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ABSTRACT

To determine effects of methanol foliar application on soybean grain yield under, a factorial split-plot experiment
based on a randomized complete block design with four replications was done at Research Field of Faculty of
Agriculture and Natural Resources, ISlamic Azad University-Karaj Branch, Karaj, Iran, during 2010. The first
factor was drought stressin two levels (based on depletion of a;=40% and a,=70 % of available soil moisture). The
second factor was spraying times of methanol in two levels (in the morning at b,= 8-10 AM and in the evening at
b,=19-21 PM). Third factor was foliar application number of methanol with three levels (each c1=7, c2=14 and
c3= 21 days, Methanol spray was applied 5, 3 and 2 times during growth season of soybean, respectively). All
treatments were sprayed with 21% (v/v) methanol concentration. 2 g lit* Glyine was added to prepared solutions.
Grain yield, biomass, harvest index, 1000-grain weight, protein and oil percentage and yields were measured in this
study. The results showed that there was significant (p>0.05) differences between effects of drought stress level on
measured parameters. Under normal irrigation, the highest (3187 kg ha™) and lowest (1526 kg ha™) soybean grain
yield was obtained in a; and a,, respectively. Results of oil yield indicated that a; and a, were produced the most
(731 kg ha™) and least (484 kg ha®), respectively. Besides, results showed that significant differences exists
(p>0.05) between interaction effects a*b, a*c, b*c and a*b*c in some traits, as under normal and deficit irrigation
maximum grain yield were observed by methanol spraying every other week in the evening and every 7 days in the
morning, respectively. It seems applying aqueous solutions 21 % (v/v) methanol on water deficit condition on
different periods on soybean plants and time application can reduce harmful effects of drought and improve plant
potential to cope with stress.
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INTRODUCTION

The amount of water needed for plant growth andeldgment in soybean is an important factor and ltare
significant influence on yield and yield. Droughktone of the most important limiting factors ofybean growth
[1]. Short maturation varieties compared to longation varieties of soybean less respond to watess then in
arid zones or areas where water is limited, Shaturation varieties should be planted [2]. Daress#ial., (2002)
Showed that stress at pod formation stage increfieedr and pod shedding and reduce the numbeeeds in
soybean [3]. It is reported that water stress dudarly reproductive stages increases the loskwefs and pods
[4]. Therefore, lack of available water is the mostical factor affecting flower and pod sheddirag adequate
water supply prevents destructive changes in tha af pedicles falling. Egli and Zhemwen (2001) doded that
the drought in the early flowering caused a sligbtrease in the number of pods per plant, becdmserfng in
indeterminate cultivars of soybean occurs overra Iperiod and the plant can compensate water tdéfidate
flowering by producing more flowers [5]. Vieirat al. (1992)claimed that water stress during grain filling
considerable decreased soybean yield (32-42%) TBgy found that drought stress during seed devetopm
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decreased yield, shortens the grain-filling stage lwers final seed size and in severe stresssdbds are very
wrinkled and ill-formed. Most agricultural region$ Iran are located on a dry climate. And droughbimne of the
factors limiting photosynthesis and yield. Therefoapplication of methanol by foliar spraying cagn#icantly
reduce the damage caused by water deficiency. Normrand Benson (1992) foliar application of methano
increase the growth and yield of c¢3 species anchamel is considered as a source of carbon for plrit
Methanol molecules are smaller than the carbonidigoand absorbed sooner by plant, moreover, faliglication
of Methanol delayed senescence of leaves througteee production in plant, this increases phottstic active
period and leaf area duration (LAD) [8]. Severaidés have been shown that foliar application ofhaeol can
prevent of biomass reduction [9-10]. Li et al. (399evealed that Grain yield, 1000-seed weight auachber of
pods per plant of soybean treated by in Methamplitantly increased compared to control [11]. Neetol spry is
a method which increases crop CO2 fixation uniaaRecent investigation showed that C3 crops yaeld growth
increased via methanol spray and methanol maysa€t source for these crops [12]. Foliar applicatidtih 5-10%
methanol increase plant growth and yield [7]. ldesrto better absorption of methanol by the leaaésr foliar
application, hours of darkness is necessary [13hak been reported that foliar application of raeth could
enhance activity of FBPase, an important enzymdraling photosynthesis [14]. Hemming and Cridd995)
reported that foliar application of methanol catseise in Carbon conversion efficiency [15]. Expents have
shown that foliar application of 20% methanol tcamet could increase leaf area index, crop growth, raod
growth rate, radiation use efficiency, pod and mrgield, 1000- grain weight, number of ripened podl grain
protein of peanut [16]. Mirakhosrt al. (2009) [10] and Nadalt al. (2010) [17] stated that 21% (v/v) methanol
spray poses the greatest impact on yield, and gthgsiological traits. Positive effects of foliapgication of
methanol on growth and yield of soybean have beeafirmed in previous studies. Thus, the objectiokthis study
were to investigate the effects of time and nundddpliar application of methanol on soybean quajilield under
deficit irrigation.

