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ABSTRACT

A fidd experiment was conducted during Rabi season of 2012-13 at Regional Agricultural Research
Sation, Lam, Guntur in field No.3, with an aim to find out effect of foliar nutrition on antioxident
enzymes, photosynthetic rate, dry matter production and yield of mung bean under receding soil
moisture condition in split plot design with irrigation and no irrigation as main treatments and
foliar sprays as sub treatments. Under receding soil moisture condition (moisture stress) KNO; @
1% proved superior over other foliar sprays by recording more plant height, leaf area, shoot dry
weight, and photosynthetic rate by maintaining high leaf proline content, peroxidase activity, SOD
activity. Under irrigated conditions urea @2% recorded higher yiedd. KNO; @ 1% gave higher
yields under receding soil moisture condition compared to other foliar sprays. Among all treatments
controlled (no spray) under unirrigated conditions recorded lower yields due to moisture stress and
nutrient deficiency.

Keywords: Receding soil moisture, Foliar spray, Antioxident, KNOs;, Mung bean.

INTRODUCTION
Pulses provide rich and cheap source of proteinjcpéarly to the vegetarians and the poor, who
constitute the bulk population in India. They @nt30 % of proteins, which are nearly three tirass
much as cereals.
Blackgram Yigna mungo (L.) Hepper) is the fourth important pulse croplimlia and second most
important in Andhra Pradesh in terms of extentufivation. Seasonal variability in available moist is
the major constraint to production under raineanfag. The erratic and low rainfall along with high
temperature in the rainfed farming induces perinfdsater stress during crop growth. Thus the ghdf
the crop to grow and yield in such environmentsediels upon the relative performance of cultivarseund
drought. In A.P state blackgram is grown duniabi under receding soil moisture conditions withoug an
irrigation. As a result there was water deficit foe crop at critical stages, which affects theriant
uptake, ultimately causing yield reduction. To gsse the yield during drought conditions we have to
take into consideration not only the normalizatainplant water regime, but also the normalizatién o
plant feeding and elimination of created deficiescdf some elements. A suitable way of plant fegdin
during and after drought is through foliar nutnitidKeeping this in view an investigation was catrie
know the response of blackgram to foliar nutritiovder receding soil moisture condition.

MATERIAL AND METHODS
Blackgram seeds of PU 31 variety were sown in tdattkn soils on October 2012 at RARS, LAM,
Guntur. The average temperature during the cromgeraried from 31.7C and 18.9C. The total
amount of rainfall received during the crop dunatieas 215.7mm.
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Average relative humidity was 94.2% to 57.2%. Sgniras done with a spacing of 30 cm x 10 cm in 3m
x4m (12nf) plot. The experiment was arranged as split pksigh with three replications keeping
irrigation (My) and unirrigation (M) as main plots and foliar spray of KN@ 1%, Urea @ 2%, DAP @
2%, K;SO, @ 1%, Triacontanol@ 1 ppm, water spray and control (no spray) asletgoNitrogen and
phosphorus fertilizers were applied as per themegendation (20 kg N and 50 kg@® ha') before
sowing of the crop. Experimental plots were pradctfrom pest and diseases by spraying of
Monocrotophos @ 2 mi'lat the initial stage of the crop growth. Manuakdiag was done at 15 days
interval up to pod setting. Supplemental irrigatimn irrigated main plot was given at 33 DAS and
unirrigated main plot was maintained without amjgation. Soil moisture percent was measured it bot
irrigated and unirrigated main treatments. Foliarag was done at flowering and pod initiation stage
Leaf area and shoot dry weight ware measured hbyutéise growth analysis. Total leaf area per plant
(cnt) was measured by using LI-COR LI-3100C leaf aretem Water potential of leaves was measured
by using WESCOR’s water potential system{PRO). Photosynthetic rate of leaves was measured by
using LI-COR LI-6400XT portable photosynthetic gst Canopy temperature was measured by using
Raytek infrared thermometer. Soil moisture was mesasat 10, 20 30 and 60 cm depth using profile
probe type PR2 and soil moisture meter type HMPR@lfa-T devices at weekly intervals from 25 DAS to
61 DAS.

