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Effects of intercropping on growth and yield of rape and Chinese milk vetch
SONG Li'?* ,HAN Shang' ,XI Ying — ying', LU Jian — wei' , WU Li — shu',CAO Wei —dong’, GENG Ming — jian'
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2. Tea Research Institute, Anhui Academy of Agricultural Sciences ,Qimen 245600, China ;
3. Key Laboratory of Plant Nutrition and Fertilizer ,Ministry of Agriculture/Institute of Agricultural
Resources and Regional Planning, Chinese Academy of Agricultural Sciences ,Beijing 100081 , China)
Abstract: For sustainable land use and higher revenue on both green manure and oil seed rape ( Brassica na-
pus L. ), a practical rape/Chinese milk vetch (Astragalus sinicus L. ) intercropping system was to be established
without affecting yields of rapeseed. Effects of the intercropping ( planting two lines of rape with one line of Chinese
milk vetch within one meter width) under different planting densities (from 200 000 to 400 000 plants per hectare )
of rapeseed were investigated on rape growth and yield in field. Results showed that the accumulation of nitrogen,
phosphorus, potassium and carbon in rape were close to mono — cropping rape ( MR, at the density of 300 000
plants per hectare) or higher. The plant height, root length, root crown diameter, weight per plant, and yield were
similar to MR or significantly higher. About 3 592 to 5 724 kg per hectare of green manures were harvested when
rape yield maintained at the MR level. Thus, the system showed clear advantage of land resources with LER (land
equivalent ratio) more than 1.
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1.1 #

3% ( Brassica napus L. ) fiFf-RIEN 5 5, %6~
9L (Astragalus sinicus L. ) i 7LFH, 338 F 2011 -
2012 AEAEMILAE SR N T ds B v gl R 2 il g
e AT i R AR R XU, AR 3 TR
17.0°C, [ /K & 2 1 282. 8mm, H B B 3% K
2 003.7h,+3E R 4, pH 7. 71, F HLJ% 31. 21g -
kg ' AR 1.94g - kg ! BRMRA 112.32mg - kg,
AL 7. 62mg - kg™, LA 69.60mg - kg™,

1.2 RAIigit

IRIRTE 6 NALFE A FE (1) FALBE (4) Fyidi=E ]
VR R, & SR PR R 10kg/hm® 2 HFE Y 1/
3 MEEH R (1) 10 J7H/hm’® ({5 IRAL/V) 5
(2) 20 Ji#k/hm® (5 IRd2/V) ;(3) 30 J7#k/hm’
(85 IRd3/V); (4) 40 F#k/hm® ({5 IRd4/V)
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P,0,. K,0 %3 %] & 180kg/hm®, 90kg/hm’ | 120kg/
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PR YINESL

1.3 HmpRESNE

13,1 b 7EM WE AR SR R,
POl bR RS AR SUML | bk i i A A ) i (A
), [ LA AR RS 3 Bk, BE T PR
VA I 7 SR Wl PR IR S B Tl SR R I
R IR AT ISR A A B AR S i, R
oy R TR B AN AR Y R

1.3.2 R=3E TEMSEIBAER [F—m 1, 45/ X BE
BB 2 A ARIERYRE DT CRRIER IR 58 , X 30em 1<)
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Table 1 Effects of intercropping on agronomic traits of rape at different growth periods
Giﬁﬁjﬁo d G?jv:ﬁfiﬁix TIRd1/V TRd2/V TRd3/V TRd4/V MR

k& Plant height/cm 44.50a 40. 80ab 38.00b 39.60ab 41.30ab

. R K Root length/cm 19.00a 16.19b 16.46b 17.02ab 15.43b

Seedﬁﬂnﬁﬂsmge 3% Root crown diameter /cm 1.57a 1.37a 1.53 a 1.31a 1.42a
FARREEE Weight per plant/g 248.98a 112.55be 101.57¢ 135.66b 166. 12b

H: M7= Biomass/ (/hm?) 24.90c¢ 22.51¢ 30.47ab 54.26a 49.84a
¥k Plant height/cm 98.20¢ 103.90bc 110. 60a 105. 60b 105. 04b

