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Abstract: In the context of limiting the area of wheat irrigation, it is necessary for promoting resources use efficiencies, in-
creasing yield and improving quality of wheat to explore nutrients absorption and utilization, and water use efficiency of wheat
under water deficit condition. Pot experiments were conducted in phytotrons with three wheat varieties under two water con-
ditions (normal and drought). The three wheat varieties included ‘Cangmai-6001° (drought resistant), ‘Hanmai-9’ (wet and
high yield) and ‘Jimai-22’ (multi-resistance and super high yield). The content, accumulation and distribution of mineral ele-
ments in different organs of the plants were measured. Also the relationship between these indexes with water use efficiency
and yield analyzed. The results showed that the contents and accumulation of mineral elements were specific to different plant
organs. The highest content and distribution ratio of Ca were observed in leaf, those of Cu and Zn were in grain, Na was in
stem. Fe accumulated in different organs of the plant was influenced by water and plant variety. Under normal water condition,
the highest Fe content and distribution ratio were in the stem of ‘Cangmai-6001°, which was the same for the leaf for ‘Han-
mai-9’. The Fe content in stem and glume and Fe distribution ratio in leaf and glume were higher than in other organs of Ji-
mai-22’. Under water deficit condition, Fe content was highest in grain for ‘Cangmai-6001’and ‘Hanmai-9’, but it was highest
in leaf for ‘Jimai-22’. For all the investigated varieties, the highest Fe distribution was in grain. Water deficit increased with
the distribution of Cu and Zn, accumulation of Zn, Na and Ca in grain, water use efficiency and yield for ‘Cangmai-6001°, and
with WUEy;4 for ‘Jimai-22°. However, water deficit decreased with the accumulation of Mn in the grain of ‘Cangmai-6001°,
Cu and Mn in grain of ‘Hanmai-9’, Cu and Fe accumulation in ‘Jimai-22’ grain, water use efficiency, yield and dry matter
weight of ‘Hanmai-9’. Above all, ‘Cangmai-6001 was more beneficial in terms of yield increase with higher WUE, higher Fe
accumulation in grain and supplemented Mn element under water deficit condition. ‘Jimai-22” had stable yield with increasing
WUE and supplemented Fe element in grain under water deficit condition. For ‘Hanmai-9’ variety, the yield, WUE, Cu and Mn
accumulation in grain decreased obviously under water deficit condition. Correlation analysis indicated that Cu, Zn, Ca and
Mn had significant interaction with dry matter, with no direct effect on yield and WUE. This was related with the differences in
variety and interaction effects of variety and water. There was still the tendency for mineral elements to regulate water utiliza-
tion by influencing wheat dry matter formation, which needed further research and verification.

Keywords: Wheat; Ecological type; Water deficit; Mineral element; Yield; Distribution ratio of organ; Water use efficiency
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¢ 9’ ¢ 22 Zn s 107.00% 36.61%
82.20% 32.21%, 9.70%
, ¢ 6001’ Cu 3 Na s
, 42.92%  39.30%; ¢ 9 , ¢ 6001’
Cu s ¢ 22’ Na R
31.47% 65.02% 48.11%; ° 22’ Cu 49.47% 60.76% 25.87%; ¢ 9’ Na
s 47.81% 42.05%; ° 22’ Fe
Cu , 77.59%; , ¢ 6001’
,3 Fe , 36.50% 84.68%
Ca ) 43.61%; ° 9’ ¢ 22’

22’ Ca , 43.43%,; ¢ Fe ) 45.68%
6001° ¢ 9 ¢ 22’ Ca 56.37% 52.27% 74.37%; ° 6001° 9’
F1 KOTSHTARNERMMEZSEE Mn. Zn. Cu. Ca. Nafl Fe 38
Table 1 Contents of Mn, Zn, Cu, Ca, Na and Fe in different organs of different wheat varieties under water deficit condition
Water ' Mnﬁl Znil Cuﬁl Cail Nail Feil

