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ABSTRACT

A field experiment was designed to study the respoof Mungbean to deficit irrigation levels and sogv
methods. Randomized Complete Block Design (RCBD) wplit plot arrangement replicated three timegstét/
treatments were controlled at(zero percent irrigation)z4 (33% of full irrigation), §, (67% of full irrigation)
and kg (full irrigation). Full irrigation was determinesh the basis of 65% management allowed deficit (NJAD
Results shows thag/and kg, not significant for pods plahtwhile these were highly significant for the sowing
methods. The pods per plant are highly signifidant, and kslevels. The sowing methods and irrigation levels
both have significant impact on grain yield and Itgical yield. The biological yields continuouslyndh
consistently increase with the increase in irrigjatievels. The harvest index of Mungbean and it¢emwa
productivity both increase in irrigation levels @én level. The maximum irrigation applied at 65%AM
substantially decreases the Mungbean water pradhyctvhen compared to the harvest index. It waschated
that Mungbean MAD in semi-arid region of Peshawalyrbe exploited further; more moisture contents imay
further extracted before applying next irrigatiorraised bed technique in special and as usuédtibéds.
Keywords: Deficit irrigation, Irrigation levels, Sowing metdpGrowth attributes, Mung bean.

INTRODUCTION

Mungbean Vigna radiata L. also termed as green giara tropical legume. It belongs to the
leguminaceae family, with a sub-family of papilieeae. In Pakistan it is one of the important pateps. The
leading countries in Mungbean production are Pakisthailand and India (Khalil and Jan 2002). losthareas
where diet mostly depends on cereals e.g. SouthaedsSouth Asia, Mungbean is a primary sourcerofgn.

All over Pakistan Mungbean is cultivated as Rabwedl as Kharif crop. The main problem in Mungbean
production is considered to be poor stand estahbsih (Rahmianna et al. 2000).

Agricultural sector has been given top priority®gvernment of Pakistan; however, the main problem
in Mungbean production is due to poor institutiomdkerest in the growing of mungbean crop (Rashidle
2004). In early summer the variation in the railsfatioupled with an increased temperatures are ta@ m
problem in production of Mungbean in Peshawar ne@ib Pakistan. Seed germination and early vigous wa
lowered due to increased temperature of soil whalised drought by evaporating moisture of soillantmg
due to less rainfall. Sensitivity to extreme drougonditions and salinity are Mungbean seriousblems
(Bradford et al. 1993).

The adoption of these systems continues to expamcavers seek to increase water use efficiency and
cropping flexibility. Permanent raised beds are teeommended irrigation design to achieve highdgeh
many irrigated crops on heavy clay soils, includingize, soybean, and fababean, canola and wintealse The
incorporation of lateral (i.e. placed across thénnstéope of the field) raised beds into a bank ssnnel style
design provides the opportunity to produce seleceaps in sequence on raised beds within an uedlter
irrigation design (Beecher et al. 2005).

The main problem which affects yield of Mungbeaitdgoor stand establishment. This problem is due
to variable rainfall in summer monsoon period alavith high temperature. Hence it is important tosider
and incorporate their effects as well. In the watgarced region of the region, the whole studynigptimally
tested model in a controlled environment for tipedfic Mungbean crop. However it is not possildldest this
crop in these environments provided with such erpemtal setup in a locally grown field crop under
intermittent supply from the source. The best alitve from the study among others has been sdl¢otase
less water for more production.

Objectives

e To study the effect of different irrigation on muoggn yield and yield component.
e To compare mungbean yield under raised bed antddit
* To find water productivity of mungbean crop.

MATERIALS AND METHODS

The experiment was conducted at The UniversityAgficulture New Developmental Agriculture
Research Farm, Peshawar situated at 34° 1'19.37't34.35"N and 71°28'5.07"-71°28'6.09"E during the
season of Mungbean crop 2012.

