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Biochemical Composition of Two Wheat Cultivars
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ABSTRACT

The influence of seed priming on the growth, amino and fatty acids contents of two
wheat (Triticum aestivum L.) cvs. Keumkang and Backjung were evaluated through pot
experiments in greenhouse and at field conditions. Four priming treatments involving
three soaking media: 2.5% potassium Chloride (KCI), 1% potassium Sulfate (K,SO,),
distilled water (H,O) and unprimed (dry seeds) as the control were laid out in a
randomized complete block design with four replications for each experimental condition.
Under greenhouse condition, 1% K,SO, priming enhanced growth and yield of wheat,
while 2.5% KCI reduced the dry matter yield in Keumkang, but not in Backjung. In field
condition, 1% K,SO, improved the growth of both cultivars and increased the yield of
Backjung, while 2.5% KCI in Keumkang had the lowest yield. Overall, this study showed
that seed priming with 2.5% KCI and 1% K,SO, triggered specific changes in the Amino
Acids (AA) and Fatty Acids (FA) compositions in grain and had carry-over effects on the
plant’s metabolic adjustments, which were specific to the cultivar and the growing
environmental conditions. The compositional changes in AA and FA induced by seed
priming have a profound impact on grain and flour quality of wheat.

Keywords: Amino acid profile, Fatty acid profile, Potassium chloride, Potassium sulfate,
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INTRODUCTION

Wheat (Triticum spp.) is among the big
three-cereal crops, with over 750 million
tons being harvested annually (FAO, 2017).
To increase wheat productivity over limited
arable lands, different strategies are being
employed by farmers and agricultural
scientists involving a combination of genetic
improvements, integrated nutrient, pest,
moisture  and  environmental  stress
management, and application of effective
agronomic and farming systems practices
(van Rees et al., 2014). Establishing a good
crop stand is also considered an effective
method of improving vyield, especially in

areas with sub-optimal and unpredictable
weather and climatic conditions prevailing
in most production areas (Nawaz et al.,
2016). In South Asia where rice-wheat
cropping system is common, a general
observation of low wheat yield is attributed
to wheat sowing delay because of delayed
rice harvest, short period of winter seasons,
less developed irrigation facilities and poor
crop stands due to lack of optimal moisture
(Meena et al., 2014). In an arid and semi-
arid environment, undependable irrigation
supply and erratic weather conditions
brought environmental stress resulting in
poor crop establishment (Webber et al.,
2017). For optimal crop stand, pre-sowing
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treatments of seed are performed to enhance
speed and uniformity of germination
(Hussian et al., 2014). Seeds are soaked in
water or in an osmotic solution that allows
them to imbibe water to proceed to the first
stage of germination, but prevents radicle
protrusion through the seed coat. Aside from
improved germination, this treatment
enhanced rapid and uniform emergence of
seedlings with high seedling vigor and better
yields in different crops (Paparella et al.,
2015). It has also been established that seed
priming, which induces several biochemical
changes in the seeds, is required to start the
germination process such as breaking of
dormancy, hydrolysis or mobilization of
inhibitors, imbibition and enzyme activation
(Zheng, 2016). Common priming techniques
include osmopriming [soaking seed in
solutions of sugars, PolyEthylene Glycol
(PEG), glycerol, sorbitol or fertilizers such
as urea], halopriming (soaking seeds in salt
solutions), and hydropriming (soaking of
seed in water) before sowing (Singh et al.,
2015). The effectiveness of seed priming
depends on the plant species, the type and
concentration of priming solution, the
priming duration, and temperature and
storage conditions (Jisha et al., 2013). Singh
et al. (2015) presented a comprehensive
review of the different seed priming
techniques in field crops showing that, aside
from improved germination, seed priming
also reduced seedling emergence time,
improved stand establishment, and improved
yield for many field crops under a wide
range of environmental conditions. It was
regarded as the best solution to germination-
related problems, especially when crops are
grown under unfavorable conditions.
Because seed priming is an effective
technology to enhance rapid and uniform
emergence and to achieve high vigor leading
to better stand establishment and yield, it is
hypothesized that seed priming will have a
carryover effect on the overall physiology
sustained until reproductive and maturity
stage. There is a high possibility that the
wheat grain quality will be influenced by
changes in the fatty and amino acids content.
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Although Garcia del Moral et al. (2007)
showed that grain protein content and amino
acid composition of wheat fluctuate largely
with  genotype and  environmental
characteristics such as nitrogen fertilization
rate, nitrogen-application time, residual soil
nitrogen, soil moisture availability, and
temperature during grain-filling, there is no
evidence so far about the influence of seed
priming on the biochemistry of the grain of
wheat. Therefore, this study was conducted
to determine the carryover effect of seed
priming with 2.5% KCI and 1% K,SO, on two
cultivars of wheat based on the differences
on growth and yield of plants and the amino
and fatty acids on the whole grain produced
by plants grown under two distinct
environmental conditions.

