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Influence of Out-crossing Rate on Seed Quality in Sterile Soybean Lines and
Regulating Ways

ZHAO Xin, PENG Bao, ZHANG Jing-yong, YAN Hao, ZHANG Chun-bao, ZHAO Li-mei

( Soybean Research Institute of Jilin Academy of Agriculture Sciences/National Engineering Research Center of Soybean, Changchun 130033, China)

Abstract: To investigate the reason of no fallen leave and high shrinking seeds proportion in some sterile lines in soybean,
sterile lines with low, middle and high out-crossing rate and its maintainer lines were used from 2015 to 2016 to analyze the
traits of sink-source characteristics, rule of shrinking seeds appearance and effectiveness of different regulating ways. The re-
sults showed that leaf SPAD value in sterile lines with low and middle out-crossing rate declined obviously slowly than its main-
tainer lines, however, the trends was convergence between high out-crossing rate sterile and its maintainer line. The elements
of N, P, K in vegetative organs in high out-crossing rate sterile line could be moved faster and thoroughly to seeds. High pro-
portion of shrinking seeds lower germinate force and rate apparently, but the effectiveness by changing harvest time was limit-
ed, on the contrary, harvesting too early went against development of seeds. Cutting leave and rarely planting could enhance
out-crossing rate and lower proportion of shrinking seeds effectively. Therefore, low out-crossing rate was the direct reason of
no fallen leave during mature stage and high proportion shrinking seeds in some sterile lines, through cutting leave and rarely
plant to enhance out-crossing rate was effective way to improve those problems.

Keywords: Out-crossing rate; Sterile line; Shrinking seed; Source-Sink relationship; Regulating ways
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Table 1 Concentrations of N, P and K in each organ in soybean sterile lines
with different out-crossing rate on main reproductive stage (%)
A B ENEER N AEFR A2 ENEEE
Growth A Sterile line Al Sterile line A2 Sterile line A3

Organ

stage N P, 0, K,0 N P,0, K,0 N P, 05 K,0

RS M5 Leaf 4.12 0.28 1. 86 4.11 0.34 2.33 4.28 0.29 2.17

-4 Petiole 1.39 0.23 3.33 1.45 0.26 3.21 1.39 0.21 3.87

ZXFF Stem 1.34 0.19 2.11 1.39 0.37 1.76 1.75 0.23 2.65

S Pod wall 1.33 0.37 2.88 1.47 0.25 3.13 1.33 0.35 3.68

FHE Seed 4.77 0.42 2.26 4.11 0. 66 2.93 4.87 0.53 3.43

R7 M- F Leaf 3.17 0.24 1.31 2.23 0.33 1.19 1.71 0.13 1.03

IH-# Petiole 1.17 0.18 2.25 0. 81 0.18 1.97 0. 81 0.11 1.22

ZXFF Stem 1.27 0.18 1.45 0.61 0.22 1. 41 0.37 0.07 0.85

JE [z Pod wall 1. 68 0.19 3.47 1.28 0.32 3.11 0. 86 0.12 5.36

FFRL Seed 5. 68 0. 47 1.69 5.27 0.49 1. 89 5.41 0.49 1.77
F P B AR ME

Data in table is average value of two years.
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Table 2 Percentage of distribution of N, P and K element in each organ of soybean sterile lines

with different out-crossing rate at main growth stage (%)
A B . ENEER N AEFR A2 REFR A3
Growth ' Sterile line Al Sterile line A2 Sterile line A3

Organ

stage N P, 0, K,0 N P,0, K,0 N P, 05 K,0

RS M F Leaf 56.9 41.0 38.7 58.2 36.0 32.1 59.3 36.8 30.1

-4 Petiole 11.1 16.7 25.1 14.8 20. 1 28.9 10.9 15.1 24.2

ZXFF Stem 26. 1 33.1 27.8 21.4 36.1 28.6 23.3 37.3 33.1

e Hz Pod wall 4.2 8.1 7.7 4.4 5.7 9.1 5.3 9.1 11.7

L Seed 1.7 1.1 0.7 1.2 2.1 1.3 1.2 1.7 0.9

R7 M5 Leaf 27.4 21.3 27.8 30.3 31.7 24.8 20. 1 13.4 17.5

4% Petiole 13.1 12.8 14.2 7.9 7.1 22.5 5.2 7.7 12. 4

ZXFF Stem 27.1 40. 4 36.6 14. 8 24.4 28.2 5.6 7.1 18.7

JEfz Pod wall 5.3 5.7 9.7 3.9 9.1 13. 1 3.8 4.7 10.7

FFRL Seed 27.1 19.8 11.7 43.1 27.7 18.3 65.3 67.1 40.7
TP B R AT

Data in table is average of two years.
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Table 3  Status of distribution of N, P and K element in vegetative organs from R5 to R7 stage

