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Table 1. Analysis of variance for the effect of experiment treatments on wheat seed and seedling quality

indicators
. G . PR
ol JETIEIW o 9 ok s N33 S 0 e
o axals A S SRS
Spiabe g e o azals sy sy eds,lS
sl Seedlin ’ o) ’ ) aly | >
SOV Df Electrical emer enc%e Emergence ) Root No. of i 9 Chlorophyll
conductivity & rate o9 length root ~ Rootdry  Shootdry content
percentage D90 weight weight
I
5 2 73" 64.7"% 1.02 0.1™ 03"™ 03"™ 512" 96.6 ™ 0.69™
Rep
d ! 1637 17436 232 98% 10dss 97 1320%  1100®  9.0%
Heat (H)
i) 8355 2 1564 7651 733" 55%  O97ws 2.6 558w 2795 9.8
Nutrition (N)
Seed Deterioration 1 1456 14632% 2001 54%  133sx  79% 1272%% 2862 139%
(D) ‘ ‘
HxN 2 3107 165.6 ™ 3.47 1.2% 24m™ 0.1™ 113™ 538% 0.7™
HxD 1 369" 24823 4.0% 2.8 7.5% 0.4"™ 196 ™ 702% 2.8
NxD 2 301* 103.0™ 3.4° 04™ 22 0 64 375% 590* 09™
HxNxD 2 217™ 12.5™ 1.8™ 05™ 04" 064 371%* 151™ 5™
Error s 22 87 65.0 0.8 0.4 1.0 0.2 115 131 0.64
1) Ol s o g
(1) ks o2 12.10 15.50 14.2 142 10.8 12.5 18.25 15.34 9.60
CV (%)

Aoy S5 g o,y iy Jloil o 10 0e I e gl e a8 ol Sa g s
ns, * and **: Non significant and significant at P<0.05 and P<0.01, respectively

pS azalS g, S el (B n 59 69, Lsoole ol wds ST eSilee anlie Y Jgu
Table 2. Mean comparisons for the effect of plant nutrition with zinc and boron on some seed and seedling
indices of wheat

4ds jles azalS )5l ao)o i slass ady) S (59 aiyy Jsb Jeds,AS Gl
Nutrition Seedling emergence No "()) £ root Root dry weight  Root length  Chlorophyll
treatment (%) ) (mg/seedling) (cm) (mg/g FW)
sl
sl poe 48.10 b* 392b 47.00b 831b 7.10b
Control
S5 b sl
Zinc foliar 61.00 a 493 a 69.80 a 9.55a 8.96 a
application
09 ol sl
Boron foliar 62.80a 441 a 59.60 a 10.16 a 848 a
application

3,105 00l (6l cime glis duo 0 gty whanw ;0 LSD 903l ool atines 5 i By o JBla (glls 4 oo nuSils oygiw ,o ,0 ¥
In each column, means with at least one common letter are not significantly different according to LSD
(P=0.05)
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Table 3. Mean comparisons for the interaction of late-season heat stress and nutrition with zinc and boron on
some seed and seedling indices of wheat

LS s s sl b azalS ool oy R RN BTY SRS Gi9
o e Eleclri.ca‘l Emergence )Nlo‘ U’J"'}Q
Heat stress Nutrition f{ﬁfféﬁg}g rate (seedling/day) 1590 (SIlrllogo/ts cel;yd\fi/;iég;t

LS 55 s Control 77.38 b* 477 ¢ 8.93b 71.00 a
O os Zine 66.00 b 8.97 a 821b 87.50 a
Control Boron 66.42 b 7.82 b 835b 83.33a
Lt sl sle§ s Control 101.98 a 2.84d 10.67 a 44.67b
Late-season heat Zinc 70.62 b 8.53 ab 9.16 b 86.17 a
stress Boron 77.67b 531¢c 8.8Db 77.83 a

5,08 02l (6,0 ire Ciglds ausoyd iy mhaw 0 LSD O995) ooleol y dtad S ies By SO JBlas gyl oS I EYN ¥ RN R TI *
In each column, means with at least one common letter are not significantly different according to LSD
(P=0.05)
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Table 4. Mean comparisons for interactions of late-season heat stress, plant nutrition (zinc, and boron) and
seed deterioration on root dry weight of wheat seedling

LS s 4355 2 (S ogm 8 Al SS9

Heat stress Nutrition Seed deterioration Root dry weight (mg/seedling)
Control ~ Non-deteriorated 63.3%°
Control Deteriorated 483
Lo )8 GRS Cyg Zinc Non-deteriorated 75.0%
Control Zinc Deteriorated 77.6%°
Boron Non-deteriorated 67.0%®
Boron Deteriorated 57.6%
Control ~ Non-deteriorated 38.6¢
Control Deteriorated 37.6¢
Jad bl sbo 5 s Zinc Non-deteriorated 67.6%
Late-season heat stress Zinc Deteriorated 58.6°
Boron Non-deteriorated 76.6%
Boron Deteriorated 37.09