MATERIALS AND METHODS

Plant Materials and Priming
Treatments

A pot experiment was conducted in
greenhouse and at the field located at the
Central Experiment Station, Kyungpook
National University, Daegu, South Korea to
evaluate the effects of seed priming agents
on growth, yield and biochemistry of
harvested grain of wheat. Two wheat cvs.
Keumkang and Backjung were tested with
four priming treatments including the
control. Keumkang is more heat-tolerant
cultivar than Backjung (Truong et al., 2017).
The priming solutions were 2.5% potassium
Chloride (KCI), 1% potassium Sulfate
(K2SQy), and distilled water (H,0O). These
were evaluated against the performance of
plants from dry seeds as a control. The 2.5%
KCI and 1% K,SO, priming solution was
selected based on preliminary germination
test of wheat involving  several
concentrations of KCI and K,SO, at
different soaking duration (data not shown).
Pure seeds of Keumkang and Backjung were
washed with distilled water before soaking
on priming solutions. Seeds of the control
were blot-dried and placed under a laminar
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flow hood to air dry, while those for the
2.5% KCI, 1% K,SO,, and water priming
were fully immersed in priming solutions
and stored in the dark at 24°C for 24 hours,
then, the seeds were rinsed thoroughly with
distilled water and blot-dried prior to
sowing.

Pot Experiments

The experiment was laid-out following a
two-factor completely randomized design
with 4 replications in green house and at
field condition. A total of 64 pots (30x30
cm) were filled with 10 kg of sandy loam
soil and were fertilized at the rate of 14-12-9
kg ha' N-P-K in the form of urea, TSP
(Triple Super Phosphate), and MP (Muriate
of Potash), respectively. The whole quantity
of TSP and MP, and 1/2 of urea were basal
dressed at the time of pot preparation. The
remaining urea was top dressed by two equal
splits at 50 and 120 days after sowing. Six
seed were sown in each pot and then were
thinned into two plants per pot one week
after sowing. Thirty-two pots for each
environmental condition were randomly
arranged inside the greenhouse and in the
field for the whole duration of the
experiments.  The average  monthly
temperatures from November 2016 to March
2017 under greenhouse and field conditions
are presented in Table 1. The greenhouse
condition had higher maximum and
minimum temperature than the field
condition. The mean difference between the
maximum and the minimum temperatures
was higher in the greenhouse (20.16 to

35.26°C) compared to that in the field
condition (8.30 to 13.67°C). The required
cultural and other management practices for
winter wheat were employed throughout the
duration of the experiment. Imidacloprid
was applied at a dosage of 5 g 10 L™ to
control the aphids.

Growth and Yield

At ripening stage (215 days after sowing),
plants were harvested and their heights (cm),
number of tillers, aboveground dry matter
yield (g plant™), panicle length (cm), number
of panicles per plant, total number of grain,
total weight of grain (g per pot), one
hundred seed weight (g) and Harvest Index
(HI) were determined for all the plant
samples. Plant dry weight was determined
after oven drying at 70°C for three
consecutive days, while the weight of grain
was determined at 14% moisture content.
The harvest index was calculated as the total
weight of grain divided by the aboveground
dry matter yield.

Biochemical Analysis of Grain

Grains were milled into flour and analyzed
for total Amino Acids (AA) and Fatty Acids
(FA) contents. The total AA contents were
analyzed after being hydrolyzed with
6N HCI for 24 hours at 110°C (AOAC,
2000, Procedure 4.1.11, Alternative 3). The
fifteen AA were analyzed using an AA
Analyzer (Hitachi L-8900, Tokyo, Japan).
For FAs, the wheat flour samples were

Table 1. Monthly maximum, minimum and mean difference temperatures in and outside greenhouse during

growing period of wheat.

Greenhouse Outside
Max temp Mintemp  Mean diff Maxtemp  Mintemp Mean diff
Month (’C) €9) (’C) (’C) (C) €9)
November 2016 29.85 9.69 20.16 15.88 7.58 8.30
December 2016 27.19 2.32 24.87 10.71 0.71 10.00
January 2017 25.13 -2.61 27.74 7.03 -5.45 12.48
February 2017 32.14 -0.62 32.76 8.83 -3.00 11.83
March 2017 39.23 3.97 35.26 15.9 2.23 13.67
877
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analyzed based on the method described by
Gerits et al. (2013). Briefly, FA from flour
was extracted with an ASE 200 (Dionex,
Amsterdam, The Netherlands), using Water
Saturated  Butan-1-ol (WSB). Lipid
separation and detection were conducted
with a modular High-Performance Liquid
Chromatography (HPLC) system
(Shimadzu, Kyoto, Japan). All analyses
were conducted in duplicate for each sample
and were repeated if the results differed by
more than 5%.

Statistical Analysis

The data of growth and yield
parameters and the concentration of different
amino and fatty acids were subjected to two-
way analysis of variance (data of main
effects were not shown) followed by Tukey's
Test for treatment mean comparison for each
experimental condition. The statistical
analysis was performed using SPSS 12
software (IBM SPSS Statistics for Windows,
Version 21.0. Armonk, NY: IBM Corp).