MATERIALS AND METHODS

The experiment was carried out in 2010 at Karajp I{35°41"' 15"N, 50°56'51"E, 1190 m). Soil typeswelay loam
with pH of 7.6 and its salinity in 0-30 cm of spilofile was 2.7 dS th The experimental design w as a randomized
complete block in a factorial split-plot arrangernesith four replications. In these experiments, fingt factor was
consisted of water stress in two levels (based @radd 70% depletion of available soil moisture atl a2,
respectively), second factor was time of foliar laggtion of methanol in two levels (8-10 AM=bl ani®-21
PM=Db2) and the third factor was in three leveldigfoapplication of methanol weekly=c1, bi weeklg=and three
weekly=c3 which was performed spraying 5, 3 anin2$, respectively). To prevent of methanol poisgrat light
presence and chlorophyll destruction, 2 gt bf glycine was added to prepared solution [7, Mjreover, plots
related to other treatments were sprayed by watérglycine at time of spray solution. The first Mahol spray
was performed 60 days after planting on July 16a@@application was continued until solution drdiosv from
plant surface. Time of irrigation was determinethg<halk block in term of Soil Moisture Depleti@8MD). Chalk
blocks already calibrated and applied availablestuoé depletion curve provided by Paknejad et2007) [19]
from in Research Field of Islamic Azad Universitg#idj Branch Irrigation was done when the show 20 and 80.
Plots were furrow irrigated soon after planting afatments irrigated until the fifth stagesfV To avoid
interference among watering treatments, 250 cnaudigt between drought treatments was considered.sdybean
was planted at an average density of 40 plahtGr6 m row spacing and 5 cm distance between seithis rows.
Each plot involved six 5m rows. Soybean seeds waiafected, then inoculated by soybean inoculunt were
manually sown in 4 May 2010. Soybean were seedéiighat density and then thinned to the target dierssi40
plant m? after their establishment. Plants were harvested?25 days after planting and Grain yield, biomass
harvest index, 1000 grain weight, protein and eilgentage and yields were measured. In order &yrdatation of
Grain yield, harvest index, and 1000 grain weidimi? of each plot were harvested. Kejeldal method vpied

for protein content determination and for oil egtian socsole device was used. All data were staxjeim ANOVA
using the GLM procedure of SAS (SAS Institute, 2002eatment means were separated using Duncaatt®sk
0.05. The graphs were fitted using Excel 2003ssied| software.

