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Abstract: Problem statement: In order to evaluate drought stress and methanglied and yield
components of soybean in field experiments withtdaal experiment inform of a randomized
complete block design with three replication iddiéaculty of agricultural of Islamic Azad Univetgi
Karaj, at 2008. First factor were sprayed aquealstisns O (control), 7, 14.21, 28 and 35% (v/v)
methanol by 3 times during growth season of soyhe#im 12 days intervals on shoot of soybean.
Second factor were drought stress condition in levels 40 and 70% base of depletion available soil
moisture. Approach: This study measured grain yield, biomass HI, 1@édin weigh, high plants,
number of branch, diameter of stem, number of pogdlant, number of hollow podResults: Results of
the experiment indicated that significant differemexist (p>0.05) between sprayed of solution nmetha
on parameters. Results also showed that was signif{p>0.05) differences between effect of drought
stress levels on measured parameters. Effect afoagusolution 14, 21 and 28% (v/v) methanol on
measured parameters was greater than other traatretiar application of 14 and 21% (v/v) methanol
increased leaf area index, crop growth rate, padvilr rate, leaf area duration, pod yield, seeddyiel
weight of 1000 kernel, mature pods per pla@inclusion: The lowest grain yield obtained in control
and 35% (v/v) methanol treatments. Interactionatéfevere not significant.
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INTRODUCTION method which increases crop €fxation in unit area.
Recent investigation showed that €ops yield and
Generally, drought is one of the limiting crop growth increased via methanol spray and methangl ma
production factors in dry arBd. Moran et al.”®  act as C source for these crdps™®2°>! Generally, the
reported soybean production is severely affected by =~ major roll of this substance is to prevent negative
water deficit during pod filling grain formation. Since  effects of stresses on crops via reduction of photo
Iran country import oil and protein crops, soybeanrespiratioff®*". Application of methanol, ethanol,
production is essential and thus it is importantaory  propanol, botanol and amino acids such as glycin,
out research and investigation on forgoing plant fo glutamate and spartat materials is an approach for
collection and its developmé®t Drought stress is one increasing C@ concentration in plants®3”*¢, The
of the important soybean growth limiting factor wi  major source of methanol production in plant idutet
decreases plant growth during vegetative stage.yManpectin demethylation. Such volatile organic comgbun
researchers believe that amount of crop water usee., methanol exists leaves via storfidtaand it is
determine plant growth and development. Meanwhileobvious that plant tissues metabolize metHam.
plants may injure under non optimal access of water Methanol sprayed on plants, enters their tissupislisa
any stagé”® Taking this point, many researchers tendand can be found in Serin structure following iefice
to use growth regulators to improve crop growth ancon plant carbon metaboli$hfl. Increase of methanol
production. The first step to achieve high yield peit  concentration in plant issues positively affectsboa
area is high production of dry matter because amodixation efficiency and cause to leaf enlargemeaatup
90% of plant dry weight is resulted from €O regulation of pectin methyl esterase dé&ta®!
assimilation during photosynthesis. Methanol sgrai  Symbiotic bacteria named Methiol trophic bactena |
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on most of plant leavBs®®! These bacteria receive MATERIALSAND METHODS

methanol extruded from plant leaves and in return

donate precursor of some hormones such as Auxin and In order to evaluate drought stress and methanol
cytokinin - which involve in leaves growth and on yield and yield component of soybean (L 17)ekdf
development. Also, these bacteria are associatéll wiexperiment was conducted based on factorial
nitrogen metag(fging in plants through production ofexperiment in form of a randomized complete block
bacterial uréd®***! Thus nitrogen metabolism is design with three replications in field of agriauk
higher in plants sprayed with ethafiof. Rabinson and facyity of Islamic Azad University Karaj, location
Jons€” declared that glycin has effective roll in p\jandasht (35°45' north and 51°6" east with altitufe
drought tolerance. Glycin protective roll is nahited 1313/, above sea level). Soil texture was clay laach
just to its osmosis protection roll but is involvether PH and salinity through depth of 30 cm was 7.5 5usd

