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Assessment of Competitive Ability for a Salinization Resistence Transgenic Soy-
beans Line
LIU Qi',XIA Shan-yong',LIU Zhao Jun',TAN Wei-wei', LIU Xin-lei’, WU Bin',LI Xi-chen'

(1. Biotechnology Research Institute of Heilongjiang Academy of Agricultural Sciences/Key Laboratory of Crop and Livestock Molecular Breeding of Hei-

longjiang, Harbin 150086, China; 2. Soybean Research Institute of Heilongjiang Academy of Agricultural Sciences, Harbin 150086, China)

Abstract; In this study, in order to evaluate the survival ability of BADH salt-tolerant transgenic soybean (SRTS) in saline-
alkali environment, some indicators such as the competition ability ( number of seedling, number of compound leaf, plant
height) , volunteer possibility, seed shattering and reproduction ability ( growth period and yield) , were analyzed between
SRTS, recipient variety and conventional soybean ‘Kangxianwang’ in saline-alkali land of Anda city. All kinds of soybeans
were respectively planted 2 times in appropriate and not appropriate seasons. The results showed that in appropriate season,
the competition ability of ‘ SRTS’ was similar with ‘ Kangxianwang’ , but that of recipient variety was less than ‘ SRTS’ and
‘ Kangxianwang’. In unfavorable season, the competition ability was not significantly difference between three varieties. Be-
sides the SRTS viability of seed shattering and volunteering ability was obviously weaker. In appropriate season, SRTS repro-
duction ability was the best, the next was ‘ Kangxianwang’ , the weakest was recipient variety, and in unfavorable season the
reproduction ability were similar between the three varieties. Therefore this showed that SRTS was fit for planting on saline-al-
kali soil. Comprehensive analysis of the above indicators, the results indicated that * SRTS’ surviving competition and adap-
tive ability were not stronger than non-transgenic plants due to import exogenous gene, and it had the lowest potential weedi-
ness.

Keywords : Salinization resistance transgenic soybean; Surviving competition ability; Reproduction ability
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Table 1 Germination rate of different varieties of soybean under different planting density in 2009 and 2010 (%)
S FR r i #%1Y] Planting date/ ( year - month - day)
Variety Density 2009.5.11  2009.5.26  2009.7.2  2009.8.10 2010.5.13  2010.5.27  2010.7.4 2010.8.9
SRTS IS 94.87 £0.40 94.67 £0.42 92.47 +0.25 87.20 £0.30 94.60 +£0.26 93.93 +0.15 93.27 £0.42 91.20 +0.79
Low bA abAB aA abAB abAB abcAB abA aA
i 94.83 £0.60 95.03 £0.51 92.57 +0.55 87.57 £0.71 94.60 0. 66 93.90 +0.75 93.57 £0.65 91.47 +0. 68
Middle bA aA aA aA abAB abcAB aA aA
=2 95.13 £0.15 95.23 +0. 15 92.33 £0.25 86.80 +0.40 94.00 +£0.36 93.87 +1.12 93.30 £0.46 91.37 +0.45
High abA aA aA abAB beBC abcAB abA aA
Mg 35 1% 93.67 £0.50 93.37 £0.25 90.50 +£0. 10 86.40 +0.26 93.43 +£0.31 93.23 +0.57 92.90 £0.66 91.70 +1. 10
Heinong 35 Low cB cC bB bB cC bcAB abA aA
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gkl
SRR 9 iy 1% Planting date/ ( year+month - day)
Variety Density 2009.5. 11  2009.5.26 2009.7.2 2009.8.10 2010.5.13  2010.5.27 2010.7.4 2010.8.9
i 93.77 £0.35 93.77 £0.45 90.53 £0.21 86.80 +0.30 93.37 £0.45 93.00 +£0.53 92.33 £0.93 91.23 +0.76
Middle cB c¢BC bB abAB cC cB bA aA
= 93.87 £0.25 94.00 £0.44 90.83 £0.31 86.67 +0.15 92.47 +0.31 92.90 £0.36 92.17 £1.56 91.27 +0.42
High cB beBC bB bAB dD cB bA aA
MLFE & 94.83 £0.40 94.53 +0.61 92.20 £0.26 86.93 +0.67 95.27 £0.40 94.67 +0.50 93.57 £0.78 92.30 +0. 40
Kangxian- Low bA abAB aA abAB aA aA aA aA
wang i 95.07 £0.15 95.07 £0.35 92.30 £0. 17 87.60 +0.46 94.90 +0.30 94.20 +0.26 93.77 £0.47 91.73 £0.49
Middle abA aA aA aA aAB abAB aA aA
= 95.63 £0.25 95.27 £0.25 92.13 £0.15 86.53 +0.35 94.77 £0.35 93.90 +0.26 92.97 £0.40 91.67 +0. 81
High aA aA aA bAB aAB abcAB abA aA

