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Bfects d high temperature and water stress during grain filling on grain protein and

darch for mation in winter wheat

DAl Ting-Bo ,ZHAO Hui JINGQi JIANG Dong,CAO Wei-Xing ( Key Laboratory o Crop Gronth Regulation , Miristry of Agriculture,
Nanjing Agricultural University , Nanjing 210095, China) . Acta Ecologica Sinica,2006,26(11) :3670 3676.

Abgract : High tenperature and water gress occur Smultaneoudy during grain filling in the primary wheat production regons of
Huanghuaihai and the lower reaches of the Yangize River. These dresses dgnificantly reduce wheat grain yied and quality. This
research was conducted to determine the efects o high tenperature , drought and waterloggng on protein and starch formetion in
dfferent wheat cultivars. The results will help eucidate reguaory mechanisms of termperature and water sresses and lead to
improved cultivation drateges for wheat production. Two experiments were conducted in growth chambers in 2002 2003 and
2004 2005. Inthefirg experiment , two wheat cultivars ( Yangmai 9 and Xuzhou 26 with low and high grain protein contert
respectively) were planted under four day/night temperature regmes (34/22, 32/24 , 26/14 and 24/16 ) from 7 days dter
anthes s until meturity. These treatments resulted in two average daily terperaturesof 28 and 20 , and two diurnd temperature
difference treatments of 12 and 8 . In the second experiment , two wheat cultivars (Yangmai 9 and Yuma 34 with low and high
gran protein contert , respectively) were subjected to two day/night temperature regmes (32/24 and 24/16 ) and three il water
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treatments: (1) noderate water atus [ il relaive water content (SRWC) of 75% 80 %] , (2) drought (SRWC =45 %
50 %) , and (3) waterlogged conditions (1 cm water layer above the il suface) . Results indicated that grain crude protein,
dbumin, dobuin, and diadin were sgnificantly increased by high temperature but dutenin content was reduced. This reduced
the dutenin:diadin ratio , dedrable for low protein wheat but undesrablefor high protein grain whest. Total garch, amylose, and
amylopectin were reduced by high temperature. Amylopectin was reduced nore than amylose , resuiting in a reduced amylopectin:
amylose réio. In addition, the optimum diurnd termmperature difference favoring the formetion of grain protein and garch differed
withwheat gerotypes, but the dfects of temperature extremes were nore inportant than terperature fluctuations. The second
experiment showed that grain protein and garch content were dfected nore by high temperature than water gress. The interaction
of these two dresses d<0 was important. Under high tenperature or optimum tenperature , grain protein content was highest under
drought and lowest with waterlogging. Gain gsarch content was highest with no gtress (the control) , followed by drought and
waterloggng. Gan diadin wasincreased under high tenmperature and water stress, while g utenin and amylopectin were reduced ,
resulting in decreased ratios of dutenin:diadin and amylopectin:amylose. High tenperature combined with waterlogg ng reduced
darch components nore than individua gresses; dnce photosynthes s was inhibited and plant senescence was accd erated |eading
to reduced carbohydrate synthes's and alocation to grain. This d 9 increased the relaive protein content (as a percentage of total
granweight) . For Yuma 34, reductionsin grain proteinformation die to high tenperature and water stresses were greater than for
garch, but in Yangmai 9, sarch formation was nore sendtive io high tenperature and welc dresses. Qorrdaion anays s reved ed
that protein content was postively corrdated to dbumn zna diadi:i content , but dightly negatively correlated to g utenin cortent.
Sarch content was postively corrdlated with dutenin and amylopectin content and the amylopectin: amylose ratio under high
tenperature and water gresses. The results indicate that optimum tenperature with noderate drought is beneficid for high protein
wheat to enhance both grain yidd and qudity , whereas optimum tenperature and weter conditions were nmog favorable for low
protein whest .
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Table 1 Hfects d different temperature regimes during filling on contentsand yieds o grain protein and garch of two wheat cultivars

