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Abstract: [ Objectives ] Maize yield and soil fertility were investigated under the continuous return of green
manure (GM) roots to the field and reducing fertilizer input in subsequent maize cultivation in a maize-green
manure rotation system. We aimed to provide the basis for nutrient management to achieve sustainable and
efficient crop production in the Hexi oasis irrigation area. [ Methods ] The long-term experiment was established
in Hexi oasis, Gansu Province, in 2011. The two intercropping systems tested were needle leaf pea and hairy vetch
with maize. The aboveground parts of the GM crop were cut as forage while the root remained in the soil. The
sowing rows of GM and maize were exchanged every other year. Eight fertilizer treatments in maize were set up
as no fertilizer application nor GM root control (CK), conventional N fertilizer rate (N 375 kg/hm®) without GM
root retained (CF), retained GM root and applying N fertilizer at 0, 90%, and 80% of the conventional N
fertilizer rate. At maize harvest in 2020, we analyzed the yield and NPK accumulation in maize straw and grain.
Also, we collected 0-20 cm soil samples to determine the organic matter and N storage. [ Results ] Compared
with CF, returning GM roots to the soil only (P<0.05) decreased maize yield. The combination of GM root and
80%, 90% conventional fertilizer application rate resulted in a similar or increased maize yield. It also increased
the grain N, P, and K accumulation by 31.7%-56.4%, 37.8%—-60.0%, and 61.7%-96.8%, respectively.
Consequently, the agronomic efficiency of N fertilizer and apparent utilization by maize increased. The
improved Nemoro Index Method showed that needle leaf pea with 80% N fertilizer application consistently
enhanced comprehensive soil fertility, increasing by 23.0% compared with CF. Partial least squares regression
and aggregated boosted trees analyses showed that fertilization treatments changed maize yield by regulating
the soil N storage. The total and inorganic N concentrations had the highest contribution, accounting for 36.5%
and 26.8% of the yield increase, respectively. [ Conclusions ] Retaining green manure roots continuously on
the field could replace 10%—-20% of N fertilizer input for subsequent maize. This practice stabilizes the maize
yield, increases NPK content, and improves N fertilization efficiency. The practice improves comprehensive
soil fertility by increasing N storage. We recommend that when GM roots are retained in soil, 80% of the
conventional N fertilization rate should be applied in maize after needle leaf pea and 80%—90% after hairy
vetch.

Key words: maize green manure intercropping; green manure root returning to field; nitrogen fertilizer reduction;
maize yield; soil integrated fertility
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Fig. 1 Schematic diagram of the planting pattern
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Table 1 Maize yield under different treatments in 2020

Ak 774t Grain yield
Treatment (kg/hm?)

CK 7353+450 ¢
CF 15090+1661 b
P 77994653 ¢
\% 7466+263 ¢
NP 15493+458 ab
NP 16239+583 a
NoV 15071+822 b
NV 150224352 b

1 (Note) : CK—Ja#E FRAHIALKTHE No fertilizer application
nor green manure root control; CF—Jifi FH & L it AU Conventional N
fertilizer rate (N 375 kg/hm?) without green manure root retained; P .
V. NP, NoV. NP, NoViRl2oR ZRERIEE BT M3
FRAERMEZAET, JE7E TR EEFE 5 A 1 90% Fil
80% P, V, NyP, Ny, V, NP, N,V respectively mean that retained green
manure root and applying N fertilizer at 0, 90%, and 80% of the
conventional N fertilizer rate. 2 4 A EARHEZE (n = 3) Data
are presented as the meanz standard error of 3 replicates; [F] 5153 )5
AE FHE LR AL HLE] 22 53K 5% B & K F Values followed by
different letters in a column represent significant difference among
treatments (P < 0.05).

a7t

AFEARAL B R ERA . . RS BHES
TR R I R AR e (] 2), SRARARTA T
Beiiti 80%~90% # M ZNE AT, ERFFRA .
W, #F BRSO CF AR BRI N 31.7%~56.4% .
37.8%~60.0%. 61.7%~96.8% (P < 0.05),
M) CF AL¥EAH LL, M B4R . #F. #REHEL
N, P b ¥ . i 2 nl L, 5 CF AL, SAEAR?:
i HACHE 80%~90% # At AL A R E AL dF T £
KAER M 45 A4 A R A 23505 RUIE i
AR REWMCRCE . AL R R 3 L
Ny P Ab BB, 2098 29.62 kg/kg . 54.13 kg/kg .
0.79 kg/kg. 53.6%, % CF AbFHIEHN 43.6% . 34.5%.
107.9%. 35.8 NE /3 H (P<0.05), B&AORFE, LRIEMHR
FEIR FH R U0 AL 10%~20% AP, ARk £k
TR, R B R,
2.2 SRARARFE I HE T RAL R 3T 1% R RS20

