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Grain yield and water use efficiency of diploid tetraploid and hexaploid wheats
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Abstract Three diploid T. boeoticum AA Ae. speltoides BB and Ae. squarrosa DD two tetraploid T. dicoccoides

AABB and T. dicoccum AABB and one hexaploid 7. aestivtum AABBDD wheats were evaluated for their root
biomass above-ground biomass grain yield water consumption for transpiration and water use efficiency under different
water and nutrient regimes in order to 1 understand the differences in grain yield and water use efficiency among species
across the ploidy level in the wheat 1ii assess the effects of water and nutrient regimes on these traits. Our results showed
significant differences on biomass grain yield and water-use between the ploidy levels in the wheat. In the evolution of

wheat from diploid to tetraploid and hexaploid root and aboveground biomass all increased firstly and then decreased but
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grain yield increased significantly which is related to the remarkable increase of harvest index. The grain yield decreased in
this order T. aestivum > T. dicoccum > T. dicoccoides > Ae. squarrosa > Ae. speltoides > T. boeoticum. Water stress
significantly decreased all of the measured growth indices. Under given water level increase on nutrient supply increased
aboveground biomass grain yield and harvest index. However at higher nutrient treatment root biomass decreased as
compared to the lower nutrient treatment. With the sequence of wheat evolution water consumption for transpiration
decreased significantly which correlated with the decreasing crop maturity period. However both water use efficiency for
biomass and grain yield increased significantly in the evolution of wheat. For six wheat materials water use efficiency for
grain yield decreased in the same order with grain yield. Water stress significantly decreased water consumption for
transpiration of six wheat genotypes by 47% — 52%  but increased water use efficiency for biomass by 3% — 40% .
However the increasing effect of water stress on water use efficiency for grain yield decreased with increase of wheat
ploidies and even decreased the water use efficiency for grain yield of T. aestivum by about 19% . Water consumption for
transpiration water use efficiency for biomass and grain increased under higher nutrient levels compared to those of low

nutrient level across the different water levels.

Key Words diploid tetraploid hexaploid wheat vyield water use efficiency
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6 AA Triticum. boeoticum
Bioss. var. P.1.355454 XMO000943 SS Aegilops speltoides
Tausch. RMO000128 DD Ae. tauschii Coss. RM000334 2n =
14 AABB T. dicoccoides Koer. Schweinf. var. kotschyi Abessinien
XM000003 T. dicoccon Schuebl. var. Ales XM000007 4n = 28
AABBDD 160 T. aestivum L. cv Shaan 160 6 n = 42 6

16 17

25.2% 7.23 g/kg 0.07% 0.08%
2.16% 31.97 mg/kg 17.23 mg/kg 147.40 mg/kg
1.2
2001 ~2002 3 3
2 W 70% ~T75 %

D 40% ~45 %
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H  NO.12 g/ke P,0,0.06 g/kg K,0 0.03
g/kg 24 5 2
50 ¢ 3
30 ¢cm xX36 cm 9kg 20 10
50¢ 6
1.3
105°C
30min 75 °C
g'kg = / g/kg = /
SPSS 10.0 SPSS Inc. 1999 Chicago IL USA
2
2.1
2.1.1
1 1 %
5% 1% X 1% 5%
X 1 % X X X
1
Table 1 The ANOVA Mean square of biomass and yield of wheat evolution materials
Biomass
Source df Root Above ground Grain yield Harvest index
Species S 5 - 412 153" 1121
Water W 1 120 ** 2802 ** 133" 181"
Nutrient N 1 2 % 1045 ** 24" 9ns
X S x W 5 5 40" 29" Tns
X S x N 5 0.6ns 12ns 3 18"
X W x N 1 12" 150 ** 7" 9ns
X X S x W xN 5 0.4ns 8ns 3 Sns
* 5 % significant difference at the 5 % level =+ * 1 % significant difference at the 1 % level ns nonsignificant

the same below

2n—4n—6n

> Ae. speltoides > T. aestivum > Ae.