.Stres‘:‘. |tr_1duce|d i gr:ysmf)flogtma}l rtehspd?f&e Some (ds m™), respectively. First factor were spayed aqueous
investigation refated to ettect of methanol Spryoop ) iions 0 (control), 7, 14, 21, 28 and 35% (v/v)

growth and yield indicated that spry of ethanoleater ethanol, second factor were drought stress camditi

deficit exposured crops increases their biomass bLH] .
decreasef biomass ofpcontrol pI&EHE43038 1t shows in two levels 40 and 70% based on depletion of

that methanol can affect crop EQssimilatiof®. a_\vailable _soiI moisture. Methanol spray was appBed
Photo respiration can be minimized with methaneysp (imes during growth season of soybean with 12 day
since 25% of carbon wastes during photomtervals on shoot.of soybean. The first spray |
respiratiof2°*%] That is because methanol is absorbec?0 days after sowing and the other applied 75 and 9
in plant and rapidly metabolized to ¢On plant days after sowing. Methanol spray was carried out i
tissué® due to smaller size of methanol rather thanway that all above ground parts of soybean plamewe
CO,. Spray of methanol on drought encountering plantsovered. Back engine sprayer with a capacity of.12
prevents loose of their biom&ss™. Safarzadd”  was used for spray and sprinkler was held 40 cm
reported that 20% (v/v) methanol spray increasa$ le above the plants. Time of spray which is very
area index, crop growth rate, pod growth rate,atémth  important was 4-8 pm of each given days. For the
use efficiency, pod and grain yield, 100 grain w&ig factor (drought stress) we use chalk block that
number of ripened pod and grain protein of peanutregulated with calibration curve in (Fig. 1). Floog
According to Benson NonomdfH, 10-50% (v/v) irrigation was conducted and all of treatments were
methanol spray increase plant growth and yield tdue jrrigated completely prior to 5th and 6th leaf
reduction of photo respiration rate and increaseeih emergence. There were 6 rows with the length of 5 m
turgescence as well. Also methanol spray delay legfy each plot. Distance between two rows was 60 cm
senescence via effect on ethylene which can prolong,q petween two plants on each row was 10 cm. There
photosynthetic active peribl&]. It is necessary to dark \vere two intact rows between each plot in order to
for a few hours following methanol spray in order t revention of water leakage. Plugging, two multiply

better absorption. Also, methanol spray increases; - I
soybean yield by 16-22% as a result of increase irgISk and leveler were applied to preparel '

photosynthetical capacity of plant at reproducstege .

due to increase in amount of ¢t). According to

Andre$®, methanol spray increases activity of FBPase 28 d
which is one of the important enzymes controlling ,,

photosynthesis. In addition, Hemmingfereported that

methanol spray increases carbon assimilation *° g
efficiency. Yield of G plants less affected by methanol 15 P

spray because of different leaf internal structara . ahdah o |

CO, enrichment in mesophyll céefté* Consider 3__,@.43--'"*"*'“"':*#

increase in growth of wheat, radish, pea, peandt an *

tomato as a result of methanol spray has reportec 4

tod>+*>%* |t should be considered that time and

method of methanol application in field is very ° s 3 4 6 8 10 15 24 S0 79 86 81 60 91 95
important®®***®. The aim of this research, thus, is to Soil moisture