[R50 B J AN R R /INE FRE 53 3 327 48 0. 01 110 05 K225+ B3, T Il

Values followed by different capital and lowercase letters are significant at 0. 01 and 0. 05 probability level, respectively, the same below.
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Table 2 The leaf number of different varieties of soybean under different planting density in 2009 and 2010

L Rh ol %14 Planting date/ ( year+ month « day)
Variety Density 2009.5.11  2009.5.26 2009.7.2 2009.8.10  2010.5.13  2010.5.27 2010.7.4 2010.8.9
SRTS 1% 4.72£0.41 4.74£0.41 4.28+0.16 3.58+0.38 4.84+0.42 4.60=+0.55 4.54+0.42 3.80=+0.19
Low abA abA aA aA abA abABC aA abcA
i 4.66 £0.38 4.88 +0.32 4.32+0.19 3.78+0.40 4.92+0.38 4.80+0.84 4.58+0.43 4.00+0.27
Middle abA aA aA aA abA aA aA aA
= 4.76 £0.34 4.72 +£0.34 4.30+0.10 3.62+0.29 4.86+0.34 4.00=x0.14 4.52+0.36 3.94+0.24
High abA abA aA aA abA bcABC aA abcA
35 s 4.42£0.42 4.40+0.19 4.26+0.24 3.64+0.38 4.56+0.47 4.20+0.45 4.48+£0.42 3.96+0.27
Heinong 35 Low bA bcAB aA aA bA abcABC aA abA
i 4.52£0.24 4.58£0.23 4.32+0.18 3.74+0.40 4.76 +0.40 4.40+0.55 4.66+0.40 3.66 +0.47
Middle abA abAB aA aA abA abcABC aA cA
= 4.40£0.41 4.08+0.24 4.12+0.13 3.60+0.23 4.56+0.21 3.80+0.45 4.76+0.40 3.70+0.53
High bA cB aA aA bA cC aA bcA
HLE % 5.02+0.54 4.74+0.26 4.24+0.11 3.82+0.38 5.14+0.44 4.60+0.55 4.64+0.42 3.96+0.34
Kangxian- Low aA abA aA aA aA abABC aA abA
wang i 4.82+0.42 4.74£0.29 4.36+0.27 3.96+0.29 4.92+0.30 4.80+0.45 4.70+0.38 3.76+0.74
Middle abA abA aA aA abA aAB aA abcA
= 4.64£0.38 4.60+0.25 4.30+0.16 3.76+0.27 4.82+0.19 4.00+0.07 4.48£0.43 3.66 +0. 67
High abA abAB aA aA abA becABC aA abcA
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Table 3 Plant height of different varieties of soybean under different planting density in 2009 and 2010 (cm)

Rl 25 pE H#%1Y] Planting date/ ( year month - day)
Variety Density 2009.5.11  2009.5.26 2009.7.2 2009.8.10  2010.5.13  2010.5.27 2010.7.4 2010.8.9
SRTS i 36.14 £0.59 32.48 £0.37 25.18 £0.59 19.74 +0.95 29.62 +0.40 25.12 +0.44 22.56 +0.26 19.52 +0.87
Low cdBC dC cB cA dB aA cdC bA
rh 36.46 £0.54 33.02 +0.32 26.58 +0.54 20.88 +0.44 31.36 £0.45 24.98 +0.79 23.00 +0.42 20.52 +0. 56
Middle bedBC cdBC aA abcA cA abA cC abA
= 36.88 £0.32 33.28 +0.59 26.50 +0.38 21.18 +0.90 32.32 +£0.92 23.94 +0.63 26.12 +0.50 20.58 +1.25
High bAB beBC aA abA abA aA aA abA
Mg 35 5% 34.24 £0.18 29.36 +0.67 25.12+0.61 19.62 +1.15 26.72 £0.43 23.08 0. 61 22.70 £0.19 19.42 +0. 69
Heinong 35 Low D {E cB cA D cdABC cdC bA
rh 34.50 £0.67 30.12 +0.40 25.54 +0.71 20.62 +0.93 27.04 £0.47 22.74 £0.47 22.46 +0.32 19.90 +0. 66
Middle efD eDE bcAB abcA D eC dC abA
= 34.98 £0.41 30.38 +0.38 26.12 +0.47 20.70 +1.17 28.38 £0.61 22.76 +0. 84 25.04 £0.40 20.22 +0.82
High eD eD abAB abcA eC eC bB abA
MLT 1% 35.90 £0.47 33.44 +0.51 25.14 +0.42 19.80 +1.01 30.06 £0.92 24.20 +0.46 22.92 +0.37 19.56 +0.77
Kangxian- Low dC bcAB cB bcA dB abcAB cdC bA
wang e 36.80 £0.25 33.80 +0.51 25.78 +0.68 20.90 +1.00 31.52 +1.01 24.56 +0.75 22.84 +0.34 20.76 +0. 64
Middle beBC abAB abcAB abcA bcA abcA cdC aA
= 37.74 £0.74 34.20+0.49 26.44 £0.72 21.24 +0.88 32.48 £1.16 24.08 +0.83 25.88 +0.26 20.98 +0.44
High aA aA aA aA aA bcAB aA aA
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Table 4 The seed shattering of different varieties