T. dicoccum

T. boeoticum

2

6

squarrosa > T. boeoticum

64 % Ae. spelioides

3% ~38%

3.0 4.5g/pot

3.0 g/pot

T. dicoccum > T. dicoccoides

T. boeoticum

30 %

T% ~54%
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2

Table 2 Mean value of root and above-ground biomass of wheat materials g/pot

Species T. boeoticum Ae. speltoides Ae. squarrosa T. dicoccoides T. dicoccum T. aestivum
Root biomass WH 3.0+0.4 5.2+0.02 4.9+£0.3 6.2+0.3 7.8+1.2 5.5+1.2
WL 3.1+0.4 3.5+0.1 3.5+0.7 4.6 £0.5 7.3+0.3 3.6+0.4
DH 1.2+0.1 3.0+0.2 1.3 £0.001 2.0+0.2 2.6+0.3 1.7+0.2
DL 1.9+0.2 3.1+0.1 1.8 +0.1 2.7+0.2 2.9+0.9 2.2+0.4
Above-ground biomass WH 33.1+1.2 38.7+0.6 32.8+£2.6 42.3£1.5 46.6 £3.8 46.5 0.1
WL 18.9+£2.0 27.3+0.8 22.3+2.8 30.6£3.4 39.7+1.4 37.1£3.6
DH 20.9 £3.8 21.6 £2.0 17.0 £0.02 29.8 £3.24 32.5+1.1 24.1+1.4
DL 13.8£0.3 15.2 £0.1 16.5+0.3 23.7+3.0 25.9+£3.6 21.9£2.7
WH treatments of well-watered with high fertilizer WL treatments of well-watered with low fertilizer DH
treatments of water deficiency with high fertilizer DL treatments of water deficiency with low fertilizer the same
below
2n 6n

23.4 33.9 g/pot  31.1 g/pot

T. dicoccum > T. dicoccoides > T. aestivum > Ae. speltoides > Ae. squarrosa > T. boeoticum

2 27% ~ 45%
T. aestivum  Ae. spelioides
18% ~T75% 3% ~52 %
2.1.2
1 3 1 % 2n—4n—6n
1.9 6.4 g/pot 9.7 g/pot
T. aestivum > T. dicoccum > T. dicoccoides > Ae. squarrosa > T. boeoticum > Ae. speltoides Ae.
speltoides  T. boeoticum
3 T. boeoticum
5 T. aestivum 59% Ae. squarrosa
36% 11% ~
63%
T. boeoticum
23 % T. boeoticum Cv 60.2 %

T. aestivum Ae. squarrosa Ae. speltoides T. dicoccoides

3

Table 3 Mean value of grain yield g/kg and harvest index % of wheat evolution materials
Species T. boeoticum Ae. speltoides Ae. squarrosa T. dicoccoides T. dicoccum T. aestivum
Grain yield WH 1.5£1.1 1.3+£0.04 6.0x1.5 9.2£0.7 8.5+1.4 17.5£0.2
WL 0.1+0.1 1.1+0.1 3.7+0.7 6.5+0.6 8.1+0.4 11.8+1.8
DH 1.8+0.3 0.7 £0.06 3.7+0.01 4.1+0.8 5.7+0.9 6.5+0.7
DL 1.0+0.2 0.5+0.02 2.5+0.04 4.3+0.9 4.9+0.8 5.7+1.5
WH 4.4+3.3 3.3+0.08 18.1+0.6 21.7£1.7 18.1+3.0 37.7+0.5
Harvest index WL 0.7 +0.7 4.1+0.3 16.5+1.3 21.1+0.5 20.4 £0.6 31.8+5.0
DH 8.4+0.6 3.1+0.04 21.9+0.03 13.7+1.4 17.4 £2.9 26.8 £2.5

DL 7.1+1.9 3.3+0.1 15.3+0.3 17.8 £2.4 19.0+£0.6 25.7+3.8
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2.1.3