() Qain weight Protein Sarch
Cutivar Tenperature  Protein content ( %) Sarch cortert ( %) (mg- grain™ 1) yied(mg- grain~ ) yied(mg- grain ™ %)
26 34/22 14. 46 £ 0. 62a 61. 60 + 0. 32%g 42.32+0.50e 6.12+0.22b 26.07 +0.38d
Xuzhou 26 32/24 14.12 +£0. 21ab 61.11 +0.18g 49.5+0.22c 6.99 +0.08a 30.25+0.19c
26/14 13.11+0. 11cd 68.99+0.18c 55.36 + 0. 24b 7.26 +0.09 38.19+0.07a
24/16 12.28 £ 0. 15e 64.66 + 0. 35d 58.35+0.29a 7.17+0.12a 37.73%£0.13a
9 34/22 13.55+0. 58hc 62.04 0. 36f 35.89+0.21g 4.86+0.22d 22.27+0.23e
Yangmai 9 32/24 13.78 £ 0. 22ahc 63.04 +0. 18e 41.16 £0. 21f 5.67 +0.06c 25.95+0.21d
26/14 12. 75 £ 0. 26de 76. 47 0. 50a 49.85+0. 18c 6.36 +0.15b 38.12+0. 3%
24/16 12.24 + 0. e 72.04 +0.64b 46.13+0.13d 5.65+0.16c 33.21+0.39
0.05 Vaues followed by different |etters within each column are dgnificantly different a the 0.05
probahility level. The same below
2.1.2 2 ,
( p < 0 01) 1 1
) ( p < O' 05) )
2.2

2.2.1
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Table 2 Hfects o high temperature and water sresses during filling on contents and yieds o protein and sarch in grains o two wheat cultivars

()

) Protein Sarch content Qanweght Protein yield Sarch yidd
Cutivar  Terrperature Weter Ty Ty i
oontert (%) (%) (mg- grain™ %) (mg-gain™ %) (mg-gain™ 1)
34 26/14 CK 14.84 +0.50d 61.5+0. 99 45.1+0.53b 6.69 0. 24a 27.73+0.70a
Yumei 34 Drought 15.38+0. 77cd 57.7 +0. 65¢cd 36.8+0.2% 5.66 + 0. 32cd 21.23+0.09b
Waterloggng 13.91+0. 34e 55.8 + 0. 48¢f 34.9+0.56 4.85+0.0% 19.47 +0. 21bc
32/24 CK 16.54 +0.68b 56.7 + 0. 54de 35.7+0.7X 5.90 +0. 31hc 20.24 +0.55b
Drought 17.94+0.42a 54.8+0.7% 33.5+0.39% 6.01+0.11b 18.36 + 0. 46¢C
Waterloggng 15.90 + 0. 39hc 51. 6+ 0. 669 26.3+0. 41j 4.18+0. 04 13.57+0.38d
9 26/14 CK 12.15+0.2%g  63.75+0.7% 46.4 +0. 46a 5.64 +0. 16cd 29.58+0. 10a
Yangmei9 Drought 12.95+0. 34 61. 95 % 0. 40b 38.6 + 0. 50cd 5.00+0.07e 23.91+0.44b
Waterloggng 10.25+0.68h 58.5 + 0. 65C 37.9+0.33d 3.88+0.23%g 22.17 +0.10b
32/24 CK 13.90+0. 32 59.13 + 1. 00c 38.8+0.40c 5.39+0.17d 22.94 +0.63b
Drought 15.30+0.35cd  56.14 + 1. 10ef 32.4+0.16h 4.94%0.10e 18.19 0. 45¢
Waterloggng 11.85+0. 20g 51.40 + 1. 25g 30.2+0.71i 3.57 +0.09g 15.52+0. 11d
F C 284.19 " ° 60.86 " " 14.36 " " 93.75" " 65.66 " "
F vaue T 100.29 " ° 195.95 " " 163.04 " " 32.87"7° 510.37 " °
w 68.73" " 157.6 " " 84.4"" 123.93" " 233.49 " °
CxT 1.49 7.34"° 0.12 0.22 4.66 "
CxW 1.81 9.03"" 3.88" 3.6" 2.0
TxW 17.09 " ° 4.82° 56" 16.47 " 13.06 " "
CxWxT 3.43 0.09 123 1.53 2.5
C: Cultivar; T: Tenperature; W: Water; Foos(C) =4.3, Foos(T) =4.3, Foos(W) =3.44, Fos(CxT) =4.3, Fos(CxW) =

