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Grain yield and water use efficiency of diploid tetraploid and hexaploid wheats
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Abstract Three dipbid (T. boeoticum, AA; Ae gpeliodes BB andAe squarrosa, DD), o tetraplod (T. dicoccoides,

AABB and . dicoccum, AABB) and one hexaploid (7. aestbum, AABBDD) wheats were evaluated for their root
bimass above-ground biamass gran yield water consunption for transpiraton and w ater use efficiency under d ifferent
w ater and nutrient regmes n ower to (i) understand the differences n grain y eld and w ater use effic ency anong species
acwss the plody level n the wheat ( ii) assess the effects ofw ater and nutrient regmes on these traits Our results showed
senificant differences on b omasy gran yield and wateruse between the ploily kvels n the wheat In the evoluton of

wheat fran dplod to tetraploid and hexaplod root and abovegmwund bim ass all increased firstly and then decreased but
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grain yield ncreased sign ificantly which is related to the ren atkable ncrease of harvest ndex The gran y eld decreased n
this odder T. aestium > T. dicoccum > T. dicoccotdes > Ae squarrosa > Ae peliodes > T. boeoticum. W ater siress
senificantly decreased all of the m easured grow th ndices Under given w ater leve]l ncrease on nutrient supply ncreased
aboveground b bmass grain yield and harvest ndex However at higher nutrient treament wot b om ass decreased as
canpared to the bwer nutrient treament W ith the sequence of wheat evoluton water consumption for transpiration
decreased sgnificantly wh ch correlated with the decreasing cwop maturity period However both water use efficiency br
b om ass and gran y eld ncreased significantly n he evolutbn of wheat For sk wheat maternls water use efficency br
grain yield decreased n the sane order with grain yield W ater stress significantly decreased water consunpton br
transpiration of s wheat genotypes by 4Wb -52% , but increased water use efficiency or biomass by 3% -40%. H owever

the increasing effect of water stress on w ater use efficiency for grain yield decreased w ith increase of wheat pbdies and
even decreased the water use efficiency Dr grain yeld of I, aestwum by about 1% . W ater consumpton for transpiration

water use efficiency for b bmass and grain increased under higher nutrent levels campared to those of low nutrient level

acwss the different water levels

KeyWords dipbil tetraplod hexapbid wheat yeld water use efficiency
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6 , : AA (Triticun.  boeoticum
Bioss var P 1355454 : XM 000943), SS (Aegigs speltoddes
Tausch ; : RM000128), DD (Ae tauschii Coss; : RM000334): 2n =
14; AABB (T. dicoccodes (Koer ) Schweinf var kotschyi Abessnien;
XM 000003), (T. dicoccon Schuebl var A les : XM000007): 4n = 28
AABBDD 160(T. aestwvum L cv Shaan 160): 6 n = 42 6

[16 17]

2% Db, : 7 23 g/kg Q 0P, Q 08%,
2 16%, 31 97 mg/kg 17 23 mg/kg 147 40mg/kg
12
2001~ 2002 3 , 3
2 . (W), T ~ 75 %;

(D), . AWo ~ 45 %,



1115
2 : (H), NOQ12g/kg , P20s Q 06 g/kg ,K:O0 Q03
g/kg ; (L), 24 , 5 , 2
) ) 50 g , . 3
30 an X 36 an, 9kg 20 , 10 ,
50¢ , 6 , ,
13
) ) , 105C
30mmn 75C , ,
, ( ) (
) . ,
, (g/kg) = / ; (g/kg) = /
SPSS 10 O( SPSS e, 1999 Chicaga 1, USA)
2
21
211
1 R 1% ;
5% 1% ; X 1% 5% ;
x 1% X x x
1
Tablel The ANOVA (Mean square) of bian ass and yield of wheat evo lution m aterials
Bimass
Source df Root Above ground Grain y el H arvest index
Species( S) 5 - 412 153" 12r
W aler(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 Q 6ns 12ns 3" 18
X W x N 1 12" 150" 7" 9ns
x x Sx W x N 5 Q 4ns 8ns 3" 5ns
* 5% significant difference at the 5% level * * 1% significant difference at the 1% level ns nonsignificant
the sam e below
2n 4n 6n , , 3 Q4 5g/pot 3 0g/pot
6 :T. dicocam > T. dicocwodes
> Ae gelioides > T. aestwum > Ae squarrosa > T. boeoticun, ,T. boeoticum
2 ) )
T dicoccum 64%, Ae gpelioides 30% ,
T. boeoticum R 5 Mo ~ 54%:; ,

