173347

FERTIGATION AND MULCHING STUDIES IN
YARD LONG BEAN

(Vigna unguiculata var. sesquipedalis (L.) Verdcourt)

By
MAHSUMA PUTHUPPALLI "
S ”'“‘("’91 N
(2012-12-104) /,.; o\
‘ £y )§ :
I_‘é‘.‘- @r,"( J‘_E:?J
ey
THESIS

Submitted in partial fulfilment of the

requirement for the degree of

Master of Science in Horticulture
Faculty of Agriculture |

Kerala Agricultural University, Thrissur

Department of Olericulture
COLLEGE OF HORTICULTURE
VELLANIKKARA, THRISSUR — 680 656
KERALA, INDIA
2014



DECLARATION

' I, Mahsuma Puthuppalli (2012-12-104) hereby declare that this thesis
entitled “Fertigation and mulching studies in yard long bean (Vigna
unguiculata var. sesquipedalis (L.) Verdcourt)” is a bonafide record of
research work done by me during the course of research and 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.

Vellanikkara Mahsuma Puthuppalli
13/09/2014



CERTIFICATE

Certified that this thesis entitled “Fertigation and mulching studies in
yard long bean (Vigna unguiculata var. sesquipedalis (L.) Verdcourt)” is a
bonafide record of research work done independently by Ms. Mahsuma
Puthuppalli under my guidance and supervision and that it has not previously

formed the basis for the award of any degree, diploma, associateship, fellowship

to her.
Vellanikkara Dr. Salikutty Joseph
1#09/2014 Professor

(Major advisor, Advisory committee)
Department of Olericulture

College of Horticulture



CERTIFICATE

We, the undersigned members of the advisory committee of Ms. Mahsuma
Puthuppalli (2012-12-104) a candidate for the degree of Master of Science in
Horticulture, with major field in Olericulture, agree that the thesis entitled
“Fertigation and mulching studies in yard long bean (Vigna unguiculata var.
sesquipedalis (L.) Verdcourt)” may be submitted by Ms. Mahsuma Puthuppalli
(2012-12-104), in partial fulfilment of the requirement for the degree.

Dr. Salikutty Joseph %\W\ Dr. T. Pradeepkumar

Professor and Head Associate Professor \o\ \\'\/
Department of Olericulture Department of Olericultur 4
College of Horticulture College of Horticulture

Vellanikkara Vellanikkara

(Chairman, Advisory committee) (Member, Advisory Committee)

Dr. K. V. Suresh Baw Dr. P.A. Joseph W
Professor W Professor a'uﬁ 5{':1 20
Department of Olericulture - Department of Agronomy

College of Horticulture College of Horticulture

Vellanikkara Vellanikkara

(Member, Advisory Committee) (Member, Advisory Committee)

Dr. P. Jansirani P FM

Professor and Head

Department of Spices and Plantation Crops
Horticultural College and Research Institute
Periyakulam

(External Examiner)



ACKNOWLEDGEMENT

First and foremost, 1 humbly bow my head before the Almighty God, the father of
light whose light has guided my steps thus far through ramifying paths of thick and thin of my

efforts.

It is with hilarious gay and glee I wish to place on record, my deepest sense of
gratitude and indebtedness to my chairperson, Dr. Salikutty Joseph, Professor, Department
of Olericulture for her meticulous supervision, constructive criticism, surpassing guidance,
sustained encouragement, incessant inspiration, laudable counseling, mellifluous help and

care which go a long way in shaping my life and educational career.

With deep respect and esteem regards, I owe my indebtedness to the members of my
advisory committee Dr. T. E. George, ADR (Veg. Mission) and Professor & Head,
Department of Olericulture, Dr. T. Pradeephkumar, Associate Professor, Department of
Olericulture and Dr. P. A. Joseph, Professor, Department of Agronomy for their eminent
guidance, valuable suggestions, immense help and care rendered during the span of study

period.

1 accost my gratitude towards Dr. Mani Chellappan, Officer in Charge, AINPAQ for

his help provided to carry out my lab work in a good manner.

: V
I wish to express my bounteous thanks to Dr. S. Krishnan, Associate professor,
Department of Agricultural Statistics for the valuable guidance during the statistical analysis
of the data. '

1 profusely express my sincere and gratefil thanks to Dr. Sarah T. George, Dr. K. V.
Suresh Babu, Dr. K, P. Prasanna, Dr. P. Indira, Dr, P. G. Sadhankumar, Dr. S. Nirmla
Devi and Dr. Sainamol Kurian of Department of Olericulture and all staff members for

their support and encouragement.

I am grateful to thank Sri. V. N, Gopi, Farm officer and all the labourers of
Department of Olericulture, who helped me for conducting field work successfully.



I deeply express my gratitude to Dr. D. Ajithkumar and Sri. Gangadaran

Department of Agricultural Meteorology for their immense help and support.

I express my indebtedness to my classmate friends, Shanthi Elizabeth Kurian and
Basavaraj V. Simpi for their timely help, personal care, support and pleasant company from
the beginning to the completion of this venture. I wish to pledge my grateful thanks to ny
senior friends and my junior friends for their timely help and moral support during my

course of study.

I ackmowledge the boundless affection, unsolicited help, companionship and moral
support rendered by my friends, Teena, Sandhya, Aparna, Manju, Sajeera, Anila, Surya,
Minnn, Rubeena, Josena and Nayana. I warmly acknowledge their role in making the

period of my study here a memorable and cherished one.

I express my deep sense of gratitude and obligation 1o my dear friend, Nanu P. A.
Jor her valuable help, constant encouragement and love we share and our oneness in spirit

which is a great source of inspiration to me and helps me abide through every phase of life.

Above all, heart filled with growing love, I submit everything to my father Sri. P.
Abdurahiman, my mother Smt. V. Safiya, my dear sister Farhana and brother Fahad who
nourish me with love and affection and insole a sense of courage then anything else which is alive

and agile in every cell of mine.

1 acknowledge with thanks my uncle Sri, P. Hussain and all other family members for

their moral support and prayers during the course of the study.

{ am in dearth of words to express my strong emotions and gratitude to my husband Sri,
Jamsheerali for his moral support, constant encouragement, affectionate concern and to my in-

laws for their intense support and prayers to complete this endeavour successfully.

1 also acknowledge the favours of numerous persons who, though not been
individually mentioned here, have all directly or indirectly contributed during the course of
the study.

Mahsuma Puthuppaili



CONTENTS

Chapter Title Page No.

1 INTRODUCTION 1-3

2 REVIEW OF LITERATURE 4-41

3 MATERIALS AND METHODS 42-52

4 RESULTS 53-90

5 DISCUSSION 91-105

6 | SUMMARY 106-111
REFERENCES -xxv
APPENDICES

ABSTRACT




LIST OF TABLES

Table No. Title Page No.
3.1 Details of treatment combinations . 44
4.1 Effect of irrigation, mulching and fertilizer on vine 56

length and root length of cowpea
4.1(a) Interaction effect of irrigation and mulching on vine 56
length and root length of cowpea
4.1(b) Interaction effect of irrigation and fertilizer on vine 57
length and root length of cowpea
4.1(c) Interaction effect of mulching and fertilizer on vine 57
length and root length of cowpea
4.1(d) Interaction effect of irrigation, mulching and fertilizer 58
on vine length and root length of cowpea
4.2 Effect of irrigation, mulching and fertilizer on number
of days for flowering, fruiting, number of harvests and 60
duration of cowpea
4.2(a) Interaction effect of irrigation and mulching on
' number of days for flowering, fruiting, number of 60
harvests and duration of cowpea
4.2(b) Interaction effect of irrigation and fertilizer on number
of days for flowering, fruiting, number of harvests and 61
duration of cowpea
4.2(c) Interaction effect of mulching and fertilizer on number
of days for flowering, fruiting, number of harvests and 61
duration of cowpea
4.2(d) Interaction effect of irrigation, mulching and fertilizer
on number of days for flowering, fruiting, number of 62
harvests and duration of cowpea
4.3 Effect of irrigation, mulching and fertilizer on pod 65
characters of cowpea
4.3(a) Interaction effect of irrigation and mulching on pod 65
characters of cowpea
4.3(b) Interaction effect of irrigation and fertilizer on pod 66
characters of cowpea
4.3(c) Interaction effect of mulching and fertilizer on pod 66
- | characters of cowpea
4.3(d) Interaction effect of irrigation, mulching and fertilizer 67
on pod characters of cowpea _
4.4 Effect of irrigation, mulching and fertilizer on yield 63
and protein content of cowpea:
4.4(a) Interaction effect of irrigation and mulching on yield 63
and protein content of cowpea
4.4(b) Interaction effect of irrigation and fertilizer on yield 69

and protein content of cowpea




Table No. Title Page No.

4.4(c) Interaction effect of mulching and fertilizer on yield and 69
protein content of cowpea

4.4(d) Interaction effect of irrigation, mulching and fertilizer 70
on yield and protein content of cowpea

4.5 Effect of irrigation, mulching and fertilizer on weed 74
growth of cowpea

4.5(a) Interaction effect of irrigation and mulching on weed 74
growth of cowpea

4.5(b) Interaction effect of irrigation and fertilizer on weed 75
growth of cowpea

4.5(c) Interaction effect of mulching and fertilizer on weed 75
growth of cowpea

4.5(d) Interaction effect of irrigation, mulchmg and fertilizer 76
on weed growth of cowpea

4.6 Effect of irrigation, mulching and fertilizer on pH, EC
and organic carbon content of soil at 45 DAS and at 81
final harvest

4.6(a) Interaction effect of irrigation and mulching on pH, EC
and organic carbon content of soil at 45 DAS and at 81
final harvest

4.6(b) Interaction effect of irrigation and fertilizer on pH, EC
and organic carbon content of soil at 45 DAS and at 82
final harvest

4.6(c) Interaction effect of mulching and fertilizer on pH, EC
and organic carbon content of soil at 45 DAS and at 82
final harvest

4.6(d) Interaction effect of irrigation, mulching and fertilizer
on pH, EC and organic carbon content of soil at 45 DAS | 83
and at final harvest

4.7 Effect of irrigation, mulching and fertilizer on available 87
N, P and K in soil at 45 DAS and at final harvest

4.7(a) Interaction effect of irrigation and mulching on
available N, P and K in soil at 45 DAS and at final 87
harvest

4.7(b) Interaction effect of irrigation and fertilizer on available 28
N, P and K in soil at 45 DAS and at fina] harvest

4.7(c) Interaction effect of mulching and fertilizer on available 28
N, P and K in soil at 45 DAS and at final harvest

4.7(d) Interaction effect of irrigation, mulching and fertilizer
on available N, P and K in at soil 45 DAS and at final 89
harvest

4.8 Interaction effect of irrigation, mulching and fertilizer 90

on Benefit Cost ratio




LIST OF FIGURES

Figure No. Title Between
pages

3.1 Layout of the experimental plot 47-48

5.1 Effect of irrigation on vine length 92-93

52 Effect of mulching on vine length 92-93

5.3 Effect of fertilizer on vine length 92-93

5.4 Effect of fertilizer on root length 92-93

55 Eﬁject of mulching and fertilizer levels on pod 92-93
weight

5.6 Effect of mulching and fertilizer levels on pod 92.93
length

57 Effect of fertilizer levels on number of seeds per 94.95
pod

58 Interaction effect of mulching and fertilizer levels 94.95
on ped length

50 Interactxon. effect of mulching and fertilizer levels 94-95
on pod weight

5.10 Effef:t of irrigation, mulching and fertilizer levels 9 4_‘9 5
on yield per plant
Effect of irrigation, mulching and fertilizer levels

5.11 94-95
on number of pods per plant

5.12 Inter-action effect of irrigation and ft_artilizer levels 94.95
on yield per plant
Interaction effect of irrigation and fertilizer levels

5.13 97-98
on number of pods per plant

514 Inter‘actiqn effect of mulching and fertilizer levels 9798
on yield per plant

5.15 Interaction effect of mulching and fertilizer levels 97.98 .

on number of pods per plant




Figure No. Title Between
pages
5.16 Effect of mulching on fresh and dry weight of weeds 97-98
5.17 Effect of fertilizer levels on soil pH 100-101
5.18 Effect of fertilizer levels on EC of soil 100-101
519 Int-eractlon effect of irrigation and fertilizer levgls on | 60101
soil pH
50 Interactlc?n effect of irrigation and fertilizer levels on 100-101
EC of soil
591 Int.eractlon effect of mulching and fertilizer levgls on 100-101
‘ soil pH '
599 Interacn(.)n effect of mulching and fertilizer levels on 100-101
EC of soil
593 Effect fertilizer le\fels on availajble nitrogen, 102-103
phosphorus and potassium content of soil
594 Effect of irrigation, mulching and fertilizer levels on 102-103

B:C ratio




LIST OF PLATES

Plate No. Title Between
pages
1 General view of the experimental plot 58-59
2 Plants at 30 days after sowing 58-59
3 Plants at bearing stage 58-59
4 Weed growth 80-81




LIST OF APPENDICES

Appendix No. Title

I a) Cost of drip system per hectare
b) Cost of inputs per hectare |
c¢) Cost of cultivation
d) Cost of weeding per hectare
e) Cost for irrigation and electricity

I a) Weekly weather data
b) Daily evaporation data

111 Schedule of fertilizer application




INTRODUCTION



1. INTRODUCTION

When water becomes scarce, demand management becomes the key to the
overall strategy for managing water (Molden er al., 2001). Since agriculture is the
major competitive use of diverted water in India (GOI, 1999), demand management
in agriculture would be central to reducing the aggregate demand for water to match
with the available future supplies, thereby reducing the extent of water stress, that the
country is likely to face (Kumar, 2003a and Kumar, 2003b). Improving productivity
of water use in agriculture is an important part of the overall framework of managing
agricultural demand for water (Barker et al.,, 2003; Frederick, 1993). Efficient
irrigation technologies help establish greater control over water delivery to the crop
root and reduce the non beneficial evaporation and deep percolation losses from the
field.

Yard long bean [lVigna unguiculata var. sesquipedalis (L.) Verdcourt] is one
of the most important vegetable crops of Kerala. Being highly remunerative, area
under its cultivation is fast expanding under irrigated conditions. The crop has a high
protein content of about 25% in the grain (dry weight basis) (Bresani, 1985), and
serves as a cheap source of protein, vitamins and minerals. In addition, the crop
improves the cropping systems and soil fertility by reducing soil erosion, suppressing
the weeds and fixing atmospheric nitrogen, which contributes to increased yields of
nitrogen demanding crops grown with or after it (Tarawali et al., 2002). However,
despite such importance, average cowpea yield is low and the major constraints
contributing to the low cowpea yields include biotic stresses (insect pests, nematodes,
diseases and weeds), abiotic stresses (low soil fertility and drought), poor agronomic
practices, poor seed quality, cultivation of low yielding and non-improved cultivars,
and limited breeding work. Adoption of recent agro-techniques can also help to fulfill

the requirement.



Micro irrigation system was found to result in 30 to 70% water saving
(INCID, 1994) in various orchard crops and vegetables along with 10 to 60% increase
in yield as compared to conventional methods of irrigation. It is prudent to make
efficient use of water and bring more area under irrigation through available water
resources, This can be achieved by introducing advanced methods of irrigation and
improved water management practices (Zaman et al, 2001). Drip irrigation in
combination with mulch is one of the best water management methods, which can
improve the water use efficiency significantly. Drip irrigation, with its ability to
provide small and frequent water application directly in the vicinity of the plant root
zone has attracted interest because of decreased water requirement and possible
increase in production (Darwish et al., 2003). About 20—60% higher yields were
obtained with drip irrigation in some studies (Sivanappan et a/., 1974), while in other
studies yield was reported to be slightly lower or equal to that of conventional
irrigation (Doss and Evans, 1980) along with reduction in irrigation requirement of
30-60%.

India stands 27" in terms of degree of adoption of water saving and yield
enhancing micro-irrigation devices. Sivanappan and Lamm (1999) reported that the
area under drip irrigation was meager to the extent of 7000 ha in 1994, The most
recent data on the extent of use of micro irrigation devices is the data compiled by
International Commission on Irrigation and Drainage (ICID), reported that India has a
total of 9.1851 lakh ha of cropped area under drip and sprinkler irrigation, of which
2.6 lakh ha is under drips (Kumar et al., 2006).

Mulching is another water management practice for increasing water use
efficiency. Any material spread on the surface of soil to protect it from solar
radiation, evaporation or weeds is called mulch. Different types of materials like
straw, stubbies, grass, wood, plastic film etc. are used as mulches. Surface mulches
have been used to improve soil water retention, reduce soil temperature and wind

velocity at the soil surface (Kay, 1998). Surface mulches can also improve water’



penetration by impeding runoff and protecting the soil from raindrop splash and
reducing soil crusting (Munshower, 1994). Beneficial response of plants to mulch
includes earlier production (Call and Courter, 1989), greater total yield (Jensen, 1990)
and reduced insect and disease problems (Greenough ef al., 1990).

Recent advances in agro-technology make it possible to apply fertilizer
materials through the irrigation systems, a practice referred to as fertigation (Greef,
1975). This practice has several advantages including: 1) savings in cost of fertilizer
application and labour; 2) fertilizer elements are already in solution form and become
available to plant roots more quickly than dry materials placed on soil surface; and 3)
the high flexibility in irrigation timing makes it easier to schedule fertilization. The
fertilizer can be applied frequently and periodically in small amounts with each
irrigation to ensure adequate supply of water and nutrients in the root zone.
Therefore, as a result of the shift from the surface irrigation to drip method,
fertigation becomes most common, in the irrigated agriculture. The use of soluble and
compatible fertilizers, good quality irrigation water, and need based application are
the prerequisites of the successful fertigation system (Biswas, 2010). The availability
of nutrients under fertigation is very high, and hence the efficiency is more. Liquid
fertilizers as well as water soluble fertilizers are used in drip fertigation with an
increased fertilizer use efficiency of 80 to 90 per cent besides minimizing pollution of
ground water through nitrate-nitrogen leaching to a considerable extent

Considering the above facts, the present study entitled “Fertigation and mulching
studies in yard long bean (Vigna unguiculata var. sesquipedalis (L.) Verdcourt)” was
undertaken with the following objectives:

* To standardize the fertigation requirement of yard long bean and

* To assess the relative efficacy of fertigation and mulching over the

conventional methods.



REVIEW OF LTTFRATURF




2. REVIEW OF LITERATURE

Water and nutrients are the major inputs contributing to higher productivity in
irrigated agriculture. In intensive agriculture, both fertilizer and irrigation
management have contributed immensely in increasing the yield and quality of crops.
Micro-irrigation systems along with mulching are the most modern systems of water
management where the water use efficiency is very high. Fertigation provides
flexibility in fertilizer application, which enables the specific nutritional requirement
of the crop to be met at different stages of its growth. In comparison with the
conventional methods, it appears that fertigation gives higher crop yields with

substantial saving in fertilizers.

Several studies have indicated the possibility of increasing the yield of many
vegetables by adopting suitable irrigation and nutrient management. Very little
information is available on the water and nutritional requirements of cowpea through
fertigation. Hence the works conducted in India and abroad on cowpea and other
vegetables on water and nutrient management and soil moisture conservation

techniques are reviewed in this chapter.

2.1 INFLUENCE OF METHOD, DEPTH AND FREQUENCY OF IRRIGATION
ON VEGETABLES

Water Use Efficiency (WUE) would be of particular interest in situations
where growth is affected as a result of limited water availability. Muthuvel and
Krishnamoorthy (1978) found that among the multiple factors contributing to plant
growth and yield, water is the most important and limiting one. Many studies have
reported linear response in plant growth to increase in water application rate (Shmueli
and Goldberg, 1972).

According to Pai and Hucker (1979), for good growth of vegetables the soil

moisture should be maintained at or above 75 per cent of availability in the active



root zone. Plant growth and development in terms of size, number and quality of

fruits, were very much influenced by soil moisture content (Yadav and Singh, 1991).

Experiment conducted at the Agricultural Research Station, Mannuthy
showed that the treatment which received frequent irrigation showed higher values of
_consumptive use throughout the crop growth period in cucurbits (Radha, 1985).
Similarly Veeraputhiran (1996) observed an increase in yield attributing characters in
oriental pickling melon with the increase in frequency of irrigation and it was

maximum at [W/CPE ratio of 1.2.

Prabhakaran (2003) studied the moisture extraction pattern of soybean crop in
field experiments conducted at Coimbatore. He found that most of the moisture under
all irrigation levels (IW/CPE 0.5, 0.7 and 0.9) was extracted from the surface 0-30 cm
depth. Top 15 cm layer contributed the highest when minimum number of irrigation
was given (IW/CPE 0.5). Moisture extraction from lower profile (30-45 cm) was
higher in less irrigation water applied treatment (IW/CPE 0.5) to a tune of 25.5 and
22.6 per cent respectively during summer and kharif seasons. The relative
contribution of moisture in the upper layer for extraction was higher with composted

coir pith application.

Kassem (2008) conducted a study to investigate the effect of irrigation
frequency on irrigation water depth, wetted area width and depth in potato root
distribution, soil moisture distribution, water loss by deep percolation, potato tuber
yield and water use efficiency. Treatments consisted of seven different drip irrigation
frequencies such as irrigating every half day, irrigating every day, irrigating every 2
days, irrigating every 3 days, irrigating every 4 days, irrigating every 6 days and
irrigating every 8 days. The results indicated that irrigation water depth was increased
with decreasing irrigation frequency from irrigating every half day to irrigating every

8 days, depending on the growth stage of potato and climatic conditions. Also, wetted



area width and depth, water loss by deep percolation were increased with decreasing

~ irrigation frequency.

Seed yield of cowpea was found to be particularly sensitive to water deficit,
where the highest seed yield (1.12 Mg/feddan) was observed with full irrigation,
while the lowest (0.67 Mg/feddan) occurred when the water application was equal to
60% of soil moisture content at field capacity (Aboamera, 2010). Bisht er al. (2012)
reported that in potato, the maximum emergence (92%), plant height (71.2 cm) and
the number of stems (4.2) were recorded under irrigation given on alternate day basis
while, the number of leaves per hill was maximum at the irrigation given on daily

basis and decreased with the decrease in irrigation schedules on daily basis.
2,2 SCHEDULING OF IRRIGATION USING PAN EVAPORATION

The positive relationship between water loss from an evaporimeter and the
potential evapotranspiration makes this approach more attractive for irrigation
scheduling, as the evaporation is easy to monitor and the necessary equipment is very
simple and easy to maintain (Doorenbos and Pruitt, 1977). Vamadevan (1980)
indicated that evaporatidn values measured from a standard USWB class A open pan

evaporimeter are extensively used for scheduling of irrigation.

Studies in watermelon by Srinivas et al. (1989) with four levels of
evaporation (25, 50, 75 and 100 %) replenishment under drip and furrow irrigation
indicated that replenishment of 25 per cent evaporation loss under drip, and 50 to 70

per cent evaporation loss under furrow irrigation, were optimum for higher yield,

Locascio and Smajstrla (1989) reported that scheduling water application was
also critical, as excessive irrigation reduced yield, while inadequate irrigation caused
water stress and reduced production. They found that the highest yield of extra large
fruit was obtained with 0.50 Ep and the highest total marketable yield was obtained
with 0.75 Ep. The quantity of water to be applied by pan evaporation to obtain



maximum tomato production varied with soil type, season and rainfall, In these
studies, maximum yields were consistently produced with water quantities between
0.5 and 1.0 Ep in dry years. In a season with 3.4 cm rainfall per week, no response to

irrigation was obtained.

Musard and Yard (1990) found that vitreous flesh disorder in melons was due
to too much of water during fruit ripening and they also suggested that irrigation must
be reduced to 40-50 per cent of evaporation during the last week before harvest.
According to Batra and Kalloo (1991) in carrot cv. Gurgaon selection, grown at
IW/CPE ratio of 0.4, 0.8 and 1.2; the soil moisture content was significantly higher at

the [W/CPE ratio of 1.2 water consumption increased with irrigation rate.

In irrigation cum fertilizer trial at Thailand, Yingjawal and Markmoon (1993)
found that increasing the irrigation rate from 100 to 200 per cent potential evapo-
transpiration increased the total yield of cucumber by 13 per cent. Further, study on
Indian Institute of Horticulture Research, Bangalore revealed that irrigation scheduled
to replenish 120 per cent of pan evaporation recorded 25 per cent more early

harvestable yield (Prabhakar and Naik, 1993) in cucumber.

Veeraputhiran (1996) observed an increase in yield in oriental pickling melon
with the increased frequency of irrigation and it was maximum at IW/CPE ratio of
1.2. The peak consumptive use was reached between 36-50 days after sowing for the

irrigation intervals of IW/CPE ratio 1.2,

In a study on the effect of irrigation on fruit weight and total yield, in oriental
pickling melon, Leekyaeongbho ef al. (1999) observed that plants irrigated up to 20
days after flowering (88.8 mm) produced highest yield (11.4 t/ha) of good quality
fruits. Similar study in oriental pickling melon revealed that growth, yield and net
income increased with increase in level of daily drip irrigation from 50 -125 per cent

Ep and r_eached the maximum at 125 per cent Ep (Gebrimedhin, 2001).



Prabhakaran (2003) studied the influence of irrigation on water use in soybean
in field experiments conducted at the research farm of Tamil Nadu Agricultural
University, Coimbatore, He has reported that when soybean was irrigated at narrower
irrigation frequency as dictated by IW/CPE ratio of 0.9, soil moisture content was
higher by 17.2 and 19.2 per cent, respectively during summer and kharif in the
surface 0-30 ¢m layer. It was also higher in the lower layer of 30-45 cm by 19.7 and
21.5 per cent, respectively during summer and kharif season. Application of
composted coirpith at the rate of 12.5 t ha-1 increased the soil moisture by five per
cent in summer and eight per cent in kharif against control. Rekha et al. (2005) found
that the highest fruit yield and water use efficiency were noted when bhindi crop was

drip irfigated at 1.0 Ep and fertilized with 120 Kg N ha™.

Bahadur et al. (2006) studied the effect of fertigation on growth and yield of
tomato in an irrigation experiment conducted at the Indian Institute of Vegetable
Research, Varanasi. Results indicated that for maximum number of fruits per plant,
fruit weight and fruit yield, drip irrigation should be scheduled in tomato at 100 per
cent Ep. Similar studies conducted by Sharda et al. (2006) in onion also revealed that
highest plant height; number of leaves and yield of onion were obtained when

irrigation was scheduled at 1.0 per cent Ep.
2.3 DRIP IRRIGATION

Drip irrigation is a multi disciplinary agricultural practice and has enormous
potentials and possibilities (Goldbérg, 1971). The better performance under drip was
attributed to maintenance of favorable soil water status in the root zone, which in turn
helped the plants to utilize moisture as well as nutrients more efficiently from the
limited wetted area (Phene and Beale, 1976). In 1860 an Israeli engineer Simcha
Blass developed the first drip irrigation system using micro tubes extending from a

plastic line (Anwar and Kumar, 1980).



The increased yield under drip irrigation system might have resulted due to
better water utilization (Manftinato, 1974), higher uptake of nutrients (Bafna ef al.,
1993) and excellent soil-water—air relationship with higher oxygen concentration in

the root zone (Gornat ef al., 1973).

Micro irrigation systems make efficient use of the available water resources,
as frequent application of water to the plant root zone minimizes loss through
seepage. There is considerable saving of water in these systems (up to 40-50%)
depending upon the climate, as soil surface wetting is restricted to root zone both in

respect of spread and depth, The evaporation is also reduced (Bruce e al., 1980).

Singh et al. (2001) conducted studies on the emerging scenario of micro
irrigation in India and reported that drip system permitted the use of fertilizers,
pesticides and other soluble chemicals along the irrigation water. It has a potential for
use as a major component in adoption of precision farming. Several types of drippers
or emitters are manufactured such as laminar flow, turbulent flow and orifice type.
Pressure compensating drippers enables irrigation of undulated and sloping lands
with uniform flow rate from the drippers. Pressure compensating drippers are self

flushing and operate in the range of 0.7 to 3.0 kg/em* (Natan, 2005).

Micro irrigation is the slow application of water on, or below the soil by
surface drip, subsurface drip and bubbler and micro sprinkler systems. Water is
applied as discrete or continuous drips, tiny streams, or miniature spray through
emitters or applicators placed along a water delivery line adjacent to the plant row
(James ef al., 2007).

Schwanki and Hanson (2007) defined drip irrigation as an irrigation method
that transfer the water under a definite pressure, after filtering, through pipe network
into the soil surrounding the root system of plants in drops slowly and uniformly. The

emitters are to drip the water from the pipeline to the root zone of the crops evenly



and steadily, so as to guarantee the water demand for the crop growth. The quality of
the emitter has an important effect on the reliability, life span of the drip irrigation

system and irrigation quality.
2.3.1 Effect of drip irrigation on growth, yield and quality of vegetables

Drip irrigation relies on the concepts of irrigating only the root zone of a crop
and maintaining moisture content of the root zone at nearly optimum level. Irrigating
only a portion of the land surface limits evaporation, reduces weed growth and
minimizes interruption to cultural operations. Maintaining nearly optimum moisture
content in the root zone usually involves frequent applications of small amount of
water which improve the water-use efficiency (WUE) with higher yield and quality of

crop.

Batchelor ef al. (1996) reported that micro-irrigation techniques can be used
to improve irrigation efficiency in vegetable gardens by reducing soil evaporation and
drainage loss aﬁd by creating and maintaining soil moisture conditions that are
favorable to crop growth. Among different micro irrigation techniques evaluated,
subsurface irrigation found to be particularly effective in improving yields, crop
quality and water use efficiency as well as being cheap, simple and easy to use,

compared to low-head drip irrigation, pitcher irrigation and subsurface irrigation.

Studies conducted with KAU micro sprinkler revealed that a large increase in
yield of bitter gourd (4.31 t ha') was possible with micro sprinkler irrigation as
compared to drip irrigation (2.98 t ha™') (Kerala Agricultural University, 1996). Field
c;xperiments conducted to study the response of micro irrigation on various
vegetables showed that maximum water use efficiency of 2.11 t ha-em™ was achieved
for tomato irrigated through drip micro-tube followed by drip emitter (1.89 t ha-cm™)

and minimum for surface methods of irrigation (0.89 t ha-cm™).
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Tiwari et al. (1998) reported that 100% irrigation requirement met through
drip irrigation along with black plastic mulch gave the highest yield (14.51 t/ha ) in

okra with 72% increase in yield as compared to furrow irrigation.

According to Bell ef al. (1998) surface drip irrigation and ‘associated
mandatory minimum tillage practices significantly reduced the incidence of lettuce
crop drop caused by Sclerotinia minor and the sevérity of corcky root on [ettuce
compared with furrow irrigation and conventional tillage. The suppression of lettuce
drop under drip irrigation is attributed to differential moisture and temperature effects

rather than to change in the soil microflora or their inhibitory effects on S. minor.

Sivanappan (1998) has compared the data on application efficiencies of drip
and surface irrigation methods at various stages such as conveyance efficiency, field
application efficiency and soil moisture evaporation. The result showed that drip
irrigation had the maximum efficiency of 80-90 per cent compared to surface
irrigation because of very high level of conveyance and application efficiency,

coupled with low evaporation.

Mustafa (1999} found that the highest yield was obtained by drip irrigation as
compared to furrow irrigation under the same condition for two varieties of okra.
Similar study by Raina et al. (1999) at Solan found that drip irrigation enhanced

tomato fruit yield by 40 per cent when compared to the surface irrigation

Drip trrigation generally achieved better crop yield and balanced soil moisture
in the active root zone with few losses (Yildirim and Korukcu, 2000) and the
irrigation efficiency ranged from 80 to 91% when the crop was grown in fields using

a drip system (Al-Jamal ef al., 2001).

Savings of water achieved for green chilli over surface irrigation was
maximum (40.4%) in drip microtube followed by drip emitter (40.0%) and minimum

in micro sprinkler irrigation (16.0%) (Manjunatha ef al., 2001b).
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A comparative study of drip and sprinkler irrigation on garlic by Sankar ef a/.
(2001) indicated that drip irrigation at 100 per cent PE led to the production of 147.8
q ha™ bulbs and 44 per cent water saving over conventional method. Sprinkler

irrigation at 100 per cent PE gave 128.2 q ha™! yield and 41 per cent water saving.