3.4, FO.OE,(TXVV) =3.4, FO'(B(CXWX-I—) =3.4, Foo:l(c) =7.95, Fo,o]_(T) =7.95, FOOl(W) =5.72, Fom(CxT) =7.95, Foo:l(CXW) =
5.72, For (TxXW) =5.72, Fou (CXxWxT) =5.72; * * * 5% 1% * and * * following the data mean dgnificant
differencesa 5% and 1 % levd , repectively; 4 6 Thesameasin Table 4 and Table 6

3

Table 3 Hfects o different temperature regimes on protein component content in grains of two wheat cultivars

() /

Cultivar Tenperaure Albumin ( %) Gobuin( %) Giandin( %) Qutenin( %) Au/Gi
26 34/22 2.37 £0.10ab 1.60£0.07a 5.57+0.09 5.19+0.03c 0.93+0.01d
Xuzhou 26 32/24 2.45+0.25a 1.42 +£0.04b 5.23+0.12c 5.25%0.10c 1.00+£0.02c
26/14 1.82 £ 0. 08de 0.79 £0.09d 4.88+0.19d 6.69+0.03a 1.37£0.05a
24/16 2.12+0.12c 0.81+0.08d 4.71+0.13de 6.33+0.10b 1.34+£0.03a
9 34/22 2.19+0.09hc 1.29+0.03b 5.94+0.10a 4.55+0. 24e 0.76 £ 0. 0de
Yangma 9 32/24 2.07x0.12¢c 1.12+0.11c 6.01+0.13a 4.19+0. 18 0.70+0.03%
26/14 1.66 £ 0. 08e 0.81+0.09d 4.53+0.08e 5.07 £ 0. 15cd 1.12+0.01b
24/16 1.97+0.12cd 1.12+0.10c 5.37+0.07c 4.89+0.10d 0.91+0.01d
2.2.2
/ ; , X
, X ( 4 ,
, 34
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Table 4 Hfects o temperature and water sresses on protein component content in grains o two wheat cultivars
() /
Cultivar Tenmperaure Water Albumin ( %) Qobuin (%) Giadin (%) Gutenin ( %) Qu/Gi
34 24/16 CK 1.29+0.03e 0.61 +0.04e 5.31+0.03de 5.05+0. 10bc 0.95 +0. 02d
Yurmei 34 Drought 1.26 £0.03e 0.77 +0.07d 5.50 0. 14d 5.80+0.06a 1.06 £0. 04c
Water logging 1.03+0.07 0.55+0.03e 5.85+0.07c 4.91 % 0. 03cd 0.84 0. 0X
32/24 CK 1.75+0.06c 1.10+0. 16b 5.10+0.17e 4.79%0. 10de 0.94 +0. 0lde
Drought 2.71+0.17a 1.36 +0.06a 6.11+0.06b 4.28 +0. 04f 0.70+0.01g
Water logging 2.39+0.07b 0.92+0.08c 6.46 £0.07a 3.82+0.04g 0.59 0. 00h
9 24/16 CK 0.79 0. 06g 0.60 % 0. 07e 4.58 0. 069 5.19+0.04b 1.13+0.01b
Yangmei9 Drought 0.94+0. 0% 0.87 +0.07cd 4.66 +0.08g 5.95+0.08a 1.28+0.04a
Water logging 0.67 0. 01g 0.56 +0. 03e 4.89+0. 14 4.37 0. 11f 0.89 +0.05e
32/24 CK 2.50+0.04b 0.96 0. 06c 5.18 0. 06e 4.69 % 0.03e 0.91 +0.01de
Drought 2.70%0.03a 1.31+0.06a 5.32 +0.04de 4.43 0. 06 0.83 0. 01f
Water logging 1.51 +0.06d 1.13+0.06b 5.49 + 0. 06d 4.31%0. 06 0.79 0. 01f
F C 68.06 " " 0.83 326.96 " " 2.94 170.05 " "
F vaue T 2244.39 " ° 458.71 " " 151.95 " " 856.46 " " 587.19 " °
W 121.32° " 69.69 " " 88.33" " 265.41 " " 187.62 "