JLHE CES R Bt bt et
Element Sterile line Distribution speed Distribution amount Distribution percentage
/(g-plant='-d=1) /(g-plant™') /%

N Al 2.1¢ 95.4 d 40.3 e
A2 4.1 a 180.7 ab 53.1¢

A3 4.7 a 196.3 a 63.8 b

P, 04 Al 0.3d 26.4 f 25.7 f
A2 0.5d 18.4 ¢ 40.2 e

A3 0.6d 21.3 e 70.7 a

K,0 Al 2.3c¢ 93.8 d 40.8 e
A2 3.7b 149.9 ¢ 42.7d

A3 4.3 ab 173.3 b 49.3 ¢

[R— B G AR R/NE 43R 76 0. 05 AKF F 2R B2 T,

Different lowercase in the same column mean significant difference at 0. 05 level. The same below.

2.2 AEARXRZEZRXEAERZMFRERPE  45F 709 LIS 8% & T R B F &R BR R7
Kk WIS, B S RAE &R A3 440 BT B9 L1 42 0
WAL XA FCR KR EA T Rt KRR R R BIRARAY Ko i i W] 57 52 45 58
BI(FR4) MHral J, AE R ALA2 T A3 (5 sg SRR M1 1 FU B B0 A9 52 o DAAS TR WAg 3k
gESR 2 B 3, AR A 35.1% 63.7% BRI Fh AU , RT JISHiRh 1 B0 4 4 L 451
F179.3% o i RFER AT LB, & WG, kB T 21% 25% F1 34% , Ui A i Ik

AL 2% sivh AR AT R (AL R A2) (4% ARFh T A REE 2 R 454 R el o fE A

x4 WPRABHNARRZEZRELRE RFHEFF LGRS0 (2015 &)
Table 4 Influence of various harvest time on shrinking seeds proportion of soybean

sterile lines with different out-crossing rate (2015)

PRREE SR SR TR LA SRR
Pods number Proportion of shrinking seeds/% Outcrossing rate
per plant R7 RS RS +5 d RS +10 d /%
AREH F& Al Sterile line Al 27 21 ¢ 17 b 10 b 13 b 35.1
‘¥5f 22 Bl Maintainer line Bl 77 1 1c c c
T2 Bl 1 d 2 2
KREH % A2 Sterile line A2 58 25 b 41 a 27 a 39 a 63.7
1548 & B2 Maintainer line B2 91 1d 1lec 2c¢ 2¢
KRE % A3 Sterile line A3 88 34 a 2c¢ 3¢ 2c¢ 79.3
{4+ & B3 Maintainer line B3 111 1d 1ec 2 ¢ 1c

XA F R R T T R R I, SR AR BT 2 RN K 2R AR R R A —
TRIFRMEZFF (RS WANT Al AL, AT R B HITRERERAT R A2 5K ZF R 2
PR FHME F R IR T HEE R R, B BERTII2 IAETR EEERS WBIEEE. 5
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Table 5 Influence of various harvest time on seed germination potential and germination

rate of soybean sterile and maintainer lines (%)
B &% 2 Germination force % %% Germination rate
Material R7 RS RS +5 d RS +10 d R7 RS RS +5 d RS +10 d

Al 38 ¢ 42 ¢ 3l e 33d 70 b 88 ¢ 80 d 81 ¢
Bl 43 b 48 b 43 b 40 ¢ 97 a 92 b 93 be 9% a
A2 38 ¢ 41 ¢ 36 d 40 ¢ 57 e 69 d 69 e 73 d
B2 47 a 47 b 39 ¢ 46 b 68 ¢ 93 ab 91 ¢ 90 b
A3 37 ¢ 47 b 43 b 45 b 65 d 93 ab 94 b 95 a
B3 47 a 57 a 51 a 49 a 69 be 95 a 99 a 95 a

T A X B R AR AL B R AN AR SR AR
AR R FL B S (R 6) 3B n R, B -4k 2
b (B LA = S AU Y 2 /N ) AR A (4

*6

IR 2 BRIBCAEEIC L R B R F RS TR R
HAR AL R A2 /95 58, JFREAR T 448 M 1 /Y
el

HHMNBELENKERETRFZRMBHEMNFLGIAIRMm (2016 &)