Proline content {ug g* fresh weight): Proline content in the leaves was determined aftgrosing
treatments in both irrigated and unirrigated coodg by following the method of Bates al. (1972).
Fresh leaf material, weighing 0.5 g was homogenizeld ml of 3 % aqueous sulphosalicylic acid dmal t
homogenate was filtered through Whatman No.2 fijegver. An aliquot of 2 ml of the filtrate was ct=d

with 2 ml of acid ninhydrin and 2 ml of glacial diceacid in a test tube for 1 h at 100°C and tteetien

was terminated by keeping in an ice bath. Theti@amixture was extracted with 4 ml toluene, ndixe
vigorously with a test tube stirrer for 15 sec. eT¢thromophore containing toluene was separated in a
separating funnel. The separated aqueous phassamaged to room temperature and the absorbance was
read at 530 nm using toluene as a blank. Prolmeeantration was determined from a standard cufve o
proline and was expresseduasg". Fresh proline (AR) was used for the preparatiostandard curve.

OD x 36.23¥Vx
Proline (1g g* fresh weight) = —-mmereeere -

(OD = Optical density at 520 nm ,V = Final volunteextract, Y = Volume of aliquot taken, W = Fresteight of the plant
material.)

Peroxidase activity: Peroxidase activity in the leaves was estimateer afiposing treatments in both
irrigated and unirrigated conditions by followinget method of Malik and Singh (1994). Peroxidase
activity was estimated by the degradation gDpsubstrate. Fresh leaf sample of 0.2 g was gralim2
ml of phosphate buffer of pH 7.8 in chilled pesiled motor. The sample was collected into centrifuge
tubes and centrifuged af € at 1500 rpm for 10 minutes. Supernatant was @asednzyme extract.
Enzyme units were expressed as units per ml chexprer minute (number of units of substrate demgtad
by the enzyme per minute)
\Y
Enzyme activity = : x Dilution factor
Vg XeggX AT

(Vi = Total volume, ¥ = Volume of sampleAT = Time differencegy= 6.39 )

Superoxide Dismutase (SOD) activitySOD activity in the leaves was estimated afteafddipray in both
irrigated and unirrigated conditions by followirttetmethod of Bayer and Fridovich (1987). SOD aigtivi
was measured by monitoring the inhibition of nittoe tetrazolioum (NBT) reduction at 560 nm.
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Ground 0.2 g of leaf tissue in chilled mortar argtle in extraction buffer (100 ml of 50 mM potasgsi
phosphate buffer pH -7.5), 1 mM EDTA and 1% (w/\H}. The homogenate is centrifuged at 15,000
rpm for 20 minutes at 4C and the supernatant is used for enzyme assayerUhe experimental
condition, the initial rate of reaction, as meadurg the difference in increase of absorbance @6 in

the presence and absence of extract, was propartimthe amount of enzyme. The unit of SOD agtivit
was defined as the amount of enzyme that inhibésNBT photo reduction by 50%. SOD activity values
are given in units per ml of extract per minute.

Yield and its components such as number of podspfastt and test weight (100 seed weight) were
measured at harvesting stage. The experimentalngataanalysed statistically by the method of asialy
of variance procedure as suggested by Panse ahdtewk (1978). Statistical significance was tested b
‘F’ value at 5 % level of probability. Critical ddrence at 5 % was worked out.