RESULTS
Greenhouse Experiment

Significant interaction effect of cultivars and
priming treatments were observed on all
growth and yield parameters determined in
wheat grown under greenhouse conditions
(Table 2). Specifically, seed priming using 1%
K,SO, improved the growth of both cultivars
as indicated by taller plants and higher dry
matter yield. Backjung had relatively higher
number of tillers compared to others regardless
of the seed priming treatments. Priming with
25% KCI, 1% K,SO, and water resulted in
longer panicle length in Keumkang compared
to the control while in Backjung, the panicle
length did not vary significantly between
treatments. In contrast, Backjung treated with
2.5% KCl had the highest number of seeds per
plant and total grain yield compared to other
treatments. The weights of 100 seeds among
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the different priming treatments in Keumkang
were not significantly different with each
other, but in Backjung, 1% K,SO, and H,O
priming resulted in lighter weight compared to
the seed produced from plants treated with
2.5% KCI, and the control (unprimed). The
harvest index of wheat in Backjung treated
with 2.5% KCI was the highest among the
treatment combinations.

Significant interaction effects between
cultivars and priming treatments were
observed on most of the amino acids in the
grain of wheat (Table 3). Among the different
AA, only serine, glycine and cysteine contents
did not vary significantly due to cultivar and
priming treatment; all other AA showed
significant interaction effects (Table 3). The
aspartic acid, threonine, glutamic acid, alanine,

valine, methionine, isoleucine, leucine,
tyrosine, phenylalanine, lysine, histidine,
arginine, and proline in  Keumkang

significantly increased due to 1% K,SO,
priming compared to other priming treatments.
On the other hand, Backjung primed with
25% KCI had the lowest contents of
threonine, methionine, isoleucine, leucine,
tyrosine and phenylalanine compared to other
treatment combinations including the control.
Water priming resulted in AA contents
comparable with the control in Keumkang.
However, in Backjung water priming
resulted to higher AA contents compared to
2.5% KCI, 1% K,SO,, and the control.
Among the different AA, proline had the
highest amount across different cultivars and
priming treatments. Overall, the total AA was
significantly increased by seed priming with
1% K,SO, in cv. Keumkang, while seed
priming with 2.5% KCI in Backjung had the
lowest total AA among the different treatment
combinations under greenhouse conditions.
Unlike the AA, the Fatty Acid (FA) contents
only showed significant interaction effect due
to cultivar and priming treatment on the
hexadecanoic, oleic, and linoleic acids
contents in grains (Table 4). The total FA, total
saturated FAs, and total unsaturated FAs only
showed main effects
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due to cultivar (see P-values), while the ratio
of saturated/unsaturated showed significant
variation due to the interaction effect of
cultivar and seed priming treatment (Table
4). The hexadecanoic acid contents of grains
in Backjung for all treatments and those in
Keumkang primed with 2.5% KCI were
significantly higher compared with those
grains of unprimed and 1% K,SO, primed
Keumkang while grains from H,O primed
Keumkang had higher hexadecenoic acid
content comparable to those primed with
2.5% KCI but was not significantly different
from other treatments. Seed priming with
1% K,SO, resulted in lowest hexadecenoic
acid in Keumkang. Similarly, grains of
Backjung had significantly higher contents
of linoleic, a-linoleic acid, total FA, the total
saturated and unsaturated FA compared to
those in Keumkang regardless of the
priming treatments. In Keumkang, priming
with H,O and the control (unprimed) had
lowest linoleic and a-linoleic acid, total FA,
the total saturated and unsaturated FA as
compared to other treatment combinations.

Field Condition Experiments

Under field condition, significant interaction
effect of cultivars and priming treatments were
observed in dry matter yield, number of seeds
per plant, grain yield, weight of 100 grains and
harvest index (Table 5). Main cultivar effect
was observed on panicle length only (Data not
shown). Specifically, seed priming using 2.5%
KCl reduced the dry matter yield in Keumkang
but not in Backjung, while seed priming with
1% K,SO, improved the growth of both
cultivars as indicated by the higher dry matter
yield. Seed priming with H,O in Backjung
resulted in lower dry matter yield comparable
to the control. Keumkang had longer panicle
length than Backjung regardless of the priming
treatments. In terms of vyield parameters,
priming with 1% K,SO, in Backjung had the
highest increase in the number of seeds per
plant, grain yield and harvest index, while seed
priming with 2.5% KCI in Keumkang led to
lowest number of seeds, total weight of grain
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and harvest index as compared to other
treatments. The weight of 100 seeds was
generally higher in Keumkang compared to
Backjung regardless of treatment, except those
produced by plants primed with 2.5% KCI.
Priming with H,O resulted in inferior yield
quality parameters values compared to other
treatments in Keumkang but not in Backjung.

Significant interaction effects between
cultivar and priming treatments were observed
in majority of the amino acids and the total
AA in the grain of wheat grown under field
conditions (Table 6). Among the different AA,
only alanine, cysteine and valine contents did
not vary significantly due to the interaction
effect of cultivar and priming treatments; all
other AA showed significant interaction
effects (Table 6). The aspartic acid, threonine,
serine, glutamic acid, methionine, isoleucine,
leucine, phenylalanine, lysine, histidine,
arginine and proline in  Keumkang
significantly increased due to 2.5% KCI
priming compared to other priming treatments.
On the other hand, Backjung primed with 1%
K>SO, had the lowest contents of aspartic acid,
threonine, serine, glutamic acid, glycine,
methionine, isoleucine, leucine, tyrosine and
phenylalanine compared to other treatment
combinations including the control. Among
the different AA, glutamic acids had the
highest amount across different cultivar and
priming treatments. Overall, the total AA was
significantly increased by seed priming with
2.5% KCI in Keumkang while 1% K,SO, in
Backjung had the lowest total AA among the
different treatment combinations under field
condition. Like the greenhouse conditions,
water priming led to AA contents comparable
with the control in Keumkang, which was
lower than those from the 2.5% KCI and 1%
K,SO, treatments. In Backjung, the total AA
content was not affected by different priming
agents.

