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Genetic Improvement of Accumulation and Distribution of Assimilates
and Source Sink Constitution of Wheat Cultivars in Mid-Shaanxi Area

Xu Weigang' Hu Lin' Wu Zhaosu? Gai Junyi?
(Wheat Institute, Henan Academy of Agricultural Sciences, Zhengzhou, 450002; > Agronomy Department Nanjing Agricultur-
al University, Nanjing, 210095)

Abstract The genetic improvement of assimilate accumulation and distribution and source-sink
constitution was analyzed in wheat vatieties grown in Mid-Shaanxi area. The results showed that
the increase of biomass was mainly due to the biomass before anthesis in variety substitution. The
output rate of dry matter accumulated before anthesis was markedly increased as the variety re-
newed, which has important effect on increase of grain yield. The analysis of source-sink consti-
tution suggested that there were larger genetic differences in source and sink characteristics,
specifically source characteristics, among wheat varieties. The varieties were changed gradually
from sink limiting to source limiting in the past years. In this area, the disadventage of new big-
ger spike lines was mainly with smaller source before anthesis.

Key words Wheat; Genetic improvement; Assimilate accumulation and distribution; Source-
sink constitution; Mid-Shaanxi area.
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Table 1 The biomass in various period and the output rate of dry matter before anthesis
Yo (kg/hm?) etk TURSRETSE po%

HE(RE) HER Biomass WY % of DM in grain Grain
Variety (Line) Years FHI FiEE Rp#y  Outputrate FFEHERT B yield
B. A. A. A. Maturity of DMBA B. A. A. A, (kg/hm?)
M WES Mazhamai (OFFHF 10763 2232 12995 12.0 36.7 63.3 3527
B4 1 8 Bima 1 (1) 50s 10962 2619 13581 13.4 36.0 64.0 4089
F7 3 5 Fengchan 3 (1) 60s 11252 2975 14226 17.6 40.0 60.0 4955
&E 3 & Aifeng 3 (1) 70s 10922 3002 13923 19.2 41.2 58. 8 5102
/MB 6 B Xiaoyan 6 (1> 80s 12023 2918 14490 19.7 44.8 55.2 5282
Bk 229 Shaan 229 (1) 90s 12141 2924 15065 27.8 53.6 46. 4 6291
Ti4% 881 Xinong 881 (1) 90s 13562 3102 16664 27.4 54.5 45.5 6812
P4 1376 Xinong 1376 (1)90s 13640 2151 15791 37.6 70.5 29.5 7329
% 160 Shaan 160 (1) 90s 13397 3068 16464 29.8 56. 6 43.4 7062
NC332 (L) (2)90s 11990 2831 14820 26. 6 53.0 47.0 6017
93F4301 (L) (2) 90s- 11712 3057 14769 30.9 54.2 45.8 6675
B 167 Shaan 167 (L) 2)90s 15222 3027 18249 30.7 60.7 39.3 7695
84(HM»79 84(add)79 (L)  (2) 90s 11871 3045 14166 28.1 52.3 47.7 6384
4} 33 Fen 33 (L) (2)90s 10340 2741 13080 24.9 58. 4 51.6 5313
Bk 7859 Shaan 7859 (3)80s 11319 3051 14370 25.8 48. 4 51.1 5912
/ME 107 Xiaoyan 107 (3)80s 12711 3272 15983 21.8 48.9 54.1 6042
##F 29 Yumai 29 (3)90s 12844 2418 15258 33.2 45.9 36. 2 6602
P4 88 Xinong 88 (3)90s 12110 2520 14630 30. 2 63.8 40.8 6177
/ME 502 Xiaoyan 502 (3)90s 14106 2784 17040 27.4 59.2 40.9 6398
iR 904 Xinong 904 (L)  (3) 80s 12977 2862 15839 31.2 59.1 41. 4 6915
B# 13 Yumai 13 (4)90s 13100 3264 16364 28.9 53.7 46.3 7056
£ % 15 Lumai 15 (4) 90s 14057 2859 16916 28.6 58. 4 41.6 6882
Z3FH 19 Mianyang 19 (4) 90s 10802 3672 14474 22.8 40. 2 59.2 6137
H. (D) RHERPHRESZMN: ) KBEER: Q) YMHEINBTEH; L HEEXSH.