of soybean under different planting density

A %1 Planting date/ ( year* month « day)
Variety 2009.5.11 2009.5.26 2009.7.2 2009.8.10
SRTS 2.2 aA 2.1 aA 2.0 aA 2.0 aA
A 4% 35 Heinong 35 2.8 aA 2.6 aA 2.6 aA 2.3 aA
ik E
2.9 aA 2.3 aA 2.1 aA 2.1 aA

Kangxianwang
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Table 5 The growth period of different varieties of soybean in 2009 and 2010
AR A 3% Planting date/ ( year+month - day)
Variety Growth stage 2009.5.11 2009.5.26 2009.7.2 2009.8.10 2010.5.13 2010.5.27 2010.7.4  2010.8.9
SRTS fi A
7.13 7.18 8.4 9.6 7.1 7.6 8.2 9.7
Early flowering period
AL
7.28 8.1 8.19 9.18 7.15 7.20 8.15 9.17
Blooming period
9.25 9.28 - - 9.20 9.25 - -
Mature period
BA 35 RAE
7.10 7.14 8.5 9.7 7.3 7.7 8.4 9.4
Heinong 35 Early flowering period
REAE
7.24 7.29 8.21 9.20 7.17 7.21 8.17 9.16
Blooming period
9.23 9.25 - - 9.18 9.23 - -
Mature period
LT UL
7. 10 7.15 8.5 9.7 7.4 7.7 8.5 9.3
Kangxianwang Early flowering period
AL
7.26 7.30 8.20 9.20 7.17 7.22 8.17 9.16
Blooming period
A
9.25 9.27 - - 9.17 9.23 - -
Mature period
&6 2009 #02010 ERRKRERMF=E
Table 6 The harvest of different varieties of soybean in 2009 and 2010 (g'm™?)
S BRI %11 Planting date/ ( year - month - day)
Variety Density 2009. 5. 11 2009. 5. 26 2010.5. 13 2010.5.27
SRTS & Low 121. 67 +4.04 dD 119.33 +2.12 eE 116. 33 +6.03 eC 115.33 +4.51 eD
rh Middle 188.33 +5.86 aA 186.00 £6.36 aA 186. 67 +£8.74 aA 186.33 +8.39 aA
= High 136.67 £9.07 cC 135.33 £7.78 dD 157.0 +£4.00 cB 155.67 £7. 64 cBC
Mg 35 & Low 74.67 +£3.06 oG 74.67 £2.83 oG 86.67 £2.52 gD 86.00 £7.00 hE
Heinong 35 rf Middle 110. 33 +4.51 eE 114.67 £3.54 ¢E 113.33 +4.04 eC 112.67 £3.51 efD
= High 90.33 +2.08 {F 94.00 +2. 83 {F 103.67 +7.23 {C 100. 67 £7.09 gD
gk T {f% Low 98.33 +3.51 {F 99.00 +2. 83 {F 104.33 +£2.52 {C 103. 00 £2. 65 fgD
Kangxianwang h Middle 162.33 +3.51 bB 159.33 +£4.95 bB 175.00 +£3. 61 bA 169.33 +2.52 bB
= High 138.67 +£2.52 cC 147.00 +2. 12 ¢C 144.33 +5.51 dB 143.67 £3.79 dC

2.4 HRERXEEZEK HiRiEmMERBES
HELLE
H1TF 3 AR RIACR A2, il JEA
TEP A TR R BUA R AY A AR . L] SRT
MYTHGE AL O B A O AT R AR Al R
KRG IENILIELLRE S I BoA UL