FIERW, KM T HESE . AYLA.
Wik A HLA (POMN) Fl 36 E ¥ & (SMBN)
A FERAL, W CK ¥WiRm. 5 CF A HA



12 PER, & PGSR NHE X oK BIVESEAEAR 2E A HH 19 R Uk it 55 2129

O ¥F4i Grain W F5FT Straw
250 a 100 250

ab—I—ab b

+

_ 5 200} Ag _§ 200
53 £ E5
= = = =
éng 150 | —~E°§ én%lso
Q
;e 100 " [imﬂéloo
K - K =
B Bt .2 B 2
"2 £E & &
Z 50 E g 50
0 0

Mo A > A A > > MoOE A > A > > Mo A > A A > >
S 2 "2 "o o © s 2 82 2 Q g 8 "g g
o “ zZ Z £ 7 zZ Z 7 7 © zZ zZ £ 7

2 FREIETERFFRFBTPHNR. 8 HERE
Fig. 2 Accumulation of N, P, and K in grain and straw of maize under different treatments
[ 7 (Note) : CK—J5 7t L K ANEALXT 1B No fertilizer application nor green manure root control; CF—iifti [ % # £ & I! Conventional N
fertilizer rate (N 375 kg/hm®) without green manure root retained; P, V. NyP. NyoV. NyP, NV 3 BIFR GRS MBS . B TR
WH AT, J5 7 KAt 2 A &2 1 90% F1 80% P, V, NP, NyoV, NP, Ny, V respectively mean that retained green manure root
and applying N fertilizer at 0, 90%, and 80% of the conventional N fertilizer rate. #_I Ik H A [A] 57 B R AL B A 25 755 5% I % /KT Different
letters above and in the bars mean significant difference among treatments at 5% level.]
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Table 2 Nitrogen use efficiency of maize under different treatments

AbFE Treatment  ZHLARZERCE NAE (kg/kg)  AMOLE )1 NPFP (kg/kg) A ZEWULAE NUPE (kghkg)  AHEFULFIFI# NUE (%)
CF 20.63+4.43 b 40.24+4.33 d 0.38+0.04 ¢ 17.8+3.82 ¢
NyoP 24.12+1.36 b 4591+1.36 ¢ 0.63+0.06 b 40.3+5.77 b
NP 29.62+1.94 a 54.13+1.94 a 0.79+£0.05 a 53.6£5.26 a
NyV 22874244 b 44.66+2.44 ¢ 0.64+0.04 b 41.9+428 b
Ny,V 22.7241.04 b 50.08+1.17 b 0.69+0.01 b 43.2+1.07b

# (Note) : NAE—ZNEA 243K Nitrogen agronomic efficiency; NPFP—ZUAL i 4= 7~ 71 Nitrogen partial factor productivity; NUPE—%( &
M5 Nitrogen uptake potential efficiency; NUE—&ME R M A H# Nitrogen apparent utilization efficiency. CF—iifi FH % il i AL
Conventional N fertilizer rate (N 375 kg/hm?) without green manure root retained; NooP . NyoV., NP, N, V53R SRR 35 . B
FARFEL AT, Jo 78 T K06 B 90% F1 80% NP, NoV, NP, Ng,V mean that retained green manure root and applying N fertilizer
at 0, 90%, and 80% of the conventional N fertilizer rate, respectively. & 55 A FEII(EHEPREZE (n=3) Data are presented as the mean= standard
error of 3 replicates; [F]F ¥ 5 A A 7Rl FR R A B 22 573K 5% B.3E/KF Values followed by different letters in same column represent
significant difference among treatments (P < 0.05).
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Table 3 N contents in different forms in soils under different treatments
e Ko HHLVA BASA THAR Wik A LA A LA MAEYEA
Total N Organic N NH,*-N NO;-N POMN DON MBN
Treatment

