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Extended abstract

Introduction

In arid and semi-arid regions, drought stress as the main factor and salinity stress as a secondary factor
reduces plant growth and yield. Water limitation can damage pigments and plastids, reduce chlorophyll
a, b, rate and grain filling period. One of the important strategies for increasing carbon dioxide
concentration in plants is using chemicals such as methanol that can increase the concentration of CO2
in a plant and improves photosynthesis rate and growth under water deficit conditions. Methanol is
considered as quasi-essential for plant growth and development, and alleviates toxic effects caused by
various environmental stresses in plants. The aim of this study was to investigate the effects of methanol
on the agro —physiological traits (i.e., chlorophyll content and grain filling period) and yield of wheat
under water limitation condition

Material and method

A factorial experiment was conducted based on randomized complete block design with three
replications at the research farm of Faculty of Agriculture and Natural Resources of University of
Mohaghegh Ardabili, during 2015-2016. Factors experiment were included irrigation levels (full
irrigation as control, irrigation withholding in 50% of booting and heading stages as severe and
moderate water limitation respectively, according with 43 and 55 BBCH code) and methanol foliar
application at four levels (foliar application with water as control and foliar application 10, 20 and 30%
volume of methanol). Foliar application with methanol was done in two stage of period growth (Stem
elongation and Flag leaf development).

Results and discussion

Results showed that the maximum contribution of dry matter remobilization from air parts (20.52%)
and contribution of stem reserves in grain yield (16.42%) were obtained with irrigation withholding at
booting stage and no foliar application. The maximum grain filling period and effective grain filling
period (33.62 and 29.33 days respectively) were obtained in full irrigation and foliar application of 30%
volume of methanol and its minimum was obtained at no foliar application under irrigation withholding
in booting stage. Also, results showed that there were an increase about 46.98%, 194.17%, 37.54%,
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69.82% and 15.96% in grain yield, leaf area index, chlorophyll index, current photosynthesis and
contribution of current photosynthesis in grain yield respectively in full irrigation and foliar application
of 30% volume of methanol in comparison with no foliar application of methanol under irrigation
withholding in booting stage. Based on the results this study, foliar application of 30% volume of
methanol can be applied as a proper method to increase grain yield under water limitation conditions.
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) AP0y meyeddsb Ll ()e
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“0® &lo &ls ; : 4lo & Slos N
. - Effective Grain 1000- .
Ol @ilia (g0l Maximum Grain filling  grain filling filling grain Grain Jd9yls
S.0.V d.f  grain weight rate period period weight yield SPAD
A 2 0.0000073* 0.0000017* 307.974™ 489.78" 3.196"™  204169.9™  1.32m
Replication
$olel ok 2 0.000301™  0.000000022"* 52.234™ 25277 88.111"  41068.1"" 161.47"
Irrigation(I)
Jsits 0.000073""  0.000000027"* 5.879" 2,71 17.487""  52417.6™  40.57"
Methanol(M)
IxM 6 0.0000016™  0.0000000021"" 1.494™ 1.696™" 0.380" 2267.8" 13.56"
it 22 0.00000098  0.00000000017 0.186 0.083 0.140 306.6 5.58
Error
doy0 S g i Jleisl mhaw ol ge g lo Jixe 8 oS Ay i g % NIS
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Fig.1. Effects of methanol foliar application and
irrigation levels on grain filling of wheat. A. Full

irrigation, B. Irrigation withholding at heading
stage, C. Irrigation withholding at booting stage
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Tabell 4. Analysis of variance for the effects of methanol foliar application and irrigation levels on dry matter

remobilization of wheat

oolo Jlal 3 duze Jls!l ucsl,s
s J 9oz JEIRS o oo Uil isee
-2 S ails o Slos
R L Dry matter
i ool ] Dry matter Contribution of remobilization from stem
S.0.V ksl d.f remobilization  remobilization in grain yield
Replication IS 2 164.95" 66.24" 13.71m
Irrigation (I) Sl ok 2 1918.27" 118.06™ 2220.19™
Methanol (M) Jeibs 3 694.57"" 81.72% 327.02"
IxM Jsbex golel 6 5.29m 222 0.86™
Error s 22 37.88 0.705 6.80
Table 4. Continued wolol .f Jgus
58 Alw 255 oo 20 Al 1155 g
kg ails 3, Slas Gl Fimgid ol o ails o ,Slas
) o sl contribution of stem Current contribution of stem
S.0V  ©lm¥ gle d.f reserve in grain yield photosynthesis reserve in grain yield
Replication SIS 2 57.63" 19971.34* 66.24™
Irrigation (I) 8okl z ot 2 110.07* 59818.08" 118.06™
Methanol (M) Jebe 3 4597 65155.00" 81.72™
XM Jobox gyl 6 1.54™ 2178.89™ 2.22°
Error s 22 0.20 441.84 0.70
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ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 5. Means comparison of the effects of methanol and irrigation levels on dry matter remobilization, dry matter
remobilization from stem and maximum of grain weight of wheat