Under field conditions, the Fatty Acid (FA)
contents only showed significant interaction
effect due to cultivar and priming treatment on
the hexadecanoic, gondoic, oleic, and o-
linoleic acids of grain (Table 7). The linoleic
acid, the total FA, the total of saturated FA,


https://dorl.net/dor/20.1001.1.16807073.2020.22.3.21.1
https://jast.modares.ac.ir/article-23-29546-en.html

JuedIIUIIS
JON :SU ‘0, G B JUBDIIUSIS , "90UBIIUTIS JO [9AI] 9,G I8 IS S9N UO PIsEq JOYIO [ord WO JUIJJIP APJUBOLIUTIS J0U 21 (S)10119] dwes Ay} Aq PIMO[[OJ MOI JWES dY) UIIM SUBDJA ,

JAST

*£¥0°0 80070 €000 *1€0°0 SN *7€0°0 su su Surug xIeAnm)
su «710°0 %*810°0 %920°0 SN *Ch0°0 su su Suruig anjea
%9100 su #*€10°0 su *820°0 su su su Jeannyd
B 6F0 qQ9°¢ B66E B 6Ll qQell q0T8 BREE BGEL pawitidupn
b0 qQL¢ qe L°LE B LEOT Q811 q9¢8 B00¢ BRVL O°H
BSH0 qQ8'¢ LA 404 B GSOI1 QL1 B g'68 BTIE BCGL FOS™ %1 Sunfyoeg
90 eTY R 4017 q €86 q6'l1 e gLy B 00¢ LRSS 73 1OM %S°C
98¢0 ey qe p'ee 218 eyEl €888 egI¢ LXVRY pawnidun
qQLEOD qQ9°¢ qe [°6¢ q 686 BTl BLE6 LS BTSL OH
qLEO ey qe L've 2608 eeel eel6 eT0¢ BTSL FOS™ %1 Sueyunoy]
2T¢0 (X4 qT9C P619 Byel qQ86L BRLT BGEL [OA %S¢
Xopul [6)) A_‘Ea_m 3) JuR[J/SPIds (wo) A_.Em_a 3) A_.Eﬁﬁ_ ou) (wo) Surwang SIBAII[ND)
1SoATRH  JyS1om spaas (001 PIeIA urein JO ON 3udf oporuey pIoIA xopew K1(g s12[[n Jo JoquunyN  IySioy jue[d SUONBUIQUIO)) JUSWILAI |,

Wheat

Iming on

Carry-over Effect of Seed Pr

, Q0URLIEA JO SISK[RUR ABM-0M] JO SIN[RA- AU} JO ATRWILINS [)IM SUONIPUOD P[aLf Jopun Uumoid suonnjos Surtwiid pass JUaIQIP Aq PAIOJJE SB SIBAI[ND JEAYM 0M] JO ddULLLIONAd P[IIA pue yImoln) *¢ dqe],

“JuBOYIUSIS JON :SU ‘0,6 J& JUBIIJIUTIS 4 0ULIYIUSIS JO [OAI] %G I8 1S S,A3N [, UO Paseq JOYIO Yord WO JUAIIIP APUBOYIUSIS JOU O18 (S)I0N9] SIS oY) £q PIMO[[O] MOI JWIES ) UIIM SUBIJA] ,

%9700 su #7€0°0 Q6¥€0  A6SE0  9TSE0 Q79€0  BY8E0  BOYE0  BLLEO Qe pLE0  (pareimesun-pajeines)oney -

