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ABSTRACT

In order to evaluate the role of methanol foliar application on growth performance of sunflower
(Helianthus annuus L.) under water deficit stress, an experiment was conducted in the split plot form
based on Completely Randomized Block Design with three replications during growing seasons of 2011-
2012. Treatments were water deficit stress in four levels: a;: severe stress (25% FC irrigation), a,: mild
stress (50% FC irrigation), as: fair stress (75% FC irrigation) and a,: normal irrigation (100% FC
irrigation) and the foliar application of methanol in six levels [b;:0, b,:7, bs:14, b,s:21, bs:28 and bs:35
(V/v)]. The analysis of variance showed significant effect of interaction between water deficit stress and
methanol foliar application on dry weight /unit area, full seed weight and stem, leaf and head dry weight.
In normal irrigation (100 % FC) methanol foliar application with21% (v/v) produced 2/4 times more dry
weight, 95 % more full seed weight, 3/6 times more stem dry weight, 5 times more leaf dry weight and
2/7 times more head dry weight.
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INTRODUCTION

Water deficit is one of the most yield limiting factors as it affects growth and development (Umebese et
al., 2009) by decreasing vegetative development, leaf area, photosynthetic and transpiration rates due to
stomatal closure (Anjum et al., 2011). When stomata are closed due to drought or high temperature, the
available CO; in intercellular space (Ci) would be reduced, leading to reduced electron transport capacity
and restricted assimilation potential plant (Nonomura and Benson, 1992). On the other hand, stomata
closure will result in evaluated temperatures of leaf and plant, limiting light reaction of photosynthesis
(Paknejad et al., 2009).

Usually, the amount of the produced dry matter has a direct relationship with the photosynthesis
efficiency of the plant and also the way in which CO, fixation occurs in crops. Many Researches have
done in recent years on using some compounds such as methanol, ethanol, bothanol, propanol and some
amino acids like as glycine, aspartat and glutamate, to improve yields of, especially, C; crops (Paknejad et
al., 2009). In general, these compounds play primarily a role in preventing increasing photorespiration
induced in stressed plants (Ramberg et al., 2002). It is important, because 25% of total plant carbon gain
is using in photorespiration (Fall and Benson, 1996). Therefore, Methanol spray is a method which
increases crop CO, fixation in unit area (Hemming and Criddle, 1995). Sadeghi-shoae et al., (2012)
showed that spraying the aerial parts of vetch with different concentrations of methanol increased seed
yield, protein yield, seed number per pod, pod number, seed number per plant and plant height in mung
bean.

Thus, the objectives of this study were to investigate the effects of methanol foliar application on
sunflower growth performance under water deficit stress.

MATERIALS AND METHODS

Field Experiment

The field experiment was carried out in split plot form by Completely Randomized Block Design with
three replicates at the Research Station of the Islamic Azad University, Tabriz Branch, north-western Iran,
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during the 2011 - 2012. The sunflower cultivar used was Record (a Romanian open-pollinated cultivar
that is widely planted in Iran). The first factor was water deficit stress in four levels: al: severe stress
(25% FC irrigation), a2: mild stress (50% FC irrigation), a3: fair stress (75% FC irrigation) and a4:
normal irrigation (100% FC irrigation). The second factor was the foliar application of methanol in six
levels [b1:0, b2:7, b3:14, b4:21, b5:28 and b6:35 volumetric percentage (v/v)] that to prevent of methanol
poisoning at light presence, 1 g lit-1 Glycine and 1 mg lit-1 Tetrahydrofolate (THF) were added to
prepared solution (bayat et al., 2012). In all treatments, methanol spray was applied 4 times during stages
of sunflower development contain: V-8 (determined by counting the number of true leaves at least 4 cm
in length), R-4 (The inflorescence begins to open), R-6 (Flowering is complete and the ray flowers are
wilting) and R-7 (The back of the head has started to turn a pale yellow colour). Flooding irrigation was
conducted and all of treatments were irrigated completely prior to R-4 stage. Each plot consists of 5 rows,
60 cm row spacing and 20 cm plant interval. There were 2-5 seeds beside each other and they were
thinned at three leaves stage to obtain plant density of 8 plants per m®.