evaluate response of soybean vyield and vyield

component to drought stress and methanol spray. Fig. 1: Curve calibration chalk block
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After seed bed preparation and prior to cultivatiome,  Since drought stress was exerted from primary drowt
50 kg super phosphate triple and 60 kg urea werstages, T2 treatment received less water than Tl an
utilized based on result of soil analysis. Soybsaeds hence drought stress reduced yield component ssich a
were antiseptic and sown in depth of 5cm in Maybiomass, seed yield and plant height (Fig. 4). [Tota
2008. There were 2-5 seeds beside each other apd thbiomass was reduced considerably due to reducfion o
were thinned at three leaves stage to obtain plamilant height. Result of data analysis (Table 1)wstb
density of 15-20 plant perim All plots were harvested that methanol had significant 5% effect on graieldi
on September 2008. Grain yield, biomass, 1000 graiplant height, 1000 grain weight, number of branches
weight, harvest index, number of pod on plant, nemb plant biomass, stem diameter and hollow pod but not
of hollow pod, plant height and stem diameter wereheight of plant below first branch and harvest inde
studied. In other to evaluation of grain yield, dfhd  Result of present research showed that grain wield!
1000 grain weight, 3 frof each plot were harvested. and 21% methanol were highest, 1623.9 and 1811 kg
Also, 10 plants were selected randomly to determinéna® respectively (Fig. 2), and had significant
morphological traits as plant height, stem diameterdifferences with yield of control plants and other
number of matured and hollow pod and number ofreatment (Table 2). Application of 14 and 21%
branches. Statistical analysis of data related tenethanol increased yield 13.02 and 26.11% compared
investigated traits was done using SAS LSD (5%) wasvith control plant. Increase in grain yield resdlte
performed for treatment mean comparison. from increase in 1000 grain weight, height, biomass
number of branches and number of pod pemtpl

RESULTS
1700 a

Results of data analysis (Table 1) shovrest
drought stress had significant (5%) effect on grain g 1600
yield, plant height, 1000 grain weight, number of i 1500 |
branches plant biomass, stem diameter and number of = b
matured and hollow pod but not height of plant lelo " 1400
first branch and harvest index. Based on resutheén
comparison, the height (1754 kg/ha) and the lowest 1300
(1438.98 kg/ha) amount of yield were related to T1 m 2
(40% soil water depletion) and T2 (70% soil water Level stress

depletion) treatment, respectively (Fig. 1). Meaitevh o ,
T2 treatment had 16.4% more yield than T2 treatment 19- 2: Effect of drought stress on yield seed

Table 1: Analysis of variance Effect of droughess and methanol yield and yield components ofesyb

Seed No. of No. of Harvest Diameter No.of Heigh Total 1000 seed
SOV DF vyield Height pod hollow pod index stem bfancfirst branch biomass weight
Replication 2 3602.2ns 24.6ns 298.00* 6.45* 14%.90 0.90ns 1.38ns 29.80ns 4968677.0*  52.4ns
Drought Stress 1 503863.0** 1535.0* 5143.70** 9.90* 35.90ns 14.50* 66.50* 12.13ns 1581297.0* 487.8*
Methanol 5 155146.6* 247.0* 359.00* 0.82ns 62.50n9.26ns 6.70* 49.15ns 3527990.0* 285.6*
DxM 5 35245.3ns 15.30ns 43.65ns  2.50ns 72.80ns  0.22ris18ns 42.70ns 2277849.0ns 153.8ns
Error 22 37767.1 25.13 68.08 1.25 45.39 1.36 2.788.513 1019465.0 76.8
CV (%) _ 12.2 8.75 19.40 26.20 22.20 19.40 10.07 .0@5 18.3 7.8

ns, *, **: No significant, significant at 5 and 1Bévels of probability

Table 2: Mean comparison effect of drought steesbmethanol on yield and yield components of sagbe

1000 seed No. of Height of Total Seed
Weigh Height No. of hollow Harvest Diameter Né.o 1stbranch biomass yield
Treatment (9) (cm) pod pod index stem branch )(cm (kg H?) (kg HY)
Tl 115.45a 1675.5a 54.36a 3.7b 31.33a 6.65a 16.9458.01a 6151.1a 1675.59a
Drought T2 108.13b  1438.98b 30.45b 477a 29.33a 805.3 14.22b 6.17a 4825.4b  1438.98b
Methanol (0) 110.35b 55.01c 40.80bc 3.63a 26.26al23%% 15.13bc  3.90b 5480.6b 1436.00bc
Foliar Methanol (7%) 114.35ab 60.82abc 44.48ab a.6833.99a 6.05a 15.5abc  4.6ab 4791.0b  1609.00ab
Application Methanol (14%) 106.65b 62.26ab 47.24a4.02a 29.6la 6.15a 16.48ab  4.5ab 6265.0a 1623.90ab
Methanol  Methanol (21%) 124.5a 63.30a 53.22a 4.4527.99a 6.21a 17.17a 4.9ab 6574.0a 1811.00a
Methanol (27%) 108.7b 56.33bc  37.94b 4.33a 34.3Fm65a 14.84bc 11.38a 4902.0b  1517.10bc
Methanol (35%) 106.3b 46.03d 30.92c 4.38a 29.26a91b 14.35c 4.10b 4791.1b  1352.10c
LSD 10.49 6.00 9.80 1.34 8.06 1.30 1.90 7.40 1208 231.60