su su #970°0 BLS9T B ETII B ZE9[ ©96'SI assel  qesel qaepl a6yl pareingesun 0

su su +8€0°0 B6LS ©8's LEYAS egLS azes qQees q6£¢ Q8¢S pojereg OO
su su *TP0°0 BGETT  BITTIT  BSTTULC BI6IT  9S681 96881 Q1861  A4+90T oL
su su su ®Z20°0 €700 €200 ©20°0 e 100 €100 ® 100 100 697D pioe oronry
su su *P€0°0 €880 e €60 € 06°0 € /80 q85°0 Q190 Q090 4890  €O€8ID proe orpjoury-n
+850°0 «TE0'0 %900 eE6Tl © 95Tl ®L9T1 ep9°Tl 22801 °8L°01  qOCTL  QTYIL  99T8ID proe or[ouly
#S70°0 +8€0°0  %920°0 vILT eLT eILT Q1T 291'C 11T Q8€'T QLET  691:8ID proe 212[0
su su su © 200 €200 €700 €200 e 100 e 100 €100 €200 1420 PIoe JIUOAIDN
su su su LE4N) LXIN) el LX) ©01°0 €010 e01°0 eZI0 1:02D proe d1opuon
su su su e 4070 €400 €070 €070 €500 e €00 €00 € €00 1:91D proe ord[oNWE]
su su su ®L0°0 €900 ©90°0 £90°0 ©90°0 ©90°0 ®L00 €90°0 042D PIoe dIuesooeNd |,
su su su ©20°0 ©20°0 €200 €200 ® 100 ® 100 ® 100 €100 0:€2D PIOE DIOUBSODLL],
su su su €90°0 €900 €500 €500 €500 €500 €900 €500 022D PIOE JI0UBS0dI
su su su €00 €500 €00 €00 e €00 © €00 €400 €00 0:02D proe oIpryoeIy
su su su €970 ©LT0 ©ST0 B ET0 © S0 B CT0 €370 B0 081D PIOE J10UBIIPLIOQ
+8€0°0 «9P0°0  %TE0'0 egey e Oy epey eObY qQeLe Qeege  qg6'E eOTh 0:91D PIOE D10UBIIPEXIH
su su su ¥ €60 e 160 €160 €960 €001 €960 €60 €960 0:51D proe o1[£oapeiud
SN su su € €00 € €00 € €00 ® €00 ® €00 e €00 €00 € €00 0+1D PIoE dloued3peIdL
SulugxIeANN)  Suluugd  IeAnn) pawidun OH  "OS™I%I1  IDM%S'T pawiLidun O'H_ "OSDI%I  IDM%S'T  [0quAg Sp1oe Aneq

sanjeA-g Sunhjoeg Fueyunay|

Sunund paagxsieanmn))

"Q0URLIBA JO
y I
sis[eue Aem om) Jo san[eA-J Ay Jo Arewtuns yim Jurwiid paas £q pajoajje se SUOHIPUOD asnoyuaald Jopun umols Sunfyoeq pue Sueywnay] Ad jeaym ur (| 3 Swr) SuIeIs Jo sjuajuod proe Ane *p dqe],

[ TZ-20-5202 uo Irdersarepouwrisel wouy pspeojumo( | [T'TZ'€220202°€20.089T T'TO0T 0Z :HOA ]


https://dorl.net/dor/20.1001.1.16807073.2020.22.3.21.1
https://jast.modares.ac.ir/article-23-29546-en.html

Khaing et al.

JURIYIUSTIS JON SU ¢¢TIATT LYHM LV WULOYIUSIS 4, 20URdYIUSIS JO [AJ] 96 18 1S9 S,ADN T UO Paseq OO Yord Wolj JUILJIP AUBOYIUTIS 10U a1k (S)10N2] dwes ) AQ PAMO[[0J MOI JUILS ) UIHIM SUBIA] ,

%7070 su su qT¥0 q1¥°0 q0¥°0 q1¥'0 q1¥°0 q1¥°0 BTHO BEr0 (pajeanesun/pajeines) oney
su su *6£0°0 q986°CI q66T1 80V 96871 26811 26¢£7TI1 LS POT'T1 sproe Aney pajermesup)
su su *E70°0 qe 'S q98I°¢S € 69°S q9T’¢ 208 2LO'S 268% 28LY SpIoe Ay pajeinjeg
su su *CC0° qe 1681 qL8L] B €661 q 8781 26L91 q6SLI 26591 29091 1ej0L
su su su e 100 700 700 700 100 B 200 100 100 601:TTO proe dlonry

*9%0°0 %8200 *CP0°0 qe 0.0 9990 B8LO 9690 2€5°0 9090 2050 2810 €OERID ploe d1sjoul -0
su su *9£0°0 q6t°01 qzIol BETI qyeol 2996 9866 dHE6 2606 9OT:81D ploe disjoul
«870°0 97070 su q9L'1 qeLl €96°1 L4 qoLl qLL] qQIL1 2191 601:81D poe 21910
su su su B 200 €700 €700 700 e 100 B 200 100 100 1:¥2O PIOB:OIUOATON
P00 *£€0°0 *EP0°0 010 €010 e110 110 e0I'0 110 qe 60°0 q980°0 1:020 pIoe slopuoH
su su su 00 e €00 00 e €00 e €00 e €00 e €00 e €00 91D pIoe Jlejojuteqd

su su su e 00 B €00 00 ®10°0 500 e $0°0 500 500 02O pIoe Jluesooena |,

su su su 2100 100 100 e 100 100 e 100 100 e 100 0-€20 PIog J10UBsOJLL],

su su su eS00 00 €500 €500 500 e 00 €500 €500 0:2TO ploe dlouesodly

su su su €700 700 700 BZ0°0 B €00 200 B E00 200 0-02D prog Jlplyoery

su su su eSO EHI0 910 egl'o e91°0 BLI'O BLI'O e91°0 081D pioe Jloueasper)
*C€0°0 su *CP0°0 Qe oIy q96'¢ ey qe €0’y 2L5°¢ qE8'¢ 219°¢ 208°¢ 091D Pploe JlouesapexaH
su su su e 60 €960 €960 eS6'0 e €60 e 60 60 €660 0:S1D proe o1jfoapejudg

su SH su e €00 €200 € £0°0 e 700 €200 ® 700 €200 ® 700 0:v1D PIoe JlouBd9pend ],

pawridun OH  "OS™ %l 1D %S°'C pawitidun O'H  "OS™ %l 1D %S'C
Sur g xJeann) Surwig IeAnn) Junhpoeg Jueywnay| [oquikg spioe Ane

