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Abstract: [ Objectives ] Intercropping wheat with common vetch or hairy vetch is a new crop production
system in northwest China. To provide theoretical base for the nutrient management of this intercropping system,
we studied the effect of N fixation and N transfer efficiency of two legumes (common vetch and hairy vetch) on
wheat. [ Methods ] Identical pot experiments were conducted in two sites: Xining and Wuwei in Qinghai and
Gansu Provinces of China, respectively. The treatments in the experiments included wheat monoculture (WC);
common vetch monoculture (MC); hairy vetch monoculture (MH); wheat and common vetch intercropping
(IWC); and wheat and hairy vetch intercropping (IWH). We did not apply N fertilizer in all the treatments. "N
natural abundance method was used to analyze the amount of N from biological fixation and the amount
transferred to wheat. [ Results ] The aboveground dry biomass of wheat and the two legumes in intercropping
treatments were significantly lower than their biomass in monoculture treatments. Similarly, the individual N
accumulation of the two legumes and wheat in intercropping treatments were significantly lower than their N
accumulation in monoculture treatments. The total N accumulation in legume monoculture (MH and MC) and
wheat-legume intercropping treatments (IWC and IWH) were higher than that of WC. The amount of N fixed by
common vetch in IWC treatment in the two sites (Xining: 0.24 g/pot and Wuwei: 0.48 g/pot) were lower than that
fixed in MC treatment (Xining: 0.88 g/pot and Wuwei: 0.78 g/pot). The amount of N fixed by hairy vetch in IWH
(0.38 g/pot) was lower than that fixed in MH treatment (0.81 g/pot) in Xining, while those of Wuwei were similar.
Both the amount of N fixed by hairy vetch and N transferred to wheat in Xining were significantly higher than
those in Wuwei, whereas both N fixed by common vetch and N transferred to wheat were higher in Wuwei than
Xining. The amount of N transferred from N fixation to wheat under IWC (Xining: 0.13 g/pot and Wuwei: 0.19
g/pot) accounted for 31.6% and 24.7% of the total N uptake by wheat in IWC treatment in Xining and Wuwei,
respectively. The N transferred to wheat under IWH (Xining: 0.09 g/pot and Wuwei: 0.06 g/pot) accounted for
23.8% and 11.4% of the total N uptake by wheat in IWH treatment in Xining and Wuwei, respectively. Path
analysis showed that shoot dry biomass was the most important factor affecting N fixation and N transfer from
legumes to wheat. [ Conclusions ] Overall, intercropping decreases the aboveground biomass of legumes and
amount of fixed N. Our results also suggest that cultivar and growing environment affect N fixation of the two
legumes. About 11.4%-31.6% of the N uptake by wheat is from leguminous N fixation, and the N transfer
ability of common vetch is generally higher than that of hairy vetch. Therefore, further study is needed to
identify the best techniques for efficient intercropping of wheat and vetch legumes.
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Table 1 Basic chemical properties of experimental soils

TR0 Hb - HHLIT (g/kg) 2A (gke) TEHLA (mg/kg) F R (mg/kg) B (mg/ke)
Experimental site P SOM Total N N Available P Available K
P4 Xining 8.13 21.95 0.81 9.40 23.70 140.00
o Wuwei 7.84 22.46 1.19 13.60 27.90 121.20
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Table 2 Shoot dry biomass and land equivalent ratio (LER)

250 Hb st} /N (g/pot) SRR (g/pot) Bt (g/pot) LER
Experimental site Treatment Wheat Leguminous green manure Total
P47 Xining MW 85.65+17.50 a 85.65+17.50b
MC 62.63 £4.60 a 62.63 +4.60 ¢
MH 5591+3.48a 5591+£3.48¢c
wcC 64.12 +3.66 ab 30.07+£3.76 b 9420+4.21a 1.23
IWH 60.77+7.71b 26.84+3.40b 88.19 +4.64 ab 1.19
L Wuwei MW 79.37+7.93 a 79.37+7.93b
MC 71.58 £8.80 a 71.58 +£8.80 ¢
MH 69.36 £7.34a 69.36 £7.34 ¢
wc 4736+13.98b 45.77+£5.07b 93.13+12.16 a 1.24
IWH 37.98+3.81b 48.03+2.05b 86.01 £3.07 ab 1.17

