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Abstract

A field experiment was conducted for three conseeutbi seasons (2011-12 to 2013-14) to evaluate thetedfeicrigation
depth (0.4, 0.6, 0.8 and 1.0 CPE) and NK fertiga{®0 and 100% of adjusted recommended dose) alithga control (basal
application of soil test based adjusted recommemt&id fertilizer and surface irrigation of 5 cm) tire productivity of garden
pea at Palampur. Result revealed that irrigatiahfartigation with micro-sprinkler led to 60.9% $egse of water and 10.0%
higher green pod yield. Consequently, water udeiefficy was increased by 3.12 times over the recema®d practices. Every
fifth day irrigation with 80% CPE (CPE 0.8) resultim significantly higher green pod yield than evéfth day irrigation with
either 60% CPE (13.74%) or 40% CPE (19.96%). Itiigawith minimum depth of water (0.4 CPE) resuliadmaximum
water use efficiency of 6.51 kg green pods aif irrigation water used for crop production. Fgation of sprinkler irrigated
crop either with 50 or 100% of recommended soit-tesed NK had no effect on green pod yield, greegn and water use
efficiency.
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India has made considerable progress in developing poly-houses is 133.634 ha. Under open fields, #461.519

irrigation infrastructure which leads to substdritigprove- ha with maximum area in Kangra district (842.56 ha)
ment in production of vegetables crops. Vegetabdelyrc- (Anonymous 2010). Micro-irrigation has an addedaadsage
tion increased from 12.06 lakh tonnes in 2009-102®9 in undulating topography with poor soil water reten and

lakn tonnes in 2010-11 with growth rate of 5.2% transmission characteristics and small and scalitéamad
(Anonymous 2012). Despite this development the prod holdings with small amount of water stored fronrmfall at

tivity of irrigated area has not reached the desievel. the farm. Among micro irrigation systems, sprinkleare
This is due to lower water use efficiency of traufitl favoured in comparison to drip as the time requirediean-
methods of surface irrigation, which is mainly dte ing the blockages of emitters is eliminated considly and
higher water conveyance losses, excess or defiplica- water is delivered more uniformly to the crop. Micand
tion of irrigation water and deep losses. This ssitates mini sprinklers are very reliable with a CV of <10%hey
adoption of such method of irrigation where losses provide regular and targeted distribution of thegation
minimum. Pressurized micro sprinkler is one of soeth- water, valuable as a protection against damage frost
ods where controlled irrigation is possible withnimium (Guidoboni 2006).
losses of irrigation water. In India, due to speeiaphasis Application of water soluble fertilizer through vteni is
on micro-irrigation during 10th plan, the area unahécro- an important feature of micro-irrigation systemsrtigation
irrigation increased up to 2352477 ha including Q145 increases the fertilizer use efficiency as the iaots are
ha under micro sprinklers (Singhal. 2012). supplied as per the demand of the crop. The avtijabf
In Himachal Pradesh, area under micro-irrigatio water and nutrient simultaneously improtks uptake.

126



Under such situation crop may need much less gyaofti
nutrient as it needs under conventional methodrigfation
and fertilization. Sprinkler irrigation along witlertigation
through water soluble fertilizers especially nitagand
potash will optimize nutrient use and ultimatelyll vin-

crease water and nutrient use efficiency.

Pea Pisum sativumvar. hortense L.) is a cool-season,
nutritious legume widely cultivated throughout terld.
It is a rich source of protein (25%), amino acidsgars
(12%), carbohydrate, vitamins A and C, calcium phds-
phorus, apart from having a small quantity of ir@ver
years with steady increase in acreage and produdtibas
occupied the position of leading cash crop in Hinadc
Pradesh especially in the higher and mid hill zoofebli-
machal Pradesh. The area under pea crop in Himachal
Pradesh is 22,800 ha with an annual production5sf,200
metric tonnes (Anonymous 2011). In low and mid # hi
region of Himachal Pradesh, it is mostly grown aisfed
crop which is strongly influenced by low availatyilof soil
moisture especially during initial growth and podosma-
tion/development stage as there is no rains frornolic-
December and March-June. Inadequate soil moistsire i
usually a limiting factor in ensuring proper geration
and early growth not only in rain-fed areas bub afskuhl
(Snow fed gravity stream) irrigated areas wheré ead
farmers receive sub optimal irrigation water. lrcenat
year's trend has been changed from more productpst
unit land to more productivity per unit water, asater is
becoming increasingly scarce even in those areasenih
was plentiful in recent past. It may be possibleneximize
water productivity in pea by proper scheduling wiga-
tion. In the light of above a study was plannedttaly the
effect of irrigation depth and NK fertigation thigiu micro-
sprinkler on crop productivity and water use eéfiay.