S oolo daze Jlil s

adlw 3l dazxe JUSI 4l 5o 4ld (59 S Tas

Whole plant dry matter Dry matter remobilization Maximum of grain
remobilization from stem weight
Methanol Jgilo g.m? g
M1 91.77* 71.022 0.045¢
M2 84.67° 65.65° 0.048°
M3 77.48¢ 61.45¢ 0.049°
M4 71.51°¢ 56.87¢ 0.052*
LSD 6.01 2.55 0.001
Irrigation levels s,LsT gl
n 68.95¢ 49.59¢ 0.053*
12 80.91° 64.95° 0.049°
13 94.22% 76.71* 0.043¢
LSD 5.21 2.20 0.0008

N ool gl 5 il Jsle poe iy 4 :Ma g Ma Mo M ¢ ] 5 moalins Jolhe 50 gkal adad o JolS g Lol s I3 512
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L1, I> and I5 are full irrigation, irrigation withholding at heading and booting stages respectively; Mi, M2, M3 and M4 are non-
foliar application and foliar application of 10, 20 and 30% volume of methanol respectively.
Means with different letters express significant differences based on LSD test

J.M:)‘so )Ja.) QO w‘ f.).:uls.a‘ 6&9» (& GL«..B‘O.);
20 €O 43 ol (g yis Gal3Hl b Syt 30 Jsloxo
(Nonomura and Benson, 1992) 5,5 a5 uals 4
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(et al., 2009
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Tabell 6. Means Comparison the effect of methanol and irrigation levels on grain filling component, dry matter
remobilization, chlorophyll index, 1000-grain weight and grain yield of wheat

S e 1 s TS et e
3 5o )0 duzee ! Fagid glya SPOSLER O
Lo o 0 ,5hos 50 ) Contribution
Sylosd w5y Contribution &ils o capyeon of sl Current ails aild 8 ,Slos
Treatment  of remobilization stem reserve in Current photosynthesis in  1000-grain Grain
combination in grain yield grain yield photosynthesis grain yield weight yield
% gm? g gm?
LixMi 12.83¢ 9.27f 558.87¢ 87.16° 46.68% 638.7°
I1xM> 10.30° 7.50¢8 640.73 89.69° 47.30¢ 712.5°
LixM3 8.99¢f 6.45" 692.07* 91.00% 48.03° 758.2%
LixMy 7.83f 5.77" 704.332 92.16* 49.18* 762.4*
IxMi 17.24° 13.80°¢ 448.77% 82.75¢ 42.658 540.3¢f
I:xM2 14.88¢ 11.68¢ 502.57¢ 85.11¢ 44.16f 588.1¢
LxM; 11.85¢ 9.77¢f 580.604 88.14°¢ 45.35¢ 655.7¢
I xMy 9.94¢ 8.008 675.20% 90.05° 46.55¢ 746.7%
I3xMi 20.52? 16.42° 414.73¢ 79.47¢ 40.87 518.7F
I3xM2 17.96° 14.66° 451.67f 82.03¢ 41.83h 548.4¢
I3xMs 14.26¢ 11.80d 558.77¢ 85.73¢ 42.568 650°¢
I3xMy 12.264 10.20° 621.63° 87.73¢ 44341 706.6°
LSD 1.42 0.76 35.59 1.42 0.63 29.653
Table 6. Continued alsl.f Jgus
Gl S 5 sl OMIREER s s i3 0590
Treatment Jdg s Grain 4l Effective grain 41> 0% 5 09° Job oud il Aloleo
combination SPAD filling rate filling period Grain filling period  Estimated Equation
g.day’! day
IixMi 48.67% 0.00189¢f 27.72b4 33.16% Y=0.00189x-0.0117
1IixM2 50.65° 0.00194¢ 27.95b 33.22%® Y=0.00194x-0.0117
LixM3 49.14b 0.00197¢ 28.42° 33.24%® Y=0.00197x-0.0112
LixMgy 57.59* 0.002° 29.332 33.62° Y=0.002x-0.0103
IxMi 47.99bede 0.00191¢ 24.36¢ 30.40°¢ Y=0.00191x-0.014
I xM2 45.18¢cdef 0.00188f 27.07% 33.06° Y=0.00188x-0.0128
1:xMs 46.56¢% 0.00191¢ 27.35% 33.17% Y=0.00191x-0.00126
I xMgy 48.48bd 0.002032 26.53¢ 31.77¢ Y=0.00194x-0.0119
I3xMi 41.87* 0.00180" 23.43h 29.82f Y=0.0018x-0.0138
I3xM2 44.65%f 0.00184s 23.81&" 30.21¢f Y=0.00184x-0.0138
I3xM3 44.23¢f 0.00188" 24.24¢ 30.53¢ Y=0.00188x-0.0137
I3xMgy 46.20°d° 0.00195¢% 25.25f 31.12¢ Y=0.00195x-0.0139
LSD 4.00 0.0000002 0.73 0.48 -