i (Note) : MW—/AZ HifE Wheat monoculture; MC—7i 55 %i 5. 514F Common vetch monoculture; MH—F M2 F ¥4F Hairy vetch

monoculture; IWC—/NAZ|| %% #i G [E1fE Wheat and common vetch intercropping; IWH—/N4Z || & M2 F[E]/F Wheat and hairy vetch
intercropping; 2T HUEI AP + Fr#ELR The values in the table are mean + standard error (2 = 5); [RIFVEHE G A RI/NG PR AL BRIE) 22

5123 Values followed by different letters within a column indicate significant difference among treatments (P < 0.05).

®3 (Ft ERMARRRE (g/pot)

Table 3 Shoot nitrogen accumulation

P47 Xining L Wuwei
ﬂiﬁ — VAR — YA
Treatment M TR Hit N SRS Bt
Wheat Leguminous green manure Total Wheat Leguminous green manure Total
MW 0.53+0.10a 0.53+0.10¢c 1.36+0.12a 1.36+£0.12b
MC 1.95+0.38a 1.95+0.38a 1.82+0.34a 1.82+0.34a
MH 1.27+0.09b 1.27+0.09b 1.67+0.11a 1.67+0.11 ab
IwWC 043+0.07a 0.62+0.04 ¢ 1.05+0.08 b 0.63+0.16b 1.13+£0.24b 1.76 £0.21 ab
IWH 0.38+0.09a 0.62+0.12¢ 1.00+0.18 b 0.53+0.03b 1.33+0.08b 1.86+0.08 a

I (Note) : MW—/NZEHifE Wheat monoculture; MC—#i % %i . 54F Common vetch monoculture; MH—EM 74 Hairy vetch
monoculture; IWC—/NZ ||#i 56 Bi 5. [A]4F Wheat and common vetch intercropping; IWH—/NZ || M35 F[A]/F Wheat and hairy vetch
intercropping; #FPEUEIA JF-HI{E + AR7fELR The values in the table are mean + standard error (n = 5); [RIFIEIE 5 AS[R]/ING FAEACF AL Bl ] 22

5t .3 Values followed by different letters within a column indicate significant difference among treatments (P < 0.05).

FACHRR] AL . AR HEE S R
5o BB, AL )25 AN, Hof)s
|| B FIRVEAL B 138 pH 3 = TRt s EAL
B, HASEbRAEA AL B JC B 2
23 EMENERZREEYIERNERENERE
EREA

5 BR, SORSIEREMLLL, Pith/NE ||
TR NE ] V5 X 5Bk S R 1) A 9 [ R0 38 TG i 3 5%
W, AR FERSGH, FETEMNE FAYBRENL
B 64.1% F1 60.1%, Y5 5 2 5 15 28 9 o 114
44.8% H139.2% g HLAE AR T] 1 i 25 9 2 1 A= 40 [

B (O30 h 44.6% F1 42.8%) K B = T EBMH
T (N 12.5% F1 11.4%). 95 M55 2 80 =2 1 A= ]
RECR LR EZES, WV T B0 AL
5 2 TR

S ORI AAEM b, [RIAE B RS R A
MY A (REEMN TN . 10T s
R, ]V S S A RN B BRI T
82.1% #138.5%; PUTR/EEME FAYE A& D&
FEAR T 51.2%, sCRTC M, Wb SRR i
AEPEIR RN EZES, RENES S G AEA
HRESTHT., WTRE, MERE D EME T4



12 34 XU, A5 PO/ S SRR AL A VA 0 5 2 A0 B 2 T AR W 11 U8R B R R e R v 2189
* 4 TELETFMFEMIR
Table 4 The chemical properties of soils under different treatments
B0l pOrE] HHUE (gkg)  £%A(ghke)  TOHLA (mgke) AW (mgkg) B (mg/kg)
Experimental site ~ Treatment pH SOM Total N Nuin Available P Available K

