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Extended abstract

Introduction

Drought stress is one of the affecting factors on physiological traits in arid and semi-arid regions,
especially in Iran. Recently, the role of polyamines has been considered to increasing plant tolerance to
stresses, including drought. Polyamines are a new group of growth regulators and are involved in a wide
range of physiological and biochemical processes such as stress resistance, phospholipid membrane
stability and osmotic regulation (zakai, khosroshahi and duodenal, 2008). The aim of this experiment
was to investigate the effect of seed pretreatment and seedling foliar application with melatonin and
spermidine on kodo physicochemical traits under drought stress in laboratory and greenhouse.

Materials and methods

In this study, experiments were performed in two stages. In the first stage (laboratory), the experiment
was performed as a two-factor split factorial in the form of completely randomized blocks with four
replications. Experimental treatments including drought stress as the main factor in seven levels of zero
osmotic potential (control), -0.2, -0.4, -0.6, -0.8, -1 and -1.2 MPa, pretreatment seeding with spermidine
at five levels, zero, 0.5, 1, 1.5 and 2 mM and pre-seeding with melatonin at five levels, zero, 0.125, 0.250,
0.375 and 0.500 mM were sub-factors. After performing the first stage, the best experimental treatments
were selected and in the next stage (greenhouse), the experiment was performed as a three-factor split
factorial in the form of completely randomized blocks with three replications. Drought stress was the
main factor in three levels of irrigation in 10% of field capacity depletion (optimal irrigation), irrigation
in 40% of field capacity depletion (mild stress) and irrigation in 70% of field capacity depletion, seed
pre-selection as a secondary factor at three levels: no pre-treatment (control), pre-treatment with
spermidine, pre-treatment with melatonin and also seedling foliar application was applied as a sub-
factor at three levels: no foliar application, spermidine foliar application and solution Spraying with
melatonin.

Results and discussion
The results showed that concentrations of 1.5 spermidine and 0.375 mM melatonin had the highest
percentage and germination rate. In the greenhouse, experimental treatments showed a significant
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effect on increasing stomatal conductance, relative leaf moisture, and catalase enzyme and leaf soluble
protein. In general, seed pretreatment as well as seedling foliar application with 0.375 mM melatonin
had the greatest effect on drought stress modulation.

Conclusion

The results showed that concentrations of 1.5 spermidine and 0.375 mM melatonin had the highest
percentage and germination rate. In the greenhouse, experimental treatments showed a significant
effect on increasing stomatal conductance, relative leaf moisture, and catalase enzyme and leaf soluble
protein. In general, seed pretreatment as well as seedling foliar application with 0.375 mM melatonin
had the greatest effect on drought stress modulation.
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Table 1. Analysis of variance effect drought stress and melatonin and spermidine pretreatment on germination and

germination rate of seed Buckwheat

s Melatonin o9k
>)

olsT o azalS 4y Job e lo o

o df &i4ls %2y Geedling length vigour Fialgr s

S.0.V % b Germination index Germination rate
Block Seb 3 8.09 2941.63 0.09
Drought stress (D.S)  S<is s 6 11023.17" 1779172.67* 10.34™
Pretreatment (P) oo gy 4 791.60™ 45888.63™ 5.89™
(D.S) X(P) D.S) X(P) 24 20.73* 15037.80™ 0.105™
Error s 102 5.19 1552.98 0.014
C.V% Ol i’ g b - 3.59 10.49 4.48
Table 1. Continued alol) Jgus

>0 Spermidine (oo yrs!

&ol3T o sl 4y sk e ld -

o df &i4le %oy Geedling length vigour I

S.0.V e gl Germination index Germination rate
Block Seb 3 25.7 6345.98 0.006
Drought stress (D.S) S s 6 9652.54" 1950189.75™ 8.78™
Pretreatment (P) Lo gy 4 591.7" 34497.95" 3.34™
(D.S) X(P) D.S) X(P) 24 14.52* 21172.96™ 0.07**
Error s 102 4.5 1908.99 0.006
C.V% Ol i’ 9 o - 3.53 11.60 3.87

