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The Effect of Phosphorus Deficiency Stress on Yield Traits and
Chromosome of Wheat Substitution Lines
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ZHAO Jin-feng® ,BI Chang-rui' ,XIAO Kai®
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Abstract ; Wheat substitution lines between Chinese Spring and Synthetic 6x under the treatments of phosphor-
us deficiency stress and phosphorus normal( control ) were studied to locate the gene controlling yield traits. Several
yield components such as grain weight per spike,1000-grain weight and kernel number per spike were measured.
The results showed that the genes promoting grain weight per spike might be located on 6A,7A,1B,2B,3B 4B,
5B,6B and 7D chromosome of Synthetic 6x,and that the genes promoting 1000-grain weight might be located on
2A,5A,6A,3B,5B,6B,7B,5D and 7D chromosome,and that the genes promoting relative kernel number per spike
might be located on 6A,7A,1B,3B,2D and 7D chromosome under the low-phosphorus stress. It was concluded that
chromosome 6A,3B and 7D of Synthetic 6x probably carried related genes tolerating low phosphorus stress.
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Table 1 The physical and chemical properties of the tested soil

I R WARE. Bk, 2 B 58 LA o B #F-Synthetic
6x Je B IR B R BRI A 48, BF 51K B% b 38wt
MERBREBERNE M, %) Synthetic 6x HHA
FP 5 i {ES R A T 5K ) DR AT e e e e o, AT
FIRAHERZYH PRI FEERREENERR
i 90 64 T R BE A8 A SR TR AR

1 #R5FE*

1.1 #8

BB BT A1 B4 L P B % -Synthetic 6x 21 PR @ {4k
R R EH¥ELR, 2 H John Innes Centre, Norwich
Research Park,Colney, Norwich NR4 7UH,U K $£4i,
1.2 FHik

BB T 2008 FENILRERFZRRIGHTT,E
% 20em $ 2 L RO G KBRS, RE2 M
B,()EXH#(MR),E hm’ 3RS Ca(H,
PO,),] 750kg. IR R [ CO (NH,),]375kg. | AL &
(KC1)187. 5kg; (2) RBEAL 2, LI A HHIT B
5. 6mg/kg, R R AL, AiBEAL . 2008 4E2 A 18
Al FRARMFRTEARBREANEFRLS,
25CHBEF2A0 BHH AN TFHEE 2CHERF
FFETEL A HEEBRTKE, 7 40cm,
174 200cm, Bk BE Sem X ARIH,3 KEE, &
A KW BUE B K LARUE K 4T LR, S TR R E
BB . BA/NX Y E T 50em B9 48846 By Ik
T AT R ) 35 e . WA R SR ME 1,

A UL (mg/kg)

Organic matter

2R (kg)

Total nitrogen

WA (mg/kg)

Available nitrogen

B (me/kg)

Available potassium

# B B% (mg/ke)
Available phosphorus

90.02 1.25 46.97

196. 93 5.6

F LR 7E 4 /) DX 35 BIE % HE 9% (3 B ) AR
B BT K50 10 B E , EBHKEZWHLE
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2.1 ERMAMERDESRE
ATHREERBRABERUZARETRAFRALE
Stk FI/ DPS v3.01 M RMHITHEM. &

AARLEEEERNYEAREE TRE AHEN
BYERBRBEER (R2) , RAMARRER#
FERBNE . THE BEANEREMAFT
£ 13
2.2 {KWE A8 %} o [ F-Synthetic 6x % R & 5
EEMEEARW
ERNE . TREMEEEEEW/NETRY
FERK. BRI TR, ERRBRMET , 4k Syn-
thetic 6x 15 32 {k o7 [ 7 i 4 5 BL B A4 X B2 R0ORL
BE_CEZARBEER. BKBLET, SHAKRE
PRNEABET xR, ROEPEE R T RE
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ERK, EREZEBHEESTFEEMLABLIEE
E#%5% ;7 6A.7A.1B.2B 3B 4B.5B.6B.7D R #
AREMERNESEARBERTHEEF, RN

Synthetic 6x #j 6A.7A 1B.2B.3B.4B 5B 6B.7D %
GR LA RERBNENAXER,

%2 EE-Syntheticx fERARBREAREFTRERSTZSLH
Table 2 Variation analysis of the yield traits of Chinese Spring-Synthetic 6x substitution lines and their parents

B MS
AREE EREE FHE L2 £ot.¢
Source of BEE Grain weight per spike 1000-grain weight Kemel number per spike
variation bF
13 MR ER/XR i3 B SR/ xR % potii &8/ x4 R

P-deficiency CK Ratio P-deficiency CK Ratio P-deficiency CK Ratio
X 4i(H 2 0. 002 0.029 0.003 13. 380 7.323 0.022 14,779 18. 952 0. 003
ERY 22 0.249*  0.457* 0.356*  25.065* 61.359* 0.074* 191.709°* 292.162** 0.029*
RE 44 0.030 0.020 0.012 2. 307 2.724 0.004 12. 110 18.493 0. 004
BER 68

THTAHIER0.050.01 KELEERBE, TH

* and** mean significant difference at 0. 05 and 0. 01 level respectively. The same as below

