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Effect of maize — soybean relay strip intercropping on protein characteristics of soybean
CAI Ling, LIU Wei —guo™, LI Qi, WU Yu —shan, FANG Ping, LIU Chun - yan, YANG Wen —yu"
(Institute of Ecological Agriculture, Sichuan Agricultural University ,Key Laboratory of Crop
Ecophysiology and Farming System in Southwest China, Ministry of Agriculiure, Chengdu 611130, China)
Abstract ; Thirteen soybean cultivars were used to evaluate the impact of maize — soybean relay strip intercrop-
ping on seed protein quality. Results showed that soybean protein content, relative content of lipoxygenase, total a-
mino acids, and sulfur — containing amino acid contents were diverse among 13 cultivars in monocropping. Under
intercropping condition, protein contents of majority cultivars had no significant difference between monocropping
and intercropping except for 2 cultivars. Relative contents of lipoxygenase of 4 soybean cultivars decreased signifi-
cantly. The changes of different protein subunits in different soybean materials and different protein subunits in the
same soybean were not consistent. Sulfur — containing amino acid contents of 3 cultivars increased, and methionine
contents of 5 cultivars increased significantly. The variable coefficients of histidine and arginine contents were the
highest among soybean cultivars in intercropping. Clustering analysis employed was based on the changes in con-
tents of crude protein, lipoxygenase, protein subunits and amino acids. The results showed that compared with
monocropping, the protein content of Mengqing 6 and Caidou were not significant different, but relative percentage
of 11S, content of total amino acids and sulfur — containing amino acid were increased, and percentage of lipoxyge-
nase were decreased in intercropping. In conclusion, to meet different market demand of good soybean products,
the selection of specialized soybean cultivars incombined with appropriate intercropping are essential in maintaining
protein nutritional components, improving the flavor and taste of soybean products and extended storage period.
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Table 1 Soybean cultivars selected for this study

ErRe) HAFE AR U BIRAERK AFEA K B U] EEH
Code Name Source VP/d RP/d LRD/d M/d
A S N
B1 7§ 256 —1 Nan 256 - 1 . PN ]“'ﬂ?ﬁﬂi?{?ﬁ}ﬁﬁ‘ 66 78 95 144
Science Institute of Nanchong
. P K
B2 /MR E Xiaohuangdou Sichuan Agricultural University 63 81 % 144
B3 52K 6 5 Mengqing 6 48 Anhui 44 78 76 122
B4 3} 5 Caidou H A Japan 58 79 88 137
B5 215 Luomendou YLV Jiangxi 58 79 88 137
3 2 Guixic I PgAR B
B6 FEEL3 %5 Guixia 3 Science Institute of Guangxi 8 ” 88 137
RO R
B7 ¢ X56 Nannong X56 Nanjing Agricultural University 33 84 88 137
P S
B8 & 021 —1 Nandou 021 -1 . PN P ?Eﬁf?{?ﬂ‘ﬁﬁ 58 79 88 137
Science Institute of Nanchong
B9 KA. Dayuandou PN B AR 44 89 84 133
Science Institute of Zigong
NNCY == NI e
B10 3% 13 Texuan 13 IR D52 61 72 84 133
Science Institute of Chongging
ey S PaiAE B ST AR
B11  Fifk& 04 -2 Gonggiudou 04 -2 Science Institute of Zigong 58 67 76 125
- . T B ST AR
] =] ) 1
BI2 JEiE 1 %5 Gongxuan 1 Science Institute of Zigong 37 37 o2 14
B13 A\ H # Bendibayuehuang PU N4 sk M i a5 E Dazhou 62 75 88 137

VP SR A ) RP A 2R M) 5 LRD AR A2 AL A ] ( R MOR S , R B A ] ) 5 M2 2 3

Note : VP vegetative period; RP:reproductive period; LRD:light recovery duration ( the growth time after maize harvested) ; M total growth period
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Table 2 Protein content of different soybean cultivars in relay intercropping and monocropping system/ %

45 Code B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13
M 51.9abc  51.5hbc 49. 6e 49. 6e 49.8de 51.8abc  49.5e 52.6ab  50.5cde 50.8cde 51.0cd 50.7cde 53.1a
R 50.6 52.0 50.6 50.9 49.5 49.3* 48.2 52.1 49.0° 49.4 50.7 50.6 53.7