HR K Root length/cm 19.73h 19.35b 23.89a 17.91b 18.17b

Initial f%lgxff\i;ﬁg stage M2 Root crown diameter /cm 2.12ab 2.39a 1.98b 1.69¢ 1.76¢
YRk B Weight per plant/g 428.75a 248.75b 274.58b 179.26b 238.75b

HE )7 B Biomass/ (1/hm? ) 42.88¢ 49.75¢ 82.37a 71.70b 71.63b
Fi7 Plant height/cm 154.71b 159.79a 164.93a 158.93a 160.65a

K Root length/cm 24.88ab 21.72b 26.08a 20.24b 22.53b

Pod%ii%?age H#H Root crown diameter /cm 3.52a 2.46b 2.13b 1.79¢ 2.97b
FpREEE Weight per plant/g 1262.20a 531.33b 417.00bc 260.44c 510.11b
HW)77 i Biomass/ (t/hm?) 126.22ab 106.27b 125.10ab 104. 18b 153.03a

A::IRAL/V IRA2/V | IR3/V IRd4/V S35 3R % = 35 5 % B 10,20 30 40 J5#k/hm® [AIHISEIRI 7, MR S i S8 24, A4 i = bk

SEEE < BRAWUMREL. [FFT /NG FREAR RIS R 225708 5% BE K,

FIA

Note: IRd1/V, IRd2/V, IRd3/V and IRd4/V denote Chinese milk vetch intercrop with rape density of 100, 200, 300 and 400 thousand plants per

hectare respectively , MR show mono — cropped rape. Biomass = Weight per plant X plants per hectare. Different small letters in the same line indicated

significance at 5% level respectively. Same as below

*x2

EERT i 3EFE S T REH RN/ (kg/hm’)

Table 2 Effects of intercropping on rape nutrients accumulation

AR b3 H# F#B Shoot B Root
Growth stage Treatment N P,0s K,0 C N P, 05 K,0 C
IRd1/V 114. 8¢ 26.8¢ 58.1b 1117.7¢ 7.5¢ 1.9¢ 6.4c 113.0c¢
” IRd2/V 117.8¢ 27. 1c 62.0b 1 088.0c 8.3c¢ 2.0c 7.1c 121.2¢
H—lﬁﬁ IRd3/V 150.2b 32.0bc 68.5b 1 415.8b 13.9b 2.1c 7.3¢ 133.6¢
Seedling stage
IRd4/V 185.3a 39.8a 90.9a 1787.7a 14.6b 3.4b 12.2b 214.0b
MR 193.4a 37.3ab 94.4a 1 988.4a 19.1a 4.8a 17.9a 307.0a
IRd1/V 145.5b 47.3b 218.0b 2 589.7¢ 21.4c 5.7¢ 35.9¢ 583.1c
WA IRd2/V 238.6a 81.1a 338. la 4 330.1a 48.5a 11.8a 71.0a 1332.8a
Initial flowering  IRd3/V 234.9a 79.7a 330.9a 4 362.0a 41. lab 11.9a 67.0a 1261.6a
stage IRd4/V 189.5ab 47.1b 221.2b 3300.2b 37.5b 9. lab 55.3b 985.3b
MR 220.4a 57.3b 280. 0ab 3936.1a 23.9¢ 6.5bc 38.7c 721.0c¢
IRd1/V 244.9b 83.9b 224.5a 6 097.3a 28.0a 6.la 33.6a 1 029.8a
IRd2/V 258.8b 100.4a 210.8a 6 536.8a 12.5b 4.4b 18.6¢ 755.2b
ﬁi%ﬁ IRd3/V 271.0b 99.5a 231.8a 6 369.9a 24.2a 4.4b 17.8¢ 830.0b
Podding stage
IRd4/V 283. lab 98.2a 229.4a 6 371.9a 18.3b 5.6b 22.6b 753.3b
MR 315.6a 98. la 234.6a 7072.9a 37.7a 6.la 31.0a 1232.2a
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TERIAEI  IRAL/V F1 IRA4/V 4b B 52 i 1 &8
AW H A ML LR B AL T MR, IRA2/V Al
IRA3V b b #BA B 80 M A LR AR Bt 5 T MR,
i IRAL/V ARFR A B 8 A PLR LR 2K F MR
A, HoA R 55 25 0 4 BRI SEAR AR 0 B VBRSO AL
A R T MR, 3G B 5300 ok 56. 9% ~
102.9% ,40.0% ~83.1% ,42.9% ~83.5% ,36.7%
~84.9% . [VEER = Jehb 2 ] LA, BE & T 32 %
JEE AR HE TN, YR S b, 355 R0 AR 0 7 2Rl L A A B
TR e I BEAR, 7T A BT %5 B 3 - 80k
TEANR AR K AR 55