ol ao )0 ) 50 Jleizl mhaw 10 (5,00 gme g (5,10 gime pas od 5 4y s ok S
ns* and **: non-significant and significant at 5% and 1% probability levels, respectively.
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Table 2. Comparison of means of interaction drought stress in spermidine and melatonin on germination
of Buckwheat
S g Gose el (Fidilex woye (Fiailea Cue wu e s “_’“’L"
Drought stress Spermidine  Germination Germination rate Seedlmgiilecllleg;h vigour
MPa mmol % day
0 82ke 2.40Y 677.7°¢
0.5 84.5¢f 2,984t 885.3¢
0 1 88.280d 3.10%¢ 965.8°
1.5 92.0* 3.46* 10832
2 83.52f¢h 2.88'¢ 741.9¢
0 81.27"h 2.37k 575.2¢h
0.5 83.08hi 2.96% 635¢°f
-0.2 1 87.7704 3.07¢de 598.9%
1.5 90.25% 3.41° 647.1¢f
2 81.0" 2.8 602.2%
0 79.54 2.17™ 461.5%
0.5 81.5k 2.79¢h 505.41
-04 1 87.00de 2.89 457.6%
1.5 89.758b¢ 3.13b 5245
2 80.5" 2.69" 406.54
0 73.5™ 2.23m 235.4m
0.5 81.0M 2.81¢h 337.1™
-0.6 1 86.0%f 2.90% 386.9'm
1.5 88.5b 3.24° 347.2™
2 78.5! 2.70" 331.8™
0 65.75° 1.63° 206.2°
0.5 75.25™ 2.32i 190.8°
-08 1 80.0K! 2.428 238.8"
1.5 82.54 2.86'¢ 262.4"
2 70.5" 2.16™ 211.8™
44.76° 1.37° 98.50°
0.5 52.09 2.12m 96.39¢
-1 1 57.0° 2.23km 102.9?
1.5 57.75P 2.53! 93.68r1
2 48.75" 191" 108P
0 25.75¢ 1.04* 24.33"
0.5 28.49% 1.157 40417
-1.2 1 28.25% 1127 23.67"
1.5 30.73 1.214 29.86"
2 27.0¢ 1.097 14.12"
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S i Oeede  (Jidlex weys (Jidiles azals asy Job el
Drought stress  Melatonin  Germination  Germination rate  Seedling length vigour index
MPa mmol % day
0 83.0¢h 2.401k 713.54
0.125 90.5% 3.05f 918.2b
0 0.250 92.75bed 3.45b 899b°
0.375 96.14% 3.68% 10542
0.500 93.52be 3.31 930>
0 81.25¢h 2.37K 578.2¢
0.125 89.5def 3.06 529.1¢
-0.2 0.250 91.2¢b 3.45b 842.6°
0.375 94020 3.66° 559.8¢
0.500 91.11¢ 3.30%¢ 734.24
0 79.5Mi 2.17™ 461.5°
0.125 90.0def 2.85¢ 347¢d
-0.4 0.250 91.05¢ 3.26% 436.7°
0.375 92.06% 3.46% 463.8f
0.500 89.0def 3.10¢f 402.9fh
0 73.50 2.23Im 235.4K
0.125 83.0¢ 2.868 310.61
-0.6 0.250 87.68" 3.30c 343.9M
0.375 89.25¢f 3.522 405.91
0.500 90.274ef 3.13¢f 318.91
0 65.75% 1.63" 206.7!
0.125 74.04 2.344 238.44
-0.8 0.250 78.0! 2.79¢h 194.8!
0.375 83.28¢ 3.18def 277.5%k
0.500 83.0¢ 2.66M 200.7"
0 44.72» 1.37° 98.50™
0.125 54.0m 2.11m™ 87.77™n
-1 0.250 58.7! 2.561 92.67™
0.375 60.0! 2.78¢h 102m
0.500 61.02! 2.354 100.1™
0 25.75P 1.044 24.41°
0.125 28.0°P 1.13p4 18.06°
-1.2 0.250 28.0°P 1.23°p 12.41°
0.375 30.28° 1.33° 31.09m°
0.500 28.2¢°p 1.22°p 15.32°