Manjunatha e al. (2001a) studied the effect of micro sprinkler and surface
irrigation methods on potato and reported a net increase of 9.2 per cent in plant height
22.6 per cent in average number of secondary branches, 18.7 per cent in average
number of leaves and 19.4 per cent in mean leaf area with micro sprinkler irrigation

as compared to furrow irrigation.

The irrigation level at I, ( Irrigation at 10 mm CPE with 20 mm water through
micro-sprinklers) registered significantly superior pod yield of cowpea over the other
two levels (Irrigation at 20 mm CPE with 40 mm water through surface method and
20 mm by pot watering) (Geetha and Varughese, 2001). In irrigation trial conducted
at the research farm of College of Agriculture, Raipur during 1999-2000, to compare
the benefit of drip irrigation over flood irrigation in tomato, an increased growth and
yield parameters were observed under drip irrigation compared to flood irrigation

(Agrawal et al., 2004).

Singh et al. (2005) found from their experiments, that the potato yield was
588.0 quintals/ha under drip irrigation method compared to 507.8 quintals/ha under

furrow mode and 561.6 quintals/ha under sprinkler irrigation

Sprinkler irrigation systems with low irrigation frequencies of three days
increased pod yield (ranged from 602 to 651 g m™) and water use efficiency (WUE)
of peanut due to decreasing water loss (Plaut and Ben-Hur, 2005). In a study
conducted at Kerala Agricultural University, by Rekha e al. (2005) found that furrow
irrigated bhindi showed 54% and 57% lower yield than drip irrigated plants @ 1.0
Potential Evaporation value (Epas) and fertigated with 120 kg N ha™'.
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Bahadur er al. (2006) reported from the field experiments conducted at Indian
Institute of Vegetable Research, Varanasi that drip irrigation at 100 per cent Ep
resulted in maximum number of fruits, fruit weight, total fruit yield and marketable

fruit yield of tomato compared to other levels of Ep and surface irrigation. Drip
_ irrigation scheduled at 100 and 80 per cent ETo saved 45.8 and 46.5 per cent water,

respectively over surface irrigation.

Field experiment conducted at Punjab Agriculture University by Sharda et al.
(2006) revealed the benefit of drip irrigation over surface irrigation in onion. Drip
irrigation at 1.3 Ep resulted in the highest plant height, number of leaves and yields in
onion. Singh et al. (2006) reported that when green peas were drip irrigated with 0.5
Epan, pod yield was highest (154.3 g/ha) and increased by 36.5% and 59.4% over
check basin method of irrigation when the crop was sown in paired or single rows,

respectively.

Rolbiecki (2007) studied the. effect of drip and micro sprinkler irrigations on
the growth and yield of cucumber on sandy soil in central Polland. He observed up to
85 per cent increase in fruit yield under drip and micro sprinkler irrigations compared
to flood irrigation. In brinjal, higher yields (42.33t/ha in first crop and 37.90 t/ha in
second crop) were recorded under drip irrigation @ 75% of Ep with fertigation of
75% of recommended N and K (Vijayakumar ef al., 2010).

Susila et al. (2012) reported that with drip irrigation plant height of yard long
bean were higher than those without drip irrigation. Similarly, Tagar et al. (2012)
observed that the drip irrigation method saved 56.4% water and gave 22% more yield

in tomato as compared to that of furrow irrigation.

Pandey er al. (2013) revealed that the method of drip irrigation had
significantly increased yield (10.50 kg / m?) and net income (60.30 Rs/m?) of chilli as
compared to flood irrigation. The crop yield improved by 60.30% in chilli when the
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crop was irrigated through drip. Maximum water saving, minimized weeds, diseases

and total time of irrigation were found in drip irrigation.

In a study, Shaker ef al. (2013) found that in Phaseolus bean the highest yield
obtained was 522 kg/feddan for drip irrigation system using 400 m’/feddan/month
compared to the surface irrigation method with 800 m’/feddan/month gave an yield of
492 kg/feddan, while the lowest yield of 136 kg/feddan was obtained from drip

irrigation system with 800 m*/feddan/month.

Nakaande (2013) reported that drip irrigation at 60% Ep resulted in
significantly higher plant height while plant spread, number of non wrapping leaves
and wrapping leaves were highest at 80 % Ep in cabbage. In a fertigation trail in
oriental pickling melon, Ningaraju (2013) revealed that drip irrigation with 100 % Ep
increased the length of vine, number of leaves per vine, number of branches per vine,
number of fruits per plant, leaf area index, weight of fruits, volume of fruits, and fruit

yield.

2.3.2 Effect of drip irrigation on soil moisture characteristics and water use

efficiency

Hedge and Srinivas (1990) reported higher WUE with drip irrigation (48.6 Kg
ha-cm™) compared to basin irrigation (43.10 Kg ha-cm™) in banana crop. This was

due to higher total dry matter, bunch weight and higher total nutrient uptake.

Raina er al. (1999) at Solan found that in tomato crop WUE under drip
irrigation alone, drip irrigation plus polythene mulch and surface irrigation were 0.34,

0.48, 0.16 t ha cm™' respectively. Besides drip irrigation saved 54 per cent irrigation

water.

In an experiment to study the response of cowpea variety Malika to nitrogen

and potassium under varying levels of irrigation, the maximum yield of green pods -
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was obtained when the crop was irrigated through micro sprinklers at 20 mm CPE
with a depth of 10 mm water. Moisture depletion was higher from the top 0-5 cm
layer of the soil when the crop was irrigated at 10 mm CPE with a depth of 20 mm
water through micro sprinkler. At 15-30 cm and 30-45 cm depth, surface method

recorded the highest moisture depletion (Geetha, 1999).

In potato, the higher water use efficiency of 2.26 t ha-cm™ was achieved for
potato irrigated through drip emitters followed by drip microtube (1.74 t ha-cm™),
micro sprinkler (1.20 t ha-cm™) and furrow methods of irrigation (0.96 t ha-cm™)

(Manjunatha ef al., 2001b).

Gebrimedhin (2001) reported that drip irrigation in oriental pickling melon at
sandy loam soils of Agricultural Research Station, Mannuthy at 50 Ep led to 158.68
kg ha ¢cm” of CWUE (cumulative water use efficiency) whereas conventional
irrigation i.e., basin irrigation once in three days produced 62.69 kg ha cm™.
Similarly Manickasundaram et a/. (2002) found that the water use efficiency was 20

to 60% higher in drip irrigation treatments compared to that of surface irrigation.

Rajput and Patel (2002) studied the response of okra to drip irrigation and
reported that the cyclic regulation and continuous wetting of soil associated with drip
irrigation maintained optimum moisture in the crop root zone which in turn facilitated
greater rates of water and nutrient absorption. Rekha et af. (2005) conducted
investigation on trickle and furrow irrigation in bhindi at the Directorate of Qil Seeds
Research, Hyderabad. They found that highest fruit yield and water use efficiency

were noted when bhindi crop was drip irrigated at 1.0 Ep and fertilized with 120 kg N
ha™l.

The highest water use efficiency value was recorded at the lowest water level

(315 mm) with black plastic mulch, whereas the lowest WUE (9.08 kg/m3) was
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obtained at 565 mm without mulch treatment, which indicated that the plastic mulch

distinctly improved the water use efficiency of tomato (Berihun, 2011).

An experiment conducted for the comparative study of drip and furrow
irrigation methods at the farmer’s field in Umar Kot, revealed that higher water use
efficiency of about 4.87 was obtained in drip irrigation method; whereas lower water
use efficiency of about 1.66 was obtained in furrow irrigation method (Tagar et al.,

2012).

Studies of Ningaraju (2013} found that field water use efficiency decreased
significantly with increase in irrigation levels, in oriental pickling melon. Drip
irrigation with 50 % Ep along with 200% RDF recorded significantly higher field

water use efficiency and the lowest by pot irrigation.

According to Yaghi et al. ( 2013) the highest WUE (0.262 t ha 'mm™) was
obtained for the Drip + Transparent Mulch treatment because this treatment
consumed about 64% and 16% less water than the Surface Irrigation and Drip

irrigation treatments respectively, and produced comparatively higher yield.

2.4 EFFECT OF DIFFERENT LEVELS OF FERTILIZER ON GROWTH AND
YIELD OF VEGETABLES

Fertilizer is one of the most important inputs contributing to crop production
because it increases productivity and improves quality. Papadopoulos (1992)
conducted an experiment to study the effect of different levels of Phosphorus (0, 20,
40, 60 mg/l) in growth and yield of potato cultivar ‘Spunta’. The result showed that
the apﬁlication of 40 mg/P résulted in no accumulation of P in deep layers of soil
profile. This level of P was recommended for obtaining high yields of good quality
tubers. Studies of Hartz ef al. (1993) revealed that fruit yield and mean fruit size of
pepper peaked at 252 kg N/ha but additional N application retarded crop productivity.
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In a study on the effect of phenophased irrigation on cowpea variety Malika
under graded doses of nitrogen and phosphorus, the maximum yield of green pods
and haulm were noticed at a NP ratio of 30:45 kg ha™. The uptake of major nutrients
;/iz., N, P and K by the crop, net income, B:C ratio and protein content of pods were
significantly increased by irrigation at 75 per cent of field capacity throughout the
cropping period and at the NP ratio of 30:45 kg ha™ (Jyothi, 1995).

The utilization of N can be increased by balanced application of N, P and K
and lighter and more frequent irrigation (Bijay-Singh et al., 1995). The nitrogen and
potassium levels at 20 kg ha™' enhanced pod yield of cowpea variety Malika. High
level of potassium was found to influence the moisture depletion pattern (Geetha,
1999).

An experiment on vegetable cowpea [Vigna unguiculata var. sesquipedalis]
with three methods of irrigation and three levels each of nitrogen and potassium (0,
20 and 40 kg/ha) was conducted in the sandy clay loam soils of Trivandrum, Kerala.
The study revealed that higher level of nitrogen above 20 kg ha™* tended to reduce the
pod yield. Potassium at 20 kg ha™ gave the maximum yield indicating the possibility
of higher requirement of K for vegetable cowpea due to staggered pattern of

harvesting (Geetha and Varughese, 2001).

Field studies were conducted at Bangalore, India, by Sajjan ef al. (2002) to
evaluate the effect of sowing date, spacing and nitrogen rates (100, 125 and 150
kg/ha) on the yield attributes and seed yield of okra cv. Arka Anamika. Sowing on 15
July coupled with 60x30 cm spacing and 150 kg N/ha recorded the highest yield
attributes viz., branches per plant, fruits per plant, 100-seed weight, length and girth
of fruits, processed seed recovery and processed yield (1139.7 kg/ha) in the kharif

season.
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Ranjan and Chaudhary (2006) conducted field experiment at Bihar, during
2001 kharif season, to determine the response of okra to the application of organic
and inorganic fertilizers. The highest nutrient uptake and net return in okra was
recorded from the treatment supplied with 25% of the recommended rate of nutrients
through farm yard manure. It was closely followed by the combination of inorganic
fertilizers in the same proportion. Application of 18 kg nitrogen per hectare was more

beneficial in terms of net returns compared to the full rate of inorganic fertilizers.

A trial was conducted in vegetable cowpea variety TUX 944 with three levels
of phosphorus (50, 60 and 70 Kg/ha), three levels of potassium (50, 60 and 70 Kg/ha)
and constant dose of nitrogen (20 Kg/ha). Results showed that application of 70 kg
phosphorus and potassium increased the pod yield per plot (4.80 and 3.58 kg), crude
protein content (25.44 and25.13 per cent) and dry matter production per plant (21.65
and 19.41 g). The yield difference among the treatments could be due to the yield
attributing characters viz., number of pods per plant, pod weight and average pod

weight and length (Anuja ef al., 2006).

Singh et al. (2007) conducted field experiment in Meerut, Uttar Pradesh to
determine the effect of N (50, 100 and 150 kg/ha) and Cu (500, 1000 and 2000 ppm)
on the growth and yield of okra Cv. Pusa Sawani. The maximum plant height, stem
diameter, leaf length, leaf width, fresh pod weight and green pod yield, including the
earliest number of days to emergence was obtained with 100 kg N/ha and 1000 ppm
Cu.

An experiment was conducted during summer by Meena er al. (2008) in
Lucknow, Uttar Pradesh; in randomized block design to access the suitable dose (40,
80 and 120 kg) of nitrogen with and without bio fertilizer (4zotobacter) in okra cv.
Arka Anamika. The results showed that 120 kg/ha of nitrogen along with Azorobacter
application gave significantly highest yield in okra crop.
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The impact of phosphate fertilizer as a pest management tactic in four cowpea
varieties was studied by Asiwe (2009). The results indicated that damage by Aphis
craccivora, Megalurothrips sjostedti and Maruca vitrata were significantly lower at

30 and 45 kg P»Os ha™ and consequently higher grain yields were obtained.

Integrated Nutrient Management study in cowpea was conducted by
Subbarayappa et al. (2009) in Southern Dry Zone of Karnataka. The results indicated
that application of 100 per cent RDF+FYM significantly increased the uptake of
major nutrients, N, P and K (39.5, 20.36, 41.90 kg ha™' respectively), the pod length
(15.85), seed yield (1586 kg ha™), stover yield (5124 kg ha™), harvest index (0.23)
and net returns (Rs. 22,372 ha™') followed by 75 per cent RDF+FYM.

According to Akande er al. (2010) application of 2.5 tones organic-based
fertilizer and 60kg N as NPK 20-10-10 most favoured Okra growth and yield.
Similarly Hasan et al. (2010) reported that the application of 25 kgN2/ha gave the
highest plant height (96.25 cm) and green matter yield, dry and organic matter, and

crude protein yield of cowpea forage.

A pot experiment was carried out, to study the phosphrous-sulphur interaction
at Udaipur on a sandy loam soil medium in P and deficient in S with cluster bean
(Yadav, 2011). Result showed that the application of 40 kg P,Os ha™ increased the
number of nodules by 10.2 and 31.9% and the weight of nodules/ha plant by 25.9 and
14.4 % over control and 20 kg P»Os ha. He reported an increase in protein content of
fruits at a rate of 53.29% over control.

Singh ef al. (2011} also observed significantly higher stover yield, grain yield
and increased nodulation (2115 kg ha™, 1353 kg ha™', 54 respectively) in cowpea
plants supplied with 60 kg P ha™' than with 0 (1411 kg ha™, 1017 kg ha™, 43), 20
(1482 kg ha”, 1067 kg ha™', 50) and 40 kg P,Osha™ (1571 kg ha™, 951 kg ha™, 53).

Farahvash and Mirshekari (201 1) conducted a study to determine the

application of biofertilizers, instead of chemical fertilizers for optimal nutrition of
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cowpea. Results showed that application of 52.5 kg/ha urea and Yashil + Nitragine
with 52.5 kg/ha urea increased the grain yield, number of grains per pod, number of
grains per plant, number of pods per plant, 1000 grain weight, biomass yield, harvest

index, grain yield per unit area, number of leaves, plant height and pod length.

A field experiment was conducted by Chavan et al. (2012) at Junagadh to
study the effect of potassium and zinc on quality and nutrient uptake in cowpea.
Twelve treatments comprising four levels of potassium and three levels of zinc were
tried. The results of the study indicated that significantly higher grain (1587 and 1553
kg/ha) and stover (2047 and 2010 kg/ha) yields were recorded with application of 60
kg K,O/ha and 40 kg Zn/ha, respectively. Application of 60 kg/ha potassium recorded
higher protein content of grain as well as uptake of nitrogen, phosphorus, potash and

zinc by grain and stover in cowpea.

Yadav and Choudhary (2012) noticed that in cowpea, the application of 100%
RDF significantly increased the seed yield, net returns and total uptake of nitrogen,
phosphorus and potassium over preceding levels of fertility (control, 50 and 75%
RDF), whereas, protein content in seed, nitrogen, phosphorus and potassium content
in seed and straw and potassium content in straw increased significantly upto 75%
RDF and remained on par with 100% RDF.

Jat ef al. (2013) conducted an experiment during kharif season of 2008 to
study the effect of different phosphorus and sulfur levels on profitability, nutrient
content and uptake in cowpea. The results showed that application of phosphorus
upto 40 kg P,Os/ha recorded significantly higher seed (858 kg/ha) and straw (1209
kg/ha) yields, protein content in seed, nitrogen, phosphorus and sulfur content in seed
and straw and total uptake compared to control and 20 kg P,Os/ha. Similarly Amba ef
al. (2013) also reported that application of phosphorus at 26.4 kg P/ha significantly

produced higher number of nodules in cowpea.
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According to Gad and Kandil (2013) molybdenum increased the efficiency of
nitrogen fertilization, reduce the recommended dose by about 25% and resulted in

superior yield by 39.8 % relative to the control (100% N alone).

Henry and Chinedu (2014) studied the effect of different rates of phosphorus
fertilization in cowpea. The results showed that an increased P fertilization led to
increased grain yield up to 30 kg Phosphorus ha™!; however beyond this, yield decline

was observed.
2.5 FERTIGATION

Since irrigation and fertilizer applications Wwere regarded as very critical
inputs, enterprising farmers and scientists in the past have attempted to let fertilizers
be distributed through irrigation; a concept termed as fertigation with yield
advantages (Goldberg and Shmueli, 1969). Efficient use of fertilizer and water is
highly critical 'to sustained agricultural production. Fertilizers applied under
traditional methods are generally not utilized efficiently by the crop. In fertigation,
nutrients are applied through emitters directly into the zone of maximum root activity
and conéequently fertilizer-use efficiency can be improved over conventional method

of fertilizer application.

Subsequently, this approach of supplying fertilizers through drip or sprinklers
particularly for horticultural crops was developed by scientists in several countries
(Bester et al., 1977). Though the initial cost of establishing a micro-irrigation system
could be high, benefits in saving water, labour, non-interference with cultural
practices and distinct possibility of saving fertilizers when given through these

systems are very important.

The major advantage of fertigation with drip imrigation is saving of water,
labour, better timing, uniform distribution, less damage to crop and soil and

ultimately higher yield. Also this method offers an opportunity for precise application

21



of water soluble fertilizers and other nutrients to the soil at appropriate times with
desired concentration (Kumar et al.,, 1992). Generally crop response to fertilizer
application through drip irrigation has been excellent and frequent nutrient

applications have improved the fertilizer-use efficiency (Malik ef al., 1994).

For efficient and uniform distribution of plant nutrients, the irrigation system
must fulfill certain requirements like, (i) it must be designed correctly to operate
efficiently and (ii) should ensure complete solubility of the fertilizer without leaving
any residue and (iii) should supply solution at constant rate and pressure from the
main flow line (Nache, 1996).

Loccascio (2000) reported that drip irrigation systems were generally costly
and required good management. Water application rate was reduced and the nutrient
use efficiencies were increased with fertigation system. Loss of nutrients from the
root zone was reduced in the fertigation system. Nutrients such as N and K were
commonly applied through drip system, while P was more difficult to apply and to
obtain proper distribution in soil. Because of the tendency of P to form insoluble
precipitate with Ca and Mg commonly found in irrigation water, the use of traditional

P fertilizer in drip irrigation is not very common (Hebbar ef al., 2004).

Fgrtilizers supplied under traditional methods of irrigation were not
effectively used by the crop. Through fertigation, water and fertilizer are efficiently
used by the plant. Studies conducted in various commercial, horticultural and high
value crops, revealed that adoption of this technology improved the yield and quality
_of crops. It is also highly beneficial to the farming community in reducing the cost of
production. Further it helps in sustaining the soil health for better productivity and

reducing environmental hazards (Manickasundaram, 2005).
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2.5.1 Effect of fertigation on growth, yield and quality of vegetables

Studies on effects of drip irrigation and different rates of N, P and K fertilizers
on fruit yield and quality of cultivar Mountain Pride tomato revealed that application
of 1000 Ib of 10: 10: 10 NPK fertilizers before planting, in combination with drip
irrigation produced yields equal to those with higher rates of fertilizers applied partly
before planting and partly through irrigation stream (Mullins et al., 1992).

Highest tuber yield (15.03 t/ha) was obtained by soil application of 50 per
cent of recommended nitrogen with furrow irrigation and the remaining 50 per cent N
through drip irrigation at four weekly split applications. The water use efficiency was
highest when drip irrigation was provided daily in potatoes (Keshvaiah and

Kumaraswamy, 1993).

Carballo er al. (1994) studied the effect of drip irrigation with various rates
and timings of N and K application on fruit quality of bell pepper. 'i‘hey found that
higher fertilizer rates (266-309 kg/ha of N and K, respectively) increased the yield of
class I fruits in the first harvest and reduced the total discards. The low fertilizer rates
(70-81 kg/ha of N and K) increased the yields of class 1 fruits in the first harvest and
mid or late season fertigation produced more of second harvest yields and less

discards than the first harvest.

Chaudhari et al. (1995) conducted field experiment to investigate the response
of okra cultivars Parbhani Kranti and Selection 2 to 100 kg N, 50 kg P,Os and 50 kg
K20 in various combinations. The plant height, number of leaves and number of
internodes per plant were significantly influenced by application of 100kgN/ha as
compared to control. The variety Parbhani Kranti was found to be more vigorous than

selection 2,

Studies by Prabhakar and Hebbar (1996) indicated that highest fruit yield of

45.7 t/ha was obtained for tomato with the application of recommended dose of
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fertilizers comprising polyfeed (19:19:19), MAP (12:60:0) and urea through
fertigation. The yield was nearly 22-27 per cent higher, compared to the yield

obtained in crop which was provided with normal fertilizers through soil application.

Soumkuwar er al. (1997) reported that application of 75 kg N/ha increased the
vegetable growth, number and weight of fruit per plant and yield per ha in okra
varieties Parbhani Kranthi, Selection 2 and Punjab-7. Among these varieties tested
Parbhani Kranthi recorded higher yield (77.70 g/ha) with low incidence of yellow

vein mosaic virus and shoot borer.

A fertigation experiment was conducted by Neelam and Rajput (1998) at
IARI, New Delhi in onion with four fertilizer levels of 100, 80, 60, and 40 per cent.
The yields of onion realized under different treatments of fertigation were compared
with that achieved by conventional methods. Fertigation resulted in 60 per cent
saving of fertilizer for achieving same level of production compared to conventional

‘method of fertilizer application.

Deolankar and Berad (1999) found that in chickpea, 75 per cent of
recommended fertilizer dose (18.75: 37.5: 18.75 Kg N: P,0s: K0 ha‘l) was
sufficient if applied as liquid fertilizer through drip to sustain better growth and crop
yield. Raman ef al. (2000) reported the effect of fertigation on growth and yield of
gherkins (Cucumber sp.) where the treatments consisted of four fertigation with
different soluble fertilizer combinations at two levels (100 and 75% NPK) compared
with recommended dose of solid fertilizers applied through band application in soil.
Appiication of 75 per cent of recommended dose of NPK with soluble fertilizers
. through drip irrigation system gave higher yields, resulting in 25 per cent saving of

fertilizers, than band application.

The fertigation study on potato cv. Kufri Chadramukhi in Ludhiana revealed

that leaf area index, per cent groundcover and dry matter accumulation were higher in
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trickle irrigated crop than the furrow irrigated conventionally fertilized crop. The
trickle fertigated crop also gave maximum fresh tuber yield of 36.29 t ha'l as

compared to 21.5 t ha™ produced by furrow irrigated crop (Chawla and Narda, 2000).

Anila ef al. (2001) conducted field experiment in sandy loam soil to
investigate the water and nutrient use efficiency of sprouting broccoli grown on sandy
loam soil using fertigation. Yield obtained showed that substantial saving in the
fertilizer applied to the extent of 20-40 per cent could be accomplished through
fertigation.

Veeranna et al. (2001) conducted field experiment to investigate the effects of
broadcast application and fertigation of normal and water soluble fertilizer at three
rates through drip irrigation and furrow irrigation methods on yield, water and
fertilizer use efficiency in chilli (Capsicum annuum). Fertigation with 80 per cent
water soluble fertilizer was effective in producing about 31 and 24.7 per cent higher
yield over soil application of normal fertilizer at 100 per cent recommended level in
furrow and drip irrigation methods respectively, with 20 percent saving of fertilizers

and 36 per cent saving of irrigation water.

Study conducted on tomato cv. BRH-1 at ITHR, Hessarghatta revealed that
mean fruit yield of 134.1 t ha!, fruit weight of 61.20 g and average fruit yield of 3.6
kg plant™ were obtained when 50% of NK fertigation (100:100:100 kg NPK ha™) was
adopted under black LDPE sheet mulch, Under full NK fertigation i.e., 200:100:200
kg NPK ha a fruit yield of 121.3 t ha™ was obtained with an average 60.10g weight
of fruits and 3.6 kg plant™ under the same mulch condition (Prabhakar et al., 2001).

Studied on effect of source and levels of fertigation on capsicum hybrid
‘Green Gold’ under greenhouse during winter revealed that, water soluble fertilizers
at higher level (120% RDF) resulted in maximum productivity (13.72 kg/m?) of
excellent quality fruits having shelf-life of 11.36 days (Manohar, 2002).
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) Darwish et al. (2003) studied the impact of N fertigation in potato and
reported that fertigation with continuous N feeding through drip system based on
actual N demand and available N in the soil resulted in 55 per cent N recovery; and
for spring potato crop in this treatment, 44.8 per cent N need was met from the soil N
and 21.8per cent from the irrigation water. Higher N input increased not only the N

derived from fertilizer, but also the residual soil N.

A field experiment was conducted at the University of Agricultural Sciences,
Bangalore to study the effect of fertigation with sources and levels of fertilizer and
methods of fertilizer application on growth, yield and fertilizer-use efficiency of
hybrid tomato in red sandy loam soil. The investigations revealed that fertigation with
water-soluble fertilizers recorded significantly higher total dry matter, LAI (181.9 g
and 3.69, respectively) fruit yield (79.2 Mgha™"), fruits per plant (56.9) and fertilizer-
use efficiency (226.48 kg yield kg—1 NPK) compared to drip and furrow irrigated
controls (Hebbar er al., 2004).

Shinde et al. (2006) fertigated Cabbage cv. Early Drum Head plants with 50,
75, 100, 125 and 150% of the recommended NPK rates in a field experiment
conducted in Maharashtra, India. They observed that among the treatments,
fertigation with 150% of the recommended rates of NPK fertilizer resulted in the
highest cabbage yield (32.26 t/ha), average spread of plants (40.7 ¢cm) and water use
efficiency (9.49 kg/ha-cm), whereas fertigation with 125% of the recommended rates
of NPK fertilizer resulted in the highest average weight of head (1.197 kg).

Soujala ef al. (2006) revealed that fertigation in pickling cucumber with lower
total amount of nitrogen (110 kg/ha) resulted in the lowest yield. The highest nitrogen
supply (170 kg/ha) gave the highest yield and use of all nutrients in fertigation had no |
effect on the yield, in comparison with giving only N and K and finally states that

120-140 kg/ha of nitrogen was enough for producing a good yield
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Aruna ef al. (2007) in an experiment conducted in tomato at the Horticulture
College and Research Institute, Periakulam reported that increased plant height, early
- flowering, increased number of fruits per plant, fruit weight and fruit yield were
observed when fertigated plots were mulched with black polythene. Paddy straw and

sugarcane trash were inferior to black polythene mulch.

Fertigation studies conducted by Bhakre and Fatkal (2008) in onion with 100
per cent recommended dose of fertilizers applied through drip irrigation resulted in
106 per cent increase in water use efficiency, 40 per cent saving of irrigation water
and 53 percent increase of fertilizer use efficiency over 100 percent recommended
dose of fertilizers applied through surface incorporation under conventional surface

application of water.

Shedeed et al. (2009) observed significant increase in growth parameters
(plant height, LAI, fruit dry weight, total dry weight), yield components (number of
fruits /plant, mean fruit weight, fruit yield/plat) and total fruit yield in tomato with the
application of 100% RDF through fertigation over furrow and drip irrigation and soil

application of fertilizers.

The effect of different fertilization .(i.e. broadcast application and fertigation)
and irrigation practices (tank sprinkler and drip irrigation) on yield, quality (nitrate
content), nitrogen uptake of white cabbage (Brassica oleracea var. capitata L.) and
the potential for N losses was assessed on sandy-loam soil. It was found that the
highst yield (93 t ha-1), plant N uptake (246 kg ha—1), and fertilizer use efficiency
(42%) were obtained under treatment with broadcast fertilization with farmer’s
practice of irrigation (tank sprinkler). The surplus N after harvest was 41 kg N ha”!,

indicating the lowest potential for N losses (Sturm et al., 2010).

A bio-fertigation trial was conducted at Egypt to study the relative efficacy of

bio-fertigation of liquid formulation of N-fixer (4zospirillum sp. and Azotobacter sp.)
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and P-solubilizer (Basillus megatherium) and humic substances and inorganic
fertilizers injected through drip irrigation system on soil properties and growth and
yield of cowpea. Application of 50% recommended dose of NPK with bio fertigation
and humic substances improved nutrient content in soil, plant growth, nodule

‘parameters, seed quality and fertilizer use efficiency (Abdelhamid et al., 2011).

Basavarajappa ef al. (2011) reported that drip irrigation system with 100 per
cent RDF was more profitable as compared to furrow irrigation due to the increase in
yield of brinjal. The highest yield obtained in furrow irrigation with 100 per cent
RDF (21.00 t/ha) was less than the yield obtained in 60 per cent ET and 50 per cent
RDF level under drip irrigation which has given 32 t/ha, and also stated that there was
51.4 per cent saving of water over furrow irrigation and 50 per cent saving of

fertilizers.

Ruby er al. (2012) reported that highest fruit weight (38.50g), fruit length
(10.55 cm), and average fruit weight per vine (6.31 kg) of pointed gourd were
recorded by 100 per cent fertigation with mulch. This was statistically at par with
80per cent fertigation with mulch. Likewise highest yield of 15.78 tonnes per hectare

was recorded by 100 per cent fertigation with mulch,

Fanish and Muthukrishnan (2013) reported that the increase in yield under
100% RDF with P and K as WSF might be due to the fact that fertigation with more
readily available form of fertilizer obviously resulted in higher availability of all the
three (NPK) major nutrients in the soil solution which led to higher uptake and better

translocation of assimilates from source to sink thus in turn increased the yield

Chattoo e al. (2013) conducted an experiment for two successive year’s viz,
Rabi of 2008 and 2009 to study the performance of radish var. Japanese White Long
under drip irrigation and fertigation system. The treatments consisted of four levels of

irrigation viz., 100, 75 and 50% ET through drip and 100% surface irrigation; and
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four levels of fertilizer application viz. 100, 75 and 50% recommended NPK through
fertigation and 100% recommended NPK through traditional method. Result showed
that the treatment combination of 75% ET through drip+75% recommended NPK
- through fertigation was found to be significantly superior over all other treatments
_recording 68.9% yield enhancement over conventional method with 46.2 g/ha-cm
water use efficiency and 4.78 g/ha-kg N and 7.17 g/ha-kg P and K fertilizer use

efficiency respectively over conventional method.
~ 2.5.2 Nutrient dynamics under drip fertigation

The mobility of nutrients in the soil depends on the quantity and kinds of
fertilizer applied, moisture content of the soil and other reacting ions present in soil
solution. The availability of nutrients at root zone of the crops influence the uptake
and yield of the crop. Leaching, volatilization and fixation of nutrients in the soil are

some of the factors that affect the availability of soil nutrients.

Soliman and Doss (1992) observed that application of liquid fertilizers resulted
in higher yields as compared to solid fertilizers in two cultivars of tomato. Similarly
Bafna er al. (1993) reported that a significantly higher total N uptake by different

parts of tomato plant was recorded under drip irrigation over conventional irrigation.

Alva and Mozzafari (1995) reported that fertigation treatments maintained
high concentration of NO3-N at shallow depth than deeper layer. Phosphorus is less
mobile in the soil and tends to dripper accumulate near the point of application i.e.
under the dripper, with little being leached downward or moved laterally. Zeng et al.
(2000) also reported that potassium (K) distribution in the soil profile is characterized
by-decreasing soil K content with depth. K content increased significantly throughout
the 0-15 cm soil profile even though movement of surface applied K in the soil

- profile was slow.,
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Castellanos et al. (2001) found that in garlic grown under fertigation removed
25 kg more phosphorus (89 kg P20s ha) than furrow irrigated (64 kg P2Os ha™)
crop, under Mexican condition. They also observed that higher yield of the crop
under fertigation, increased the phosphorus demand by the plant by almost 50 per

cent.