Table 6 Influence of treatments of cutting leave and rarely planting on outcrossing rate

of soybean sterile lines and proportion of shrinking seeds

SALEE LA L EpL Al
s Out-crossing rate/ % Proportion of shrinking seeds/%
Treatment
Al A2 A3 Al A2 A3

X7 CK 31.6 b 64.9 ¢ 76.1b 8.1b 44.9 a I.1a

a 32.9b 69.1b 77.9 b 11.2 a 36.7 b 0.9 a

b 39.7 a 74.5 a 83.2a 3.1c¢ 17.14d 0.9a

i Rarely planting 38.1a 75.3 a 82.7 a 5.4 ¢ 24.2 ¢ 1.0 a

HiR 5itiE

ABFFELS R UL 5252 R R G A F R B
RSN 2 . PR ASRBAT &R, A D IR
Z , RKEH)EFRY) IO 56 7%, & 2R AT 1 i b
MO SO A B RN o T g 5 52 38 DU g 8 3%
PR PR 5 IR0 R R R A IR R
Mo BFPRL, A BT AT R GIIE & 2Rt &
AR A RAF O B I K TR S R
REAS 1 25 520 Bl 1 BRI B, X SERERE AR S
ABFFERSSIEAH—EL

KTATE RGN T 07 A, AT 45
RUHX—HREAT R LRFH A FEVI LR
SRR AN T FR AT LR (R 5) o
FHH, A A E R T/ H AR 2 s TR
TUPRAF 2, U AN 1 5 DA A B S 4 4 ol 9 77 Al

ARBELW, ETARE R T 77 LB
LA Rt — 20158 . H T, A8 Fh 145 46 19 E
AL AT 23 R P — 22 th W A A i
AH LD 5 R AP 35 35 1053 1 A RS 2 1, L
Uk sh2 AR AURIIT wril AR 4 5
—RNE R Fp ¥ B B Re T T RS R R &
RS2 B, Hn K Miniaturel €38R LK K
% seg RAPIRI Al T4 4 Fh T LA R v AL R
HEAE RS RIA T R, R = R RN AR A
AR E TAE 2k,

TERRT- P 4y B 07 1, 2% 0F A AT AR F T
t BUNEANE B Fh T 45 45 0] JBLS 48 R 30 Fh 1
N o JER T 0 6 PERE S PR = R AR R A
R . BEOEZE Fgg e LR RS A8 A A 5
ARPRETEE 53 A A A B, A e 5 AR R S5
WEA AT G A TR ol 19 15 0 G P 305 2 Sl (IR, 0



492 N

4

TREMEE B (0 7 1) ) 13 0 U 2 e v X
LRV ZR SR BT R A1 00 AR A
ARE SN ¢, 0F BN T S IR 45 4 b 1
A FE P AV A RE 2L

Toft K S AR b AU BR3P 4, AR Bt
SEHNERACHE S 24 E, I 52 2 A SRR
EAIAT I} A R & i BN V23 AL R
SMILAR T, 30 23 8 3 AR 1 R 2R R ML 2 8 AR
T 308 2o AP AR P 30 I 1K 4 20 ok LU A9 P8R 9
AN, aod BRSO S T AN M) b1 S 2 SRR A 2
i o 25 FIR A I B 25 SR R I, R AR
A RS Tl LU A BUE S

TERL 2RSSR AN E R BC 4145 i, w3 A
vy of 7 S R — B — e AR BRI S
HEW T AR A —E o i G B2 sl
LT R o 3 o e, 1 e A A, AN AR
AT LA AR SR AR T R IAE SR 3 vl B A
BIIANTE It AR o L A9 O g ) TR, DA T A 5
HUR| P20 i AH 5 52 45 SR AR 1 AN AR 32
BEAFIZEAT

S 30k

(1] Bmify, Fhee, TOEMY, 4. RERZFALTE 1 SHE MR
[J]. P EEEY 24,2004 ,26 (3) :15-17. (Zhao L M, Sun
H, Wang S M, et al. Breeding of hybrid soybean Hybrid 1 [J].
Chinese Journal of Oil Crop Sciences, 2004, 26(3) : 15-17.)