Son[eA-(

Surd paag x sieAnmn)

»QOUBLIBA JO SISA[RUR ABM-0M] JO SaN[RA- AU JO Arewwuns tpim Suruiid pass Aq pajogjje se SUonIpuod piay 1opun umois Junfjoeg pue Sueuunay| "sad 1eaym ul (.3 Sw) spioe A1ej Jo Ju)U0d ureln) *L Aqe,

JUROLIUSIS JON 1SU ¢¢TIATT LYHM LV WUBOLIUSIS 4 * "90UBILIUTIS JO [A] 04,6 18 1S9 | S,KN ], UO Paseq JAYI0 Yora WO) JUIAYIP APUBDYIUTIS JOU I (S)Ia)I3] AWES ) AQ PAMO[[O) MOI JUIES AU} UIIIM SUBIA] ,

#8700 *9¥0°0 %9700 P2 €0'T9  P29SS9 P 19°¢¢ P2 ¥T'S9 q8I'SL 21569 qes8L B 1188 B0l &

*620°0 *L€0°0 %610°0 29986 29 6€°6 8L 29696 qe 88°I1 qLLOT 96601 B6LTI dutjoiq ©
*£€0°0 #CC00 SN q8T'¢ eyLE 280°¢ qQLS'E qer'e q0€'¢ BGL'E e 68'¢ suruIsry
*6£0°0 +*8€0°0 *£20°0 L8] qQsLl el qILl 988l qeL'l qe $0'C BHTT Qulpnsiy
*CC0°0 *CE0°0 SN 2971 q6S'1 XLLCT CRZA! qItl qe6¢'l Epgl €88l auisA]
*9¥0°0 #PP0°0 *£70°0 2¢8°¢ 216'¢ 2TP'E 206'¢ qe $8°¢ qvv'y qe 8Ly L4 auiuee[fuayq
*C€0°0 %8200 SN BZ90 0Ll q8F'1 BRLI BR8]l BLLT BH6'l BITT QuIsoI |,
*P€0°0 #7200 *C€0°0 9T 26€9 265°S I$€9 qQTTL qL9 qers BE6'L surnyg
*9€0°0 *820°0 *9%0°0 d¢6°¢ J2€6°¢ Pol'€ 2¢€6°¢ q0I'y q €8¢ q86'¢ By JuIdNJJOs]
*£20°0 *C€0°0 *E¥0°0 9060 9260 qe 78°0 9560 BLOT BT0°1 LA 97’1 QUILOIYRIN
SN su SN ByTY BLEY B o8¢ BOEY AR 4 BLEY B09Y ®00'S JuIeA
SN su SN €090 €190 € $S0 €090 € S9°0 190 €890 e8L0 aunsk)
SN su SN o8¢ BEOY B 6P 98¢ e90Y BER'E BZlY BSEY sutuely
#P€0°0 *9%0°0 SN 2690 CRAN 290 960 9860 q980 eSSl BpLl autk|n
*CC0°0 *810°0 %*8¢0°0 d¥TSI 2 €891 P £S€El dIpILI q9¢°1T 2¢T6l1 q¥TeT B6I'LT ploe drwemn|oy
#P€0°0 #7200 %*9¢0°0 21°1 211 288°0 260°1 29T'1 ILI'T q+9'1 T8I auLg
*9£0°0 *C£0°0 SN 27T 26¢€°1 PSOT LTI 29 TH1 1€ q99°'1 BRI duruoaIy
*CP0°0 *£20°0 SN q10°€ qe $'¢ dpL'T qQLI'E q€1'e q91°'¢€ eIce ®99°¢ pioe onaedsy

SUWLgxIeARIND Supwing TeAn[n) pawiidup OH FOS %I IOM %S'T pawiidun OH FOS™ %I IOM %ST
Funhyoeg Sueywnay SpIOB ouruy
sanjea-g Sunund peagxsieann)

"30UBLIBA JO SISK[RUR ABM 0M] JO San[eA-d A Jo Arewwuns yim Suttitid paas £q pajoajje se suonipuod play Japun umoid Sunfjoeg pue Jueywnay ‘sAd Jeaym Jo sureid Jo Juajuod (3 Sw) sproe oulwry ‘9 dqe ],

[ TZ-20-G20z uo Jrde'ssepow-ise| wouy pspeojumod ]

[T'TZ'€220202°€20.089T T'TO0T 0Z :HOA ]


https://dorl.net/dor/20.1001.1.16807073.2020.22.3.21.1
https://jast.modares.ac.ir/article-23-29546-en.html

[ Downloaded from jast.modares.ac.ir on 2025-07-21 ]

[ DOR: 20.1001.1.16807073.2020.22.3.21.1 ]

Carry-over Effect of Seed Priming on Wheat

JAST

and the total unsaturated FA only showed
main effects due to cultivar (data not
shown), while the ratio of
saturated/unsaturated FAs was significantly
affected by the interaction effect of cultivar
and seed priming (Table 7). Significantly
higher contents of hexadecanoic acid were
observed in Backjung primed with 2.5%
KCI and 1%K,SO,. Seed priming with 1%
K,SO, in Backjung significantly increased
the Linoleic, a-linoleic acid, total FA, the
total saturated and unsaturated FA compared
to other treatment combinations. On the
other hand, priming with 2.5% KCI in
Keumkang resulted in lowest hexadecanoic,
gondoic, linoleic and o-linoleic acid, total
FA, and the total saturated and unsaturated
FA in grain as compared to other treatment
combinations. The ratio of the total saturated
to unsaturated FA were significantly higher
in Keumkang with 2.5% KCI and 1% K,SO,
priming treatments as compared to other
treatment combinations.