Verma and Batra (2001) observed that the nitrogen uptake increased with
increase in intensity of irrigation and level of nitrogen supply. The highest fruit yield
could be ensured with moderate intensity of irrigation. According to Hebbar et al.
(2004) fertigation with WSF resulted in lesser leaching of NO3-N and K to deeper
layers of soil, higher available P in deeper layer. The higher nitrogen concentration
was observed in the layer of 15-30 cm depth and at the distance of 20 cm from the
emitter. The highest available pHOSphorus in soil was confined to 0-15 cm of soil

layer but the potassium availability was higher in the top [ayers.

As reported by Alva (2009), fertigation is expected to increase the nutrient
uptake efficiency, thereby minimizing leaching losses compared to the application of
fertiliser in dry granular form broadcast over a large soil area at less frequent

intervals,

The nitrogen availability steadily increased with increased depth upto 30 cm
after which declined in all the distances. The highest available phosphorus in soil was
confined to 0-15 cm of soil layer under all fertigation levels and it decreased with
increase in distance and soil depth. Soil K content was significantly higher in the
surface soil than in the sub-soils, due to the fact that majority of applied K was held
in the surface soil and the downward movement was slow (Fanish and
Muthukrishnan, 2013)
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2.6 MULCHING
2.6.1 Effect of mulching on growth, yield and quality of vegetables

Beneficial response of plants to mulch includes earlier production (Call and
Courter, 1989), greater total yield (Jensen, 1990) and reduced insect and disease
problems (Greenough ef al., 1990). The advantages of mulching in vegetable crop
production have been well documented by Clough and Locascio (1990). Various
mulching materials are being utilized and these include weed or grass clippings,
paddy straw, bark, sawdust, plastic, etc. Mulches effectively minimize water loss as

vapour, soil erosion, weed problem and nutrient loss.

Salman et al. (1991) observed that vegetative growth (plant height, number of
leaves and leaf area) increased irrespective of mulch colour that is, black or
transparent in case of cucumber; but in black polythene in case of watermelon. Field
trials conducted at Regional Agricultural Research Station, Pilicode revealed that
practice of daily irrigation along with paddy straw mulching gave more yield in

cucumber than other treatments (Kerala Agricultural University, 1991).

Tomato cvs. Sunny and Pine-Rite grown under trickle irrigation produced an
average 84 t ha”' of fruits under black polythene mulching, whereas the fruit yield
was only 43 t ha' under non mulching with trickle irrigation (Abdul-Baki et al.,
1992).

Khalak and Kumaraswamy (1992) in an experiment conducted at Bangalore
with potato cv. Kufri Jyothi revealed that dry matter accumulation and tuber yields
were the highest with plastic mulch followed by rice straw mulch. Quadir (1992)
conducted an experiment on watermelon using straw, black polythene mulches and
unmulched control. Marketable fruit yield per plant was the highest with black
polythene mulch.
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According to Wien ef al. (1993) tomato (Lycopersicon esculentum Mill.)
plants grown on polyethylene (PE) mulch in New York State frequently had more
branchés, increased mineral nutrient uptake, root length and yield than plants which
were not mulched. They opined that the increased aboveground growth observed
would be the consequence of enhanced root growth and nutrient uptake by the plant

under mulched condition.

Mulching decreased the fluctuations in temperature in the first 20- 30 cm
depth in soils and promoted root development, reduced vegetative competition in the
rooting zone, reduced fertilizer leaching and soil compaction, and the vegetable
produces were cleaner since no soil was splashed onto the plants or fruits (Ham et al.,

1993).

Siwek ef al. (1994) studied the effect of white or black polythene mulching on
changes in microclimate and on the growth and yield of sweet pepper grown in
plastic tunnels. The black polythene mulch resulted in 10.3 per cent increase and the
white polythene resulted in only 6.1 per cent increase in the yield over the bare tunnel

soil. Fruits were larger with either mulches than with no mulch.

Srinivas and Hedge (1994) reported that the evapo-transpiration under
polythene mulch decreased by 8 per cent and 14 per cent compared with that under
straw mulch and no mulch. Water use efficiency was highest under polythene mulch,

and resulted in higher yield due to reduced evapo-transpiration.

Investigations on the effect of drip irrigation and mulching on capsicum
conducted at four locations in Korean Republic by Yoon ef al. (1995) revealed that
mulching increased soil water content as well as crop yield compared with control

where no mulch was applied.

According to Veeraputhiran (1996) the highest fruit yield ha'! in oriental

pickling melon was obtained from paddy waste mulching, but comparable with that
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of coir pith mulching. It produced 27 and 17 per cent more yield respectively
compared to unmulched control. Munguia et al. (1998) reported an increase in plant
growth and fruit yield of muskmelon due to increased concentration of total dissolved

salts under mulching treatment with black polyethylene.

Sunilkumar (1998) conducted studies on effect of mulch cum drip irrigation
system in sandy loam soils in okra and found that mean plant height was higher under
mulched situation than unmulched, in both furrow and drip irrigation system

irrespective of levels of irrigation.

Almasoum (1998) reported that tomato plants grown on bare soil or black
polythene mulch were taller than that grown on red and clear plastic mulches. But red
mulched plant gave 95.8, 86.7 and 57.8 per cent more yield compared to that under
bare soil, black and clear mulches respectively. Shinde ef al. (1999) observed that
sugarcane trash mulching for the chilli variety Agnirekha gave maximum plant height
(91.5 cm}), more number of branches (17.5) and maximum yield of green chilli (12.2 t

ha'') compared to mulching using black transparent plastic mulch.

Thakur er al. (2000) reported that with the use of different mulches in
Capsicum annuum (L.) under the water deficit of 75 per cent, the lantana mulch gave
the highest fruit yield of 73.36 quintals per hectare over unmulched plots (36.90
q/ha). In similar studies Uppal ef al. (2001) observed that mulched tubers of potato

contained about 46 per cent less reducing sugars compared to normal crop.

Sunilkumar and Jaikumaran (2002) reported that methods of irrigation did not
affect number of fruiting branches when the crop was mulched. At the same level of
irrigation drip cum mulch and furrow cum mulch enhanced fruiting branches by 99
per cent and 91 per cent respectively over that produced by the control i.e. furrow

irrigation at 0.06 MPa. When the crop was mulched, it produced 51 per cent more
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number of flowers and higher levels of fruits were set (88.1%) under the same level

of drip irrigation than the control crop.

Islam et al. (2002) studied the effect of mulching on the growth and yield of
cabbage cv. Atlas-70. The treatments included mulching with six types of mulches
viz., ash, straw, sawdust, water hyacinth, black polythene and rice husk and a control
with no mulch. They observed that mulching significantly induced the growth and
yield of cabbage. The highest gross yield (71.85 kg/plot) was obtained from the black
polythene mulch followed by water hyacinth mulch (65.99 kg/plot).

Nagalakshmi et al. (2002) obtained the maximum number of fruits per plant
(97.67), length of fresh fruit (6.93 cm), circumference of fruit (3.57 c¢m) and yield in
chilli (8.6 t ha') with the application of black LLDPE mulch, compared to organic

mulch and ho mulch.

A field experiment was carried out at the vegetable research farm of
University of Arid Agriculture, Rawalpindi, to evaluate the performance of tomato
under organic and inorganic mulches. The results revealed that maximum plant height
(93 cm) and maximum number of leaves (160) was produced in plot mulched with 4
inch wheat straw, whereas, maximum leaf area plant” (65 cm?) was produced with

transparent polythene mulch (150 pm guage ) (Khan ef al., 2005).

Natérajan et al. (2005) studied the effect of integrated nutrient management
and mulching on yield and economics of tomato hybrids under polyhouse and found
that soil + FYM + coirpith medium when protected by black polythene mulch
produced the highest fruit yield and recorded the best BC ratio.

Singh (2005) studied the effect of different types of mulches on the growth
and yield of tomato in the north Indian plains. Polythene mulches were superior to
organic mulches in improving growth and yield of tomato. Early flowering, greater

number of fruits per plant and larger fruits were also observed with black and clear

34



polythene mulches, and resulted in 57.5 and 40.7 per cent higher fruit yield

respectively over unmulched conditions.

Awasthi et al. (2005) studied the growth and yield of brinjal under different
types of mulching in arid condition. Treatment which received black and clear
polythene mulches produced more number of fruits per plant and significantly higher
yield over control. In black polythene mulched plots average fruit yield was 832 g per -
plant and the corresponding yield under clear polythene and unmulched control were
in the order of 596 and 135 g respectively. Under different organic mulches the yield
per plant varied from 270-400 g.

Gandhi and Bains (2006) observed that mulches modified the microclimate by
modifying soil temperature, soil moisture and evaporation and the mlodiﬁed
microclimate affected the yield contributing characters of tomato. Crop under straw
mulch produced higher number of branches (8.7), fruit weight (28.08 g) and total
_ yield (496.3 q ha-1) as compared to no mulch.

Moreno ef al. (2009) observed that black polyethylene as mulch is the most
extended material for vegetable growing; however, photodegradable and
biodegradable films have appeared as an alternative to conventional mulches due to
the risk of the progressive contamination of soils. Biodegradable mulch disappeared
visually from the soil about three months after the crop was finished.
Photodegradable mulch deteriorated prematurely and polyethylene film was
practically intact at the end of the cropping season. In similar studies Berihun (2011)
observed that the highest marketable and total fruit yield of tomato (48.02 and 55.32
tons/ha) in the first and (65.44 and 70.85 tons/ha) second year, respectively were
obtained by using black plastic mulch.
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Studies of Henry and Chinedu (2014) revealed that cowpea plants in mulched
plots were 39-80% and 20-62% higher in grain yield and dry matter accumulation,

respectively, compared to the un-mulched plots.
2.6.2 Effect of mulching on weed control

Gupta and Acharya, (1994) observed that black polythene suppressed weed
growth whereas transparent polythene encouraged excessive weed growth. An
integrated weed management study conducted by Dwivedi et al. (199) in pointed
gourd reported that black polythene mulch kept the plots totally weed free throughout
the cropping season and produced the highest fruit yield and gross income per
hectare. Saw dust was found to be a wonderful soil improver as it conserved soil
moisture, decreased run-off, increased infiltration and percolation, decreased

evaporation, etc. under clear mulch (Waterer, 2000).

Gebrimedhin (2001) reported 100 per cent weed control by black polythene
mulching and 47 per cent weed control by paddy waste mulching in an experiment
conducted in oriental pickling melon. Similarly Awodoyin and Ogunyemi (2005)
have reported that the weed control efficiency of different types of mulch in cayenne

pepper production ranged from 27% to 97%.

Choudhary ef al. (2002) observed that among the different mulches, black
polythene mulch had maximum weed control efficiency (72.9 per cent) followed by
paddy straw mulch (32 pér cent). Maximum weeds were found under no mulching

followed by transparent polythene mulching,

Singh (2005) studied the effect of polythene and organic mulching in tomato
and found that black polythene controlled weed growth completely, while clear
polythene, rice straw and sugarcane trash mulches checked weed growth by 70.2,

79.1 and 84.2 per cent respectively, over control.
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Black plastic was more effective in controlling weeds and warming the soil in
order to cultivate earlier produce in comparison to other mulch colors and other
methods of weed control (Katherine et al., 2006). Verma ef al. (2007) reported 81 per
cent weed control under drip irrigation combined with polythene mulching, whercas

in the unmulched plot weeding was done 15 times during growing season.

Patel ef al. (2009) reported that lesser weed germination by restricting the
penetration of solar radiation under black polythene mulch resulted in higher weed
control efficiency. Transparent polythene mulch induced the germination of grasses

therefore weed control efficiency was comparatively lower.

Dzomcku ef al. (2009) reported that plastic mulch controlled weeds
adequately, while straw much reduced weed growth satisfactory and enhanced tomato
and hot pepper crop production in the Guinea Savannah Zone. Chakraborti and
George (2010) cited that polythene mulching recorded total dry weight of 0.9 g/sqm
at 30 days after planting and there was no weed emergence at later stages. Similarly
Berihun (2011) reported that mulching reduced the incidence of weed from 38 to 50

per cent.

The black PE mulch covering of full ridge and half furrow successfully
controlled the different kinds of weeds in tomato crop, and the density of the weeds
was much less in this treatment compared to that of the other mulching treatments
(Hatami et al., 2012).

Patil ef al. (2014) conducted field experiment to formulate an economic weed
management strategy in vegetable cowpea. The results based on two years pooled
data revealed that, the weed control treatments of mulching with black polythene and
pendimethalin @ 1 kg/hat+one hand weeding 30 DAS, provided effective control of

weeds and significantly increased pod yield of vegetable cowpea over weedy check
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2.6.3 Effect of mulching on rooting and nutrient uptake

Polythene muiching accelerated early root growth in tomato by enhancing
root zone temperature. This stimulated the above ground growth as expressed through
branching, flowering, early and total fruit yields and nutrient concentration in the tops

(Knavel and Mohr, 1967).

Harn et al (1993) found that mid day soil temperature was the highest beneath
the mulches with high short wave absorbance (black plastic). These microclimate
changes strongly affected the soil moisture in the root zone and hence root growth

increased.

Wein er al. (1993) reported that tomato plants grown under polythene
mulching produced more branches and yield than the plant that were not mulched.
Clear polythene mulch stimulated root extension shortly after transplanting. Mulching
increased branching, flowering and increased the concentration of major nutrients in

the above ground parts.

Gebremedhin (2001) reported that in oriental pickling melon, root depth was
more in mulched plot than in control and that the depth of roots increased
progressively from 50 to 100 per cent Ep with drip irrigation. Chaudary er al. (2002)
observed that total nitrogen content in plants were significantly higher (4.34%) under
green plastic mulching, while the P and K content in plants were found significantly
higher (0.35 and 3.73%) under black plastic mulching.

2.7 ECONOMIC FEASIBILITY OF MULCHING, DRIP AND FERTIGATION
TECHNOLOGIES FOR VEGETABLES

Rajagopalan ef al. (1989) in an experiment conducted in watermelon and
cucumber grown in summer rice fallow at the Regional Agricultural Research

Station, Pilicode revealed that irrigation at [IW/CPE ratio 0.5 had the maximum BC
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ratio for both the crops. Jadhav et al. (1990) observed that the benefit cost ratio for

tomato cv. Pusa Ruby was 5.15 with drip irrigation and 2.96 with furrow irrigation.

Water management and fertilizer studies conducted at the College of
Agriculture, Velleyani showed that scheduling irrigation (5 cm depth) when the CPE
values reached 25 mm was the most economic management practice for cucumber

raised in summer rice fallows (Kerala Agricultural University, 1991).

Salvi et al. (1995) reported that the highest fruit yield (15,03 t ha'l), net
monetary return (Rs. 46,77 ha™') and BC ratio (2.75) were obtained when irrigation
was scheduled at 25 mm CPE in combination with 150 Kg N ha™' on lateritic soil of

Konkan in bell pepper.

Rani and Pushpakumari (1996) found that six equal’split app]fcation of
nutrients in gave a net profit of Rs. 9,3232 ha”' whereas two equal split doses gave
only Rs. 14710 ha'. ' )

The tomato cv. Co.3 gré)wn- under plastic mulching recorded a gross return of
Rs. 50,940 compared to Rs. 39,688 in non-mulched control and plastic mulching
resulted an increase of Rs. 5,602 in r;et seasonal income over control (Lourduraj et
al., 1996).

The research condL;pted at Solan on ;')ea-cv. Lincoln revealed that the seasonal
income under drip only and drip plus plastic mulch was 60.8 and 91.6 per cent higher
respectively as compared to conventional method of irrigation. The beneﬁt cost ratio
worked out for drip alone and drip plus mulch and conventional irrigation
respectively were 2,06, 2.11 and 1.98 (Raina ef al., 1998). Sunilkumar (1998) in an
irrigation study in bhindi at Agricultural Research Station, Mannuthy reported that
maximum BC ratio of 1.58 was derived when the crop was mulched and irrigated at

soil moisture tension of 0.08 MPa.
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Tiwari er al. (1998) studied the economic feasibility of drip irrigation in
combination with different types of mulches for an okra crop. The study indicated
that the net seasonal income, benefit cost ratio and the yield per unit depth of water
used, were found to be the highest for drip irrigation with black plastic mulch, drip

irrigation alone and drip irrigation with black plastic mulch respectively.

7 Shinde and Firake (1998) opined that the drip was the most economical for
-chillies. The benefit cost ratio of 2.84:1 and net extra income of Rs. 42,164 per
hectare were obtained for the system over control. According to Sharmasarkar et al.
(2001) in USA, return from sugarbeet crop was $ 2080 and $ 2310 ha™ for furrow
.and drip irrigation practices respectively. They also observed that sugar beet
production under drip irrigation would be the most profitable for larger area with

payback period ranging from 7 to 10 years.

Manjunatha er al. (2001c) reported that income generated from brinjal
cultivation was maximum for micro sprinkler irrigation followed by drip microtube,
drip emitter and surface method in the descending order. The highest income
achieved through micro sprinkler irrigation was due to the production of more yield

compared to other treatments.

Gebremedhin (2001) has observed that drip irrigation at 125 per cent Ep was
the most efficient in registering increased growth, higher fruit yield, higher net
income and net profit per rupee invested and this was closely followed by drip

wirrigation at 100 and 75 percent Ep in oriental pickling melon. The above schedules
when combined with black polythene mulch were superior to paddy waste mulch and

unmulched control.

Natarajan ef al. (2005) reported that highest fruit yield and BC ratio for
tomato grown in polyhouse when water soluble fertilizer was applied at 250 Kg NPK

ha'! through drip and mulched with black polythene. Net seasonal income from green
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pea was Rs. 73,514 per hectare for drip, and this was 40.1 per cent more as compared

to basin method of irrigation (Rs. 29,640) (Singh ef al., 2006).

Studies by Aruna er al. (2007) revealed that mulching with black polythene
and fertigation with recommended NPK recorded highest fruit yield and net return in
tomato in a study conducted at Horticulture College and Research Station,

Periyakulam.

Duraisamy and Manickasundaram (2008) reported that application of raw
coconut coir pith @ 12.5 t ha-1 and adoption of the irrigation schedule of 0.45
IW/CPE ratio recorded the highest BC ratio of 1.42 in perennial red gram BSR 1.
Similarly Dirja et al. (2008) reported an increase of net profit at a rate of 12.59% in
salad cucumber and 12.34% in tomato under drip irrigation compared to furrow

irrigation.

Spehia er al. (2010) evaluated the effect of drip irrigation and water use
_ efficiency on yield of okra under black polythene mulch. The results revealed that the
seasonal income under drip irrigation alone and drip irrigation + polythene mulch
was 32.6 and 53.5 per cent higher as compared to conventional method of irrigation.
The highest B:C ratio of 2.69 was obtained for drip irrigation + polythene mulch
followed by drip irrigation alone (2.33).

In brinjal, the highest benefit cost ratio of 4.99 was obtained in the treatment
receiving 100 per cent crop ET with 100 per cent RDF and the least (3.72) in furrow

irrigation with 50 per cent recommended dose of fertilizer (Bhogi et al., 2011).

Kanwar ef al. (2013) reported that fertigation with 80 % RDF (120:80:80 kg
NPK ha') under polythene mulching in sweet pepper resulted in the maximum net
income (Rs. 265070/-) and B:C ratio (1.2:1) followed by 100 % RDF (150:100:100
kg NPK ha™') through fertigation with black polythene mulching and 120 % RDF
(180:120:120 kg NPK ha™) through fertigation with black polythene mulching.
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MATFRIALS AND METHODS




3. MATERIALS AND METHODS

The present investigation on “Fertigation and mulching studies in yard long
bean (Vigna unguiculata var. sesquipedalis (L.) Verdcourt)” was carried out in the
Department of Olericulture, College of Horticulture, Vellanikkara during January -
May 2014, The details of the materials used and techniques adopted during the course

of investigations are described in this chapter.
3.1 SITE, SOIL AND CLIMATE

The experimental site is located at 10° 32° N latitude, 76° 13’ E longitude at
an altitude of 22.25 m above mean sea level. The area experiences typical warm
humid -climate and receives an average rainfall of 2663 mm per year. The mean
meteorological data from January 2014 to May 2014 were collected from the

meteorological observatory of College of Horticulture, Vellanikkara (Appendix II).
3.2 EXPERIMENTAL MATERIAL
3.2.1 Crop and variety

The Yard long bean (Vigna unguiculata var. sesquipedalis (L.) Verdcourt)
variety Vellayani Jyothika released by Kerala Agricultural University was used for
the study. It’s a selection from Sreekaryam local. It's a high yielding variety
(19.33t/ha) with long light green pods. The seeds of this high yielding variety was
collected from the Department of Olericulture, College of Agriculture, Vellayani gnd

stored under ambient conditions.

42



3.3 EXPERIMENTAL METHOD
3.3.1 Design and Layout

The experiment was laid out in strip plot design having 17 treatments
consisting of two levels of irrigation and four levels of fertilizer application with or

without mulching.

The technical programme of the study is as follows:-

Design - Strip plot

Spacing . 2.0 m X 0.5 m (on trellis)
Number of plants / treatment - 20

Replications - 2

3.3.2 Treatments - Detailed below
Mulching

M- with mulching (LDPE, W/B, 30 p)
M,- without mulching

[rrigation -2 levels
I;- 80% pan evaporation (Ep)

I2- 60% pan evaporation (Ep)
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Fertilizer- 4 levels

Fi - 75% POP (Mono Ammonium Phosphate, Urea & Muriate of Potash)

F2- 100% POP (Mono Ammonium Phosphate, Urea & Muriate of Potash)

F3- 125% POP (Mono Ammonium Phosphate, Urea & Muriate of Potash)

F4 -100% POP with water soluble fertilizers (19:19:19)

Control

Conventional channel irrigation, once in 3 days, without mulching at POP

level of fertilizer application. (It was not included in the strip plot analysis.)

Table 3.1 Details of treatment combinations

SINo. | Name of "| Particulars of treatment
treatments

Ty LIMFy 80% pan evaporation, 75% recommended dose of
fertilizer, with mulching

T, LM F; 80% pan evaporation, 100% recommended dose of
fertilizer, with mulching '

T IIiMF; 80% pan evaporation, 125% recommended dose of
fertilizer, with mulching

Ts 1M/ F; 80% pan evaporation, 100% recommended dose
with water soluble fertilizer, with mulching

44




T; [M;F, 80% pan evaporation, 75% recommended dose of
fertilizer, without mulching

Te [1MoF, 80% pan evaporation, 100% recommended dose of
fertilizer, without mulching

T, I{MyF; 80% pan evaporation, 125% recommended dose of
fertilizer, without mulching

T 11M5F, 80% pan evaporation, 100% recommended dose
with water soluble fertilizer, without mulching

To I, M F,; 60% pan evaporation, 75% recommended dose of
fertilizer, with mulching

Tio I M;F; 60% pan evaporation, 100% recommended dose of
fertilizer, with mulching

i I M F3 60% pan evaporation, 125% recommended dose of
fertilizer, with mulching

T2 I, M|F, 60% pan evaporation, 100% recommended dose
with water soluble fertilizer, with mulching

T3 "Iz M,F,; 60% pan evaporation, 75% recommended dose of
fertilizer, without mulching

T I, MyF, 60% pan evaporafion, 100% recommended dose of

fertilizer, without mulching
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Tys I, MyF; 60% pan evaporation, 125% recommended dose of
fertilizer, without mulching

T I MyF; 60% pan evaporation, 100% recommended dose
with water soluble fertilizer, without mulching

Ty7 Control Channel irrigation, once in 3 days, without
mulching at POP level of fertilizer (100 per cent
RDF) application

Recommended dose of fertilizer (RDF) as per Package of Practices (POP) of
Kerala Agricultural University is 20: 30: 10 kg ha™' of N: P,Os: K20.

3.3.3 Cultural practices
3.3.3.1 Land preparation

The experimental area was ploughed using tractor to bring the soil to a fine
tilth and the plot was laid out as per the plan (Fig. 3.1). Channels were opened at a
depth of 15 ¢cm and at a width of 60 cm. Basal doses of manures and lime were
applied. After thorough mixing with top soil, beds were prepared at specified spacing.

For control, channels were taken instead of beds.
3.3.3.2 Installation of drip system and fertigation unit

The drip irrigation system was installed in the experimental plot after bed
preparation. The drip unit consisted of main line, laterals, valves and filters. Eight
water tanks were kept on platforms of 2 m height above the ground. The main line
was PVC with 60mm diameter from which laterals made of LDPE having 12 mm
internal diameter were connected. Inline drippers were put on the beds at 0.5 m apart.

Each dripper was adjusted at the flow rate of 2 liters of water per hour.
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The tanks were filled with water by connecting to the pumping line. Wire
mesh filter was provided in the pumping line to prevent impurities entering in to the

drip system. Separate valves were used to regulate water flow to each bed.
3.3.3.3 Mulching

Beds receiving muliching treatments were covered with 30 p white-black

" LDPE sheets. Holes of 10 cm diameter were made at 0.5m distance on the sheets.
3.3.3.4 Manures and fertilizer application

Farm yard manure at the rate of 20 t/ha and lime at the rate of 250 kg/ha was
applied during land preparation. Entire dose of fertilizers were applied along with
irrigation water through drip, at 3 days interval from 3™ day of sowing onwards
(Appendix III). Fertilizers were applied in the form of Urea, Mono Ammonium

' Phosphate (MAP) and Muriate of Potash (MOP). In control plots, full dose of
phosphorus and half nitrogen and potassium were applied as basal. Remaining

nitrogen and potassium were applied 45 days after sowing.
3.3.3.5 Sowing

Two seeds were sown at a distance of 0.5 cm from each other at the

recommended spacing of 0.5 m.
3.3.3.6 Irrigation

From the first day of sowing itself drip system was used. Daily irrigation was
scheduled based on pan évaporation value of the previous day and the rate was fixed

as per the experiment (80 and 60 per cent Ep). Control plots were irrigated once in

" three days.
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3.3.3.7 Aftercare

Hand weeding was done at 20, 40, 60 and 75 DAS. The crop was trailed on

trellis.
3.3.3.8 Harvesting

Pods were harvested periodically at vegetable maturity stage.
3.3.4 Biometric observations

For understanding the influence of fertigation and mulching on growth and
yield of the crop, three plants per plot were selected randomly for taking biometric

observations and the average was worked out for further analysis.
3.3.4.1 Growth parameters
3.3.4.1.1 Days to germination

The number of days taken for germination was noted and expressed in

numbers.
3.3.4.1.2 Vine length (cm)

The length of vines was measured from the base to the tip of the plant at 45",

60" and 75" days after sowing and average was worked out.
3.3.4.1.3 Days to first flower appearance

The number of days from the date of sowing to the date of opening of first

flower was counted.
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3.3.4.1.4 Days to first fruit set

Number of days taken for first fruit set was recorded in all observational

plants.
3.3.4.1.5 Days to first harvest

Number of days taken from sowing to the harvest of first formed fruits in all

. the observational plants was recorded.
3.3.4.1.6 Days from flowering to harvest

Number of days taken from flowering to harvest of the fruit was counted in all

treatments.
3.3.4.1.7 Number of pods per plant .

The total number of pods produced per plant at the time of each harvest was

recorded and the average was worked out.
3.3.4.1.8 Duration of the crop

The number of days from sowing to the date of last marketable fruit harvest

was counted.
3.3.4.1.9 Number of harvests

The total number of harvests from the first to the last harvest was noted.
3.3.4.1.10 Yield per plant (kg)

Weight of fruits harvested periodically from each plant was recorded

separately and the total was worked out and expressed in kilogram.
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3.3.4.1.11 Pod weight (g)

Weight of pods per plant at each harvest was recorded and the average pod

weight was worked out,

3.3.4.1.12 Pod length (cm)

Length of pods from the stem end to the blossom end was measured and the

average was recorded in centimeter.
3.3.4.1.13 Colour of pods

Colour of pods in each treatment was observed.
3.3.4.1.14 Number of seeds per pod

Number of seeds contained in each pod was counted and the average was

recorded.
3.3.4.1.15 Protein (%)

Protein content of the pods was estimated using Lowry’s method (Lowry et
al., 1951),

3.3.4.1.16 Fresh and dry weight of weeds (kg/ha)

Weeds were collected from each bed and fresh weight of the weeds was taken
immediately after collection. They were oven dried to concurrent weight and the dry

weight of weeds was recorded.
3.3.4.1.17 Root length (cm)

The length of root was measured in observational plants after final harvest and

average was worked out.
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3.4 SOIL ANALYSIS

Soil samples were collected from the plots before planting, 45 days after
planting and after final harvest. Soil samples were analysed for pH, electrical

conductivity, organic carbon and soil nutrient status (Available NPK).
3.4.1 Organic carbon (%)

Chromic acid wet digestion method (Walkley and Black,1934) was used to quantify
the amount of organic carbon present in the soil 'samples taken from the plots before

planting, 45 days after planting and after final harvest.
3.4.2 Available Nitrogen (kg ha™)

The available nitrogen content of soil was determined by alkaline
permanganate method (Subbiah and Asija, 1956) before planting, 45 days after

planting and after final harvest.

3.4.3 Available Phosphorus (kg ha™)

The available phosphorus content of soil was determined by Bray and Kurtz
method (Bray and Kurtz, 1947) at 45, 60 and 75 DAS.

3.4.4 Available Potassium (kg ha™)

The available potassium content of soil was determined by neutral normal
* ammonium acetate extract using flame photometer (Jackson, 1958) before planting,

45 days after planting and after final harvest.
3.4.5 Soil pH

Soil pH was measured using pH meter (Jackson, 1958).

51



3.4.6 Electrical conductivity (EC) (dSm™)

Electrical Conductivity of the soil samples were measured using EC Bridge

{Jackson, 1958).
3.5 ECONOMICS OF PRODUCTION

The economics of production was worked out on the basis of input costs,
labour charges and the return. Cost of the drip irrigation system used for the
experiment was taken as 1/5" of the total cost of the materials as it is assumed that a
unit drip irrigation system can be used at least for five consecutive crops. Similarly,
the cost of mulching material was taken as 1/3 of the total cost of LDPE sheet, as it
is assumed that the same material can be used for at least three consecutive crops.
Total cost and return was worked out for the experiment. Benefit cost ratio was

worked out as per the formula given below
BCR = Gross return / Cost of cultivation
3.6 STATISTICAL ANALYSIS

Data pertaining to different characters were tabulated and subjected to
statistical analysis as per the statistical design of strip plot and Post-hoc analysis
(DMRT) performed wherever necessary. Comparison of effect of different treatments

with control was also performed statistically.
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RESULTS



4. RESULTS

The observations recorded on the crop during the conduct of the experiment
on ‘Fertigation and mulching studies in yard long bean (Vigna unguiculata var.
sesquipedalis (L.) Verdeourt)’ were statistically analyzed and the results are

furnished in this chaptér (Plates 1-3).
4.1 GROWTH PARAMETERS
4.1.1 Days to germination.

The number of days to germination did not differ among the treatments. In all

the treatments germination was on the third day after sowing (DAS).
4.1.2 Vine length (cm)

The data on average length of vines at 45, 60 and 75 DAS are presented in
Table 4.1.

Levels of irrigation significantly influenced the vine length at 45, 60 and 75
DAS. The maximum vine length (257.53 cm, 419.17 cm and 485.68 cm respectively)
was observed at the irrigation level I, (80 per cent pan evaporation) and was
significantly superior to the irrigation level I (60 per cent pan evaporation) at 45, 60
and 75 DAS.

Mulching had no effect on vine length at 45 DAS but it significantly
influenced the vine length at 60 and 75 DAS. The maximum vine length of 513.81
cm (at 75 DAS) was recorded in mulched plots whereas it was only 431.79 cm in un-

mulched treatments at 75 DAS.

Fertilizer levels significantly influenced the vine length at 45, 60 and 75 DAS.
Highest vine length at 45, 60 and 75 DAS was observed with F; (296.83 cm, 433.45

cm and 510.83 cm respectively).
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The interaction effects of irrigation (I) with mulching (M) and irrigation with
fertilizer (F) were non-significant with regards the length of vine at 45, 60 and 75
DAS (Table 4.1a and 4.1b).

The increase in vine length was significant with increase in fertilizer in
mulched plots at 45 DAS and the maximum (315.40 cm) was with F3 level of
fertilizer. With regards to vine length the fertilizer levels F, F, and F4 were on par
(Table 4.1¢). The interaction effects between mulching and fertilizer level was non-
significant at 60 and 75 DAS.