RESULTS AND DISCUSSION

The results of ANOVA (Table 1) demonstrated that #ffects of drought stress level on grain yielaniass,
harvest index, 1000-seed weight, protein and oitgr@age and yields were significant, but timeprging had no
significant differences on all measured traits ak .05 probability level. Moreover, there was gngicant
difference between numbers of methanol applicatiorall evaluated features. Grain yield, besidess Wwrther
affected by the interactions of water stress anghbar of spraying, water stress and time of sprayiimge and
number of spraying. Based on the results, theresigasficant (p>0.05) differences between interatteffects of
drought, time and number of methanol spraying wetealed on all traits. The highest (3187 kg)hand lowest
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(1526 kg hd) Grain yield was obtained in under normal andaiefirigation, respectively. Here, yield reduction
equal to 52.1% was detected in deficit irrigatioompared to normal irrigation (Table 2). Yield los@s
anticipatable due to water stress was applied fooimary growth stages. This result is supportedptBviously
published works [9-10] in which the maximum soybeaeld was produced under normal irrigation corliti
Pandey (1984) found that soybean grain yield weesali affected by water [20]. Based on result, iimab irrigation
condition the highest grain yield (3403 kg'haelated to methanol spraying per 14 days in trenimg. However,
foliar application of methanol per 14 days in theedng did not differ significantly in comparisonitiv foliar
application of methanol per 7 days in the mornind avening. In other hand, the lowest grain yi@@2g kg hd)
was obtained in methanol spraying per 14 days énntiorning and had no statistically significant wittethanol
spraying per 21 days in the morning. Maybe, methapmying per 21 days produced a less carbon éason.
Under normal irrigation condition, there was nofatiénce between spraying in the morning and eveaimd
methanol spraying per 14 days was superior duestgei reduction of methanol and higher yield. Fdicide
irrigation, the highest (2025 kg firand lowest (1090 kg Ha grain yield were produced in methanol sprayingpe
days in the morning and methanol spraying per 2jis da the evening, respectively (figure 1). Undefialt
irrigation, spraying in the morning is better. Tigsprobably due to closing of stomata in the engrinduced by
decreasing turgor and then more foliar applicabbmethanol compensated to some extent damage deditit
irrigation and the changes trend of yield undeiiaiteifrrigation conditions affected by the numbefr methanol
application which these result is in correspondhtat of Khashaman (2010) [21]. Drought stress caedaces oll
percentage as the most (27.34 %) and least (22)88il%ercentage were generated inaad @, respectively. A
showed a reduction as much as 16.61 % relatedrtoat@onditions (g (Table 2). Daneshian et al. (2002) reported
that drought stress reduced soybean yield duedoction of grain number per plant and 1000 grainghte[3].
They, also, found that as water stress increasetther seed oil and less protein rate is inducedigver, eventually
drought stress a marked negative effect on theamd protein yield because of yield loss. Increagffgcts of
methanol spraying on the oil and protein percentehbeen confirmed in soybean [14]. In normal iriiga,
spraying of methanol every other week in the mamnoduced the greatest oil percent (28.27 %) whiath no
significant different with spraying in the eveningn the contrary, spraying of methanol every 21sday the
morning induced the smallest oil percent (22.30ich placed statistically in a same group withagorg weekly
in the evening (Figure 3). Thus, it may be conctutteat, under normal irrigation more time methaaoplication
can create destruction of chlorophyll and less iappibns of methanol can decrease plant assimilatio deficit
irrigation foliar application of methanol every ettweek in the evening made the utmost oil perh21 %) and
spraying of methanol every 21 days in the evenirgegated the minimum oil percent (20.70 %), howetdrad no
significant difference with methanol applicationtive morning every 7 days. Finally, methanol sprgysuggested
in the evening every other week. The highest (89@@Pha’) and lowest (429.90 kg Haoil yield were observed in
a, and a, respectively (Table 2). In normal irrigation sgiregy of methanol every 7 days in the evening gaeerthe
peak oil yield (952.53 kg 1, besides, methanol application every 21 daykénetvening breed the lowest yield oil
(554.90 kg ha). As oil yield affected by grain yield, more aggaition time of methanol has favorable effects dn oi
yield. Under deficit irrigation methanol spray eyét days in the morning and foliar application ofthmanol every
21 days presented the uppermost (573.29 kb had least (364.30 kg M oil yield, respectively. In deficit
irrigation because of more application time of naeil, greatly reduce damage from deficit irrigatiand changes
trend of yield affected by more application timeneéthanol (Figure 4). Thus, it can be deductibleevapplication
times of methanol impose positive influences oryald, because oil yield and grain yield have clinelation and
consequence for both normal and drought stressmeemded methanol spray every 7 days in the morning.
According to Eduerdet al. (1993) drought stress reduced seed weight duediaction of current photosynthesis
and transported products rate [22]. Mean 1000-ngnaight comparison revealed that the highest 8&%) and
lowest (143.21 g) mean were concerned to al ancea@ectively (Table 2). In normal conditions afgation the
most 1000 grain weight (175.42 g) was detectedaatinents which received methanol spraying evergdys in
the morning and placed in a same group with spgagihmethanol every 14 days in the evening. In et}
application of methanol every 21 days in the magynamoduced the least 1000- grain weight (160.42Ugder
deficit irrigation, methanol application every 2ayd in the morning created the greatest (152.Gthd)application
of methanol every 14 days in the morning causedsthallest (136.63 g) 1000- grain weight (Figure Since
transportation of nutrition to grain was done tlgibdeave and according to Mitchell al. (1994) that reported
constantly methanol spray damage pepper leavesA28brding to Mirakhoret al. (2009) [10] and Paknejad et al.
(2009) [9] who declared that methanol spray inceeH300- grain weight, it can be found the reasarirforeasing
of 1000- grain weight. Negative correlation betwegeain oil and protein percent has been reportddl [Phe most
(36.60%) and least (32.38%) protein percent wasrteg in a and & respectively. Under normal irrigation
conditions, the maximum (39.23%) content of graiot@in was discovered with methanol spray fortnighthe
evening, however, showed no statistically significg® < 0.05) difference relative to methanol aggtion weekly
in the evening and put in a top group, on the otfeards, the minimum (34.28%) content of grain girowas
observed by methanol spray every 21 days in tha@iegeand did not significant different compared fodiar
application of methanol in the morning every 21 slaln deficit irrigation, the highest (34.89%) atwlvest
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(32.28%) grain protein rate were found in treatraemiich received methanol every other week in tbhening and
every 7 days in the morning, respectively. nonet&lfoliar application of methanol every 14 daythie morning
and evening were statistically similar. Accordingly normal and deficit irrigation foliar applicati of methanol
fortnight in the evening and morning were apprderigigure 6). The maximum protein yield (1243k@Bha’) was
observed in @nd minimum protein yield (698 kg fawas produced in,avhich showed a yield loss as much as 44
% compared to ;a(Table 2). Under normal irrigation, methanol spragekly, in the morning gave the greatest
protein yield (1529.56 kg 2 and was statistically similar to foliar appliaaii of methanol in the evening.
Conversely, foliar application of methanol everheit week in the mmorning presented the lowest protield
(1019.37 kg had) , although, methanol spray in the morning anchingewere not significantly different and put in a
same group. In deficit conditions, methanol spragkly in the morning and foliar application of meatlol fortnight