(g/kg) (gkg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
CK 1.05+0.00 ¢ 1.04+0.00 b 0.15+0.18 b 5.04+0.63 bc 82.33+9.06 b 101.44+6.90 a 102.70+£2.79 ¢
CF 1.14+0.03 ab 1.14+0.03 a 0.24+0.20 b 8.04+£0.99 a 110.61£26.54 ab 114.21+5.60 a 250.79+£16.00 b
P 1.12+0.00 ¢ 1.04+0.00 b 0.46+0.22 b 6.05+0.61 b 121.41+6.60 ab 111.49+£5.26 a 372.88+29.96 a
\% 1.10+0.01 be 1.09+0.01 ab 0.19+0.07 b 4.45+0.34 ¢ 117.29+£31.50 ab 111.32+7.72 a 291.42+73.03 ab
N,,P 1.16+£0.07 ab 1.15+0.07 a 0.87+0.11 a 5.29+0.54 be 146.39+£29.59 a 119.10£13.91a  242.63+25.99b
NP 1.18+0.07 a 1.15+£0.07 a 0.96+0.03 a 5.37+0.55 be 139.81+£30.89 a 119.92+8.53 a 244.31+£23.64 b
NyV 1.13+0.03 ab 1.13+£0.03 a 0.26+0.16 b 6.11+0.87 b 145.75+£22.67 a 108.06+5.66 a 263.54+28.10 ab
N,V 1.18+0.04 a 1.17+£0.03 a 0.26+£0.14 b 5.80+0.12 b 146.21+£8.85 a 111.39+0.71 a 224.42422.51b

WK E J 253781 Two-ANOVA analysis

LA (GM)

0.62 0.64 8.24** 32.81%*** 0.00 1.22 0.18
Green manure
Jti A (T)

L 12.04 %% 11.67*%* 19.52%%* 10.02%%** 8.09%** 0.72 18.91*%**

N application rate
GMXT 0.66 0.73 0.34* 13.15%%* 0.04 0.46 1.81

7 (Note) : FHEIE N FIIH + FrUEX (n = 3) Data are presented as the mean standard error of 3 replicates. POMN—FURLA A AL A
Particle organic matter N; DON—RJ &4 HL A Dissolved organic N; MBN—f#4= ) & Microbial biomass N; CK—J& 7 T K AJiti AL X IE No
fertilizer application nor green manure root control; CF—Jifi Ff # #l 5 &UIE! Conventional N fertilizer rate (N 375 kg/hm?) without green manure root
retained; P, V. NyP. NyV. NyP. N VARIZoR ERHEEH MBS . BHEFRAE AT, J5HE T RA T ENEAUEH & A R
90% 1 80% P, V, NP, Ny, V, Ni,P, N,V respectively mean that retained green manure root and applying N fertilizer at 0, 90%, and 80% of the
conventional N fertilizer rate. [F815H 5 /A Rl FE R R AL BLIR) 22 5735 5% 37K F- Values followed by different letters in the same column
represent significant difference among treatments (P < 0.05); *—P < 0.05; **—P < 0.01; ***—pP < (0.001.

x4 TELETHLIRESIE SRR AFD)
Table 4 Soil integrated fertility index (IFI) under different treatments

BATHAR 748 %1 Single index (Pi)

Tréffem AHHLF 2R FHLA A3 A IF1
Organic matter Total N Inorganic N Available P Available K pH
CK 3.00+0.00 a 1.40+0.00 ¢ 1.37+0.03 d 1.12+0.08 d 2.26+0.04 a 0.93+0.01 a 1.22+0.08 ¢
CF 3.00+0.00 a 1.53+0.04 ab 1.83+0.03 ¢ 2.37+0.08 ¢ 2.08+0.01b 0.94+0.00 a 1.44+£0.00 b
P 3.00+0.00 a 1.50+0.05 ab 2.02+0.01 cd 3.00+0.00 a 2.23+0.10 ab 0.93+0.00 a 1.47+0.01 ab
A% 3.00+0.00 a 1.46+0.01 be 2.01£0.01 cd 3.00+0.00 a 1.7940.04 ¢ 0.93+0.01 a 1.43+0.00 b
N,,P 3.00+0.00 a 1.55+0.09 ab 2.3240.02a 3.00+0.00 a 2.16+0.03 ab 0.94+0.00 a 1.44+0.02 b
NP 3.00+0.00 a 1.57a+0.05 a 2.43+0.32 a 3.00+0.00 a 2.21+0.14 ab 0.93+0.00 a 1.50+0.02 a
Ny V 3.00+0.00 a 1.51+0.04 ab 2.43+0.22 a 2.70+0.24 b 2.09+0.10 b 0.93+0.00 a 1.46+0.02 ab
N,V 3.00+0.00 a 1.55+0.06 ab 2.23+0.20 ab 3.00+0.00 a 2.16+0.13 ab 0.93+0.00 a 1.4840.01 ab