condition Variety Organ (ng'g ) (hg'g ) (ng'g) (mg'g™) (mg'g™) (mg-g™)
6001 Leaf 159.41£32.02c  72.47+5.94ghij  19.48+0.84cde  38.68+8.54cd 2.26+0.18cd  0.75+0.06def
Normal  Cangmai-6001 Stem  35.77+4.06jkl  65.54+3.65hijk  14.46+3.3defgh  2.84+0.59fgh 5.06+0.69a  1.67+0.28a
Grain  80.05+9.87fgh 148.05+11.37a 17.39+2.51cdef ~ 0.88+0.07gh 0.06£0.01g  0.38+0.09hijk
Glume 127.89+11.43d 122.30£17.01bc  17.25+2.10cdef ~ 4.97+0.20fgh 1.67+0.0le  0.82+0.12d
9 Leaf 114.63£7.69de  51.90+£6.31k 9.03£0.42hijk  43.37+4.43ab  1.04£0.06f  1.05+£0.09¢
Hanmai-9 Stem  16.16+0.341 29.83+6.571 11.96+2.21fghij  3.37+0.64fgh 3.23+0.21b  0.29+0.03ijk
Grain  69.95+1.29ghi 112.47+2.19¢d 58.08+5.31a 0.68£0.05h  0.16+0.02g  0.30+0.09ijk
Glume 83.33+17.50fgh 85.04+14.11efgh 13.91%1.74efghi  5.59£1.10f  1.92+0.30de  0.63%0.11defg
22 Leaf 175.74+26.89bc  83.74%5.6lefgh  15.58+3.77defg  45.50+3.28ab  1.04+0.14f  0.83+0.17d
Jimai-22 Stem  36.00+7.50jkl  73.25+10.81fghij  4.85+1.25k 5.63£0.74f  2.4%0.10c 1.33£0.27b
Grain  76.30+2.60ghi 108.85+9.38cd 53.3446.69a 0.74£0.02h  0.11+0.02g  0.48+0.07ghij
Glume 85.54+3.91fgh  93.08+10.99def  18.23+0.42cde 5.60£0.62f  1.73+0.35¢  1.44+0.19b
6001 Leaf 215.65+26.90a  86.10+13.28efg  11.12+0.84ghij  41.46+3.78bc  1.14+0.19f  0.47+0.05ghijk
Drought  Cangmai-6001 Stem  24.4342.77kl  54.35+4.80jk 15.0243.77defg ~ 2.42+0.50fgh 1.99+0.36de  0.28+0.06jk
Grain  50.45+17.37ijk 125.21£13.37bc  22.4145.02¢ 0.92+£0.12gh  0.08+0.00g  1.28+0.13b
Glume 108.39+7.49def 101.03+12.32de  10.47+2.02ghij  10.29£0.92¢  1.91+0.17de  0.47+0.05ghijk
9 Leaf  82.65+12.17fgh 57.87+9.34ijk 10.28+0.84ghijk ~ 35.62+0.39d  0.88+0.15f  0.57+0.12¢fgh
Hanmai-9 Stem  14.68+0.201 54.34+9.77ik 6.94+2.21jk 4.45+0.63fgh 3.28+0.14b  0.29+0.06ijk
Grain  63.15+4.28ghij 132.22£12.88ab  20.32+1.25¢d 0.93£0.12gh  0.18+0.03g  0.70+0.16defg
Glume 50.17+1.87hij  77.56+5.88fghi 7.22+1.28jk 5.00£1.61fgh 1.89+0.16de  0.53%0.10fghi
22 Leaf 187.87+39.87b 106.97+19.83cd  14.88+1.25defg  46.46£3.33a  1.02+0.11f  0.80+0.05de
Jimai-22 Stem  30.22+4.92kl  73.69+6.80fghij  8.61+0.84ijk 5.51+0.66fg 1.80£0.29¢  0.58+0.17efgh
Grain  72.34+1.99ghi 143.91£15.00a 27.84+5.43b 0.81£0.04h  0.10+0.00g  0.23+0.07k
Glume  89.00+10.29efg 110.03+8.43cd 10.56:1.93ghij 3.17£0.89fgh 1.86+0.25de  0.37+0.06hijk
ANOVA x Water X variety ns HAE Fh*E * HAE HAE
X Water x organ * ns HE* ns HrE xRk
X Variety X organ ok k% ok skk sokk dkk
x x sk XS EE T * kKK ksk ok
Water x variety x organ
CK: ;D P<0.05 ; *:0.05
5 *¥%:0.01 3 **%:0.001 ; ns: CK: normal water supply; D: water deficit. Values

of different organs of different varieties under different water conditions in a column followed by different lowercase letters are significantly different
(P < 0.05). *, ** and *** indicate significantly interactive effects at P < 0.05, P < 0.01 and P < 0.001, respectively. ns indicates not significantly
interactive effect.
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x2 KOSRTARNERME[RET RARRRE

