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Screening of Transgenic Soybean with Different Shade Tolerance Intensities and
Evaluation of Agronomic Traits under Strip Intercropping Systems
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Abstract: In order to analyze the shade tolerance characteristics of transgenic soybean lines under different corn-soybean strip
intercropping systems and screen transgenic soybean lines suitable for strip intercropping patterns, we studied 10 agronomic
traits of 17 transgenic soybean lines with large trial planting areas and good yield performance. We set up two strip
intercropping patterns with a field corn and soybean planting ratio of 2: 2 and 4: 4. The shade tolerance-related agronomic traits
of different transgenic soybean lines were measured at maturity. The shade tolerance of different transgenic soybean lines was
evaluated by multivariate analysis such as principal component, cluster and stepwise regression. The results showed that shade
stress had the greatest effect on the number of soybean branches, with a coefficient of variation of 73.88% ; it had a smaller
effect on the number of nodes, balance point and plant height, with coefficients of variation of 10.91% , 10.50% and 9.98%
respectively. Through single-trait correlation analysis, it was found that the bottom pod height was significantly negatively
correlated with the number of pods, and significantly negatively correlated with the stem weight and pod weight; the number of
nodes was significantly positively correlated with plant height. The principal component analysis extracted 4 principal
components, with a cumulative contribution rate of 80.42% . The membership function method was used to calculate the
comprehensive shade tolerance evaluation value (D) of each transgenic soybean line at maturity. According to the D value,
the 17 soybean lines were divided into 3 categories using the system cluster analysis method, namely strong shade tolerance
type, including 5 soybean lines; medium shade tolerance type, including 3 soybean lines; and weak shade tolerance type,
including 9 soybean lines. Zhongliandou 3051 had the strongest shade tolerance, while Zhongliandou 1343 had the weakest.
The soybean lines with strong shade tolerance were Zhongliandou 3051, Zhongliandou 3048, Zhongliandou 3047,
Zhongliandou 1349 and Zhongliandou 3050. The stepwise regression analysis of the D value showed that the shade tolerance
evaluation model was D = —0.541 -1.601X, +0. 882X, +1.423X, +0.674X,, +0.368X,, and through this model, it was
found that bottom pod height, pod weight, number of nodes, yield and stem diameter can be used as evaluation indicators for
soybean shade tolerance in the corn-soybean strip intercropping systems.
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Table 1 Number and name of transgenic soybean strains

G HES s LHES

Number Line Number Line

1 IR E 1341 10 kR 1537
2 TP 1342 11 TG 1538
3 FPIRE R 1343 12 IR T2 1901
4 TP 1344 13 HHEX 3047
5 TR 1345 14 T G 3048
6 FFEX T 1346 15 FHEX 3050
7 FEKE 1347 16 HHEX 3051
8 T 1348 17 Ik 3052
9 FPEX T 1349

1.3 RIEigit

RER B R R X R, EX R REME
B, A0k 2: 2 (2 AT K 24T K E) M 4:4(4 47
oK AFT R S BIX A 17 A0 H TR 0 5 L Rk
TR WER  FRTEAETAE, SE1TEE 80 em,
ZEFTHE 40 em, FORFIAEREIE N 18 cm, B/ 1 #E, Fl
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TR 9.2 T bk -hm 2, KRGS ZERIME , 220
60 cm, #1E 8.3 cm, FAH % & A 20 JT Bk - hm 77, 47
[EJEE 25 70 em, /7K 10 m (F 1), KEH AR
WA AR (N: P: K =15:15:15)300 kg+hm 2, &
KA A B AL (N: P: K =26:11:13) 1 335

40cm 70 cm 60 cm 70 cm 40 cm 70 cm 60 cm

a2 f7EK: 247 KRE ;b 4 FTE AR AFTRE,

kg-hm = FERI —UCHEREA . ERFIRE 3 48
Wit 419 PR REH I8 57 P B R IR 1A T 1) =5 - o
ORI R R HLH Bl 3 55 > i DR it () 4
HEAT , AR B B0 it 147 42 IR 2 R O g 7 R

40cm 80cm 40cm 70cm 60 cm 60 cm 60 cm

Note: a.2 rows corn to 2 rows soybean; b.4 rows corn to 4 rows soybean.
1 AEEEEXTEE