The interaction of IMF had significant effects on vine length at 45, 60 and 75
DAS. The treatment I;M,F; recorded the highest vine length (330.8 cm, 491.7 cm and
553.5 cm at 45, 60 and 75 DAS).

4.1.3 Root length (cm)
The data on average root length at final harvest are presented in Table 4.1.

The levels of irrigation and mulching had no significant effect on root length.
Fertilizer levels significantly influenced the root length of cowpea at final harvest.
The treatment F4 (100 % recommended dose with water soluble fertilizer) recorded

the highest root length (30.81 cm) and F), F; and F; were on par.

The interaction effects of irrigation with mulching and fertilizer were not
significant. Similarly the root length was not significantly influenced by the

interaction between mulching and fertilizer (Table 4.1a, 4.1b and 4. le).

The interaction effects of irrigation, mulching and fertilizer were significant
~ with respect to root length at final harvest. The treatment I;M,F, recorded the highest

value (32.5 cm) which was on par with the treatments I;M;F; and 1;M,F,.
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4.1.4 Days to first flowering

The data on days taken to first flowering of cowpea as influenced by

irrigation, fertilizer and mulching are given in Table 4.2.

The separate and interaction effects of irrigation, mulching and fertilizer
levels on days taken for first flower appearance were not significant. It took 42 days

for first flower appearance in Fy, F, and F3 and 43 days in Fs.
4.1.5 Days for first fruit set

The data on days taken to first fruit set of cowpea as influenced by irrigation,

fertilizer and mulching are given in Table 4.2.

The effect of irrigation, mulching and fertilizer levels on days taken for first
fruit set was not significant. Their interaction was also not significant. The days taken
to fist fruit set remained constant at Fy, F» and F; (42 days) and in F, it has taken 43

days for fruit set.
4.1.6 Days for first harvest

The data on days taken to first harvest of cowpea as influenced by irrigation,

fertilizer and mulching are given in Table 4.2.

The direct and interaction effects of irrigation, mulching and fertilizer levels
on days taken for first harvest of cowpea pods were not significant. It took 54 days

for first harvest in all the treatments.
4.1.7 Days from flowering to harvest

The data on days from flowering to harvest of cowpea as influenced by

irrigation, fertilizer and mulching are given in Table 4.2.
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Table 4.1. Effect of irrigation, mulching and fertilizer on vine length and root

length of cowpea

Treatments Vine length at | Vine length at | Vine length at | Root length
45 DAS (cm) | 60 DAS (cm) | 75 DAS (cm) {cm)
Irrigation
I 257.53° 419.17° 485.68" 26.47°
I 231.58° - 38977 459.92" 26.28"
Mulching
M, 262.66° 441.76" 513.81* 26.22"
M, 226.44° 367.18° 431.79" 26.53"
, __,Fertilizer
R 204.43° 379.35° 449,58" 25.13"
R, 241.19° 412.08" 468.31" 24.13"
F; 296.83° 433.45 510.83* 25.44"
Fs 235.76" 392.00° 462.49" 30.81°

Figures with same alphabets as superseript do not differ significantly at 5 % level in DMRT

Table 4.1(a). Interaction effect of irrigation and mulching on vine length and

root length of cowpea

Treatments | Vine length at | Vine length | Vine length at | Root length
45 DAS (cm) at 60 DAS 75 DAS (cm) (cm)
(cm)
I M; 275.75" 458.78" 535.23° 27.00°
I, M, 239.31° 379.56" 436.14 25.94°
I M, 249.58° 424.75° 492.40° 25.44°
I; M; 213.58" 354.78° 427.44" 27.13"

Figures with same alphabets as superscript do not differ significantly at 5 % level in DMRT
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Table 4.1(b). Interaction effect of irrigation and fertilizer on vine length and root

length of cowpea

Treatments | Vine length at | Vine length at | Vine length at | Root length
45 DAS (cm) | 60 DAS (cm) 75 DAS (cm) (cm)
L F, 221.13° 392.40° 462.73" 24.13%
Ii F; 247.80° 426.40° 476.58° 24.63°
I Fs 309.33" 452.48° 531.83° 26.00°
I F4 251.87° 405.40° 471.60° 31.13°
I; F, 187.75° 366.30" 436.43" 26.13*
L,F, 234.58° 397.75° 460.05° 23.63"
I, F3 284.33° 414.43" 489.83° 24.88"
I, F, 219.65° 380.60* 453.38° 30.50*

Figures with same alphabets as superseript do not differ significantly at 3 % level in DMRT

Table 4.1(c). Interaction effect of mulching and fertilizer on vine length and root

length of cowpea

Treatments | Vine length | Vine length at | Vine length at | Root length
at 45 DAS 60 DAS (cm) 75 DAS (cm) (cm)
(cm)
M, Fy 205.73° 411.65° 490.65 24.13°
M; F; 265.30" 450.83 521.65" 24.38°
M, F; 315.40" 472.90° 539.80° 26.63"
M, Fy4 264.23° 431.70° 503.15° 29.75°
M, F; 203.15° 347.05" 408.50° 26.13"
M; F; 217.08° 373.33° 414.98° 23.88°
M: F; 278.25" 394.00° 481.85° 24.25°
M; Fy 207.73° 354.33° 421.83" 31.88°

Figures with same alphabets as superseript do not differ significantly at 5 % level in DMRT
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Table 4.1(d). Interaction effect of irrigation, mulching and fertilizer on vine

length and root length of cowpea

Treatments | Vine length at | Vine length at | Vine length at Root length
45 DAS (cm) 60 DAS (cm) 75 DAS (cm) (cm)
I,M,F, 221.45° 435.65 516.30°"" 2425
ILMF; 268.95" 470.30" 540.00" 23,75
I,M,F; 330.80" 491.65° 553.30° 29.00°°
I,M;F, 281.80" 437.50" 531.30* 31.00"
I;M,F, 220.80°% 349.15™ 409.15° 24.00°%
I;M,F, 226.657 382.50%¢ 413.15° 25.50"
1, M,F; 287.85™ 413.30°" 510,35 23.00%
I,M,F, 221.95°% 373,30 411.90" 31.25°
LM F, 190.008" 387.65% 465.00°% 24.00°
1M, F; 261.65 431.35™ 503.30" 25,00
I,M,F; 300.00*" 454.15"" 526.30™" 24,25
1M, Fy 246.65% 425.85" 475.00°f 28.50°"°
IL,M,F, 185.50" 344.95%" 407.85' 28.25°0¢
1M, F, 207.50"" 364.15% 416.80" 22.25%
I,M,F; 268.65"¢ 374.70°"® 453.35%" 25.507¢
IM,F, 192.65%" 335.35%" 431.75° 32.50°
Control 192.50 303.95 350.85 20.50
Treatments v/s S S S S

control

Figures with same alphabets as superscript do not differ significantly at 5 % level in DMRT
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Plate 1 General view of experimental plot



Plate 3 Plants at bearing stage



The effect of irrigation, mulching and fertilizer levels on days from flowering
to harvest of cowpea pods was not significant. Their interaction also was not

significant. It took 11 days for flowering to harvest in all the treatments.
4.2 YIELD AND YIELD ATTRIBUTES
4.2.1 Number of pods per plant

The data on total number of pods per plant as influenced by irrigation,

mulching and fertilizer are presented in Table 4.4.

Levels of irrigation significantly influenced the number of pods per plant.
Maximum number of pods per plant (42.49) was observed at the irrigation level I

and was significantly superior to the irrigation level .

Mulching also had significant effect on number of pods per plant.
Significantly higher number of pods per plant (50.79) was observed in mulched (M)

treatments compared to the un-mulched treatments,

Fertilizer levels significantly influenced the number of pods per plant. With
increase in fertilizer levels, the number of pods per plant also increased and the
maximum number (47.39) was observed in Fi. The lowest number of pods per plant
(34.56) was reported in F; (75 per cent RDF).

The interaction effect between irrigation and mulching was not significant with
respect to the number of pods per plant. Irrigation and fertilizer interacted
significantly with respect to the number of pods per plant. The treatment I; F;
recorded highest (48.96), followed by I, F3 (45.29).

Mulching and fertilizer showed significant positive interaction for the number
of pods per plant. Treatment M, F3 recorded the highest number of pods per plant
(62.72) followed by the treatment M, Fa. The lowest number of pods per plant (27.84)

was recorded in the treatment M, F,.
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Table 4.2 Effect of irrigation, mulching and fertilizer on number of days for

flowering, fruiting, number of harvests and duration of cowpea

Treatments | Days for | Daysto | Days for | Days from | Number | Duration
first first fruit first flowering of of the
flowerin set harvest to harvest harvests crop
g (days)
Irrigation
I 42.56" 42.56" 54.25" 11.69* 13.94° 99.31°
. I, 42.75° 42.75° 54.25° 11.50" 13.69° 97.56
Mulching
M; 42.38" 42.38" 54.13" 11.75 14.25° 98.56"
M, 42.94° 42.94" 54.38" 11.44° 13.38" 98.31°
Fertilizer
Fy 42.38° 42.38" 54.00" 11.63" 13.50° 98.00"
F, 42,63% 42.63" 54.75" 12.13" 14.13° 98.63"
‘Fs3 42.50" 42.50" 54.00" 11.50% 14.38° 100.38°
Fy 43.13" 43.13% 54.25" 11.13* 13.25° 96.75"

Figures with same alphabets as superseript do not differ significantly at 5 % level in DMRT

Table 4.2(a) Interaction effect of irrigation and mulching on number of days for

flowering, fraiting, number of harvests and duration of cowpea

Treatments | Days for | Days first | Days for | Days from | Number | Duration
first fruit set first flowering of of the
flowerin harvest to harvest | harvests crop

_ g (days)
IiM; 42,25* 42.25" 54.25° 12.00% 14.88° 99,50"
I} M; 42.88" 42.88" 54.25% 11.38" 13.00” 99.13°
I M, 42.50" 42.50* 54.00° 11.50" 13.63% 97.63*
I M; 43.00" 43.00" 54.50° 11.50° 13.75° 97.50"

Figures with same alphabets as superscript do not differ significantly at 5 % level in DMRT

60




- Table 4.2(b) Interaction effect of irrigation and fertilizer on number of days for

flowering, fruiting, number of harvests and duration of cowpea

Treatments | Days for| Days Days for | Days from | Number | Duration
first | first fruit first flowering of of the
flowerin set harvest to harvest | harvests crop
g (days)
I, F, 42.50" 42.50" 54.0° 11.50° 14.25° 102.00"
L F, 42.75* | 42.75° 55.0° 12.25° 15.00° 100.00™
I F; 42.25° 42.25° 54.0° 11.75 14.00*° | 100.00™
I, Fy 42.75° 42.75° 54.0° 11.25° 12.50° 95.25"
I, F, 42.25" 42.25" 54.0" 11,75 12.75° 94.00°
I, F; 42.50" 42.50" 54.5" 12.00* 13.25" 97.25%0¢
I, F;3 42.75" 42.75 54.0° 11.25° 14.75° 100.75
I; Fy 43.50° 43.50° 54.5 11.00° 14.00° 98.25""

Figures with same alphabets as superscript do not differ significantly at 5 % level in DMRT

Table 4.2(c) Interaction effect of mulching and fertilizer on number of days for

flowering, fruiting, number of harvests and duration of cowpea

Treatments | Days for| Days Days for | Days from | Number | Duration
first | first fruit first flowering of of the
flowerin set harvest to harvest | harvests crop
g (days)
M, F, 42.00° 42.00" 54.0° 12.00° 15.00° 98.00"
M, F, 42.00* 42.00* 54.5" 12.50° 15.00* 99.25"
M, F; 42.25" 42.25" 54.0" 11.75° 15.25" 100.75%
M, F, 43.25" | 43.25° 54.0° 10.75° 11.75° 96.25°
M, F, 42.75* | 42.75° 54.0° 11.25° 12.00° 98.00°
M, F; 43.25° | 43.25° 55.0° 11.75° 1325 | 98.00°
M, F3 42.75% 42.75" 54.0° 11.25° 13.50°® 100.00°
M; F, 43.00* 43.00" 54.5° 11.50% 14.75° 97.25°

Figures with same alphabets as superscript do not differ significantly at 5 % level in DMRT
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Table 4.2(d) Interaction effect of irrigation, mulching and fertilizer on number

of days for flowering, fruiting, number of harvests and duration of cowpea

Treatments | Days for | Days first | Days for | Days from | Number | Duration

first fruit set first flowering of of the
flowerin harvest to harvest | harvests crop

g (days)

IiM,F, 42.0° 42.0* 54° 12.0° 16.5" 102.0°

IiM,;F; 42.0° 42.0" 55" 13.0° 16.0° 102.0°

IiM,F3 42.0" 42.0° 547 12.0° 15.5% 100.0°
I,M,F, 43.0° 43.0" 54° 11.0° 11.5° 94.0°

IIM,F, 43.0" 43.0" 54° 11.0° 12.0° 102.0°
I,M;F, 43.5" 43.5" 55° 11.5° 14.0° 98.0"

[} M;F3 42,5 42.5" 54° 11.5° 12.5* 100.0°
I;M;Fy 42.5" 42.5" 54° 11.5° 13.5° 96.5"
LM, Fy 42,0 42.0" 54° 12.0° 1357 94.0"
LM, F; 42.0" 42.0° 547 12.0° 14.0° 96.5°

LM, F;3 42.5" 42.5" 54° 11.5° 15.0° 101.5*
I,M,F, 43.5" 43.5° 54° 10.5° 12.0° 98.5"
I,M,F,; 42.5° 42.5° 54° 11.5* 12,0° 94.0°
LM, F, 43.0" 43.0° 55° 12.0* 12.5° 98.0*

I,M;F; 43.0° 43.0" 54° 11.0° 14.5° 100.0°
I,M,F; 43.5° 43.5" 55" 11.5° 16.0° 98.0°
Control 43.5 43.5 55 11.50 16.0 100.0

Treatments NS NS NS NS NS NS
v/s control

Figures with same alphabets as superscript do not differ significantly at 5 % level in DMRT
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The interaction effects of irrigation, mulching and fertilizer when taken
together had significant effect on the number of pods per plant. The treatment [;M;F;
recorded the highest number (63.68) followed by the treatments M, F3,

4.2.2 Pod weight (g)

The data on pod weight as influenced by irrigation, mulching and fertilizer are

presented in Table 4.3.

The levels of irrigation did not significantly influence the pod weight. Mulching
had significant influence on the pod weight. Mulched treatments recorded

significantly higher pod weight (27.17 g) than un-mulched treatments (25.04 g).

Fertilizer levels also significantly influenced the pod weight. With increase in
fertilizer levels, the pod weight also increased. It was 29.4 g for F3 26.78 g for F,
25.21 g for F4 and 23.30g for F;_

The interaction effects of irrigation with both mulching and fertilizer levels
were not signiﬁcant' with respect to pod weight. Mulching and fertilizer showed
significant positive interaction on pod weight. The treatment M;F; recorded the
highest value (30.05 g). This was followed by M,F; (28.05 g) and the lowest (21.9 g)

was recorded in treatment M, F).

Irrigation, mulching and fertilizer significantly influenced the pod weight. The
highest pod weight (30.95 g) was recorded in the treatment [;M,F; followed by the

treatment [;M,Fs. The lowest pod weight (21.2 g) was recorded in the treatment
[LM,F,.
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4.2.3 Pod length (cm)
The data on pod length are presented in Table 4.3.

Pod length was not significantly influenced by levels of irrigation. Mulching
significantly influenced the pod length. Mulched treatments recorded significantly
higher pod length (56.13 c¢m) than the un-mulched treatments.

Fertilizer levels also significantly influenced the pod length. The highest pod
length (57.68 cm) was observed in F; which was on par with Fa». The lowest pod

length (52.28 cm) was observed in the treatment F;.

The interaction effects between irrigation and mulching and fertilizer levels
were non-significant. The interaction of mulching and fertilizer significantly
influenced the pod length. Treatment M, F; recorded the highest value for pod length
(58.47 cm). The lowest pod length (50.08 cm) was recorded in the treatment My Fy.

The interaction of irrigation, mulching and fertilizer had significant influence-
on pod length. The highest pod length (58.6 cm) was recorded in the treatment [;M,F3
which was on par with [,M;Fi. The lowest pod length (49.55 cm) was recorded in the

treatment [;M,F; which was on par with the treatments 1,M,F,.
4.2.4 Number of seeds per pod
‘The data on number of seeds per pod are presented in Table 4.3.

Levels of irrigation and mulching had no significant influence on the number
of seeds per pod. Fertilizer levels significantly influenced the number of seeds per
pod. With increase in fertilizer levels, significantly higher number of seeds per pod
was observed. The highest number of seeds per pod (19.63) was recorded in F; and
the lowest (16.23) in F;.
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Table 4.3. Effect of irrigation, mulching and fertilizer on pod characters of

cowpea
Treatments Pod length (ecm) Pod weight (g) Number of seeds
per pod
Irrigation
I 55.53° 26.78" 18.44°
I, 54.72° 25.56" 17.88"
Mulching
M, 56.31° 27.29° 18.69"
M, 53.94" 25.04" 17.63°
Fertilizer
F 52.28° 23.01° 16.25"
F2 56.73" 26.78" 18.88"
F; 57.68° 29.65° 19.63°
F4 53.83" 25.21° 17.88°

Figures with same alphabets as superseript do not differ significantly at 5 % level in DMRT

Table 4.3(a). Interaction effect of irrigation and mulching on pod characters of

cowpea
Treatments Pod length (cm) Pod weight (g) Number of seeds
per pod
I M, 56.69" 27.99* 19.13°
I M, 54.38" 25.57" 17.75°
I, M, 55.94° 26.60" 18.25°
I, M, 53.50" 24,51° 17.50

Figures with same alphabets as superscript de not differ significantly at § % level in DMRT
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Table 4.3(b). Interaction effect of irrigation and fertilizer on pod characters of

cowpea
Treatments Pod length (cm) Pod weight (g) Number of seeds
per pod
I; F 52.63" 23.63° 16.75°
I F; 57.03" 27.68" 19.25°
I F3 57.75 29.85" 19.75°
I F4 54,73" 25.95" 18.00°
I, F, 51.93" 22.43" 15.75°
I:F> 56.43" 25.88° 18.50°
I F; 57.60" 29.45° 19.50°
L F, 52.93" 24.48° 17.75°

Figures with same alphabets as superscript do not differ significantly at 5 % level in DMRT

Table 4.3(c). Interaction effect of mulching and fertilizer on pod characters of

cowpea
Treatments Pod length (cm) Pod weight (g) Number of seeds
per pod
M; F, 54.48° 24.15° 16,75
M, F, 56.95" 28.05" 19.25°
M, F3 58.48° 30.55" 20.25
M, F 55.35% 26.43° 18.50°
M, F, 50.08° 21,908 15,75
M, F, 56.50" 25.50° 18.50°
M. F; 56.65 26.80° 18.70"
M, F, 52.30" 24.00° 17.25°

Figures with same alphabets as superscript do not differ significantly at 5 % level in DMRT
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Table 4.3(d). Interaction effect of irrigation, mulching and fertilizer on pod

characters of cowpea

Treatments Pod length (cm) Pod weight (g) Number of seeds
per pod
LM, F, 54,658 24,658 17.5
LM, F; 57.50° 28.90% 19.5™
I;M,F; 58.60" 30.95" 20.5"
I;M;F 56.00° 27.459 19.0%
I,M,F, 50.60¢ 22.60" 16.08
I;M,F;, 56.55° 26.45° 19.0¢
1M, F; 56.90° 28.75° 19,0
1, M,F, 53.45' 24.458 17.0"
LM, F, 54.30" 23.65" 16.0°
LM, F, 56.40° 27.20° 19,0
I,M,Fs 58.35° 30.15° 20.0%°
I,M,F, 54.70° 25.40 18.0%
I,M,F, . 49,551 21.20' 15,5
LM, F; 56.45" 24,558 18.0%
I,M,F; 56.85° 28.75° 19.0%¢
I,M,F, 51.15 23.55" 17.5¢
Control 46.50 21.20 14.5
Treatments v/s S S S

control

Figures with same alphabets as superscript do not differ significantly at 5 % level in DMRT
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Table 4.4. Effect of irrigation, mulching and fertilizer on yield, number of pods

and protein content of cowpea

Treatments Yield/plant Number of Yield Protein (%)
(kg) pod/plant (tha™)
Irrigation
I; 0.65" 42.49* 6.5° 1.23°
I, 0.61" 37.92° 6.1° 1.28*
Mulching
M, 0.81° 50.79° 8.1 1.24°
M. 0.45° 29.62° 4,5 1.27°
Fertilizer
F 0.50¢ 34567 5.0¢ 1.25°
F, 0.67° 41.58" 6.7° 1.21°
F; 0.73 47.13" 7.3 1.21°
F4 0.63° 37.54° 6.3° 1.35°

Figures with same alphabets as superseript do not differ significantly at 5 % level in DMRT

Table 4.4(a). Interaction effect of irrigation and mulching on yield, number of

pods and protein content of cowpea

Treatments Yield/plant Number of Yield Protein (%)
(kg) pods/plant (tha) .
IiM, 0.82° 53.51° 8.2" 1.24"
I) M, 0.48° 31.46° 4.8° 1.23°
L M 0.80° 48.05° 8.0° 1.24°
I M, 0.42° 27.79° 4.2° 1.31°

Figures with same alphabets as superscript do not differ significantly at 5 % level in DMRT
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Table 4.4(b). Interaction effect of irrigation and fertilizer on yield, number of

pods and protein content of cowpea

Treatments Yield/plant Number of Yield Protein (%)
(kg) pods/plant (t ha™)
L F, 0.53 36.78" 5.3° 1.20°
I, F, 0.69° 42.48° 6.9 1.18°
I Fs 0.75" 48.96" 7.5 1.17°
I, Fy 0.65° 41.72¢ 6.5° 1.34"
LF, 0.48¢ 32.34" 4.8 1.25
L, 0.65° 40.68° 6.5° 1.25°
LF; 0.70" 45.29" 7.0° 1.25
I, F, 0.61° 33.368 6.1 1.36°

Figures with same alphabets as superscript do not differ significantly at 5 % level in DMRT

Table 4.4(c). Interaction effect of mulching and fertilizer on yield, number of

pods and protein content of cowpea

Treatments Yield/plant Number of Yield Protein (%)
(kg) pods/plant (t ha™)
M, F, 0.62° 41.30° 6.2° 1.24°
M, F, 0.87 52.40° 8.7° 1.17°
M, F3 0.93° 62.72° 9.3 1.18°
M, F, 0.83° 46.72° 8.3° 1.37°
M, F, 0.39" 27.848 3.9" 1.25
M, F; 0.46" 30.76" 4.6 1.26*
M, F; 0.49° 3107 4,9 1.25°
M; F, 0.438 28.36' 4.3¢ 1.33°

Figures with same alphabets as superscript do not differ significantly at 5 % level in DMRT
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Table 4.4(d). Interaction effect of irrigation, mulching and fertilizer on yield,

number of pods and protein content of cowpea

Treatments Yield/plant Number of Yield Protein (%)

(kg) pods/plant (tha™)
I;M,F, 0.63" 42.76" 6.3¢ 1.28°
1M, F; 0.90°" 54.00™ 9,00 1.13"
1,;M,F; 0,93° 63.68" 9.3" 1.16"
I, M, F, 0.83% 53.60°° 8.3% 1.38°
I M;F, 0.43" 29,84 4.3f 1.21°
I,;M,F, 0.47° 30.96° 4.7 1.24*
1,M,F; 0.57° 34.24° 57 1.18*
I,M,F, 0.46" 30.80% 4.6 1.30°
LM, F; 0.60° 39.80% 6.0 1.19°
LM, F, 0.84° 50.80°" 8.4° 1.22°
I,M;F3 0.92° 61.76* 9.2 1.20°
LM, F, 0.82° 39.84° 8.2 1.36"
I,M,F, 0.35° 24.88% 3.5% 1.30°
L,M,F, 0.45 30.56 4.5 1.28"
,M,F; 0.48° 28.82° 4.8° 1.31°
IM,F, 0.39" 26.88° 3.98" 1.37°
Control 0.27 18.28 2.7 1.27
Treatments v/s S S S S
control

Figures with same alphabets as superscript do not differ significantly at 5 % level in DMRT
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The interactions between irrigation and mulching and fertilizer levels were non-
significant. Similarly interaction of mulching and fertilizer also had no significant

effect on number of seeds per pod.

Combination of IMF significantly affected the number of seeds per pod. The
treatment [;M;F; recorded the highest number (20.5) followed by 1M, F3.

4.2.5 Yield per plant (kg)

The data on yield per plant as influenced by irrigation, mulching and fertilizer

are presented in Table 4.4,

Levels of irrigation significantly influenced the yield per plant. Maximum
yield per plant (0.65 kg) was observed at the irrigation level I, and was significantly

superior to the level L.

Mulching also significantly influenced the yield per plant. The mulched
treatments recorded significantly higher yield per plant (0.81 kg) than the un-mulched

treatments.

Fertilizer levels also significantly influenced the yield per plant. Significantly
more yield per plant (0.73 kg) was observed in F;. The lowest yield per plant (0.50

kg) was observed in F|.

The interaction between irrigation and mulching was not significant for yield

per plant (Table 4.4a).

The interaction between irrigation and fertilizer level was significant with
respect to the yield per plant. In all irrigation levels the yield per plant increased with
increasing fertilizer levels. Under both higher and lower irrigation levels, I;F;
recorded the highest yield per plant (0.75 kg) followed by I,Fs. The lowest yield per
plant (0.48 kg) was observed in I5F,.

71



The yield per plant was significantly influenced by the interaction between
“mulching and fertilizer. The mulched treatments showed significantly higher yield
per plant than the un-mulched treatments. The yield per plant increased with increase
in fertilizer levels irrespective of mulching. The highest yield per plant (0.93 kg) was
observed in the treatment M, F; and it was significantly superior to all other

treatments.

The three way interaction of irrigation, mulching and fertilizer was significant

with respect to yield per plant. The highest yield per plant was observed in the

o treatment IyM,F3 (0.93 kg) which on par with the treatment [;M,F;.

4.2.6 Yield per hectare (t)

The data on yield per hectare as influenced by irrigation, mulching and

fertilizer are presented in Table 4.4.

Levels of irrigation significantly influenced the yield per hectare. Maximum
yield per hectare (6.5 t) was observed at the irrigation level I, and it was significantly
superior to the level I>. Mulching significantly influenced the yield per hectare. The
mulched treatments recorded significantly higher yield per hectare (8.1 t) than the un-

mulched treatments.

Fertilizer levels also significantly influenced yield per hectare. With increase
in fertilizer levels significantly more yields per hectare (7.3 t) was observed with F;.
The lowest yield per hectare (5.0 t) was observed in F;. The interaction between

irrigation and mulching was not significant with regard to yield per hectare.

The interaction between irrigation and fertilizer level was significant with
regard to yield per hectare. In all irrigation levels yield per hectare increased with
increasing fertilizer levels. The highest yield per hectare (7.5 t) was recorded in I, F;
and which was on par with I, F3. The lowest yield per hectare (4.8 t) was observed in
L F.
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Interaction of mulching and fertilizer had significant influence on yield per
hectare. In all mulching treatments there was significantly higher yield per hectare
compared to un-mulched treatments. In all mulching and un-mulching treatments
yield per hectare increased with increase in fertilizer levels. The highest yield per
hectare (9.3 t) was observed in M, F; and it was significantly superior to all other

treatments (Table 4.4c).

The interaction of irrigation, mulching and fertilizer had significant effect on
yield per hectare. The treatment [;M;F; recorded highest yield per hectare (9.3t)

which on par with the treatment [,M,F;.

4.2.7 Number of harvests

The data on number of harvests of cowpea as influenced by irrigation,

fertilizer and mulching are given in Table 4.2,

The per se effect of irrigation, mulching and fertilizer levels on the number of

harvests of cowpea was not significant. Their interaction was also not significant.
4.2.8 Duration of the crop

The data on duration of the crop as influenced by irrigation, fertilizer and

mulching are given in Table 4.2.

The per se effect of irrigation, mulching and fertilizer levels on duration of the
crop was not significant. The interaction effects between irrigation and mulching and
between mulching and fertilizer were not significant with respect to duration of the

crop.

Interaction effect of irrigation with fertilizer was significant. The crop
duration was 94 days in I,F; while that of I;F; was 102 days and this was on par with
I>F3. The levels of irrigation, mulching and fertilizer when considered together had no

significant effect on the duration of the crop.
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Table 4.5. Effect of irrigation, mulching and fertilizer on weed growth of cowpea

Treatments Fresh weight of weeds (kg/ha) Dry weight of weeds (kg/ha)
20 40 60 75 20 40 60 75
DAS | DAS | DAS | DAS | DAS DAS DAS | DAS
Irrigation
I; 188.1° | 530.5" |135.5" | 227.9° | 46.4° | 106.1" | 26.3* | 499"
I, 130.1* | 368.8* |138.7" | 121.1° | 263" | 65.6" 35.8° | 27.3°
Mulching
M, 395" | 498" 153" [ 252" | 71* | 87 4.0° 5.4°
M, 278.7° | 849.4" |258.9" | 323.8°| 65.7° | 159.9° | 58.1° | 71.9°
Fertilizer
F, 121.4° | 535.9°° | 57.9° | 143.2° | 26.8" | 107.1™" | 153° | 31.5°
F, 189.5"" | 325.2° |146.7° | 192.2° | 383" | 64.7° 34.1° | 43.1°
F; 214.1° | 649.9" |231.6 | 218.9" | 42.8° | 129.9° | 44.3*° | 46.9°
F, 111.4° | 287.4° |112.4° | 143.6° | 23.9° | 46.9" 30.1° | 32.9°

Figures with same alphabets as superscript do not differ significantly at 5 % level in DMRT

Table 4.5(a). Interaction effect of irrigation and mulching on weed growth of

cowpea
Treatments Fresh weight of weeds (kg/ha) Dry weight of weeds (kg/ha)
20 40D 60 75 20 40 60 75

DAS AS DAS | DAS DAS DAS DAS DAS

I M, 41.3° 45.1° 13.7% | 34.9° 7.4° 9.0 3.7° 7.5"
I; M, 334.8° | 1015.8 | 257.5% | 420.9" 85.5" 197.2% 48.9° 92.5"

I, M, 37.7° 54.5° 169" | 15.5° 6.8" 8.4° 4.3" 3.4°
LM; | 222.6°| 682.9° | 2604" | 226.6° | 458" | 122.8°| 67.3°| 51.3°

Figures with same alphabets as superseript do not differ significantly at 5 % level in DMRT

74




Table 4.5(b). Interaction effect of irrigation and fertilizer on weed growth of

cowpea
Treatments Fresh weight of weeds (kg/ha) Dry weight of weeds (kg/ha)
20 40 60 75 20 40 60 75
DAS DAS DAS DAS DAS | DAS | DAS DAS
I Fy 141.9* | 601.7* | 52.75* | 171.8" | 30.5° | 114.5° | 13.2" | 38.7"
I F; 156.3% | 361.1° | 148.2% | 247.5" | 43.7° | 77.95° | 30.2" | 54.7°
I F; 298.9" | 832.1° | 235.8° | 326.8° | 81.5" | 164.3" | 36.8° | 68.0°
I Fy 150.1* | 326.9° | 105.5" | 165.6" | 30.1" | 55.65° | 25.0" | 384"
LF, 100.9° | 470.1* | 63.00" | 114.5" [ 23.0* | 71.90* | 17.5" | 24.3°
I:F, 222.8" | 289.4° | 145.1° | 136.9" | 32.9* | 51.35* | 37.9" | 31.4"
L Fs 129.1* | 467.9" | 227.3" | 111.1° | 31.6" | 100.8° | 51.9" | 25.9°
I, Fy 67.75" | 247.8" | 119.2* | 121.6" | 17.7* | 38.25" | 359" | 27.7°

Figures with same alphabets as superseript do not differ significantly at 5 % level in DNMRT

_ Table 4.5(c). Interaction effect of mulching and fertilizer on weed growth of

cowpea
Treatments Fresh weight of weeds (kg/ha) Dry weight of weeds (kg/ha)

20 40 60 75 20 40 60 75

DAS | DAS | DAS | DAS | DAS | DAS | DAS | DAS
M, F, 54.25° [ 765" |132° | 71° | 895 | 109Y | 3137 | 16
MiF, | 3375 |459° 675 | 40.5° | 6.65° | 875% | 2420 | s.1°
M, F; 42.50° | 19.8° |20.7° | 28.0* | 7.70° | 3.85° 3.63' |  6.25°
M; F; 27.40° [ 57.2° | 20.65° | 25.0° | 4.90° | 11.25° | 6.75° | 5.65"
M, F; 188.5" | 995.3" [102.7' | 279.2* | 44.6° | 175.6°"| 275° | 61.5°
M, F, 345.3" | 604.6™ | 286.6° | 343.9° | 69.85" | 120.6° | 65.6° | 77.9°
M;Fs | 385.6" | 1280.2° | 442.4" | 409.9° | 105.3" | 261.1* | 85.0° | 87.6°
M. F, 195.4° | 517.5° |204.1° | 262.1° | 42.8° | 82.7° 542° | 60.4°

Figures with same alphabets as superseript do not differ significantly at § % level in DMRT
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Table 4.5(d). Interaction effect of irrigation, mulching and fertilizer on weed

growth of cowpea

Treatments Fresh weight of weeds (kg/ha) Dry weight of weeds (kg/ha)
20 40 60 75 20 40 60 75
DAS DAS | DAS DAS DAS DAS | DAS | DAS
LMF, |602%" [534% [ 97 5.4" 10.2%T 19.8% 1.9% | 1.1°
LMF, |[35.0 [22.7% | 22° 463 [ 7.9% |4.8° 0.4 9.4°
LMF; 3637 - [29.2% | 19,9° 544 |57 5.4° 4.7% | 12.2¢
LM F, |[33.8 |752% | 22.9° 334 573" |16.1% |7.8% | 72¢
LMLF; | 223.1% [1150.0° | 95.9% | 338.1° | 50.9%% | 219.2°® | 24.57 | 76.4%°
LMF, |277.5 |699.5" | 294.3" | 448.6° | 79.5" | 151.1" |60.0° | 100.0"
LM,F; | 561.7° |1635.0° | 451.7° | 599.2° |157.3° |323.1 |10L.1° | 123.9°
LM,F, |276.4™ |578.6* | 188.1°¢ | 297.8" ( 54,59 | 95,379 | 42,3%%¢ | 69,6
LMF; |48.4%" |996% | 16.6° 8.8¢ 7.7% | 11.8% | 4.4% | 2.0°
LMF, |32.5% 689" | 11.3° 348 |54 12.7% | 4.4% | 6.9
LM F; |48.8%" |10.4° 21.5° 1.7° 9,8%" |2.3° 2.6% | 0.4
LMF; |2L1 39.2% | 18.4° 16,7 |42 6.5% 57% | 4.2¢
LMF; | 153.4%%7 | 840.6™ | 109.5 | 220.3" | 38.4>% | 131.9% | 30.6% | 46.6°
LM,F, [413.1" |509.8 | 278.9° | 239.2" | 60.3™ | 90.0%% |71.3" | 55,9b
LMLF; | 209.5°% | 9253 | 433.1* | 220.6" | 53.4%% | 199.2°'¢ | 68.9° | 51.4%
LMFs | 114.5 | 456.4°% | 220.0% | 226.4%¢ | 31.1°% | 70.0°% | 66.1° | 51.2t
Control | 87.8 570.9 | 1969 | 2484 {189 1425 [511 | s6.1
Treatments NS NS S NS NS NS S NS

v/s control

Figures with same alphabets as superscript do not differ significantly at 5 % level in DMRT
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4.3 QUALITY OF PODS
4.3.1 Protein content of fresh pods (%)
The data on protein content of pods are presented in Table 4.4.