CxT 4.5 0.37 13.33" " 21.81" " 844"
CxW 66.11 " " 594" 24.8" " 3.46 9.62" "
TxW 4.07" " 14 13.38 " " 155.94 " ° 78.66 " "
CXWXT 9.9~ 6.69 " " 11.5 " " 47.74 " " 29.25 " "
2.3 5
. 1 ane ects ifferent temperature regimes on darcl component
2.3.1 5 Tabe5 Hfects of diff i h
, content in grains of two wheat cultivars
, 9 () /
) Amylose Amylopectin - Amylopectin/
Culti Te a
, ivar enperature (% (% amylos
) 26 34/22 16.64+0.19a 44.96+0.4% 2.70+0.06d
/ Xuzhou 26 32/24 15.54+0.24ab 45.57+0.4% 2.93+ 0.07c
26/14 16.03+0.22c  52.96+0.35¢c 3.30%0.07b
! 24/16 16.45+0.258b 48.21+0.59d 3.00+0.08c
, 9 34/22 14.90+0.30e 47.14 +0.53e 3.16+0.09
232 6 Yangmai 9 32/24 15.12+0.21de 47.92 +0.05de 3.17 +0.05b
o ’ 26/14  16.31+0.56ab 60.16 +0.53a 3.69+0.15a
) 24/16 15.34+0.13de 56.70 +0.76b 3.70+0.08a
H x t
H ) 9
t 34 1
H 9
2.4
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Table 6 Hfects o temperature and water sresses on sarch component content in grains of two wheat cultivars
() /
Cultivar Tenperature Water Amylose (%) Amylopectin ( %) Amylopectin/amylose
34 24/16 CK 15.39+0.03d 46.10+0. 34b 2.99+0.02a
Yura 34 Drought 15.58 + 0. 08d 42.12 +0.64d 2.70+0.06b
water loggng 17.99+0. 17a 37.81 +0. 5 2.10+0. 01f
32/24 CK 16. 18 + 0. 08c 40.52 +0.41e 2.50+0.04d
Drought 16.79 +0. 04b 38.01+0. 6% 2.26+0.04e
weter loggng 18.15+0.23a 33.45+0.41g 1.84 +0.059
9 24/16 CK 16.06 £ 0. 13c 47.69 +0. 23a 2.97 +0.04a
Yangmai 9 Drought 16.97 £0. 14b 44.98 +0. 14c 2.65+0.01bhc
water logging 16.77 +0.25b 41.73+0.11d 2.49+0.03d
32/24 CK 16.89+0. 14b 42.24 +£0.20d 2.5+0.01d
Drought 15.64 0. 14d 40.50 0. 38e 2.59 % 0. 05¢
water loggng 18.15+0.24a 33.25+0.83g 1.83+0.07g
F c 1.00 505.48 " 66.33" "
F vdue T 58.01 " " 3482.78" " 976.9" "
w 250.94 " " 2336.17 °° 1010.2 * °
CxT 10.28" " 62.51"" 0.01
CxW 319" " 11.62°° 23137
TxW 18.17 "~ 45.10" " 33.31"°
CxWxT 69.64 " " 53.63"° 78.49" "
7
Table 7 Rdationships o protein and starch contents with their components under temperature and water sreses
/ /
Trait Albumin Qobulin Qiandin Qutenin Qu/di Amylose Amylopectin Amylopectin/amyloe
Protein 0.6940 0.5623 0.599 * - 0.1381 - 0.3742 - 0.2058 - 0.2186 - 0.0016
Sarch - 0.5110 - 0.5203 -0.7897 " " 0.6995 " 0.8327" " - 0.6168 " 0.9851 " " 0.8966 "
6 9
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