T. aestivum

50% 39 % 38 % 35 % T. dicoccum
3
2n—4n—b6n
1 1 %

29 %

HI

8.7% 19.1% 29. 9%

T. dicoccum T. dicoccoides  Ae. squarrosa

3 Ae.
speltoides T. aestivum T. dicoccum T. dicoccoides 10% ~ 25% Ae. squarrosa T.
boeoticum Ae. speltoides 5
2.2
2.2.1
4 3
1%
4
Table 4 The ANOVA Mean square of water consumption for transpiration and water use efficiency of wheat
Source Water consumption for transpiration ~Water use efficiency for grain yield Water use efficiency for biomass
Species S 38 4+ 1
Water W 1270 ** 6" 0.02ns
Nutrient N 66" 2% 0.10*"
X S x W 8" 0.3*" 0.04 "
X S x N 2 0.07ns 0.0lns
X W x N 28" 0.02ns 0.004ns
X X S x W x N 1" 0.05ns 0.005ns
2n—4n—b6n
11.2kg/pot  11.3 kg/pot 10. 0 kg/pot
Ae. speltoides > T. dicoccum >T. boeoticum > T. dicoccoides > T. aestivum > Ae. squarrosa
6 Ae. squarrosa
T. aestivum 220d 8. 9kg/pot  10.0 kg/pot T. dicoccoides
AABB T. dicoccum 230d 10. 64kg/pot 11. 85 kg/pot Ae.
speltoides  T. boeoticum AA 251d 11. 3kg/pot
13.4 kg/pot 5 6
47% ~52%

8% ~32 %

0.2% ~17%
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5
Table 5 Mean value of water consumption for transpiration kg/pot and water use efficiency g/kg of wheat materials
Species T. bocoticum Ae. speltoides Ae. squarrosa T. dicoccoides T. dicoccum T. aestivum
WH 17.4 £0.5 20.3 0.6 13.2 +0.4 15.1+0.9 16.3 £0.6 14.4 £0.5
Water consumption w13 5 40,3 16.1+0.5 10.1+0.3 13.0+0.4 15.1+0.3 12.7 0.8
for transpiration DH  7.9:0.3 9.0£0.3 6.5%0.5 7.6+0.4 8.2+0.3 7.0£0.3
DL 6.8 +0.1 8.4 0.2 5.9+0.4 7.0+0.2 7.8+0.2 6.9+0.3
WH 1.93 +0.07 1.94 £0.01 2.52 +0.62 2.74 £0.06 2.83+0.13 3.23+0.18
Wat‘“’f;“;‘i’o‘iﬁ:ency WL 1.44£0.12 1.65 +0.10 2.24£0.30 2.37+0.17 2.63£0.06 2.92£0.22
DH 2.66 £0.37 2.40 £0.15 2.79 £0.28 3.86 +0.26 3.88+0.19 3.48 +0.07
DL 2.05 +0.005 1.84 +0.04 2.91 £0.08 3.40 £0.32 3.35+0.38 3.15+0.32
WH  0.12£0.03 0.06+0.002  0.46 +0.10 0.60 £0.05 0.56 +0.07 1.22 +0.08
Water use efficiency WL 0.01£0.01 0.07 £0.01 0.37 £0.07 0.50 £0.03 0.54 £0.02 0.94 £0.22
for grain yield DH  0.22:0.03 0.07+0.005  0.61 +0.06 0.61+0.12 0.67 +0.12 0.93 +0.11
DL 0.15+0.04 0.06 +0.002 0.44 +0.006 0.61 £0.12 0.64 +0.09 0.82+0.19
2.2.2
WUE,
4 3 X WUE, 1 % X
X X X
2n—4n—b6n WUE, 2.5 3.4g/kg 3.5
g/kg WUE, T. aestivum > T. dicoccum > T.
dicoccoides > Ae. squarrosa > Ae. speltoides > T. boeoticum 5
WUE, 3% ~ 40%
WUE, WUE, 5% ~20%
Ae. squarrosa  WUE, 5 9% ~17 %
2.2.3
WUE, 3
4 X WUE,
X X X X WUE,
WUE, WUE, WUE, 0.2 g/kg
0.6 g/kg 1.7 1.0 g/kg 67% 3 6
WUE, WUE, T. aestioum > T. dicoccum > T. dicoccoides > Ae.
squarrosa > T. boeoticum > Ae. speltoides
6 WUE,
WUE, WUE, T. boeoticum AA
WUE, 180% Ae. speltoides 1.4 % Ae. squarrosa T. dicoccum
T. dicoccoides ~ WUE, 27% 19% 25 % T. aestivum  WUE, 19%
WUE, WUE,
T. boeoticum WUE, WUE,
Ae. speltoides ~ WUE, 4 WUE, 5% ~38 %
3 AA SS DD WUE, 53% 22%  38%
14% WUE T. dicoccoides

