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Effects of chromosome substitution on phosphorus acquisition
capacities in wheat seedling stage under Pi-stressed condition

ZHANG Lijun, CUI Xirrong. GUO Cheng-jin  XIAO Kai

(College of Agronomy, Agricultural University of Hebei Baoding 071001, China)

Abstract: Using a complete set of chromosome substitution lines (CSLs) in "Chinese Spring "
(CS) genetic background, 'Chinese Spring s and chromosome donor 'Synthetic 6x "as the ex-
perimental materials, the effects of chromosome substitution on phosphorus acquisition capaci-
ties in wheat seedling stage under Pi-stressed condition were analyzed under hydropinically
growth condition. Under the Pi-stress condition, the accumulative P amount per plant in 'Syn-
thetic 6x "is more significantly increased than in CS. The accumulative P amount per plant a-
mong the CSLs, CS, and "Synthetic 6x " varied largely and could be classified into three sub-
groups, including high-efficiency, mid-efficiency, and low-efficiency. The genome A and chro-
mosome 3D are suggested to carry the major genes controlling the high-efficiency of P use under
the low-Pi supply. Among them, chromosome 6A, 3D, and 2A showed much higher genetic
effects than other chromosomes. In the meantime, compared with CS, the CSL 6A, 3D, and

2A also had a remarkably increased accumulative N amounts per plant and N contents, and the
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CSL also showed an obvious increased accumulative K amounts and K contents. These results

clearly indicated that above chromosomes of "Synthetic 6x "play key roles on regulation of the

acquisition of N, P, and K in wheat. T herefore, above chromosome susctitution lines could be

used as the recipicent on genetic improvement of inorganic nutrient use efficiency in wheat in

the future.

Key words: wheat (Triticum aestivum L.); chromosome substitution line (CSL); Pi-stress

condition; phosphorus acquisition capacity; genetic effects

[1-3 .
(4]
( )
( )
[6:9]
1, Sears Hope

Timstein Morris  Cheyenne N
Law  Cappelle-Desprez  Synthetic ,

L7

“ ” —Synthetic 6x

1 MRE 7%

1.1

«

” (Triticum aestivum
L., 2n—=6x=42, AABBDD)

“Synthetic 6x” (IA~7A.1B ~
7B 1D ~ 7D, 21 )
“Synthetic 6x” , - 7

ror “ ” “Synthet-
ic 6x7,

Zhang

A . . (MS) (PD)
30 #mol/L( Pi 3 mmol/
L
3d 1 .
12 h, 20 C/15 °CC ),
300 “E/m’s' .
3 4 )
1.2
10 ,105 C 30
min, g0 C ,
[11]
SPSS )
.CS
N 3
Excel
2 ERGa
2.1 .
“Synthetic 6x” . 1
. ) “Synthetic 6x”
, 113 79%. . A
3D . 3D
D B



1
. , « > . 3D « ”
(r=0.895 ), . D B
(r=1Q 019), (r= « ”, .
—Q 669). ) “Synthetic 6x” 7 “Synthetic 6x” A 3D
. 6A.3D

~

Table1l The total P contents dry weights per plant,
and P use efficiencies of the chromosome substitution lines

CS and the donor under Pistarvation condition

/

) / mg D
Type of P Line P concnet/la{ion Plan.t dry (mgP un;i )
use efficiency welght efficiency

Donor 0.6240.02 45+1.23 72.58
6A 0.43+0.03 57+2.03 132. 56
3D 0.41£0.02 58+0.78 141. 46
2A 0.44=0.02 55+1.12 125. 00
0.48 53.75 117.90
3A 0.41%0.03 54+1.05 131.71
TA 0.42+0.02 49+1.23 116. 67
4A 0.36=£0.02 56=+0. 46 155. 56
S5A 0.42+0.02 4741.22 111.90
Cs 0.29=+0. 01 64713. 63 220. 69
1A 0.36=+0. 02 52+1.32 144. 44
2B 0.30=E0.02 60+2.22 200. 00
5B 0.34+0.02 53+1.03 155. 88
1D 0.36=0. 03 50=+0. 87 138. 89
1B 0.39=+0 01 46+1.12 117.95
0.37 53.1 149.37
4B 0.28=+0.03 59+1.23 210.71
7D 0.30=£0. 01 55+0.32 183. 33
6D 0.31=20 01 55+1.46 177. 42
7B 0.30=+0 02 5542.32 183.33
5D 0.31%0 02 53+1.23 170. 97
4D 0.29=+0. 02 53+1. 64 182.76
6B 0.29=+0.01 527+0. 63 179. 31
2D 0.26=£0.02 5441.22 207. 69
3B 0.31£002 43 181.58
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Table 2 The accumulative N amounts per plant, plant