Fig.1 Schematic diagram of different intercropping modes
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Table 2 Shade tolerance coefficient of different transgenic soybean lines for each trait
. JRIERE P M M RS B IR ENH JETE -
MR B
Bottom pod  Balance Plant Stem Number of Pods Branches Stem Pods
Line Yield
height point height thickness nodes number number weight weight
I 1341
1.16 0.98 0.95 1.14 0.99 0.66 1.27 0.95 0.76 0.73
Zhongliandou 1341
HIKE 1342
1.30 0.85 1.11 1.23 1.14 0.71 0.00 0.88 0.44 0.83
Zhongliandou 1342
Tk R 1343
1.15 0.89 0.89 0.89 0.87 0.78 1.29 0.70 0.73 0.70
Zhongliandou 1343
T T 1344
1.21 1.18 1.22 0.61 1.22 0.81 2.17 0.74 0.91 0.68
Zhongliandou 1344
HIKE 1345
1.01 1.10 1.08 1.03 1.03 0.89 0.61 0.85 0.80 0.55
Zhongliandou 1345
HIKE 1346
0.98 0.89 0.95 0.80 0.92 0.94 0.33 0.67 0.71 0.47
Zhongliandou 1346
Ik 1347
1.04 1.04 1.07 0.69 1.05 0.76 2.92 0.79 0.66 0.67
Zhongliandou 1347
Ik 7 1348
1.13 0.89 0.89 0.90 0.86 0.81 0.55 0.69 0.75 0.78
Zhongliandou 1348
Ik 1349
0.90 1.14 1.10 1.11 0.99 1.10 0.85 0.88 1.03 0.69
Zhongliandou 1349
I 1537
1.14 1.17 1.12 0.80 0.87 0.67 1.00 0.71 0.65 0.71
Zhongliandou 1537
Ik E 1538
0.94 1.08 1.02 1.00 0.98 0.88 1.36 1.06 0.97 0.80
Zhongliandou 1538
IR EL 1901
1.36 1.10 0.99 0.83 0.91 0.77 0.88 0.91 0.96 0.97
Zhongliandou 1901
HIK E 3047
0.84 1.02 1.16 1.05 0.98 0.83 3.75 1.08 0.95 0.92
Zhongliandou 3047
HIK E 3048
0.79 0.86 1.13 1.08 0.99 1.09 0.93 1.10 1.07 0.80
Zhongliandou 3048
HIKEZ 3050
0.86 1.08 1.26 1.03 1.25 0.78 0.88 0.98 0.83 0.54
Zhongliandou 3050
Ik 3051
0.80 1.02 1.03 1.03 1.02 0.97 3.33 1.36 0.99 0.84
Zhongliandou 3051
HIK F 3052
1.12 1.00 0.94 0.89 0.99 0.60 1.50 1.12 0.59 0.65
Zhongliandou 3052
YA Average 1.04 1.02 1.05 0.95 1.00 0.83 1.39 0.91 0.81 0.72
FrifE2E STDEV 0.17 0.11 0.11 0.16 0.11 0.14 1.03 0.18 0.17 0.12
BRRECV/ % 16.01 10.50 9.98 17.04 10.91 16.47 73.88 20.32 20.70 17.70
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1.0
Bottom pﬁyﬁiﬁ JRIERT  0.025 0.32 0. 30 0.11 0. 66 0.37 0.52 0.55 0.17
0.8
Balancjzﬁii SEfA 0 0.47 | -0.36 0.26  —0.061 0.24 |—0.0085 0.32 -0.066
N 0.6
Plant hﬁﬁzﬁ ¥ 0.055 0.74 0.18 0.18 0.16 0.25 -0.035
0.4
Stem thick%e*sﬁs ZHl 0 0.071  0.23 | -0.22  0.49 | 0.082 0.25
— 0.2
Number of njfé ¥ -0.045 0.12 0.21 -0.0043 -0.24
— 0
Pods nutiéb%% ¥ 0.012 | 0.21 0.73  0.0031
L -0.2
Branches rﬁrﬁ%& Aeck | A9 | Gz | Dae
0.4
ES:) .
0.42  0.40
Stem weight
-0.6
FKH W 0.32
Pods weight = )
-0.8
Pl o
Yield - 1.0
e wE WE FIE OKE o K6 wes wE @2
5 &2 3 ME PT OKE EE W K LZ
= B = i S 2 RZ z =
a g = = 5 ° 5 38 3
E = =~ § 2 £ 5 & &
g A s & S
£ Z as]