FEAARI, BRI A RELEART MR ),
[F] 158 25 B b 3T S B Rl 4 S A ALk SRR
¥I5 MR KR EZESR . B IRAL/V AR A W
B A AU T R B2 T MR Ab, HoAh B8]/ 55 = 0%
Ab I SRR R A BB A LR B R B KT
MR, [V 55 2 Jeab P2 [0 LAt Wil 4 T = 25 B 1) 3
I, TS R R A B 3, B R LR R 2R

AL PRIE] 25 R

MFE 3 ATHN, B IRAL/V A1 IRd4/V 2 FS
MR BBEMET MR, IRQ2/V Fl IRA3/V il 32 F5 #F
AR E ST MR; (A1 5 2 5045 20 3 I 52 7% FT
ZRE MR 5 8% ~56% ;1Rd3/V #1 IRd4/V
SEREFT A B ALE Al Eb MR 5 37. 8% F119. 0%
IRA3/V FI IRd4/V T #F B F B 73 51 Lk MR &
3.4% Ff13.7% , IRd3/V FI IRd4/V K-k R B 2
EHE T MR, 4 8. 1% 1 2. 3% 14. 2% FI
8. 1% ,[a]/F 28 = WE 4 Ab FAF R A e B R K T
MR, [HIVE2 29 ab B 2 0] Fb A, I 25 T 50 5% B 1 14
T, T SEREFE A B R B R B 0 R B AR
SRR E 30 T3 Bk/hm® Bk FI B, 100 2 40 7 R/
hm® W4T B [ o SRR A W BB 45 b B )
AL RLEE SRS AT A B BR A E] . BEE IS
FE (3N, Rk SR AR N, 40 T3 Bk/hm? B 2K ]
1 098.3 kg/hm’,

F3 EEX AR TR R R BRI/ (kg/hm’)

Table 3 Effects of intercropping on nutrient accumulation in grain and straw in mature stage

A B L3 FEFF Straw ¥k Grain

Growth stage  Treatment N P,0; K,0 C N P,05 K,0 C
IRd1/V 21.8b 5.9be 51.3d 1482.1b 42.9¢ 16.9¢ 5.5b 892.3b
- IRd2/V 31.3b 7.3ab 55.6¢d 1 958.9a 47.5bc 19.3be 6.2ab 1 042.5ab
I IRd3/V 49.8a 7.8a 91.5a 2 105.0a 62.7a 24.1a 5.3b 1 059.9ab

Mature stage

IRd4/V 22.3b 5.4c 72.4b 2109.9a 59.3a 22.8ab 6.9a 1 098.3ab
MR 26.6b 5.0c 66.4bc 2 035.2a 58.0ab 21.1ab 7.0a 1113.1a

2.1.3 sthmEFEALMRBZNHw NEK4
HR] DU A () A 389 35 ) 77 o 4 BUAF AE 22 5o
[ A 55 2 A5 A B e il 25 Yl =5 %8 2 1R 385 o, v S B
R A R BSOS W/ A, G v il 5 o v % T SR AR Y
IRA1/V AbH AR A SR AELIR K, B3 i T Hofh &% Ak
B, HA AN [F] 2% BE =R 5 5 = e VRl S A R8s
TSR T 35 25 5o 45 A0 BT 1) 3 71 R TR
HERERARE ., TEREE ST FMT, FFE 98