in the evening led to the utmost (1077.29 kg)hend least (921.56 kg Haprotein yield (figure 7). Overall, foliar
application every 7 days in the morning and evemngoth normal and water stress is better. Mare tspraying of
methanol can reduce damage from water stress andathtanges trend of yield affected by time of methan
application which this finding is in agreement wikhashaman (2010) observations [21]. Highest (10&50a")
and lowest (7437 kg H value of soybean biomass was detected, iana a, respectively (Table 2). Maximum
biomass (11777 kg Hain normal irrigation was related to methanol aggtion in the morning every other week,
nevertheless, there was no significant differenté methanol application spray in the evening evather week.
Whereas, minimum biomass (9110 kg'havas recognized with methanol spray in the morrémgry 21 days.
Moreover, in deficit irrigation the most soybearoriass (8265 kg Ha was found when methanol spray was
conducted every other week in the morning, and stagstically in the same group with methanol spirayhe
evening, in opposition, the least soybean bioma362 kg ha) was distinguished in methanol spray every 21 days
in the evening (Figure 2). Mitchedt al. (1994) found that foliar application of metharmmintinuously harmful
influences on pepper leave, so, pepper biomassa®sstd in treatments receiving methanol spray wedy.
Indeed, main reason for yield and 1000-seed wegghiction of soybean is the result of biomass IB8ps.ethet al.
(1984) confirmed that in soybean indeterminateicails harvest index has a more firmness [25]. Tighdst (31.01
%) and lowest (25.52%) harvest index were scrughim al and a2, respectively. reduction in harirestx in a2
compared to al was 18%. Under normal irrigatiofiafoapplication of methanol in the evening evety @ays
provided the highest harvest index (33.24 %), harethere was no significant difference betweenhared! spray
both in the evening and morning every 21 days.tt@nother hand, the minimum harvest index (29.09btained
by methanol spray in the evening each 14 days;thetess, it put in the same group along with methapray in
the morning weekly and methanol spray both in tleenimg and evening every other week. In deficigation, the
most soybean harvest index (27%) was related tarfapplication of methanol in the morning weeldithough, it
showed significant difference compared to methapgplication in the evening weekly and no significdifference
with every other week in the morning, and 21 dagthlin the morning and evening. Besides, methamaysevery
week in the evening produced the least soybearebaindex (23.35 %), however, it had significarifedence with
spraying in the evening weekly (Figure 8). Harviedex affected by biomass and grain yield.