7 (Note) : CK—J57# EXRAAT X} HR No fertilizer application nor green manure root control; CF—Jiti FH # ¥l 2 Conventional N
fertilizer rate (N 375 kg/hm?) without green manure root retained; P. V. NP, Ny, V. NgP. NVl ZRR R B . BMHE THE
EHAMHT, A7 ERAE ZACHEF H LA =AY 90% 1 80% P, V, Ny,P, Ny, V, Ny,P, N,V respectively mean that retained green manure root
and applying N fertilizer at 0, 90%, and 80% of the conventional N fertilizer rate. []5) 54 /5 A 7 7B R AL FRIA] 22 7k 5% B3 7K Values
followed by different letters in same column represent significant difference among treatments (P < 0.05).
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Fig. 3 Yield response to integrated fertility index (IFI)

under different treatments

[ (Note) : CK—/Ji# ERANMEMXT R Neither fertilizer

application nor green manure root control; CF—Iifii Ff % #fl & & 1T

Conventional N fertilizer rate (N 375 kg/hm?) without green manure

root retained; P. V. NyP. NyV. NgP. NV 73558 R 5 R 4800

PAMBiE ., EMETRELIEMNT, FEERANTERL TG

R 90% 1 80% P, V, NyoP, Ny V, Ni,P, N,V respectively

mean that retained green manure root and applying N fertilizer at 0,

90%, and 80% of the conventional N fertilizer rate. ]
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Fig. 4 The contribution rate of different soil
properties to maize yield
[# (Note) : TN—42% Total N; N,,—JG#HL%( Inorganic N (NO; -
N+NH,"-N); AP—4 % Available P; AK—3# %4 Available K;
DON— A %44 HLA Dissolved organic N; POMN—t &4 HLA
Particle organic matter N; SMBN— 136 4= #) & %( Soil microbial
biomass N; SOM— 134 #L5T Soil organic matter; SON—+ 147
HLA( Soil organic N.]

36.5%. 26.8%. 10.3%. i/ I FEILMAY (PLS-
PM) 455 (K 5) B, R[]t 0K 7 X 38 4L
. AR . FHEEUE (NL) A BEE e,
NL AY5ZI K (0.64, P<0.01), MAriEFLAYEGEE &R
BOkE, NL X FEK ™ &2 A im0 otk (0.99,
P <0.001).

3 e
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F ) 1 58 AR F R T 9 0 L0 N0 25084 IR A 0,
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I 9 0 MR 1A At D 20% UL R Ach B S R
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[ (Note) : ik 525UE AFRUEIL AY %12 2 50 Numbers next to the arrows are the standardized path coefficients, GOF {E /R 51 UL &1 1
The value of GOF indicates the goodness of fit of the model. *—P < 0.05; **—P < 0.01; ***—P < 0.001. GM—Zg AL Green manure; T—IJifi & &
ALFR N application treatment; TN—4>%( Total N; NL— 13 %% Soil nitrogen storage; SOM—+ 45 #Lfi Soil organic matter; AP—75 55 i
Available P; AK—# A8 Available K; SON— 1345 HL % Soil organic N; DON—T] %P4 #1%( Dissolved organic N; N,,,—JGHLZ( Inorganic
N (NO, -N + NH,"-N); POMN—Fii 25F HL A Particle organic matter nitrogen; SMBN— 1 £ fi{ 4= #) & %&( Soil microbial biomass nitrogen;
Shoot-NPK—ih_F#BE B 2 N, P, K accumulation in shoot; Shoot-N—ih_F#%(FX 2 & N accumulation in shoot; Shool-P—#l FB#EFR
Z4g P accumulation in shoot; Shoot-K—3h | #B4FF1 24 K accumulation in shoot; NU—%{Z ] FH 8% Nitrogen utilization index; NAE—Z%
AB A 2250 K Nitrogen agronomic efficiency; NPFP—%UL 4= 7~ /1 Nitrogen partial factor productivity; NUPE—ZUAR W % Nitrogen uptake
potential efficiency; NUE—ZUIEFMFI| H1% Nitrogen apparent utilization efficiency.]