3 Zit5itie

TEARIR) BR5E 25 8, A AR R Fe v, 52 4 e )

Si , 5 S AT S o 3 A A S T I RERS AR RN Bl AR
AR R E I SRTS fE R — A4 K
PRI B RS R bR R AR O, O 5 2 MR A
Fol 0 25 MR B i R LA, PP R R BAT B SR A 2R
Foagre S . ALEAE R LW fE1E B F 1Y SRTS

A
i i
B/,

H
S
i

> 1l R B SRR TSR S G PR AR AL, 1T A7 A D
PESS T 38 AREH T 3 DAL, X — 45 14T
B T A e SR PR R O R 24 s R A B S 1
IR SEPR . 24 FRRHS F AR R 75 2 0 N8
PR WSO A8 A it AR T s 2 T 0, 5 e i
FEIVEP e 15 76 2B A7 PR Pl i A AR TR ) A AT
o 2N W R IR 2 5 B e B A ) i s
T ARG A S R G IS R R IR OK R S Y
SIRGE SIS S B NTR % A 6 1 07 N - S € RE o
B A DR AT 2% R A i XUS: o 7 25 PR A ) 38 ok
R TR T B A 07 2 VIR R A s, AT g
PE L AR ) i) BB RE T, R i R AE AN IS BT
FERDBIVEY) , a0 2R 68 7E 5 B () P 46 45 2R 58 i H:
AT, SO A A A S L3 AR I S b 3 A4



376 PN 3
ST SRR T B SR AR R AR IE R, R AESE (8] BN, RN, T SR R IB  E PR EAR 1E

I H AR 3 S DR A A A A

MIELEPIAE KR R B SRTS 7E32 41 L [
AR TR S R ) AT T AR R DR e bk 22
PR, AN LA T3 14 A A7 S5 4 E 7, O A T
JRZL BRI, X — 5518 5 [ A AN G A BIF 5 45 S
—%, 2002 4F  R/NFS N AR K 40-3-2 3
FTZBEVEVE A, 45 T R L0 e TR K 5 104 A A 5 4 i
JIIBA L2 A B g A, 2010 4F, Ellstrand 45"
X0 H i S PR R 5 ) A A7 e e 0 S5y gk A T
T T, 25 F WA S A 4 5 A0 Tl PR R K
2010 AF A 25 251 %) 0 1 R e L DH K W 2R A ik
PEATRGI , 25 S e W LB A i fb i i . B i
I B0 A 5 2 VR WK R L Rk AR AR T
B IREE AR AE A K 3 B35 ) S b4 i ) 45 7
TR 5 2 5 TR AR 22 IR K, AMIR L DR A 5 ) AR 4
BRI B B g A L (AR
LN SRTS 7522 1 45 5 b [X. 1 2 554k 3 43 ) 7 #E 47
THFGE AR S AT 38 R X AR [ H X
AR SR T i R PR R AT 22 L A T BT
SR 32 DRLAE W 0 o P A 5% o R R 7 M A 4 L B
X

(U] BRSRT A, X0 . RALH X Bk GE K AL 2 93

HI[J]. +4E,2006,38(3) : 256-262. (Yao R J,Yang J S,Liu G
M. Charaeteristics and agro-biological management of salineal kal-
ized land in northeast China [ J]. Soils,2006,38 (3) : 256-262. )
Xz U RS, WL . PRI R IR VLA Y R mAR [ D). PR
WL E 4 %5 ,2007(6) :64. (Liu Y F, Hao Y H, Xiao H J. Talk
about alkalization of soil in Heilongjiang province [ J]. Helongjiang
Land and Resources,2007 (6) :64. )

Phang T H, Shao G,Lam H M. Salt tolerance in soybean [ J].
Journal of Integrative Plant Biology,2008,50 (10) . 1196 -1212.

[3]

Chen T H H,Murata N. Enhancement of tolerance to abiotic stressby
metabolic engineering of betaines and other compatible solutes[ J].
Current Opinion in Plant Biology,2002,5 (3) . 250-257.

Kishitani S, Takanami T, Suzuki M, et al. Compatibility of glycine-
betaine in rice plants; Evaluation using transgenic riceplants with a
gene for peroxisomal betaine aldehyde dehydrogenase from barley
[J]. Plant Cell Environment,2000,23 (1) :107-114.

Li Q L,Gao X R, Yu X H, et al. Molecular cloning and characteriza-
tion of betaine aldehyde dehydrogenase gene from Suaeda liaotungen-
sis and its use in improved tolerance to salinity in transgenic tobacco
[J]. Biotechnology Letters,2003,25 (17) :1431-1436.