Tablel: Analysis of variation for effects of timingand number of methanol foliar application and itsperiod
under water deficit conditions

Grain Harvest

Source of variation df ) Biomass Grain Weight Oil% Oil yield Protein% Protein yield
Yield Index 9 Y Y
Replication| 3 0.0 0.16" 0.47" 15.66° 2.07" 154.26° 0.44" 614.02°
ao)” moisture 1 331%  122.33%  360.96*  5970.15%  101.50* 728464.35%*  166.35% 786388.48**
;ggﬁcgifgr']""(‘é) 1 003 0.04° 4.00° 0.48° 0.20° 12.01° 2.97° 2.38°
A*B 2 0.01% 0.66* 5.0 0.88" 0.47" 12506.24* 12.42* 10.40¢
Error (AB) 9 0.10 0.33 1.24 5.95 1.61 21.33 1.28 19.76
gg{;ﬂgg{ig&fg;ar 2 0.65% 16.03* 21.85% 173.98* 61.74% 274340.24% 48.79% 400224.74*
A*C 2 021 0.76% 7.34* 164.89* 11.51* 46870.43* 9.35% 137407.97*
B*C 2 0.22% 0.01* 4.54° 83.27¢ 1.84" 159.24° 1.25¢ 1701.29*
A*B*C 2 0.06* 0.41* 6.57* 363.16% 11.17* 19627.36% 1.36" 1515.72*
Error 24 001 0.07 1.90 24.38 1.23 398.29 2.45 571.93
Y - 4.62 3.70 4.40 3.85 6.91 3.50 3.75 1.75

** Ggnificant at 0.01 level *, Sgnificant at 0.05 level n.s, non significant
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Table 2: Means comparison time and number of methardoliar application under water deficit conditions (MS)

Treatment Levels Grain yield  Biomass 'T?Q’;St Grain weight Oil Oil yield Protein Protein yield
(kg.ha') kg.ha' (%) @ (%) (kg.ha') (%) (kg.ha')
Soil moisture al=40% 3187 a 10550 a 31.01a 165.52 a 27.34 a 890.93 a 36.60 a 1243.93 a
A a2=70% 1526 b 7437b  2552b  14321b 2280b  429.90b  32.38b 698 b
Time of bi=g- 2384a  9075a  2855a  15464a  233la  608a 3411a 1127 a
foliar 10AM
application b2=19- 2330a  9016b  27.98a  15426a  2344a  607a 3461a 1128 b
(B) 21PM
cl=each 7 5589 4 9134b  27.84b  151.30b 22.13b 757 a 34.19 b 1293 a
days
Number of c2=each 14
foliar P 2213 b 9999a  27.37b  157.86a  2564a 549 b 36.19a 978 ¢
L ays
application (C) c3=each 21
doys 2268 b 8003c  29.59a  153.93ab  22.36b 516 ¢ 32.71c¢ 1110 b

Mean with the same letters in each column does not have significant difference at the 5% level of probability

4000 -
3500 -
S
Eﬂ 3000 -
% 2500 -
‘:{- 2000 -
g 1500 -
1000 -
500
40% soil water depletion 70% soil water depletion
Mpicl 3258 2025
Mplc? 3360 1715
Mp2cl 2928 1295
Mp2c2 3403 1228
Mb3cl 2993 1808
Mp3c2 3135 10960

