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Abstract

Introduction

Sunflower (Helianthus annuus L.) is one of the five important oil plants of Iran. Water deficit
stress is one of the most important limiting factors in sunflower cultivation. Methanol is used
to deal with environmental stresses, especially dehydration. Preventing or reducing light
respiration, delaying leaf senescence, increasing photosynthetic activation period and leaf area
duration index and increasing CO; fixation are among the roles of methanol application in
plants. Therefore, this study was conducted to investigate the effect of methanol spraying on
some morphophysiological characteristics, yield and yield components of sunflower under
drought stress conditions.

Materials and Methods

This field experiment was conducted as a split plot based on randomized complete block design
with three replications in Birjand, Iran, in 2017. The main plots included two irrigation levels
(irrigation after 80 and 160 mm evaporation form class A pan). On the other hand, the sub- plots
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included five levels of methanol spraying; control (spraying with water), 7, 14 and 21% v/v.
Statistical analysis was performed using MSTATC software. Duncan's multiple range test at the
5% level of probability was used to compare the means.

Results and Discussion

Results showed that deficit irrigation reduced stem diameter, number of grains per head and
kernel/husk weight ratio. Methanol spraying also increased the number of grains per head. Also,
methanol spraying improved most of the studied traits under two irrigation treatments. So that
under drought stress conditions, foliar application with 28% volumetric methanol increased plant
height (9.9%), stem diameter (5%) and leaf number per plant (14.7%). Compared with control,
foliar application with 14% and 21% volumetric methanol increased SPAD by 8% and 34.7%,
respectively and also, increased 1000-grain weight (12%), grain yield (27.9%) and biological yield
(23.4%). According to the results, under optimum irrigation conditions, maximum sunflower
grain yield was obtained with 28% volumetric methanol spraying, but under drought stress
conditions, spraying with 21% volume methanol was the best one.

Conclusion

The results showed that foliar application of methanol under optimum and also deficit irrigation
conditions did not affect the percentage and yield of sunflower oil seed, but increased grain yield.
Maximum grain yield under optimum irrigation was obtained with 28% volumetric spraying,
which was 27% more than control. Also, the results showed that under arid and semi-arid
conditions of Birjand, deficit irrigation with using methanol (21% volumetric) produces
acceptable grain yield.
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Table 1. Results of soil analysis at 0-30 cm depth

Texture soil EC (pus.cm™) pH

N (%) P (ppm) K (ppm)

Loam- clay 2.23 8.47

0.011 4.09 231.5
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Table 2. Mean squares of the effect of methanol foliar application on some morphophysiological and agronomic characteristics of sunflower under water deficit
stress conditions

@ k= - g
£ 3 5 z 5 £ % £ | > R £ 3
« 2 3 = § T2 :F =3 e 3 T 3§ 8 2
$.0.V. 5 Z g 2 = B o B B ° 3 3 oy g g 235 = >
«» S g g £ 28 < g = 3 3 & o < 9 g =
% & = 5 £ =~ g "g o o i 5 S = ©
© A 7 5 = 5 S = =R S
Z A — 5
Replication 2 05" 29% 550 0.4™ 247 14  8227™  234™ 48528™ 4814311™° 363" 3.7 2432% 281611™
Water deficit stress (A) 1 12.4” 114539 8944.1° 754" 192™  108.4° 136576° 435 8385827 2266320317 373.4™ 0.7° 149 1384900
Error a 2 05 308 6.4 0.9 3.1 6.1 8009 12 531556 8583549 669  0.002 335 330170
Metanol (B) 4 36" 523" 176.2° 0.7 597 1.5% 243017 34™  587983" 4173344° 29 02 29  88037™
AxB 4 44" 18158 12155 74 56" 2.3%  8124™ 1147 870060 4869724 44  0.1™ 3.6  178160™
Error b 16 04 114 41,5 2.6 1.1 2.5 4142 16 70602 2271680 5.9 01 109 65888
CV (%) 2 45 4.4 9.5 5.4 133 11 66 87 15.3 7.6 153 8.4 21.4