£3 {EB¢HAY & EE-Synthetic 6x RBRE XX LANBEHAILW
Table 3 The effect on grain weight per spike of Chinese Spring-Synthetic 6x substitution lines and their parents under low-

phosphorus stress

BERE KRR E (g) Grain weight per spike B3R EHD 2 5L E ( g) Grain weight per spike 1R/ 3
Genotype XM CK  {E5% P-deficiency Ratio Genatype %M CK &R P-deficiency Ratio
1A 1.96 1.60 0.8165 5B 1.37°° 1.53 1.1100*
2A 1.70- 1.46 0. 8602 6B 1.42°° 1.80 1.2685**
3A 2.04 1.58 0.7766 7B 1.81 1.66 0.9166
4A 1.61°~ 1.68 1. 0083 1D 1.81 1.63 0.9115
5A 1.83 1.87 1.0197 2D 1.59°- 1.50 1.0033
6A 170" 1.98 1.1665** || 3D 1.73° 1.57 0.9103
7A 1487 1.75 1.1795** || 4D 2.00 1.58 0.7933
1B 1.70- 2.01 1.1649** || 5D 1.73° 1.49 0. 8615
2B 120" 1.54 1.2860** || 6D 1.99 1.70 0. 8561
3B 131" 157 1.2016** || 7D 1.55°- 1.81 11647+
4B 1407~ 1.73 1.2335** || PEE 2,03 .79 0. 8820
Synthetic 6x 0.33°- 0.49° " 1.4894 %+

A AMERR00 MO0 KPP EBERTHEE, M SHER005 MO0l KPR LBEEXMTFIEE, TH
*and* * mean significantly higher than Chinese Spring at 0. 05 and 0. 01 level respectively. ~and = ~ mean significantly lower than Chinese Spring at 0. 05

and 0. 01 level respectively. The same as below

2.3 {E®%ME 8 33 & E &-Synthetic 6x 1% R &
AFRENEW
NERATUFN, 72 HBEEHET, 1k Syn-
thetic 6x 5ZREFEENTHEEZARBEER,
EREGT , BARBRENTHEVBR TR, X

HEBEMARHTREELK, SHEFMEK,S5A,
6ASBR‘EAMTHER B FHM,2B.3D R&EZR
# TR E R B EFEMK,2A 3B.5B.6B.7B,5D 7D X,
BARENTHESERRBEFMM, HERHKER
EYEEZIEEEEER. it RH Synthetic 6x
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#) 2A 5A 6A 3B 5B .6B.7B 5D .7D R itk F A
Rt FREMMEEN;2B.3D ik LT HES

WETREREXER,

%4 (EBEHAX &k E¥-Synthetic 6x RRERFEAFHEHKW
Table 4 The effects on 1000-grain weight of Chinese Spring-Synthetic 6x substitution lines and parents under low-phosphor-

us stress
EAE T4 & (g) 1000-grain weight B/ £HE™ T B H () 1000-grain weight i3 74511
Genotype B CK  fER P-deficiency Ratio Genotype *H CK B P-deficiency Ratio
1A 28.99 28.35 0.9779 5B 26.54 31.28*" 1.1785**
2A 24.79° 27.80 1.1167* 6B 21.87°° 27. 66 1.2651**
3A 29.24 29.31 1. 0023 7B 25.78 29.63 1.1494**
4A 29.38 29.15 0. 9922 1D 28.13 27.67 0. 9835
5A 29. 50 30.79** 1. 0437 2D 31.11 29.29 0.9413
6A 32.58** 30.72** 0. 9431 3D 25.81 23.98° " 0. 9293
7A 30.05 28. 50 0.9478 4D 30.04 29.32 1. 0340
1B 28.25 29.18 1. 0329 5D 29.06 29.38 1.1217**
2B 20.14° - 21.66° "~ 1.0759 6D 28.20 29.34 1. 0404
3B 21.64°° 25.85 1.1945+* 7D 28.18 29.70 1.0816*
4B 28.70 29.95 1. 0436 FEE 28.63 27. 47 0. 9595
Synthetic 6x 11.60° "~ 19.32°° 1. 6664 * *

2.4 {EBEH;83f ch & F-Synthetic 6x RK AR K
EEBUMKHER
MRS ATLLEH,7E2 #BEAMST, it Syn-
thetic6x 5 ZAHEHENEBRBEEAREEE
. SRAERBAZRFEDEER, KHlLE
T, 250 8 R 050 50H 8K F x4 B8, & 0 KBk b
EHRERM THEEAK, PEENEBNER

%, 1A 2A3A 4A 4B 5B 7B ADSD AN S
B E XK BERTFEH, £W Synthetic 6x
) 1A 2A 3A 4A 4B.5B.7B 4D 5D x5 {k ] gk
BEMHARERNEXEHE, 6A.7A,1B.3B,
2DTD RBEMMM LB BB ERRBEH M,
# B Synthetic 6x #J 6A.7A.1B.3B.2D.7D $: & {&
RIS A R R AR EEE .,