TE MR R BRI = FORTE 5% KF T, AR SR EHEERIE R 8922 2K B K. ARG FREFRIR AR A

R R AR E 22 5335 5% B KK FIE

Note : M : monocropping; R:relay intercropping; * indicate significant difference at 5% level between relay — cropped and solo — cropped; Different

lower case letters indicate significant difference at 5% level. Same as below
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Table 3 Lipoxygenase relative contents of different soybean cultivars in relay intercropping and monocropping system/ %
45 Code Bl B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13
M 2.0e 2.0e 3.5a 2.5d 2.0e 3.1b 2.5d 2.9be 2.5d 3.1b 3.0bc 3.6a 2.8¢
R 2.2" 2.1 4.1 2.3 2.3" 3.1 3.1" 2.4% 2.4 4.2* 2.9 3.4" 2.0"
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Table 4 Relative contents of protein subunits of different soybean
cultivars in relay intercropping and monocropping system/ %

Zi5 Code Bl B2 B3 B4 B5 B6 B7 B8 B9 B10 Bl1 B12 B13
, M 4.8 5.0 5.9 5.3 5.6 4.0 3.8 4.3 4.5 5.3 4.0 4.2 3.9
“ R 4.3 5.4” 5.9 5.3 5.4 3.9 4.1° 4.6 4.5 5.3 4.0 4.8" 3.6
M 3.4 4.5 3.9 5.7 5.0 3.4 3.6 5.0 3.4 3.9 3.1 4.4 4.1
A R 2.8 4.8" 4.1 5.2* 5.0 4.2" 4.7 6.0" 3.3" 3.9 3.1 4.4 3.3°
M 7.1 5.4 5.9 6.8 6.7 7.7 5.3 7.2 6.2 6.5 6.0 5.3 6.0
B R 6.8 5.2" 5.9 7.0 6.8 7.5* 5.0" 7.3 6.7 6.1 6.5" 5.3 6.0
M 4.7 4.5 4.0 4.5 5.3 3.9 3.5 3.1 4.0 3.4 4.6 3.4 4.0
A R 4.7 4.7 3.5" 4.8" 5.7° 4.2" 2.8 2.7° 4.1 3.67 4.6 3.1 4.1°
M 3.5 4.0 5.2 3.8 2.2 3.1 3.7 2.1 2.9 2.2 4.0 3.0 4.0
A AZ R 3.6 3.6" 5.5*% 3.3" 2.9 3.2 3.5 2.1 2.9 2.1 3.6" 2.6 3.9
Al M 2.9 3.2 3.8 4.2 4.2 5.1 3.5 4.3 5.1 4.0 5.1 5.0 4.8
R 3.7 3.1 4.7 3.7 4.4" 5.1 3.4 4.0" 5.0 4.0 5.0 3.37 4.6
M 2.5 3.9 3.1 4.1 3.3 4.0 2.8 2.3 2.8 1.8 3.0 2.5 2.4
B3 R 2.6 3.8 3.0 3.7 3.6" 4.0 2.8 2.3 2.8 1.8 3.0 2.3" 2.8
Bl M 3.4 3.0 2.5 3.2 3.7 3.8 3.9 2.9 3.7 3.2 4.0 3.6 3.8
R 3.3 3.0 2.7 3.2 3.6 4.0" 3.5° 2.8 3.7 3.07 4.0 2.8 3.7
M 3.7 3.3 3.5 2.3 3.4 2.5 2.9 2.7 2.7 3.2 3.0 2.4 3.0
B R 4.1° 3.5" 3.5 2.2 3.4 2.8 2.4" 2.6" 2.7 3.0" 3.5" 2.3" 3.0
Al M 4.6 3.1 3.6 3.5 4.5 3.6 3.3 3.2 2.9 4.2 3.0 5.2 4.3
R 5.1 3.2 3.4 3.7 4.2* 3.3" 3.5 3.2 3.0 4.1" 3.5 5.0" 4.2
75 M 15.3¢  14.9f 15.7d 17.9a 17.3b 15.1lef 12.6i 16.6¢c 14.1g 15.7d 13.1h 14.0g 14.0g
R 13.9*  15.4" 15.8 17.4* 17.3 15.5 13.8* 17.8* 14.5 15.4* 13.6" 14.5% 12.8=
1 M 25.4ef  25.0f 25.6de 25.7de 26.6ab 25.9c¢d 23.7g 20.5i 24.1g 22.0h 26.8a 25.0f 26.2hc
R 27.1* 249  26.4" 24.6" 27.8° 26.7F 22.0° 19.7% 24.2 21.6" 27.0" 21.5% 26.4*
11S/7S M 1.7de  1.7de 1.6e 1.4¢ 1.5f 1.7d 1.9b 1.2h 1.7d 1.4g 2.0a 1.8¢ 1.9b
R 1.9 1.6 1.7 1.4 1.6 1.7 1.6 1.1 1.7 1.4 2.0 1.5° 2.1
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FARERBGUN R & AR S AL 12 5 KRR
BEBAR, HRR 22 AR R T &
] BB 2 e R o 13 SR R A
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Table 5 Amino acid composition of different soybean cultivars in relay intercropping and monocropping system/ ( mg/g)