g
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3.1
r =0.74 ' 13
2n—4n—b6n
r =0.89 r=0.73
Evans " Austin "
Ae. speltoides  T. boeoticum 1.3
g/pot 0.9 g/pot T. dicoccoides  T. dicoccum 5.2
6.2 g/pot 7.0 g/pot Ae. squarrosa  T. dicoccum T. aestivum
9.7 g/pot
Ae. squarrosa DD AA  SS
3.2
WUE, WUE, WUE, WUE, HI
r=0.65 0.9 WUE, WUE, 0.79 .
WUE,
Siddique * WUE,
WUE, WUE, WUE, WUE, WUE,

T. aestivum > T. dicoccum > T. dicoccoides > Ae. squarrosa > T. boeoticum > Ae. speltoides

WUE

g

3.3

21 -25

26

WUE,
47% ~52% 27% ~45%
T. aestivum WUE, Heitholt %

WUE

22 27

WUE

Siddique *°

WUE,

b

22 27 28

WUE
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26 30 31 WUEb
WUE,
32
References

1 Fischer R A Turner N C. Plant productivity in the arid and semiarid zones. Annu. Rev. Plant Physiol. 1978 29 277 —317.

2 Shan L. Research and practice of water-saving agriculture. Bull. Chin. Acad. Sci. 1996 6 430 —435.

3 Deng X P Shan . Inanaga S Mohanmed E K. Improvement of wheat water use efficiency in semiarid area of China. Agricultural Sciences in
China 2003 2 1 35—44.

4 Begg J E Turner N C. Crop water deficits. Adv. Agron. 1976 28 161 —217.

5 Rrez-Boem F H Thomas G W. Phosphorus nutrition affects wheat response to water deficit. Agron. J. 1998 90 166 —171.

6 Shan L. Some ecophysiological problems concerning the raising of productivity of rainfed farmlands. Agricultural Research in the Arid Areas 1985

4 71 —380.

7 Xu X X Cheng GL Mu X M. The coordinative effect of moisture and fertilizer upon spring wheat yields. Agricultural Research in the Arid Areas
1995 13 2 34 —38.

8 JnJ] LiuXB LiYH Zhang QY Yand S P. Effect of water and fertilizer coupling on photosynthetic characteristics and yield in spring wheat.
Journal of Triticeae Crops 2001 21 1 65 —68.

9 He Y Q Zhu Y G Smith SE Smith F A. Interactions between soil moisture content and phosphorus supply in spring wheat plants grown in pot
culture. Journal of Plant Nutrition 2002 25 913 —925.

10 Austin R B Morgan C L. Flag leaf photosynthesis of Triticum aestivum and related diploid and tetraploid species. Ann Bot. 1982 49 177
—189.

11 Bamaktramah H S Halloran G M Wilson J H. Components of yield in diploid and hexaploid wheats Triticum spp. . Annals of Botany 1984
54 51 —60.

12 Valkoun J J. Wheat pre-breeding using wild progenitors. Euphytica 2001 119 17 —23.

13 Zhang S Q Shan L. Deng X P. Changes of water use efficiency in wheat evolution and the relations with root growth. Chinese Science Bulletin
2002 47 17 1327 —1331.

14 Zhang S Q Shan L. Difference of water use efficiency of diploidy wheat species with different chromosome set and its relationship with root system
growth. Acta Agronomica Sinica 2003 29 4 569 —573.

