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1.1 AR XENR

R KT-20064F-3~10 A 7 Hifr 4 sl ik B 8 A = AT ikT
HOFA 7 38°37' N, 102°40'E, #1504 m, Jo#s 1150 didtq,
SEREME150 mm, £E7EK 2021 mm, EHSET7C, EHK
443023 h, =10°C WA AR H3016°C, 4F K BHFE S & i
140~158 k¥/cm?, @ TMAMHEAL . —FH KM ARE
X A KRR L, BHE L EpHE h8.01, &
B AR A% AP HABER U 520 4 3.12, 6.24.
1.21 x10%, 2.19x10%, 27.21411.19x10° mg/kg; 0~20. 20~ 40,
40~60. 60~80. 80~100F1100 cmbA R -+ JZ iy +- e H 40 51l hy
1.26. 1.47. 152, 1.44, 1.30f11.37 g/cm® FT#AEY) K BAAE K
#.
1.2 Rt

KRR, EXAFKTFRE, SHEE 46%): HED
Wk 0. 75, 150, 225, 300 kgthm?;  EIX hR R T B
A PAETOR. ERCKEE; 3REH.

RHACREE, 3A4lE, W98 1.20 m, ok 247,
ATEEFIKREE > %4 0.40 m F1 0.30 m, i 2/3; & 24T, 17
FRAIBEFEY) N 0.20 m, (Hh 1/3; AHABA) R KAT R AT HIRE Y
i 0.30m. AR SRS AR

ANIXTHAR 19.80 m?, /N ] AL LAR 1E K R HIE . REE A
BERFNEALER, 5 NX I R IE (75 kglhm?), #ET LLEE
RO RN . B T FEAE L BT AR R B O
B (AR 3 50%. 25%. 25%. {EZE KTl 7E
SRR IR N TR . 50 1 10] B4 i R RE K A an ] 1.

4T (Micia faba L.) HlifiZs 55 (Lincan No.5),
3 H 18 HEM, 4 H 17 Hilily, 8 H 1 Hilltsk; £k (Zeamays
L. ) ML % 16 5 (Shendan No.16), 4 H 19 H#%HM, 5 H 10 H
W, 10 7 4 FWGR, PIEDILAEI CROK T 2 4 S
86 d.
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Fig.1 Distribution of precipitation and irrigation
during experiment period

1.3 HERXERDMFAZE
1.3.1 ¥%hHn

SR T R ACK BRI, FEAIE B IA4T 05 m B R4k F
T, FWr=ariiar T 20 #RAIECK 10 SR FF, KT 5 H LU E
R S o D77 ISP 00 7= 5 PR T 1) A R ARk, 5%
FIORE it — 24 g SEBRl = ik o SR H,S04-Ho0, 7, UL ER
IR S e A
1.3.2 EEHE

O3 ) R ORISR S5 7 45 A e (1 A A R ORI
RE, FEATEURRARE R 0~160cm, £ 20 em h—JZ, AR 2
AN, BEERER I G 7R AL (0.25 HD, FrIX 129,
JUN-20CUKA, B 57 L — 475 R -3 5 K o s i
¥4, i 100 mL 0.01 mol /L ) CaCl, 4%, #&% 1.0h,
15 S M (TRAACS2000) I 5E IR A R EL 2
%i[m]o
1.4 FRBAEBS5GHHH
L4.1 $3EHHE

EAEE . 48 (land equivalent ratio, LER) ‘%
FHF i AR A

LER=Y; /Yg +Yin/Yan (D

P Vi Yi—— W0 7% TR K (RO L B i
kg/hm?s Yg YA O R TR R R ek U,
kglhm?, % LER>1, &M nIAE Lt A o 22 i IR b Ve 4
K 45 LER<1, 4R IE A ORI %

WAE RSP ) (system productivity, SP, kg« hm?) 2y

LA TR P T (R A A AR L 7 e () BT S4)
P =Y, xZ, +Y, xZ, (2)

X Vi Vi TESR SR TR R R B, kg/hm?s Zp.
Zy—— WM EKIEMERSE D I #L L, Hrp z
=0.33, Z,=0.67.