***and ™ are significant at 1 and 5% probability levels and non-significant, respectively.

Table 3. Mean comparison of interaction between water deficit stress and methanol foliar application on some morphophysiological and agronomic characteristics of

sunflower
Stomatal Conductance . . . . TS :
Treatment SPAD (Mm. m™.s") Plant height (cm) Number of leaves per plant 1000 seed weight (g)  Seed yield (kg. ha')  Biological yield (kg. ha')
M, 35.30a 79.80d 150.0b 20.33b 70.16 a 3298.61 bce 12244.00 be
M, 35.63a 104.19b 167.3a 21.33ab 64.33a 3798.61 ab 12861.97 b
S M, 3540 a 11944 a 166.0a 1933b 70.16 a 3449.07 be 12325.43 ab
M; 3516a 89.12¢ 157.6a 19.66 b 64.06a 3074.07 be 12342.88 ab
M, 36.60 a 96.80 ¢ 164.6a 2333a 65.93a 417129 a 14113.53a
M, 33.06 b 39.75¢ 124.0 be 18.00b 58.13 bc 2511.57 abc 7114.21 ab
M, 33.40b 40.80 ¢ 1183 ¢ 18.33b 51.60d 2025.46 c 5862.65 ¢
S M 3573a 46.73 c 130.0b 19.00 ab 56.06 ¢ 1912.04 ¢ 5517.61 cd
M; 33.93b 88.81a 1243 bc 20.00 ab 65.10a 321296 a 8784.12 a
M, 33.53b 60.87b 136.3a 20.66 a 59.66 ab 2842.59 ab 8123.96 b

Means with the same letter in each column are not significantly different based on Duncan test (p<0.05).
My, M1, M2, Ms and My methanol spraying at control (0), 7, 14, 21 and 28 Volume percentage, respectively.
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Table 4. Correlation coefficients between studied traits of sunflower

Traits 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 1

2 0.87** 1

3 0.64* 0.53 1

4 -0.84**  -0.80** -0.56 1

5 0.77**  0.55 0.64* -0.78%* 1

6 0.84* 0.90* 0.57 -0.69* 0.61 1

7 0.06 0.06 0.10 -0.19 0.23 0.36 1

8 -0.67*  -066* -0.11 0.78**  -0.60 -0.65* -0.28 1

9 0.73* 0.90**  0.49 -0.74* 0.53 0.85%* 0.17 -0.63* 1

10 0.81* 0.85** 0.82* -0.73* 0.56 0.85%* 0.14 -0.47 0.81** 1

11 0.92* 0.93* 0.71** -0.86** 0.67* 0.87%* 0.09 -0.58 0.84** 0.93** 1

12 0.91*  0.83* 0.52 -0.82** 0.67* 0.73* 0.05 -0.55 0.64* 0.68* 0.89** 1

13 -0.66* -0.69* -0.24 0.48 -0.58 -0.75* -0.20 0.55 -0.68* -0.41 -0.54 -0.59 1

14 -0.56 -0.82%*  -0.30 0.49 -0.24 -0.79%*  -0.13 0.47 -0.93%  -0.71* -0.71% -0.50 0.61 1

15 -0.72*  -0.78*  -0.28 0.79**  -0.56 -0.81 % -0.39 0.93** -0.78%*  -0.69* -0.72% -0.58 0.55 0.67* 1
Ratio of nut to seed coat  (13) Seed yield (10) Leaf temperature (7) Head diameter (4) Plant height (1)
Oil percentage (14) Biological yield (11) Number of seed in head  (8) SPAD (5) Stem diameter (2)
Oil yield (15) Harvest index (12) 1000 seed weight (9) Stomatal Conductance (6) Number of leaves per plant  (3)

***and ™ are significant at 1 and 5% probability levels and non-significant, respectively.

Table 5. Mean comparison of effect of water deficit stress on stem diameter, head diameter, number of seed in head and ratio of nut to seed coat of sunflower

Ratio of nut to seed coat Number of seed in head Head diameter (cm) Stem diameter (mm) Treatment
229a 650.63 a 13.87 a 18.55a S
1.96 b 515.37b 10.06 b 15.38 b S,

Means with the same letter in each column are not significantly different based on Duncan test (p<0.05).
Siand Sa: water deficit stress at 80 and 160 mm evaporation form pot, respectively.

(090§ wo(0: ¥ ef LR o € € b -

R



\n% VE Sl ) oyles YO al> alS Sl

oS dSlgs cale ol @b 5l Jslie o34 Jglxe
Cdld Ghaly 8l g oauiS i wgid Lacdl o
Ol 5 2 s Gl38l ey o2 55] (S 525
Ramirez etal., ) oo (6,95 (umiid jualS ¢ jiwgid
o als e (355 Rl cage Caleys 5 2006
S o 50 S0 S b sl il
zge o> dmo 3 T Joilte Ly (5l Jsle
5 Fgid Gl (7 Jgoz) slaiss, culas (al
Oinalidl a o o g adils 4 S slacl o Jla]
O )l g Site (Ko ol &l 52 (5
ool olg (1 = +/AB) slasyg,culan g als a3
(F Jguz) aib o cidlas
Al Cuwgy 41 o (g9 Commd