42 Code B1 B2 B3 B4 BS B6 B7 B8 B9 BIO  BIl  BI2  BI3

’ M 20.7 19.4 21.0 20.0 20.2 20.3 19.6 20.1 21.0 21.9 2.7 20.5 22.1
Thr R 21,2 21,1 20.6 21.4 19.2 21.4 19.6 21.4 20.8 20.5 19.0 20.4  19.9
wr M 355 292 315 29.7 354 30.8 30.1 31.9 332 36.3 340 32.2 34.9
R 29.1  29.6 27.3 28.1 29.8 3.1 30.0 31.7 30.9 29.3 28.1 28.8* 31.5

’ M 123 125 127 128 13.3 123 143 12,5 1.3 127 124 12,1 12.7
Met R 13.6  13.9  13.6  15.2° 145 13.1 141  14.8° 13.7° 141  14.0° 14.4* 13.4
/ M 225 2.1 229 222 226 231 224  23.2  23.4 25.0 24.4  23.1 242
fle R 20.8 200 21.2 21.3 19.5* 21.7 2.1 22.3 21.7 20.4* 21.1* 22.1  20.1*
, M 45.3  43.5  46.6 449  45.1  45.3 449 450 46.0 49.0 48.7 45.0 47.0
Leu R 442  43.7  45.8 449  40.0  45.5  40.9  45.9  45.3  43.7° 42.8* 45.6  40.4"
o M 283 264 31.4 266 27.5 31.3 31.9 32.8 31.0 30.3 29.1 27.3  30.1
R 28.3 284 269 28.8 249 27.4 246 27.6 269 26.0 25.3 30.5  26.6

. M 3.3 30.0 315 30.1 31.0 3.6 30.7 3.1 30.7 32.8 32.0 30.6 32.0
’ R 302 30.0  30.3  30.9 27.0° 29.3 27.2  29.4  28.8 29.2  28.3° 29.8 27.1°
s M 542 542 56.6 547 54.6 57.6 52.8 53.2 55.6 57.3 S58.1 543  60.8
R 52,7 547 557 56.2 48.7 55.5 53.6 549 51.8 542 543  56.4 514"

w“ M 321 3.5 330 32,3 319 330 32.0 31.7 32.4 340 340 32.2 33.8
R 30.8  31.6 32,6 33.2 29.0 32.4 30.6 32.1 31.0 33.0 31.8 33.3 30.5°

- M 379 36.6 387 380 37.1 383 37.1 37.3 381 39.1 39.5 37.2  40.1
R 37.6 38.2 39.2 40.3 340 385 352 389 363 37.9 363 388 361"

] M 66.5 653 67.8 644 641 68.4 638 66.0 67.8 69.5 70.0 66.6 72.7
Cly R 62.5 63.8 64.0 62.8 569 66.9 61.3 652 629 653 62.6 659  60.4°
M 27.1 255 26.8 259 259 27.2 26.2 26.1 27.5 28.0 28.1 26.7 29.2