(B4R R G AN AR R G R BRI IO LA SR AR T 5[]
= (2.

REWIKIEH (nitrogen harvest index, NHID b3y
A7 THIAR R AT R 22 BB SRR SR = R 2 L

NHI=GNU/NU (3)

FEWIHE (nitrogen uptake efficiency, NUE, kg/kg) K

LTRSS B R 5 AL R A AR i .
NUE=NU/N; 4

R & TR A M % (nitrogen dry matter production
efficiency, NDMPE, ka/kg) B4z AR AR T-H) it 5 AL
TR A R S R ST T LU

NDMP=DM/NU (5)

B E LA ZE (nitrogen grain production efficiency,
NGPE, kg/kg) JyHAr AR AR ™ 7 5 B A0 AR i 5 28 35 IR I
H L.

NGPE=SP/NU (6)

A GNU——EWFPRLI A i, kg/hm?s NU——FE RS AT
AR B, kg/hm?, DM——RSATRUEPRL I B T Y% &
kg/hm?; N—— i A 4% &, kg/hm?,
1.4.2 %itotf

KRBT BT 2200 T AT 8l o b, Se P S A
ZAIH SAS Geit it (SASIngtitute, 2001) 7.,

2 HBR55H

2.1 [EEFERIEXEME = AR

T 5 2 M3 oK =2, MY 4 16%. Bl A i T 12t [y 34
s TEVe A Bl ) R = e B B, e A o (1 7=
8 55 A 20%~92% (K1),

V) IR A S0 2 M v 28 7=, 1 60%, {HLE ZUIE XS
IR L E (R,

G EKNERGRA BEWNERSR, LiRiEEK T &
fiX, LERKTL, (HEEXYLEREMATE . T RGEE™ N
R TR B ER, HERGE L ERGE & T
23%, MFEKFREEE W ARG (RD.

Rz EMEFERBEXEYIE = DR R IR

Tablel Effectsof intercropping and nitrogen fertilizer on crop productivity kg * hm?
e E N TE ESN
AR i 4 ] AR lK{= 8] FAE i 4 ]

0 6847 a 6476 a 6662 C 3584 a 5827 a 4705 A 5770 a 6262 a 6016 C 121A

75 7214b 8769 a 7992 C 3490 b 5953 a 4721 A 5985 b 7840 a 6912 C 1.38A
150 8970 a 11902 a 10436 B 3475b 5632 a 4554 A 7157 a 9833a 8495 B 144 A
225 10823 b 12845 a 11834 AB 3838 a 5447 a 4642 A 8518 b 10404 a 9461A B 1.30A
300 12202 a 13422 a 12812 A 3399b 5660 a 4530 A 9297 a 10861 a 10079 A 128A
Ty 9211 b 106823 a 3557 b 5704 a 7345b 9040 a 132

e AR TR RN G FREBORFE AR 220 B3, MR/ NEFRERORZERARE (P<0.08) 5 [FFIPAFR G FREORFUK T M 2850 12
(P<0.05), MIFKNE TR RERARE . T,
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2.2 [EMEFIRAEXE4 Mt £ R R IR IR R
ISP i N (/2% AL TV RS T (/I P} SEZ DN
AT o TEIVERR 2 R e TR R U, 1 4 35%, el
(I T OKME S B A it 2 B o 84, B8 24 18 %~139 %
(%2).

(] {1 2 2 e i e S RN, I D 31%,  (H UL 2
SAERWWCERA L (R2),

55 AR R G BT AT Tt 5K -F R MR R SR R W R B

H—E M fEEH, LER¥IAT 1 (8 2). MERG T EAE
X AER I A 2 il 216 kg/hm? o T it 28 4 3 n 38— s R
(225 Fi 300 kg/hm?), VEMIE W ZE AR . MR ISR
GIR VMR, W IUE L AN S N TR 1, (R R
BT AL TP, RIVAESRAA feFr s 5RE.
TN E i R K R 2R 45 10 SUBBORAE I 5E 45 SR 5 AR 56 AH
1u[9v 10, 11-13] .