FiRE 2 B PR 10 T3 RR3E I3 40 J7 Ak, T SRR N 25

7 £ Bl A T 5 B A 38 T AT 3 e A, B T i
SEPPAE 85 B B IR0 IRAL/V b B (1) S5 FF 72 AR AT
P R T AR (MR) A1, HAb A B4 5 MR
TREZES . SZEEE 40 Jbk/hm’® AL 3%
B FPR 7 i i, A %)) 1 818kg/hm’, LBl MR 3%
P2 27kg/hm’  HEIE 1. 51% . 255 L0, 38 A PR
FE G [ESE 20, T BE AR AT 5 SR Sl S AH 3T 1) KT RE
FE

x4 EMEXERTEREMEE R0

Table 4 Effects of intercropping on yield and components

fb g R R RS RLEL Thid/ g FPRLP= R
Treatménl Pod number Seed number 1 000 - seed /(kg - hm=?%) /(kg + hm~=?)
) per plant per pod weight Grain yield Straw yield
IRd1/V 864.8 a 27.5 a 3.75 a 1386 b 3641 b
IRd2/V 277.3 b 27.7 a 3.78 a 1 623 ab 4774 a
IRd3/V 271.7b 25.2 a 3.80 a 1714 a 5108 a
IRd4/V 250.2 b 24.0 a 3.80 a 1818 a 5159 a
MR 269.9 b 26.9 a 3.78 a 1791 a 4934 a
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2.2 ERHRERFEZEERFEEMNEZRERKE
BHIF I
2.2.1 MBEEEREEKRFSEEFTHHH N
5 AT LAE IR T I RUBAE ) 5 AN [m) 9% B =
] 1R 1) 5 2= b v 1 T PR 5 0 iR 0 v o
13.6% ~38.0% ,J&Ab 85 15.9% ~32.0% . [i]
VEALIE Z 1] LA, I T =2 %% B2 A 15 048 = 0 (R Ak 15
APNES I AR IRAL/V A F A E 1

LR 173, I TCIe IR & WL 2 A6, [ VR ik
PR 2 ey fif e g 5 0 I TR 58 s e, BRI
BEAY AR 75.77% ~81.82% 49.78% ~78.91% , %
AEIT 7 AR BEAR TR W IR =4 3 2 [A)
PoA, — B 25 TSR o BESE I, 55 = B fif B
ARG, AL IR W],

GEAE 4 WSS kb3 TRA2/V IRd3/V  IRd4/
VOSCER IS 7 5 A Tl SR AT 1 (] e 5 P

E VAR AL AR KR R oK, SR el
R 1 SR e I R

HI TSR AR 2R 58 B 9 A AR B pf:

x5 EEMEZRARNPRZERREE~EH M0

Table 5 Effects of intercropping on agronomic traits and fresh grass yield of Chinese milk vetch

AR J5 5, AT LR — R 1 R I AR, AT 5
BAMHIFRES G WA A = RSk

o % /\*— U= v ot L s i1/ %
ék%‘ﬁﬂ‘%‘] L"IE Hilj *EJ[( ﬁQFEIj;Z @iﬁ?éﬁ IJ_‘TE"ﬁ:E“:EﬁJ 0.
/cem /cm / (kg » hm™) Proportion of fresh grass yield in
Growth stage Treatment . ° . . . .
Height Root length Fresh weight intercropping to mono — cropping
IRd1/V 34.1 ab 14.9 a 1906 b 24.2
s IRd2/V 37.4 a 13.2 a 1567 b 19.9
.ﬁﬁ' IRd3/V 35.4 ab 13.5 a 1430 b 18.2
Returning — green stage
IRd4/V 30.8 be 13.2 a 1746 b 22.2
MV 27.1¢ 14.9 a 7 867 a 100.0
IRd1/V 75.1 a 17.2 a 8553 b 50.2
. IRd2/V 76.4 a 17.1 a 5724 b 33.6
HEAEN] IRd3/V 70.2 a 13.8 b 5348 b 31.4
Full — bloom stage
IRd4/V 67.1 ab 14.4 b 3592 ¢ 21.1
MV 57.9 b 15.6 ab 17 031 a 100.0

2.2.2 MNEEZEFKFERITHHH NFEO6 AT
DA IR T TSR VRS T 5 8 SR R g AU
NEANEERIER 1/3, AL BEEE = S il B AR AR
TR B AR R BN TR R S, (]
VESE 2 et b0 40 Wl B L 40 0l o A Ak L 1Y)

F6 EEIESHMBEPEZEZSRIBHOHM/ (ke/hm’)

Table 6 Effects of intercropping on nutrient accumulation of Chinese milk vetch at returning — green and full flowering stages