Fig.1. Soil moisture (% volume) under irrigated
condition
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Fig. 2. Soil moisture (% volume) under unirrigated
condition
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RESULTS AND DISCUSSIONS
Plant height (cm), Leaf area(crfi plant™), Shoot dry weight (g pant)
The data on the influence of application of fohemicals on plant height, leaf area and shootveight
of blackgram are presented in table number oneth&Be three parameters shows a significant diféere
among main plots and subplots.
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Plant height after foliar spray under irrigated dition was 19.55 cm and under unirrigated conditton

was 17.43 cm. Reduction in plant height due to ginb@fter foliar spray was 10.84%. Reduction impla
height was due to diversion of assimilates fronmsémnd utilised them for increased root growth ideor
increase the water absorption. The results of tamum plant height due to drought ware in confiiym
with Ali et al.® in maize and Bardhaet al.’ in chickpea. Among interactions under irrigatedditions
foliar spray of urea @ 2% recorded highest plaightg21.29 cm) and under unirrigated conditiotigio
spray of KNQ @ 1% recorded significantly higher plant heigt®.45 cm) which is on par with,RO,

@ 1% and urea spray @ 2% . Increase in plant heigh due to availability of Nitrogen and potassium
to plants through foliar spray. Potassium regulétesosmotic turgor of cells and water balance tviigc
driving force for cell division and elongatiorSimilar results of increase in plant height daedliar
nutrition of KNO; and potassium solution during drought was revebjeBardharet al.” in chickpea and
Besmaet al.” in potato respectively.

Leaf area after foliar spray under irrigated canditwas 441.03 cfper plant and under unirrigated
condition leaf area was 383.50 Tper plant. The decrease in leaf area due to dtovas 13.04 % after
foliar spray because of drought stress. The restiitsduced leaf area in water stressed plantsiwago
accelerated senescence and low turgor potentialshwiks driving force for cell division and cell
elongation. Similar results of decrease in leafatee to drought was revealed by &lial.*in maize and
Maiti et al.'® in various crops. Among interactions under irgatondition urea spray @ 2% recorded
highest leaf area (520.83 &mpiant’) and in unirrigated condition KN@® 1% recorded highest leaf area
(412.5 cr plant®). Lower leaf area was recorded by control (33&88 plant'). Potassium is essential
to obtain maximum leaf extension and stem elongatiotassium regulates the osmotic turgor of cells
and water balance which is driving force for cellislon and elongation. A similar result of increas
leaf area due to foliar spray of potassium wasntepdoy Besmat al.” in potato.

Regarding shoot dry weight under irrigated conditib was 3.86 g per plant and under unirrigated
condition shoot dry weight was 3.39 g per plante Tecrease in shoot dry weight due to droughtr afte
foliar spray was 12.18 %. Reduction in shoot drygiveunder drought was due to reduced shoot growth,
reduced leaf area, number of leaves, plant heigthtirecreased senescence. Similar results of decieas
shoot dry weight due to drought was revealed byef\kl.* in maize and Abdullahiét al.* in wheat.
Among interactions irrigated condition urea spray2@ recorded significantly higher shoot dry weight
(4.83 g plarit) and under unirrigated condition KN@ 1% recorded higher shoot dry weight (3.77 g
plant’) which is on par with KSO, @ 1% . Lower shoot dry weight was recorded by mdr{2.84 g
plantt). KNO; marginally delayed the flowering. Delay in flowagi would facilitate whole dry matter
production. So foliar application of KNZontribute in dry matter production (up to someeakx as
indicated by delayed floweringSimilar results of increase in shoot dry weighe do foliar spray of
potassium under drought conditions was reportedgullahil et al.' in wheat and Bardhaet al.” in
chickpea.

Canopy temperature {C)

Canopy temperature showed significant increase rundé@rigated condition when compared with
irrigated condition. After foliar spray under irsiged condition canopy temperature was 2905and
under unirrigated condition it was 31.88. The increase in canopy temperature due to ttpadter
foliar spray was 8.0%.
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Increase in leaf and canopy temperatures undegttavas due to inhibited transpiration and incréase

the boundary layer resistance to transpiration aizdf. Leaf and canopy temperatures increased due to
increased respiration and decreased transpiratrited from stomatal closure in wH&aSimilar results

of increase in canopy temperature due to drougbtreported by Moradit al.'® in mungbean, Algt al.®

in maize and TaleBlin wheat.