Ala R 27.2 269 27.4 285 247 28.1 253 27.6 26.1 27.3 25.8 27.5 31.8

o M 70 65 72 69 7.1 69 7.1 69 69 72 69 7.0 6.9

’ R 6.5 5 4 1.2 9 6.3 9 9 567 67 1.1 6.5

- M 3.0 3.5 3.8 3.6 535 3.4 3.1 1 31 3.3 9 3.4

R 27 32 37 37 29 27 30 26 28 33 32 35 3.0

e M 689 641 67.1 652 66.5 70.6 69.3 68.4 70.5 70.8 72.6 69.0 70.5
R 50.8* 622 59.9 61.9 56.7° 60.8° 57.2° 63.9 58.9° 60.3* 59.2* 62.2  58.5°

M 444 410 4.7 39.8 38.6 4.1  40.2 40.6 42.4 419 43.2  39.2 42.4
Arg R 37.4* 39.4  39.2  38.4 323 36.8 33.8° 39.5 33.5° 39.3  36.8° 38.4  36.5°
. M 210.5 210.9 220.0 195.0 208.3 222.6 199.1 228.7 217.5 226.1 225.2 203.5  266.3
R 239.5 255.1 255.6 246.7° 191.0 238.7 203.7 237.4 218.3 232.6 234.3 246.9 212.7*

\ 194 19.0 199 19.7 204 19.2 21.5 19.4 18.2 1909 193  19.1  19.6

SAA be be abe abe ab be a abe c abc be be abe
R 201 20.4  20.0 22.4* 21.4 19.4 2.0 21.8* 20.2 20.8 20.7 21.5* 19.9
w1959 1831 197.5 1863 195.1 1947 1941 1967 196.6 207.9 202.4 190.7 203.2

EAA ab b ab ab ab ab ab ab ab a ab ab ab
R 187.4 186.6 185.7 190.6 175.1 189.4 177.4 193.1 188.0 184.2 178.6 178.9° 182.5
w7476 7223 7611 6468 7326 763.8 7251 680.5 758.4 785.1 783.4 729.2  §29.3

TAA abed bed abc d abed abc bed cd abc ab abc abed a
R 744.2  768.4  769.4 769.7* 658.2 756.2 710.8 762.2 716.1 744.1 729.6 701.0* 760.9
R AR LT R R, SAA RS MR, EAA LR LT AR, TAA R B AR
Note ;" indicates essential amino acid in the table, SAA indicates sulfur — containing amino acids. EAA indicates essential amino acid. TAA indi-
cates total amino acid

2.5 BRES R LA 3 S, e IR 4

RIS ES JRAGIMIER T EMRNE i, FRERA BT ER R A2 &5,
WA FESE R PR B A X IO R EM AT IE LOX LIS AR 1 20 5 B30, 7S A i 0 i A
YRS ERMNE 1 s e i 13 DRER 9 4 A A8 60 D448 4 13 S REMEE J 11S &3




R OAF 2R -REFTREMETREZFGHEG A 61

B, EERBONE BT EE A 0 i 11S
FIXS T 0 BRI, LOX 7S ARXS B 70 & R B
FEAR R AL 4% 1.5.6.9 .10 11 SR EM B, Jy XL
WS INEY, F RPN AR EA U 7S (11S FiXY
o> SRR B IN, SEA E S R R BN IR,

LOX X 1 70 5 AR AR IV A 45 2.7 .8 .12 5
REMEE, R TS IR, FERINEEER AT
LOX\7S XS A 20 & 3, i A & LIS A
X5 AR

o=

78
[
a

=

w2

LOX
118/78

246
164
082
00
82
1.64
2 46

BI
Ad

g 8 2 &

<

Protem

1 MEAXNKEZASEZMNRES T

Fig.1 Cluster analysis based on relative contents of protein subunits in intercropping and monocropping system