Statistical Analysis

In order to check the normality of data, analysis of variance, and mean comparison MSTAT-C software
were used. The means of the treatments were compared using the least significant difference (LSD) test at
P<0.05.

RESULTS AND DISICUSSION

The analysis of variance showed significant effect of interaction between water deficit stress and
methanol foliar application on dry weight /unit area, full seed weight and stem, leaf and head dry weight
(table 1).

Table 1: The analysis of variance of measured traits in experiment

SOV df Dry we ight FuI_I seed Ste_m dry Le{_zlf dry He_ad dry
s /unit area weight weight weight weight

Rep 2 184190757ns 221 ns 11843ns 598/88ns 461/201ns

WDS 3 304500048ns 2619 ns 15448 ns 1938/16 ns 722/1ns

Error 6 154859865 903 5617 932/897 890/522

MFA 5 62348892ns 319 ns 5811* 405/25ns 187/5ns

MFAXWDS 15 147869282**  1606** 544** 1307/48** 545/15*

Error 40 47997538 327 1863 445/368 235/241

CV 25/42 16/95 35/23 36/69 28/40

*and ** significant at 5% & 1% respectively, WDS: Water Deficit Stress, FA: Foliar application

Dry Weight/unit Area

21% (v/v) methanol foliar application in 100% FC and 7% (v/v) methanol foliar application in 25% FC
had the highest (37230 kgha™) and the lowest (15320 kgha™) dry weight respectively (table 2, figure 1).
The positive effects of methanol on growth traits of plants have been referred to the action of methanol as
an inhibitor of photorespiration (Nonomura and Benson, 1992; Fall and Benson, 1996). This was
supported by failure of C, plants to respond to foliar-applied methanol, by the high light requirements for
beneficial effects of methanol in C; plants, and by the finding that the ratio of sucrose to glycolate
metabolite was increased by methanol (Ramirez et al., 2006). Dry matter production per unit area is the
first Condition for achieving high yield per unit area, because about 90% of the dry weight is due to the
CO, assimilation by photosynthesis, therefore strategies that increase CO, fixation in crops can be
considered as options to enhance their yield (Khalilvand Behrouzyar and Yarnia, 2014). Nonomura and
Benson (1992) and Ramirez et al., (2006), similarly declared that foliar spraying of methanol increased
the growth of various plants. The reduction of plant biomass as the result of foliar application with 35%
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methanol compared with 21% methanol in our study may be attributed to possible toxicity effects of high
percentages of methanol on the plant (Nonomura and Benson, 1992).
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Figure 1: Effect of water deficit stress and methanol foliar application on Dry weight/unit area

Full Seed Weight

In normal irrigation (100% FC), methanol foliar application with 21% (v/v) indicated the highest full seed
weight (132/5 g) and severe stress (25% FC) at 0% methanol application produced the lowest full seed
weight (67/78 g), (table 2, figure 2).
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Figure 2: Effect of water deficit stress and methanol foliar application on full seed weight

Since water deficit stress was exerted from the inflorescence began to open, 25% and 50% FC irrigation
treatments received less water than other treatments and hence water deficit stress reduced yield
component such as biomass and seed yield. However, this study showed that levels of methanol effected
on all characters analyses and methanol spray is reduced negative effects of water deficit stress.
Interestingly, under water deficit stress condition, full seed weight was reduced with increase in amount
of methanol from 28- 35 [v/v] so that their yield were less than 7-21 [v/v] probably due to decrease in 100
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grain weight. Mirakhori et al., (2009), Khalilvand Behrouzyar and Yarnia (2014) and Bayat et al., (2012)
demonstrated that 21% (v/v) methanol spray under water deficit stress poses the greatest impact on yield,
and other physiological traits. Jafari-Paskiabi et al., (2011) indicated that concentration and time spraying
methanol affected on pod and seed yield of cowpea.