Experimental Design

Randomized complete block design (RCBD) with gplitt arrangement having three replications was

used. This design contains two factorial studyudilg sowing methods of Flat and Raised bed (Fa&jdo
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which four Irrigation levels of 100%, 67%, 33% ah&b (Factor B) have been applied during the whobeving
season of mungbean crop.
Factor A sowing methods

The flat bed (FB) is the smooth plain surface oturs surface of the field which is surrounded tsy i
boundaries in the shape of a simple plot. Theidith of the raised bed (RB) at the bed level betwévo
furrows was kept as 125 cm which on its upper legetains only to a top width of 90 cm. The heighthe
raised bed between furrows remains at 25 cm fram#tural terrain.
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Figure 1. Skeich of raised bed

Irrigation levels (Factor B)
The different irrigation levels are lo (rainfed); (33% of full irrigation), k; (67% of full irrigation) and g
(100% or full irrigation at the depletion level % MAD).

Warsak Gravity canal water was used as sourcerigfaiion. The cutthroat flume was used for
measuring the flow rate to the experimental plotis was installed in the channel before the ialetertain
distance from the plot inlet to avoid the fluctoati Each plot was duly irrigated separately fordpglication of
required amount of water, including the seepagsel®sn the channel from the point of installatiérihe cut-
throat flume to the inlet of the plot. Full irrigeh was given on the basis of 65% MAD. At a weeleiimal the
soil moisture was estimated at the root zone ote¢hative plot using Gravimetric method. The sainple for
soil moisture contents estimation was collectethate different depths in the plot at 0-30, 30-&3d 60-100
cm. The reduced amount of 33% and 67% was appfied @stimating the full irrigation at 65% MAD. The
fourth level of moisture contentg &controlled one was determined from the effectiviafedl through rain
gauge or soil moisture sampling.

Seed bed Preparation

The experimental field having a size of 60 m x 1§1®80 nf) was divided into 24 sub plots with an
area of 7.5 m x 5 m (37.5%9neach. The five meter strip on the two sides ef whole field was provided to
protect it against irrelevant activities and sitoas. One meter wide space among sub plots waskafsiofor
data collection and observations before sowingrop.cThe other unnecessary plants were removed fhem
whole field time by time to provide ideal and neavironment to the plant growth. The whole fieldsvgaven a
pre-irrigation which was measured separately. Aftes-irrigation sub plots were laid down accordiogthe
designed layout. Before layout all requirements farm yard manure, fertilizer including nitroggmosphorus
penta oxide (F0s) and potassium oxide (R) were applied according to the needs as basakdoz
Sowing

The sowing period for Mungbean in Khyber Pakhtun&hie always in the month of July. For the
present study the seeds in the field were sowiénfitst week of July. The depth of the seeds wdsch;
keeping row to row distance of 30-34 cm. The ptarpilant distance was 10 cm. The seed rate penvasdept
as 7-8 kg.

Irrigation water Management

The seasonal crop water demand for Mungbean isrgilgnd00mm for a period ranging from 60-75

days. Irrigation is normally limited to supplemeainfall. Generally the flowering, pod formationdafilling are
sensitive to water shortages. The irrigation wadia@ when the required depletion of 65% or morexsacted
from the soil. The replacement of the required amavas fulfilled as per strategies adopted in fa¢tg of the
experimental design.
In order to reach the required depletion levelaohesub plot, the status of moisture content wastaiaed by
the amount of irrigation estimated with respecthi® full irrigation. For this purpose it was utmasiportant to
initially determine the three basic parametersieififcapacity, permanent wilting point and bulk slign from
three different depths of the sample field. Theralidield capacity, permanent wilting point andlkdensity
were determined as the critical moisture depletR%, 18%, and 1.44 gm ¢
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For a given maximum allowable depletion of 65% M#&ID Mungbean the critical moisture percentage
on volume basis was 22.9%. Whereas 21.36% and %0f6867% and 33% of full irrigation respectivelyrf
the soil nature has a field capacity 32% and a peemt wilting point of 18%.