74T Xining MW 7.92+£0.02¢c 1894+126a 0.87+0.03a 7.66 +£1.08b 33.74+290a 127.40 £ 9.69 a
MC 8.00£0.05b 20.75+251a 0.83+0.0la 16.75+239a 23.58+1.52¢ 13480+ 6.73 a
MH 8.09+0.03a 20.09+0.57a 0.87+0.03a 1592+3.17a 24.64+£2.16 ¢ 126.20+7.19 a

IwC 8.06 = 0.05 ab 1998 +0.63a 0.87+0.03a 831+3.13b 27.26 +£1.52 be 122.60 + 16.49 a

IWH 8.09+0.02 a 19.43+094a 0.87+0.04a 10.03+£0.63b 30.94+7.07b 121.60 £ 14.85 a
o Wuwei MW 7.96 +£0.02 b 19.72+1.00a 1.17+0.11a 935+1.05a 3488 +145a 106.40 +£7.96 a
MC 7.90+0.04 b 20.86+0.70a 1.20+0.0la 11.31+4.28a 35.16+1.13a 11220+ 5.15a
MH 7.93+0.03b 20.03+3.0la 1.20+0.04a 12.51+5.00a 3478 +1.53a 105.30+7.79 a

IWC 7.93+£0.04b 19.40+3.01a 1.23+0.0la 11.23+3.83a 3486+220a 104.40 £ 12.67 a
IWH 8.04+£0.03a 18.68 +2.0la 1.22+0.03a 939+1.54a 3458+2.56a 108.40 +4.88 a

¥ (Note) : MW—/ZZ B/ Wheat monoculture; MC—ij 3 Hi . H/E Common vetch monoculture; MH—E M F H.4E Hairy vetch
monoculture; TWC—/NZ2||Hi% BiF.[EIfE Wheat and common vetch intercropping; IWH—/NZ || BN F[@/E Wheat and hairy vetch
intercropping; & FPEUEIA JFHI{E + AR7fEDR The values in the table are mean + standard error (n = 5); [RIZIEIE G AS[F/ING FAEACF AL Bl ] 22

5 EF (P <0.05). Values followed by different letters within a column indicate significant difference among treatments (P < 0.05).

x5 ERZREVERYEREVERE

Table 5 %N, and N, of leguminous green manures

b HEYIFEIARCE %Ny, H W E A & Ny, (g/pot)
Treatment P47 Xining U Wuwei P47 Xining o Wuwei
MC 448 + 7.3 bA 44.6 £10.1 aA 0.88 £0.24 aA 0.78 £0.13 aA
IWC-C 39.2+2.1bA 42.8+3.4aA 0.24+0.01 bB 0.48+0.11 bA
MH 64.1 £3.5aA 125+ 1.7bB 0.81 £0.04 aA 0.21£0.04 cB
IWH-H 60.1 £12.7 aA 11.4+ 8.8 bB 0.38 £ 0.04 bA 0.16+0.12cB

i (Note) : MC—H74%i 5 5fF Common vetch monoculture; MH— M2 F ¥4 Hairy vetch monoculture; IWC-C—5 /N2 [RIVE A9 i
Wik Common vetch in wheat and common vetch intercropping system; IWH-H—5[E]{E/N&Z Y75 F Hairy vetch in wheat and hairy vetch
intercropping system; & EUEYI A EIIE + FRifEDR The values in the table are mean + standard error (n = 5); [FIFEHE G AF/NG FREAR £
—iRE AL R 22 5 B, TR RS FRACER P05 7] 22 55 2 3 (P < 0.05) Values followed by different lowercase letters in a
column indicate significant difference among treatments in the same experimental site, and different capital letters in a row indicate significant

difference among the Xining and Wuwei experimental sites (P < 0.05).
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TR B, R AU 4
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Fig. 2 Plant nitrogen content in intercropping systems
[7E (Note) : IWC-W—Y5#i%&Hi G A /ER) /N4 Wheat in wheat and common vetch intercropping system; ITWC-C—15 /N2 [R5 Y 57 55 B &
Common vetch in wheat and common vetch intercropping system; ITWH-W—X M2 F[EI/ER) /N2 Wheat in wheat and hairy vetch intercropping
system; IWH-H—5/NE [AI/ERYE M2 F Hairy vetch in wheat and hairy vetch intercropping system; 1 _FAR[R/NG FREAC R BLE] 25 7 .35
(P <0.05) Different lowercase letters above the bars indicate significant difference among the treatments (P < 0.05).]