FeEter. il T DAL IEL B B S LRIV SRt S e [
HRERIDITE [D]. KA HMARLKE,2006. (Zuo Y T. Re-

search on transformation of choline monooxygenase gene and betaine

(7]

aldehyde dehydrogenase gene into soybean. [ D ]. Changchun: Jilin
Agricultural University,2006. )

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

A i B FAFIGTAR I AT [T]. A4 TR 4z, 2008 ,24
(8) : 1464 -1469. (Luo X L,Xiao J L, Wang Z A, et al. Overex-
pression of spinacia oleracea betaine aldehyde dehydrogenase ( So
BADH) gene confers the salt and cold tolerant in Gossypium hirsutum
L[J]. Chinese Journal of Biotechnology, 2008,24 (8): 1464-
1469. )

Liu Z H,Zhang H M, Li G L, et al. Enhancement of salt tolerance in
alfalfa transformed with the gene encoding for betaine aldehyde dehy-
drogenase [J]. Euphytica,2011,178 (3) :363-372.

T/NE, AR AL, 5. B BADH BEPR FORAE AR 1 3R A5 2
HSERPE>#r L] AR 2# 4, 2014,40 (11) :1973-1979.
(Wang X L, DuJ Z, Hao Y S, et al. Transformation of BADH gene
into maize and salt tolerance of transgenic plant[ J]. Acta Agronomi-
ca Sinica, 2014, 40(11) : 1973-1979.

R/NFE IR, 52T A . YU T BRE JE R 5 ( Glycine max (L. )
Merri ) Z2 FEMETA IR IR SEI [ T ] . Ol R 22,2009 ,42(1)
145-153. (Song X L, Qiang S, Peng Y F. An experimental case of
safety assessment of weediness of transgenic glyphosate-resistant soy-
bean ( Glycine max (L. ) Merri) [ J]. Scientia Agricultura Sinica,
2009,42(1) :145-153. )

A AT TRHEHE, 55 . BN HUR R AR AL LR S AR A7
B4 BE IBESE ()], YLPGRE4E,2011 (S1) :42-50. ( Zhang X H,
Tian S R, Qiao Y Y, et al. Research of the competitive ability to
survive of cotton transferred bivalent disease resistance gene ( Chi +
Glu) in wasteland[ J . Jiangxi Cotton,2011 (SI) :42-50. )
Ellstrand N C, Heredia S M, Leak-Garcia J A, et al. Crops gone
wild: Evolution of weeds and invasives from domesticated ancestors
[J]. Evolutionary Applications, 2010, 3(5-6) : 494-504.

FEWRIE iR, £, 58 . iR A R B HOAg A= 77 32
FrREJIARI [T ]. T AL FH 2010,35(6) :1-3,24. (Kang L S,
Yang X D,Wang Y M, et al. Assessment of competitive ability for a
high oleic acid GM soybean line * HOAg,’ [J]. Journal of Jilin Agri-
cultural Sciences,2010,35(6) :1-3,24.)

KT IR . FEREDAE YR AR AR R T]. g At
FER2F243,2004 ,24 (1) :72-75. (Zhang X J, Yang C L. On po-
tential invasion of living beings brought about by genetically modified
crops[ J]. Journal of Henan University of Science and Technology,
2004 ,24(1) .72-75. )

Bk . FEERRAII IR M i E etk ()], AR TR,
1997,117(6) : 3642. (Jia S R. Environment and food biosafety as-
sessment of transgenic plants[ J]. Progress in Technology, 1997,
117(6) : 3642.)

FEE. HEFEYNZEMETN ] Rl AR R,
2001,9(3) : 205-207. (Wang G Y. The safety evaluation of trans-
genic plants [ J]. Journal of Agricultural Biotechnology, 2001, 9
(3):205-207.)

Crawley M J, Brown S L, Hails R S, et al. Biotechnology: Trans-
genic crops in natural habitats [ J]. Nature, 2001, 409 (6821 ) :
682-683.

LWEZ, B, WAL, 5. HU P F S /N (Triticum aestivum
LM Z B ()] b B ROl A2, 2015, 48 (11) - 2096-
2107. (Jiang Q Y, Li X H, Hu Z, et al. Safety assessment of weed-
iness of transgenic drought-tolerant wheat ( Triticum aestivum L. )

[J]. Scientia Agricultura Sinica, 2015,48(11) :2096-2107. )