LR AR RTE P<0.05 Al P<0.01 /K L22REE,

Note: * and

** indicated significant differences at P<0.05 and P<0.01 levels, respectively.

2 BT RBEHEX RERN

Fig.2 Heat map of the correlation coefficient of shade tolerance coefficient for each trait
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Table 3 The eigenvectors and contribution rates of the principal components of each trait

T H FBL4Y Principal factors
Item Fl F2 F3 F4
FEIEE 3.133 2.041 1.503 1.365
Eigenvalues
DR 31.329 20.413 15.033 13. 645
Contribution ratio/ %
Fit ik 31.329 51.742 66.776 80.421
Cumulative contribution ratio/ %
FHF 5 Eigenvector X, -0.452 0.082 0.254 0.172
X, 0.133 0.489 0.276 -0.187
X, 0.301 0.476 -0.153 0.192
X, 0.193 -0.357 -0.333 0. 469
X; 0.183 0.478 -0.234 0.405
X 0.374 -0.183 -0.293 -0.427
X, 0.291 0.099 0.515 0.029
Xg 0.410 -0.184 0.142 0.372
Xy 0.451 -0.073 0.127 -0.351
Xy -0.452 0.082 0.254 0.172

X IRTERBE 5 X, -7 050 5 X R R 5 X 25K X -8 X -8 X, - B X - 25T X - 96 X -7 EE
Note ; X, -Bottom pod height; X,-Balance point; X;-Plant height; X,-Stem diameter; X5-Number of nodes; X¢-Number of pods; X;-Branches number; Xg-
Stem weight; Xy-Pod weight; X,,-Yield.
x4 BREBMNERSETFES(F) NEREIHE U (F) SE&TNME D RWHEEESTN
Table 4 The principal component factor score (Fj), weight, membership function value U (Fj) ,

comprehensive evaluation value D and shade tolerance comprehensive evaluation of different strains

s LA
e F1 F2 F3 F4 U(F1) U(F2) U(F3) U(F4) D Comprehensive
evaluation
FRI T 3051 Zhongliandou 3051 2.0903  1.4041  1.7746  0.2167 0.9393  0.6067 1.0000 0.6988  1.5392 ST B
I T 3048 Zhongliandou 3048 2.2362  1.1684  1.0441  0.6663 1.0000 0.5050 0.5364 0.9252  1.4759 SR B
FRI 7 3047 Zhongliandou 3047 1.6931  1.5263  1.5927 -0.0277 0.7740  0.6595 0.8846 0.5757  1.3400 ST B
FFIk 33 1349 Zhongliandou 1349 1.9816  1.3247  0.8896 -0.0292  0.8941  0.5724 0.4383  0.5749  1.2696 SR B
FRI 3050 Zhongliandou 3050 1.2445  2.3151  0.8827  0.0051  0.5873  1.0000 0.4339  0.5922  1.2383 SR B
FRI 7 1538 Zhongliandou 1538 1.4710  1.1109  1.1014 -0.0328 0.6815 0.4802 0.5727 0.5731  1.0553 W4T @
fF 5 1345 Zhongliandou 1345 1.0551  1.2602  0.6498 -0.0551  0.5084 0.5446 0.2862 0.5619  0.8430  HZ5[HES
"B E 1344 Zhongliandou 1344 0.7352  2.0163  0.8153 —1.1708 0.3753 0.8710 0.3912 0.0000 0.7520  "hZ5[HES
HIk 3 1347 Zhongliandou 1347 0.5507  1.1917  0.8418 -0.6326  0.2985 0.5151 0.4080 0.2711  0.5671 ST B
"FEKE 1341 Zhongliandou 1341 0.3885  0.7537  0.8303  0.3296 0.2310 0.3260 0.4007 0.7556  0.5538 5531
FRI T 1346 Zhongliandou 1346 0.8115  0.2999  0.1989  0.0827  0.4071  0.1301  0.0000 0.6313  0.4435 S5 B
FRIB T 3052 Zhongliandou 3052 0.1170  0.7828  0.9062  0.0722  0.1180  0.3385  0.4489  0.6260  0.4259 ST
FRI T 1342 Zhongliandou 1342 -0.1666  1.1846  0.2658  0.8149  0.0000 0.5120 0.0425  1.0000 0.4237 5 B
IR 1901 Zhongliandou 1901 0.4901  0.6381  0.7671 -0.5005 0.2733  0.2761 0.3606 0.3376 0.4114 S5 B
"HEK K 1537 Zhongliandou 1537 0.2046  0.9578  0.5040 -0.7248 0.1545 0.4141 0.1936  0.2246  0.2940 5 B
FRI T 1348 Zhongliandou 1348 0.4234 —0.0015  0.3115 0.1285 0.2456  0.0000 0.0715  0.6544  0.2446 H5 B
FPI T 1343 Zhongliandou 1343 0.3514  0.0546  0.4462  0.0528  0.2156  0.0242  0.1570  0.6162  0.2431 5 B
HIE Index weight 0.3896 0.2538 0.1869  0.1697

