical and chemical properties and
enhanced biological activity (Ekern, 1967; Lal et al. 1880;
Tumuhairwe and Gumbse 1883). Coir pith analysed a nutrient

content of 0.5, 0.09 and 0.84 per cent nitrogen, phosphorus

and potassium respectively.

All yield contributing characters were
significantly higher in coir pith mulched plots and this
resulted in an yield of 181.3 g pla,nt:_l compared to 144.2 ¢
plant—1 in Jalsakhti and 139.2 ¢« pla,nl'._1 in control. This
significantly higher yield is due to the favourable moiBture
retention, facilitating better availability and uptake of
nutrients. Similar increase in yield contributing characters
and finally yield had been reported by Patil and Bansod
(1972) and Olasantan (19885) in tomatoes, Negreiros et al

(19980) in capsicum and Kwapata (1990) in tomatoes.



Jalsakhti produced significantly superior erffect

over control. Jalsakhti has the capacity to hold thousand
Limes its weight of water and slowly release it for crop use.
This ensures continuous supply of water to crop even at times
of shortage. Final moisture content in pots treated with
Jalsakhti was about 12 per cent higher than control (Appendix
I11). Thii high water potential'enabled better root spread
and thereby better uptake of nutrients. This better
absorption of nutrients and water resulted in better
expression of growth parameters like height, branches pla.nt“1
and LAI which resulted in better DMP over the control.
Similar increase in growth parameters had been reported by

Wallace et al! (1984) in tomatoes and Woodhouse and Johnson

{1991) in lettuce.

All yield contributing characters were higher in
pote treated with Jalsakhti compared to control. This higher
vield might have resulted from the cumulative favourable
effect on various growth and yield contributing characters.
Higher yield with supersorbing polymers had been reported by
Woodhouse and Johngon (1991) in lettuce. Hydrophilic polymer
improved drainage and aeration, root growth, shoot growth and

reduced plant water stress (Wallace et al. 1984).

Result of this the study show that coir pith

mulching is superior to application of Jalsakhti.



5.4, Water use efficiency as influenced by irrigation and

conservation methods

WUE is defined as the ratic of the economic yield
to the quantity of water utilised by the crop. WUE is highly
determined by different methods and levels of irrigation and
moigsture conservation. Drip irrigation recorded the maximum
WUE compared to pot watering and wick irrigation. Under drip
irrigation 13.068 litres of water was used, whereas, the
quantity of water consumed in pot and wick irrigation was
13.15 litres and 22.5 litres respectively (Appendix III).
This shows that the quantity of water used in drip irrigation
is lesas than that used under polt and wick irrigation.
Eventhough yield was more under wick irrigation, WUE was high
under drip irrigation. This is due to the reduction in
quantity of water used under drip irrigation. Similar
results had been reported by Sivanappan (1979) in solanaceous
vegetables and Wivutvongvana et al. (1990) in muskmelon on
comparing drip and furrow irrigation. This higher WUE
reflects reduction in loss under drip irrigation. This
reduction in lpss is because water is being given only at the
rcot zone and this minimise various types of losses. &he
reduction in water 1loss along with better- - availability had
resulted in higher WUE. Kaniszewski and Dysko (1988) in

tomatoes had reported that water use was 35 per cent lower



and water consumption per kg of fruit was the lowest in drip

system and the highest in hand watering.

With respect to levels of irrigation maximum WUE
was observed at 12 level. Quantity of water used under 12
level was 13.03 litres wh*-* ==~ 20.5 per cent lesser than I,
level and.24.2 pe} cent | than 13 level . At 12 level,
eventhough yield was less than Il level, WUE was high. This
is due to saving of irrigation water. Water above the
optimum level may get lost in the form of excesgBive
evaporation and transpiration. WUE is likely to inorease
with decrease 1in sofl moisture supply until it reaches the
minimum critical level because the plants may try to
economise water loss in the range,6 from minimum critical to
optimum soil moisture level. These findings are in agreement
with the reports of Singh and Singh (i978) and Sharma and
Parashar (1979). At 100 per cent field capacity, the
evaporation loss might have been more compared to the just
lower level. Additional yield obtained at 100 per cent field
capacity over 80 per cent was not enough to compensate with
the extra quantity of water used. At Ig level, yvield was

much less and that has resulted in lower WUE.