MRE IR &5 1 52 BRI AR L, XK
SRR R, AR (18 2) , 13 kR
009 2 AT EIME LM T i Al 1.3.6.2 4,
8 SAPEE, IR AN Y, T RPN TEE AR

N BV R & B IE IR 1 70 s s 264 11
45 7.5.9 .10 11 12 13 S48}, O 3 B & HE IR Y
AL, EERBN BT S RARER A 0%
I, AR A R,

& 2

5322538

HFEERRETARXREMRSERSEEERESN

B3

gf 321
B4 214
B8 1.07
B7 0.00
BS .07
B9 14
B10 21

£S5 & 88

Fig.2 Cluster analysis based on amino acid composition in intercropping and monocropping system

3 Wi

EJEp e PN I PNCRCE S RN
b, PR 5 DT 72 o AR
WIS R SRR 2 WAL A 15 A 5 Bt 3 55 7 0
25T R R B IR RS TR

BER, H B> B2/ VA A T PR R —
JERUEE 2 ARSI R i — 2 R B R R
SRS & B R S AR B o
S R RTGOE, AN Rl M T 5 LR AR S B R
FUREYE, RTRE-S DU A 22 A5 H IR B A 1] T K
HHEABREA L,



62 SHEIIE (RS

2016,38(3)

H BB BB 5 70 K SRT At A A S 7 R
AT R . AT R A e R TR E
IR 75 B S5 T S0 R S R P 1 AR
FRMAEENEREUT 4 812 13 SHHRP g A4
FIXH T i R A, e SR T i
B3 1 o A B R XU

ULAE R, 2K T B RSSO 2k [
AR T B R R ST RS 2 —, e
EEAH S BREA P S RARLMRN & /2 7S BRE
FI R 4 £5200 ) IS ERE AT o WARKE
TR > — ) X R R S S AT
—ERANA R, ARG R RIEEEHERAT 7S
AR RN 1.4.10,13 SHREEFAR, 1S
AR BRI N 1.3.5.6.11,13 Sk,
Hop 1,7 812,13 540k 7S S AR MU AN 118
SRS, X SR ABFFE 7S #111S )
TEAE S REAMENLRIAR AT o 22 W1 i 25 A 5 T
(IS B 11S AR 7T 2335 B 38 B A0 7S AR X 7 43 55
B, — 7 A R RS M E A — 1R
T R A 2 A s 55— T T LA I R
SRR SR AR R SR R R

B T PR IR L A — LIRSS
ST — KT S AR 8 Fhab
SR BB B A LR R B 2, Hrh A R N
SRR TP IR A P R R, LR 2 e R e
BRU . AL R UEMEREUT 1 AR R
R A BT B AL, 12 AR T E LR T B3
A3 AR S IR R TR A B RN, S A RRL
BRI . T i A TR
BR IR B IR O R A E R I A A
SRR S PR R E R R R S, R T IR
RE AT

it N 2R 35 7P R 85, F R T R 1 SR
WIFA BB LT ., FEEAT &, SR
SR LA, 75 37 A 700 e B AR i 1 o
JRU R 1R EL 28R AT R SR sk . A
SCHFFE4E S , 300 1 S A Ao 8 o i e A
SR DR TR e, TR R P SR AL B )
IR K% 11 % [ KA A i) DA T 6 AT
il i 22 Ak R

SE Wk

(1] A a8, A E R & s + A TAFRIL) . s
HiAE,2011,23(10) .45 - 45.

(2] 3R BRSO AT %, 4. RIBEERE, RN KTE

(3]

(4]

(5]

[6]