DISCUSSION

Seed priming is widely used to invigorate
seed in order to reduce emergence time,
accomplish uniform emergence, and give
better crop stand (Ashraf and Foolad, 2005;
Ibrahim, 2016; ur Rehman et al., 2015;
Zheng et al., 2016) by improving the seed’s
potential to rapidly imbibe and revive the
seed metabolism for germination. Additional
benefits of seed priming include increasing
the tolerance of plants to adverse
environmental conditions (Singh et al.,
2015). In this study, the influence of seed
priming using 2.5% KCI, 1% K,SO, and
water resulted in different growth, yield, and
metabolic response based on the AA and FA
profiles of grain of two wheat cultivars
grown under two distinct environmental
conditions. It is  established that
environmental condition dominantly
influenced plant growth, vyield and the
biochemical properties of plants; hence, this
study primarily examined the response of
the two cultivars of wheat (Keumkang and
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Backjung) on different priming solutions
independently under the greenhouse and
field conditions.

Influence of Priming on Growth and
Yield

In the greenhouse environment, seed
priming with 1% K,SO, consistently
improved the growth of Keumkang and
Backjung much better than 2.5% KCI and
water. Under field condition, contrasting and
inconsistent effects of seed priming with
2.5% KCI and 1% K,SO, were observed on
several growth and yield parameters of
Keumkang and Backjung. While 1% K,SO,
increased the dry matter and grain yield in
Backjung, 2.5% KCI decreased the dry
matter and grain vyield of Keumkang.
Although several reports had established that
seed priming of wheat using KCI and water
improved germination, growth, and yield of
wheat, results showed the higher potential of
K,SO, as seed priming agent in improving
growth and yield (Islam et al., 2015; Ashraf
et al., 2018; Mustafa et al., 2017). This
result corroborates with that of Hussain et
al. (2013) which showed that seed soaked in
0.5 to 1% solution of potassium sulfate
(K,S0,) significantly increased plant height,
yield attributes and grain yield in wheat.
Aliloo (2015) also found out that
fertilization of wheat with K,SO, improved
seedling vigor and enhanced seedling
performance. Results of this study suggest
that seed priming with 2.5% KCI or 1%
K,SO, have a carryover effect on the growth
and yield of wheat based on enhanced
growth and development of plants from
vegetative stage until the reproductive stage.
However, the response of plants is specific
on the genetic make-up as shown by the
different responses of the two cultivars on a
priming agent. Further, this study showed
that the carry-over effect on growth and
yield due to seed priming varied under
different environmental conditions. For
example, seed priming with 2.5% KCI
increased the yield of Backjung and
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Keumkang under greenhouse condition but
decreased the dry matter and grain yield of
Keumkang under field conditions. Indeed,
1% K,SO, improved the growth of both
cultivars in greenhouse condition, but not for
Keumkang under field condition. Moreover,
even if there was no consistent effect of
these priming agents on the growth and
yield, with specific testing of most
appropriate priming agent in each cultivar or
plants, beneficial carry-over effect on
growth of plants was observed.

Biochemical Properties of Wheat Grain

In wheat, grain protein content and amino
acid composition are the most important
characteristics in determining its nutritional
value. Unlike the previous studies on the
influence of different seed priming agents
(H20, CaCl, and others) on the biochemical
properties of germinating seeds (Mouradi et
al., 2016; Kubal et al., 2015; Seyyedi et al.,
2015), results of this study showed a distinct
modification of the AA and FA profiles in
grain harvested from plants that were treated
with 25% KCI and 1% K,SO, under
different environmental conditions (Tables
3,4, 6, and 7). Under greenhouse conditions,
seed priming of Keumkang with 1% K,SO,
increased the total amino acids in the grain,
especially the aspartic acid, threonine,
glutamic acid, alanine, valine, methionine,
isoleucine, leucine, tyrocine, phenylalanine,
lysine, histidine, arginine, and proline. On
the other hand, seed priming with 2.5% KCI
and 1% K,SO, decreased the total AA in the
grain of Backjung, especially the amount of
threonine, methionine isoleucine, leucine,
tyrosine,  phenylalanine and  proline.
Similarly, under field conditions, specific
effects of seed priming treatments included
the increase of the total AA in Keumkang
due to 2.5% KCI priming. Seed priming with
1% K,SO, in Backjung produced the lowest
AA in grain. These results indicate that seed
priming with 2.5% KCI and 1%K,SO, has a
carry-over effect on the quality of amino
acids and hence grain protein. In previous
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studies, the influence of K" in the priming
media resulted in increase in the AA and
protein synthesis (Mengel, 2016; Hojjati and
Maleki, 1972). Similarly, sulfur status in
relation to nitrogen levels in spring wheat
changes the amino acid composition of the
whole grain, especially the amount of
cysteine, threonine, leucine, isoleucing,
lysine and methionine (Granvogl et al.,
2007). Based on these results, it appeared
that the potassium and sulfur in the priming
media increased the synthesis of AA, but its
effect was more expressed in Keumkang
than in Backjung. The potassium and sulfur
in, respectively, KCI and K,SO, is
responsible for the alteration of the AA
profiles in the grains of wheat as compared
to water priming. These imply that,
depending on the cultivar, different seed
priming agent can modify the AA profile of
grain, which will have a profound and
consequential effect on the nutritional and
rheological properties or bread-making
potentialities of the flours. For instance,
increase in glutamic acid and proline in the
grain of Keumkang due to 1% K,SO,
priming under greenhouse condition and due
to 2.5% KCI priming under field condition
will increase the gluten contents of the flour
and will affect the workability and elasticity
of the dough during bread production
(Gallagher et al., 2004). Gluten contains
hundreds of protein components, which are
characterized by high contents of glutamine
and proline and by low contents of amino
acids with charged side groups (Wrigley et
al., 2006). Follow up studies on the impact
of AA alteration specific to a cultivar and
due to different priming agents on the
rheological properties is warranted.