N contents and N use efficiencies of the chromosome
substitution lines CS and the donor

under Pistarvation condition

/

/% (mg°mg~1)
. . /mg .
Type U.f P Line Acommulative N N concretration N use
use efficiency efficiency
Donor 1. 67 3.71£0. 12 26.99
6A 1.72 3.0140.22 33.22
3D 1.62 2.79+0. 11 35.84
2A 1. 60 2.92+0.23 34.31
1. 65 3.11 32.59
3A 1.41 2.61+0.22 38.31
TA 1.35 2.76+0. 12 36.3
4A 1.37 2.45+0. 16 40. 82
5A 1.33 2.84£0.21 35.27
CS 1.37 2.14+0.03 46. 84
1A 1.23 2.37+0. 13 42.19
2B 1.21 2.02+0. 10 49.5
5B 1.42 2.60=£0. 12 37.24
1D 1.34 2.68+0. 12 37.31
1B 1.24 2.69+0. 14 37.24
1.33 2.53 40. 10
4B 1.51 2.56£0. 23 39. 14
7D 1.26 2.29+0. 13 43.72
6D 1.4 2.55+0. 21 39.22
7B 1.43 2.61£0. 12 38.39
5D 1.39 2.62£0. 09 38.24
4D 1.38 2. 60£0. 12 38. 46
6B 1.32 2.53+0.22 39.53
2D 1.29 2.39+0.18 41. 84
3B 1.12 2.61£0. 12 38.39
1.34 2.53 39. 66
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Table 3 The accumulative K amounts per plant plant ’
K contents and K use efficiencies of the chromosome « —

substitution lines CS and the donor
under Pistarvation condition

”»

; (POD) (SOD)
/% (mg° mg 1 7D .6D 2B [ o
Type.olf P Line Accumu]afl?vlegl( K conenetration K ‘use « Synthetic 6x”
use efficiency efficiency
Donor 1.73 3.8440.12  26.08 ,5D

6A 1.97 3.45+0.08  28.99 ,4A 4B
3D 1.89 3.25+0.21  30.77 g
2A 1.78 3.24+0.07  30.86 .

1.84 3.45 29. 18 L« »
3A 1.79 3.3240.12  30.12 B ) Y
7A 1.75 3.57+0.21  28.01 Synthetic 6x A.B D
4A 1.73 3.00+0.18  32.36 ,
5A 1.62 3.4540. 21 28.99
cs 1.84 2.8840.12  34.78 (1A ~7A,1B~7B 1D ~7D)
1A 1.53 2.9440.14  34.01
2B 1.78 2.96+0.22  33.78 ) ) Y ‘
5B 1 3.014+0.13  33.22 Synthetic 6x
1D L5 2.9940.15  33.44 ,
1B 1.55 3.3740.21  29.67

1.67 3.16 31.84 .
4B 1. 67 2.83+0. 12 35.34 , A 2A ~7TA D 3D
7D 1.71 3.1040.08  32.26
6D 1.62 2.9440.18  34.01 .
7B 1.61 2.9240.06  34.25
5D 1.55 2.9340.13  34.13
4D 1.65 3.1240.16  32.05 o ’
6B 1.52 2.9240.17  34.25 « »
2D 1.57 2.914+0.21  34.36 . ,
3B 1.36 3.174£0.20  31.55 , ’

1.58 2.98 33.58
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