23.2% ~ 37. 6% .31. 2% ~39. 0% .25. 4% ~
34.8% \20.6% ~30.1% ., [H{EHSEALIEZ 0] FL AR,
LYt AR AR AL B A R 3 DL IRAL/V Ak
BRI BRI R A DL TRd4/V A BRI 5

=gy L3 H# - #E Shoot HEEB Root

Growth stage  Treatment N P,0; K,0 CN P,05 K,0 C
IRd1/V 9.4 b 3.0b 12.1b 176.4 b 1.0 b 0.4b 1.2 b 2.8 b
Y IRd2/V 7.1 be 2.4 b 10.0 b 129.4 b 0.8b 0.4b 1.0 b 19.0 b
Returning —  IRd3/V 5.8¢ 2.6 b 1.4 b 123.5 b 0.6 b 0.2 b 0.6 b 12.2 b
green stage  Rq4,V 8.6 b 2.9b 13.7 b 180.0 b 0.8b 0.2 b 1.4 b 25.0 b
MR 25.0 a 7.7 a 39.4 a 598.1 a 5.2a 2.6 a 9.0 a 157.0 a
IRdL/V 21.3 b 6.2 ab 16.0 b 532.5 b 3.0b 1.7a 2.0 b 63.6 b
] IRd2/V 14.0 b 4.3b 1.7 b 304.8 b 0.9 ¢ 0.6 b 0.5 ¢ 26.9 ¢
Full - IRd3/V 17.9 b 5.3 ab 15.7 b 261.7 b 0.6 c 0.3 b 0.3 ¢ 15.6 ¢
bloom stage R4,V 10.0 b 2.7 b 7.7b 170.3 b 1.5 ¢ 0.8b 0.9 ¢ 33.3 ¢
MR 40.0 a 8.4 a 34.2a  1003.0a 5.3 a 2.0a 3.5a 128.1 a

TERGAEIYY , ) 1 b B 5 2 b 0 AR R 4L
e PRI R R A 2 BT R R B . R
T IR BRI 5 AR AR B K25 . 0%
~53.3% .32. 1% ~73.8% .22. 5% ~ 46. 8%
17.0% ~53.1% o [EAFH=RAL B 22 6] U, il 5

BERIBEIN, 5 2 920 45 97 o0 LR A /M a3
SR FE W AR BUR AR L TRV AR B
Sy, 3o Al A AL BEAY 1,19 ~ 2,13 ffF
117 ~2.30 4% .1.02 ~2.08 {1 1.75 ~3. 13 £, 42
IS g 2ES e Y SR A SV
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MR ST E BEAEIT , 25 5] 4 Ak B 58 25 9l |-
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B PR B B B RO IRAL/V AR B MR AR 45 57 0
FRR I B R KA IRAL/V AR P
2.3 ZEREHEAREEEBFEEERNH L4

T E S S

RO Py &2 W NIRRT P ESE o
)1 , IR 2% 2 3 3% 6] 4 (10 J7 #k/hm® , IRA1/V)
Arv S -0.67 ,/NTF 0, EWING Arv KT 0(FE
7)o FRWMSER AL 20 kR /hm® KDL bR 2
FET MR ZE 4 98 T 55 = 0 IS 2 A SR
KRN T3 B SR A% Pl BERG i, J a4 hg
Ty B2 R, M SE R Dl 40 T ik/hm’ B il SE
AIsEFHRE IR B R

[ 5 JEE M1 545 5 2 B A 1 A B b S ) i
b2 L (PLER) 20K F 273 (= 1) 4 £ 48 il
S T AR 5 )4 ST AR LG ), D6 W = e A L
L (oo I ERC R =TS ey ik ol syl | TR ) | P ]
PEMR Z B 1 4L B TRA4/V (il 3¢ %5 B 40 7 R/
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Table 7 Aggressivity ( Arv) of rape relative to
Chinese milk vetch and land equivalent ratio

(LER) and partial land equivalent ratio ( PLER)
in rape/milk vetch intercropping system
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IRd1/V -0.67 ¢ 0.78 b 0.61 a 1.39 a
IRd2/V 0.10 b 0.91 ab 0.42 ab 1.33 a
IRd3/V 0.35b 0.96 a 0.36 b 1.32 a
IRd4/V 0.75 a 1.02 a 0.26 b 1.28 a
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