%5 {EBIEARE EH-Synthetic 6x RBRRBRFEXLEBMRBNHENE
Table 5 The effects on kernel number per spike of Chinese Spring-Synthetic 6x substitution lines and their parents under

low-phosphorus stress

BE™ BRI OBL) Kemel number per spike e g8 /54 g EEE FBA(RL) Kemel number per spike e /34
Genotype %} B CK 8% P-deficiency Ratio Genotype %118 CK {EB% P-deficiency Ratio
1A 56.60 50.75°° 0. 8529 5B 52.00°° 48.56 "~ 0.9338
2A 57.09° " 51.14° - 0. 8957 6B 64. 60 60. 33 0.9339
3A 66. 50 53.18° 0.7997 7B 62.00 53.60° 0. 8645
4A 65. 00 54.29° 0. 8352 1D 61. 50 55. 45 0. 9015
S5A 58.00 57.49 0.9912 2D 50.11°~ 55.00 1.0976 * *
6A 54.67° 57.92 1.0594** 3D 67. 00 60. 93 0. 9466
7A 50.00° - 56. 08 1.1216** 4D 62.90 54.20° 0. 8616
1B 58.44" 64.26 1.0996 * * 5D 58.64 " 48.95° " 0. 8348
2B 61. 86 59.31 0. 9588 6D 65. 67 59.27 0. 9026
3B 52,907~ 55.00 1.0397 + 7D 56.64° 60. 23 1.0634**
4B 53.82° - 53.63 - 0. 9964 FEE 68. 40 61.35 0. 8969
Synthetic 6x 20.88° " 23.79° 1.1396**
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2.5 FRERBMOEXIH

ME6 A LUES , M HEAMAT , F-EHERAE
BEEREFEMREBREAGT , ARNESTH
ENRBANAEREEEMAX, THESAEN
BiE ZIEMXK,

6 FRERAGEAXRAN

Table 6 relationship between the character of yield of wheat

& | Ff iR, Synthetic 6x i) 6A 3B, 7D LB & /Y
MM ERNE TRE EREASAXN~ERER
EZBTHEF, dBH, Synthetic 6x # 6A 3B,
TDREKkEAEBEASHEBEMEFER XN
K,

BRNE FHE HAR

Grain weight per spike 1000-grain weight Kernel number per spike
#R
Tt xR 5w X8 o % e

CK P-deficiency CK P-deficiency CK P-deficiency
BRNE 1 1
THE 0. 808" 0. 691* 1
L% £ik3 0.817° 0.911* 0.517°* 0. 408 1 1

aps BB AXEN,6A.7A 1B.3B.2D.7D RE{k b
3 itig

MNERREMBE - KBRED, X BB LK
W SPRAEERIEE, B X =g
R K A B £ o i B LT I 9 B A0 A O B A
THE FAREKRTRE, S AL EZDHPH
HEERUREENERHAEYH-BREEE
o

BEE. TREABNEEER/NEFENE
ERR. WAMAREAAKEMEET KERE. 8
EH % P E % -Synthetic 6x LR R ER N
HH L, BHTREMA KA T Synthetic 6x ) 4A .6A
TA2B.7B.SD S hm BB AR REAREENS
XREHA, RIARLEREKY KBEPIAT Synthetic 6x
9 6A.7A,1B.2B.3B 4B.5B.6B.7D J:a{k L #5H
BB EMNHAELEA, P 6A7A2B Rk
AREEA R AR ENEXEEEXARRTES
TRiE, HARLET RKEAF,

e ERE R H IS APRARK
W7984/0PATA 85 M E 4 B 32 & (RIL) B4k, X /b
FTREMHSTTEMRCHEBSH R 4 X EE
B & QTL &L, ARG R R4 FIOL F/hE M 2BS,
4AL.SBL #17DS k. A% %5 5 X B : Synthetic 6x
MOARBEETESAERETHENAXER,
2B3D ik LA BB A MR TRENE XER,

Marza ') #| A 132 4~ RIL £ MR 5 M
QTL {73} 1AL.1B,2Bs,2DL,3Bs.4B.6A 1 7BS
Befafk |, APFIEEH . Synthetic 6x # 1A.2A 34,
4A 4B.5B.7B 4D.5D Yok AT REH A M L

AR R RN BN EA,

F XA YT KBS 38 BT 75 2 R Ak B AE AL AL
MABMT KEHR KW EwE L ERE,
Xig %M A N E B g 1k BT Bk kBB 7
BRBEMHTH FREERREK. Z2EXEH
PRIEHEBNEPEFMN 1A 4A.7A.3B,5B,7D
Rk FEARERBERETXNER, XER
4 B 3501 . Synthetic 6x fj 6A 3B.7D Bk L#EH
EREpiaBER XN ER, Bk, EhE4E>
LB AT AR B Synthetic 6x 9 6A 3B.7D R {5tk
RBFEFEEN R AE GBS FEYESR
A, X} Synthetic 6x B 6A 3B.7D fefafk F WEBEE
BHitfTEp ik HFASEPMELRAK L, LR
BAhENTE,

F ikt . % i# John Innes Centre, Norwich Research
Park 32 43X 8 A1 4,
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