W F1 ~ F4 435 A 5 e o B A4 1 1 243 1543 . U(FL) ~ U(F4) S48 K1Y S5 R ph B
Note : F1-F4 are the principal component factor scores obtained based on membership function analysis. U(F1)-U(F4) are the membership function

value of each factor.
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2.3 ZRSEAS TR TEEEIBRERE

XF D AH AT I8 A 1 H 53 B, 45 1T B v PE A
AL D = —0.541 —1.601X, +0.882X, +1.423X, +
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hEXE 1345 5
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R E 3048
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FREE 3050
R E 3047

S R
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Fig.3 The pedigree diagram of soybean lines

3 i

PEE B SYNGRL R INCIR (S Bt S P NITRE S Sl
IER C1iE MRS SO0 NIER 0% S = ik = A LU NG
R 5 KR Vel K T R EE R BT LA G i
TS P R ) DA L it Ao ) oK 2 52 45 AL 1) 7 ik B 28 35
R 4 e A B L BEAMIBPTEZ LA A
GRS IR FFE R L Al T B R, AS OIS i
NGk IR A NIGR 8 S CR N U TP Sy
it BIFTEAN [ e 6 DR K 2 0t 28 R TS A AR, A 5

BRI K BRI VR ) A2 7= 52 B, il LA AN [s) i 5
TR DR K S AR Te) VR 30T 0 i 153 g 7= e 2 PR R
Mt E Rt S%

AW FEE i TR AR B A SR 10 A4
PEIRFEARIELERE 5 0 4 D ERGHEIR . SRIRIRBIRE
PREE XX e 25 B fR bR AT AL AL PR, 15 1 4 S
UL R R R IR G I B PEPE N (D () o A
THE— LA 2K TR T RERE M7
5817 B REZIMRR 73 o = K25 A i
BTG R R LA 28 3 A AR BT L A% B K



76 K =

B2 6 3

il 2R O NS I AR K AR, b S i i g I
PRS2 & 5 He ek, 3581 53% . Aip KA [A] b X
R I b P B A 5t 2 B vl S T B R 555 1
KGR D Z TR KT mM, 2=
SET L 29 NI B SRR R A K 5 S RO
ML B R 6 A5 i B R & 22 A A
i WA 7R S A R AT 1 AN 55 B AL R S A, AR
W45 DO FE AR TEHBIX X 90 443 A 5 ol I YRR A 1 15
Y8 KGR 15 AR R S A 75 A ]
FRUFURTR B ALK G, AR 2L 30 £ 5
KGR BTG AMRL, ¥ 3R 6 AT 7 5K
Fr 15 A~ rpE] B & S A A 9 AU R B A
BRI R A5 BB R A A T B, 8 2 XK
SRR T BB ST, T e 7 S 50 WA 5
RN, RS 6 kv e R b,
A SE e X 32 AN 3 K T A R 18 I B ) F
FEAN RS0 S A X K A 2R R 5 ) 3 3
P TR PR RAR DG OC R Tk 6 il 17 FR A
SRR 2 i Bl (B VR 2R 45 5 o R S5 AR 5 AR
ORI S 2 R/ IN R AT I B AN, AR 15 B
eI UEN R B AR 25 R, BT, 28 E
8 3218053 53 B SR 53 it K Il U1 43 B 45 204 T T 1
PEVEA, IE R AR R ) b T A T 1 A AR
o (X, (IR ) 1 R B4 XHE e R, R WIS
e R R I T I s B Ry S X, (2R FEAR
R Y R 80K TEAH 0. 368 , 22 B BEHL I 25 % K 0
AR (T 19 22 80 1E [] Bk, 3 1T BE R MR 2 FE OB IR
AR EE R, 3225 BOR G K R ik LA SR 4 A
A PR RN T 1, AT R B R AR R T B R
B ZRMA R R R TR G R R A ML S P
J1 48T T IR 3R 2 K Ay s W R A TR
MR TWARER ., 77w S K A AR i
FEEA —EWIEmRR B RS Z A5 5
M7 AR B A S AR bR, S XA AR
R 5 ATebn AR ERE S kR 4 SRR
AR EE R E S, b i e i B R R bR S X
ARZEDOVRATRD R S R B RN 25 B b v R IR
SOV, LA AR A TR AR | RS A A
SN AR R B S5 K I BRI S A | AR H8 45 ] fig
PR A 356 BB A R AN [, AR Hb DX BE B4 B 1) AN
WA 25 57, ASHIF 9 i 3k Hh X 35 PRI oK 3 ) A i
BATEVPAN S R 1Y 5 A PEARAE B | AT R S % A
KPR A P AE T 0 R S B S 2 P4

