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Abstract: [Objective IThe objective of this experiment is to study the effects of drought stress on the composition, granule size
distribution, pasting properties and crystal properties of wheat endosperm of different varieties, and reveal the intrinsic relationship
between the structure and physicochemical properties of wheat starch. [ Method ] The wheat cultivars Jingdong8(JDS),
Henong825(HN825), Jimai585(JM585) and Nongda211(ND211) were used as the test materials, and irrigated and rainfed treatments
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were designed in research of the effects of drought stress on wheat endosperm starch structure and physicochemical properties.
[ Result] Drought stress significantly inhibited the accumulation of starch in wheat endosperm, but it had no significant effect on the
Am/Ap ratio of wheat starch. The granule volume, surface area and number distribution of wheat endosperm showed a bimodal curve.
The effect of drought stress on starch grain size distribution of wheat endosperm was different due to the difference of genotype and
grain size, in which it had a great influence on the surface area and the number distribution of starch granule size <<5 pm. Drought
stress didn’t change the crystal type of wheat endosperm starch, but significantly increased the crystallinity of starch, and the effects
of drought stress on intensity of X-ray diffraction peak were different due to different cultivars and diffraction angles. Drought stress
significantly increased trough viscosity and pasting temperature of starch, prolonged the pasting time, while significantly reduced the
peak viscosity and breakdown, and there was a genotypic difference in final viscosity and setback. Correlation analysis showed a that
the wheat endosperm starch crystallinity showed significant negative correlation with total starch and Am content, and a significant
positive correlation with Ap content. The total starch content showed a significant positive correlation with peak viscosity. The Am
content showed a significant positive correlation with peak viscosity and breakdown, and a negative correlation with the pasting
temperature. The correlation between the Ap content and pasting parameters was not significant, while the Am/Ap ratio of wheat
starch showed a significant negative correlation with the pasting time. The volume of <5 pm and <<10 um starch granule,
respectively, showed a significant and an extreme significant negative correlation with final viscosity and setback, but the starch
granule with diameter >>15 um was positively correlated with final viscosity and setback. The correlation between granule volume
distribution and crystallinity of wheat was not significant. Wheat starch peak viscosity and breakdown, respectively, showed an
extremely significant and significant negative correlation with crystallinity, but there was a significant positive correlation between
the pasting temperature and crystallinity. [ Conclusion] Drought stress changed the wheat endosperm starch composition, granule
size distribution, crystallinity and pasting parameters. There were significant correlations between wheat endosperm starch structure and
physicochemical properties, indicating that the effects of drought stress on the structure of wheat starch, indirectly affected the
physicochemical properties, therefore, the cultivation conditions could be adjusted to achieve the purpose of quality wheat production.

Key words: wheat; starch; drought stress; starch structure; crystal properties; pasting properties
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Table 1 Water content of different soil layers at middle grain filling stage of wheat

LEERE T35 K Soil moisture content (%)
Soil depth (cm) 2013—2014 2014—2015
WL W FED HEBE W FED
0—20 10.67a 6.11b 1041a 5.92b
20—40 13.52a 7.97b 13.24a 7.75b
40—60 15.08a 11.34b 14.86a 11.02b

TP AR TFRR R EZR B (P<0.05). WILFRAKH, DAEFEH.

In each row, different letters are significantly different at P<<0.05. W means irrigated land, D means dryland. The same as below
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GB/T 24853-2010 J7 ¥ AT 5¢ .
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RIBIAR X-SHRATHL . S8 RS0 v A e .
1.4 Zitoth

M. ] Microsoft Excel. SPSS16.0. Jade 5.0.
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Table 2 Effect of drought stress on wheat endosperm starch compositions

A Ab B 2013-2014 2014-2015

Cultivar Treatment w gy pighiet) SCRERR (W TRIE SRRt MIEH MEEEN RN PULH TRE SR
Total Amylose Amylopectin Amylose/A  1000- Actual Total Amylose Amylopectin Amylose/A  1000- Actual

starch (%) (%) mylopectin  grain yield starch (%) (%) mylopectin  grain yield

(%) weight () (kghm?) (%) weight (g) (kg'hm™)

JD8 W 68.87a 18.84a 50.03a 0.38a 48.86a 8339.40a 69.14a  18.80a 50.34a 0.37a 48.92a  8341.50a
D 63.27b 16.47b 46.80b 0.35a 47.74a  6756.90b 63.07b  16.20b 46.87b 0.35a 47.73a 6 732.60b