i 2 A2 T XV 4 S0 W i o R AR T v AR
Zi b, SRIEARHE ENYA T FRAEY X 50 OUH
JERR) WISCRI A, i ELAE D8 RO A S5 T
RAEEEEAEA
3.2 RABRFEHECHER 2 J AT AR SN
AW, Jits FH RS M 4 AE AR ZE 18 FH X 4380
PLA (SR AR MM R B &S /e
(F3) HHEAR . MRS R ERNAN B
T b Bl ARSI, LA R S B0 i
S, kA A U ORISR Y E R IR
509, PLS-PM AL M6 B, R [RIBH B 1) ZUIE A
R IR (0.64, P<0.01) ETT 520 K=
(0,99, P<0.001) (&l 5), ZHESHRRHT (5 4)
MR, HHEEE . LHLA S EX F R B A

R TTERR Xt R R IR A AR e
ARG T T KA AR O BT AR R,
B 2R HE AN A AR ] AR T LI RUERE E 0 B
n, A AR I E AR, RSk 30 AR
FHGERZRAE, T2 R &R R ERI T 9%, A
FE, TR 10%~20% M ZAE AT, MR
i P25 Kb B 14 b 8 R0 12 o 5 L it R Ak PR A
BT, H2RRARIKEREFKY . &SR
FEAE R IE 5 10 S PR —J7 T A] BB AT S8 A 2k L A
PR AR OCRIRS R VR AR AT, 2R A A e A I
FRICT KR R AR s 53— 5 A E AL AR FRAE
XPERL, SRACARZE L HIAT A B RR ik A 2 DL
R IR

SLRHERAEAE S — Bl O B A LIS IR, 2 )
AMCA By T3 A RER G, i HAA T



12

B, S T PYLR I X T K AR 2R HEAR A FH i) N Wit 282

2133

HHEAE STV E R, ARG R, ET B ARAE R
T Vel A R i 20% R ) 18255 18 T 5 Bl #
Jite N S T 23.0% ASIRIG SR, FF g A
M FERRNAT S H R/ 0N 2.6% . 2.4%, H
R L2y 1/10, ATHER BB SR E 2
M T AR A R EL R 4.0, 4.5 kg/hm?, Hi [-#B
REHENH 34,5, 58.2 kg/hm?, 7EAT MBI AT
HHFARERARHEEZRARWELT, BHET
MR G H R BRI R R s TA M e, X
T AR g 22 S A R R N L 5O it A Ak P AR
b, SRMEIEARARE (P, V ALHE) LA T4
WA EKOE, HEXSE, AR ELE
FXES, X TTRE N SR IEARRE SR B 2 18, Bl
FR LN 5 FORA AR AT, 10 B 40 34 5 it
—E R IEA BE R R PRI, 25 b, Fhis gk
JIE LA 4 T 1 ST g e E 0 3 U 1 K
R R e A R A B RIS SEOR 10, RO, AE
KIEE SRR B, SEARAR FE I H B9 A 7= Ty X
ARG —E WIRIE T Ty, R X T 4EREf 42 7t 1
HENE 17Kt &R 3 B AIAE I

4 55

SRIEARFE LA WA T, Wb 5 7 R A
WU 20% AT 4ERREE B4 oK 0, KIER
T T 2K Fl Z20R 0  i i N RURE e R R . AR ZE IR
FH i & 3 o 6008 v DA oo $2 T 3 U I 4 v
WA IR Sy o TEWTPEE RS, FOK™ B AR BT aL 25 1R
PR R 38 7 SO B AR A G 80% 11
HAANH R, B FRAELHAS 80%~90%
14 R

& F X #:

[1] Bk, ke, LA, 45 KIEIE T Edub 228 £ IXUNE P iR
SERERFSE[I]. h AL RF, 2014, 47(13): 2580-2590.
Chen H, Cao C F, Kong L C, et al. Study on wheat yield stability in
Huaibei lime concretion black soil area based on long-term
fertilization experiment[J]. Scientia Agricultura Sinica, 2014, 47(13):
2580-2590.