(2] kA, Bk, 00T, 55 . Ze R FRIE S LA S 7 21
FKR[T]. KER2£,2014, 33(3) :347-352. (Zhang W, Qiu Q,
Zhao J, et al. Relationship between root morphological characters
and yield of hybrid soybeans[J]. Soybean Science, 2014, 33
(3):347-352.)

(3] okfla, B0, bR, 45 . Fese RS A A A KW )2 A 3 0 7
FIRARAE T]. YEW 24,2013, 39 (12) :2192-2200. ( Zhang
W, Zhao J, Qiu Q, et al. Canopy physiology and characteristics of
yield components during reproductive stage in soybean hybrids
[J]. Acta Agronomica Sinica, 2013, 39(12) ; 2192-2200. )

(4] &AW, 348,907, 5% . ROAFE S 32 & ik g
SEMEMTLI]. e, 2001,17(2) :27-29. (Wang Z
X, Guo T, Su N, et al. Selection of high-superiority cross combi-
nation for soybean heterosis and its stability analysis [ J]. Chinese
Agricultural Science Bulletin, 2001, 17(2); 27-29. )

[5] =, Bt BB, & . &7 RS KREHmMELE2 S
TIREARLT]. KEGRHE,2008(4) :46-47. (Peng B, Zhao L M,
Wang S M, et al. High production hybrid soybean new variety
Hyb-Soy 2 and hybrid seed production technology [ J]. Soybean
Science & Technology, 2008 (4) : 4647. )

(6] [EIGEME, BRsR , 1 —N9, 45 . e se RS - FiAE 7 =X 8% & PR
WRESHBITELT]. MO RE#,2007,32(5) :3-8. (Yan X
Y, Qiu Q, Shi Y M, et al. Study on high yield planting hybrid

soybean and reasonable population structure [ J]. Journal of Jilin

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Agricultural Sciences, 2007, 32(5) :3-8.)

£\ Y e U I N R 7 e DR ER e v I
= R EY) 27 4%, 2003 ,25 (1) :92-100. (Sun H, Zhao L M,
Wang S M, et al. A review of the utilization of heterosis in soy-
bean [ J]. Chinese Journal of Oil Crop Science, 2003, 25(1) .
92-100. )

EEU- LTS - 9 o E i A SN 3 N B e
FHBFFEHE e 5 R AR BT [ ] K G RE2,2009,28 (6) - 1089-
1102. (Wang S M, Sun H, Zhao L M, et al. Progress and prob-
lem analysis on soybean male sterility and heterosis exploitation in
China[ J]. Soybean Science, 2009, 28(6) ; 1089-1102. )
BOLEE . EA: AR P 4 LR K Bt i 9e [ D]
2R A& 4k K 2#%,2010:36-70. (Cui G J. Research on for-
mation mechanism and genetic analysis of wrinkled seed of mutant
in peanut (Arachs hypogaea 1. ) [ D]. Shandong: Shandong Ag-
ricultural University, 2010 36-70. )

Nicole F, Christoph B. Wrinkledl: A novel, low-seed-oil mutant
of Arabidopsis with a deficiency in the seed-specific regulation of
carbohydrate metabolism [ J ]. Plant Physiology, 1998, 118;
91-101.

Monica V C, Enrique M F, Rafael G. Lipid characterization of a
winkled sunflower mutant [ J ]. Phytochemistry, 2008, 69:
684-691.

Cheng W H, Taliercio E W, Chourey P S. The miniaturel seed lo-
cus of maize encodes a cell wall invertase required for normal de-
velopment of endosperm and maternal cells in the pedice [ J]. The
Plant Cell, 1996, 8. 971-983.

ZEIETE, AL, KT, A NET BURMEAT R L H A
7 S 4 S BF T (], PEAL AR K72 4, 1987, 15
(2):19. (LiZ D, Wang CS, Yang T Z, et al. Studies of shriv-
eled seeds of male-sterile lines and their hybrids with 7. timopheevi
cytoplasm in wheat[ J]. Journal of Northwest Sci-Tech University
of Agriculture and Forestry, 1987, 15(2): 1-9.)

Tsai C Y, Larkins B A, Glover D V. Interaction of the Opaque-2
gene with starch forming mutant genes on the synthesis of zero in
maize endosperm[ J]. Biochemistry Genetic, 1978, 16 883-896.
Hedley C L, Smith C M, Ambrose M J, et al. An analysis of seed
development in Pisum sativum II. The effect of the r locus on the
growth and development of the seed[ J]. Annals of botany, 1986,
58 371-379.