Among interaction there was no significant diffexerin canopy temperature with foliar spray. Under
irrigated and unirrigated condition higher canogmperature was recorded in control.

Photosynthetic rate(umol CO,m? s?)

Photosynthetic rate under unirrigated conditionsreesed significantly when compared with irrigated
conditions. Under unirrigated condition photosytitheate was 36.02 pmol GOn? s' and under
irrigated condition it was 39.94 pmol G@? s’. The decrease in photosynthetic rate was 9.81 %.
Reduction in photosynthetic rate by drought stiestue to stomatal (stomatal closure) and nonst@mat
(impairments of metabolic processes) facforBhotosynthesis can be inhibited even when thaattd
influence is eliminated (leaf discs without epidemn suggesting that factors other than low,CO
availability affect photosynthesis under droughtditions”’. Similar results of decrease in photosynthetic
rate due to drought was reported in mungbeamtobacc® and in chickped.

Under unirrigated conditions all treatments shoveighificant increase in photosynthetic rate when
compared with control. KNO@ 1% spray recorded maximum photosynthetic re@e6@umol CQ m?

s1) and lower photosynthetic rate was recorded byrob(29.48 umol C@m? s?). The reason for the
enhanced need for K by plants suffering from emuinental stress like drought appears to be related t
the fact that K is required for maintenance of pkghthetic CQ fixation. Drought stress is associated
with stomatal closure and thereby with decreased fx@ion. Formation of ROS is intensified because
of inhibited CQ reduction by drought stress. Obviously, formatwdfROS under drought stress would be
dramatic in plants exposed to high light intensityith concomitant severe oxidative damage to
chloroplasts. Increase in ROS production in drowgglgssed plants is well known and related to
impairment in photosynthesis and associated diatads in carbohydrate metabolistander irrigated
conditions all treatments showed significant inseein photosynthetic rate when compared with cantro
Urea @ 1% spray recorded maximum photosynthetic(48.94 umol COm? s?).

Proline content(pug g* FW)

Total proline content showed a significant increaseler unirrigated condition when compared with
irrigated condition. After foliar spray under irdied condition total proline content was 2.96 [tg=yV
and under unirrigated condition it was 5.16 igFW. The increase in total proline content due to
drought after foliar spray was 74.32 %. Accumulatad proline in plants under stress is a resulthef
reciprocal regulation of two pathways i.e., inceshexpression of proline synthesis enzymes and
repressed activity of proline degradation. Thisdfedo a "proline cycle", the homeostasis of which
depends on the physiological state of ti$5ire maize. Proline accumulation is a mechanismplants
adaptation to abiotic stress conditions. Othersrbe proline have been proposed, including stzdtibn

of macromolecules, a sink for excess reductantaastbre of carbon and nitrogen for use after reifef
water deficit in mungbedh Similar results of increase in proline contentiniy drought was reported by
Mafakheriet al.'* in chickpea and Maitét al.'® in various crops. Under unirrigated condition KN@

1% recorded significantly higher total proline cemit(5.64 pg g FW).
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Foliar spray of potassium induces proline synthésring drought and this accumulation of prolingiti

have served as a compatible solugimilar results of increase in proline contentiniy drought due to
foliar spray of KNQ was reported by Thalootét al.?° in mungbean. Under irrigated condition foliar
spray of KNQ @ 1% recorded significantly higher total prolirentent (3.25 ug§FW) which is on par
with K,SO, @ 1% (3.20 pg gFw).