Material and methods

A field experimentwas conducted at Water Manage-
ment Farm, CSK HPKV, Palampur duringbi 2011-12 to
2013-14 to optimize micro sprinkler irrigation amK
fertigation in garden pea. The area lies in Palaatiey
(3206 39.1' N latitude and 7832 10.5' E longitude)
perched in the lap of majestic snow clad Dhauladhage
of Himalayas at an elevation of 1290 m above mesn s
level in Kangra district of Himachal Pradesh. Tiod sf
the experimental field was silty clay loam in textuacidic
in reaction (pH 5.1); high in organic carbon (16/kg);
medium in available nitrogen (246.5 kg/ha); highairail-
able phosphorus (38.08 kg/ha) and low in availgpoitas-
sium (141.4 kg/ha). The experiment wasd laut in
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The experiment was laid out in factorial randomized
block design with three replications. There wemertreat-
ments, comprising of all the possible combinatiohfour
irrigation depths (0.4, 0.6, 0.8 and 1.0 CPE) amd NK
fertigation levels (50 and 100% of adjusted recomueel
dose) plus one control (basal application of smst thased
adjusted recommended NPK fertilizer and surfacigasr
tion of 5 cm).

The irrigation was applied through micro-sprinkler
system at an interval of 4 days. The system cansift
three micro-sprinklers per plot each having wetti@gme-
ter of 0.90 m. Mean evaporation rate of preced@grbp-
ping seasons was calculated for estimation of dtidm
water requirement. Irrigation requirement was daltzd
by taking into account the difference of averagapeva-
tion and rainfall (only positive values) and muljipg the
cumulative average evaporation minus actual rdintdlue
with CPE ratio. In ‘recommended practice’, 5 cm plee
flood irrigation was applied at 10 days intervah @&nsure
uniform crop stand, technique of water seeding e p
seeds in furrows was followed by application of evaat
0.7 | m* furrow length before closing them.

The fertilizer dose was calculated by adjusting the
recommended dose of NPK (50:60:60 kg/ha) basedibn s
test. Since, soil available P was in higher rantpedose
was lowered by 25%. K was in lower range, so itsedwas
increased by 25%. The level of available N in se@ds
medium and therefore its dose was not altered. , TRBK
dose used in present study was 50:45:75 kg/haKlfei-
gation treatments, 1%3dose of NK was applied as basal.
The remaining 2/8 NK was applied through water soluble
fertilizersviz., urea for nitrogen and 0:0:50 for potassium in
different calculated proportions through ventusteyn in 6
equal splits at an interval of 9 days starting ée&&8 stage
of crop. In ‘recommended practice’, 50:45:75 kg MK
was applied as basal at the time of sowing throuiga,
SSP and MOP.

'Palam Priyacultivar of garden pea was sown in Oc-
tober at 40 cm x 8 cm spacing in 4.96 m x 2 m (98P
plots. The seeds were pre-soaked in water overbigiare
sowing. Observations on productivity and water wsee
recorded every year. Yield attributes were recordieding
rabi 2012-13. Economics of treatments was worked out
based on the prevalent market prices of inputsoaplt.

Results and Discussion

Conventional Fertilizer application v/sfertigation
During first year, fertigation with micro-sprinkler
resulted in 56.05% water saving and statifl{icimilar



pea pod yield and gross return as in case of recom-
mended fertilizer application under conventionagation
system (Table 1 & 2). Owing to huge amount of water
saved fertigation resulted in 2.41 times higher WiHEN
the general practice of applying fertilizers. O tontrary,
fertigation with micro-sprinklers resulted in sifoantly
lower net return (18.84%) and B: C ratio (43.03%nt
recommended practice mainly due to the higher ofst
cultivation in former treatment.

During second and third and thereby on pooled basis
irrigation and fertigation with micro-sprinkler lei less
use of water (66.23, 59.9 and 60.89%) and sicpnifly
higher green pod yield (10.75, 30.05 and 10.02%nse-
quently, water use efficiency was significantly reased
(3.67, 3.59 and 3.12 times) as compared to recometen
practices (Table 1). Significant increase in grped yield
due to fertigation with micro-sprinkler was refledt in
gross return (Table 2), which was also increased®h§4
and 30.04% during second and third year, respégti@n
an average, fertigation increased WUE by 11.59% the
conventional method of fertilizer and irrigationpdipation.
Kumar et al. (2015) also reported significant improvement
in WUE with improved practices in blackgram.

In spite of statistically similar net return, B: rf@tio
was significantly lower (29.05 and 29.78%) in fgation
with micro-sprinklers than recommended practiceirdur
second year and on mean basis (Table 2). During thi
year, fertigation with micro-sprinklers though rksd in
significantly higher net return (25.27%) than recoemded
practice but had significantly lower B:C ratio (25%).