F2 EMEFEALATEYIH EER R R R ARG
Table 2 Effects of intercropping and nitrogen fertilizer on nitrogen uptake of above-ground part of crop kg + hm?
U EP/S A RE LR
Ikgrhm* B i T H i T B i 4
0 1la 12a 122C 295a 386a 340 A 172b 216a 194C 1.25A
75 111b 178a 143C 283b 399a 341 A 168b 250 a 209C 154 A
150 167 a 216a 191B 290b 387a 338A 208b 272a 240B 1.35A
225 239a 305a 272 A 280b 384a 332A 253b 33la 292 A 134A
300 239b 343a 291 A 306a 344a 325A 261b 344a 302A 134A
T 174b 234a 291b 380a 212b 282a 1.36
2.3 [EEFRBIHE R EWBH ARG rh U RN R AR B 5 ) L A R GE 1 In39%0 1 11%, 148

VN7 T ES A URTE PP M EIR R R
MZERA R (GR3). AR EL N, Tkl Rg o
VE RS R BU RS, HRBMCR 2 TREEH, A3%
TR, RXEEREMEASSE FIORIL “FERAC e B
FELAA F E RSO A S ik 25K (GR3), MERSE

=3

DEAHI R AT Y BRI AR R B, HABE A R AR T T )5t
M, IR R R S T L ), ETH
KA TR R “FEEWM 5. KRG R A AR A
TR R R e R85 19,

B8] {E AN AR X E 4 T ZR IR AR R B 220

Table3 Effects of intercropping and nitrogen fertilizer on nitrogen uptake and utilization efficiency of crop

— IO W kg kg R BT % kgkg ™t BB TR 2 kg kg™
. -2 »- »- A A
Ikghm A ) ¢ A ) ¢ T fl ff: e fl ff:
0 056 a 064 a 3355a 28.83a 95.05a 7778 a
75 0.52b 0.64 a 2.24b 3.33a 36.25a 3142 a 98.58 a 82.73 a
150 057 a 0.60 a 1.39b 181 a 3432 a 36.10 a 91.95a 87.99 a
225 0.58 a 0.58a 1.12b 147 a 34.15a 3145a 82.90a 7873 a
300 054 a 0.62a 0.87b 1.145a 35.72 a 3154 a 83.78 a 79.01a
Y1 0.56 b 0.62a 1.40b 1.94 a 35.11a 32.63b 89.30 a 82.12b
2.4 [EMEFNEBER LIETH B RFIAISNE BAE R E MBI, LI ERBIGEERG LA &

VEMIRR 30 A0 E R W B ED) 700 IR o A 7 K [RIAE
WA RN, &R REFAET0~80 m, HEA L KAR
XE AR D, TR KAR R TSR TR, Fa o AR R
A, HiFE K100 cmt- 2, BUEA#FSTH480~100cm &
AR VR R 32, 7E100~160 emt 2 H I AL L &
ERK, WRGHEE R, B RN RN R S
Bl . RAZRW, FEARMESM T, & R ORI A R
Yise S WGkE, L d T HhE g ok, 0~100 cm F1100~
160 e A~ -2, [l H LA B ARAC T A, HOo~
100 cm +Z LA A B E HFE100~160 et )2 e, HFE T
XA T E LN E R BRI T % . ol figd 0K A
YRR th T3 S A [ et e v 7 3 g, Rk
REWFIH, FHR&ED T LR ZR.