Protein content was not influenced by levels of irrigation, mulching and
fertilizer. Their interaction was also not significant. The protein content of cowpea

pods ranged from 1.1 tol.3 per cent (fresh weight basis).
4.4 WEED GROWTH
4.4.1 Fresh weight and dry weight of weeds (kg/ha)

The data on fresh weight and dry weight of weeds on 20, 40, 60 and 75 DAS

as influenced by irrigation, mulching and fertilizer are presented in Table 4.5.

Levels of irrigation had no significant influence on fresh weight and dry
weight of weeds at 20, 40, 60 and 75 DAS.

Mulching had significant effect on fresh weight and dry weight of weeds at
20, 40, 60 and 75 DAS (Plate 4). The treatments with mulching recorded the lowest

fresh and dry weight of weeds.

Levels of fertilizer significantly influenced the fresh weight and dry weight of
weeds at ﬁfst, second and third weeding. The highest levels of fertilizer (F3) recorded
highest fresh weight (214.1 kg, 649.9 kg and 231.6 kg respectively) and dry weight
(42.8 kg, 129.9 kg and 44.3 kg respectively) of weeds at first, second and third
weeding. Levels of fertilizer had no significant effect on fresh weight and dry weight -

of weeds at fourth weeding.

The interactions of irrigation with mulching and irrigation with fertilizer were

not significant on the fresh weight and dry weight of weeds.
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Fresh weight and dry weight of weeds at first, second and third weeding was
significantly influenced by the interaction of mulching and fertilizer. In all fertilizer
levels, higher weed growth was observed in un-mulched treatments and was
significantly superior to mulched treatments (Table 4.5c). Weed growth in mulched

treatments did not vary significantly.

The interaction of irrigation, mulching and fertilizer was significant on the
fresh weight and dry weight of weeds. The treatment I;M;F; recorded the highest
weed growth in terms of fresh and dry weight at 20, 40, 60 and 75 DAS.

4.5 SOIL

Soil parameters viz., soil pH, electrical conductivity (EC), organic carbon and
soil nutrient status were recorded before planting, 45 DAS and at final harvest and are

presented in Tables 4.6 and 4.7.
4.5.1 pH

Seoil pH observed before planting, 45 DAS and at final harvest is shown in
Table 4.6.

Soil pH before planting was 5.2. Soil pH at 45 DAS and at final harvest was
not influenced by levels of irrigation and mulching. Fertilizer levels significantly
influenced the soil pH at 45 DAS and at final harvest. F recorded higher value for pH
(6.4 and 5.9) at 45 DAS and at final harvest.

Soil pH was not affected by the interactions between either irrigation and
fertilizer or mulching and fertilizer at 45 DAS. But the interactions were significant at
final harvest. In interaction between irrigation and fertilizer higher pH (6.5) was
recorded in I; F, followed by I, F4. Similarly combination of mulching and fertilizer
also significantly influenced the pH after planting. Higher pH (6.0) was observed in
M, F; which on par with M, F, (Table 4_6c).
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Interaction of irrigation, mulching and fertilizer was significant at final
harvest with respect to soil pH. Treatments I;M,F; and I;M,F; recorded higher pH
(6.5) followed by the treatment [, M, F;.

4.5.2 EC (dSm™)

Electrical conductivity of soil was observed before planting, 45 DAS and at

final harvest is shown in Table 4.6.

EC of soil before panting was 0.06 dSm’'. Levels of irrigation and mulching
had no effect on EC of soil 45 DAS and at final harvest. Fertilizer level significantly
influenced the EC of soil at 45 DAS and at final harvest. F) recorded the lowest value
for EC of soil (0.19 dSm™ and 0.06 dSm™') at 45 DAS and at final harvest.

Interaction of irrigation and mulching had no significant influence on EC at
45 DAS but effect was noticed at final harvest. Interaction of LM, recorded the
lowest EC (0.06 dSm™) followed by I, M, (0.11 dSm™") at final harvest.

Interactions of irrigation and fertilizer were significant at 45 DAS and at final

harvest. EC was lowest in LF; (0.19 dSm™ and 0.06 dSm™') at 45 DAS and at final

_ harvest followed by I,F;. Similarly the interaction effect of mulching and fertilizer

was significant at 45 DAS and at final harvest. Treatment M,F, recorded the lowest
EC (0.14 dSm™ and 0.06 dSm™") at 45 DAS and at final harvest.

The three way interaction was significant with respect to EC of soil at 45 DAS
and at final harvest. Treatment I;M;F, recorded the lowest EC (0.13 dSm™ and 0.06
dSm'[) at 45 DAS and at final harvest and was on par with the treatment LM,F;.

4.5.3 Organic carbon (%)

Soil organic carbon observed before planting, 45 DAS and at final harvest is
shown in Table 4.6.
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The'initial organic carbon content in the soil was 1.29 per cent. Soil organic
carbon content at 45 DAS and at final harvest was not affected by levels of irrigation
and mulching. Fertilizer level significantly influenced the soil organic carbon content
at 45 DAS and at final harvest. F; recorded higher value for organic carbon content of

soil (1.94 per cent and 1.47 per cent) at 45 DAS and at final harvest.

Interaction of irrigation and mulching had no effect on soil organic carbon

before planting, 45 DAS and at final harvest.

Interaction effect between irrigation and fertilizer was significant at 45 DAS and at
final harvest. Highest organic carbon content was reported in I; F3 (1.98 per cent and
1.58 per cent) at 45 DAS and at final harvest. Similarly mulching and fertilizer
interaction effect was significant at 45AS and after harvest. Treatment M, F; recorded
highest organic carbon content (1.98 per cent and 1.49 per cent) at 45 DAS and at

final harvest.

The interaction between irrigation, mulching and fertilizer was significant
with respect to soil organic carbon content at 45 DAS and at final harvest. Treatment
[,M,F; recorded highest organic carbon content (1.99 per cent) at 45 DAS and the

treatment ;M F; recorded the highest value (1.58 per cent) at final harvest.
4.5.4 Available nitrogen in soil (kg ha™)
The data related to available nitrogen in soil is presented in Table 4.7,

The available nitrogen content before planting was 242.9 kg ha’. The
available nitrogen content was not influenced by levels of irrigation and mulching,
Fertilizer levels significantly influenced the available nitrogen in soil. The highest

available nitrogen was observed in F3(397.2 kg ha™' and 288.9 kg ha'') at 45 DAS and

at final harvest.
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4.6 Effect of irrigation, mulching and fertilizer on pH, EC and organic carbon

content of soil at 45 DAS and at final harvest

Treatments 45 DAS At final harvest
pH [ EC(@Sm™) | Organic pH [ EC(@Sm™) [ Organic
carbon (%) carbon (%)
Irrigation
L 6.1° 0.46" 1.73 5.7 0.14° 1.38"
I 5.9° 0.39° 1.72° 5.1° 0.09" 1.30°
Mulching
M, 5.9 0.51° 1.71° 5.4° 0.16" 1.35"
M, 5.9° 0.32° 1.75° 5.4° 0.06* 1.32°
Fertilizer
F, 6.4° 0.19* 1.48¢ 5.9° 0.06° 1.19¢
F, 5.9¢ 0.33° 1.83° 5.2° 0.07° 1.38"
Fs 5.6° 0.57° 1.94° 5.1° 0.11° 1.47°
F4 6.0 0.62* 1.66° 5.2b 0.21° 1.31°

Figures with same alphabets as superscript do not differ significantly at 5 % level in DMRT

4.6(a) Interaction effect of irrigation and mulching on pH, EC and organic

carbon content of soil at 45 DAS and at final harvest’

Treatments 45 DAS At final harvest
pH | EC (dSm™) Organic pH | EC (dSm™) Organic
carbon (%) carbon (%)
I M; 5.9° 0.55" 1.69* 5.8° 0.21° 1.36°
IiM; 6.1 0.36" 1.77" 57 0.07° 1.39°
LM, 5.9° 0.52" 1.74 5.1° 0.11° 1.34"
I, M; 5.8" 0.28" 1.72° 5.2° 0.06° 1.26°

Figures with same alphabets as superscript do not differ significantly at 5 % level in DMRT
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4.6(b) Interaction effect of irrigation and fertilizer on pH, EC and organic

carbon content of soil at 45 DAS and at final harvest

Treatments 45 DAS At final harvest
pH [EC@Sm™) | Organic | pH |[EC(dSm™)| Organic
carbon carbon
(Vo) (%)
I, F, 6.6 0.20° 1.46° 6.5° 0.06° 1.16°
I, Fy 5.9 0.38¢ 1.83° 5.3 0.07° 1.42°°
I, F3 5.7 0.59" 1.98" 5.3 0.12° 1.58"
I, Fy 6.1° 0.67° 1.65° 5.8" 0.31° 1.35"
I, F, 6.2° 0.19 1.51¢ 5.4° 0.06° 1.21¢
LF, 5.9° 0.29° 1.84* | 5.1° 0.07° 1.34™
I, F3 5.6" 0.55° 1.90° 4.9° 0.10° 1.37°
I, Fy 5.9 0.58° 1.67 | 5.29 0.11° 1.28°

Figures with same alphabets as superscript do not differ significantly at 5 % level in DMRT

4.6(c) Interaction effect of mulching and fertilizer on pH, EC and organic

carbon content of soil at 45 DAS and at final harvest

Treatments 45 DAS At final harvest
pH | EC (dSm™) Organic pH |EC (dSm™) Organic
- carbon carbon
(%) (%)
M, F, 6.5" 0.24° 1.37° 5.9% 0.07¢ 1.20¢
M, F, 5.9° 0.39¢ 1.89" 5.2 0.09° 1.39°
M, F; 5.6° 0.73" 1.98° 5.1°¢ 0.16° 1.49°
M, F4 6.0 0.79* 1.61° 5.6% 0.34" 1.33%
M, F, 6.3° 0.14 1.59° 6.0° 0.06° 1.18°
M; F; 5.9" 0.28° 1.78° 5.2 0.06¢ 1.38°
M, Fy 5.6 0.41° 1.89" 5.1° 0.06" 1.46°
M, F, 6.0* 0.45° 1.71¢ 5.4° 0.09° 1.29¢

Figures with same alphabets as superscript do not differ significantly at 5 % level in DMRT
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4.6(d) Interaction effect of irrigation, mulching and fertilizer on pH, EC and

organic carbon content of soil at 45 DAS and at final harvest

Treatments 45 DAS At final harvest
pH | EC (@dSm™) | Organic pH EC (dSm™) | Organic
carbon carbon
(“0) (%)
LM F, 6.5 0.26° 1.37 6.5° 0.06' 1.08°
I;M;F; 5.8 0.47¢ 1.85° 5.3 0.08° 1.42%
I;M,F3 5.6 0.69" 1.97% | 5.3 0.17° 1.58°
I,M,F, 6.0° 0.79° 1.56' 6.0° 0.52" 1.36°
I;M,Fy 6.6° 0.13¢ 1.55° 6.5° 0.06' 1.24%
I,M,F, 6.0° 0.28° 1.81° 5.3% 0.06! 1.42%
I,M;F; 5.7° 0.49° 1.98" | 52 0.06' 1.57°
I;M;F, 6.2° 0.54° 1.74% | 5.6 0.10° 1.33°
LMF, 6.4° 0.22f 137 | 53« 0.07" 1.31°
LM,F; 5.9 0.30% 1.92¢ 5.0% 0.09 1.35°
I,M,F; 5.6" 0.77* 1.99* 4.8 0.15° 1.40%
LM, | 60° 0.79 1.66%" | 5.2° 0.144 1.31°
I,M,F, 5.9° 0.158 1.64" 5.4 0.05 1.11¢
I,M;F, 5.8° 0.28° 1.75 5.1% 0.05 1.33°
I,M,F; 5.5° 0.32% 1.81° 5,0% 0.06' 1.34°
I,M,F, 5.8 0.36° 1.68%" | 5.2 0.07" 1.25%
Control 6.6 0.16 1.35 6.3 0.10 1.47
Treatments S S S S S S
v/s control

Figures with same alphabets as superscript do not differ significantly at 5 % level in DMRT
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Combination of irrigation and mulching had no effect on available nitrogen
content of soil at 45 DAS and at final harvest. The interaction between irrigation and
fertilizer level was significant with respect to available nitrogen content of soil at
45DAS and at final harvest. Among the treatment combinations I;F3 recorded highly
significant available nitrogen (401.4 kg ha'and 322.0 kg ha') at 45 DAS and at final

harvest.

Mulching and fertilizer interaction effect was also significant with respect to
available nitrogen. The highest nitrogen content was observed in M, F3 (420.9 kg ha
'and 306.1 kg ha™) at 45 DAS and at final harvest.

The interaction between irrigation, mulching and fertilizer was significant at
45 DAS and at final harvest. The treatments [,M;F3 (448.0 kg ha') and I;M,Fs (350.9
kg ha™) recorded highest nitrogen at 45 DAS and at final harvest respectively.

4.5.5 Available phosphorus in soil (kg ha™)
The data related to available phosphorus in soil is presented in Table 4.7.

The available phosphorus before planting was 40.5 kg ha”'. The available
phosphorus at 45 DAS and at final harvest was not influenced by levels of irrigation

and mulching,

Fertilizer levels significantly influenced the available phosphorus content in
soil. The highest available phosphorus was observed in F3 (50.9 kg ha' and 43.0 kg
ha'') and the lowest was observed in F; (41.0 kg ha™ and 35.4 kg ha™) at 45 DAS and

at final harvest.

Interaction between irrigation and mulching influenced the available
phosphorus content at 45 DAS and at final harvest. Under both mulched and

unmulched conditions, the highest phosphorus content was observed in [;. Among
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the combinations 1; M; recorded the highest value (47.3 kg ha” and 43.5 kg ha™) at
45 DAS and at fina! harvest followed by I) Ma.

Significant interaction effect was noted between irrigation and fertilizer levels
with respect to available phosphorus content of soil at 45 DAS and at final harvest.
'~ Among the treatment combinations I|F3 recorded significantly high available

phosphorus (52.3 kg ha™'and 47.3 kg ha'') at 45 DAS and at final harvest.

The interaction effect of mulching and fertilizer was also significant with
respect to available phosphorus. The highest phosphorus content was observed in M
F3 (51.1 kg ha' and 43.0 kg ha'') at 45 DAS and at final harvest,

The three way interaction of irrigation, mulching and fertilizer was significant
at 45 DAS and at final harvest with respect to available phosphorus content. The
treatment I;M, F; recorded the highest phosphorus content (52.5 kg ha™ and 48.5 kg
ha') at 45 DAS and at final harvest.

4.5.6 Available potassium in soil (kg ha™)
The data related to available potassium in soil is presented in Table 4.7.

The available potassium content of soil before planting was 203.3 kg ha™.
Levels of irrigation and mulching did not influence the available potassium content at
45 DAS and at final harvest. Fertilizer levels significantly influenced the available
potassium in soil. The highest available potassium was observed in F;(321.2 kg ha’

and 147.5 kg ha™') at 45 DAS and at final harvest followed by Fa.

Combinations of irrigation and mulching influenced the available potassium
content of soil at 45 DAS and at final harvest. Among the combinations I;M;

recorded the highest value (314.3 kg ha and 142.3 kg ha!) at 45 DAS and at final

harvest,
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The interaction between irrigation and fertilizer levels was significant with
respect to available potassium content of soil at 45 DAS and at final harvest. Among
the treatment combinations I,F; recorded the highest available potass.ium (324.4 kg
ha'and 157.3 kg ha'') at 45 DAS and at final harvest,

The available potassium content was also influenced by the interaction of
mulching and fertilizer. The highest potassium content was observed in M, F; (339.9
kg ha™ and 155.5 kg ha™') at 45 DAS and at final harvest.

The interaction effects of irrigation, mulching and fertilizer were significant at
45 DAS and at final harvest with respect to available potassium content. The
treatment I; M, F3 recorded the highest potassium content (388.8 kg ha™' and 173.7 kg
ha™y followed by M, F; (308.8 kg ha™) at 45 DAS and at final harvest.

4.6 Economics of production

The data pertaining to the economics of production of cowpea crop under
different treatments in terms of total cost, gross return and B:C ratio as influenced by

irrigation, mulching and fertilizer is presented in Table 4.8.

There was significant difference among treatments. The highest B:C ratio
(1.83) was recorded in the treatments [;M;F; and 1.M,F;. This was closely followed
by IiM;Fz (1.81). The lowest B:C ratio was recorded in the treatment LM,F, (0.61)

which was on par with the treatment [,M;F,.
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4.7 Effect of irrigation, mulching and fertilizer on available N, P and K in soil at

45 DAS and at final harvest

Treatments 45 DAS At final harvest
Available | Available | Available | Available | Available | Available
N P K N P K
(kgha') | (kgha') | (kgha') | (kgha™) | (kgha”) | (kgha™)
Irrigation
I, 335.3% 47.4" 291.8" 263.7" 42.7" 133.3"
I, 332.07 45.0" 262.3° 242.7° 37.1° 118.6"
Mulching
M, 336.7" 45.7" 290.7% 259.2° 40.1° 130.7*
M- 330.6° 46.8" 263.5° 247.1° 39.6" 121.27
Fertilizer
i 276.7° 41.0° 234.8° 221.2% 35.4¢ 100.3°
F, 344.4" 46.5"" | 290.7° 2534 | 40.0° 126.1™
F3 397.2% 50.9° 321.2° 288.9" 43.0* 147.5°
Fy 316.4° 46.3" 261.6™ | 249.2" 41.2" 130.0

Figures with same alphabets as superscript do not differ significantly at 5 % level in DMRT

4.7(a) Interaction effect of irrigation and mulching on available N, P and K in

soil at 45 DAS and at final harvest

Treatments 45 DAS At final harvest
Available | Available | Available | Available | Available | Available
N P . K N P K
(kgha') | (kgha) | (kgha™) | (kgha') | (kgha) | (kgha™)
M, 330.4° 473 314.3 267.9* 43.5° 142.3°
I; M, 340.2° 47.5° 269.0° 259.6° 41.9" 124.4
LM, 343.0° 44.1° 266.8° 250.6* 36.7¢ 119.2°
I, M, 321.1° 45.9" 257.9¢ 234.7° 37.4° 118.0°

Figures with same alphabets as superscript do not differ significantly at 5 % level in DMRT

87




4.7(b) Interaction effect of irrigation and fertilizer on available N, P and K in

soil at 45 DAS and at final harvest

Treatments 45 DAS At final harvest
Available | Available | Available | Available | Available Available
N P K N P K
(kgha) | (kgha”) | (kgha™) | (kgha) | (kgha) | (kgha)
I, F, 272.5° 41.8° 261.2° 216.6 36.3° 102.3°
I, F, 352.8° 49.1% 285.8* 256.7° 43.5° 135.3%
I, F; 401.4° 52.3 324.4" 322.0° 47.3° 157.3°
I, F, 280.9° 46.4° 296.0° 259,57 43.7° 138.6°
I, F| 314.6° 40.3 208.58 225.9° 34.5 98.30"
I, Fy 336.0° 43.9¢ 295.5° 250.2° 36.4° 117.0°
I, F; 392.9 49.6" 318.1° 255.7" 38.7¢ 137.9°
I, F, 318.3™ 46.1° 227.3" 238.9¢ 38.8¢ 121.4°

'Figures with same alphabets as superscript do not differ significantly at 5 % level in DMRT

4.7(c) Interaction effect of mulching and fertilizer on 'available N, P and K in soil

at 45 DAS and at final harvest

Treatments 45 DAS At final harvest
' Available | Available | Available | Available | Available | Available
N P K N P K
(kgha”) | (kgha™) | (kgha) | (kgha) | (kgha') | (kgha')
M, F; 255.7° 40.68 251.98 223.1° 35.6" 103.7°
M; F, 369.6" | 45.9¢ 310.8° 258.6° 40.8° 133.8°
M, F; 420.9 51.1° 339.9° 306.1° 43.5" 155.5"
M, F4 300.6% | 4s.1° 260.3" 249.2¢ 40.7° 129.9¢
M, ¥, 297.7¢ 41.5 217.8" 219.4¢ 35.28 96.858
M, F; 319.2° | 47.1° 270.6" 248.3¢ 39.2¢ 118.5°
M, F; 373.4° 50.8° 302.6° 271.6° 42.5° 139.6°
M F; 332.3° 47.4° 263.0° 249.2¢ 41.8° 130.0°

Figures with same alphabets as superscript do not differ significantly at 5 % level in DMRT
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4.7(d) Interaction effect of irrigation, mulching and fertilizer on available N, P

and K in soil at 45 DAS and at final harvest

Treatments 45 DAS At final harvest
Available | Available | Available | Available | Available Available
N P K N P K
(kg ha) | (kgha”) | (kgha™) | (kgha) | (kgha) | (kgha™)

1M, F, 255.7* 41.6" 299.5° 201.6° 36.8" 105.5!
1M F> 380.8% 49.3° 312.8° 265.1% | 45.0° 150.2"
I,M,F; 393.9" | s2.5° 338.8" 350.9° 48.5° 173.7°
I,M,F, 291.2" 45.68 307.4° 253.9° 43.8" 139.6¢
1Mo F, 289.3" 42.0/ 222.8’ 2315 | 358 97.10'
I;M,F; 324.8% 48.9 258.8" 248.3¢ 42.0° 120.3"
I;M;F; 408.8" | 52.0° 309.9° | 293.1° 46.1° 140.8¢
;M F, 337.9¢ 47.2' 284.6' 2651 | 43.6" 137.5'
LM, F, 2557 39.5' 204.2™ | 244.5° 34,3 101.9*
LM, F, 358.4% | 425 308.8° 252.0° 36.5' 117.3'
LM, F; 448.0° 49.6° 340.9° 261.3™ | 38.5° 1373
I,M, Fy 309.9%" |  44.6" 213.2' 244.5° 37.6" 120.2"
I,M,F, 306.15" | 41.0° 212.7* 207.2° 34.6" 94.60™
LM, F; 313.6"" | 45.3¢ 282.38 | 248.3° 36.3' 116.6'
I,M,F, 337.9° 49.5¢ 295.2° 250,1° 38.8¢ 138.4°
I,M,F, 326.7% 47.6° 2413 233.3° 39.9 122.58
Control 252.0 42.2 164.0 274.4 32.4 97.16

Treatments S S S S S S

v/s control

Figures with same alphabets as superscript do not differ significantly at 5 % level in DMRT
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4.8 Interaction effect of irrigation, mulching and fertilizer on Benefit Cost ratio

Treatments Total cost of Gross income per B:C ratio
production per hectare (Rs.)
hectare (Rs.)
I,M;F, 197574 252000 1.28°
LM F, 200138 360000 1.81°°
1I,M,F; 202794 372000 1.83"
I,M;F, 204169 332000 1.63°
I;M,F; - 190634 172000 0.90"
I,M,F; 193198 188000 0.97¢%
1M;F3 195854 192000 0.98°f
I;M,F, 197229 184000 0.93"%
I,M;F, 195989 240000 1.20°
LM, F, 198493 336000 1.69"
I,M;Fs 201149 368000 1.83°
I,M,F, 202524 328000 1.62°¢
LL,M,F, 188971 116000 0.61°
I,M,F; 191553 180000 0.94°
1M F3 194209 228000 1.17°
1,M,F4 195584 124000 0.63°
Control 104366 108000 1.03
Treatments v/s S

control

Figures with same alphabets as superscript do not differ significantly at 5 % Ievel in DMRT
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5. DISCUSSION

Drip irrigation is the concept where water is applied at low rate, frequently
near the root zone of the plant. This system can easily be used for fertigation through
which the applied fertilizer is placed in the active root zone, and crop nutrient
requirement can be met accurately. Combinations of drip irrigation and polythene
mulches have recently been used as an advanced technology to manage water

efficiently and to produce high quality vegetables.

Yard long bean is grown widely in tropics and subtropics for fresh long pods.
It is considered as a crop less prone to drought with high yield potential. It is also
important because it fixes atmospheric nitrogen which is available for subsequent

crop uptake thereby reducing the cost of nitrogen fertilization in a cropping system.

The results obtained in the study entitled “Fertigation and mulching studies in
yard long bean (Vigna unguiculata var. sesquipedalis (L.) Verdcourt)” carried out in
the variety Vellayani Jyothika, are discussed in this chapter. The study was conducted
to standardize the fertigation requirement of yard long bean and also to assess the

relative efficacy of fertigation and mulching over the conventional methods.

5.1 GROWTH PARAMETERS

The result of the study indicated that levels of irrigation had significant
influence on the vine length at 45, 60 and 75 DAS. It was observed that the plants
irrigated with 80 per cent Ep recorded significantly higher vine length (257.53 cm,
419.17 cm and 485.68 respectively) than those receiving 60 per cent pan evaporation
proving that vine length was positively influenced by higher levels of irrigation (Fig.
5.1). Similar results were reported by Gebrimedhin (2001), Ningaraju (2013) and
Nakaande (2013).
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Days taken for first flower appearance, first fruit set and first harvestiof .
cowpea were not influenced by levels of irrigation and mulching. This is in
agreement with the findings of Anoop (2009) in OP melon. The number of days taken
for first flowering was 42 to 43 and this variation was negligible considering the
levels of irrigation. Siﬁce all the irrigation levels contributed sufficient soil moisture

ideal for crop growth, days to flower and fruit production did not vary between them.

It is observed that mulching had significant effect on vine length except at 45
DAS (Fig. 5.2). The result of the study indicated that the maximum vine length of
513.81 cm (at 75 DAS) was recorded in treatments mulched with white-black
polythene sheet, whereas it was only 431.79 cm in un-mulched treatments at 75 DAS.
The better physical conditions, weed free situations and higher soil moisture status
under full polythene mulching provided the ideal conditions, supporting better
growth. These results are in close conformity to the findings of Salman et al. (1991),
Khan et al. (2005) and Anoop (2009).

Likewise, vine length and root length showed significant difference with
different levels of fertilizer (Fig. 5.3 and Fig. 5.4). The study revealed that the highest
level of fertilizer resulted in the highest vine length at 45, 60 and 75 DAS as observed
in F3 (296.83 cm, 433.45 cm and 510.83 cm respectively). Similarly the root length
was observed to be maximum (30.81 c¢m) in the treatment F4 (100 % recommended
dose with water soluble fertilizer) and the treatments F1, F2 and F; were on par. The
highest vine length with 120 per cent RDF (F3) through fertigation might be due to
the optimum availability of nutrients and moisture which facilitated the production of
better root biomass, resulting better nutrient uptake from the soil (Chawla and Narda,
2000). Similar findings were reported by Ruby et al. (2012) and Fanish and
Muthukrishnan (2013).

It is observed from the study that the interaction of irrigation with mulching and

irrigation with fertilizer were non-significant with regard to vine length, root length,
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days taken for first flower appearance, first fruit set and first harvest; while the
intéraction between fertilizer and mulching was significant with respect to vine
length. The study revealed that the increase in vine length was significant with
increase in fertilizer in mulched plots at 45 DAS and the maximum (315.40 cm) was
with F;3 level of fertilizer. With regard to vine length, the fertilizer levels F; Faand Fy
were on par. The interaction effects between mulching and fertilizer level were non-

significant at 60 and 75 DAS.

It is observed that the interaction between mulching and fertilizer had no
influence on root length, days taken for first flower appearance, first fruit set and first
harvest. When irrigation, mulching and fertilizer were considered together, there was
no significant effect on days taken for first flower appearance, first fruit set and first

“harvest, whereas vine and root length were significant. It took 42 days for the first
flower appearancé and first fruit set in F, F» and F; and 43 days in F4. Similarly all
the treatments took 54 days for first harvest. The highest vine length was recorded in
the treatment 1;M;F; and the highest root length was observed in the treatment with
60 per cent Ep and water soluble fertilizer at 100 per cent RDF without mulching
(I;M3F4). Reduced irrigation and increased evaporation due to the absence of mulch
might have contributed to the increased root length in the treatment [2M,F; compared

to other treatments.
5.2 YIELD AND YIELD ATTRIBUTES

Yield (yield per plant and yield pef hectare) and the number of pods per plant
were found to be significantly higher in the treatments supplied with irrigation at the
level of 80 per cent of Ep than the treatments supplied with 60 per cent Ep indicating
the high water requirement of yard long bean (Fig. 5.10 and Fig. 5.11). The highest
level of irrigation (80 per cent Ep) recorded significantly higher number of pods per
plant (42.49), yield per plant (0.65 kg) and yield per hectare (6.5 t) as compared to

lower level of irrigation (60 per cent Ep). Among the two irrigation levels, the
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days taken for first flower appearance, first fruit set and first harvest; while the
interaction between fertilizer and mulching was significant with respect to vine
length. The study revealed that the increase in vine length was significant with
increase in fertilizer in mulched plots at 45 DAS and the maximum (315.40cm) was
with F3level of fertilizer. With regard to vine length, the fertilizer levels Fi,F2and F4
were on par. The interaction effects between mulching and fertilizer level were non-

significant at 60 and 75 DAS.