Stem Dry Weight

Foliar application of plant with 21% methanol significantly increased the stem dry weight in comparison
with distilled water (0% methanol). The results showed that the highest (201/4 g) and the lowest (55/66 Q)
stem dry weight were for 21% (v/v) methanol foliar application in 100% FC and without methanol foliar
application in 25% FC respectively (table 2, figure 3). Sadeghi-Shoae et al., (2014) reported that
methanol foliar application enhanced total dry matter. Several studies have been shown that foliar
application of methanol can prevent of biomass reduction (Paknejad et al., 2009; Abbasi et al., 2014;
Hossinzadeh et al., 2012).

200
) )
:F; 150 m7
‘v
i mi14
'; m21
(] |
£ 100 28
m35
50 -
25%FC 50% FC 75%FC 100% FC

Figure 3: Effect of water deficit stress and methanol foliar application on stem dry weight

Leaf Dry Weight
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Figure 4: Effect of water deficit stress and methanol foliar application on leaf dry weight
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Table 2: Mean comparison of interaction between methanol foliar application and deferent regimes
of irrigation

WDS MEA Dry weight Full seed Stem dry Leaf dry Head dry
/unit area (kgha')  weight(g) weight weight weight
25% FC 0 26370 67/78 55/66 17/96 32/34
7 15320 93/96 73/73 35/76 38/13
14 20360 104/4 92/46 63/14 50/10
21 28570 105/5 103 63/59 60/92
28 17780 83/22 69/48 31/45 54/25
35 21700 68/8 79/14 43/34 45/86
50% FC 0 25190 100/3 123/6 45/70 45/25
7 36280 112/3 120/3 60/84 60/08
14 26690 115 116/4 55/25 46/98
21 3290 108/7 141/6 82/47 64/85
28 29940 102/9 110/4 71/33 63/55
35 24470 68/13 86/62 36/43 55/37
75% FC 0 32660 101/4 8111 49/46 58/07
7 37230 105/1 113/5 47/00 64/20
14 24510 119 152/32 80/73 47120
21 24220 125/3 169/9 88/88 54/45
28 26820 105/6 107/8 55/34 46/93
35 35220 109/6 103/4 71/04 66/14
100%FC 0 18010 76/20 74/14 41/73 33/06
7 27140 99/50 158/6 75135 56/03
14 33950 113/3 186/6 81/03 71/45
21 37230 132/5 201/4 90/28 88/63
28 26510 128/89 134/1 60/43 53/10
35 17010 117/9 124/9 31/81 38/99
LSD5% 9901 25/85 61/70 30/16 21/92
WDS: Water Deficit Stress, MFA: Methanol Foliar application
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Figure 5: Effect of water deficit stress and methanol foliar application on head dry weight
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A comparison of mean leaf dry weight revealed that the highest (90/28 g) and lowest (17/96 g) means
were for 21% (v/v) methanol foliar application in 100% FC and 0% (v/v) methanol foliar application in
25% FC, respectively (table 2, figure 4). Mehrabi et al., (2013) reported that the maximum (0.29 g) and
minimum (0.05 g) of leaf dry weight was observed by application 15% of methanol with Kadostim and
30% of methanol with no bio-stimulators, respectively. Farajpour et al., (2011) demonstrated that the
fresh and dry yield in 30% methanol concentration and afternoon time treatments were significantly
higher than the others.

Head Dry Weight

In normal irrigation (100% FC), methanol foliar application with 21% (v/v) indicated the highest head dry
weight (88/63 g) and severe stress (25% FC) at 0% methanol application produced the lowest head dry
weight (32/34 g) (table 2, figure 5).
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