Table 2 Mineral elements accumulation in different organs of different varieties of wheat under water deficit condition

Water . Cu -1 Mn -1 “n -1 Fe -1 Na -1 Ca -1
condition Variety Organ (ng-plant ) (pg-plant ) (ng-plant™) (mg-plant ) (mg-plant”) (mg-plant™)
6001 Leaf 9.86fgh 73.02cd 36.57de 0.38def 1.15d 18.22a
Normal Cangmai-6001 Stem 10.35fg 25.77jk 47.51d 1.20b 3.64a 2.04ghijk
Grain 17.16e 78.64bc 146.53a 0.37defg 0.06k 0.87kl
Glume 10.22fg 75.52bcd 72.01c 0.49d 0.99d 2.95fghi
9 Leaf 3.78j 47.98gh 21.72¢ 0.44de 0.44fghi 18.15a
Hanmai-9 Stem 9.33fghi 12.651 23.24¢ 0.23ghijk 2.53b 2.63fghi
Grain 75.54a 83.88ab 126.85b 0.33efghi 0.18ijk 0.76k1
Glume 7.74fghij 45.36gh 46.50d 0.35defghi 1.07d 3.05efghi
22 Leaf 4.23jj 48.04gh 23.06¢ 0.23ghijk 0.28hijk 12.54¢
Jimai-22 Stem 3.11j5 23.09jk 47.13d 0.86¢ 1.56¢ 3.61lef
Grain 41.62b 60.06ef 85.19¢ 0.38def 0.08jk 0.581
Glume 6.21fghij 29.05j 31.35de 0.49d 0.68ef 1.89hijkl
6001 Leaf 4.64ij 89.37a 35.55de 0.20jk 0.52fgh 17.26a
Drought Cangmai-6001 Stem 10.59f 17.43kl 38.87de 0.20jk 1.45¢ 1.72ijk1
Grain 26.23cd 53.18fg 149.60a 1.53a 0.09jk 1.09jkl1
Glume 4.32ij 45.61gh 42.21d 0.19jk 0.92de 4.33¢
9 Leaf 3.99j 31.63ij 22.14e 0.22hijk 0.34ghij 13.72b
Hanmai-9 Stem 4.86hij 10.341 38.14de 0.20ijk 2.31b 3.12efgh
Grain 22.02d 68.39de 142.83a 0.75¢ 0.20ijk 1.00jk1
Glume 3.39j 23.69jk 36.50de 0.25fghijk 0.90de 2.33fghij
22 Leaf 3.26j 40.30hi 22.95¢ 0.17k 0.22ijk 10.07d
Jimai-22 Stem 5.28ghij 18.46kl1 45.13d 0.35defgh 1.10d 3.37efg
Grain 28.28¢ 74.03cd 146.66a 0.23fghijk 0.11jk 0.82kl
Glume 3.73j 31.56ij 39.32de 0.13k 0.58fg 1.09jkl1
ANOVA % Water x variety sk sk stk sk sk *
x Water x organ sk % sk sk sk sk
X Variety x organ ok ok ok ok sk sk
x x okok okok * ok okok oskok *
Water x variety X organ
CK: ; D: P<0.05 ; *%:0.05
3 *¥%:0.01 ; *¥*%:0.001 CK: normal water supply; D: water deficit. Values of different organs of

different varieties under different water conditions in a column followed by different lowercase letters are significantly different (P < 0.05). *, ** and
*** indicate significantly interactive effects at P < 0.05, P < 0.01 and P < 0.001, respectively.

WUE, o4 <6001 r , 6001
6001’ ; , WUEpiomass ~ WUEyieia
WUEgiomass ¢ 9 ¢ 9’ , 78.49% 142% 83.06% 148%
¢ 22°, WUEjeiq ¢ 22’ R ¢
, , ¢ 9’ 227 ¢ 6001° , ¢
WUEpiomass  WUEyiena 6001°
, 18.77% 33.51% 39.42% , WUEyicia
18.26% 25.70% ¢ 22’ ; WUEbiomass
21.01% 22.45%, WUEyiomass WUE 14
; WUEgjeid 22.14% WUEbiomass
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x3 KASRMARE/NERMTYE. FEMKSFIBEERBF M
Table 3  Effect of water deficit on dry matter weight, yield, and WUE of different wheat varieties