A 2,0 O Jloti] s 50 (6l gime BB SIS LSD (yg03] Lolusl 3 S e B9y (slls slapSilee (5w ,o 50
Values followed by different letters are significantly different according to Duncan test, P=0.05.
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Table3. Analysis of variance squares mean of the effect of pretreatment and spraying Melatonin and spermidine on

physiochemistry in Buckwheat drought stress
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o & T ~ e lS b JadendS  aijeyculus Sy Jolone
51 ¢ . 9 9 29 TS Z
S.0.v ‘5;) S (s Chlorophyll Chlorophyll ~ Stomatal Ll Leaf soluble < 22 &
RWC a b conductance  Catalase protein Leaf area
Sk 0.12 0.1 0.09 7.19 17.75 0.14 0.70
Block
GAS G 7789 3557 6227 946123 64026™  14838™  15389"
Drought stress (D)
slod G 2 109.52™ 10.10™ 1.68™ 1855.27" 2923 45.54™ 193.13*
Pretreatment (P)
DXP 4 0.72" 0.39™ 0.018" 12.8" 76.52 0.16™ 8.91"
. e 2 134.52™ 9.73* 1.65™ 1546.03" 2592 73.56™ 198.8"™
Spraying (S)
DXS 4 0.82" 0.096" 0.019* 21.73" 55.65" 0.12m 3.17m
DxP 4 7.18" 0.13™ 0.05™ 94.95™ 145.3™ 8.65™ 11.64"
DXP XS 8 2777 0.18™ 0.05" 4.92" 23.6™ 0.13" 2.20m
s 52 0.27 0.03 0.007 3.22 4.54 0.14 3.24
Error
Ol Co 2.64 2.00 1.93 1.93 2.26 2.16 3.20
CV%
Al (o ey ) 50 Jloisl mhaw o (55l8 S g (5518 fe pas o T 4y s Gk d

ns* and **: non-significant and significant at 5% and 1% probability levels, respectively.
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Table 4. Continuation Mean comparison of effect of Drought stress in Pretreatment and Spraying spermidine and
Melatonin on phicikochimestery Buckwheat

Cagb, ERY
Sis g | T T N
Drought Slod e el Jelxo Leaf Chlorophyll Chlorophyll Stomatal e
stress Pretreatment Spraying RWC a b conductance  Catalase
% mg.g T FW. mol.m?s’! mg min’!
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AL 5 .
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Gl il OtwerelboSbdse gy ey g0 512°  2169%  143.1%
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@20 spermidine  o@sdlebotbdslre gg 3yn  y0 350 5.25" 216¢ 14657
{Br;gzg}t)ll(li Spraying Melatonin
% Fie 3 Jolro cya
. [Tl O™ f cde de Im
capacity b s No- Spraying 84.28 9.56 4.78cd 208.8 136.7
oge il bisbbdslxe g ge g 470 5.19b 219° 149 41
Pretreatment Spraying spermidine
Melatonin Cigdo b (2l Jolxo 90.55% 11.22 5.6° 227.12 159.9¢h
Spraying Melatonin ) ) ) ) )
, Hhdslre osn g ggi 7.84i 415" 187.71 187.7°
9™ No- Spraying
ey ol idsle g3 gaa g o7 4.19 193i 139.7¢
No- Spraying spermidine
o gobei  Pretreatment  owedlloibdslxe g3 9ga g gpan 4.40' 196.8¢h 142.1*
Spraying Melatonin
oy e . .
> . sl oo gy 430 g 3pen 4200 194.9h 140.5*
EWES) L )L%J %, No- Spraying
cudy ool operlbidbdsne g ogr g 3gar 4950 g7 pef j5gsh
(11 Pretreatment Spraying spermidine
[ ‘52 :) spermidine &”Pm l‘ ‘:“‘L'JSJ"’“‘ 86650d 9.530de 482cd 2069ef 1584k
433%:,13?1 Spraying Melatonin
o cs‘:’l'ZJSL"“ 9N gh gh 2 gh k
capacity b esibe  No- Spraying 83.21 8.43 4.40 197 142.5
oo ol ibslmegpgga g g 4.82¢ 210 157.9"
Pretreatment Spraying spermidine
Melatonin ~  owsdlol ibdsixe g9 1o 9.75¢ 4.90¢ 217.9% 16298
Spraying Melatonin
. ek T R 5.79! 337 156.4" 208.2°
Q9N No- Spraying
Sy Ol bbldslxe o5 gm 7 ook 381 166.7™ 215.7¢
No- Spraying spermidine
3¢ Lsj Pretreatment Owedle b (Lol Jolxo 67.4! 7.34 3.92i 171! 2204
J )‘;‘ Spraying Melatonin ) ) )
Sy Ve - . ) )
R wihdabre ooy 6sg6m  7.34 3920 1682™ 2164
PWES) 3 Jlowd wal No- Spraying
Cady eyl Ol gg g3k g g 4.24h 182,95 231.2¢
[ Pretreatment Spmy“.‘g_.s"erm‘?“‘e
o spermidine  owsdlel bl g g 8.57¢ 4.28¢ 183 238.60
431;g2}‘?tilgll(11 Spraying Melatonin
o ohdslxe e I i i I d
capacity Ui No- Spraying 66.7 7.44 3.90 170.5 221.1
oRge el LBl gg i 8.56¢ 4.30¢ 184.7% 240.6°
Pretreatment SPraying spermidine
Melatonin oMo b (ol Jodxo 73 29] 8 35gh 4 27gh 194 9hi 259.82
Spraying Melatonin i ) ) ) )
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Values followed by different letters are significantly different according to Duncan test, P=0.05
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Fig. 1. Mean comparsion of interaction effect of Pretreatment Seed and Spraying spermidine and