Soil Moisture Content Determination

The moisture content of the soil samples was detednthrough gravimetric method. The first soil
sample for moisture estimation was collected faeasment at the time of crop sowing. Moisture samgre
collected after all irrigations at an interval ofo710 days until harvest of the crop. Before afterarrigation the
soil moisture sampling were carried out for theifieation of depletion of soil moisture at the givstress level
created by the deficit irrigation.

Hence continuous gravimetric soil sampling assessiaiéer sowing was carried out till reached usual
targeted moisture content percentage. For thisgser|Soil samples were taken at 0-30, 30-60, 60+h@BEpths
from each treatment of the block. Samples wereddrieoven at 105or 24 hr. Percent moisture contents were
calculated on a dry weight basis (by mass) by usiagollowing formula:

_ Ww-wd
Brm = i 10 1

Where, 6m is the soil moisture content on a dry weight $asipercent Ww is the Wet weight of soail in

gm, and Wd is the oven dry weight of soil in gm.

The percent soil moisture content on a volume bfzsi®m equation (2) was calculated by using the
following relationships:
Om

BW (2
Wherebv is the Soil moisture content on volume basisarcpntpw is the density of water in gm/cm3, aplalis
the Bulk density of the soil in gm/cm3.

Maximum allowable deficit or depletion (MAD), thatio of readily available water to the available
water is determined. The irrigation was applieds@it moisture depletion of 65%. Subsequent irriyativas
applied to the respective plots as with an inteofadne or two weeks each. The moisture level dare basis
was computed making use of the following relatiapsh

Bv = pb+

BRAW
MAD =
AW ©)

Where, MAD is the Management allowed deficit inqat, AW is the Available water in cm, and RAW e t
readily available water in cm.

Available water is the total amount of water whitie soil water is depleted to extreme limit of
permanent welting point in the above mentioned gtanThe total amount comes to 14 cm when a rooné zo
depth of 100 cm is considered. The equation 4eigyneral representation of the available wateardenation.

Drz (FC — PWP]j

AW = :
100 (4)
Where Drz is the depth of root zone in cm FC iddfieapacity in percent by volume, and PWP Permanent
wilting point in percent by volume.
The readily available water is the amount of watdren water is extracted up to the limit of plantvival or
critical or optimum growth and yield. It is showx the following relation.
Drz (FC — B¢)

RAW = o0
i (B)

Where, 0c is Critical soil moisture content in percent bylume. In order to determine tide, the following
relation is derived by combining equation 4 and 5.
Combining equation 3 and 5 then we get;

B = Fo —MAD(Fo — Pwplooooeeee, (6)
The depth of irrigation to be applied to each plas calculated since per-irrigation from soil maistcollected
for each irrigation level.

Drz(FC — 81
W ———————————
100 @)
Drz{Fc — (61
dwg_3p = rz{Fc — (01}, }

100 oo (7a)
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Drz{Fec — (Bi)z}
dw3g_g0 = 100

Drz{Fc — (B1i)3}
dwgo_100 = 100

............................ (7¢)
Total depth of soil moisture is physically achievieoim the algebric sum of all the depths collechexin the
three samples determined by using the equatiora),(7(b), 7(c)). The total depth of water requiieds shown
following.

dw= dW0_30+dW30_60+dW60_100 ......................................... (8)

where dw is the total depth of water to be appiiedm or soil moisture deficit from 0-100cki.is the

Soil moisture contents before next irrigation imgaat by volume at three different depths. Thel égth of
water (dw) is actually the net irrigation requirethéNIR). Hence

Ea (8)
Where NIR is the total depth of water applied t® phant GIR is the Gross irrigation requirement (mm
and Ea is application efficiency (%).
Time required to obtain the desired depth of atign for each plot was calculated as suggested by
Jensen (1998). Irrigation water was applied whemn gbil under the crop is reached to the depletévell
maintained at different stress levels and as meetioearlier in the experimental design. The iriggat
application time t (hours) was computed from equma8.