. WUEvbiomass WUEjic1a
“:; Variew o ater | PYMATYEI Vi em) mme) Gn m)
6001 Cangmai-6001 385.50+5.76b 0.93+0.14¢ 234.80+27.63d 2.42+0.34¢ 0.61+0.07¢
Normal 9 Hanmai-9 419.69+9.54a 1.88+0.20a 748.88+80.86a 4.49+0.44a 1.79+0.20a
22 Jimai-22 354.39+12.19¢ 1.47+0.06bc 497.12+17.25bc 4.15+0.27ab 1.40+0.03b
6001 Cangmai-6001 374.50+7.79b 1.66+0.21ab 568.00+102.02b 4.43+0.48a 1.51+0.24ab
Drought 9 Hanmai-9 340.93+11.42¢ 1.25+0.06cd 453.65+55.47¢ 3.67+0.21b 1.33+0.16b
22 Jimai-22 279.92+9.88d 1.14+0.04de 478.77+18.64bc 4.09+0.04ab 1.71+0.01a
ANOVA Water ok ns ns * ok
Variety ¥k 3k ok Hok ¥k
x Water x variety ** *k ** ** **
CK: ; D: P<0.05 ; ¥:0.05 3 ¥%:0.01
; ns: CK: normal water supply; D: water deficit. Values of different varieties under different water condi-

tions in a column followed by different lowercase letters are significantly different (P < 0.05); * and ** indicate significantly interactive effects at P <
0.05 and P < 0.01, respectively. ns: indicates not significantly interactive effect.

2.5 WUEiomass ~ WUEyjeiq )
WUEpiomass WUEyield ,
4 )
, Cu Zn
,Cu Zn ,Mn Ca R Mn Ca s
; Na Cu Zn 5

R4 WERRERIEMNETYE. 2. KO ANERBMHEXME

Table 4 Pearson correlation coefficients between element content and wheat dry matter weight, yield and WUE

Cu Mn Zn Fe Na Ca Dry matter Yield
WUEvbiomass WUEyiela
Cu 1
Mn -0.003 1
Zn 0.447"  0.140 1
Fe —0.192  0.018  —0.100 1
Na -0.493" -0.303 -0.651" 0.334 1
Ca -0.258  0.786" -0.367 0.098  —-0.095 1
Dry matter ~ 0.520" -0.527"  0.490° -0.128 -0.311 -0.646" 1
Yield 0.142 -0.110 -0.285 —0.241 -0.175 0.030 0.027 1
WUEhpiomass 0.091 -0.054 -0.193 —0.227 -0.257 0.045 —0.067 0.903™ 1
WUE,ieid 0.069 -0.088 -0.188 -0.319 -0.25  0.039  -0.070 0.882"" 0.943" 1
*:0.05 5 *¥%:0.01 . *: significant correlation at P < 0.05. **: significant correlation at P < 0.01.
3 EREITR e ’
;¢ 22’ Fe ,
Fe s
> Fe Zn
) ) , Zn 36.64%
[14] 7n , [15]
, , 6001’ Zn
, , ¢ 6001° ¢ 9 Zn , Zn
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; ¢ 22’ Zn S ¢ 6001°
/n 5 WUEbiomass WUEyield
7n [16] [10]
s [28]
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(18] s s
Mn , Cu
Cu  Mn , ‘ 6001 Cu
[19-20] [11] Cu 9 o 29 C
, u
Mn > 64.45% 26.49%,

) , 9 [20-21] ¢ 6001° Cu
¢ 22° Cu , S 3.82%, Cu
6001° Cu , Cu , Cu ,

;3 Cu Cu ; ¢ 6001° Cu
3 Mn , 6001° © 9’ ¢ 6001’
Mn . 22 Mn : 02
Cu Mn Fe ¢ 9’
Mn
[17]
Na Ca e,
[9,21-22] 3
Na Ca ; Ca s > Cu Zn
Na , ¢ 9 22’ , Mn Ca )
Ca ; 3 Na Ca
[23]
, , 6001° , )
Na ¢ 22’ Na )
Ca (241 R Ca )
WUEbiomass WUEyield 5
(29] Fe
R Zn Cu Mn ,Zn
(23] Fe , Mn
[30-31]
[25] (26] Cu Zn Mn Ca
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