Mean followed by similar letters in each column ao¢ significant by different at 5% levels
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Interestingly, grain yield was reduced with increas  Harvest index decreased as a result of reductigmeld
amount of methanol from 28-35 [v/v] so that their and biomass, yet there were no significant difiees
yield were less than control probably due to deseea between drought stresses (Fig. 7). Highest stemetex

in number of filled pod and plant height. (Fig. 2). 6.65 cm, number of maturated pod 54.36 and numiber o
More over, there were no significant differencesbranch 16.92 were (Fig. 5) related to T1 treatnaert
between 7, 21 and 35 [v/v] methanols. Result ofrmeahighest number of hollow pod was related to T2ebas
comparison (Table 2) showed that the most planbn mean comparison table (Table 2). In other hand,
height was related to 14 and 21 [v/v] methanols363 plant height and harvest index were not signifigant
and 62.26 respectively, which had significant défece  affected with the highest mean related to Tig.(8).

with control and other treatments but not each rothe s

(Fig. 4). Height of main stem increased with insea 17 a
amount of methanol up to 21% [v/v] methanol but use o 165 - -
of more than 21% [v/v] decreased plant height so ith g 16
was less than that of control plant in 55% [v/Also e 1512 ' |
effect of drought stress on soybean 1000 grain o 145 - ! b
weight resulted in reduction of grain yiekd. 10). CENS A | .
130 121 g
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116 b during vegetative stage. Many researchers belieae t
T 114 amount of crop water use determine plant growth and
o112 development. Meanwhile plants may injure under non
2110 optimal access of water at any st
Eo0s - Daneshiaret al.’®, introduced plant height as a drought
% 106 tolerance indices and declared that tall soybeétivau

104 had more dry weight. This study showed that drought

Tl Lovel strecs T2 stress effected on all characters analyses. Tlessits

are in consistent with results 'df, and 2005 who

Fig. 10: Effect of drought stress on 1000 weighdsee declared that soybean yield decreases with increase
drought stress intention but main factor reducirgjdy

130 a under stress condition is reduction in grain pet doe
< 125 to flower abscission during flowering st&dgfé Other
¥ 120 ab investigators reported that most of investigatesitdr
gn 115 b b especially grain yield were affected by stress. sEhe
g 110 b b results are in line with result '6f****This study
g 105 showed that levels of methanol effected on all
— 100 characters analyses. According to Benson and
e —_— 1 5 3 4 5 Nonomur&!, 10-50%[v/v] methanol spray increase
Level methanol (rm) plant growth and yield due to reduction of photo
respiration rate and increase in cell turgescerge a
Fig. 11: Effect of methanol on 1000 weigh seed well®2. Consider increase in growth of wheat, radish,

pea, peanut and tomato as a result of methanol spra

Mean 1000 grain weight comparison (Table 2) showedas reported td8**>* This study showed that levels
that the highest mean was related to 21% [v/v]of methanol effected on all characters analyses.
methanol 124.5 g (Fig. 11). Meanwhile there were ndncrease in grain yield resulted from increase 00Q
significant differences between other treatmentataD grain weight, height, biomass, number of branches a
analysis of soybean branch number showed that thefumber of pod per plant. Interestingly, grain yields
were significant differences (p>0.05) between metha reduced with increase in amount of methanol from 28
treatments. Besides, mean comparison results (Rble 35 (v/v) so that their yield were less than control
showed that the highest mean were related to m2 arfefobably due to decrease in number of filled pod an
m3 with the mean of 17.7 and 16.68, respectivelyplant height (Fig. 3). Moreover, there were no
(Fig. 6). These treatments have significant diffieess ~ significant differences between 7, 21 and 35 (v/v)
with other treatments and control plants. Branchmethanol. These results are in consistent withltest
number increased with increase in amount of methandSafarzadet al.*®, who reported that methanol spray
up to 21% [v/v] but it decreased with applicatidr2@  increased 20-50% yield of ground fitit Also Li et al.*"