Note: (1) Representative varieties; (2) Bigger spike lines; (3) Dwarf varieties; (4) Varieties grown in neighbour area.

1.2 HEKE

1994~1996 4EFANE By [ HHR B ZE BT AL AR KFE LB ARG HAT, 1994 FM 1995 41
X 10 A 3 B, IR AR, ARER 6. 67 m?, 171 3.33 m, 7EE 0. 25 m, 8 fTIX, #&
B 2108 /m?, HEEEH N 150 #/m?, 6 NEE, HPSAHNEEEIELBER, 3/MER
YE 7= B 8 X, iR 50 300 [R) 8 B P 2550 B o B L, FEAE MBS XTIDNER, BB 1 5., £73 5
MEE 3 SEHTRGERM SR E, LB e E R R R RS RSN M.
1.3 MEHZE

FEBURE X o T R 26 B AN B B8 /N R BRE 0. 5 m? B E BRI E T8, NP
20 BRIUE R, B, ZFMFRMNTYE, FENTYESEEOO =[(FEHTYE-RBSHFE
RS THE)/FREPTHE]IXI00, MEREISFESANMEHFAFHEI A 1 HERREY
[EIRE(7~10 OBBEM EEMHKTHE, #EREENIEHE/DNKEREFR 10 #, U&SKME
HHEETYURRERREEERRMBFETHE Y=a+bT+cT+dT° MG, KBH K
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HNFELDBRREER, BAXFRLYRRER. BRRLYRRE.

ERBEXFTHFERSMNAIIBERM 1 m B 3 FTRBENGER, —MERE
METAEMN R, B—MREREEERY 1/2 BR/DE. BB FIEEAE X E—17
¥Hy 10 bR, WETHE, #MitESIHTRETREE, Z/DETRE LAR, FEEYR
=[(|EMTRETEE|+ |2 MITREEFAE])/2]/100, RBETREA 0~1, XN
BEHERN T ERE SN EETFERER.

FEW =R A, BOHRETBR /MK FIAT R & 0. 33 m B/NR LT, RIEHIRBLRLIT .

B Fadr o ERAS RRKEZER, BRI VERKERZR Tk,

2 BRESH

2.1 EHRESHEFENBERR

2.1.1 FRAMEFLEHWRREHRGE At SERXBFHFENHFLERALHR
ERHLE 1, FENG ADEEFBEXRF/IEREARIBSTE2EWBHHEMES, 90
ERMARERFHIRTFUATREFFERAHRBRF, HTHED) 13185 kg/hm®, T
FIOYEERE T 17.6% . KW R 167 &, 23 15222 kg/hm?, FHE (A, ADEY*
FRIE 70 ERUMK S FHERPEM MY, FEITHBMEERL, RBWEY 7’
SRR e BRI, 90 EREY 4 N EFRTIEF 15996 kg/hm?, iy BFIBHEERE T
23.1%. XRHBEX/PERFHRREABRFEYPEFRYBERG R RIEGAEEEAM,
90 FERRR R FAFRFR L 7 RHIDYERR S T 94.5%, X2 T 6874 kg/hm®,

TERT T4 R (DMBA) #i 1H 2 B8 & Fs A 0 B3 b, 3t 05 R Fp g WU 12. 0%, T 90
ERMRERRBFTE 300 EH, HHPFER 1376 HiE 37.6%.

BRFIEERENE LY EREZERR, AR FRTRENRLYHE, FE
MMFREFRBETYRS R TENE SRS TER 1. NP LERF LR T R AR
PR E Rl RIS EEER 36. 7% MBI BT SR S5 % AL, MAERRN
FHREN PR E S EHE TR, B 19 Y REGAEZFXAHE &M, KEYZEFRHH
RBEHAETRPHER, EHHFEMBEL, FEGHRESHESR. MTBE BHEE LS
B B b X 55 56 P K AR SRR ARG, FFUAERT T R i B AP E R E B 5%
UNE SRR
2.1.2 FRANEFAEWHAREANEERGH N  WHFRTEBNERITEREE D,
BEEAM NN T REEZESHTTYRHREE OMBASHE TYRARE(DMAA),
KR TYRBRRERREBRERANAK, BE5HFORHEEBEMNX, 2HHFR~ER
H—ERYRIBERN, B DA RFRL = B S K (0. 7976) , TMIE/E T4 MR R AR ™ &
WIERFEREERN. AR R, X K/NERMHFEFMFALS THRE
REXHR 'Y FEMER, BUFENTYRBREBENIERARK, RFHRNTHRE
FREHEREINFRRERAE FoEENER.