Fig 1: Effect timing (b1=8-10 AM and b2=19-21 PM) ad number (c1=each 7 days ,c2=each 14 days ,c3=each
21 days) Foliar application of methanol on grain yeld under water deficit conditions.
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40%soil water depletion 70% soil water depletion
Eplcl 10775 7507
Mplc2 10902 7352
Mp2cl 11777 8265
Mp2c2 11702 8252
Mbp3cl 9110 7015
ub3c2 9585 6302

Fig 2: Effect timing (b1=8-10 AM and b2=19-21 PM) ad number (c1=each 7 days ,c2=each 14 days ,c3=each
21 days) Foliar application of methanol on biomasender water deficit conditions.
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2418

20.70

Fig 3: Effect timing (b1=8-10 AM and b2=19-21 PMuand number(cl=each 7 days ,c2=each 14 days ,c3=each
21 days) Foliar application of methanol on oil perentage under water deficit conditions.
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300
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40% soil water depletion 70% soil water depletion
Mpicl 934.08 573.29
Mplc2 952.53 571.30
Mp2cl 635.85 466.45
Mp2c2 638.77 457.18
Mb3cl 670.12 364.30
Mp3c2 55490 47536

Fig 4: Effect timing (b1=8-10 AM and b2=19-21 PM) ad number (cl=each 7 days, c2=each 14 days, c3=each
21 days) Foliar application of methanol on oil yiel under water deficit conditions.
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40% soil water depletion 70% soil water depletion
Mplcl 161.43 140.23
Mplc2 164.89 138.68
Mh2cl 17542 136.63
Mp2c2 168.21 151.18
Mb3cl 160.42 152.68
Mb3c2 162.75 139.89

Fig 5: Effect timing (b1=8-10 AM and b2=19-21 PM) ad number (c1=each 7 days ,c2=each 14 days ,c3=each
21 days) Foliar application of methanol on Grain wight under water deficit conditions.

2114
Scholars Research Library



Farzad Paknejadet al Annals of Biological Research, 2012, 3 (5):2108-2117

45 -
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g 30
S 25 -
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s 15 -
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40% soil water depletion 70% soil water depletion
Mpicl 335.89 32.28
Mplc2 3745 31.17
Mp2cl 37.37 34.89
Mbp2c2 39.23 33.28
ub3cl 33.15 31.13
LWbp3c2 3428 3229

Fig 6: Effect timing (b1=8-10 AM and b2=19-21 PM) ad number (cl=each 7 days ,c2=each 14 days ,c3=each
21 days) Foliar application of methanol on Proteirpercentage under water deficit conditions.
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40% soil water depletion 70% soil water depletion

Mplcl 1529.56 1077.29
Mplc2 1517.31 1050.36
Mp2cl 1019.37 938.63
Mb2c2 1035.06 921.56
Mb3cl 1216.22 984.03
M b3c2 1216.90 1026.58

Fig 7: Effect timing (b1=8-10 AM and b2=19-21 PM) ad number (c1=each 7 days ,c2=each 14 days ,c3=each
21 days) Foliar application of methanol on Proteiryield under water deficit conditions.
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40% soil water depletion 70% soil water depletion

Mpicl 30.23 27.00
Mplc2 30.82 23.35
Mp2cl 29.86 25.66
Hp2c2 29.09 24.88
Mp3cl 32.85 25.76
Mb3c2 33.24 26.52

Fig8: Effect timing (b1=8-10 AM and b2=19-21 PM) ad number (cl=each 7 days, c2=each 14 days, c3=each
21 days) Foliar application of methanol on Harvesindex under water deficit conditions.

CONCLUSION

Soybean yield is affected by methanol spraying @amdker water stress higher frequency of sprayingesdmt can
reduce destructive effects of drought and prevéngield loss. Based on the results, the highestaictg under
normal irrigation and drought conditions were founydmethanol spraying every 14 and 7 days, respeygtiUnder
normal irrigation condition foliar application ofathanol in the morning and evening provided theimar yield

but in deficit irrigation condition the maximum {deobtained when methanol applied in the morningekems by
increasing applications, methanol can compensatagtit severe, prevents light respiration like ati-astress
substance and can be used by plant as a carbaresour
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