*6 TRREBRARDNENEBERE S NERRREAILLH]
Table 6 Amount of nitrogen transfer from leguminous green manure to wheat and
its proportion in wheat nitrogen uptake

b Lt Proportion (%) %% & Translocation (g/pot)
Treatment P47 Xining o Wuwei P47 Xining U Wuwei
IWC-W 31.6£2.6aA 247+4.2 aB 0.13+0.01 aB 0.19£0.04 aA
IWH-W 23.8+2.0 bA 11.4+1.3bB 0.09 +0.02 bA 0.06 £0.01 bB

# (Note) : IWC-W—5 %755 %i T [A14EAY/N2Z Wheat in wheat and common vetch intercropping system; IWH-W—Y5FMH-35 FRVER)/NE
Wheat in wheat and hairy vetch intercropping system; 2 -PEU{E A EH4{H + #R1fE1% The values in the table are mean + standard error (n = 5); A~
[F/NG FHRHR R R — S A e 25 57 0 2, R RIR S F R R R — 41 o5 ] 25 57 B2 3 Values followed by different lowercase letters indicate
significant difference among the treatments in the same experimental site, and different capital letters indicate significant difference among the Xining
and Wuwei experimental sites (P < 0.05).

GRMRIEA Y A A W, DA T T LRET R A
A= Treatment Experimental site
iz ”@Eij(o

K4 KB, IR AR 2R 58 F 56 b i % £ 3
pH A R g s HHEA LR, A 3
Feor (CHUR. AR, BT FGReR It e+
VI W . TR BRI . pH HIHE
LR R R R A BE R, it LA
DA T SN

3 hie
31 (AR SRR M AR B3 ERERRYRRRNEEMT

Fig. 3 Path analysis of factors influencing N,
2% ot = RLE .
ARG EY, 5 ERHERIE AR, /J\iH [7E (Note) : SOM—EHEAH LI Soil organic matter; TN—2%
SRMEE RAE X SRR AE Y B ARCR R E . Total nitrogen; NPK—HAUABI 4> Available NPK (JEHLAL L
W, (EA R AR % B S P SR EY A% . HALE Mineral nitrogen, available phosphorus, available
o o H ) potassium); Biomass—h F# T4 & Shoot dry biomass;
AR L e 0 R 8 0 325 6 2 T AR o

N..—E Y [F % & Biological N fixation amount; *—P < 0.05;

T [ RRE ST o HEMIAHETE /N BT  FBE. =P <0.01; **—P<0.001]
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Treatment Experimental site
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Fig. 4 Path analysis of factors influencing N translocation

[#£ (Note) : SOM—tHEAH LI Soil organic matter; TN—2%
Total nitrogen; NPK—# s & #4175 4> Available NPK nutrients;
Biomass—3tl ¥ T4 it Shoot dry biomass; Nu—Z2 5 5%
i Transferred nitrogen amount; *—P < 0.05; **—P <0.01;
***__P<0.001.]
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Table 7 Average shoot dry matter yield of leguminous green manure crops

SR Hb i Pi & Common vetch E124 T Hairy vetch
Experiment site FifE Monoculture [G]4F Intercropping HifE Monoculture [8]F Intercropping
P47 Xining 1.66 a L.11b 1.55a 0.62b
B Wuwei 1.99a 1.69 b 1.93a 1.78 b

H (Note) : [FFTEIRE ARR/NG FRACE AL BEA] 22 57 B3 (P < 0.05) Different letters within a row indicate significant difference among

treatments (P < 0.05).
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