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Table 1- Analysis of variance of some morphological and physiological traits

Pl Sl EUIRE3N &30 (ilee
Cultivars Treatments df Mean Square
IS analis wsb o oigs oisls sl
Total starch Wet Gluten
Gluten Index
(%) (%)
P. (C.&D) 1 366.607 " 181.500" 1.540™
Error 4 92.212 1.00 1.025
N. (C.&D) 1 653.126" 10.667 " 87.631"
Error 4 33.746 0.667 0.985
(P.&N.)) C. 1 840.167 " 253.500 " 1897.837 *
Error 4 9.542 1 1.015
(P.&N.)) D. 1 1252.815 " 32.667 " 2933.997 "
Error 4 35.083 0.667 0.995

BT T R W A N o SIS NP TS Y CSPRUE O KA U VAL P

(. = Sas 5 o= (5 (g N = y55 3, P = 5y 3)

nsand * no significant and of significant at the 5% levels of probability respectively
(D. = Drought stress, C. = Without stress, N. =Navid cultivar, P. =Pishtaz cultivar)

559 50 9 (S 58le8 590 Sl I (B (aRilee duglie -Y Jgur

Table 2- Average comparison of some morphological and physiological traits

el e J5 i by oigls Sl e ld
Cultivars Treatments Total starch (%) Wet Gluten (%) Gluten Index
P. C. 4494 a 29b 96.54 a
P. D. 43.38b 40a 97.56 a
N. C. 42.58a 42D 60.97 a
N D 40.49 b 44.66 a 53.33b

(D. =S5 5 = (o5 (g N = y55 3, P = 5y 3)

(D. = Drought stress, C. = Without stress, N. =Navid cultivar, P. =Pishtaz cultivar)
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.(Hu and Shang, 2007)
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(Isvand et al., 2005) 554
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PSRN SRR VP RE P TR AR ML OV CH
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S 00 Lis elS asld ol Sion Slalg
SisS sLosS &Bly 5o 9 29 el 585 A s e (kS
calises B8, Llsil o35 5 (Aja et al., 2004) el y5el8
Jelse 51l j30 )3 35290 (FolS 55 5 ladie 4y pasS
Sl patls golalojl 50U CodS 35t 50 S (omlu
CainS b pasS lgil a5 wisls Lt cpiome S ol oo
Hu and Shang, ) axwa 50 (545 ezl g5l> YL
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Table 3- Variance analysis of traits measured with NIR device

el Sl 3l a0 &0 SSlae
Cultivars Treatments df Mean Square
oen SHieew, ot e 2l sy e 23 01 o ol i
RMT Moisture
Protein (%) ZEL(%) H.I(%) F.W.A(%)
(%) (ml) (%)
P. (C.&D) 1 15.360 * 48.167" 4.167"™ 0.201™ 24* 5.415"
Error 4 0.110 0.167 489.333 0.122 15 0.028
N. (C.&D) 1 2.535" 6" 1504.167 " 0.167" 0.667"™ 2.2817"
Error 4 0.013 0.5 23.667 0.003 0.167 0.033
(P. &N)) C. 1 0.167"™ 15m™ 16748.1667 " 6.202" 204.167" 18.375"
Error 4 0.107 0.5 463.667 0.029 1.667 0.058
(P. &N)) D. 1 3.682" 32.667" 8588.1667 * 2.667 " 322.667" 26.042"
Error 4 0.0167 0.167 49.333 0.097 0.1667 0.003

A 09,10 gixe pas 5 10 mhaw j0 o e S sz oo lis s 5 4™ g *
D. = Ses ;s €= 25 e N = wsi 03, P = 5liiny 03)

nsand * no significant and of significant at the 5% levels of probability respectively
(D. = Drought stress, C. = Without stress, N. =Navid cultivar, P. =Pishtaz cultivar)

NIR olliws b o iz Oldo (Sl dum lio -F Jguo

Table 4- Comparison of average traits measured with NIR device

5 ; o e, ob o> - g™ 30 ol wis
Pyl Slosd RIT) 3,1 Cugb, . .
. . ZEL B.V. . e 3,1
Cultivars Treatment Protein (%) Moisture (%)
(%) (%o)(ml) H.L (%) F.W.A. (%)
P. C. 13.70b 28Db 462.33 a 6.23a 54 b 67.13b
P. D. 16.90a 33.66 a 460.67 a 6.60 a 58 a 69.03 a
N. C. 14.03b 27Db 568 a 8.27a 42.33a 63.63 b
N. D. 15.33a 29a 536.33 b 7.93b 43a 64.87 a

D. = S5 25 £ 15 g N = 0y95 68, P = 5l o8)

(D. = Drought stress, C. = Without stress, N. =Navid cultivar, P. =Pishtaz cultivar)

(ZEL= Zeleny Sedimentation, B.V.= Bread VVolume, H.l.= Hardness Index, F.W.A.= Water Absorption in Flour)
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Figure 1- Comparison of the graphs obtained from the FT-IR device of the total starch of Pishtaz cultivar in two conditions without

stress and drought stress
(D. = Drought Stress, C. = without stress, T. = Total Starch, P. =Pishtaz cultivar)
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Figure 2- Comparison of the graphs obtained from the FT-IR device of the total starch of Navid cultivar in two conditions without

stress and drought stress
(D. = Drought Stress, C. = without stress, T. = Total Starch, N. =Navid cultivar)
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Figure 3- Comparison of the graphs obtained from the FT-IR device of the A granule of Pishtaz cultivar in two conditions without

stress and drought stress

(D. = Drought Stress, C. = without stress, A. = A granule, P. = Pishtaz cultivar)
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Figure 4- Comparison of the graphs obtained from the FT-IR device of the A granule of Navid cultivar in two conditions without
stress and drought stress