[7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

P[] RE R ,2008,27(1) -1 7.
X TLE AR R AR, 32 3, 45 BAR R EAR ZMHROFR
[T]. o R E Y41, 2014,37(2) :219 -223.
oWk A2 BHCF, . Ok - REAPREETT
PEPCE X VE) i AR RIB S - i pgm [T 4R
Y24 ,2015,41(4) 642 —650.
w®OE PR T, A ARG T R
DCHPREAE R G S 2 [ ] b R E 27 41
2014,37(6) 777 - 783.
RIS AT B, SRR, 45 TOREAR KRR &
P 7 A AR DETE [T ] RER 7,
2012,31(4) .575 - 578.
FER SC. VY R i X AR DR S AL A AT 50 I A 7 5% 1
[J]. RER2£,2012,31(6) .10 - 29.
TAE R, PR TS, A5 KA B A TR
BIRREEHOG& A BAR 2w i [ )] A= 25440, 2015, 35
(10) :1 - 14.
XSS (L GE e, 47 SCER, 55 EOR RN EAE RS A
RHR eI FRPRLEE 5™ i [T ] v =R
VEY) 4% ,2011,34(6) :574 - 581.
B AARE 0 CFREREREHEER
JCREMUR S A HRRAE LT ] b E LR, 2015, 48
(1):43 -54.
£ AR, R B/ EE RO RS A
Rtk 5 ik p s [T ], AEY)°741,2007,33(9) -1 502
-1 507.
KNFETE, ST, RN, &5 AU R Bl AR 2
7S I L1S 453 B LA X & B A (] KRR
2,2009,28(6) :985 -989.
PR, R, KR TR IR DA S S SR SR
HREH A BRI AR [T ], M N T,2007,32(3)
76 - 82.
o AR A S E R R SR R A BT ]
R 5 Tl ,2005,28(2) :46 - 46.
Wbl fLIRE AR CK, 5. REIRIT A A BEHEAL &
R JRR IR i AL R E 5 [T ). b b g , 2011, 36
(4) .27 -30.
Noordermeer M A, Van Der Goot W, Van Kooij A J, et
al. Development of a biocatalytic process for the produc-
tion of C6 — aldehydes from vegetable oils by soybean li-
poxygenase and recombinant hydroperoxide lyase[J]. J
Agric Food Chem,2002,50(15) ;4 270 —4 274.
U, B OCEE, XTI AR BE RGO LA
BEPR AL o AT BB IR [T . R B, 2012,33
(21):275 -279.
F WAL BE W, 1 18, 25 ASTR] SDS - PAGE 43 B
JREHe BE 25 RS I O 1 73 BESCR [T ] vh
ENHCBHEY) 45,2004 ,26 (2) ;75 - 80.
SRYRLE BTG PRI M DX R g 7 AR B R B R



R AF 2R -KREFTREEFXLEOHRG TR 63

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

SITHR A SR TR R [T]. KGR,
1992,11(3) :240 - 246.

Te) THEANS . 8 300 o8 R A AR A P R I B SR B
AR D]. Kb i Al K% ,2005.

BRI P G O o5 oV S I R (A A= A E DN 4
HBEFNEIT R RS TR TR R [T ] &kl
Bl2#,1996,33(1) 46 —49.

FLLFE B, TG , 5. G 3% R L 2
PR 20 3 MO B Sy [T ). o B e E Y 2
1% ,2007,29(4) :431 -437.

TR AR AR TR N L] A
W)2#4i , 1965 ,4(4) 313 - 320.

FAER. KGR FIECE AT LT ] ZRAEROr R
4% ,1997,28(2) ;201 -207.

E4 e, WAk, KGRI 245 11S/7S BF5
BB T ] IR RR 2, 1998 ,36 (1) 148 - 50.

XM, 2R REW=. REEAEHRMNEALE
PRThRERTSEEREL )] KGR, 2000, 19(3) :263 -
268.

Ogawa T, Bando N, Tsuji H, et al. Investigation of the

(28]

(29]

[30]

[31]

lgk — binding proteins in soybeans by immunoblotting
with the sera of the soybean — sensitive patients with the
atopic dermatitis [ J . J Nutr Sci Vitaminol, 1991, 37
(6) :555 -565.

XA, BT, HEERI, 5. ARAEIEL FiE R
F1 7S LS 455 K HWFARX & B [T R
Bl2#,2009,28 (6) :985 —989.

Saio K, Watanabe T. Differences in functional proper-
ties of 7S and 118 soybean protein[ J]. Journal of Tex-
ture Studies,1978,1(2) :135 —157.

Poysa V, Woodrow L, Yu K, et al. Effect of soy protein
subunit composition on tofu quality[ J]. Food Research
International ,2006,39(3) :309 -317.

Zarkadas C G, Voldeng H D, Yu z R, et al. Assess-
ment of the protein quality of nine northern adapted
yellow and brown seed coated soybean cultivars by ami-
no acid analysis [ J]. J Agric Food Chem, 1999, 47
(12) .5 009 -5 018.

(PTG Ei5)