It is observed that the interaction between mulching and fertilizer had no
influence on root length, days taken for first flower appearance, first fruit set and first
harvest. When irrigation, mulching and fertilizer were considered together, there was
no significant effect on days taken for first flower appearance, first fruit set and first
harvest, whereas vine and root length were significant. It took 42 days for the first
flower appearance and first fruit set in F|, F; and F*and 43 days in F4. Similarly all
the treatments took 54 days for first harvest. The highest vine length was recorded in
the treatment JiMjFjand the highest root length was observed in the treatment with
60 per cent Ep and water soluble fertilizer at 100 per cent RDF without mulching
(EIVEFj). Reduced irrigation and increased evaporation due to the absence of mulch
might have contributed to the increased root length in the treatment 12M2F3compared

to other treatments.

5.2 YIELD AND YIELD ATTRIBUTES

Yield (yield per plant and yield per hectare) and the number of pods per plant
were found to be significantly higher in the treatments supplied with irrigation at the
level of 80 per cent of Ep than the treatments supplied with 60 per cent Ep indicating
the high water requirement of yard long bean (Fig. 5.10 and Fig. 5.11). The highest
level of irrigation (80 per cent Ep) recorded significantly higher number of pods per
plant (42.49), yield per plant (0.65 kg) and yield per hectare (6.5 t) as compared to

lower level of irrigation (60 per cent Ep). Among the two irrigation levels, the
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amount of water applied was more in I| and yield also was more in 11 Increased yield
under higher level of irrigation might be due to high availability of soil moisture
around the crop root zone and better uptake and utilization by plants. Similar findings
were reported by Mustafa (1999), Agrawal et al. (2004), Pandey et al. (2013) and
Ningaraju (2013). No significant effect was observed in pod length, pod weight,
number of seeds per pod, number of harvests and duration of the crop. The study
suggested that it would be better to schedule irrigation at 80 per cent Ep that

maximize the crop production.

The important yield attributes viz., number of pods per plant, pod weight, pod
length, yield per plant and yield per hectare were significantly influenced in mulched
treatments compared to un-mulched treatments (Fig. 5.5 and Fig. 5.6). This might be
due to higher vegetative growth, higher production of assimilates and better
partitioning of assimilates. This finding is in agreement with that of Clough and
Locascio (1990) in chilli, Wien et al. (1993) in tomato, Awasthi et al. (2005) in

brinjal and Henry and Chinedu (2014) in cowpea.

The fertilizer levels in the study also showed significant effect on yield and
yield attributes like number of pods per plant, number of seeds per pod (Fig. 5.7), pod
weight and pod length. With the increase in fertilizer levels the yield and yield
attributes also increased and the maximum was observed in F3(125 per cent RDF).
The increased availability of nutrients with increased levels of fertilizer application
and higher uptake of applied nutrients by the plants might have resulted in increased

yield.

Irrigation combined with mulching and fertilizer levels were non-significant
with respect to the number of pods per plant, pod weight, pod length and number of
seeds per pod. The interaction between irrigation and mulching was not significant
with respect to yield and number of pods per plant, while the combination of

irrigation and fertilizer levels was significant (Fig. 5.12 and Fig. 5.13). The probable
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reason might be the enhanced source capacity and sink strength due to continuous
nutrient availability with favorable moisture regime, which in turn might have

influenced yield attributing characters.

Mulching and fertilizer showed significant positive interaction on the number
of pods per plant, pod weight, pod length, yield per plant and yield per hectare (Fig.
5.8 and Fig. 5.9). The treatment M[p3recorded the highest value for number of pods
per plant (62.72), pod weight (30.05 g), pod length (58.47 cm), yield per plant (0.93
kg) and yield per hectare (9.3 t) while number of seeds per pod was not significant
(Fig 5.14 and Fig. 5.15). Similar results were reported by Gandhi and Bains (2006)
in tomato. Increased yield could be largely attributed to the improvement in soil
environment around roots due to application of mulch, which resulted in increased
plant growth and yield. These results are in conformity with those of Ruby et al.
(2012) in pointed gourd and Gebrimedhin (2001) in oriental pickling melon who

reported increased yield due to mulching and higher fertilizer application.

The interaction effects of irrigation, mulching and fertilizer when taken
together had significant effect on number of pods per plant, pod weight, pod length,
number of seeds per pod and yield per plant. The appropriate and sufficient fertilizer
application through fertigation made it possible to match the crop nutrient
requirement at various growth stages, with minimum leaching beyond the root zone,
resulting in improved growth and yield characteristics. The plants supplied with
higher levels of irrigation (1|) with mulching (M|) produced higher yield compared to
plants receiving lower levels of irrigation without mulching. The highest yield and
pod length was observed in the treatment FM 1IF3which was on par with the treatment
I2M1F3. Similar results were reported by Aruna et al. (2007) in tomato, Sturm et al,

(2010) in Cabbage and Chattoo et al. (2013) in radish.

The lowest yield and yield attributing characters were reported in the control

treatment with conventional channel irrigation once in three days with 100 per cent
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RDF. There was a decrease of 29 per cent yield in control over the best treatment
(liMiFj). The fact that under flood irrigation most of the applied water was lost
through evaporation and leaching due to fast rate of application whereas under drip
irrigation water was supplied drop by drop with slow flow rate which restricted the
water losses and allowed the plants to absorb available soil moisture from the root
zone increasing the productivity. This is in agreement with the findings of Singh et al.
(2001), Ningaraju (2013), Gebrimedhin (2001) and Nakaande (2013) who observed
higher productivity for the treatments under drip irrigation with plastic mulching

performed better growth over control.

The decreased yield in control as well as in other treatments, compared to the
potential yield of 15 t/ha of yard long bean variety Vellayani Jyothika, might be due
to the unfavourable climatic condition prevailed during flowering stage of the crop
(Appendix II). The optimum temperature for flowering in yard long bean is 21-33° C,
above which flower abscission occurs (Pandey, 1991). During the entire cropping
period, especially during flowering the temperature, to which the crop was exposed,
was above 37° C. The present recommendation (KAU, 2011) of 20:30:10 kg/ha N:
P205: K20 for yard long bean seems to be highly insufficient as the crop duration is
more than 100 days and the yield potential is more than 15 t/ha. Yard long bean is a
crop which highly responds to fertilizer application (Maharana and Das, 1973) as
experienced with 9.3 t/ha yield with the highest dose of fertilizer. More yield would

have been resulted, if a higher dose of fertilizer have been applied.
5.3 QUALITY OF FRUITS

The study revealed that the levels of irrigation, mulching and fertilizer had no
significant influence on the protein content of pods. Their interaction was also not
significant with respect to protein content of pods. The protein content of pods varied
from 11 to 1.3 per cent and the difference was not significant. Similar observations

have been reported by Hasan et al. (2010) in cowpea.
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5.4 WEED GROWTH

The results on weed growth in terms of dry matter produced indicated that
weed population was significantly reduced by polythene mulching (Fig. 5.16).
Similarly fertilizer levels had significant influence on fresh weight and dry weight of
weeds at 20, 40, 60 and 75 DAS whereas levels of irrigation did not affect the weed
growth significantly. The treatments with polythene mulching recorded the lowest

fresh and dry weight of weeds.

Absolute absence of sunlight under the polythene mulch completely checked
the growth of weeds under it. Similar findings were reported by Dwivedi et al.
(1999), Chaudhary et al. (2002) and Berihun (2011). Under mulching weeds emerged
only near the plants where holes were made on polythene, whereas under unmulched
condition weeds emerged in all the areas. It might be due to the unavailability of solar
radiation which restricted the germination and emergence of weed seeds as polythene

mulch completely restricted the penetration of light in to the soil.

Increased weed growth was observed with increase in fertilizer levels. The
application of 125 per cent RDF through fertigation had recorded significantly higher
weed growth at 20, 40 and 60 DAS. This might be due to the availability of more
nutrients for better growth of the weeds. Whereas 100 per cent RDF recorded lower
weed growth in first and second weeding with a good yield compared to 75 per cent

RDF.

There was no significant interaction effect either between irrigation levels and
mulching or between irrigation levels and fertilizer levels on weed growth. However
the combination of MF was significant with regard to fresh and dry weight of weeds
at first, second and third weeding. The study indicated that in all fertilizer levels,

lowest weed growth was observed in mulched treatments.
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When the interaction of all the three factors; irrigation, mulching and fertilizer
was considered together there was significant difference with regards to fresh and dry
weight of weeds. The treatment I;M;F; recorded the highest weight of weeds in
terms of fresh and dry weight at 20, 40, 60 and 75 DAS. Lowest weed growth was
observed in mulched treatments irrespective of irrigation and fertilizer levels. Drip
irrigation was effective in controlling the weed growth. Under control treatment
(channel irrigation) which received full wetting of beds recorded a higher weed
growth than all treatments receiving drip irrigation (Plate 4). Since, water is applied
at specific points in drip irrigation; weed growth was much reduced in the inter-

dripped areas due to limited wetting zone compared to channel irrigation.
5.5 SOIL
5.5.1 Chemical properties of soil

There was no considerable change in soil pH and EC by levels of irrigation
and mulching. The treatments receiving lower levels of fertilizer (F,) recorded the
highest value for pH and lowest value for EC of soil (Fig. 5.17 and Fig. 5.18). The
highest EC was recorded in F4 (100 per cent RDF with water soluble fertilizer). Wien
et al. (1993) reported that increase in the nitrogen rate gradually raised the EC of the
soil especially when soluble fertilizers were used as the nitrogen source. He has also
reportéd that large amount of nitrogen markedly decreased soil pH value while higher
the rate of phosphorus and potassium did not affect the soil pH value but significantly
accelerated the EC to rise in a slow rate. Similar results were also reported by Bryla
et al. (2010).

While considering the interactions, soil pH was not affected by the
interactions between either irrigation and fertilizer or mulching and fertilizer at 45
DAS. But the interactions were significant at final harvest. Irrespective of fertilizer,
highest pH was recorded in irrigation level [, (Fig. 5.19). Highest pH was recorded in

the lowest level of fertilizer rates irrespective of type of fertilizer. Considering the
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interaction between irrigation and fertilizer, higher pH (6.5) was recorded in I; F.
But EC was influenced by the interaction of irrigation and fertilizer at 45 DAS and at
final harvest (Fig. 5.20). The lowest EC was recorded in [oF; (60 per cent Ep with 75
per cent RDF).

Considering the EC of the soil, interaction of irrigation and mulching had no
significant influence on EC at 45 DAS but the effect was significant at final
harvesting. Interaction of [;M; recorded lowest EC (0.06 dSm™) followed by I;M;
(0.07 dSm")) at final harvest

Similarly combination of mulching and fertilizer also significantly influenced
the pH ét final harvest and EC of the soil at 45 DAS and at final harvest (Fig5.21 and
Fig. 5.22). The treatments M; F recorded higher pH and lowest EC which was on par
with M, F;,

Interaction of IMF was significant at 45 DAS and at final harvest with respect
to EC, while pH was significant only at final harvest. Treatments I;M,F; and I;M;F,
recorded higher pH whereas the lowest EC was recorded in the treatment I)M>F,

followed by the treatment [;M,F, at 45 DAS and at final harvest,
5.5.2 Organic carbon

Soil organic carbon content was not influenced by the levels of irrigation and
- mulching at 45 DAS and at final harvesting. Fertilizer level significantly influenced
the soil organic carbon content at 45 DAS and at final harvesting. F3 (75 per cent
RDF) level of fertilizer recorded higher value for organic carbon content of soil (1.94
and 1.47 per cent) at 45 DAS and at final harvesting. Result showed that organic
carbon content increased with the increase in fertilizer leve'ls and thus might be due to
increased release of organic leachates from the roots as well as more addition of dried

leaves from the crop receiving higher application rate of fertilizers to the soil.
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Combination of irrigation and fertilizer was found to be significant with
respect to organic carbon at 45 DAS and at final harvest. Highest organic carbon
content (1.98 per cent) was reported from plots supplied with 80 per cent irrigation
with 125 per cent RDF (I; F3) at 45 DAS and at final harvest. Similar results were
observed in interaction of mulching and fertilizer levels. Treatments receiving 125
per cent RDF with mulching (M; F3) resulted in higher organic carbon content in

soil,

There was an increase in organic carbon content at 45 DAS from initial 1.29
per cent to a maximum of 1.99 per cent in the treatment I;M;F3; while decrease in
organic carbon content was observed at final harvest due to increased uptake and
utilization for dry mater production. Treatment [;M,F; recorded the highest organic
carbon content (1.99 per cent) at 45 DAS and the treatment I,M;F; recorded the

highest value (1.58 per cent) at final harvest.
5.5.3 Available nitrogen in soil (kg ha™)

The available nitrogen content was not influenced by levels of irrigation and
mulching. Fertilizer levels significantly influenced the available nitrogen in soil. The
nitrogen content of soil increased with increase in fertilizer level up to F5 (Fig. 5.23),
The highest available nitrogen (397.1 kg/ha) was observed in F3 (125 per cent RDF)
at 45 DAS. The increased nitrogen content at 45 DAS compared to the initial nitrogen
content (242.9 kg/ha) might be due to the continuous supply of nitrogenous fertilizer
through drip in all fertilizer levels, It was clearly observed that there was depletion of
available nitrogen content in soil at final harvest which might be due to the uptake
and utilization by the plants which resulted in increased dry matter production in

terms of yield. But the depletion decreased with increase in fertility levels up to Fs.

When the interaction of factors like irrigation, mulching and fertilizer was
considered together, there was significant influence when fertilizer was combined

with both irrigation and mulching, while interaction of irrigation with mulching had
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Fig. 5.17 Effect of fertilizer levels on soil pH

Fig. 5.18 Effect of fertilizer levels on EC of soil
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no effect on available nitrogen content of soil at 45 DAS and at final harvest. It was
observed from the result that irrespective of mulching and irrigation, fertilizer level 3
showed the highest available nitrogen in the soil. Among the treatment combinations,
I,F; and M, F; recorded highest available nitrogen content at 45 DAS and at final
harvest. When the interactions of all the three factors were taken together, the
treatments I,M;F3 and [;M;F; recorded high nitrogen at 45 DAS and at final harvest.

Higher N levels through drip have contributed more to available nitrogen in soil.
5.5.4 Available phosphorus in soil (kg ha™)

As in the case of available nitrogen, available phosphorus content in soil
was also greatly influenced by fertigation with mulching. The amount of available
phosphorus content of the soil increased from initial 40.5 kg/ha to a maximum of 52.5
kg/ha at 45 DAS. It was due to application of phosphatic fertilizers through irrigation
water up to 30 DAS. The phosphorus content decreased to a minimum of 34.33 kg/ha
at final harvest due to the absorption of phosphorus by the plants.

There was no significant effect in available phosphorus with different levels
of irrigation because phosphorus mobility with water moving in the soil is negligible
and that crop uptake did not vary véry much at the younger stages between irrigation

levels,

In proportion to the increase in the levels of fertilizer application through drip,
the available phosphorus content of soil also increased (Fig. 5.:53). The highest
available phosphorus was observed in F; and the lowest in F; both at 45 DAS and at
final harvest. Ningaraju (2013) and Anoop (2009) also reported increase in

‘phosphorus content with increase in fertilizer levels in oriental pickling melon.

The interactions of the treatments were also significant with respect to
available phosphorus content of soil. Irrespective of fertilizer and mulching, irrigation

level 1 (80 per cent Ep) recorded the highest phosphorus content. Among the
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combinations I;M, and [,F; recorded the highest value at 45 DAS and at final harvest.
Similarly irrespective of irrigation and fertilizer, mulched treatments recorded higher
values. The highest phosphorus content was observed in I} M, and M, F; at 45 DAS

and at final harvest.

The three way interaction of irrigation, mulching and fertilizer was significant
at 45 DAS and at final harvest with respect to available phosphorus content. The
treatment I;M, F3 recorded the highest phosphorus content both at 45 DAS and at final

harvest.
5.5.45 Available potassium in soil (kg ha™)

Levels of irrigation and mulching did not influence the available potassium
while the levels of fertilizer significantly influenced the available potassium content
at 45 DAS and at final harvest indicating the influence of higher levels of applied
potassium on available K0 in soil. The available potassium increased linearly with
increase in fertilizer levels from 75 to 125 per cent, due to higher rate of application
of fertilizers through drip (Fig. 5.23). A decline in available K-O in soil was observed
from 45 DAS to harvest in all treatments. This decrease in available potassium
content in the soil upto harvest was in direct proportion to the dry matter produced by

the plants in terms of yield.

The available potassium content as influenced by the combination of the
treatments also showed similar tendency like phosphorus. The treatment
combinations I, M;, I,F; and M, F; recorded the highest values at 45 DAS and at final

harvest.

The interaction effects of irrigation, mulching and fertilizer were significant at
45 .DAS and at final harvest with respect to available potassium content. The
treatment [;M;F; recorded the highest potassium content (33 8.8) followed by I;MF;
(312.8) at 45 DAS and the treatment I;M,F; recorded the highest (173.7) potassium
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content at final harvest. These results were in conformity with the findings of Rajees

(2013) and Ningaraju (2013).
4.6 Economics of production

There was significant difference among the treatments with respect to B:C
ratio (Fig. 5.24). The highest B:C ratio (1.83) was recorded in the treatments [;M;F;
and IbM,F;. The results showed that, even though cost of production for the
treatment [,M,F3 was lower than the treatment I, M, F; they resulted in the same B:C
ratio. It might be due to the difference in yield and the gross return obtained for
those treatments. Raina et al. (1999) reported that the seasonal income under drip
only and drip plus plastic mulch in pea cv. Lincoln was 60.8 and 91.6 per cent higher
respectively as compared to conventional method of irrigation._ The benefit cost ratio
worked out for drip alone and drip plus mulch and conventional irrigation
respectively were 2.06, 2.11 and 1.98 in pea. Singh et al. (2006) reported that in
green pea, the net income by drip irrigation method was 40.1 per cent more as
compared to basin method of irrigation and further increase in yield could be
possible where water is scarce by increasing the area under cultivation with the

saved amount of water.

Irrespective of irrigation and mulching, the plants which received F; levels of
fertilizers showed higher B:C ratio, which might be due to the availability of higher
nutrients for the crop which resulted in better growth and higher yield. The lowest
B:C ratio was recorded in the treatment I;M,F, (0.61) which was on paf with [LM,Fy.
Poor yield and higher cost of cultivation for the treatment [,M,F, resulted in the
. lowest B:C ratio (0.63). Dura_isamy and Manickasundaram (2008) reported the
highest B:C ratio of 1.42 by the adoption of the irrigation schedule of 0.45 IW/CPE

' ratio in perennial red gram BSR 1.

Among the different fertilizer levels, fertilizer level 3 (F3) recorded the

highest B:C ratio irrespective of irrigation and mulching. The lowest B:C ratio was
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observed in F4 (100 per cent RDF with water soluble fertilizer), due the poor yield in
- the treatment. The higher total cost of production might also contribute to lower B:C
ratio. Both in F, and F, the fertilizer level was same (100 per cent) but the source of
nutrient was different. This resulted in increased cost of production for the {reatment
receiving Fy level of fertilizer compared to F, level of fertilizer due to high cost of
water soluble fertilizer (19:19:19) compared to Urea and Muriate of Potash (MOP).
Also the per se content of each nutrient present in the water soluble fertilizer (WSF)
being less, demanded higher quantity and resulted in higher total cost, compared to
Urea and MOP. This was in close conformity with the findings of Kanwar et al.
(2013) in sweet pepper, Rajees (2013) in OP melon, Spehia ef al. (2010) in okra and
Aruna ef al. (2007) in tomato. '

The major drawback of the drip irrigation system is its high initial investment;
however, cost can be recovered in a short span, if proper water and nutrient
management and design principles are followed. The deisred economic benefits of
drip fertigation are possible in the crop only when proper drip fertigation strategeis
for nutreint application (4 R- Right source, Right rate, Right time and Right place)

are adopted.
Conclusion

The above findings revealed that interactions between levels of irrigation,
mulching and fertilizer when considered together, had marked effect on vine length,
all yield attributes, weed growth and all soil properties. The highest vine length, yield
and yield attributes and soil nutrients were recorded in the treatment I,M,F; (80 per
cent Ep, with mulching, 125 per cent RDF), which was on par with the treatment
I:MF3 (60 per cent Ep, with mulching, 125 per cent RDF) indicating that when
mulching was provided irrigation at 60 per cent Ep and 80 per cent Ep were equal in
performance. Without mulching there was yield reduction at lower level of irrigation

(60 per cent Ep). When fertilizer levels alone were considered, higher levels of
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fertilizer (125 per cent RDF) resulted in higher yield than 75 and 100 per cent RDF.
. There was an increase of 3.4 times in yield in the best treatment I;M;F; over

"conventional channel irrigation at 3 days interval with 100 per cent RDF.
Future line of work

| Fertilizer recommendation specific for yard long bean should be standardized.
The effect of higher doses (than in the present study) of fertilizer with mulching in
yard long bean is to be studied. Effect of mulching and fertilizer levels during
seasons other than summer need to be evaluated. Role of mulching on root

nodulation and microbial growth is to be studied.
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SUMMARY



6. SUMMARY

The investigations on “Fertigation and mulching studies in yard long bean
(Vigna ungﬁfculata var, sesquipedalis (L.) Verdcourt)” were carried out in the
Department of Olericulture, College of Horticulture, Vellanikkara during January —
May 2014. The study was conducted in the yard long bean variety Vellayani Jyothika
to standardize the fertigation requirement and to assess the relative efficacy of

fertigation and mulching over the conventional methods in yard [ong bean.

The experiment was laid out in strip plot design with two replications. There
was a total of 17 treatments consisting of combinations of two irrigation levels (60
and 80 per cent Ep through drip irrigation) and four fertilizer levels (75, 100 and 125
per cent recommended dose of fertilizer (RDF) and 100 per cent RDF with water
soluble fertilizer) with and without mulching and a control treatment (channel

irrigation once in three days with 100 per cent RDF).

During the course of experiment, plant growth, yield and quality of the
produce under different treatments were critically observed. The salient findings and

conclusions drawn out from the study are summarized below.

1) Levels of irrigation (I) significantly influenced the vine length at 45, 60 and 75
DAS. The maximum vine length (257.53 c¢m, 419.17 cm and 485.68
respectively) was recorded at 80 per cent Ep and it was significantly superior to
60 per cent Ep. Fertilizer levels (F) also significantly influenced the vine length;

_ the highest vine length (296.83 cm, 433.45 cm and 510.83 ¢cm) was recorded with
125 per cent RDF at 45, 60 and 75 DAS.

2) Mulching (M) had no effect on vine length at 45 DAS. but it significantly
influenced the vine length at 60 and 75 DAS. The maximum vine length of
513.81 cm (at 75 DAS) was recorded in mulched plots whereas it was only
431.79 cm in un-mulched plots at 75 DAS.
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3)

4

5)

6)

7

8)

Days to first flowering, first fruit set, first harvest and days from flowering to
harvest were not influenced due to either per se effect or interaction of different
levels of irrigation, fertilizer and mulching. In general, days taken to first
flowering and fruit set were 42 days and days to first harvest was 54.
Root length was not affected by levels of irrigation and mulching but it was
significantly influenced by the levels of fertilizer. The highest root length (30.81
cm) was observed with water soluble fertilizer at 100 per cent RDF.
Interaction effects of irrigation with mulching and irrigation with fertilizer were
non-significant with regard to the length of vine at 45, 60 and 75 DAS, whereas
the interaction effect of mulching with fertilizer was significant at 45 DAS. The
treatment which received 125 per cent RDF through drip with mulching recorded
the highest vine length (315.4 cm).
The vine and root length was significantly influenced by the interaction of
irrigation, mulching and fertilizer. The highest vine length was recorded by the
treatment I,M;F; with 80 per cent Eprand 125 per cent RDF given through drip
with mulching. The highest root length (32.5 cm) was observed at 60 per cent
irrigation with 100 per cent RDF (water soluble fertilizer) without mulching.
Number of pods per plant and yield per plant were significantly influenced by
the irrigation levels. Maximum number of pods per plant (42.49) and yield per
plant (0.65 kg) was recorded at 80 per cent Ep given through drip (I;). Mulching
also had significant effect on the number of pods per plant and yield per plant,
The mulched treatments (M) recorded significantly higher number of pods per
plant (50.79) and yield per plant (0.81 kg) than the un-mulched treatments.
Among the fertilizer levels 125 per cent RDF (F3) resulted in the highest

- number of pods per plant (47.13), yield per plant (0.73 kg) and yield per hectare

(7.3 t) and was superior to all other treatments.
The interaction between irrigation and mulching was not significant with

respect to number of pods per plant and yield per plant. The combination of IF
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9

and MF significantly affected the number of pods and yield per plant. The
highest number of pods per plant (48.96) and yield per plant (0.75 kg) was
recorded in the treatment with 80 per cent Ep with 125 per cent RDF (I,F3).
Similarly émong the MF combinations, mulched treatment with 125 per cent
RDF gave the highest number of pods per plant (62.72) and yield per plant
(0.93 kg).

“Number of pods and yield per plant were significantly influenced by the

interaction of irrigation, mulching and fertilizer. The highest yield (0.93 kg) and
number of pods per plant (63.68) were recorded in the mulched treatment with

80 per cent Ep along with 125 per cent RDF (I;M,F3).

10) Length and weight of pods was not influenced by the levels of irrigation.

Mulching influenced the length and weight of pods significantly. The highest
length (56.31 cm) and weight (27.29 g) of pods was recorded in mulched
treatments. Similarly levels of fertilizer also significantly influenced the length
and weight of pods. Maximum length (57.68 cm) and weight (29.65 g) of pods
was observed at 125 per cent RDF through drip irrigation and it was

significantly superior to all other treatments,

11) Levels of irrigation and mulching had no significant influence on the number of

12)

seeds per pod. Fertilizer levels significantly influenced the number of seeds per
pod. The highest number of seeds per pod (19.63) was observed with 125 per
cent RDF. The combinations of IF, IM and MF were not significant with respect
to number of seeds per pod.

Interaction effect of mulching and fertilizer was significant with respect to
length and weight of pods. The highest length and weight (58.48 cm and 30.55
g respectively) was recorded at 125 per cent RDF with mulching (M;Fs). The
combination of IF and IM were not significant with respect to length and weight

of pods.
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13)The pod characters like length, weight and number of seeds per pod were

14)

© . 15)

16)

17)

18)

significantly influenced by the interaction of irrigation, mulching and fertilizer.
Among the treatment combinations the highest length, weight and number of
seeds per pod (58.6 cm, 30.95 g and 20.5) were recorded in the mulched
treatment receiving irrigation at 80 per cent Ep through drip along with 125 per
cent RDF (I,M,F3).

The per se effect of irrigation, mulching and fertilizer was not significant with
respect to the number of harvests, duration of the crop and protein content of
cowpea pods. Their interaction was also not significant.

Levels of irrigation had no significant influence on fresh and dry weight of
weeds at 20, 40, 60 and 75 DAS. Mulching had significant effect on fresh
weight and dry weight of weeds at 20, 40, 60 and 75 DAS. The treatments with
mulching recorded the lowest fresh and dry weight of weeds.

Levels of fertilizer significantly influenced the fresh and dry weight of weeds at
first, second and third weeding. The highest level of fertilizer (F;) recorded the
highest fresh weight (214.1 kg, 649.9 kg and 231.6 kg respectively) and dry
weight (42.8 kg, 129.9 kg and 44.3 kg respectively) of weeds at first, second
and third weeding. Levels of irrigation had no significant effect on fresh and dry
weight of weeds at fourth weeding,

The combinations of IM and IF were not significant with respect to fresh and
dry weight of weeds. Interaction of mulching and fertilizer had significant effect
on fresh and dry weight of weeds at first, second and third weeding. Under all
fertilizer levels, higher weed growth was observed in un-mulched plots.

Fresh and dry weight of weeds was significantly influenced by the interaction of
irrigation, mulching and fertilizer. The unmulched plots irrigated with 80 per
cent Ep and with 125 per cent RDF recorded the highest weed growth in terms
of fresh and dry weight at 20, 40, 60 and 75 DAS.
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19)

20)

21)

22)

23)

24)

Irrigation levels and mulching had no significant effect on soil pH and EC at 45
DAS and at final harvest. Fertilizer levels significantly influenced the soil pH
and EC at 45 DAS and at final harvest. The highest soil pH (6.4 and 5.9) and
the lowest EC (0.19 and 0.06 dSm™) at 45 DAS and at final harvest were
recorded at 75 per cent RDF (F)).

Soil pH was affected by the interactions of IF and MF at final harvest. The
highest soil pH was recorded at 80 per cent Ep with 75 per cent RDF (I;F))
followed by I,F,4 and th'e un-mulched treatments with 75 per cent RDF (M;F)).
Interaction of irrigation, mulching and fertilizer was significant at final harvest
with respect to soil pH. Among the treatment combinations, the highest pH (6.5)
was recorded for 80 per cent Ep with 75 per cent RDF with mulching (I;M;F;}
and was on par with the treatments with same irrigation and fertilizer without
mulching (I;M,F).

Interaction of irrigation and mulching had no significant influence on EC at 45
DAS but the combination of 60 per cent Ep without mulching recorded the
lowest EC (0.06 dSm™') at final harvest.

Soil EC was influenced by the combinations of IF and MF at 45 DAS and at
final harvest. Among the combinations, 60 per cent Ep along with 75 per cent
RDF and the treatment with 75 per cent RDF without mulching recorded the
lowest electrical conductivity. The interaction of IMF was significant with
respect to EC of soil at 45 DAS and at final harvest. The treatment with 80 per
cent Ep along with 75 per cent RDF without mulching recorded the lowest EC
(0.13 and 0.06 dSm™') at 45 DAS and at final harvest.

Levels of irrigation and mulching had no significant effect on organic carbon
(OC), available nitrogen (N), available phosphorus (P) and available potassium
(K) content of soil at 45 DAS and at final harvest. Fertilizer levels significantly
influenced the OC and available NPK of the soil. Treatments with 125 per cent
RDF recorded the highest value for OC and available NPK (1.94 per cent,
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25)

26)

397.2, 50.9 and 321.2 kg/ha respectively) at 45 DAS and (1.47 per cent, 288.9,
43.0 and 147.5 kg/ha respectively) at final harvest.

Interaction of irrigation and mulching had no effect on soil organic carbon and
available nitrogen whereas available phosphorus and potassium content was
significant at 45 DAS and at final harvest. The highest available P and K were
recorded at 80 per cent Ep with mulching. Combinations of IF and MF were
significant with respect to OC and available NPK at 45 DAS and at final
harvest. The highest values were observed in the combinations of mulching
with 125 per cent RDF (M, F3), and 80 per cent Ep with 125 per cent RDF (I,
F;3) for all the soil parameters at 45 DAS and at final harvest.

The interaction between irrigation, mulching and fertilizer was significant with
respect to soil organic carbon, available nitrogen, phosphorus and potassium
content at 45 DAS and at final harvest. In general, the treatments receiving 80
per cent Ep along with 125 per cent RDF with mulching (I;M;F;) recorded the

highest organic carbon, available nitrogen, phosphorus and potassium content of

~ soil at 45 DAS and at final harvest.

27)

Benefit cost ratio was significantly influenced by the levels of irrigation,
fertilizer and mulching. The highest B:C ratio (1.83) was recorded in the
mulched treatments 1;M,F; (80 per cent Ep and 125 per cent RDF) and I,M,F3
(60 per cent Ep and 125 per cent RDF).

111



REFFRINCES



REFERENCES

Abdelhamid, M. T., Selim, E. M. and EL-Ghamry, A. M. 2011. Integrated effect of
bio and mineral fertilizers and humic substances on growth, yield and nutrient
content of fertigated cowpea (Vigna unguiculata L.) grown on sandy soils. J.

Agron. 10(1): 34-39.

Abdul-Baki, A., Spence, C. and Hoover, R. 1992. Black polyethylene mulch doubled
yield of fresh-market field tomatoes. HortSci. 27(7): 787-789.

Aboamera, M. A. 2010. Response of cowpea to water deficit under semi-portable

sprinkler irrigation system. Misr J. Agric. Engng. 27(1): 170- 190.

Agrawal, B., Sharma, H. G. and Pandey, A. 2004. Nutrient uptake as affected by
irrigation method and micro nutrient application in tomato hybrid Avinash 2.
Veg. Sci. 32(1): 78-82.