- Among the conservation methods,.coir pith resulted
in significantly higher WUE. This is due to the cumulative

effect of higher yield and lesser quantity of water used in



coir pith mulched pots. Coir pith can hold eight times its
weight of water. It is an excellent rooting medium and
insulating material and also a so0il conditioning medium
(Menon and Pandalai, 1958). Nagarajan et al. (19887) had
reported that moisture content of soil was increased
substantiglly by éontinuous application of coir pith and the
increase varied from 6.5 t6 11.6 per cent. Coir pith ecan
increase the surface and subsurface water holding capacity of
soii and can reduce weed population. Coir pith conserved
moisture'by reducing evaporation and by holding more
moisture. InoreaaeAin WUE due to mulching was due to saving
of irrigation water and enhanced fruit yield (Uthaiah et al.
1989; Jayaraj 1992). Higher availability of moisture under
mulching affected growth and yield contributing characters

favourably which ultimately caused higher yields.

Thus it is seen that drip irrigation gave the
highest WUE eventhough the highest yield was obtained by wick
irrigation, 80 per cent field capacity gave higher WUE
eventhough yield was high at 100 per cent field capacity.
The increase in yield obtained at 100 per cent FC is not
enough to compensate the ,additional amount of water used.
Coir pith gave higher WUE compared to Jalsakhti and control.
This may be due to the low Boil temperature and high - moisture

retentivity resuited from coir pith mulching.



5.5. Growth, yield and nutrient uptake of chilli as
influenced by levels and methods of irrigation and

moisture conservation methods

The interaction effect of two methods of irrigation
with different levels of irrigation revealed that under drip
method of frrigation. yvield incregsed by 26.5 and 56 per cent
when the level was increased from I45 to I, and I;.
Corresponding percent of increase in pot watering was 31.4
and 80.2 respectively. Under both methods of irrigation, the
highest yield was obtaiged at the highest level. The
percentage increase in yield Qas more in pot watering
compared to drip irrigation. This difference in yields
obtained under different levels of irrigation in drip
irrigation was less compared tb pot watering. This shows
that the loss of water is less under drip irrigation compared
to pot watering, since water is applied in droplets directly
to the rootzone of the crop. This results in the maintenance
of high so0il water potential in the root zone of the crop.
Under pot watering, maintenance of the highest level of water
potential had resulted in an increase of only 13.5 per cent
more yield than that obtained at 80 per cent field capacity
in drip irrigation.. But at 80 percent FC, yield realised in
pot watering wams 18 per cent less than that obtained in drip

irrigation. The corresponding values at 60 and 100 per cent



N

_

b

NI

AN

N

T
47/

N

A

NN\

\

AN\

\

N

N

W

=
)
L

N

s

M

MR

400

200

100 1 |8

Myla

202

Mgl

Mila, My Ig

MK

EZZ 100 fruit weight

I Yield per plant

Fig. 3. Interaction effect of levels and
methods of irrigation on 100 pod weight

- i

and yield plant



field capacity were 42.1 and 13 respectively. This shows
that with increasing levels of water, the differences in
yield obtained under drip irrigation decreases. This is due
to better évailability of water under drip irrigation. Even
at 60 per cent F? yield obtained, under drib irrigation is
almost double compared to yield realised under pot watering
at the same level.. At 80 per cent FC yield realised under
drip irrigation was only 7.1 per cent less than yield
realised at 100 per cent FC under pot watering. The highest
hundréd fruit weight was obtained for drip irrigation at 100
per cent FC, but it was only 5.7 per cent less than drip
irrigation at 80 per cent FC. Significent positive
correlation was noticed between hundred fruit weight (0.91)
and yield (Fig.3). This shows that about 20 per cent of
water can be 8saved without much reduction in yield by
adopting drip irrigation. Kaniszewskii and Dysko (1888) in
tomatoes noted that water use in drip systems was about 35
per cenit lower than hand watering by hose. The increase in
yield obtained at 60 per cent FC under drip irrigation over
pot watering may be due to the low degdree of stress created
by drip irrigation as reported by Lin et al. (1983),