HNB825 w 67.55a  19.08a 48.47a 0.39a 40.51b  9860.55a 66.55a 19.48a 47.07a 0.41a 40.48b 9 860.10a
D 64.68b 17.43b 47.25a 0.37a 42.20a 7537.65b 61.68b  17.60b 44.08b 0.40a 42.17a  7528.55b

ND211 w 68.91a 17.82a 51.09a 0.35a 42.89b 9334.65a 68.94a 18.73a 50.21a 0.37a 42.90b 9 340.50a
D 63.65b  15.96b 47.69b 0.33a 48.57a 7111.50b 61.92b  16.50b 45.42b 0.36a 48.48a 7 108.65b

IM585 \% 68.22a 17.95a 50.26a 0.36a 42.95b 9085.80a 67.32a 17.92a 49.39a 0.36a 42.93b 9 086.00a
D 61.95b 15.74b 46.21b 0.34a 45.48a 7329.00b 61.05b 16.20b 44.85b 0.36a 45.42a 7321.80b

[l b [ SUBA F  RER TR 22 5734 0.05 S KK R

Different letters within column of the same cultivar mean significant difference among treatment at 0.05 probability. The same as below
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Fig. 1 Distribution of volume, surface area and number of HN825 grains grown in dryland in 2013-2014 growing season
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Table 3  Effect of drought stress on wheat starch granule volume distribution in 2014-2015 (%)

Al b3 VER BURDRLAT 1 43 P SRR SRR EE
Cultivar Treatment <5um 5—10 ym <10 pum 10—15 pm >15 um Average diameter (um) Medium diameter (um)
ID8 W 15.73b 15.77a 31.50b 9.30a 59.20a 16.87a 17.96a
D 21.00a 17.37a 38.37a 7.73a 53.90b 15.51a 16.41a
HN825 W 16.45b 18.60a 35.05b 10.30a 54.65a 15.65a 16.47a
D 19.83a 18.70a 38.53a 11.10a 50.37b 14.51a 15.11a
ND211 W 18.93a 19.27a 38.20a 9.37a 52.43a 15.51a 15.94a
D 18.43a 20.77a 39.20a 10.30a 50.50a 14.84a 15.20a
IM585 W 29.17a 17.13a 46.30a 7.30b 46.40b 13.95a 13.06a
D 20.43b 16.37a 36.80b 10.57a 52.63a 14.83a 15.84a
&4 20142015 ERFTEE X/ NEIRMA RIS HRIF T
Table 4 Effect of drought stress on wheat starch granule surface area distribution in 2014-2015 (%)
dh Al AbFE TER IR 1 43 L PR AR
Cultivar Treatment <5um 510 um <10 um 10—15 pm >15 um Average diameter (um) Medium diameter (um)
JD8 w 43.73b 23.17a 66.90b 7.23a 25.87a 9.82a 5.67a
D 51.20a 22.67a 73.87a 5.27a 20.87b 8.57a 491a
HN825 w 44.93b 25.05a 69.98b 7.40a 22.63a 9.02a 5.67a
D 48.43a 23.73a 72.17a 7.53a 20.30b 8.51a 5.15a
ND211 w 47.20a 25.37a 72.57a 6.63a 20.80a 8.82a 5.25a
D 45.20a 27.03a 72.23a 7.27a 20.50a 8.77a 5.44a
JM585 w 62.03a 18.87a 80.90a 4.10b 15.00b 7.19a 4.10a
D 51.07b 20.77a 71.83b 7.13a 21.03a 8.47a 4.89a
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Table5 Effect of drought stress on wheat starch granule number distribution in 2014-2015 (%)

Al Ak 2 VERWURIKLAE 43 LG Percentage of different ranges of starch granule size SFRRIAR R4
Cultivar Treatment <5um 5—10 pm <10 pm 10—15 pm >15 um Average diameter (um) Medium diameter (pm)
JDS8 w 85.60b 12.17a 97.77b 1.00a 1.24a 3.87a 3.26a
D 87.80a 10.70b 98.50a 0.63b 0.89b 3.71a 3.20a
HNS825 w 86.95a 11.15a 98.10a 0.90a 1.01a 3.67a 3.06a
D 87.07a 11.03a 98.10a 0.89a 0.96a 3.74a 3.18a
ND211 w 85.73a 12.47b 98.20a 0.87b 0.95a 3.83a 3.27a
D 84.23b 13.73a 97.97a 1.03a 1.02a 3.93a 3.34a
IM585 w 92.10a 7.00b 99.10a 0.40b 0.50b 3.37a 2.98a
D 89.47b 8.87a 98.33b 0.77a 0.90a 3.54a 3.02a
W ID8
‘W HN&25
DJD8
D HNg25
L 1 1 1 1 1 1 ] L 1 1 1 1 1 1 ]
5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40
75 ff1 Dffraction angle 20(°) 141 4 Dffraction angle 20(°)
W ND211
W ND211
DND211
DND211
5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40