2.1.3 FrpMRARRELLET, B, ZFHHE B 1 RRF/NE G FERP,
B, ZEFEPORBMNTYE. B2 hRMEEPH. 8. ZNTUELEFEHMRR
it BB ESE, AR TOEFFRM, R B R FHEEP SRR,
HETYHEMTYRLIETSEERFEEPERAHE ., EERAATBTYENTY R
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Table 2 Path analysis of DMBA, DMAA and output rate of DMBA to grain yield

b HEEA b ERXREEEX =R EEER §5% s i
Path Linear effect Indirect effect by other factor Total effect

FHNHHRER 0. 3615 * FHEHRREE DMAA —0. 0056 0. 7976
DMBA ’ LT 4 B H # Output rate DMBA 0. 4417 :

FUERRE 0. 2962* * FHFRRAE DMBA —0. 0069 0. 2439
DMAA ’ HI T4 F % 1 2 Output rate DMBA —0. 0454 ’

pAIRE D ik 0. 7007 * * FIERRRE DMBA 0. 2279 0. 9094
Qutput rate DMBA : HFiE B EERE DMAA —0.0192 '

* % FRBF 1% BEKF; » » . Significant at the 0. 01 level of probability

SEESEEMHERPRAL AR THREYE, XRABERHER NSRS HEIZ
R, ENEER, EREHB TR -0 EFRUEFHRHETHER
X, RIBRFRFHO0FERNBEISHTETHEE, ZTYWER/D. AT 80~90 F£LHE
HREGHPBERFEMRZETYRSET 2 EZRTHT HH—60 ERUEFHFF, BEEFY
HAGHMY, FHH 5567 kg/hm?, R TYEMN 42.3% . ERBAETYENEZTY R
AEEDEHEELHNAREHEN THRES R FBEFE S 5 H4610kg/hm?
M35.5%, M90FE R FMH AN H FTHEI3533kg/hm?fM22. 1%, EH THWESETY
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2.1.4 #FLAENHMERENRELER HETETEKRAAUHBRERW) 53]
BXAAHBRRERFEHNE (D . BXEUYRREEER ZEHHHEXREL, &R Y=
—0. 6083, Ywr=0.9639"", LA NEAHHRREBENEZVEEHFRADBRBEERFRE, T
ERBEREHHKEXZAEY. X3 EAREHETRFH AN RALOREERDFE
BT EHNBTRF, MEFESHERMETEBTRHERAKR, LSRG FHETH
ERKREEE. WPER 1367 MBE 160 ZEFFILRT 30 KF 15 RFEMLYHBHEETXF] 1. 65 g/
K 108M2.01 g/K 10 kM L, MEE 3 SN 1.26 g/XK « 10 B 1. 48 g/XK » 10 ¥k,
MELEHES B 28. 9% 36.7%.

%3 FEMNSELCHHRRRE
Table 3 The accumulating rate of assimilates before and after anthesis (g/day * 10 plants)

BEFEMHGRE %BE38 /MEeS MElor  Be22s BWFE295 FRKI1376 PR160 Bk 167
Days from anthesis Aifeng 3  Xiaoyan 6 Xiaoyan 107 Shaan 229 Yumai 29 Xinong 1376 Shaan 160 Shaan 167

—30 1.2626 1. 4131 1. 4634 1. 4450 1. 4698 1. 6587 1. 6875 1. 2736
—15 1.4773 1. 6772 1. 7558 1. 6976 1. 7601 2. 0200 2.0192 2.1787
0 1.3284 1. 4981 1. 6001 1.5131 1. 5459 1.7298 1. 7476 1. 9841