15 Zhang Z B Shan L Xu Q. Background Analysis of Chromosome Controling Genetic of Water Use Efficiency of Triticum. Acts Genetics Sinica
2000 27 3 240 —246.

16 Zhang 7Z B. Wheat genetics. Beijing Chinese Agriculture Press 2001. 1 —15.

17 Zhao C X Deng X P Shan L. Steudle E Zhang S Q Ye Q. Changes in root hydraulic conductivity during wheat evolution. Journal of Integrative
Plant Biology 2005 47 302 —310.

18 Zhu Y G Smith SE Barritt AR Smith F A. Phosphorus P efficiencies and mycorrhizal responsiveness of old and modern wheat cultivars. Plant
and Soil 2001 237 249 —255.

19  Evans LT Dunstone R L. Some physiological aspects of evolution in wheat. Aust. J. Biol. Sci. 1970 23 725 —741.

20  Siddique K HM Tennant D Perry M W Belford R K. Water use and water use efficiency of old and modern wheat cultivars in a Mediterranean-
type environment. Aust. J. Agric. Res. 1990 41 431 —437.

21 Smith T L Peterson G A Sander D H. Nitrogen distribution in roots and tops of winter wheat. Agron. J. 1983 75 1031 —1036.

22 Liang YL Chen P Y. Effects of soil water nitrogen and phosphorus supplied on root and seedling growth of wheat. Acta Agonomica Sinica 1996
22 4 476 —482.

23 Nielsen D C Halvorsor A D. Nitrogen fertility influence on water stress and yield of winter wheat. Agron.J. 1991 83 1065 —1070.

24 Goos RJ Schimelfenig J A Bock B R Johnson B E. Response of spring wheat to nitrogen fertilizers of different nitrification rates. Agron. J.
1999 91 287 —293.

25 LYY GuoYJ Shao M A. The effect of fertilizer application on the growth and development and water use of winter wheat in hilly land of west
henan. Agricultural Research in the Arid Areas 2000 18 1 15 —2I.

26 LiYY Shao M A. Physio-ecological response of spring wheat root to water and nitrogen. Plant Nutrition and Fertilizer Science 2000 6 4 383



1121

27

28

29

30

31

32

[ IS e N S

14
15
16
22
25
26
27
30
31
32

—388.

Zhang G S Zhang R Z. The influence of nitrogen phosphorus nutrition on the root characteristics matters of spring wheat under water stress.

Journal of Gansu Agicultural University 2001

36 2 163 —167.

Brown P L. Water use and soil water depletion by dryland winter wheat as affected by nitrogen fertilization. Agron.]J. 1971 63 43 —46.

Heitholt J J. Water use efficiency and dry matter distribution in nitrogen- and water-stressed winter wheat. Agron. J.

DulJJ LiSX GaoY]J LiSQ WangZ H Tian X H. Effects of N fertilizer on the mechanism of adaptation to water stress and water use of

winter wheat. Acta Univ. Agric. Boreali-occidentalis 1999 27 5 1—5.

Liang Y L. The adjustment of soil water and nitrogen phosphorus nutrition on root system growth of wheat and water use. Acta Ecologica Sinica

1996 16 3 258 —264.

Huang M L. Deng X P Bai D Z Yuan Y H. Effect of Nitrogen and phosphorus on Leaf Water Status of Different Wheat Genotypes. Journal of

Triticeae Crops 2003 23 4

94 —98.

1996 6 430 ~435.

2001.1 ~15.

1985 4 71 ~80.
1995 13 2 34 ~38.
2001 21 1 65

~68.

2002 47 17 1327 ~1331.

2003 29 4 569 ~573.

2000 27 3 240 ~

1996 22 4 476 ~4381.
2000
2000 6 4 383 ~388.
2001 36 2 163 ~167.

1996 3 46 ~50.
2003 23 4

246.

18 1 15~21.

1999 27 5

94 ~98.

1~5.

1989 81 464 —469.