At each level of irrigation coir pith recorded
Bigni‘ficantly higher yield. By mulching lwith coir pith,
maintenance of water potential at 80 per cent realised an

vield (206.8g) which was significantly higher than the yield
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that is realised under I, Co and I; Cq. This showed that
about 20 percent water can be saved by mulching with coir
pith at 12 level. 100 per cent FC with coir pith mulch
significently influenced fruit plant -1 and hundredfruit
weight. But the percentage increase in fruit plant -1 and
hundred fruit weight by this treatment combination over 80
per cent FC with coir pith mulching was only 1.2 and 7
respectively. Significent positiée correlation was observed
between fruits plant™! (0.95) and hundred fruit weight (0.9)
with yield (Fig.4). This better effect of coir pith may be
due maintenance of better water potential by reducing
evaporation loss. Tumuhairwe and Gumbs (1983) had reported
that mulching increased the available water by 40 per cent
with irrigation and 20 per cent without irrigation and this
gsignificantly increased the growth and vield of cabbage.
Similar result was reported by Patel and Singh (1979). The
increase in yield may be due to the increased fruit weight

with mulching.

In both methods of irrigation, coir pith mulched
plants recorded significantly higher number of fruits
pla.nt_1 and yield over control and Jalsakhti. Significant
correlation was observed bétween number of fruits and yield
plant -1 (Fig.5). The increase in yield iﬂ drip irrigated
pots was 20.75 per cent over pot watered pots muiched with

coir pith. The reduction in yield in drip irrigated control

W
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pots was only 11.1 per cent less than coir pith mulched pots
irrigated by pot watering. This is due to the reduction in
evaporation loss of water and also maintenance of high soil
water potential by drip irrigation. Improved growth
asgsociated wilh mulched crops resulted from favourablie
environment and %mproved s80il moisture retention by mulching

(Vanderwerken and Wilcox, 1988)

Maximum yield was obtained on drip irrigating to FC
along with coir pith mulching (Appendix III). However, Wick

irrigation out yielded all other treatment combinations.

5.6. WUE as influenced by level and methods of irrigation and

conservation methods

Under all lévels of irrigation WUE was higher under
drip irrigation compared to pot watering. Same trend had been
obaserved with respect to yield also. Higher yield in drip
irrigation is due to better availabiliity of moisture, which
resulted in better fruit growth and uptake of nutrients.
Better uptake of nutrients resulted in better expression of
the wvarious growth chara;ters which finally culminated in
higher yield of the crop. So higher yield coupled with
reduction in quantity of vater used had resulted in better

WUE under drip irrigation., Visalakshi (1991) had reported of
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higher WUE under drip irrigation compared to basin irrigation

in ash gourd.

At all levels and methods of irrigation,
significantly higher yield was recorded by coir pith
mulching. Fater requirement was also less in coir pith
mulched pots. This low water requirement coupled with higher
vield resulted in higher WUE in coir pith mulched pots.
Highér WUE with mulching was reported by Gupta 1975. Maximum
WUE was obtained with 80 per cent FC by drip irrigation and

coir pith mulching (Fig.8 and Appendix III).



SUMMARY




SUMMARY

A pot culture study was conducted at the College of
Agriculture, Vellayani to evaluate the lowcost techniques in
potted vegetables qnd to compare the efficiency of various
techniques,fcr economising water use in vegetables. The
experiment was conducted with‘chifli cultivar 'Jwalasakhi’ as
test crop. The treatments included three levels of
irrigation. (13=60, 12=80 and I1=100 percent field
capacity), two methods of irrigation (M1=indigenoua auto
irrigation using hospital drip and My=pot watering) and three
moisture conservatioﬁ methods (Co=control without any
conservation, C1=application of coir pith, and Cz=application
of Jalsakhti). One absolute control viz. wick irrigation was
compared with other treatments potiing mixture prepared by
mixing sand, soil and cowdung in 1:1:1 proportion by weight
was used as the rooting medium. The medium was low in
available nitrogen, high in available phosphorus and low in
dvailable potassium, The field ocapacity and permanent
wilting point were 18.4 and 7.4 percent respectively. The
experiment was leid out in completeiy randomised design with
six replication. The resuits of the investigation are

summarised below.

1. Plant height, branches and LAT and DMP differed

gignificantly with methods and levels of irrigation and



conservation methods at all stages of growth. Values of
all these growth characters were maximum with drip
irrigation, at 100 percent FC with respect of levels of
irrigation and with coir pith mulching among

conservation methods.