HERA T Z N, IR EEAKY . EREMERELET (75
F1150 kg/hm?) P2 TEH LR BRI AN B2, HER
(300 kg/hm?) 15 A S ER B4 A 81 fad 5 KOF s e L A +- 48
TR BB AR N, HESALE (KD, MEEY
GRS, RAA&EEUKTES i A Rl BE KT, ER
AJ B0~ 160 e 2 TEHLA B 8140% (KD, W& R E R T
it S R LR BT . AT RN B
SR AL BARM, wThg TR B R 2 SR A K
THLE PR,

[ AM ) — LeAfF 5T R B S AR ER S 0~120 em (#1358 il
AE S ES) H>50.>120 kg/hm?, 0 T IR A ZIR > 10,
>20 mg/kg™®, WCHRJE 4 b A A U SRR
PSSR S RE MK, ik, Kok T3k @ & a
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FRERIAE — 72 (A3 B A2 e 1 A= 7 R AR 25 i Tl B P — A T A
s BREEFXAME 52 h 90 kg/hm? 81, ACHF 5 b Kl 35 0~
160 cmt LML R R ALK EIN B 10— gl
P, BISEF R ETHRES (B2). X5 R HERLRR: I
T ER 2 Rk G TEZ I SRR o S (LU P 378y

5 JIRIRTFUR ] KSR I - Sk B A 24 2 B A it S 8
2 LFE, AR A B /R 150 kg/hm?E Jy BREE ] 252 1 {09,
RABLRK 45 R 22 LR G EYIRA MR AR ol 3R
BT TEHLS L ) B AR G

F4 TFREFEEMEMRIEX LIELN A RINERNF N
Table4 Effects of intercropping and nitrogen fertilizer on inorganic nitrogen accumulation in different soil layers at different stages

kg + hm?
i + Ik FoklEk
. 72 N N
fkgrhm fem ARG 4R R 2 T4 ARG 4R R 2 Tt
0 0~100 46.0a 41.1a 435C 22.4a 15.5a 189B
100~160 39.1a 33.8a 365C 12.0a 8.6a 10.3C
5 0~100 42.6a 44.0a 433C 18.5a 10.9a 14.7B
100~160 31.6a 40.9a 36.2C 8.0a 3.5a 5.7BC
150 0~100 57.9a 55.8a 56.8 BC 20.5a 14.6a 175B
100~160 48.7a 46.4a 475BC 8.5a 8.8a 8.6 BC
95 0~100 70.0a 78.8a 744B 38.5a 13.8a 26.2 AB
100~160 52.0a 63.7a 579 AB 24.1a 13.2a 18.7B
300 0~100 145.4a 152.9a 149.1 A 47.8a 28.0a 379A
100~160 74.1a 73.4a 737 A 36.7a 26.9a 31.8A
Sy 0~100 72.4a 74.5a 295a 165b
100~160 49.1a 51.6a 17.9a 12.2a
2.5 EERGAERAERNARKERT S 15000 | s R s
FIH &M e iR RE 55 MR, e
¥, AR EE /K (P<0.001), Mg s ) yﬁﬁf@§$<m) .
N N N e vy ! J= X o
{E(186 kg/hm?) i, [EJ4E R Ge A7 A TR I K IR i it 5 o e ¢ » g
. ’ & 10000 L R*=0.7777 L J . 100 =
FERAO0~160 em- 35 HEHLE BRI OC RN LL R #hi 2k § 2
A e R (2D RIS E i AT B R BRI T AL % @
MR, R E S R (7)) FMEEEHEZRERL (8) K ﬁ %
HOTRET N - g 5000 1 50 ﬁ
B = =0.0004x°-0.0889x+15.693
y = 23.807x + 6192.6(x < 186) - oo
y =10632(x > 186)
y = 0.0004x? — 0.0889x +15.693 (8) 0 0