als gy dy e (39 Comad (28 G2 S
e 5 St 3l sk 51 U woss ls s
S ol Jlte (b sl 5 (S
S oS G5 Ll 50 T Jgar) 055l s
Gyl 5l S ao VI asls cengs 4 3 (39
Gk 5l eS8 Yzl (0 Jgoz) o5 ogllas
Job (el 5 oad algi (g 5ugid slse (50 ralS
Caledy g adls (59 (Rl g als (ol 00
el ol oad als Cangy 4 Jre (39 Cod alS
Ot e 5 (e BLS a5 (Stcen 0
(=== IVB) als jl (339 9 Alls Cogy & S0 (359 Cornd
(% Jgaz) o ks o Ll
Qs o ySlos

5 J5lie (b Jlome 5o TaS s
= Jsle (=il 5 (S G (Sen
dslie L (Y Jgoz) 09 o goe ails o Sles
6 G5 o Jitis el s 53 ol (L5 (il
o, YYIA L adls o, Slae Cgllas o lol & cas
5 ogdls g ol Ll s o (Y Joaz) ols ials
als o, Shos (soz> 2oy YA Jgilie b (3L Joloxe
Lyl sy cdl Gl sals 4 caws ss o YR/
o> 20,0 V) Jgilie b (oib Jslome 5 TS 25
ALl 4 Cand (gauo,o YV Liolidl ails o Slee 50
Sy Sdoe oyt iz o (F Jsaz) ol ylad
Lol 5o 5 Jailie i Jolono 51 oo S8l el

i o, YEIY b o ails slaws wgllas (s, Lol
Olalas s (0 Jgoz) o5 2l i l s )
G—b o Al olawy jialS 5l S gousis laae
Seyed Sharife ) ol IS 25 Ll b jo oo, Kolis]
and Seyed Sharife, 2019; Moradi Ghahderijani et al.,
b SalS o,k I Ylesl 1aS s (2015
5 Sy g (RS 4 i lagl (b5 5 S
Sb g eatanl b ol o e Glam T colled
Slg—o iz 40 e Dyad el S el Ko
b b Ho) loa sl sl il 5 (g5l
L iz o2 el oald 3do jo ails slaws colgdye
s (O Jgaz) (oS Ll yo Gl jhd als
el el y il 2ol Bl 5 sgrpn slaazls
e il 8 ol el ol Gubo yo by sl
Gy a8 g 3l 0 aslo dlasy e aS ol lid 3
3)l8 3525 (5,10 e 5 Cdin  Siuar (I=2/YA)
(¥ Jgo)

oy YA Jgiloe Ly (3 Jolome ol (ol 5o
53 sl slas (gao )3 VAP Ll 8l o go o>
ol Ao (F Jgo) ol dald 4 S Gubo
Khalilvand Behrouzyar and Yarnia (2014) g6 L
o5 ypg—a> ,0Esfini Farahani et al. (2013) 4
53 7= Il ol Jlons 35 Cbllnn ol ST
CERENE JEPC AR PO SURE,
S g plg g (g imgtd JLad oy90 (il 658
Sale o g g axly 5o (Al gid Al g
(Ramirez et al., 2006) 545 o0 b jo ails slaws

5 =leS G GRSen 5 (S G 5|
Lol gy jlosme ails 0 (59 5 Jsilie (o0 Jolone
5955 Joine Seo ol 2 Jslie Gtk Jolno
L ot e oyl sl Ll 5o (7 Jsaz)
Lls o Ll aeaslas ails Jlsa o3 0 6,mb Joibie
oz oy YV Jilie b (il Jslowe (oS s
o S 4l 15 (59 e, VY Rl e ge
aS ol s s gl (V Jgoz) ol vall
G g g e s gt b (o8L Jolore
Seyed ) o olo, Ll asils Jlia o5 ioli8l el
Ay g0 125 4y (Sharife and Seyed Sharife, 2019



e Oleogad Sy Jelie (b Jolone 15 o) Sen 5 g0le> YA

Table 6. Mean comparison of methanol foliar application on number of seed in head of sunflower

Treatment
M, M; M, M; M,
Number of seed in head 558.05 bc 570.29 be 499.66 ¢ 619.01 ab 667.70 a

Means with the same letter in each column are not significantly different based on Duncan test (p<0.05).

My, My, Mz, M3 and My methanol spraying at control (0), 7, 14, 21 and 28 Volume percentage.
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