The increase in green pod yield with fertigationyma
be due to improvement in yield attributes in regeomo
better availability of moisture and nutrients dgriarop
growth. The same is depicted by significant improgat
in green pod vyield through significant improvement
plants metetrow length, pods plait pod weight plant
by fertigation duringrabi, 2012-13 (Table 3). Rajput and
Patel (2012), Kakhandalt al. (2013) and Kumast al.
(2013) also recorded similar increase in crop yl®jdmi-
cro-irrigation as compared to irrigation with contienal
method. Ramulet al. (2010), Prabhakeat al. (2011) and
Sayed and Bedaiwy (2011) reported fertigation dpce
more yield as compared to conventional fertilizers.
Irrigation scheduling (depth of irrigation)

Irrigation scheduling (depth of irrigation) sigridintly
influenced green pod yield, water use efficienapsg and
net returns and BC ratio during all the years (€abland
2). Increase in irrigation depth resulted in pregree in-
crease in green pod yield, gross returnsraterns and
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Table 1. Effect of different treatments on productivityigation water used and water use efficiency of iyqeea

WUE (kg/m)

2012-13

IWU (itha)

2012-13

Pod yield (Mg/ha)

2012-13

Treatment

Pooled

2013-14

Pooled 2011-12

Pooled 2011-12 ae13

2013-14

2011-12

Control v/sothers

Control
Others

1.41
4.40

1.24 1.22
4.38

455

1.78
4.29

6167(12)
2412(28)

6500(13) 0®QL2)

6,000(12)*

8.09 7.32 8.68

10.65

228p

2,637(28)  2195(27)

9.52 9.55

8.96

10.17

0.19 0.20

170

0.46

0.29 0.34 0.43

NS

0.05)
Irrigation schedule (depth of irrigation)

LSD (P

6.51
4.57

6.27
4.64

6.80
4.75

6.47
4.37

1254(27) 75(3)  1379(28)

1,507(28)
2,260 (28)

8.97
9.46
10.76

8.63
9.56
11.17

8.53
8.94
9.79
8.60
0.27

9.75
9.88
11.32

CPE=04
CPE=0.6
CPE
CPE

2068(28)

1881(27) 062128)

3.90
2.61

0.19

4.06
2.53

0.17

3.90
2.74

3.76

2.58

2757(28)
3446(28)

2508(272750(28)

3135(27) 37@8)

3,013(28)
3,767(28)

0.8
1.0

9.01
0.40

8.71
0.32

9.72
1.10

60.1

0.44

0.05)

NK fertigation

50 % RDF

LSD (P

4.34
4.45

4.56 4.35
4.40

4.54

4.15
4.43

2195(27) 06§28)  2412(28)

2,637(28)
2,637(28)

9.51
9.59
NS

9.44
9.59
NS

9.02

10.06
10.27

2412(28)

2195(27) 406228)

8.90

100 % RDF

NS NS NS

NS

NS

NS

0.05)
* Value in the parenthesis indicate number of irrayet

LSD (P




2.62
1.84
0.12
1.66
1.82
2.20
1.68
0.12
2.03
1.65
0.08

Mean*

2.09
1.88
0.10
1.61
1.89
2.38
1.63
0.10
2.05
1.71
0.07

2013-14

241
1.71
0.09
1.58
1.70
1.97
1.60
0.08
1.92
1.51
0.06

B:C ratio
2012-13

1.92
0.34
1.77
1.85
2.25

81
0.32

12

72
0.23

2011-12
3.37
1.
2.
1.

Mean*
1,12,147
1,12,265

NS
1,01,386
1,10,953
1,34,508
1,02,214

6,267
1,16,037
1,08,493
4,431

2013-14
98,923
1,23,923
6,857
1,06,131
1,24,798
1,56,964
1,07,798
6,465
1,26,982
1,20,863

4,571

Net return (INR/ha)
114323
112894
NS
104298
112331
129331
105614
5440
118582
107205
3847

2012-13

99,980
17517
93,730
95,730
93,230
16515
97,413
NS

2011-12

6,647

1,96,261 1,17,230
6,267
NS

1,63,967
1,73,401 1,02,548

1,55,939 1,23,195
1,74,635

1,74,018
1,63,139

Mean*
1,72,706

2013-14
6,857
6,465

NS

Gross return (INR/ha)

2012-13

1,61,733 1,46,333

1,79,263 1,90,292
5,770

1,95,700 2,23,333

1,71,983 1,74,167
5,440

1,80,433 1,88,833
NS

1,70,667 1,72,500
1,78,700 1,91,167
1,78,092 1,91,750

2011-12
1,59,750
1,52,500
NS
1,46,250
1,48,250
1,69,750
1,45,750
16,515
1,50,938
1,54,063
NS

0.05)
0.4
0.6
0.8
1.0
= 0.05)
= 0.05)

Irrigation schedule (depth of irrigation)