4 it

AR R A TR 17 2K Sk 402,
Hor i A A TR R 3048 R IR R 3051, Bk
1349 HEKEL 3047 FIHRER 3050, HAE T B AL AL
ST 1344 PEET 1345 FIFREX T 1538, 551
PR TP E 1347 PR 1341 PEEE 1346 PR
71342 PERE 1901 HPEKE 3052 HPEKEL 1537 (th
IR 1348 M 1343, #5777 K E M B
BepERL. D = — 0. 541 — 1. 601X, + 0. 882X, +
1.423X, +0. 674X, +0.368X,, R =0. 989, J& 44 (1)
R* =0.979, 5 2 WFRIEZ N 0. 079 34, B TIKK
R IEHE AL T FIZE R AR 5 e R AR T
FUE SN LR KR G R E A FE &R
i R T B

S 3Lk

[1] WUT, YAOY, SUN S, et al. Temporospatial characterization of
nutritional and bioactive components of soybean cultivars in China
[J]. Journal of the American Oil Chemists’ Society, 2016, 93
(12): 1637-1654.

[2] #JUL, &, T4, % WEEREREERNRES

WKW LR )], KEARHL, 2019(4) : 3943.
MENG F F, YANG C Y, WANG G J, et al. Comparison of
glyphosate-tolerant transgenic soybean varieties with conventional
soybean varieties[ J]. Soybean Science & Technology, 2019(4) :
3943.

[3] Effm, EH#R, M5, 5. AR BRS80S R Jying
BIERTE[J]. RIS, 2023, 45(3) : 558-566.
WANG Y L, WANG M C, HE F, et al. Shade tolerance at
seedling and maturing stages of soybean with different genotypes
[J]. Chinese Journal of Oil Crop Sciences, 2023, 45 (3):
558-566.

[4] wbAe. FORK MR RPOE L S MR ECE AT D). At
B AR, 2015,

HUANG M H. Corn varieties of soybean intercropping system and
configuration of the differences between research field [ D ].
Nanjing: Nanjing Agricultural University, 2015.

[5] ks, 552, 0k, 5. MRS KA R L B
BARASEL)]. PIEARAEER, 2023, 39(33) : 25-32.
ZHAO Z X, FUM M, LI S G, et al. Shading-tolerant spring
soybean ; Genotypes screening and identification of shade tolerance
indexes[ J]. Chinese Agricultural Science Bulletin, 2023, 39
(33): 25-32.

[6] EEK, B, S/, 45 ) PR S BRIP4
ROERERRIRE[T]. REFRMF, 2022, 41(6) : 645-653.
TANG F'Y, LIANG J, GUO X H, et al. Comprehensive evaluation



6 # W 45 < R ) VAR A )T 15 2 2 6 PR R 7 e S AR 77
and identification index screening of shade tolerance of HUANG Q C, LI C Y, ZHAO H T, et al. Research of shade-

[10]

[11]

[12]

intercropping soybean in Guangxi[ J]. Soybean Science, 2022, 41
(6): 645-653.

FRTRAAR , BV, X B, A R TR A S A b
HEIM]. dbst. Ol H R, 2006.
QIU L J, CHANG R Z,LIU Z X, et al. Soybean germplasm
resource description specification and data standard[ M]. Beijing:

China Agricultural Press,2006.

AR, WO, MR, S O [A)JE R R OR B B oA e
HE AR R[], P ELLERE, 2014, 47 (15) .
2927-2939.

LI CH, YAO X D, JUBT, et al. Analysis of shade-tolerance

and determination of shade-tolerance evaluation indicators in
different soybean genotypes [ J . Scientia Agricultura Sinica,
2014, 47(15) : 2927-2939.