Yo ~ 38%,.
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2
Tablk 2 M ean value of root and above-ground biom ass o f wheat ma terials ( g/pot)
Species T. boeotiam Ae  pelioides Ae squarrosa T. dicoccoides T. dicocam T. aestioun
Root bim ass WH 3.0%0 4 320 @ 4910 3 62%a0 3 7812 35%1L2
WL 31304 35%01 35%0 7 4 6*0 5 73%03 3 610 4
DH L2%0 1 3002 1 30 001 20%02 26%03 1 70 2
DL L.9ta 2 31%01 18%0 1 2.7%0 2 29%09 22710 4
Above ground b ass WH 33.1%1 2 38 7t06 32812 6 42.3%15 46 638 46 5 %0, 1
WL 18912 0 27 30 8 22312 8 30613 4 39 714 371336
DH 20.9%3 8 21 620 17 0 £0. 02 29.8%3 24 325%11 24 1%1. 4
DL 13.8%0 3 15 2%01 16 5103 2373 0 25936 219%2 7
WH tream ents of welkwatered w ith high fertilzer WL tream ents of weltw atered w ih low fertilizes DH
treament ofwater deficiency with high fertilizr DL tream ents of water deficiency with lw fertilzer the sme
belov
, 2n  6n , s

23 4 33 9 g/pot 3L 1 g/pot

T dicocaom > T. dicoccoides > T. aestwum > Ae gpeliodes > Ae squarrosa > T. boeoticum

( 2) 2% ~ 4% ,
T aestium Ae geltoides ,
R , 180 ~ 750 ; R , Yo ~ 52 %
212
— —
1 , 3 1% 2n 4n  6n
, , : 19 64 g/pot 9 7glpot
:T. aestwun > T. dicocun > T. dicoccorles > Ae squarrosa > T. boeotium > Ae pelioides Ae
peliides T. boeoticum
( 3) T. boeoticum
5 R T. aestwum R 5% ; Ae squarrosa
, 36% , (1% ~
63% ), : :
T. boeoticum ,
23 % : T.  boeoticum (Cv) 6Q 2%,
, s T. aestivum Ae squarrosa Ae. gpeltodes T. dicoccoiles
3
Table3 Mean value of grain yield (g/kg) and harvest index (% ) of wheat evolntion ma terials
Sp ecies T. boeoticum Ae  ypeltoides Ae squarrosa T. dicoccoides T. dicocam T. aestvun
G yied  WH L5t 1 1 3%0 o4 60%L S 9240 7 8§51 4 17 502
WL 01101 11%0 1 377307 6.5%0 6 8§ 104 118%1.8
DH .8%0 3 0 7x0 06 3 710. 01 4 1x0 8 537%09 65207
DL L0xa 2 050 @ 2 510 04 4309 49%038 37%L5
WH 4.4%3 3 330 ® 181%0.6 2. 717 18 130 377105
Harest ind ex WL 0.7%a 7 4 1%0 3 16 5%1. 3 21. 10 5 20 4t0 6 318150
DH 8 430 6 310 o4 21 9 0. 03 13.7%1 4 17 4%29 268%2 5
DL 7.1%19 33*01 153%03 17. 812 4 19 006 257138
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:50% 39% 38% 35%; T. dicoccum , 29%
; 3 ;
213
20 4n 6n , s
) (HT)
(D, 1 %
, , 8 o, 19 Yo 29 Yo,
T aestium , I dicocam,T. dicoccoides Ae squarrosa
3 ) Ae
peltodes T. aestiwvum T. dicoccum  T. dicocwides 100 ~ 23%, Ae squarrosa  T.
boeoticum s Ae gelioies , 5
22
221
; ( 4.3
1%
4
Table4 The ANOVA (Mean square) of water consum ption for transp iration and w ater use efficiency of wheat
Source W ater consumption for transpimaton W ater use efficiency forgmin yicld W ater use efficiency for bim ass
Species(S) 38 e r
W atex(W ) 1270 6" Q0 02ns
Nutrient( N) 66" 2 010™
x S xW g 0.3 004
X S x N 2 0. 07ns Q Olns
x W x N 28" 0. 02ns 0 004ns
X X SxW xN 1" 0. 05ns 0 005ns
0" A : :
, 11 2kg/pot 11 3 kg/pot (10 0 kg/pot)
:Ae gpelides > T. dicocaum >T. boeotium > T. dicoccoides > T. aestvum > Ae. squarrosa,
6 s ,Ae squarrosa
T aestuum , 220d , (8 9kg/pot 10 O kg/pot); T. dicoceoides
(AABB) T. dicwcam 230d (1Q 64kg/pot  11. 85 kg/pot); Ae
peltodes  T. boeoticum (AA) , 251d (11. 3kg/pot
13. 4 kg/pot) 5 , 6