Melatonin on Leaf area in Buckwheat



vy co ke plerdsSusd Slio 5 Sialsr n vl 5 Geigle (B slme 5 5 lesi ey T o 10l Sen 9 (650

oo ol @S b oS cul ead (3055 puiS pl1 o
oy n chle Gals ol SKaegs (> ol Sl
Colled b8l o 1) (Sas s 1 e b sl
Oegn e GRS g (piigy calSai lay]
(oo opl b wlal » .(Bajji et al., 2001) sl
e S5 » omigdle 5 rken el slalens 3
2 Jeloee Gefign e (o i 5 09 (SAS AT eSe
o b yd sl G g Shdsle Lo 0 S
Slyime Slisd p Gigdle Sl pgas )0 ab ssalis
OFSU (Sas S byl o S s Jele ety
2 eyl (Bl Joloee ST Ll el oais 28l (slaalllan
Ocimum ) ;29,05 oS ojlac 5 (g lyne
B e pdyee Sis i hls o (basilicum L.
Oyl B yae a5 Cowl ooy lid ol bl g aid S
Ol slogire jebas oS nl o 1) g (Slgioe
oS Waise Sp (Pazki et al, 2017) aes .
cxrse gilnST ol a5 L v el (3L Joloxe

0l uiSg g Lialidl g (Sas il ol olls als
Lietal., 2015) el

O No- Spraying

) 25 -
2 E
q 2
LR-JTR
—'12 g — f
"J'g 15 -
% B
g
o 10 -
2=
31g 4
0_

[ Spraying spermidine

100 -

80 -

a
b
60 -
40 - c
N I
0
Irrigation 10% Irrigation 40% Irrigation 70%
Field capacity Field capacity Field capacity
Pk 30 Sy e 6okl gl HI1LY S

Fig. 2. Effect of irrigation levels on Leaf area in
Buckwheat

(Leaf area (cm? S, mlaw

S 0 Jpdme oetis
blite J1aS wd asie Gub)ly 4525 mbs ol
5 S 5 sbles ol IS g e jles adlegs
2 ofgdle 5 pawepeal (B Jslre 9 0 (silwlAe
@l (V J592) o2yl ne Do S 0 Jslore (590
sl)los m Jbgme Doli LT lapSle anlie
Qiog (F US) 6 lol calises zakaws o (F JS0) cdles]
WD Sy 3 Jebre (g n el cge (SaS i
«Ahmad and Haddad, 2012) sla> 5 aes! clelllas o

i i B0 Sy Jelore lanty p lgiome Lhals

W Spraying Melatonin

a

ef

No- Pretreatment

Pretreatment spermidine Pretreatment Melatonin

S S50 Joloro (g 2 (Mo g (o pel (LBl Jaboro g 50 slend ey Jolitie 1LY S
Fig. 3. Mean comparsion of interaction effect of seed oretreatment and spermidine and Melatonin

spraying on leaf soluble protein in Buckwheat.
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