and 35% [v/v] methanol since later treatments kas | declared that grain yield, grain weight and numbfer
plant height and biomass, it may leads to lessdbran pod in methanol treatment plants were significantly
number in foregoing treatments(Fig. 6). Methanolhigher than that of control plants and 25(v/v) naeiti
treatments differently affected soybean total bissneo ~ spray had the most positive effect on growth areddyi
that M2 and M3 had significant differences witheth ©of soybeali®. These results are in consistent with
treatments and control but not with each other. Théesults of®2***%4Twho reported that methanol spray
least amount of biomass was related to M1 and M#ncreased 20 to 50% vyield of ground nut. This study
treatment (Fig. 9). More total biomass obtainedhwit Sshowed that level of methanol effected on heighese
increase in methanol from 7-21% [v/v] but more results are in line with that 8 who reported that
methanol gradually decreased biomass. So that lsmmahighest ground nut height obtained the same

related to 27 and 35% [v/v] methanol was less than ~ result§®?%°4%+%] This study showed that level of
of control. methanol effected on biomass reduction. Furthermore

increase in methanol decreased leaf area duratidn a
DISCUSSION accelerated leaf senescence (data not shown) may be
because this amount of methanol concentration may
Drought stress is one of the importantbea@y induced senescence signals and depleted leafiomitrit
growth limiting factor which decreases plant growthwhich in turn resulted in biomass reduction whishni
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[5,36,40]

line with Some investigations indicated that

2.

application of methanol on crops encountering water

deficit increase crop biomass but decreases bioofass
non stressed crops®?”* vYet, there were no
significant differences among other treatments.eBas
on result of variance analysis, application of raet

had no significant effect on number of hollow pod

which is in line with results &2°**%! Also, mean
comparison of traits such as height of plant ufirki

3.

branch, stem diameter and harvest index showed that
non of methanol spray treatments had significant
influence on these trait$ncrease (Table 2) of number 4.
of matured and hollow pods showed that significant
differences exist between various treatments sé tha
highest number of matured pods was obtained from 21

14 and 7% [v/v] methanol which was resulted from ©-

higher pod and crop growth rate and leaf area and

chlorophyll may be responsible for biomass esaatati
which is confirmed in our studySome investigation
related to effect of methanol spry on crop growtld a
yield indicated that spry of methanol on water ciéfi

6.

exposure crops increases their biomass but desrease

biomass of control plarft&3**4% These results are in

line with that of®*®%% who reported that extra

application of methanol cause to decline in branch

number. Number of filled pod increased with inceeas

of methanol up to 21% [v/v]. Future increase of

methanol (27 and 35% v/v) lead to decrease in radtur

7.

8.

pod number even less than control. It shows that
methanol can affect crop CO2 assimilation. Photo

respiration can be minimized with methanol sprycesi
25% of carbon wastes during photo respiratfofi*®4%

Spray of methanol on drought encountering plants

prevents loose of their biomass. These resultsdiee
Wlth that 0{5,6,13,29,34-36,35,1?]

CONCLUSION

Application of Methanol on some physiological 11

10.

properties of soybean were effective and 14 and 20%

volumetric percentage (v/v) of Methanol were kndive
best concentration for more grain yield and Growatho
Drought stress on some physiological propertiesewe

effective and the interactions of Methanol levelsia 12

drought stress was no significant.

Application of

Methanol up to 21% (v/v) on some physiological

properties had the positive effects and upper than

13.

had negative and poisonous effects on soybean.

1.
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