Root a}ea differed significantly with treatments at 70
DAT and harvest. Maximum area was with drip irrigation,
80 percent FC which was on par with 100 percent FC and
coir pith mulching.  The effect on tap root length was
significant only with levels of irrigation and
conservation methods. Maximum length was at 70 DAT at
80 percent FC and coir pith mulching. At harvest

maximum length was at 100 percent FC,

Methods and levels of irrigation and conservation
methoeds had profound influence on root dry weight at 70
DAT. Maximum weight was observed with drip irrigation,

100 percent FC and coir pith mulching respectively.

At 70 DAT and harvest shoot root ratio differed
significantly with treatments. Maximum ratio was with

drip irrigation, 100 percent FC and coir pith mulching

respectively.

Effect of methods of irrigation on NAR was gignificant

only in the initial stage with higher value recorded



with drip irrigation. But for RGR, significantly higher
value was obtained with pot watering in the later
stages. Levels of irrigation was significant on NAR in
both stages and RGR in the initial stage. Maximum NAR
wag at 100 percent FC at both stages and RGR at 60

percent FC.

Significant influence was observed on 50U percent
flowering, flowers plant_l.setting percent and fruits
plant_'1 with treatments. Drip irrigation, 100 percent
FC and coir pith mulching respectively were the

superiormost in their influence on the above parameters.

Treatments had significant effect on fruit length, fruit
girth, fruit volume and hundred fruit weight. The
maximum values for all the above parameters were
obtained for drip irrigation, 100 percent FC level and

coirpith mulching respectively.

Effect of methods and levels of Irrigation and
conservation methods on vield plta.nt‘._1 was highly
significant. Maximum yvield was obtained for drip

irrigation, 100 percent FC level and coir pith mulching

respectively.

HI was significntly influenced by methods and levels of
irrigation. Highest HI was for drip irrigation, and

irrigation at 100 percent FC respectively.
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11.

12.

13.

14.

15.

WUE differed significantly with respect to treatments.
WUE was high for drip irrigation, irrigating at 80

percent FC and coir pith mulching.

Chlorophyll content varied significantly with treatments
at 70 DAT and harvest. Chlorophyll content was high at

drip irrigation, 100 percent FC and coir pith mulching.

*Significant influence of treatments on nutrient uptake

was observed. Drip irrigation increased nutrient uptake
compared to pot watering. With respect to levels of
irrigation, nitrogen and potassium uptake were maximum
at 100 percent FC but phosphorus upteke was high at B0
percent FC. Coir pith mulching recorded maximum uptake

of all nutrients.

With respect to methods of irrigation, wick irrigation
was superior to drip irrigation in all the above
parameters except for LAT at 70 DAT, taproot length, RGR

and WUE.

Significant correlation was noticed between yield and

the various yield attributes.

Economics of cultivation revealed maximum profit for
drip irrigation to 100 percent FC along with coir pith

mulching.
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17.

Interaction effect due to methods and levels of
irrigation were significant on LAI and taproot length
at 70 DAT and harvest, root dry weight, shoot root ratio
at harvest, NAR in the later stages and hundred fruit
weight, HI and potassium uptake. Irrigation at 100
percent FC under drip irrigation was superior with
respect to LAI, taproot lengfh shoot root ratio, hundred
?ruit weight, HI and potassium uptake. Root dry weight
was similar by drip irrigation at 100 per cent and 80
per cent FC. Maximum NAR was at 80 per cent FC under

pot watering.

Interaction effect due to levels of irrigation and
conservation methodé was significant on plant height at
70 DAT, number of branches, DMP, root area and tap root
length at 70 DAT and harvest, root dry weight, shoot
root ratio, RGR and NAR at both stages, setting per
cent, fruits plant—l, fruit girth, fruit volume and

nitrogen uptake.

Irrigation at 100 per cent FC with coir pith mulching
recorded maximum value with respect to height at
harvest, number of branches and DMP at 70 DAT and
harvest, tap root length, shoot root ratio, NAR at later-

stage, setting per cent, .fruits plant_}, fruit girth

fruit wvolume, hundred fruit weight, HI and nitrogen
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uptake. With respect to root dry weight and root area,
80 per cent FC with coir pith mulching was the best.
Maximum NAR was at 100 per cent FC with coirpith

mulching during the initial stage.