Akande, M. O., Oluwatoyinbo F. [., Makinde E. A., Adepoju A. S.and Adepoju 1. S.
2010. Response of okra to organic and inorganic fertilization. Nature Sci.

8(11): 261-266.

Al-Jamal, M. S., Ball, S. and Sammis, T. W. 2001. Comparison of sprinkler, trickle
and furrow irrigation efficiencies for onion production. Agric. Wat. Manage.
46: 253-266. '

Almasoum, A. A. [998. Plastic mulch colours effects on yield and quality of
tomatoes. S. Indian Hort. 46 (1-2): 35-38.

Alva, A. K. 2009. Effects of various pre-plant and in-season nitrogen management
practices for potatoes on plant and soil nitrogen status. Commun. Soil Sei.

Plant Anal. 40(1-6): 649-659.

*Alva, A. K. and Mozzofari, M. 1995. Nitrate leaching in a deep sandy soil as

influenced by dry broadcast of fertigation of nitrogen for citrus production, In:



International Symposium on Fertigation Technology; lsrael, 26-31 March

1995; Technion-IIT, Haifa, Israel, pp: 67-77.

Amba, A. A., Agbo, E. B. and Garba, A. 2013, Effect of nitrogen and phosphorus
fertilizers on nodulation of some selected grain legumes-at Bauchi, Northern

Guinea Savanna of Nigeria. Int. J. Biosci. 10: 1-7.

Anila, S., Thompson, T. L., White, S. A., Walworth, J. and Sower, G. J. 2001,
Fertigation frequency for subsurface drip-irrigated broccoli. Soil Sci. Soc. Am.

J. 67: 910-918

Anoop, N. C. 2009. Micro irrigation and polythene mulching in (Cucumis melo var.
conomon (L.) Makino). M.Sc. (Ag) thesis, Kerala Agricultural University,
Thrissur, 102p.

Anuja, S., llavarasi, K., Shakila, A. and Angayarkanni, A. 2006. Effect of different
levels of phosphorous and potassium on the yield and quality of vegetable
cowpea. Plant Arch. 6(1): 297-299.

Anwar, A. and Kumar, A, 1980. Micro-irrigation system past present and future-
In: Kumar, A., Singh, H. P, Samuel, J. C., Kaushish, S. P. and Murthy, T. S.
(eds.), Microirrigation, Central board of irrigation and power, New Delhi,
pp.2-17.

Aruna, P,, Sudagar, I. P., Manivannan, M. 1., Rajangam, J. and Natarajan, S. 2007.
Effect of fertigation and mulching for yield and quality in tomato cv. PKM-1,
Asian J. Hort. 2(2): 50-54.

Asiwe, J. A. N. 2009. The impact of phosphate fertilizer as a pest management tactic
in four cowpea varieties. African J. Biotech. 8(24): 7182-7188.

Awasthi, O. P, Singh, 1. S. and Sharma, B, D. 2005. Effect of mulch material on soil
hydrothermal regime, growth and fruit yield of brinjal under arid conditions.
Veg. Sci. 32(1): 98-99.



Awodoyin, R. O. and Ogunyemi, S. 2005. Use of sicklepod [Senna obtusifolia (L.)]
Irwin and Barneby, as mulch interplant in cayenne pepper (Capsicum

‘frutescens L.) production. Emirate J. Agric. Sci. 17(1): 10-22.

Bafna, A. M., Daftardar, S. Y., Khade, K. K., Patel, V. V. and Dhotre, R. S. 1993,
Utilization of nitrogen and water by tomato under drip irrigation system. J.

Wat. Manage. 1(1): 1-5.

Bahadur, A., Singh, K. P. and Rai, M. 2006. Effect of fertigation on growth, yield and
water use effeciency in tomato [Solanum lycopersicon (Mill.) Wettsd.]. Veg.

Sci. 33(1): 26-28.

*Barker, R., Dawe, D. and Inocencio, A. 2003. Economics of water productivity in
managing water for agriculture. In: Kijne, J. (ed.), Water Productivity in
Agriculture: Limits and Opportunities for Improvement, Comprehensive
Assessment of Water Management in Agriculture. UK: CABI Publishing in

Association with International Water Management Institute, pp.31-68.

Basavarajappa, H. B., Polisgowdar, B. S. and Patil, M. G. 2011. Effectiveness and
cost economics of fertigation in brinjal (Solanum melongena L.) under drip

and furrow irrigation. Karnataka J. Agric. Sci. 24(3): 417-419.

Batchelor, C., Love, C. A. and Murata, M. 1996. Simple microirrigation techniques
for improving irrigation efficiency on vegetable gardens. Agric. Wat.
Manage. 32: 37-48.

Batra, B. R. and Kalloo. 1991. Effect of irrigation on moisture extraction patterns,

consumptive use of water efficiency and plant water status in carrot. Veg. Sci.
18(1): 1-10.

Bell, A. A,, Liu, L., Reidy, B., Davis, R. M. and Subbarao, K. V. 1998. Mechanisms
of subsurface drip irrigation-mediated suppression of lettuce drop caused

by Sclerotinia minor. Phytopathol. 88(3): 252-259.



Berihun, B. 2011. Effect of mulching and amount of water on the yield of tomato
under drip irrigation. J. Hort. For. 3(7): 200-206.

*Bester, D. H., Fouche, P. S. and Veldman, G.H. 1977. Fertigation through drip

irrigation system on orange trees. Proc. Int. Citriculture. 1:46-49.

Bhakre, B. D. and Fatkal, Y. D. 2008. Influence of micro irrigation and fertilizer
levels through fertigation on growth, yield and quality of onion seed. J. Watr.
Manage. 16(1): 35-39.

Bhogi, B. H., Polisgowdar, B. S. and Patil, M. G. 2011.Effectiveness and cost
economics of fertigation in brinjal (Solanum melongena L.) under drip and

furrow irrigation. Karnataka J. Agric. Sci. 24(3): 417-419.

Bijay-Singh, Yadvinder-Singh, and Sekhon, G. 8. 1995. Fertiliser-N use efficiency
and nitrate pollution of groundwater in developing countries. J. Contam.
Hydrol. 20: 167-184.

Bisht, P., Raghav, M. and Singh, V. K. 2012. Effect of different irrigation schedules
on the growth and yield of drip irrigated potato. Potato J. 39(2): 202-204.

Biswas, B. C. 2010. Fertigation in high tech agriculture; a success story of a lady
farmer. Fertil. Mkt. News 41(10): 4-8.

Bray, R. H. and Kurtz, L. T. 1947. Determination of total, organic, and available
forms of phosphorus in soils. Soil Sci. 59:39-45.

Bresani, S. F. 1985. Nutritive value of cowpea. In: Singh, S. R. and Rachie, K. O.

(eds.). Cowpea Research and Utilization. John Wiley and Sons, New York,
pp.353-359.

*Bruce, R. R., Chesness, J. L. and Keisling, T. C. 1980. Irrigation of crops in the
Southeastern United States. Principles and practice. US Department of
Agriculture, Science and Education Administration, Agricultural Reviews and

Manuals, Southern Series, 54p.



Bryla, D. R., Shireman, A. D. and Machado, R. M. A. 2010. Effects of method and
level of nitrogen fertilizer application on soil pH, electrical conductivity, and

availability of ammonium and nitrate in blueberry. Acta Hort. 868: 95-102.

Call, R. E. and Courter, J. W. 1989. Response of bell pepper to raised beds, black
plastic mulch, spun bonded row cover and trickle irrigation. In: Proceedings
of 21* National Agricultural Plastics Congress; 5-9 March, 1989; Florida.
National Agricultural Plastics Association (U.S), University of Florida, pp.
140-146.

Carballo, S. J., Blankenship, S. M., Sanders, D. C. and Ritchie, D. F. 1994, Drip
fertigation with nitrogen and potassium and postharvest susceptibility to

bacterial soft rot of bell peppers. J. Plant Nutr. 17(7): 1175-1191.

Castellanos J. Z., Ojodeagua, J. L., Mendez, F., Villalobos-Reyes, S., Badillo,
V., Vargas, P. and Lazcano-Ferrat, [. 2001. Phosphorus requirements by garlic

under fertigation. Bett. Crops Int. 15(2): 21-23.

Chakraborti, M. and George, S. 2010, Effective weed mangement practices for brinjal
(Solanum melongena L.). New Agriculturist 21(1-2): 27-30.

Chattoo, M. A., Bhat, F. N., Khan, S. H. and Mir,.S. A. 2013. Performance of radish
under drip irrigation and fertigation system in Kashmir Valley. Environ. Ecol.
31(1): 5-9.

Chaudhari, G. P., Mahakal, K. G., Shrirame, A. S., Gondane, S. U. and Kawarkhe,
V. J. 1995. Performance of okra varieties in relation to fertilizer application.
PKV Res. J. 19(1): 95-96.

Chaudhary, A. N., Ali, S. and Hassan, 1. 2002. Effect of different coloured plastic
mulches on the yield and nutrient contents of tomato plant. Asian J. Plant Sci.
1(4); 388-389.



Chavan, A. S., Khafi, M. R., Raj, A. D. and Parmar, R. M. 2012. Effect of potassium
and zinc on yield, protein content and uptake of micronutrients on cowpea

[Vigna unguiculata (L.) Walp.]. Agric. Sci. Digest 32(2): 175-177.

Chawla, J. K. and Narda, N. K. 2000. Growth parameters of trickle fertigated potato
(Solanum tuberosum). Indian J. Agric. Sci. 70:747-752.

Clough, G. H. and Locascio, S. J. 1990. Yield of successively cropped polyethylene
mulched vegetables as affected by irrigation method and fertilization

management. J. Amer. Soc. Hort. Sci. 115(6): 884-887.

*Darwish, T., Atallah, T., Hajhasan, S. and Chranek, A. 2003. Management of
nitrogen by fertigation of potato in Lebanon. Nutrient Cycling in

Agroecosystems 67: 1-11.

Deolankar, K. P. and Berad, S. M.. 1999. Effect of fertigation on growth, yield and
water use efficiency of chickpea (Cicer arietinum). Indian J. Agron. 44(3):
581-583,

Dirja, M., Colisar, A., Pacurar, 1., Corciu, F. and Dan, D. 2008. Economical
efficiency of the irrigation regime for salad and tomato crops in protected
areas. Bulletin UASVM Hort. 65(2): 508-511.

Doorenbos, J. and Pruitt, W. O. 1977. Guidelines for predicting crop water
requirements. FAQ irrigation and drainage paper. Land and Water

Development Division, FAQ, Rome. 144p.

Doss, B. D. and Evans, C. E. 1980. Irrigation methods and in-row chiseling for
tomato production. J. Am. Soc. Hort. Sci. 105(4): 611-614.

Duraisamy, V. K. and Manickasundaram, P. 2008. Agronomic management for

perennial redgram through irrigation and mulching. Madras Agric. J. 95(1-6):
205-207.

vi



Dwivedi, S. V., Singh, S. S. and Singh, S. P. 1999. Weed control in pointed gourd
(Trichosanthes dicica Roxb.). Veg. Sei. 26(2): 133-136.

Dzomeku, K. 1., Mahunu, G. K., Bayorbor, T. B. and Obeng-Danso, P. 2009. Effect
of mulching on weed control and yield of hot pepper and tomato in the Guinea

Savannah zone. Ghana J. Hort. 7: 53-62.

Fanish, S. A. and Muthukrishnan, P, 2013. Nutrient distribution under drip fertigation
systems, Wid. J. Agric. Sci. 9(3): 277-283.

Farahvash, F. and Mirshekari, B. 2011. Yield and yield components of cowpea as
affected by different sources and application rates of nitrogen fertilizers. J.
Food Agri. Environ. 9(3-4): 295-298,

Frederick, K. D. 1993. Balancing Water Demand with Supplies: The Role of
Management in a World of Increasing Scarcity. World Bank, Technical
Paper, Washington D C, 189p.

Gad, N. and Kandil, H. 2013. Evaluate the effect of molybdenum and different
nitrogen levels on cowpea (Vigna unguiculata). J. Appl. Seci. Res. 9(3): 1490-
1497.

Gandhi, N. and Bains, G. S. 2006. Effect of mulching and date of transplanting on

yield contributing characters of tomato. J. Res. Punjab Agric. Univ. India 43:
6-9.

Gebrimedhin, A. A. 2001. Drip irrigation and mulching in oriental picking melon.

M.Sc. (Ag) thesis, Kerala Agricultural University, Thrissur, 124p.

Geetha, V. 1999. response of vegetable cowpea [Vigna wunguiculata var.
Sesquipedalis (L..) Verdcourt] to nitrogen and potassium under varying levels
of irrigation. M.Sc. (Ag) thesis, Kerala Agricultural University, Thrissur,
116p.

vil



Geetha, V. and Varughese, K. 2001. Response of vegetable cowpea to nitrogen and
potassium under varying methods of irrigation. J. Trop. Agric. 39: 111-113.

Goldberg, O. and Schumelli, M. 1969. The trickle irrigation method for increased
agricultural production under conditions of saline water and adverse soils. In:

Proceedings of International Arid Lands Conference, Africa, 150p.

Goldberg, D. 1971. Drip irrigation- a method used under arid and desert conditions of
high water and soil salinity. S. African Citrus J. 448: 9-15,

Gornat, B., Goldberg, D., Rimon, D. and Asher-Ben, J. 1973. The physiological
effect of water quality and method of application on tomato, cucumber and
pepper. J. Am. Soc. Hort. Sci. 98(2): 202--205.

GOI [Government of India]. 1999. Integrated Water Resource Development; A Plan
Jor Action. Report of the National Commission on Integrated Water Resources

Development, Volume I, Ministry of Water Resources, 130p

*Greeff, P. F. 1975, Ferti-irrigation of fertilizer materials by means of micro-

irrigation system part 1. The Deciduous Fruit Grower. 25(5):213-217.

Greenough, D. R., Black, L. L. and Bond, W. P. 1990. Aluminium-surfaced mulch:
An approach to the control of tomato spotted wilt virus in solanaceous crops.
Plant Dis. 74: 805-808.

Gupta, R. and Acharya, C. L. 1994. Use of black polythene for higher strawberry fruit
yield. Indian Hort. 2: 6-7.

Harn, M. J., Kluitenberg, G. J. and Lamont, W. J. 1993, Optical properties of plastic
mulches affect the field temperature regime. J. Am. Soc. Hori. Sci. 118:188-
193.

Hartz, T. K., LeStrange, M. and May, D. M. 1993, Nitrogen requirements of drip
irrigated peppers. HortSci. 28(11): 1097-1099.

viii



Hasan, M. R., Akbar, M. A., Khandaker, Z. H. and Rahman, M. M. 2010, Effect of
nitrogen fertilizer on yield contributing character, biomass yield and nutritive

value of cowpea forage. Bangladesh J. Anim. Sci. 39(1/2): 83-88.

Hatami, S., Nourjou, A., Henareh, M. and Pourakbar, L. 2012. Comparison effects of
different methods of black plastic mulching and planting patterns on weed
control, water-use efficiency and yield in tomato crops. /nt. J. Agri. Sci. 2(10):

928-934.

Hebbar, 8. S., Ramachandrappa, B. K., Nanjappa, H. V. and Prabhakar, M. 2004.
Studies on NPK drip fertigation in field grown tomato (Lycopersicon
esculentum Mill.). Europ. J. Agron. 21: 117-127.

Hedge, D. M. and Srinivas, K. 1990. Growth, productivity and water use of banana

under drip and basin irrigation in relation to evaporation replenishment,

Indian J. Agron. 35:106-112.

Henry, A. E. and Chinedu, P. P. 2014. Cowpea (Vigna unguiculata (L.) Walp)
response to phosphorus fertilizer under two tillage and mulch treatments. Soil
Tillage Res. 136: 70-75.

INCID [Indian National Committee on Irrigation and Drainage]. 1994. Drip
irrigation in India. Past Efforts for promoting micro-irrigation, Report of Task
Force on Micro-irrigation (2004), Chapter V, New Delhi, 122p.

Islam, M. M., Rahim, M. A. and Aslam, M. S. 2002. Effect of planting time,
mulching and irrigation on the growth and yield of cabbage. Bangladesh J.
Training Dev. 15(1-2): 169-174,

Jackson, M. L. 1958. Soil Chemical Analysis. (Indian Reprint, 1976). Prentice Hall of
India, New Delhi, 498p.

Jadev, S. S., Gutal, G. B. and Chougule, A. A. 1990. Cost economics of the drip
system for tomato crop. In: Balkema, A. A. (ed.), Proceedings of the eleventh



international congress on the use of plastic in agriculture; 26 February- 2

March, 1990; New Delhi, pp.171-176.

James, B. K., Singandhupe, R. B., Antony, E. and Kumar, A. 2007. Efficient water
use for brinjal (Solanum melongena) crop production through drip irrigation.

Indian J. Agric. Sci. 77(9): 591-595.

Jat, S. R., Shivran, A. C., Kuri, B. R., Choudhary, G. L., Prajapat, K. and Golada, S.
L. 2013. Effect of phosphorus and sulfur levels on profitability, nutrient
content and uptake of cowpea [Vigna unguiculata (L.) Walp.]. Environ. Ecol.
31(2): 488-491.

Jensen, M. H. 1990. Protected cultivation-A global review of plastics in agriculture,
In: Proceedings of the Eleventh International Congress on the Use of Plastics
in Agriculture; 26 February-2 March, 1990; New Delhi, pp.3-10.

Jyothi, K. 8. 1995. Effect of phenophased irrigation on vegetable cowpea under
graded dose of N & P. M.Sc. (Ag) thesis, Kerala Agricultural University,
Thrissur, 123p.

Kanwar, D. P. S,, Dikshit, S. N., Sharma, G. L., Patel, K. L., Agrawal, R. and
Sarnaik, D. A. 2013. Studies on effect of fertigation on growth and yield
attributing characters of sweet pepper (Capsicum annuum L.) under black

polythene mulch. J. Soil Crops 23(1): 73-77.

Kassem, M. A. 2008. Effect of drip irrigation frequency on soil moisture distribution
and water use efficiency for spring potato planted under drip irrigation in a

sandy soil. Misr J. Agric. Engng. 25(4); 1256-1278.

“Katherine, M. J., David, W. M. and Wayne, E. 2006, Weed contro! options for
strawberries on plastic. [on line] NC State University. Available:

http://www.ces.ncsu.edu/depts/hort/hil/hil-205-b [15 Jun 2012].


http://www.ces.ncsu.edu/depts/hort/hil/hil-205-b

*Kay, B. L. 1998. Mulching and chemical stabilizers for land reclamation in dry
regions. In: Schaller, F. W. and Sutten, P. (eds.). Reclamation of Drastically
Distributed lands. American Society of Agronomy Madison, WI, pp.467-483.

- KAU [Kerala Agricultural University]. 1991. Scheduling of irrigation for vegetable
crops- watermelon and cucurbits. Research report 1989-1990. Directorate of

Research, Kerala Agricultural University, Thrissur, pp. 86-87.

KAU [Kerala Agricultural University]. 1996. Annuval report 1996-97. ICAR
coordinated project for research on water management, ARS Mannuthy,

Kerala Agricultural University, Thrissur, pp. 20-24. '

KAU [Kerala Agricultural University]l. 2011. Package of Practices
Recommendations: Crops (14™ Ed.). Kerala Agricultural University, Thrissur,
360p.

Keshavaiah, K. V. and Kumaraswamy, A. S. 1993. Fertigation and water use
efficiency in potato under furrow and drip frrigation. J. Indian Potato Assoc.
20(3-4): 240-244.

Khalak, A. and Kumaraswamy, A. S. 1992. Effect of irrigation schedule and mulch
on growth attributes and dry-matter accumulation in potato (Solanum
tuberosum). Indian J. Agron. 37(3): 510-513.

Khan, M. H., Chattha, T. H. and Hayat, R. 2005. Growth and yield response of
tomato (Lycopersicon esculentum L.) to organic and inorganic mulches. Asian
J. Ld Sci. 4(2): 128-131,

Knavel, D. E. and Mohr, H. C. 1967. Distribution of roots of four different vegetables
under paper and polythene mulches. Proc. Am. Soc. Hort. Sci. 91: 589-597,

Kumar, M. D. 2003a. Food scarcity and sustainable agriculture in India: The water

management Challenge. Second IWMI-Tata Annual Partners meet report,
India. 55p.

i



Kumar, M. D. 2003b. Micro management of ground water in north Gujarat. Water
policy research highlights 5, IWMI-Tata Water Policy Programme, Anand,
45p.

Kumar, K., Malik, R. S. and Bhandari, A. R. 1992. Effect of urea application through
drip irrigation system on nitrate distribution in loamy sand soils and pea yield.

J. Indian Soc. Soil Sci. 42(1): 6-10.

Kumar, M. D., Samad, M., Amarasinghe, U. A. and Singh, O. P. 2006. Water saving
and yield enhancing technologies: How far can they contribute to water
productivity enhancement in Indian Agriculture?. Strategic Analysis of the
National River Linking Project of India, Series 1. International Water

Management Institute, Colombo, Sri Lanka, 409p.

Lee-kyeongbo, K. M., SunKwan, K. and JaeDon, D. 1995. Effect of irrigation period
on quality of Oriental melon. RDA J. Agric. Sci. Soil Fertil. 37(1): 250-254.

Locascio, S. J. and Smajstrla, A. G. 1989. Drip irrigated tomato as affected by water
quantity and N and K application timing. Proc. Fla. St. Hort. Soc. 102:307—
309.

Locascio, S. J. 2000. Management of irrigation for vegetables: past, present and
future. Hort. Technol. 15:482-485.

Lourduraj, A. C, Sreenarayanan, V. V., Rajendran, R., Ravi, V., Padmini, K.
and Pandiarajan, T. 1996. Effect of plastic mulching on tomato yield and
economics. S. Indian Hort. 44(5-6): 139-142,

Lowry, O. H., Rosebrough, N. J., Farr, A. L. and Randall, R. J. 1951. Protein
measurement with the Folin Phenol Reagent. J. Biol. Chem.193: 265-275.

Maharana, T. and Das, R. C. 1973. Studies on the effect of nitrogen and phosphorus
on the growth and yield of cowpea. Indian J. Hort. 1(1): 41-43,

Xil



Malik, R. S., Kumar, K. and Bhandari, A. R., 1994. Effect of urea application through
drip irrigation system on nitrate distribution in loamy sand soils and pea yield.

J. Indian Soc. Soil Sci. 42(1): 6-10.

Manfrinato, H. A. 1974. Effect of drip irrigation on soil water plant relationship. In:
International Drip Irrigation Congress (ed.) Proceedings of the Second
International Drip Irrigation Congress; 7-14 July, 1974; San Diego.
International Drip Irrigation Congress, California, pp. 446451,

Manickasundaram, P., Selvaraj, P. K., Krishnamoorthi, V. V. and Gnanamurthy, P.
2002, Drip irrigation and fertigation studies in tapioca, Madras Agric. J. 89(7-
9): 466-468.

Manickasundaram, P. 2005. Principles and practices of fertigation. In: Kandasamy,
0. S., Velayudham, K., Ramasamy, S., Muthukrishnan, P., Dvasenapathy, P.
and Velayudhan, A. (eds.), Farming for the future: Ecological and economic

issues and strategies. pp. 257-262.

Manjunatha, M. V. Shukla K. N. and Chauhan, H. S. 2001a. Effect of microsprinkler
and surface irrigation methods on yield and quality of potato. In: Singh, H. P.,
Kaushish, S. P., Kumar, A., Murthy, T. S. and Samuel, J. C. (eds.), Micro
irrigation. Central Board of Irrigation and Power, New Delhi, pp 403-406.

Manjunatha, M. V., Shukla, K. N., Singh, K. K., Singh, P. K. and Chauhan, H. S.
2001b. Response of micro irrigation on various vegetable crops. In: Singh, H.
P., Kaushish, S. P., Kumar, A., Murthy, T. S. and Samuel, J. C. (eds.), Micro
irrigation. Central Board of Irrigation and Power, New Delhi, pp. 398-402.

Manjunatha, M. V., Shukla, K. N., Singh, P. K. and Singh, R. 2001c. Economic
feasibility of microirrigation system for various vegetables. In: Singh, H. P.,
Kaushish, S. P., Kumar, A., Mur'thy, T. S. and Samuel, J. C. (eds.), Micro
irrigation. Central Board of Irrigation and Power, New Delhi, pp.357-364.

xiii



*Manohar, K. R. 2002. Evaluation of capsicum genotype and effects of sources of
fertilizers and levels of fertigtion under cost effective green house. Ph. D.

(Ag) thesis, UAS, Bangalore, 120p.

Meena, M. L., Kumar, S. and Dixit, S. K. 2008. Effect of bio-fertilizers and nitrogen
levels on flowering, fruiting yield and yield attributing characters of
okra [Abelmoschus esculantus (L.) Moench]. Environ. Ecol. 26(2): 560-562.

Molden, D., Shakthivadivel, R. and Habib, Z. 2001. Basin level use and productivity
of water: examples from South Asia. IWMI Research Report 49, International
Water Management Institute, Colombo, 78p.

Moreno, M. M., Moreno, A. and Mancebo, 1. 2009. Comparison of different mulch
materials in a tomato (Solanum lycopersicum L.) crop. Spanish J. Agric. Res.

7(2): 454-464.

Munguia, L. J., Quezada, R., Zermeno, G. A. and Penna, V. 1998. Plastic mulch
effect on the spatial distribution of solutes and water in the soil profile and

relationship with growth and yield of muskmelon crop. Plasticulture 116: 27-
32.

Munshower, F. F. 1994. Practical hand book of disturbed land revegetation. Lewis
Publishers, Boca Raton, Florida, 259p.

Musard, M. and Yard, C. 1990. Vitreous flesh in melons: The present position. Infos
59:27-28.

Mustafa, K. M. 1999. A compartive study between drip and furrow irrigation system
for producing okra (Hibiscus esculentus). M.Sc. (Ag) thesis, University of
Khartoum, Sudan, 65p.

Muthuvel, P. and Krishnamoorthy, K. K. 1978. Influence of soil moisture and added
N on P uptake. Madras Agric. J. 65(4): 256-261.

Xiv



Mullins, C. A., Straw, R. A. and Rutledge, A. D. 1992. Tomato production with
fertigation and black plastic mulch. Tenn. Frm. Home Sci. 164: 23-28.

Nache, G. 1996. Nutrition and irrigation management in green house. In: Singh, H.
P., Kaushish, S. P., Kumar, A., Murthy, T. S. and Samuel, J. C. (eds.), Micro

irrigation. Central Board of Irrigation and Power, New Delhi, 431p.

Nagalakshmi, S., Palanisamy, D., Eswaran, S. and Sreenarayanan, V. V. 2002.
Influence of plastic mulching on chilli yield and economics. S. Indian Hort.

50: 262-265.

Nakaande, M. K. 2013. Fertigation and mulching studies in cabbage (Brassica
oleracea var. capitata L.) M.Sc. (Ag) thesis, Kerala Agricultural University,
Thrissur, 64p.

Natan, K. D. 2005. Drip irrigation development and areas of future improvement in
Indian scenario. In: Proceedings of the 1 1" International Congress on
Plasticulture and Presiscion Farming; 17-21 November, 2005; New Delhi.
pp-129-135.

Natarajan, S., Sasikala, S. and Kumaresan, G. R. 2005. Influence of growing media,
irrigation regime, integrated nutrient management and mulching on yield and
economics in tomato (Lycopersicon esculentum Mill.) hybrids under

polyhouse condition. S. Indian Hort, 53(1-6): 40-45,

Neelam, P. and Rajput, T. B. S. 1998. Effect of fertigation on growth and yield of
onion. . In: Singh, H. P., Kaushish, 8. P., Kumar, A., Murthy, T. S. and
Samuel, J. C. (eds.), Micro irrigation. Central Board of Irrigation and Power,
New Delhi, 451p.

Ningaraju, R. 2013. Fertigation in oriental pickling melon (Cucumis melo var.
conomon (L.) Makino) under high density planting. M.Sc. (Ag) thesis, Kerala
Agricultura] University, Thrissur, 111p.

XV



Pai, A. A. and Hucker, S. B. (ed) 1979. Manual on irrigation water manbgemenl.
Ministry of Agriculture and Irrigation. Department of Agriculture, Krishi
Bhavan, New Delhi, pp 3-26.

Pandey, R. P. 1991. Phenological responses of cowpea (Vigna unguiculata L. Walp.)
under monsoon and summer conditions of Madhya Pradesh (India). J. Res.
Birsa Agric. Univ. 3(1): 67-71.

Pandey, A. K., Singh, A. K., Kumar, A. and Singh, S. K. 2013. Effect of drip

irrigation, spacing and nitrogen fertigation on productivity of Chilli

(Capsicum annum L.) Environ. Ecol. 31(1): 139-142.

Papadopoulos, L. 1992. fertigation of vegetables in plastic house: present situation

and future aspects. Acta Hort. 323: 151-174.

Patil, B. C., Padanad, L. A., Yashvantkumar, K. H., Shetty, S. and Laxmigudi, R.
2014, Efficacy and economics of integrated weed management in vegetable

cowpea [Vigna unguiculata (L.) Walp). Agric. Update 9(1): 124-127.

Patel, D. B., Patel, R. H. and Patel, R. B. 2009. Effect of drip irrigation, mulches and
nitrogen fertigation on yield and yield attributes of okra (Abelmoschus
esculentus). Indian J. Agric. Sci. 79(1): 12-15.

Phene, C. J. and Beale, D. W. 1976. High-frequency irrigation for water nutrient
management in humid regions. Soil Sci. Soc. Am. J. 40: 430-436.

Philips, A. L., Camp, C. B., Selder, E. J. and Yoder, R. E. 1996. Microirrigation of
water melon and cantaloupe in Puerto-Rico. In: Proceeding of the
International Conference on Evapotranspiration and Irrigation Scheduling,

ASAE, 3-6 November, 1996; San Antonio, TX, pp. 424-428.

Plaut, Z. and Ben-Hur, M. 2005. Irrigation management of peanut with a moving
sprinkler system: runoff, yield and water use efficiency. Agron. J. 97: 1202-
1209. '

XVi



Prabhakaran, N. K. 2003. Influence of irrigation on water use in soybean [Glycine

max (L.) Merrill]. Madras Agric. J. 90(1/3): 60-65.

Prabhakar, M. and Hebbar, S. S. 1996. Performance of some solanaceous and
cucurbitaceous vegetables under micro-irrigation system. In: Proceedings of
the all India seminar on modern irrigation technigues; 26-27 June, 1996;

Bangalore. The Institution of Engineers, Bangalore, pp.74-77.

Prabhakar, M. and Naik, L. B. 1993. Growth, yield and water use efficiency of
cucumber (Cucumis sativus) in relation to irrigation regime, spatial
adjustments and nitrogen. In: Abstracts of Golden Jubilee Symbosium on
Horticultural Research- Changing Scenario; 24-28 May, 1993; Banglore,
pp-189-190.

Prabhakar, M., Savanur, V. and Naik, C. L. 2001. Fertigation studies in hybrid
tomatoes. S. Indian Hort. 49: 98-100.

Quadir, M. A. 1992. Mulching effects on fruit yield of watermelon. Agric. Sci. Digest
12(1): 1-3.

Radha, L. 1985. Scheduling of irrigation for cucurbitaceous vegetables. M.Sc (Ag)
thesis, Kerala Agricultural University, Thrissur, 120p.

Raina, J. N., Thakur, B. C. and Bhournal, A. R. 1998. Effect of drip irrigation and
plastic mulch on yield, water use efficiency and benefit cost ratio of pea
cultivation, J. Indian Soc. Soil Sci. 46(4): 562-567.

Raina, J. N., Thakur, B. C. and Verma, M. L.1999. Effect of drip irrigation and
polythene mulch on yield, quality and water use efficiency of tomato

(Lycopersicon esculentum Mill.). Indian J. Agric. Sci. 69: 430-433,

Rajagopalan, A., Nambiar, 1. P. S. and Nair, R. R. 1989. Irrigation requirement of
watermelon (Citrullus lanatus) and cucumber (Cucumis sativus) grown in rice

fallows. Ann. Agric. Res. 10(3): 253-257.

Xvii



Rajees, P. C. 2013. Yield maximization of oriental pickling melon (Cucumis melo
var. conomon (L.) Makino) by high density planting and nutrient
management. M.Sc. (Ag) thesis, Kerala Agricultural University, Thrissur,
78p.