N b slome g (il Jole pose i 5 4 :Ma g M Mo M ¢ sl 5 mdalow Jolhe 48 gkl adad « lS )l cos s & I3 g2
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)5 o2 LLSD (59051 (sl 2 (55l0sixe (5 lal B (5 o 0 ailie By > b sl
I1, Iz and I are full irrigation, irrigation withholding at heading and booting stages respectively; M1, M2, M3 and M4 are non-
foliar application and foliar application of 10, 20 and 30% volume of methanol respectively.
Means with different letters express significant differences based on LSD test
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Fig. 2. effects of methanol foliar application and
irrigation levels on leaf area index of wheat. A. Full

irrigation, B. Irrigation withholding at heading stage, C.
Irrigation withholding at booting stage
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Tabell 7. Analysis of variance the effects of methanol foliar application and irrigation levels on leaf area index of wheat

L ey (el 3 g 39,) (5510 paiges S0
e @b i Sampling stages (days after planti
8ol ampling stages (days after planting)
8.0.v dr 154 164 174 184 194 204 214 224
A 2 0.1045" 0.052" 0291 0.160™ 0.364™ 0.437" 0.231" 0.008™
Replication
! Zobaw 2 0.1082"* 0.506™ 1.516™ 2.872" 4.174™ 3981 2527 0471
Irrigation levels (I)
Joitio
Methanol (M) 3 0.1382" 0.589" 0326 0.590™ 0.666™ 0.800" 0.398" 0.086™
Jgilio x (g )bl
IxM 6 0.0079*  0.010™ 0.002™ 0.006™  0.033" 0.038" 0.003" 0.001™
s 22 0.0032 0.007 0.004 0.011 0.009 0.008 0.005 0.0016
Error
By S g i Jleisl mhaw )0l e g jlo pixe 8 CuS Ay ke g % IS

ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively
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Table 8. Means comparison foliar application of methanol X irrigation levels on leaf area index of wheat

Solosd S (S 51 g 39,) 5510 paiged S0

Treatment Sampling stages (days after sowing)

combination 154 164 174 184 194 204 214 224
I1xM; 0.655¢ 1.312% 1.571¢ 1.855¢ 2.151¢ 1.9454 1.722¢ 0.714b¢
I1xM> 0.780bed 1.457% 1.744b¢ 2.03b¢ 2.359¢ 2.140¢ 1.828¢ 0.770b¢
11xM3 0.781b¢ 1.580% 1.817° 2.211° 2.548 2.348 1.951° 0.808
11xM4 1.059* 2.028* 2.0512 2.5192 3.032 2.914* 2.2452 0.9542
IxM; 0.648<f 1.217¢ 1.410° 1.7084% 1.778% 1.516% 1.280° 0.492f
1I:xM> 0.717¢de 1.3274¢ 1.536¢ 1.853¢ 1.905¢f 1.637¢ 1.458¢ 0.576%
1:xM3 0.786% 1.453¢ 1.637¢ 1.995¢ 1.984¢ 1.777¢ 1.585¢ 0.627¢
1:xM4 0.870° 1.705° 1.811° 2.189% 2.206% 2.034¢d 1.795¢ 0.751%¢
I3xM; 0.496¢ 0.901¢ 0.855" 0.899" 1.033! 0.878i 0.834h 0.323¢
I3xM2 0.584fe 1.092f 1.038¢ 1.107¢ 1.237 1.087 0.904h 0.369¢
I3xM3 0.688% 1.250¢ 1.196f 1.315¢ 1.454" 1.292h 1.080¢ 0.451f
I3xM4 0.758% 1.498° 1.333¢ 1.553¢ 1.648¢ 1.483¢ 1.265° 0.517¢
LSD 0.095 0.148 0.119 0.181 0.161 0.153 0.122 0.068

O ol slre 5 (il sl pas o 4 Ma s M Mo M sl 5 (poaliins Jolpe 50 )lnl gl (Jol5 syl w4 3 5 2
Jobe (sozm> do o Yo 5 Ve
505 08 L LSD (5T (a2 63 5mm (s el ST 5 52 50 e By L sl iles

L1, I> and I3 are full irrigation, irrigation with holding at heading and booting stages respectively; Mi, M2, M3 and M4 are non-

foliar application and foliar application of 10, 20 and 30% volume of methanol respectively.
Means with different letters express significant differences based on LSD test.
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