A dw
t =

Where t is time required to irrigate (s), A is acdaubplot (M), dw depth of water applied (mm), and Q is the
discharge from the watercourse (I/s).
Crop Water Productivity

The sample data for Mungbean was collected at tideoé the season. The relative volume of water
supplied to the given command area was calculateoh the measured discharges for the specific tifne o
irrigations. Crop water productivity was determirgdusing the following relation

Crop Yield
CWP, o) S ———————
e AR swA (10)

Where, SWA is the combination of seasonal irrigati@ter including effective rainfall and CWP is the
crop water productivity in Kg m

Agronomic parameters
Pods per plant

Number of pods per plant was recorded by countirggriumber of pods of randomly selected four
plants from central two rows in each sub plot agerpods plaftwas calculated accordingly.
Grains per pod

Ten pods were selected from each treatment andewerged after drying, threshing and averaged.
Yield Parameters

1000 Grain weight (g)

Fro Thousand-grain weight thousand grains werentdiom each subplot and were weighed (grams) in
the laboratory on electronic balance.
Grain yield (kg/ha)

Grain yield for each treatment was determined Withhelp of spring balance, selecting two central

rows for a length of four meter with 75cm row tawdistance in each subplot and were convertedkatba™.

Groin Yisld (Kg/ho) = Grain¥ieldeferowasdet 11

Mo of rowa =row to row distancesrow leangth

Biological yield (kg/ha)
For biological yield two central rows were harvelstdried in sun and then weighted and converted int
kg ha' as grain yield.
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biological vield per plot
plot area harvested » 10 000.

Biological vield =

Statistical procedure

The data collected on different parameters werésstally analysed using analysis of variance
(ANOVA) appropriate of randomized complete bloclsiga with split plot. Means were compared using LSD
test at 0.05 level of probability, where the F-teas significant. (Steel and Torrie, 1980).

RESULTS AND DISCUSSIONS
Crop Water Productivity

Table | shows that crop water productivity of Muhgan was significantly affected by all stressed
irrigations or deficit irrigations,| Is3and k;. However the sowing methods at 5% level of prolitsitére not
significantly different. As much as the interacofsowing methods with a given irrigation) are amed all
the sowing methods at 5% probability level are ificgmnt except the full irrigation (yg). Maximum crop water
productivity (CWP) was recorded at the deficitgation level of §; as compare to minimum CWP at the rain
fed condition (§). The minimum CWP and its values at full irrigatiare approximately closer to each other
whereas4;and k; are prominently different than the situation df firigation and 33% irrigation supply.
Agronomic parameters
Number of pods plant*

The study showed maximum number of pods pig@e) for k; followed by ks, liooand b (27, 24 and
23 pod plant). Analysis of variance showed that effect of iatign treatment was significant at 5% level of
probability whereas sowing methods also showedifaignt effect on pods plant (Table-2) demonstrated that
the highest numbers of pods (28) were availableeumdised bed conditions. The flat bed gave minimum
number of (25) pods plaht The interaction was found non-significant where thaximum number of pods
were (32) at an irrigation level of;lunder raised bed conditions. The minimum numbérsods plarit were
showed atd under flat bed conditions.

Number of pods per plant significantly increasedhsy stress applied due to deficit irrigation agegi
in Table-2. Flat and raised bed for any irrigatiemel had significant effect on number of pods; buer
interaction between the two variables when irrigratievel is changed along with the sowing method wat
significant.

Number of pods per plant increased with the ogtempalication (k;) of water for the raised bed. There
was significant difference in the results of diffet irrigations. At 5% level of probability for igation level of
ls7having raised bed showed good results than the tethels of irrigation on flat bed.

Number of Grains Pod*

The study shows that the number of seeds'filocteased with increase in quantity of water agaplip
to an optimal limit of §;. The highest number of grains per pod were recbadérigation level ofd; (11 grains)
followed by kg, 133 and rainfed @ (10, 10 and 7) number grains per pod respectiffebyure 4.5). The sowing
methods also show significant effect at 5% levepafbability on number of grains podThe raised bed gave
10 and flat bed gave 9 numbers of grains while ltigdaest value for the interaction of sowing methaoua
irrigations was recorded for irrigation level @fto raised bed 12. However, the lowest value wadl&rbed
under non irrigated conditions (8) (Table-2). Hericés concluded that deficit irrigation upto 67% full
irrigation and raised bed practice gave more gramsompare to other levels of irrigation and sgwirethods.