[2] Ebest BRABEME K E L —AaX Mg AAE A 8
BRFERIX ). L3R, 2014, 51(5): 921-933.
Ju X T. The concept and meanings of nitrogen fertilizer availability
ratio—discussing misunderstanding of traditional nitrogen use
efficiency[J]. Acta Pedologica Sinica, 2014, 51(5): 921-933.

[3] AERIT, BEEAE, RWIK, 45 i A DUIE RT3 R RUIE A IS5
WABEE S AP0, PR RLE, 2019, 52(17): 2983-2996.
Ren K'Y, Duan Y H, Xu M G, et al. Effect of manure application on

nitrogen use efficiency of crops in China: A meta-analysis[J].

[4]

[5]

[6]

[7]

[81]

[9]

[10]

[11]

[12]

[13]

[14]

Scientia Agricultura Sinica, 2019, 52(17): 2983-2996.

XJRHE, WS, 2, 25 RIS AR B HX AR 7 e AR
PRI REEART]. T SR 2016, (4): 1-8.

LiuZ H,BoLJ,LiY, etal Areview of nitrogen reduction
techniques and their effects on crop yield and ecological environment
[J]. Soil and Fertilizer Sciences in China, 2016, (4): 1-8.

WRAR, B, OC TR RS R SR AR I A R ). o
152 S TR, 2009, (4): 1-3.

Cao W D, Huang H X. Ideas on restoration and development of green
manure in China[J]. Soil and Fertilizer Sciences in China, 2009, (4):
1-3.

JEI Y, ke, TR, AR RS R PR 5 s SR S TG
NET3 B R VER = 0], Al TRE24R, 2017, 33(23): 157-163.

Zhou G P, Xie Z J, Cao W D, et al. Co-incorporation of high rice
stubble and Chinese milk vetch improving soil fertility and yield of
rice[J]. Transactions of the Chinese Society of Agricultural Engineering,
2017, 33(23): 157-163.

WIR, G, B, 5. ESAFHIT 604 i 5 2R ok Ji 22
(). AAE I S HERLAAR, 2017, 23(6): 1450-1461.

Cao W D, Bao X G, Xu C X, et al. Reviews and prospects on science
and technology of green manure in China[J]. Journal of Plant Nutri-
tion and Fertilizers, 2017, 23(6): 1450-1461.

AR, JHAE K, PSR, 48 21 20 B A XA A 25 = 9 e il
RBJEEALT]. T2, 2018, 27(8): 185-196.

Xie ZJ,Zhou CH, He Y Q, et al. A review of Astragalus sinicus in
paddy fields in south China since 2000s[J]. Acta Prataculturae Sinica,
2018, 27(8): 185-196.

Zhou G P, Cao W D, Bai J S, et al. Co-incorporation of rice straw
and leguminous green manure can increase soil available nitrogen and
reduce carbon and N losses: An incubation study[J]. Pedosphere,
2020, 30(5): 661-670.

SRATR, G4IE, BILAR, 45, [AESREAEY 0T K BRI AL
HRZIRI[T]. o E LS AL, 2013, (4): 43-47.

Zhang J D, Bao X G, Cao W D, et al. Effect of intercropping green
manure crops on maize yield and soil fertility[J]. Soil and Fertilizer
Sciences in China, 2013, (4): 43-47.

FATERR, DG, SRR, S5, T VE RN X oK SR AR
VER =t L TR RS 2T, vh B - S TR, 2014, (2): 67-71.
LuB L, Bao X G, Zhang J D, et al. Effects of intercropping mode of
maize and green manure on crop yield and economic benefit in Hexi
oasis irrigation[J]. Soil and Fertilizer Sciences in China, 2014, (2):
67-71.

EZRS, BRAE, IRLL, 55, LIS R E AR HLAE XS oK
Be -SRI TR e 3 S AR, 2012, (5): 27-30.