B, R, ST, SF SRR AR RS ISR G PP B
HEEARARIE )], IR, 2023, 51(23) : 88-94.
YAN Y, LI Lin, KANG J F, et al. Comprehensive evaluation and
identification index screening of shade tolerance of intercropping

soybean in Huang-Huai-Hai region [ ] ].

Sciences, 2023, 51(23) ;. 88-94.

Jiangsu Agricultural

INVENI, ZEREA, Bkak, % T REREEER TN KT
BRI )], LT RAEEME, 2021(4) ; 4244,

SUNX G, LI S Y, CAO Y Q, et al. Evaluation of the shade
tolerance of soybean germplasm resources based on the membership
function value method[ J]. 2021
(4).4244.

AN, BSCEE, BRAESE, 45 (LM BREE R0 i 1 ol i ¢ 5
BGRE[ ], IR Al R 2R (FAABIEERR) | 2021, 47(2)

140-146.

Liaoning Agricultural Sciences,

TAN C Y, YANG W Y, CHEN J Q, et al. Screening of shaded
soybean germplasm resources under the mountain environment[ J].
Journal of Hunan Agricultural University ( Natural Sciences ),
2021, 47(2) : 140-146.

FRIRER, IMAA, #5188, S5 BIRON K EZVER B2 K
R SZ B PR S 5 T AT L) ], i R A R,
2003, 25(4) : 78-82.

CHEN H Z, SUN Z D, YANG S Z, et al. Effect of shading on

major characters of soybean and preliminary study on the

identification method of soybean shade endurance[ J]. Chinese
Journal of Oil Crop Sciences, 2003, 25(4) . 78-82.
WM, 0o, B, . SEHIOR G AN SR U DL RA T

R BAMEFSE [ )], PEm R4, 2012, 25(6) « 2212-2217.

[14]

[15]

[16]

[17]

[18]

[19]

tolerant on vegetable soybean germplasm resources under shading
stress[ J ].
2012, 25(6) ; 2212-2217.

ZEANAR. RIS B 2 PP AN S S SR AR L[ J]. K
BH2 2020, 39(5) : 688-695.

Southwest China Journal of Agricultural Sciences,

LI C D. Evaluation of density-tolerance in soybean germplasm
resources and screening of its identification indexes[ ] ].

Science, 2020, 39(5) ; 688-695.

Soybean

RER, PR, ik, 5. KO PSSR0 L
FERE bR B 0 Ak [ ], b B Rk BL 24, 2015, 48 (13):
2497-2507.

WU X L, LIANG H Y, YANG F, et al. Comprehensive
evaluation and screening identification indexes of shade tolerance
at seedling in soybean|[ J]. Scientia Agricultura Sinica, 2015, 48
(13): 2497-2507.

TEEE, T30, B2, 55 ARG B2 KO MK S0 AN 1]
KRERFEEABR R[], TR K=, 2023, 41
(5): 765-772.

WANG Z H, WANG Y M, CHEN M, et al. Effects of different
shade degrees and light recovery on photosynthetic physiology of
different soybean varieties [ J]. Journal of Sichuan Agricultural
University, 2023, 41(5) : 765-772.

IMEZR, SRENG, 2RI, 5. REMHETM R RAE S
PR 7 R BRI AL 5 [ J]. LR, 2017, 50
(5):792-801.

SUN Z D, ZHANG Z P, CAI Z Y, et al. Establishment of an
evaluation system of shade tolerance in soybean and its variation in
Southern China germplasm population [ J ]. Scientia Agricultura
Sinica, 2017, 50(5) : 792-801.

ALK, 246, BRI, & INRKEMEREES
BrlJ]. MY AE B IRSEAR, 2006, 7(4) : 450454,

ZHANG LF, LI W, WANG C J, et al.

SEAENE S

Morphological diversity of
soybean germplasm resources in Shandong[ J]. Journal of Plant

Genetic Resources, 2006, 7(4) : 450454.

PURCEN < S BXS SO DI [ L S il & S SYNITALE K (2
TR S R (R TR B S SR AR R (1], db Rl

%, 2024, 52(2) ; 15-25.
LIU S H, ZHANG L J, ZHOU L L,

et al. Evaluation and

identification index screening of shade-tolerant soybean varieties

(lines ) suitable for maize-soybean intercropping in northern

Jiangsu[ J]. Journal of Northern Agriculture, 2024, 52 (2).

15-25.