Thousand grain weight

Weight of one thousand grains undgritrigation level was much heavier than those,gf lszand b
(Rainfed). Irrigation levels and sowing method$% level of probability shows significant effect trousand
grains weight. The irrigation level of;l gave the highest value of 48 grams per thousaathgwhich is
followed by other levels of irrigation ofdy lzzand b with their values of 47, 43, and 36 grams per siaowal
grains respectively (Table-3). The Table-3 showes gignificant effect for sowing methods. The maximu
values for raised bed 45gm was obtained whilel&drifed (42 grams) a minimum value was obtainedvéler
the interaction for irrigation levels and sowingthm was not much significant as indicated fromgtagistical
analysis. Hence the higher value for interactios wecorded as 50 grams per 1000 grains for raisdduich
for flat bed was 46 grams af; lirrigation level. The minimum value obtained w&®& 10 grams per thousand
grains and 34.50 grams per thousand grains foeda@nd flat bed atglirrigation (Table-3). Hence it is
concluded that the raised bed grains were heavienvweompared to the flat bed but if one appliesoftimal
amount of water then the crop will give good resol lesser water.
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Biological Yield

Table-4 shows data on biological yield (kg*héor Mung bean crop. The maximum biological yieid
5653 kg h#d was obtained at 100% irrigation followed by, 1133 and b (5368, 4321 and 3771 kg Ha
respectively. The raised and flat bed also gavaifsignt effect on biological yield the maximum ldewas
(4870 kg hd) obtained on raised bed while flat bed gives campeely (4687 kg ha) lesser one. The ANOVA
shows that interaction is non-significant. Howetlee highest rate in the interaction was 5706 kg tiader
raised bed technique at 100% irrigation where thellest rate was 3653 kg hat |, under flat bed conditions.
It is concluded that the raised bed g §jave best results.

The effects of irrigations and the sowing methagse significant at 5% level of probability. Botinet
factors, however, were independent of each oth#vein effect as their interaction was not sigmifit. Decrease
in water application had a negative effect on lgalal yield as it declined with the decrease iigation.

Grain Yield

Grain yield or economic yield is an important factén the present study the grain yield has
significantly been affected both by irrigations ssaling method as shown in Table-5. The analysisvshhat
maximum grain yield (1429 kg/ha) was obtained frigmirrigation level followed by (1343, 1084, and 687
ha'). The irrigations level ofibg, I35 and hrespectively. All the differences among the fourels of irrigation
were significant from each other at 5% level oftability (Table-5).

The highest yield 1169 kg Hawas given by raised bed while the flat bed givaly d102 kg h&.
Hence the interaction was non-significant althoagtthe irrigation level g, it shows significant effect. The
highest value 1475 kg Havas recorded under raised bed gnihile the lowest value was of 645 Kghander
flat bed on rainfed ) condition (Table-V)

Similarly maximum grain yield of 1436 Kg Havas achieved from plots at the same site. Thalyiel
decreased with decrease in the quantity of watpliepbut it doesn’t means that the yield will bereasing
with increase in irrigation or water to the Mungbeaop. Differences in grain yield of the differa@migation
levels were significantly different from each otlar5% level of probability. Plots with the loweseld was
produced by flat bedglof irrigation level which upto a certain level ofigation got increased but at full
irrigation level of Ly again its yield has decreased. As a result theageeof the two treatments indicated et |
irrigation level which further increased under eaied sowing method.

CONCLUSIONS

* The sowing methods and irrigation levels both hsigmificant impact on grain and biological yieldith
the increases in the amount of irrigation in bo#tmods the biological yields significantly incredmsewhich
process there are significant decreases in tha gielids.