Wang J S, Dai C H, Xu H, et al. Effects of continuous application of
green manure and organic manure on maize yield and soil fertility in
red soil[J]. Soil and Fertilizer Sciences in China, 2012, (5): 27-30.
Tk, & TR, F I, 45, R B — 0 22 PO RIS X K 575
WOSCR PR E R[], R 35 S R, 2013, 19(4): 799-807.
Yang L, Cao W D, Bai J S, et al. Effect of combined application of
February Orchid (Orychophragmus violaceus L. ) and chemical
fertilizer on nutrient uptake and utilization of spring maize[J]. Journal
of Plant Nutrition and Fertilizers, 2013, 19(4): 799-807.

e A, JE U, IR, R R 5 S SR A T A Y AL


https://doi.org/10.3864/j.issn.0578-1752.2014.13.010
https://doi.org/10.3864/j.issn.0578-1752.2014.13.010
https://doi.org/10.3864/j.issn.0578-1752.2019.17.007
https://doi.org/10.3864/j.issn.0578-1752.2019.17.007
https://doi.org/10.11838/sfsc.20160401
https://doi.org/10.11838/sfsc.20160401
https://doi.org/10.3969/j.issn.1673-6257.2009.04.001
https://doi.org/10.3969/j.issn.1673-6257.2009.04.001
https://doi.org/10.3969/j.issn.1673-6257.2009.04.001
https://doi.org/10.11975/j.issn.1002-6819.2017.23.020
https://doi.org/10.11975/j.issn.1002-6819.2017.23.020
https://doi.org/10.11674/zwyf.17291
https://doi.org/10.11674/zwyf.17291
https://doi.org/10.11674/zwyf.17291
https://doi.org/10.11674/zwyf.17291
https://doi.org/10.11686/cyxb2017360
https://doi.org/10.11686/cyxb2017360
https://doi.org/10.1016/S1002-0160(19)60845-3
https://doi.org/10.11838/sfsc.20140214
https://doi.org/10.11838/sfsc.20140214
https://doi.org/10.11674/zwyf.2013.0404
https://doi.org/10.11674/zwyf.2013.0404
https://doi.org/10.11674/zwyf.2013.0404
https://doi.org/10.3864/j.issn.0578-1752.2014.13.010
https://doi.org/10.3864/j.issn.0578-1752.2014.13.010
https://doi.org/10.3864/j.issn.0578-1752.2019.17.007
https://doi.org/10.3864/j.issn.0578-1752.2019.17.007
https://doi.org/10.11838/sfsc.20160401
https://doi.org/10.11838/sfsc.20160401
https://doi.org/10.3969/j.issn.1673-6257.2009.04.001
https://doi.org/10.3969/j.issn.1673-6257.2009.04.001
https://doi.org/10.3969/j.issn.1673-6257.2009.04.001
https://doi.org/10.11975/j.issn.1002-6819.2017.23.020
https://doi.org/10.11975/j.issn.1002-6819.2017.23.020
https://doi.org/10.11674/zwyf.17291
https://doi.org/10.11674/zwyf.17291
https://doi.org/10.11674/zwyf.17291
https://doi.org/10.11674/zwyf.17291
https://doi.org/10.11686/cyxb2017360
https://doi.org/10.11686/cyxb2017360
https://doi.org/10.1016/S1002-0160(19)60845-3
https://doi.org/10.11838/sfsc.20140214
https://doi.org/10.11838/sfsc.20140214
https://doi.org/10.11674/zwyf.2013.0404
https://doi.org/10.11674/zwyf.2013.0404
https://doi.org/10.11674/zwyf.2013.0404

2134

W) E SR 50 R

27 4

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

PSP ). A E SR S RLRAAR, 2020, 26(12): 2115-2126.

Gao S J, Zhou G P, Cao W D. Effects of milk vetch (4dstragalus
sinicus) as winter green manure on rice yield and rate of fertilizer
application in rice paddies in south China[J]. Journal of Plant
Nutrition and Fertilizers, 2020, 26(12): 2115-2126.

FRALE, B, WIR, 45 LRSI AR R AR SRR 1T
FE[I]. HHEITKE, 1993, (4): 14-17.

Chen L Z, Zhang S Z, Cao W D, et al. Study on planting and
comprehensive benefit of green manure combined with fertilizer and
feed[J]. Soil and Fertilizer Sciences in China, 1993, (4): 14-17.
Danso S K A, Zapata F, Hardarson G, et al. Nitrogen fixation in faba
beans as affected by plant population density in sole or intercropped
systems with barley[J]. Soil Biology and Biochemidtry, 1987, 19(4):
411-415.