Rajput, T. B. S. and Patel, N. 2002. Yield response of okra (d4belmoschus
esculentus 1..) to different levels of fertigation. Ann. Agric. Res. 23(1): 164-
165.

Raman, S. S., Dakshinamurthy, K. M., Ramesh, G., Panlaniappan, S. P. and Chelliah,
S. 2000. Effect of fertigation on growth and yield of gherkin. Veg. Sei. 27(1):
64-66. '

Rani, T. and Pushpakumari, R. 1996. Yield and yield attributing characters and
economics of bhindi (4belmoschus esculentus Mill.) as influenced by

nutrients. J. Trop. Agric. 34(2): 48-50.

Ranjan, A. and Chaudhary, V. 2006. Response of Okra to organic and inorganic
fertilization. J. Appl. Biol. 16(1-2): 14-16.

Rekha, K. B., Reddy, M. G. and Mahavishnan, K. 2005. Nitrogen and water use
efficiency of bhindi (Abelmoschus esculentus L. Moench) as influenced by
drip irrigation. J. Trop. Agrci. 43(1-2):43-46.

Rolbiecki, R. 2007. The effect of microirrigation on yields of Zucchini (Cucurbita

pepo L.) cultivated on a sandy soil in Central Poland. Acta Hort. 729: 325-
329.

Ruby, R., Nirala, S. K. and Suresh, R. 2012. Effect of fertigation and mulch on yield

of pointed gourd in calcareous soil of north Bihar. Environ. Ecol. 30(3): 641-
645.

Xviii



Sajjan, A. S., Shekargouda, M. and Badanur, V. P. 2002. Influence of date of sowing,
spacing and levels of nitrogen on yield attributes and seed yield in okra. _
Karnataka J. Agric. Sci. 15(2): 267-274.

Salman, S R., Bakry, M. O., Abou-Hadid, A. F. and El-Beltagy, A. S. 1991. The
effect of plastic mulch on the microclimate of plastic house. Acta Hort. 287:

417-425.

Salvi, B. R., Jadhav, S. N. and Pulekar, C. S. 1995. Response of bell pepper
(Capsicum annuum) to irrigation and nitrogen. Indian J. Agron. 40(3): 474-
477.

Sankar, V., Quareshi, A., Tripathi, P. C. and Lawanete, K. E. 2001, Micro irrigation
studies in garlic (Allium sativum L.). S. Indian Hort. 49:379-381.

*Schwanki, L. J. and Hanson, L. R. 2007. Surface drip irrigation. In: Freddie, R. and
Francis, L. S. N. (eds.), Development in agricultural engineering. pp. 43-427.

Shaker, B. A., Saeed, A. B. and Al-Khalifa, A. B. A. 2013. Effect of drip irrigation on
Phaseolus Bean production under the open field condition of Sudan. J. Agri-
Food Appl. Sci. 1(3): 86-90.

Sharda, R., Mahajan, G., Kaushal, M. P., Chawhan, N. and Bal, S. S. 2006. Effect of
irrigation on yield and quality of onion. Veg. Sei. 33(1): 34-37.

Sharmasarkar, F. C., Sharmasarkar, S., Held, L. J., Miller, D. S., Vance, F. G. and
Zhang, R. 2001. Agronomic analysis of drip irrigation for sugar beet
production. Agromn. J. 93: 517-523.

Shedeed, S. 1., Zaghloul, S. M. and Yassen, A. A. 2009. Effect of Method and Rate of
Fertilizer Application under Drip Irrigation on Yield and Nutrient Uptake by
Tomato. Ozean J. Appl. Sci. 2(2): 139-147.

Shinde, U. R. and Firake, N. N. 1998. Economics of summer chilli production with

mulching and micro irrigation . J. Maharastra Agric. Univ. 23; 14-16.

Xix



Shinde, U, R., Firake, N. N., Dhotrey, R. S. and Bankar, M. C. 1999. Effect of micro-
irrigation systems and mulches on micro-climatic factors and development of
crop coefficient models for summer chilli. J. Maharashtra Agric. Univ. 24(1):
72-75.

Shinde, P. P., Chavan, M. G. and Newase, V. B. 2006. Studies on fertigation in
cabbage. J. Maharashtra Agric. Univ. 31(3): 255-257.

Shmueli, M. and Goldberg, B. 1972. Response of tickle irrigated pepper in an arid

zone to various water regimes. Hort. Sci. 7: 241-243.

Singh, K. L., Chauhan, H. S., Singh, P. K. and Shukla, K. N. 2001. Response of
biometric yield of bottle gourd under micro irrigation. In: Singh, H. P,
Kaushish, S. P., Kumar, A., Murthy, T. S. and Samuel, J. C. (eds.), Micro
irrigation. Central Board of Irrigation and Power, New Delhi, pp. 388-392.

Singh, K. G., Siag, M. and Mahajan, G. 2006. Water and nutrient requirement of drip
irrigated green pea. Haryana J. Hort. Sci. 35(3-4): 320-322.

Singh, R. 2005. Influence of mulching on growth and yield of tomato in north Indian
plains. Veg. Sci. 32(1); 55-58.

Singh, N., Sood, M. C. and Lal, S. S. 2005. Evaluation of Potato Based Cropping
Sequences under Drip, Sprinkler and Furrow Methods of Irrigation. Potato J.
32(3-4): 175-176.

Singh, K. V., Singh, M. K. and Singh, B. 2007. Response of macro and micro
nutrients on growth and yield of okra (Abelmoschus esculentus L. Moench)

cv. Pusa sawani. Prog. Agric. 7(1/2): 63-65.

Singh, A., Baoule, A. L.,Ahmed, H. G, Dikko, A. U, Aliyu, U., Sokoto, M.
B., Alhassan, J., Musa, M. and Haliru, B. 2011. Influence of phosphorus on
the performance of cowpea (Vigna unguiculata (L) Walp.) varieties in the

Sudan savanna of Nigeria. Agric. Sci. 2(3): 313-317.

XX



Singh, K. G., Siag, M. and Mahajan, G. 2006. Water and nutrient requirement of drip
irrigated green pea. Haryana J. Hort. Sci. 35(3/4): 320-322.

Sivanappan, R. K. 1998. Status, scope and future prospects of micro irrigation and
sprinkler irrigation systems. In: Proceedings of Workshop on Micro irrigation

and Sprinkler Systems; 28-30 April, 1998; New Delhi, pp.11-17.

Sivanappan, R. K. and Lamm, F. R. 1999. Present status and future of micro
irrigation in India. In: Proceedings of the Fifth International Micro Irrigation

Congress; 2-6 April, 1999; Florida, USA, pp. 740-744.

- Sivanappan, R: K., Rajgopal, A. and Paliniswami, D., 1974. Response of vegetable to
the drip irrigation. Madras Agric. J. 65: 576-579.

Siwek, P., Cebula, S., Libik, A. and Mydlarz, J. 1994, The effect of mulching on
changes in microclimate and on the growth and yield of sweet pepper grown

in plastic tunnels. Acta Hort. 366: 161-167.

Soliman, M. S. and Doss, M. 1992, Salinity and mineral nutrition effects on growth
and accumulation of organic and inorganic ions in two cultivated tomato

varieties. J. Plant Nutr. 15(12): 2789-2799.

Soujala, T., Salo, T. and Pulkkinén, J. 2006. Drip irrigation and fertigation of pickling
cucumber, Acta. Hort. 700:153-156. -

Somkuwar, R.G., Mahakal, K.G. and Kale, P.B. 1997. Effect of different levels of
nitrogen on growht and yield in okra varieties. P.K. V. Res. J. 21(2): 202-204.

Spehia, R. S., Sharma, I. P. and Bhardwaj, R. K. 2010. Cost economics and effect of
drip irrigation on yield and water use efficiency of okra under mulch and non

mulch conditions in mid-hills of Himachal Pradesh. Haryana J. Hort. Sci
39(1-2): 161-164.



Srinivas, K. and Hedge, D. M. 1990. Drip irrigation studies in banana. In:
Proceedings of the 11th International Congress on the Use of Plastics in
Agriculture; 26th February-2nd March, 1990; New Delhi, India. pp. 151-157.

Srinivas, K. and Hedge, D. M. 1994, Effect of mulches and cover crops on Robusta
banana. Indian J. Agric. Sci. 64(1): 779-782.

Srinivas, K., Hedge, D. M. and Havanagi, G. V. 1989. Irrigation studies on
watermelon (Citrullus lanatus (Thunb.) Matsum et Nakai). frrig. Sci. 10(4):
293-301.

Sturm, M., Kacjan-Marsic, N., Zupanc, V., Braci-Zeleznik, B., Lojen, S. and Pintar,
M. 2010. Effect of different fertilisation and irrigation practices on yield,
nitrogen uptake and fertiliser use efficiency of white cabbage (Brassica

oleracea var. capitata L.). Scient. Hort. 125: 103-109.

Subbiah, B. V. and Asija, C. L. 1956. A rapid procedure for the estimation of
available N in soils. Curr. Sci. 25: 259-260.

Subbarayappa, C. T., Santhosh, S. C,, Srinivasa, N. and Ramakrishnaparama, V.
2009. Effect of Integrated Nutrient Management on nutrient uptake and yield
of cowpea in Southern Dry Zone soils of Karnataka. Mysore J. Agric. Sci.
43(4): 700-704.

Sunilkumar, C. 1998. Mulch cum drip irrigation system for okra. M.Sc. (Ag) thesis,
Kerala Agricultural University, Thrissur, 89p.

Sunilkumar, C. and Jaikumaran, U. 2002. Yield and yield attributes of bhindi as
influenced by mulching and Methods of irrigation. J. Trop. Agric. 40: 56-58.

Susila, A. D., Kartika, J. G., Prasetyo, T. and Palada, M. C. 2012, Drip irrigation: will
it increase yield in traditional vegetable production system?. Mysore J. Agric.
Sci. 48(4): 70-74.

xxii



Tagar, A., Chandio, F. A., Mari, I. A. and Wagan, B. 2012. Comparative study of drip
and furrow irrigation methods at farmer’s field in Umarkot. World Acad. Sci.

Engng. Technol. 69: 863-867.

Tarawali, S. A., Singh, B. B., Gupta, S. C., Tabo, R., Harris, F., Nokoe, S.,
Fernandez-Rivera, S., Bationo, A., Manyong, V. M., Makinde, K. and Odion,
E. C. 2002. Cowpea as a key factor for new approach to integrated crop
livestock systems research in the dry savannas of West Africa. In: Fatokun, C.
A., Singh, B. B., Kormawa, P. M. and Tamo, M. (eds.) Challenges And
Opportunities For Enhancing Sustainable Cowpea Production. International

Institute of Tropical Agriculture IITA, Ibadan, Nigeria, pp.233-251.

Thakur, P, S., Thakur, A., Kanaujia, S. P. and Thakur, A. 2000. Reversal of water
stress effects I. Mulching impact on the performance of Capsicum annuum

under water deficit. Indian J. Hort. 57: 250-254,

Tiwari, K. N., Mal, P. K., Singh, R. M. and Chattopadhyay, A. 1998. Response of
okra (Abelmoschus esculentus (L.) Moench.) to drip irrigation under mulch

and non-mulch conditions. Agric. Wat. Manage. 38: 91-102.

Uppal, D. S., Khurana, S. M. P. and Pandey, S. K. 2001. Influence of pre-harvest
mulching for curing of tubers on potato chip colour and processing

parameters. J. Indian Potato Ass. 28: 176-177.

Vamadevan 1980. Scientific water management practices for important crops of
Kerala. In: Proceedings of seminar on water management practices in Kerala;
11-12 October, 1980; Calicut. Center for water resources development and

management, Calicut, pp. 13-39.

Veeranna, H. K., Khalak, A. and Sujith, G. M. 2001. Effect of fertigation and
irrigation methods on yield, water and fertilizer use efficiency in chilli

(Capsicum annuum). S. Indian Hort. 49: 101-103.

xxiii



Veeraputhiran, R. 1996. Irrigation management related to subsurface moisture
conservation techniques in oriental pickling melon. M. Sc. (Ag.) thesis,

Kerala Agricultural University, Thrissur, 123 p.

Verma, M. L., Thakur, B. C. and Bhandari, A. R. 2007. Effect of drip irrigation and
polyethylene mulch on yield, quality and water-use efficiency of peach cv.
July Elberta. Indian J. Hort. 64(4): 406-409.

Verma, . M. and Batra, B. R. 2001. Effect of irrigation and nitrogen on growth and
yield in okra. S. Indian Hort. 49: 386-388.

Vijayakumar, G., Tamilmani, D. and Selvaraj, P. K. 2010. Irrigation and fertigation
scheduling under drip irrigation in brinjal (solanum melongena L.) Crop
LJBSM 1(2): 72-76.

Walkley, A. and Black, I. A. 1934. Examinations of The Degtjareff Method For
Determining Soil Organic Matter, And A Proposed Modification Of The
Chromic Acid Titration Method. Soil Sci. 37(1):29-38.

Waterer, D. R. 2000. Effect of soil mulches and herbicides on production economics

of warm-season vegetable crops in a cool climate. HortTechnol. 10: 154-159.

Wien H.C., Minotti, P.L. and Grubinger, V.P. 1993. Polyethylene Mulch Stimulates
Early Root Growth and Nutrient Uptake of Transplanted Tomatoes. J. Am.
Soc. Hort. Sci. 118(2): 207-211.

*Yildirim, O. and Korukcu, A. 2000. Comparison of Drip, Sprinkler and Surface
[rrigation Systems in Orchards. M.Sc (Ag) thesis, University of Ankara,
Turkey, 47p.

Yadav, B. K. 2011. Interaction effect of phosphorus and sulphur on yield and quality
of cluster bean in Typic Haplustept. World J. Agric. Sci. 7(5): 556-560.

Yadav, A. C. and Singh, B. 1991. Water stress in vegetable production - a review.
Agric. Rev. 12(4): 177-184.

XXiv



Yadav, L. R. and Choudhary, G. L. 2012. Effect of fertility levels and foliar nutrition
on profitability, nutrient content and uptake of cowpea [Vigna unguiculata

(L.) WALP]. Legume Res. 35(3): 258-260.

Yaghi, T., Arslan, A. and Naoum, F. 2013. Cucumber (Cucumis sativus L.) water use
efficiency (WUE) under plastic mulch and drip irrigation. Agric. Wat. Manag.
128: 149-157.

Yingjajaval, S. and Markmoon, C.1993. Irrigation and fertilizer levels for the
production of cucumber 'Puang'. Kasetsart J. Nat. Sci. 27(2): 142-152.

Yoon, J., Kim, C., Park, N., Lim, J., Choi, D., Choi, B. and Yoon, J. T. 1995. Red
pepper growth in relation to soil water management in a drought area. RDAJ

Agric. Sci. Soil Fertil. 37: 251-254.

Zaman, W. U., Arshad, M. and Saleem, A. 2001. Distribution of nitrate nitrogen in
the soil profile under different irrigation methods. Int. J. Agric. Biol. 2: 208—
209.

Zeng, Q., Brown, P. H. and Holtz, B. A. 2001. Potassium fertilization affects soil K,

leaf K concentration, and nut yield and qualit)} of mature pistachio trees.

HortSci. 36(1): 85-89.

*QOriginals not seen

XXV



APPENDICES



APPENDIX 1

a) Cost of drip system per hectare

SI | Materials Quantity Unit cost Total cost
no. (Rs.) (RsJ)
I | EPCdrip 12mm lateral pipe 944 6.2 5838.2
2 | EPC drip grommet ¢onnector and | 2272 2.8 6346.0
straight connector
3 | EPC drip 12mm x 50 inline lateral | 3790 m 9.1 34402.8
pipe
4 | EPC drip lateral pipe end 756 2.9 2186.9
5 | Drip plastic filter ] 1250 1246.9
6 | Insulated GI wire 186 3.6 667.9
7 | PVC pipe 32 mm x 10.0 kg/sm” | 2614 40.2 104820.0
1S1
PVC pipe Tee 32 mm 338 16.2 5461.9
9 | PVC pipe Tee 50 mm 16 39.3 627.2
10 | PVC pipe bend 1210 14.7 17742.53
11 | PVC pipe reducing Tee 40 x 148 46.4 6850.0
32mm
12 | PVC pipe reducer 50 x 32 mm 16 15.9 253.8
13 | PVC pipe FTA 185 14.7 2712.7
14 | PVC pipe 50 mm x 6 kg/em® 718 414 29650.9
15 | PVC pipe Teflon tape + shellac 282+754 12.5 4451.3
16 | PVC pipe solvent cement 250 m! | 16 62 089.5
17 | PVC pipe ball valve 40 mm 167 118.5 19740.0
18 | PVC pipe flush valve 40 mm 300 80 23940.0
19 | PVC pipe ball tank connector 148 41 6052.8
20 | Tanks 148 500 73815.0
21 | Transportation and installation 95637.0
charge
Total 4,43,433.20

One fifth of the cost (Rs. 88,686.65) of the drip system per hectare is taken for
calculating the B:C ratio, assuming that the system will serve for five seasons.




b) Cost of inputs per hectare

Sl no. | Inputs Quantity Unit cost (Rs.) Total cost
(Rs.)
] Seed 4kg 1440/kg 5600
2 |FYM 20t 880/t 17600
3 Lime 250 kg 15.5/kg 3875
4 Urea 10/kg
F 23 kg 230
F, 30.5 kg 305
F; 38kg 380
F4 13 kg 130
Control 30.5kg 380
5 MAP 200/kg
Fi 37kg 7400
F> 49 kg 9800
. F; 61.5 kg 12300
F4 32.8kg 6560
Control 49 kg 9800
6 MOP 20/kg
F, 12.5kg 250
F> 17kg - 340
F3 21 kg 420
Control 17 kg 340
7 19:19:19 148/kg
" F 52.6kg 7785
8 PP chemicals 2500
9 Coir for trellis 200 bundles 20/bundle 4000
10 | Polythene sheet 6000 m* 6/m” 36000

One third of the cost (Rs. 12000) of the polythene sheet per hectare is taken for
calculating the B:C ratio, assuming that the mulch will last for three seasons.




c) Cost of cultivation

Sl | Particulars Quantity Unit cost Total cost

no. (Rs.) (Rs.)

1 | Ploughing by tractor 3h 400/h 1200

2 | Field preparation and taking beds | 50 men 380 19000

3 | Application and incorporation of | 15 men 380 5700

FYM and lime 9 women 280 2520

4 | Sowing of seeds 9 women 280 2520

5 | Spreading mulching sheets 10 men 380 3800

6 | Spraying PP chemicals 4 men 380 1520

7 | Fertilizer application in control 6 women 280 1680

plots

8 | Making trellis 27 men 380 10260

9 | Harvesting 2] women 280 5880
d) Cost of weeding per hectare

Sl no. | Treatment Quantity Unit cost Total cost

(Rs.) (Rs.)

1 Drip with mulch 17 women 280 4760

2 Drip without mulch 49 women 280 13720

3 Control 82 women 280 22960




e) Cost for irrigation and electricity

Sl no. | Treatments Quantity Unit cost Total cost
(Rs.) (Rs.)
1 I; (Drip irrigation at 80 per cent
Ep)
Labour cost 15 men 380 5700
Electricity cost 173 units 29 502
Total 6202
2 I (Drip irrigation at 60 per cent
Ep)
Labour cost 11 men 380 4180
Electricity cost 130 units 2.9 377
Total 4557
3 Control (Channel irrigation once
in three days)
Labour cost 8 men 380 3040
Electricity cost 40 units 29 116

Total

3156




a) Weekly weather data

APPENDIX I1

Temperature ("C) Relative Wind Mean Rainfall | Rainy | Evaporation Mean

Date Maximum | Minimum | humidity | speed sunshine (mm) days (mm) evaporation
(%) (km/h) | hours (h) (mm)

15/1/14- 332 23.7 050 5.8 8.8 000.0 0 37.6 5.4
21/1/14
22/1/14- 325 23.3 051 8.8 93 - 000.0 0 44.5 6.4
28/1/14
29/1/14- 33.7 223 047 7.8 9.9 000.0 0 43.3 6.2
04/2/14
05/2/14- 35.1 21.0 037 3.9 9.8 000.0 0 38.2 55
11/2/14 ‘
12/2/14- 336 22.6 070 24 7.4 000.0 0 254 3.6
18/2/14
19/2/14- 35.0 243 054 53 7.5 000.0 0 37.7 5.4
25/2/14
26/2/14- 35.2 24.6 060 3.9 8.7 000.0 0 374 53
04/3/14 '




05/3/14- | 35.1 25.1 054 49 72 000.0 41.6 5.9
11/3/14

12/3/14- | 37.4 22.7 042 5.2 9.7 000.0 53.9 7.7
18/3/14 _

19/3/14- | 373 24.7 065 2.7 8.5 000.0 38.2 55
25/3/14

26/3/14- | 38.1 243 056 29 8.9 000.0 44.1 6.3
01/4/14

02/4/14- | 363 25.9 071 2.6 7.1 000.7 33.7 438
08/4/14

09/4/14- | 345 24.3 074 2.1 5.1 040.0 282 4.1
15/4/14

16/4/14- | 35.2 25.8 073 2.4 8.4 003.5 305 45
22/4/14 |

23/4/14- | 35.2 26.5 075 2.1 49 014.6 27.4 39
29/4/14

30/4/14- | 35.0 25.0 072 32 5.6 086.4 29.0 41

06/5/14




b) Daily evaporation data

Date Evaporation (mm) Rainfall {(mm)
21-01-14 7.1 00.0
22-01-14 7.3 00.0
23-01-14 5.6 00.0
24-01-14 4.1 00.0
25-01-14 7.1 00.0
26-01-14 6.2 00.0
27-01-14 6.6 00.0
28-01-14 7.0 00.0
29-01-14 6.0 00.0
30-01-14 5.0 00.0
31-01-14 5.7 00.0
01-02-14 6.0 00.0
02-02-14 6.6 00.0
03-02-14 7.1 00.0
04-02-14 6.3 00.0
05-02-14 4.0 00.0
06-02-14 5.5 00.0
07-02-14 6.1 00.0
08-02-14 6.0 00.0
09-02-14 5.9 00.0
10-02-14 5.5 00.0
[1-02-14 5.2 00.0
12-02-14 34 00.0
13-02-14 1.5 00.0
14-02-14 3.5 00.0
15-02-14 4.1 00.0
16-02-14 3.8 00.0
17-02-14 4.1 00.0
18-02-14 5.0 00.0
19-02-14 3.9 00.0
20-02-14 5.4 00.0
21-02-14 5.2 00.0
22-02-14 5.1 00.0




23-02-14 49 00.0
24-02-14 54 00.0
25-02-14 7.8 00.0
26-02-14 72 00.0
27-02-14 6.4 00.0
28-02-14 5.4 00.0
01-03-14 47 00.0
02-03-14 438 700.0
03-03-14 49 00.0
04-03-14 4.0 00.0
05-03-14 5.2 00.0
06-03-14 55 00.0
07-03-14 5.7 00.0
08-03-14 6.4 00.0
09-03-14 6.5 00.0
10-03-14 4.0 00.0
11-03-14 6.1 00.0
12-03-14 74 00.0
13-03-14 72 00.0
14-03-14 79 00.0
15-03-14 8.2 00.0
16-03-14 7.0 00.0
17-03-14 8.5 00.0
18-03-14 7.6 00.0
19-03-14 7.4 00.0
20-03-14 5.7 00.0
21-03-14 5.8 00.0
22-03-14 6.0 00.0
23-03-14 5.0 00.0
24-03-14 38 00.0
25-03-14 52 00.0
26-03-14 6.7 00.0
27-03-14 8.9 00.0
28-03-14 6.7 00.0
29-03-14 6.9 00.0
30-03-14 5.2 00.0




31-03-14 5.6 00.0
01-04-14 5.2 00.0
02-04-14 4.4 00.0
03-04-14 52 00.0
04-04-14 5.1 00.0
05-04-14 5.1 00.0
06-04-14 52 00.0
07-04-14. 5.0 00.0
08-04-14 4.4 0.70
09-04-14 4.5 00.0
10-04-14 2.6 00.0
11-04-14 5.1 29.0
12-04-14 3.5 00.0
13-04-14 5.6 11.0
14-04-14 4.5 00.0
15-04-14 . 23 00.0
16-04-14 3.9 00.0
17-04-14 3.9 00.0
18-04-14 4.9 00.0
19-04-14 3.9 3.50
20-04-14 4.9 330
21-04-14 4.3 00.0
22-04-14 5.1 00.0
23-04-14 3.4 00.0
24-04-14 4.9 00.0
25-04-14 4.4 00.0
26-04-14 3.0 00.0
27-04-14 4.0 00.0
28-04-14 4.4 14.6
29-04-14 3.3 00.0
30-04-14 3.4 00.0
01-05-16. 3.5 00.0
02-05-16 3.4 00.0




APPENDIX III

Schedule of fertilizer application

Levels of fertilizer

Date F1 (75 per cent RDF) F> (100 per cent RDF) F; (125 per cent RDF) F4 (100 per cent RDF)

MAP Urea MOP MAP Urea MOP | MAP Urea | MOP | MAP Urea | 19:19:19

(kg/ha) | (kg/ha) | (ke/ha) | (ke/ha) | (kg/ha) | (ke/ha) | (ke/ha) | (kg/ha) | (ke/ha) | (kg/ha) | (kg/ha) | (kg/ha)
23-01-14 | 0.75 0 0.15 1.00 0 0.19 1.26 0 0.257 0.67 0 0.53
26-01-14 1.51 0 0.19 2.01 0 0.25 2.51 0 0.31 1.34 0 0.65
29-01-14 | 2.26 0 0.22 3.02 0 0.29 3.77 0 0.37 2.01 0 0.78
01-02-14 | 2.26 0 0.22 3.02 0 0.29 3.77 0 0.37 2.01 0 0.78
04-02-14 | 2.26 0 0.22 3.02 0 0.29 3.77 0 0.37 2.01 0 0.78
07-02-14 | 2.26 0 0.22 3.02 0 0.29 3.77 0 0.37 2.01 0 0.78
10-02-14 | 2.26 0 0.22 3.02 0 0.29 3.77 0 0.37 2.01 0 0.78
13-02-14 | 2.26 0 0.22 3.02 0 0.29 3.77 0 0.37 2.01 0 0.78
16-02-14 | 5.27 0 0.37 7.04 0 0.48 8.79 0 0.60 4.69 0 1.28
19-02-14 | 5.27 0 0.37 7.04 0 0.48 8.79 0 0.60 4.69 0 1.28
22-02-14 | 5.27 0 0.37 7.04 0 0.48 8.79 0 0.60 4.69 0 1.28
25-02-14 | 5.27 0 0.37 7.04 0 '0.48 8.79 0 0.60 4.69 0 1.28
28-02-14 0 0.79 0.37 0 1.05 0.48 0 1.31 0.60 0 0.45 1.28
03-03-14 0 0.79 0.37 0 1.05 0.48 0 1.31 0.60 0 0.45 1.28
06-03-14 0 0.79 0.37 0 1.05 048 0 1.31 0.60 0 0.45 1.28




Levels of fertilizer

Date F1 (75 per cent RDF) F; (100 per cent RDF) F; (125 per cent RDF) F, (100 per cent RDF)
MAP Urea MOP | MAP Urea MOP | MAP Urea MOP | MAP Urea | 19:19:19
(kg/ha) | (kg/ha) | (kg/ha) | (kg/ha) | (kgsha) | (kgsha) | (kg/ha) | (kg/ha) | (kg/ha) | (kg/ha) | (kg/ha) | (kg/ha)
09-03-14 0 0.79 0.37 0 1.05 0.48 0 1.31 0.60 0 0.45 1.28
12-03-14 0 1.23 0.80 0 1.64 1.05 0 2.04 1.31 0 0.71 2.78
15-03-14 0 1.23 0.80 0 1.64 1.05 0 2.04 1.31 0 0.71 2.78
18-03-14 0 1.23 0.80 0 1.64 1.05 0 2.04 1.31 0 0.71 2.78
21-03-14 0 1.23 0.80 0 1.64 1.05 0 2.04 131 0 0.71 2.78
24-03-14 0 1.23 0.80 0 1.64 1.05 0 2.04 1.31 0 0.71 2.78
27-03-14 0 1.23 0.80 0 1.64 1.05 0 2.04 [.31 0 0.71 2.78
30-03-14 0 1.23 0.80 0 1.64 1.05 0 2.04 1.31 0 0.71 2.78
02-04-14 0 1.23 0.80 0 1.64 1.05 0 2.04 1.31 0 0.71 2.78
05-04-14 0 1.68 0.69 0 2.22 0.91 0 2.79 1.14 0 0.97 2.40
08-04-14 0 1.68 0.69 0 2.22 0.91 0 2.79 1.14 0 0.97 2.40
11-04-14 0 1.68 0.69 0 2.22 0.91 0 2.79 1.14 0 0.97 2.40
14-04-14 0 1.68 0.69 0 2.22 0.91 0 2.79 1.14 0 0.97 2.40
17-04-14 0 1.68 0.69 0 2.22 0.91 0 2.79 1.14 0 0.97 2.40
20-04-14 0 1.68 0.69 0 2.22 0.91 0 2.79 1.14 0 0.97 2.40
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ABSTRACT

The investigations on ‘Fertigation and mulching studies in yard long bean
(Vigna uﬁguiculata var. sesquipedalis (L.) Verdcourt)’ were carried out in the
Department of Olericulture, College of Horticulture, Vellanikkara during January —
May 2014. The study was conducted in the yard long bean variety Vellayani Jyothika
to standardize the fertigation requifement and to assess the relative efficacy of

fertigation and mulching over the conventional method.

The experiment was laid out in strip plot design with two replications. There
was a total of 17 treatments consisting of combinations of two irrigation levels (60
and 80 per cent pan evaporation (Ep) througﬁ drip irrigation) and four fertilizer levels
(75, 100 and 125 per cent recommended dose of fertilizer (RDF) and 100 per cent
RDF with water soluble fertilizer) with and without mulching and a control treatment

(channel irrigation once in three days with 100 per cent RDF).

The study revealed that irrigation, mulching and fertilizer levels had
significant effect on vine length. Scheduling of irrigation at 80 per cent Ep resulted in
significantly higher vine length. At higher levels of irrigation (80 per cent Ep) yield
and number of pods per plant were higher whereas, length and weight of pods, and
number of seeds per pod were not influenced by the levels of irrigation. Mulching
significantly influenced yield and yield attributing characters like number of pods per
plant, and length and weight of pods but had no influence on number of seeds per pod
and protein content of pods. Plants receiving 125 per cent RDF resulted in
signiﬁcéntly higher yield and yield attributing characters like number of pods per

plant, number of seeds per pod, length and weight of pods compared to 75 and 100
per cent RDF.

Per se and interaction effects of irrigation, mulching and fertilizer were not

significant with respect to days to first flowering, first fruit set, first harvest, days



from flowering to harvest, number of harvests, duration of the crop and protein

content.

Weed growth in terms of fresh and dry weight was not influenced by levels of
irrigation while mulched plots recorded significantly lower weed growth than the
unmulched plots. Among the fertilizer levels, 125 per cent RDF resulted in higher
weed growth. Organic carbon content, available nitrogen, available phosphorus and
available potassium on 45 DAS and at final harvest were the highest in treatments
receiving 125 per cent RDF whereas, the highest pH and the lowest EC were
recorded in 75 per cent RDF.

Interactions between levels of irrigation, mulching and fertilizer when
considered together, had significant effect on vine length, all yield attributes, weed
growth and all soil parameters. The vine length, yield, yield attributes like length and
weight of pods and soil nutrients were the highest when irrigation was given at 80 per
cent Ep along with mulching and 125 per cent RDF (I;)M,F3). This was statistically
on par with the treatment iiM1F3 in whiéh‘irrigation was limited to 60 per cent Ep. An
increase of 3.4 times wa.s- there iﬁ"j}'ie_l:ci in the treatments [;M,;F; and LM, F; over

conventional channel irrigation at.3-days interval with 100 per cent RDF (control).

The highest BC ratio of 1.83 was obtained for the treatments 1;M,F; and
2M;F; (60 and 80 per cent Ep with mulching, 125 per cent RDF). Irrigation at 60 or
80 per cent Ep along with 125 per cent RDF and mulching with white on black

- polythene was found to be the best treatments.