10 1, 0270 1.1325 1.2473 1.1473 1.1228 1.1743 1.2314 1.4932
20 0. 5640 0. 5699 0. 6953 0. 5872 0. 4755 0. 3293 0. 4471 0. 7136

2.2 REWMRNBREHRR
2.2.1 2P0 ESBMHBEMRGEAT R X 23 MR 9 MEESEETEE AN
(F O, HAT 6 #HFRITEREEXBT 99.5%, HMFMTF:

4 FEREHEFH

Table 4 The factor analysis of source and sink
TREM R FERT T W R
HF Increase rate of 1000 grain wt. TN DMBA EETYHRRERE
Factor £ EIY Index of source LT 4 BER DMAA accumulation

and sink
Removed leaves Removed spikelets Output rate  Accumulation
1 —0.1693 0.1667 0. 2198 0.3272 0. 9400 0.9139
2 —0. 9486 0. 0464 0. 6448 0. 3434 0.1718 —0.0738
3 —0.0433 0.9292 0. 6344 0. 4208 0. 1469 0. 0524
4 —0. 2147 0. 2421 0. 2972 0, 7562 0.1797 0. 0659
5 —0, 0933 0. 0764 —0. 0097 0. 0430 —0. 0641 0. 9868
6 —0.1220 0. 2051 0.2123 0.1584 0.1698 0. 0725
HF BTFUERER B E &3 KFIE(E BR% RitZBR
Factor Total DM Wt. spike grain Harvest index Eigenvalue Variance Accumulation of var,
1 0. 9097 0. 3489 Q. 2959 5. 2066 57.9 57.9
2 0.1384 0. 3866 0. 1891 1. 2895 14. 3 72.2
3 0.1549 0. 3203 0. 2707 0. 9924 11.0 83.2
4 0. 1889 0.6716 0. 1983 0. 6959 7.7 90. 9
5 0. 2464 0. 1873 0. 1002 0.4724 5.2 ‘ 96. 2
6 0. 1815 0. 3211 0. 8685 0.2984 3.3 99. 5

FIHTFEERROREMNTHRRER. LETHRBRENETHRERR, A&
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FETUREAEF 57. 9%, XRIRF/PERFEUTHRRRBR KA BIHER D LR
BEWMAHBERR, B—HFARAEEET;

F2ETEERBREREREMBEREY. M TRENTHRERI T &R
MER, THRETHRE, RURMHIEERS, MEEHR, NAHMENER, RZNHE
SRR/, 58 2 BF M EEF, HMEROTIREN 14.3%;

BIHTEERREEE/ MRV MBEESEY. ZDBTREEARNRNRAT HF
Peety#y, BWISE 3 B FAFRNAMER T, HMEFHTREN 11.1%;

FARTFEENEMTYRBEHEMBRE, KRT R FEHES, WHRYZHE
T

F 5. 6 BTl RBRERIEE THRRRBMUIREEH.

ELERGRP, F— B2, F=EFRTFHRITERBARIAET 83. 2%, RYXFMEK
INR R FAER R LR 2 R BRIV BRI IR . A IR AR R KD b, £ 5
RAERER LR EFEEFRAHRE

Xinong 1376

WP 3 A1 5 AR IR AY 23 4 b
RHLL 80 ER IR HFRH, B [
BOE1IOMET 0 EREEMUME
B 5 AR, HAR AR AR B T
MR RED), Bt/ R/ NERY -
AN, T AR R e K R e U (36 3k R
AN, EREFEBUN), AR, B E
KRB/, ERMREH N E
HE. MPB—BHE 2~8 FOMRBaxf
WEA, BAIXERDN, ERLERE
FER. BUXE, XP I EBRES
Pl B R R AR B R, S0 L
EREEMREET BRMWEL, B bistance
BRI R EERHEE. )

2. 3, 5 RPEAERAME Fig.iﬂ 3Whi?:i:i;niifnffiume
o, HERRANEIEBA, MAER and sink in Mid-Shaanxi area
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Table § The source and sink characteristics of wheat cultivars in Mid-Shaanxi area