Control v/sothers
Control

CPE

CPE

CPE

CPE

Others
NK fertigation

50 % RDF
100 % RDF

LSD (P
*Based on prices prevailing in 2013-14

Treatment

LSD (P
LSD (P

Table 2. Effect of different treatments on economics of grpea

B:C ratio up to 0.8 CPE. However, increases in meed
yield, gross return, net return and B:C ratio viitbrease in
irrigation depth from 0.4 to 0.6 CPE were not ffigant
during first year (Table 1 and 2). Irrigation gwéfth day
with 80% CPE (0.8 CPE) resulted in significantlygliner
green pod yield than every fifth day irrigation kvieither
60% CPE (14.57, 9.51, 16.84 & 13.74 %) or 40% CPE
(16.10, 14.77, 29.43 & 19.96%). This progressiverease

in green pod yield with increase in irrigation deptay be
due to progressive increase in yield attributetndcated

by observations made during second year of stutigrey
plants/meterow length, pods/plant, pod weight plant at-
tributed to progressive increase in green pod y{&kble

3). Sarkaret al. (2008) also reported progressive and sig-
nificant increase in bulb yield of garlic with ir@se in pan
evaporation factor. Results are in conformity witbndal

et al. (2003) and Kadaret al. (2005), Kassalet al. (2012)
and Pateé&t al. (2012).

During first, second and third year as well as @am
basis, with increase in irrigation depth to 0.8 GRin 0.6
CPE, the respective increase in gross return was014
9.51, 16.83 & 13.64%; in net return 22.46, 15.18727 &
20.82% and in BC ratio 21.62, 15.88, 24.89 & 21.23%
Increase in irrigation depth also resulted in digant and
progressive decrease in WUE in all the years dugrde
gressive increase in irrigation water used. Iri@atwith
minimum depth of water (CPE 0.4) resulted in maximu
water use efficiency of 6.47, 6.80, 6.27 and &§Qreen
pods/ni of irrigation water used (IWU) (Table 1).

NK fertigation

Fertigation of sprinkler irrigated crop either wis0
or 100% of recommended soil-test based NK had feztef
on green pod yield, gross return and water useiefity in
all the years. It is may be due to improvement wifiant
use efficiency. Teixeirat al. (2011) also reported 36%
increase in nutrient use efficiency with NK fertiga as
compared to conventional fertilization. NK fertigat did
not significantly affect green pod weight/plant,eling
percentagand seed weight/patliring rabi 2012-13 (Table
3). Fertigation with 50% of recommended NK resulied
higher net return (5.27, 10.61, 5.06 & 6.95%) andCB
ratio (23.25, 27.15, 19.88 & 23.03%) than fertigatiwith
100% of recommended NK; however, difference in net
return was not significant during the first yeaakle 1 and
2). Since NK fertigation had no significant effect green
pod yield that mean NK fertigation can be safelgueed
to half without sacrificing green pod yield. Itrizay be due
to improvement of nutrient use efficiency.
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Table 3. Effect of irrigation depth and NK fertigation oreld attributes and green pod yield of pea

Treatment Plants/ mrow Pods/plant  Pod weight/ Shelling Seed weight/pod  Green pod
length (cm) plant(g) (%) (9) yield (Mg/
ha)
Control v/sothers
Control 8.41 21.44 92.08 40.17 5.03 8.09
Others 8.71 23.57 94.88 43.31 5.62 8.96
LSD (P=0.05) 0.27 0.85 2.71 2.01 0.43 0.28
Irrigation depth
0.4 CPE 8.55 22.40 92.79 41.46 5.25 8.53
0.6 CPE 8.71 24.00 95.93 44.42 5.68 8.94
0.8 CPE 8.97 24.56 97.06 45.44 6.21 9.79
1.0 CPE 8.60 23.33 93.75 41.94 5.35 8.60
LSD (P=0.05) 0.25 0.80 2.55 1.89 0.40 0.26
NK fertigation
50% of Rec. 8.68 23.28 94.60 43.11 5.59 9.02
100% of Rec. 8.73 23.86 95.16 43.52 5.66 8.90
LSD (P=0.05) NS 0.57 NS NS NS NS

Conclusively it may be inferred that for savinggae-
tion water (about 40%) and increasing productieisywell
as WUE, garden pea should be fertigated with micro-
sprinklers as compared to recommended practicesimef
face irrigation and fertilization. For maximizingoduc-
tion and economics micro-sprinkler irrigatgzba crop

should be irrigated every fifth day with water deptf 0.8
cumulative pan evaporation. For obtaining higher nee
turns and B: C ratio, pea crop should be fertigateth
50% of recommended NK. Irrigation with minimum dept
of water (CPE 0.4) resulted in maximum water ude ef
ciency of 6.51 kg green podsif irrigation water used.
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