, 47% ~ 5% ,

, &o ~ 32%, Q %% ~ 1Mo
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5
Table 5 Mean value of water consum ption for transpiration (kg/pot) and water use efficiency (g/kg) of wheatmaterials

Sp ecies T. boeotiam Ae pelioides Ae squarrosa T dicoccoides T dicocam T. aestium
WH 174305 20 3%0 6 1320 4 15130 9 16 3206 144%0.5
Water consumption vy 43 549 3 16 1205 10140 3 13.0 %0 4 15 1203 127408
for trmep imton DH 7.9%0 3 9 0%0 3 6 5%0.5 7.6 X0. 4 g2%0 3 7 0%0. 3
DL 6820 1 8 4t0 2 5940 4 7.0%0. 2 78%0 2 6 910 3
WH 1. 93 +a 07 L. 94%xq 01 2 5210 62 2. 74 X0 06 2 83%0 13 3 2310 18
Wateruse efficiency w1 4440 12 1 65£0 10 2 240, 30 23740 17 2 6310 06 2 @40 22
r bim ass DH 2. 66 X0 37 2.40%0 15 2 79 %0 28 3. 86 X0 26 3 88%0 19 3 48 *0. 07
DL 2. 05 0 005 L. 84*ta o 2 91 0. 08 3. 40 X0 32 3 3510 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 L 2%0. 08
v et ;ijﬂef;ii;““>' WL 0013001 0 07£0 01 0 37 %0 07 0.50 0 03 0 54%0 02 0 %0 22
DH 0.22 %0 03 0. 070 5 0 61 0. 06 0. 61 %0 12 0 67%0 12 0 930 11
DL 0.15%0 04 0. 060 002 0 4 0. 006 0. 61 %0 12 0 64%0 09 0 270 19
222
, (WUE)
( 4.3 x WUE, 1% x
X x x
2n 4n” 6n , WUE, , :2534g/kg 35
g/kg WUE, : T. aestvun > T. dicocaim > T.
dicocwides > Ae squarrosa > Ae  gpeliodes > T boeoticum 5 ,
WUE, , 3% ~ 40 )
WUE, , WUE, Fo ~ 20%; ,
Ae squarrosa  WUE, , 5 Yo ~ 17 %
223
(WUE,) , 3
( 4 X WUE,
, x X X x WUE,
WUE, , WUE, , WUE, (Q 2 g/kg)
(Q 6¢g/kg) L7 , (10 g/kg) 6o, 3 6
WUE, WUE, , : T. aestwun > T. dicwocam > T. dicwcowides > Ae
squarrosa > T. boeotium > Ae peliotdes
6 , WUE,
WUE, , WUE, , T. boeotiaum (AA)
WUE, , 180%; Ae gpeliodes (L 4% ); Ae squarrosa, T. dicoccum
T. dicoccoides WUE, 2We 1% 25% ; T. aestwun  WUE, 1%
, WUE, , , WUE,
,T. boeoticum WUE, W UE,
; Ae geliodes WUE, , 4 WUE, Yo ~ 38 %
, 3 (AA, SS DD) WUE, ( 5% 2% 3% );

s 1% ; WUE, , T. dicoccoides
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3
3
31
(r= Q74 (18] [13]
20 4n” 6n , ( ) , >
(r=0289) (r=073 , ,
, Evans”'  Austin'"” ,
,Ae gelioides T boeoticun s L3
g/pot Q 9 g/pot T. dicwcwdes T dicocaum 32 ,
6@ 2g/pot 70 g/pot , Ae squarrosa  T. dicoccun T. aestaum
, ) 9 7 g/pot s
,Ae squarrosa (DD) (AA  SS) , D
32
, WUE, WUE, , WUE, WUE, HI
(r= Q065 09), WUE, WUE, (0. 79) Ll \
WUE,
Sidd ijue' ™ , , WUE, \
WUE, ,WUE, WUE, , WUE, WUE, ,
WUE,
T aestium > T. dicocaamm > T. dicoccoddes > Ae squarrosa > T. boeoticun > Ae gpeltoides Sﬂd'que[zo]
(WUE,)
’ > , , WUE, WUE,
33
’ [ 21-25] ’ ’
[26] [(227]
(22 21 B]
, WUE,,
47% ~ 5% , (2P0 ~ 45% ) , WUE,

T. aestsum  WUE, Heitholt™ ,

B
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[26 2 31]
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