Interaction effect of methods of irrigation and
conservation had profound influence on plant height at
70 DAT, number of branches at harvest, LAI, root area
gnd tap root length at 70 DAT and harvest, root dry
weight, shoot root ratio, time of 50 per cent flowering,
flowers plant_I[ setting per cent, fruits plant™!, fruit
girth and hundred fruit weight. Drip irrigation with
coir pith mulching proved best with réspect to plant
height, number of branches, LAI, shoot root ratio, 50
per cent flowering, flowers plant_l, getting per cent,

fruits plant—l, fruit girth and hundred fruit weight.

All the three interactions were significant for tap root
length at 70 DAT and harvest, root dry weight, shoot
root ratio, yield plant™! and WUE. Yield plant™! was
maximum at 100 per cent FC under drip irrigation, 100
per cent FC with coir pith mulching and at driﬁ

irrigation with coir pith mulching.

WUE was high for 80 per cent FC under drip irrigation,
80 per cent FC with coir pith mulching and drip

irrigation with coir pith mulching.
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Drip irrigation at 100 per cent FC along with coir pith
muiching recorded maximum yield plant_ll and drip

irrigation at 80 per cent FC with mulch gave the highest
WUE.

This study shows that WUE is maximum at .80 per cent FC
while maximum yield was at 160 per cent FC. Among the
methods of irrigation wick outyield drip and pot but WUE
is maximum for drip. Coirpith stands first with respect
to yield and WUE among moisture conservation materials

tried for this study.

Future line of work

Feasibility of the indigenous auto irrigator for

fertigation should be studied

Detailed investigations on the effect of coir pith on

various sBoil properties is warranted

Different rate of application of irrigation water should

be tried

Wick irrigation can be tried at different mositure

regimes

The investigation should be tried with different

vegetable crops
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Appendix 1

Weekly data on weathers conditions during the crop period
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Period Standard Mean evaporation Mean relative

weok (mm) humidity (%)
12 49 2.60 76.36
50 2.86 77.00
51 2.50 82.14
52 3.38 78.56
1 1 3.29 73.14
2 3.86 77.64
3 2.86 81.29
4 3.71 76.00
5 4.29 71.23
2 6 4.00 48.92
7 4.00 78.14
8 4.83 79.64
9 4.71 76.79
3 10 5.00 74.71
11 5.00 78.28
12 4.64 74.42
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Appendix I (contd....)

S S Mean temperature °C
Period Standard ~  --—-—r——————————————
waek Maximum Minimum
12 49 30.086 22.00
50 30.05 22,22
51 30.91 22.40
52 30.42 19.27
1 1 30.38 18.62
_2 30.44 21.12
3 29.85 20.74
4 31.89 21.89
5 31.00 19.65
2 6 30.75 20.3£
7 31.44 21.94
8 31.17 22.87
g 31.64 22.26
3 10 32.71 21.12
11 32.64 24 .17

12 32.32 23.72
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Appendix II

Soil temperature and so0il mositure content of the end of the
experiment as influenced by treatments
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Treatments Soil temperature (°C) Soil

Dec Jan Feb Mar mositure(¥%)
11M100 30.2 29.5. 30.6 32.0 16.25
I,M,C, 29.5 27.0 28.9 30.2 20.00
IIMICZ 30.0 28.5 29.6 31.4 18.75
12M100 31.0 30.8 30.9 32.4 13.75
IZMICI 29.5_ 28.4 28,8 30.8 18.25
IZMICZ 30.6 29.2 29.7 31.2 15.00
I3MICO 31.5 30.5 31.4 33.0 8.75
I3M101 30.2 29.0 30.1 31.5 12.50
Iaﬂlcz 30.8 29.86 30.9 32.9 10.00
I1M200 30.5 30.9 31.1 32.3 15.00
I;M,C, 28.5 28.2 29.9 30.9 17.50
I MaCy 29.8 28.9  30.2 31.2 16.25
I MyCq 30.8 31.5 31.4 32.6 12.50
IZMZCI 29.2 30.8 30.6 30.8 15.00
I,M,C, 30.5 31.2 31.0 31.6 15.00
I4MoCq 30.8 31.8 31.7 32.8 8.75
I3M201 29.0 30.5 30.8 30.9 11.25,
I4M,C, 29.8 31.2 31.2 31.2 10.00
Absolut

control 29.4 27.9 29.0 30.5 17.9




APPENDIX III

Interaction effect of levels and methods of irrigation and
conservation methods on water used WVE and yield of chilli.