Peroxidase and SOUDactivity (units per ml of extract)

Regarding peroxidase and SOD activity there wagraficant difference among the interactions betwee
irrigated and unirrigated foliar treatmenfBotal peroxidase and SOD activity showed a sigaiftc
increase under unirrigated condition when compavigd irrigated condition. After foliar spray under
irrigated condition total peroxidase activity wa38309 units per ml of extract and under unirrigated
condition it was 362.24 units per ml of extracteTihcrease in total peroxidase activity due to dhau
after foliar spray was 7.14 %. Under irrigated dbod SOD activity was 25.57 units per ml of extrac
and under unirrigated condition it was 37.99 upis ml of extract. The increase in SOD activitg da
drought after foliar spray was 48.57 %. Drougidults in the increased generation of reactivagemry
species (ROS) due to energy accumulation in stigdsats.

Plants have developed a wide range of adaptivefeesie mechanisms to maintain productivity and
ensure survival under drought stress conditiontetuce the toxicity of ROS, plant cells have depetb

an antioxidative system, consisting of low moleculaeight antioxidants and as well as protective
enzymes like, peroxidase and superoxide dismugisdlar results of increase in peroxidase and SOD
activity during drought was reported by Salekjahial.,?® in barley, Abedi and Hassaim rape seed and
Mousaet al.,*® in maize. Among interactions under unirrigated diton foliar spray of KNQ @ 1%
recorded significantly higher peroxidase (382.0tsupier ml of extract) and SOD (42.0 units per ml of
extract) activity. Lower peroxidase and SOD acfivilas observed in water spray. Application of macro
nutrients like N and K during drought reduced thgidity of ROS by increasing the concentration of
antioxidants like peroxidase and SOD in the plaiist. Among interactions, under irrigated condition
foliar spray of KNQ @ 1% recorded significantly higher peroxidase 8D activity.

Seed yield (kg hd)

Regarding seed yield there was a significant diffee among the interactions. Seed yield showed a
significant decrease under unirrigated conditioremibompared with irrigated condition. Under irrigght
condition seed yield was 707.07 kg*hand under unirrigated condition it was 548.43 ki.HThe
decrease in seed yield due to drought was 22.4&ibilar results of decrease in seed yield due to
drought were reported by Taloo#h al.?® in mungbean and Mafakheet al.'* in chickpea. Among
interactions, under unirrigated condition K@ 1% recorded significantly higher seed yield (6@4g
ha'). Lower seed yield was observed in control (49k@§3a'). The increase in yield due to KN@

1% spray under drought was 23.04 % when compardd a@introl. Similar results of increase in seed
yield due to foliar spray of KN@or potassium spray under drought was reported pgrdmireddyet
al.'* in mungbean, Bardhaat al.” in chickpea and Abdullahét al." in wheat. Under irrigated condition
foliar spray of urea @ 2% recorded significantlgher seed yield (792.17 kg Ha Similar results of
increase in seed yield due to foliar spray of uneder normal irrigated condition was reported bjaRa

et al.? in mungbean, Sritharaet al.?® in mungbean and Béhin chickpea.
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Table 1: Effect of foliar nutrition on plant height, leaf area and shoot dry weight under receding
soil moisture conditions

Treatments Plant height (Cm) Leaf area{per plant) Shoot dry weight (g per plant)
M1 M, Mean M M> Mean M M> Mean
KNO; @ 1% 20.97 19.45 20.21 486.10 412.50 449|130 413 .77 3| 3.95
Urea @ 2% 21.29 18.80 20.04 520.83 408.07 464.45 83 4. 3.61 4.22
DAP@ 2% 19.70 17.44 18.57 473.1P 387.57 430{38 4.00 3.40 3.70
K,SO, @ 1% 20.46 19.14 19.80 437.60 390.93 414127 407 .65 3| 3.86
Tricantanol @
1 ppm 20.00 18.16 19.08 444.95 391.60 418)28 3.0 .38 3| 3.54
Water 17.87 15.27 16.57 378.58 354.97 366]75 3.35 .10 3| 3.23
No spray 16.54 13.71 15.13 345.97 338.83 342140 329 284 2.89
Mean 19.55 17.43 441.03 383.50 3.86 3.39
SEM + CD CV% SEM £ CD CV% SEM + CD CV%
Main plot 0.08 0.49 8.62 0.84 5.10 18.91 0.07 0.41 16.22
Sub plot 0.27 0.80 15.57 1.27 3.70 15.27 0.63 0.18 8.05
Interaction 0.39 1.13 1.79 5.22 0.09 0.26
Mx S