25508 02l (6,5 ire iglds aoyd iy mhaw 40 LSD O993) ooleol y dtad S ies By SO JBlas gyl oS I EYN ¥ IENC R I *
In each column, means with at least one common letter are not significantly different according to LSD
(P=0.05)
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Fig. 1. Mean comparison for interaction of late-season heat stress and seed deterioration on some seed and
seedling traits of wheat
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Fig. 2. Mean comparison for interaction of plant nutrition (with zinc and boron) and seed deterioration on
some seed and seedling traits of wheat
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Table 5. Pearson correlation coefficient between the evaluated traits

b ey nboere gy ol g 039 iz oy Sulee
E g s iy olaws Sas
A el W b e, BTV il el (S
Chl  Seedling  Seedling B No.of  azy, .
azxalS  Root Shoot Sy
(atb) emergence emergence Lenath ot Root DW
percentage rate D90 & DW EC
@tb) Jds,ls 1
Chl (atb)
"“"Lf))&-b oy 071" 1
Seedling emergence percentage
LS 5 & . sox
el b e 0.68 0.61 1
Seedling emergence rate
LS 5 L N P sk *k Fk
7B sl aey A0 B ol 068" -0.76 -0.69 1
D90
e Job 065" 072" 062" 075" 1
Root Length
W |y *ok % *k sk Hok
N 074" 0.723 0.68" 067" 0.67 1
No. of root
Gy SLAS y; sk sk *k *x % %
N o 0.63 0.53 0.76 -0.61 0.51 0.59 1
Root DW
| |l SLes oy ok ok o sk ' ' *
ct® 18 el 0.66 0.64 0.79 -0.777" 064" 0.62" 0.73 1
Shoot DW
3 =Sl . s s . . ok ok x
E:jé;,.ﬂ s -0.74 -0.68 -0.73 079 -0.74" -0.79  -0.52° -0.67 1

**: significant at P<0.01 sy o Jliml o )3 (09 o gne F
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Table 6. Percentage of the changes in the traits due to heat stress, and zinc and boron applications in seed and

seeding of wheat

. - G ol .
RVWEIRY e [Shad} e [S3}} . -
b /) b /)‘“ .. SIS b ' ) T S g Solos '
axalS axalS . ady) sl Sas o SRS Ol
C C T b as, alsp plasl Kol
Seedling  Seedling = B Number  az,, . Chlorophyll
«xslS Root ¢ Shoot JRe
emergence emergence gl ofroot  Root content
GU length DW EC
percentage rate D90 DW
bS53 5l 8L sl 2oy
s L
b sl -21.6 -22.5 12.2 23.6 -10.8 2211 -18.6 -13.7 19.2 -11.5
Change (%) due to
late-season heat stress
955 5l (LA i o
Change (%) due to zinc 21.1 56.4 -12.7  -33.0 13.1 19.2 32.6 33.4 -31.2 19.7
application
0308 3 (B s 2oy
Change (%) due to 233 41.9 -144  -28.9 17.4 11.1 21.1 28.2 -24.4 15.0
boron application
3 Sogms 3 o5 e S
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Effect of Zinc and Boron Application on Wheat Mother Plant under Heat
Stress on Cell Membrane Integrity of the Produced Seed and
Physiological Quality of Seedling
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Extended Abstract

Introduction: Providing important and effective elements such as zinc and boron- especially in areas where
the soil for some reason cannot meet the needs of the plant- will be a good solution to improve seed and
seedling quality and nutrition, and community health status. A considerable part of the wheat producing
regions in the country are faced with late season haet during seed development stages. Thus, the present
study will investigate the effect of heat stress and mother plant nutrition with zinc and boron micronutrients
on seed deterioration and physiological quality of wheat seedlings.

Material and Methods: In a field experiment, wheat seeds were planted on two suitable planting dates
(November 20) and late (January 5) to apply late-season heat stress during the seed development stage with
three replications in Ramhormoz, Iran. The nutrition of mother plants with zinc and boron elements was done
at three levels (nutrient-free and application of zinc and boron) as a foliar application. After harvest, the seeds
were transferred to the laboratory and membrane integrity of seed cells was investigated using an electrical
conductivity test as an indicator of deterioration. Another part of the seeds was planted in a factorial pot
experiment based on RCBD with three replications to evaluate the quality of seeds and seedlings in the
greenhouse.

Results: The results showed that exposure of seeds to heat stress during development reduced seed
quality as well as seedlings so that the cell membrane in the seeds produced under heat stress conditions was
damaged and their electrical conductivity increased by 19%. Also, these seeds showed more sensitivity to
deterioration. The percentage of seedling emergence in the stressed seeds decreased by 21.66%. Heat stress
also reduced seedling quality indices such as chlorophyll content, shoot dry weight, and root dry weight.
Application of zinc and boron on the mother plant not only led to improved quality of seeds and seedlings
under normal conditions but also the negative effects of heat stress on seed and seedling quality were
reduced. There was a significant negative correlation between the seed electrical conductivity test and
qualitative parameters. Therefore, the use of this test is recommended to determine the quality of seeds,
especially seeds produced under late-season heat stress conditions.

Conclusion: Noting the negative effect of heat during seed development on seed quality, planting dates
should be adjusted as much as possible so that the seed development stage does not coincide with the late-
season heat stress. Due to the beneficial effects of using zinc and boron in the mother plant on many traits
related to the quality of seeds and seedlings, their application- especially zinc- in soils with deficiency or the
possibility of heat stress at the end of the season is recommended.

Keywords: Plant nutrition, Stress, Seed development, Seed deterioration, Vigor
Highlights:

1- Zinc and boron micronutrients were used to mitigate the harmful effects of heat stress on seed quality.
2- Physiological characteristics of seedlings obtained from seeds produced in the field under late-season
heat stress conditions were investigated.
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