Treatments Water used WUE Yield
1 p_ot_1 gl‘l g pla.ni;_1

1 IIMICO 16.580 12.00 197.50
2 IiMiCy 16.20 14.87 240.20
3 IM,Co 16.30 10.70 172.40
4 IaM{Cp 13.10 10.90 143.20
5 IMCy 12.90 16.96 219.70
6 I,M;Co 13.00 12.90 167.80
( IM{Cy 10.00 10.30 103.00
8 I4M{Cy 9.70 13.90 135.20
9 IaM;Coy 9.80 12.56 124.50
10 I M,C, 16.60 11.50 191.50
11 IiMpCy i6.40 12.80 212.70
12 I{MyC, 16.50 10.20 167.00
13 I MG, 13.20 9.70 128.40
14 I,MsCy 13.06 14.87 193.80
15 I, MaCs 13.00 11.80 154.70
16 IgM,Ch 10.00 T.16 T1.70
17 IqMaCy 9.80 8.83 84.50
18 IaM,Co 9.80 7.90 78.40

10 Absolute
control 22.50 10.80 244.20




Appendix IV

Correlation of yield and yield attributes
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Parameters Yield
50 per cent flower;ng -0.92**
Number of flowers pla.nt—1 0.81*"
Number of fruits pl:aa.nt"'1 0.95"*
Setting per cent 0.89**
Fruit length 0.87%*
Fruit girth 0.88**
Pod volume 0.88"*
DMP 0.90**
LAI 0.77**
Chlorophyll 0.79™*
HI 0.79™*
100 fruit weight 0.91**
R value
5 % = 0.286
1 % = 0.39

% Significant correlation
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ABSTRACT

A pot culture study was conducted at the College of
Agricultuqe. Vel layani to evaluate the lowcost techniques in
potted vegetables ﬁnd to compare the efficiency of various
techniqueslfor economising ﬁater use in vegetables. The
experiment was conducted with chilli cultivar *'Jwalasakhi’ as
test crop. The treatments included three levels of
irrigation (I3 - 60, I, - 80 and 1I; - 100 per cent field
capacity), two methods of irrigation (Ml - indigenous auto
irrigator using hospital drip and Mz - ppt watering) and
three moisture conservation methods (CO - control without any
conservation, Cl - application of coir pith and 02 -
application of Jalasakhti). One abscolute control viz., wick
irrigation was compared with other treatmenfs. Potting
mixture prepared by mixing aand,soil and cowdung in 1 : 1 : 1
proportion by weight wés used as the rooting medium. The
medium was low in availeble nitrogen, high in availeble
phosphorus and low in available potassium. The field
capacity and permanent wilting point were 18.4 and 7.4 per
cent respectively. The experiment was laid out in completely
randomised design with six replications. The results of the

investigation are summarised below.



Plant height, branches, LAI at harvest, DMP, S : R
ratio and root dry weight at different growth stages differed
gignificantly with methods, levels of irrigation and
conservation methods. All these parameters were better under
wick irrigaﬁion, 160 per ceni FC and coir pith mulching.
Whereas drip irrigation rec&rded maximum LAI at initial
stageg and tap root length. All yield parameters like number
of flower%/planté@, fruit?/plantéi, fruit girth, fruit volume
and hundred fruit weight were better under wick irrigation
followed by drip irrigation. Among the moisture regimes 100
per cent FC registered better values for all the yield

attributes. Coir pith mulching top seeded with respect to

these characters.

Maximum yield was obtained for wick irrigation, 100
per cent FC and coir pith mulching. With respect to WUE,
coir pith mulching followed the =same pattern as yield.
Whereas drip irrigation recorded maximum WUE and 80 per cent
FC resulted in higher WUE compared to the other two

irrigation regimes.

Uptake of N, P and X were maximum in wick

irrigation and coir pith mulching. N and K uptake were



maximum at 100 per cent FC, but P uptake was high at 80 per

cent FC.

Under all levels of irrigation, maximum yield and
WUE were obtained by drip irrigation and coir pith mulching.
Coir pith mulching revealed its superiority under both

methods of irrigation with respect to yield and WUE.

Maximum yield was. obtained at drip irrigation at
100 per cent FC with coir pith muiching while maximum WUE wasg

obtained at drip irrigation at 80 per cent FC with coir pith

mulching.

Maximum profit was realised by drip irrigation at

100 per cent FC with coir pith mulching.

With drip irrigation and coir pith mulching 20 per

cent water can be saved without much reduction in vield.