M, = Irrigation

M= Unirrigation S x M = Sub plot means at fixeddbof main plots

Table 2: Effect of foliar nutrition on proline content, peroxidase activity and SOD activity under
receding soil moisture conditions

Treatments Proline content (ng/g FW) Peroxidaseigct SOD activity
(units/ml extract) (units/ml extract)
M, M, Mean M, M, Mean M M, Mean
KNO; @ 1% 3.25 5.64 4.45 357.70 382.08 369.87 28.47 0042. 35.23
Urea @ 2% 2.90 451 3.71 346.43 362.50 354.47 25)7338.20 31.97
DAP@ 2% 3.03 5.08 4.05 335.4¢Y 358.47 346.97 25.833 8.333| 31.83
K,SO, @ 1% 3.20 5.35 4.28 350.038 375.5¢ 362.80 26.23 8041. 34.02
Tricantanol @ 1
ppm 2.45 5.26 3.86 327.07 352.98 340.00 25.27 37.331.28
Water 2.84 5.00 3.92 324.9(¢ 349.97 337.43 24.23 874. 2955
No spray 3.02 5.26 4.14 325.00 354.23 339.62 23.7033.43 28.57
Mean 2.955 5.158 338.09 362.24 25.5) 37199
SEM + CD CV% SEM + CD CV% SEM * CD CV%
Main plot 0.01 0.07 2.53 0.17 1.03 4.16 0.04 0.26 .433
Sub plot 0.04 0.11 4.45 0.42 1.23 5.53 0.16 0.48 177.
Interaction 0.05 0.15 0.59 1.74 0.23 0.64
SxM
M, = Irrigation M = Unirrigation S x M = Sub plot means at fixeddeof main plots
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Table 3: Effect of foliar nutrition on water potential, Photosynthetic rate and Protein content under
receding soil moisture conditions

Treatments canopy temperatde) ( Photosynthetic rate (umolms® Grain yield (kg/ha)
M, M, Mean M ?\:/I(Z)Z) Mean M M, Mean
KNO; @ 1% 27.90 29.43 28.67 41.96 39.63 40.80 77027 604.0287.16
Urea @ 2% 28.70 31.43 30.07 43.94 38.24 41.09 79217 585.3088.76
DAP@ 2% 29.30 32.27 30.78 42.31 35.41 38.86 75592 569.9162.92
K.SO, @ 1% 28.17 30.47 29.32 41.28 39.22 40.25 714177 577.8246.28
Tricantanol @ 1| 29.00 30.70 29.85 40.88 35.75 38.32 663,87 518.2791.09
Vﬁ)/g?;r 29.40 32.23 30.82 35.76 34.43 35.10 64350 492.7768.13
No spray 30.90 33.10 32.00 33.45 29.48 31.47 609/00  490.9349.9%
Mean 29.05 31.38 39.94 36.02 707.Q7 548.43
SEMz | CD @ 5% CV% SEM = CD CV% SEM * CD CV%
Main plot 0.17 1.0 13.72 0.14 0.84 10.27 1.22 7.45 22.89
Sub plot 0.35 1.03 15.76 0.32 0.94 12.86 1.54 4.5D 15.07
Interaction 0.5 NS 0.46 1.34 2.18 6.36
SxM

M= Irrigation M = Unirrigation S x M = Sub plot means at fixedéeof main plots
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