¥k (7 Tk (8) BT TR, x=186 kg/hm?, BlIfEZx
TH K I R G b 2 B A A i o 186 kg/hm?, JLAER= Tk
10.6x10° kg/hm?. 7z ORI K 24 240 4% 43 5] 1.3670/kg R 1.40
Julkg, AT E13.3x10° Jo/hm?, FEAF AR R R &1
SR AR/ R G50~ 160 em-F 438 I T JEHL 05 B itz 24 kg/hm?,
BT E 0T G B > B A 7 A P TR R G R R I B AR 2 ) St e
RSB e AT, R AR AR B R B AN e A0 . (HAAE RS
B AN, e h—H EFF, IAFI303 ke/hmPA A FIHL
B w4 119305 kg/hm?, T HELHLA BB Ok E 9
kglhm?. 45 REW, ZERG L B/E RS, ETT2138%%
SR, 1714%, Hig 7% EIER . SiEA R R R R
LG %R (225 kg/hm?) HILL, F#AK T 7% FE. AR KL
SR 30 1 I T A AN [ e ARG I, 7 DA 36 B
T rp N % R PR 2 PR, X FEXT RN AR AR R 58
REEHE A, HAEARK Y RLH186 kg/hm? it =
TR R —Fh L P . RSN RS P A 5 A

0 50 100 150 200 250 300 350
it /kg - hm™
r, W FRORRGUE S N ATHUE B 5 S R AN 2y s B B
R 0 R
B2 #AMEZ/ERAERGET HF 0~160 cn £ 2
AMA R R E Y
Fig.2 Effectsof nitrogen fertilizer on system productivity
and inorganic nitrogen accumulation in 0~160 cm
soil layer by intercropped faba bean and maize
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3D HE RS A I A R A e 1 0T 6 B A 21k
WEAKE, LA S AR A (A DL Rt S AR A
KR &EIEKMAE RSP A SIS TS =0 186
kg/hm?, AH%FR AR ) 4110.6x10° kg/hm?, T/ 75% G LA
WRWH . FEHIEL USRI, MR 186 kg/hmPHE AE4EEE 4
TACKAER G R, XA T AR HAESHE R
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Nitrogen environmental endurance and economically-ecologically
appropriate amount of nitrogen fertilizer in faba bean/maize
Intercropping system

Li Yuying?, Yu Changbing®, Sun Jianhao*, Li Chunjie!, Li Long®, Cheng Xu**
(1. College of Resources and Environmental Sciences, China Agricultural University, Beijing 100094, China;

2. College of Life Sciences and Technology, Nanyang Normal University, Nanyang, Henan 473061, China;

3. College of Agronomy and Biotechnology, China Agricultural University, Beijing 100094, China;
4. Indtitute of Soils and Fertilizers, Gansu Academy of Agricultural Sciences, Langzhou 730070, China)

Abstract: The effects of nitrogen application rates on the productivity, nitrogen uptake and utilization, and soil inorganic nitrogen
accumulation were investigated in faba bean/maize intercropping system through field experiment conducted in Hexi Corridor of Gansu
Province. The economically-ecologically appropriate amount of nitrogen fertilizer applied was further studied on the basis of linear plus
plateau model. The results showed that the correlations between the productivity and soil inorganic nitrogen accumulation and nitrogen
fertilizer were significant by linear plus plateau model and quadratic curve modd respectively. Compared with sole cropping system,
intercropping significantly increased system productivity and nitrogen acquisition by 23% and 33%, respectively. The productivity, nitrogen
uptake and utilization efficiency, and soil inorganic nitrogen accumulation of intercropping increased with the increase of nitrogen
application rate, indicating that over abundant nitrogen uptake exited under high nitrogen fertilizer and intercropping. The optimized nitrogen
application rate was 186 kg/hm?, considering both ecological and economic benefits. Under this nitrogen application rate condition, the
intercropping productivity was 1.06x10% kg/hm?, increasing by 14%, saving 38% nitrogen input, and deceasing by 75% inorganic nitrogen

accumulation, compared with sole cropping system.

Key words: faba bean/maize intercropping system; nitrogen uptake and utilization efficiency; soil inorganic nitrogen accumulation;

appropriate amount of nitrogen fertilizer