HT5F #f1 Dffraction angle 20(°) #1441 # Dffraction angle 26(°)

El2 2013—2014 £ RFT2HEXNEITH X175 EIErI R0
Fig. 2 Effect of drought stress on X-ray diffraction spectrum of wheat starch in 2013-2014
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Table 6 Effect of drought stress on crystallinity and intensity of X-ray diffraction peak of wheat starch

fh A 2013—2014 2014—2015
Cultivar - Treatment 41 g e R Y Lk R
Crystallinity Intenstity of X-ray diffraction peaks (cp) Crystallinity Intenstity of X-ray diffraction peaks (cp)
(%) 20=15°  20=17° 20=18° 20=20° 20=23° (%) 20=15°  20=17° 26=18° 20=20° 20=23°
JDS8 w 22.26b 578b 895a 973a 651b 751b 21.04b 578b 886a 965a 669b 749b
D 23.89a 598a 766b 898b 682a 807a 22.28a 590a 764b 898b 695a 844a
HNS825 w 22.44b 647a 752a 760a 456b 689a 23.86b 634a 745a 780a 498a 688a
D 23.70a 573b 718b 738b 497a 601b 24.10a 573b 709b 761b 441b 600b
ND211 w 22.00b 454b 641b 663b 479b 611b 21.58b 443b 641b 663b 476b 590b
D 23.57a 485a 756a 823a 542a 759a 22.40a 491a 746a 816a 532a 765a
JMS85 w 22.64b 685a 970a 1019a 583a 917a 20.91b 675a 970a 1022a 584a 900a
D 23.29a 519b 718b 720b 452b 6190 21.87a 518b 706b 709b 448b 630b
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Fig. 3 Effect of drought stress on RVA profile of wheat starch in 2013-2014 growing season
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Table 7 Effect of drought stress on pasting properties of wheat starch in 2014-2015
Al b g UL IR Fh Hi AL ESAE S [E[ENiN B ] LRIy
Cultivar Treatment PV (cp) MV (cp) Breakdown (cp) FV (cp) Setback (cp) PT (min) Pasting temperature (C)
ID8 W 6971a 1486a 5485a 4857a 3371a 3.64a 69.80a
D 6153b 1501a 4653b 4339 2839b 3.80a 70.90a
HN825 W 7024a 1346a 5679 4102a 2757a 3.13a 68.15a
D 6386b 1356a 5031b 4186a 2830a 3.47a 69.75a
ND211 w 6787a 1511a 5276a 4358a 2847a 3.50a 68.98a
D 6332b 1587a 4745b 4567a 2980a 3.67a 70.20a
IM585 W 6641a 1384a 5257a 3693a 2309a 3.53a 69.38a
D 6625a 1406a 5220a 4128a 2722a 3.60a 69.75a

WU (& 8) o Horr, /N ZZRFLBE Ry ORI AR <5 pm
(K3 R AR B ET 23 Ll 5 24 45 586 JSE R [n] 2B AR 70 Dol 5 W
F MR DR, KRR <10 pm [R5ERRAT ORIk
ST EH B MR > 15 pm e R 245 R
JEAN A AR 5 0 2 B AT, P BB AR A op R 42
5 &3 P B AR AT R ME FVRLAR > 15 pm [F13E
By kLA — 2, E— AN [ (K2 AR AR S AL AR AR
MR NEIE B T W 25 7K1 o Gl 3 L S A R AR AR )
RPN TE

BT R G (R R B IR OG . HEEE

o e g W R0 PR AR O (L 52 S TE AR OGSt AL
RS E AR SR, Tk &8 A
o S AT (L 20 o) 2 R S 2 Rk = PTG, A )
PR 5 2 E AR O o TN B S LA M A I 1)
SR ETANOG, SCREER T B RE R AT DG
AR o NI FLTE R S 2 0 5 R e A LB
kY ey R TE IR TE Y [ PRMES T &2k i 1
HAEAIG, R EBEER T BT RS 45
PR v T A e PR 05 i JRE 0T I i S e A M AL
.