« In terms of grains podsthe irrigation level ofd and k;are mutually non significant. The same is the case
with lg7 and koo However these groups of irrigation levels areually highly significant. As the 1000 grains
weight of irrigation levels are concerned from I@dvigrigation level of § to higher irrigation levels it goes on
increase while further increase tgolshows decline for the sowing methods in relatmrains per pod and
1000 grain weight. The raised bed has highly sigaift value than flat bed in all treatments.

« The deficit irrigation upto 67% of full irrigatiofor the raised bed sowing method gives maximum rerrol
pod plant.

* The harvest index as a physiological impact efficie and Mungbean water productivity as water use
efficiency both significantly increase with the iigase in irrigation upto a certain optimal limitlgf. The
further increase in irrigation uptqe irrigation level drastically decreases Mungbeanewaroductivity in

for Mung bean crop are not so much significantifoth the harvest index and crop water productivity.
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Table- I. Crop Water Productivity (Kg m ™) of Mungbean as Affected by Different Irrigation Levels and

Sowing Methods

Irrigations Sowing methods Mean
Raised bed Flat bed
lo 0.24 0.21 0.23d
33 0.28 0.26 0.27b
lg7 0.30 0.28 0.29a
Controlled l100 0.24 0.24 0.24c
Mean 0.27a 0.25a

LSD value for Irrigations (I) at 5% level of probkty = 0.01

LSD value for BxI at 5% level of probability = 0.00SD value for sowing method = 0.03

Table-2 Pods plant' of Mungbean as affected by different irrigation leels and sowing methods

Irrigations Sowing methods Mean
Raised bed Flat bed
lo 22.93 18.95 20.94b
l33 26.92 25.58 26.25ab
le7 32.25 27.67 29.96a
l10c 27.83 26.17 27.00a
Mean 27.48a 24.59b
LSD value for Beds (B) at 5% level of probabilityl=0
LSD value for Irrigations (I) at 5% level of prohldy = 1.96
LSD values for irrigation Bx| at 5% level of prohity= 8.30
Table- 3Grains per pod of Mungbean as affected bgifferent irrigation levels and sowing methods
Irrigations Sowing methods Mean
Raised bed Flat bed
lo 8.52 8.32 8.42b
I35 9.64 9.50 9.57ab
le7 11.72 10.08 10.90a
l10c 10.33 9.42 9.88a
Mean 10.05a 9.33b

LSD value for Beds (B) at 5% level of probabilityo=46
LSD value for Irrigations (I) at 5% level of prohldy = 1.33
Table- 4 Thousand grain weight (g) of Mungbean asffected by different irrigation levels and sowing

methods
Irrigations Sowing methods Mean

Raised bed Flat bed
lo 38.10 34.50 36.30d
I35 44.13 41.97 43.05¢c
le7 50.27 45.63 47.95a
l10c 47.57 45.87 46.72b

Mean 45.02a 41.99b

LSD value for Beds (B) at 5% level of probabilityl=06
LSD value for Irrigations (I) at 5% level of probkty = 1.14
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Table- 5Biological yield (kg ha') of Mungbean as affected by different irrigation evels and sowing
methods
irrigations Sowing methods Mean
Raised bed Flat bed
lo 3889 3652 3771d
I 33 4381 4261 4321c
l67 5502 5234 5368b
10 5706 5600 5653a
Mean 4870a 4687b
LSD value for Beds (B) at 5% level of probability78.15
LSD value for Irrigations (1) at 5% level of prohty = 116.61
Table-6 Grains yield of Mung bean as affected by fferent irrigation levels and sowing methods
Irrigations Sowing methods Mean
Raised bed Flat bed
lo 8.52 8.32 8.42b
I 33 9.64 9.50 9.57ab
g7 11.72 10.08 10.90a
10 10.33 9.42 9.88a
Mean 10.05a 9.33b

LSD value for Beds (B) at 5% level of probability34.61
LSD value for Irrigations (1) at 5% level of prohlty = 37.34
LSD value for Irrigations (BxI) at 5% level of prability = 54.81
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