Lipids are present only in a small quantity
in cereals, but they have a significant effect
on the quality and the texture of food
because of their ability to associate with
proteins due to their amphipathic nature with
starch, forming inclusion complexes
(Sramkova et al., 2009). The degree of
influence of seed priming on FA is not
evident as compared to the changes on AA,
but there exists a distinct modification on the


https://dorl.net/dor/20.1001.1.16807073.2020.22.3.21.1
https://jast.modares.ac.ir/article-23-29546-en.html

[ Downloaded from jast.modares.ac.ir on 2025-07-21 ]

[ DOR: 20.1001.1.16807073.2020.22.3.21.1 ]

Carry-over Effect of Seed Priming on Wheat

JAST

FA components due to seed priming on
different cultivars of wheat. The higher
amounts of the total FA contents, saturated
FAs, and the unsaturated FAs in the grain of
Backjung compared to Keumkang indicate
that the amount of FA in the grain of wheat
is highly dependent on the genetic material
of plant, regardless of the priming treatments
(Tables 4 and 7). However, under
greenhouse conditions, seed priming with
2.5% KClI increased the hexadecanoic acid,
oleic acid, linoleic acid and a-linoleic acid in
Keumkang, but no effect was observed in
Backjung. Seed priming using 2.5% KCI
and 1% K,SO, did not trigger significant
changes in FAs contents in Backjung, except
in methionine and threonine. On the other
hand, under field conditions, the priming
effects were expressed as an increase in the
hexadecanoic, gondoic, oleic, and a-linoleic
acids of grain of Backjung primed with 1%
K,SO, and a reduction of the same FASs in
Keumkang primed with 2.5% KCI and 1%
K,SO,. These results indicate that seed
priming triggered a carry-over effect on FA
composition in grain, which is highly
specific of the plant type or cultivar. It
appears that Keumkang is more sensitive to
seed priming than Backjung in terms of
modification of FAs in grain. Further
investigation is necessary to elucidate the
molecular basis of the differences of cultivar
response to seed priming.

In addition, seed priming with 2.5% KCI
and 1% K,SO,4 promoted unsaturation of FA
in Keumkang grown in the greenhouse and
in Backjung in the field, respectively. Some
studies show that the extent of unsaturation
of fatty acids is correlated with the potential
of photosynthetic machinery to tolerate
stress by alleviating the damage to PSI and
PSII and improving the healing of injury due
to abiotic stress (Allakhverdiev et al., 2001;
Sui et al., 2010). However, this result
contrasts with the well-established findings
that high temperature decreases lipid
unsaturation, while low temperature
promotes it in order to maintain optimal
membrane fluidity and membrane stability
as temperature changes (Upchurch, 2008).
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This discrepancy could be attributed to a
wider range of day-night temperature, rather
than the increase in temperature per se. This
would also indicate that the effect of
different priming agent on FA profiles is
dependent on the growing condition and on
the cultivar of wheat.

Overall, this study showed that seed
priming with 2.5% KCI, 1% K,SO, and
water influenced the growth, yield, and the
AA and FA profiles in the grain of
Keumkang and Backjung and the magnitude
of change is the product of the plant's
interaction with growing environmental
conditions and genetic make-up of the
plants. It was also found out that seed
priming with 2.5% KCI and 1% K,SO,
triggered specific changes in the AA and FA
composition in grain, as carry-over effects
on the plant’s metabolic adjustments that
started from alteration of biochemical
processes during its germination until
maturity. These carry-over effects are
specific to the cultivar and the growing
environmental conditions. These relative
compositional changes in amino acids and
fatty acids induced by seed priming will
have a profound impact on grain quality and
this necessitates future investigation. Amino
acids and lipids are present only to a small
extent in cereals, but they have a significant
effect on the quality and the texture of foods
(Sramkova et al., 2009).
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