PN
>

F8 NEIEMAMARSME. TN EESEUEFEREXED T
Table 8 Correlation analysis of grain volume distribution, starch content and starch physicochemical properties
ZH VRS AR st RLEREE Bl A AE LI 1) I G
Parameter PV MV Breakdown Fv Setback PT Pasting Crystallinity
(cp) (cp) (cp) (cp) (cp) (min) temperature ('C)
<5 pum -0.323 -0.249 -0.226 -0.775* -0.837** 0.188 0.141 0.139
5—10 pm -0.287 0.347 -0.342 0.039 -0.056 -0.203 -0.129 0.167
<10 um -0.431 -0.109 -0.356 -0.749* -0.847** 0.106 0.089 0.202
10—15 pm 0.14 -0.159 0.164 0.254 0.345 -0.385 -0.264 0.135
>15 um 0.434 0.181 0.341 0.750%* 0.828%* 0.022 -0.003 -0.277
“F¥JRi4E Average diameter 0.476 0.304 0.348 0.785* 0.833* 0.035 -0.041 -0.415
AR Medium diameter 0.342 0.245 0.244 0.786* 0.852%** 0.049 0.04 -0.198
BIER & Total starch 0.727* 0.019 0.641 0.119 0.134 -0.280 -0.507 -0.911%*
HEEEM O Amylose 0.738* -0.335 0.739* 0.017 0.119 -0.659 -0.717* -0.770*
SCEETERY i Amylopectin 0.567 0.266 0.437 0.167 0.118 0.047 -0.253 0.822%
B/ Amylose/Amylopectin 0.442 -0.583 0.538 -0.117 0.035 -0.778* -0.636 -0.320
455 Crystallinity -0.894%* 0.088 -0.817* -0.05 -0.085 0.473 0.727* 1

*fE 0.05 7K E R FEARI; **7E 0.01 K BAR R EAE K

* means significantly at the 0.05 level; **means extreme significantly at the 0.01 level
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HIR S T Am S5 Am/Ap LA,  [RIEHAdIA R JE K )
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TR F AN TN ERRL R S TE R - BRI R LA REE
RS, AHRE N UEN B S LU R AN 2 3

TER R RORL S5 R IR A TERTRL, VeI AR/ NANR]
(R AFAE TRPRIRFLAR , L ARRAE A 2 24,
AN TERRL S ARAR AT L SR IAR A AR AL H A, AN
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JCHIEAE N AERTRERER S R], FREE S IR R T2k A
R RO s [ AT R 6N 2 PR AN TR B
550 H R FLUE R L FE A ATRFAE (1K) ST 50 R IR, /N5
RFLIE R R H 3 A 5 A0 2, ARRRRIR AR 4 A7 1k
e 2251 . ZHANG 2550 T R e b 17
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JOIMIENS /N2 IR LR LA R 43 AT 1R PP SRR 5 Yk 25,
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BT /N ZE R FLUE R R H 53 A1 (14 5% W00 DAL et e RDRE A2 K
N TR T A7 E 2 57
3.2 FTEMEI/NERIEMIBNAFEAIRIT

N IRFLIERRLAL A5 B IX FITCE TR X, 455X
FEH Ap I A SEFSL B i ASUR eSS /T i, 454
BONEE, RGP IFCERFIIN; e EIX &
Ll Am DA RLRI S5 8, 75 50 2 A0 1R
PEFIBO3N X7 5 % 2 G R R 45 MR UL 1) “ AR
g B2 s bR 45 S X IR G M e T XAT
S PR A5 T S O FR Ay R AR I A
Ay et JH 1 T I AR VE o 45 A X P SR EVE R 7 T O
IS ELE I a-1,6 BETFEE DA AR E R e A o T
INFETR G R o 2R IR AR I 90 R IR 5 Moy AT
TNZEGERY RLII AN, 45 di 5 o IX BE B4R W AR BT 4 AT
INFZ IR FLUE NG & i AP AE RS . ASCHFRR W], 17
JOME AR AR /N IR FLUE R (1) AR SR, R iE ki
R A BURFAE, (R m T/ANEIEM IS g, X
52 T 4 AR — 8 TR XN R
X7 Py v 5 S U 5 5 4D R T AL R RO AT S A 1
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FEAK T 20 24 17°F0 18°IN (RS ISR, {f HN825 71 260
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HEINT 20 Jy 200K ARG S . TR EME BN T
ND211 FrA T a e 5, 40\ FRAIK T IM585
T T S (R AR U 5 1 5 i 2014—2015 4F % 1 it
X JD8. ND211 Fl IM585 fi7 49 g 5 FEE 1 5% i 45—
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2 IR FLEERhL b A #) ) S e P R s D) 1
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