ZEAE, KT . AU RGBTSR Jr JE R S Y
[J]. KRERFE,1997,16(4): 343-347. (Peng Y H, Hu S X.
Study on shriveled seeds of soybean developed in northern & grown
in southern area[ J|. Soybean Science, 1997, 16(4) ; 343-347. )
AU, AU . MU R X R E AR F AR [T
KRG RI#,2009,28 (4) :736-739. (Zhao H M, Zheng H B. Re-
search advance on physiological changes respond to a literation of
source-sink relationship in soybean[ J]. Soybean Science, 2009,
28(4): 736-739. )

BED I EIP 1117 7F S O S oY - £ S N PO N R
KL= FI BT [T]. RERF,1999,18(3) :234-241.
(Wang G H, Liu X B, Yang S P, et al. Changes of sink-source
relationship during reproductive stage on yield and quality of soy-

bean seeds[ J]. Soybean Science, 1999, 18(3) . 234-241. )
BHY . BURRRECREN KRG E S MR m D], Ak



4 34

B RICRXREAT R AT B R R SR Tk

493

[20]

[21]

[22]

[23]

[24]

[25]

FMAO K 27,2005 4546. (Guan C Y. Effects of changing
source-sink relationship on yield and quality in soybean[ D]. Ji-
lin; Jilin Agricultural University, 2005 4546. )

R IREEE, 9507 . RE R Ut & R 2 YR
BONELT]. P IEHORE B 2 4, 1998,20 (1) :51-56. (Fu T M,
Zhang K L, Su F. Photosynthesis rate and source-sink manipula-
tion effects on podding characteristic in soybean[ J]. Chinese Jour-
nal of Oil Crop Sciences, 1998, 20(1) : 51-56. )

BEI% . R AR SRR (A 3 Hr Va2 1 B8 10 A R PR R R R
REEBBFFID]. AR ARl K2%,2013:2341. (Luo B.
Research in regulation of physiological factors and related genes for
kernel plumpness with the peanut mutant[ J]. Shandong: Shan-
dong Agricultural University,2013:2341. )

Miron D, Schaffer A A. Sucrose phosphate synthase, sucrose syn-
thase, and invertase activities in developing fruit of Lycopersicon es-
culentum Mill. and the sucrose accumulating Lycopersicon hirsutum
Humb. and Bonpl[J]. Plant Physiology, 1991, 95. 623-627.
Zrenner R, Salanoubat M, Willmitzer L, et al. Evidence of the
crucial role of sucrose synthase for sink strength using transgenic
potato plants ( Solanum tuberosum L. ) [J]. The Plant Journal,
1995, 7(1): 97-107.

Golombek S, Rolletschek H, Wobus U, et al. Control of storage
protein accumulation during legume seed development[ J]. Journal
of Plant Physiology, 2001, 158 . 457-464.

Weber H, Borisjuk L, Heim U, et al. Seed coat-associated invert-

[26]

[27]

[28]

[29]

[30]

[31]

[32]

ases of fava bean control both unloading and storage functions:
Cloning of ¢DNAs and cell type-specific expression [ J ]. Plant
Cell, 1995, 7. 1835-1846.

Barratt D H P, Pullen A. Control of seed protein accumulation in
field bean[ J]. Annals of Botany, 1984, 54. 31-38.

Farrar J, Pollock C, Gallagher J. Sucrose and the integration of
metabolism in vascular plants[ J]. Plant Science, 2000, 154(1) ;
1-11.

Weber H, Borisjuk L, Wobus U. Sugar import and metabolism
during seed development[ J]. Trends in Plant Science, 1997, 2
(5):169-174.

Weber H, Borisjuk L, Wobus U. Controlling seed development
and seed size in Vicia faba: A role for seed coat-associated inverta-
ses and carbohydrate state [ J ]. Plant Journal, 1996, 10:
823-834.

Laughnan J R. The effect of the sh2 factor on carbohydrate re-
serves in the mature endosperm of maize[ J]. Genetics, 1953,
38 485-499.

Cheng W, Taliercio E W, Chourey P S. The miniaturel seed locus
of maize encodes a cell wall Invertase required for normal develop-
ment of endosperm and maternal cells in the pedice[ J]. The Plant
Cell, 1996, 8, 971-983.

Felker F C, Peterson D M, Nelson O E. Anatomy of immature

grains of eight maternal effect shrunken endosperm barley mutants

[J]. American Journal of Botany, 1985, 72(2) . 248-256.