FREHEE ERTTH
*m Increase rate of 1000 grain wt. ???ﬁ‘#f DMBA ?Efr]r ;gm ﬁ;%mgm ?}ﬁg Wtk
ndex o rain
E CER source Wi RRE DAMAA ’;‘otal weight Lk
Type Removed Removed and QOutput  Accumulation accumulation of DM per spike Harvest
leaves spikelets sink rate  (g/20 plant) (2/20 plant) (g/20 plant) (&) index
¢79) % %
1 —9.0 9.5 0. 092 15.2 158.7 39.1 197. 8 0.695 0.328
2 —22.6 7.5 0.151 24.3 181. 2 42.1 223.3 1.099  0.410
3 —32.8 15.0 0.239 24.7 196. 7 42.5 239.2 1.123  0.418
4 —15.4 26.1 0, 208 27.4 217.3 43.2 260. 4 1.500  0.422
5 —27.1 28. 6 0.278 31.6 188. 6 35.5 224.1 1.132  0.445
6 —20. 3 21. 3 0.208 27.7 170.7 43. 6 214. 3 1.102 0.425
7 —21.2 24.8 0. 230 22.3 170.0 43. 6 213.6 1.910 0.427
8 —41.8 14.1 0. 280 23.0 159. 6 42.3 201. 9 1. 005 0. 406

55 6~8 AR S A IHERD , AAXIRHRBUD, FALRLE 8 K 33 (BT EMAM
ST/, M EAENWRAERMHTR. SHREXZXRBEIRARRFHERLER
REEF, FEMTFURRRBRPDRBREEHARZALL, XNFIBAXBERH™FHHEE
FE, ABEMARANKHEASFTREEERAL, BHNEEEEGRAHANRE,
2.2.3 REXMGEAEEMSN BRI 9 MRERFES Y X ~Xe, P23 4
B FIER o MEERSE LM RIS BT RS RME I, BEIRTRE.

Y =— 3721. 2180 + 3676.2245X; + 9. 3847X; + 31. 6305X,; + 524. 5876X,
(R = 0.9557 F>Foo)

A Y=HR™& (ke/hm®); X;=TEEFEEE Xs=HATYHRBAE (g/20 th);
X,=BTHHRRRR (/20 ) ; Xe=THE(g/#).,

[B] U3 2 R 3R B 8t — 2 $ 180 0% R /N 22 A R 7 B O S OROR Xt B IR 4 O RO B R
WA, LHREMERMAEXNFERXRE. MUEE—CBE LRBTEHK/D, HXE
— M EEEFHESY, RERNMET. WREHES, WRFKERN., EBXONFZTE
Ak, MAEIATERY, ERENRN, CEHETHEF TSR,

3 itig

— AN FRRL B R R IE T F LG Br & gy Rk =4y, EE/NERFH=EK
BPRAMEEFEEFLE/NERAHHBREEASGE. AW, IEEEENAREEFT, F
ERFREANRAYDRIFE-BERREBREBE ER 2 P, 2B RRE, EXRPHXHY
M Eg, FEMEYENREN SAYEFBNRERREETEEEM, MHAFER
T TETHRAYRZZEFRPHRBOARNK, Pl T YRS Rl & #
WEFR A 12% EHAR BT RFHA 0UES, MEFRFHTER 1376 EEEF 37. 6%

%, EXPHE, BERNEHEENERKY, FEBERFREBHL, FLEDRE
HE, FRFHERTERASMHATENESERTERRBN T ‘G REEREEDE™
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BEMRFBROFRTRZ —. CHEEMHRIRERY, NERKEFERICEY R H#E
O EFEEBENREERY, BREMERYRFZEN EWRERRBEIIENEE
FLEEHER.

XPUNEGMWBRESHEERRMREEZR, AEERAEFERRLE., Bl &
BRI, ARRHIE /D, IGRIEARA R B — SRR BRI, BEERE
W, AT RMEEREARD EFEE -ENER, NEREMENEM LY KRS, HF
XK X E R A KRS R BRREHERBK, EEEED, HHREMREENMREEER
B2, XGRAEMAE XD, HEFXE T RIPEIMRFR, IR RERRE
JLE &
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