(D. = Drought Stress, C. = without stress, A. = A granule, N. = Navid cultivar)
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Figure 5- Comparison of the graphs obtained from the FT-IR device of the B granule of Pishtaz cultivar in two conditions without

stress and drought stress
(D. = Drought Stress, C. = without stress, B. = B granule, P. = Pishtaz cultivar)
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Figure 6- Comparison of the graphs obtained from the FT-IR device of the B granule of Navid cultivar in two conditions without
stress and drought stress
(D. = Drought Stress, C. = without stress, B. = B granule, N. = Navid cultivar)
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Abstract

Introduction: Among environmental stresses, drought stress is the most critical ecological constraint
that has could affect yield and product quality. It is important better to understand the effects of high
temperatures and drought stress because, according to the forecasts made and seasonal temperature
changes, we are facing a drought. Almost half of all human food needs, especially in Asia, are met
directly from cereals. Wheat is one of the most adaptable cereals in different climatic conditions.
Starch and proteins are the main components in wheat endosperm that affect the quality of the final
product. Starch composition in wheat has a decisive effect on seed quality, flour processing, and yield.
Physicochemical properties and final application of wheat starch are closely related to the structure
of starch granules and the distribution of amylose and amylopectin. The internal structure of A and
B-granules are somewhat different in composition, size, gelatinization temperature, and
physicochemical and functional properties that lead to changes in swelling strength, gelatinization,
and adhesion properties. Protein and starch, not only directly but also indirectly through the creation
of bonds and effects on various reactions, can have a significant impact on the quality of the bakery.
For these reasons, its recognition and investigation during drought stress as the most critical biological
structure of wheat from the point of view of agricultural economics is of particular importance.
Materials and Methods: Two bread wheat cultivars named Navid, with medium to poor baking
quality, and Pishtaz, with high baking quality, were used in this study. Two wheat cultivars were
cultivated in three replications in the research farm of Shahed University of Tehran in November
2019. Irrigation once a week was used as a normal treatment and stopped irrigation at the bolting
stage for drought treatment (The criterion of drought stress is 30% of the maximum field capacity).
Each replication consisted of two rows of cultivation with a length of 2.5 m and distances of 25 cm.
At 35 days post-anthesis, the seeds of each plant were harvested from the middle two third of the
spike. Traits such as total starch, wet gluten, gluten index, grain protein percentage, Zeleny
sedimentation volume, bread volume, flour moisture, hardness index, and water absorption in flour
were measured. Also, total starch and granules are separated was analyzed by by FT-IR. Statistical
analyses were performed with SAS software (version 9.4) and Average Comparison with t-tests at the
level of 0.05. and 0.01.

Results and Discussion: In both wheat cultivars, drought stress showed a significant decrease in total
starch content. Also, between the two cultivars under normal and drought stress conditions, the
amount of starch in the Navid cultivar decreased significantly. Under drought stress, loss of AGPase
activity leads to premature cessation of starch accumulation. In both cultivars, drought stress caused
a significant increase in wet gluten compared to the normal. The results showed that the shorter the
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time between flowering and seed ripening, the smaller the seeds and the higher the gluten content.
Drought had no effect on the Pishtaz cultivar but was influential on the Navid cultivar and caused a
significant decrease in gluten index. Also, in both normal and drought stress, the gluten index was
significantly higher in the Pishtaz cultivar. some researchers have shown that high-quality wheat
cultivars have a higher gluten index. Drought stress in both cultivars significantly increased seed
protein. It has been proven that reducing starch under stress conditions disturbs the protein ratio to
starch and increases the amount of protein per unit volume. In both cultivars, we saw an increase in
the percentage of Zeleny sedimentation volume. The higher the gluten content and the better the
gluten quality, the slower the deposition and the increased the Zeleny sedimentation volume. in
measuring the percentage of bread volume, the drought did not have a significant effect in the Pishtaz
cultivar. But, in the Navid cultivar, drought stress caused a significant decrease. Drought stress in the
Pishtaz cultivar had no significant effect on wheat seed moisture. However, in the Navid cultivar,
drought stress with a decrease significantly reduced the grain moisture. Low or high humidity can
increase crop damage during harvesting and storage, increasing the cost of post-harvest processes to
some extent. The Percentage of hardness index in the Pishtaz cultivar in drought stress conditions
with a significant difference increased. But in the Navid cultivar, drought stress had no significant
effect on the hardness index. A very strong correlation has been observed between the hardness index
and the rheological properties of the dough, and the quality of gluten. Both wheat cultivars, drought
stress significantly increased the water uptake percentage of flour. Higher Glutenin to Gliadin ratio
under drought stress conditions may make gluten and dough more robust, and This is accompanied
by an increase in water absorption by flour. Drought stress in the Pishtaz cultivar did not cause
molecular changes, and the molecular structure remained constant. In the Navid cultivar, for total
starch, A-granules, and B-granules in both normal and drought stress in the positions of the peaks did
not change. However, the intensity of one of the peaks in the range of O-H bond tension showed a
decrease in the condition of drought stress.

Conclusion: Investigating the mechanisms that enable plants to adapt to drought stress and maintain
their growth in these conditions ultimately helps select stress-resistant plants for cultivation in dry
and semi-arid soil. In general, drought stress reduced the yield and baking quality of both wheat
cultivars; of course, it was more in the Navid cultivar with medium to poor baking quality, which
indicated that this cultivar is more vulnerable to drought stress than the Pishtaz cultivar. The results
of this research can provide insight into the impact of potential mechanisms through drought on the
ultrastructures and physicochemical properties of wheat starch and its relationship with baking
quality.
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