EDUR, T2 B, SE0R. SRINE DX K™ 5 Bk AR X R T A
J7 3R] o R A 2 AR AR (R S0), 2020, 28(5): 671-679.
LiHQ, Yi A Z, Chai Q. Response of maize yield and water use to
different green manure utilization patterns in arid oasis irrigation
area[J]. Chinese Journal of Eco-Agriculture, 2020, 28(5): 671-679.
Bt B R T GEZROMI. HEat: sPERL AL, 2000.
Bao S D. Soil and agricultural chemistry analysis (Third Edition)
[M]. Beijing: China Agricultural Press, 2000.

Tk R RIE = H 220 E IR AR RS R ASZm D). JE st
TR BERT-L 0018 3, 2013,

Yang L. Effect of incorporation of February Orchid
(Orychophragmus violaceus L. ) on nitrogen uptake and utilization of
spring maize[D]. MS Thesis of Chinese Academy of Agricultural
Sciences, 2013.

B, bk, EHF, 5. PO A S X ki LA A S
P D], ALl R SEA ], 2012, 34(4): 93-98.

YinJ Y, Jiang L, Wang H T, ef al. Investigation and assessment of
soil fertility in the greenbelts of Chanba Ecological Zone of Xi’an,
northwestern China[J]. Journal of Beijing Forestry University, 2012,
34(4): 93-98.

Sanchez G, Trinchera L. PLSPM: Partial least squares data analysis
methods (R package version 0.2-2)[DB/OL]. 2012,http://cran.r—project.
org/package=plspm

De'Ath G. Boosted trees for ecological modeling and prediction[J].
Ecology, 2007, 88(1): 243-251.

T, sKAs, 0, 4. p AN TR X R WA N = A3 43 i
RS AREUIE TS I PRAR D], Bl 2447, 2020, 29(6): 39-55.

Yang Y H, Zhang S, Wang S, et al. Yield and nutrient concentration
in common green manure crops and assessment of potential for
nitrogen replacement in different regions of China[J]. Acta Pratacul-
turae Sinice, 2020, 29(6): 39-55.

X, BRI AE, 28 (2R, 45, PRSI0 5 FERS DM )4 FH X B2 e 1 1
SEAT ML I % M 052 I [0, ARl TRE2R 4R, 2020, 36(7):
125-133.

Liu W, Geng M J, Qin Z G, et al. Effects of co-incorporation of green
manure planting and rice straw on soil organic carbon pool and soil
enzyme activity in a mono-rice cropping system[J]. Transactions of
the Chinese Society of Agricultural Engineering, 2020, 36(7): 125—
133.

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

TR, W S IR LR AT T K 0 - 3 3 SR HE Y B AR
ZONED]. H 22 gH: Ho ARl A 483, 2019.

Wang Q M. Interaction effect of maize yield and soil greenhouse gas
emission under reducing N application and intercropping green
manure[D]. Lanzhou, Gansu: MS Thesis of Gansu Agricultural
University, 2019.

FAFER, B4, TRATR, 4. TA) AR AL 4] B 55 DRt SR X o] PG e
T X F K7 i RS T i M [T]. T BB R AT, 2015,
33(2): 170-175.

LuB L, Bao X G, Zhang J D, et al. Effects of intercropping green
manure forages and nitrogen-reduction on corn yield and soil fertility
in Hexi oasis irrigation[J]. Agricultural Research in the Arid Areas,
2015, 33(2): 170-175.

R, RIUIPE, Fetabil, 55, 7516 = AR/ N2 B A i BE X S5 FEARIT AR
YR AR SR ARCRIEZm [T, T2 AR LEFST, 2020, 38(6):
135-140.

Li F, Song M D, Jiang F Z, et al. Effects of stubble height of spring
wheat on biomass and water use efficiency of green manure on
Qinghai plateau[J]. Agricultural Research in the Arid Areas, 2020,
38(6): 135-140.

TS, K AR ] AR 5 11 Uk RIF T [D]. SR IB TR /R AR
el R AE AL S, 2010,

Di W. Study on nitrogen fixation activity and nitrogen fixation in
soybean root nodules[D]. Harbin, Heilongjiang: MS Thesis of
Northeast Agricultural University, 2010.

FKE, RERK, A2, 4. R P SRR 2 B TG X
+ AR RS R (D). R SR SRR, 2015, 21(2):
389-397.

Wan S X, Zhu H B, Tang S, et al. Effects of Astragalus sinicus
manure and fertilizer combined application on biological properties
of soil in Anhui double cropping rice areas along the Yangtze
River[J]. Journal of Plant Nutrition and Fertilizers, 2015, 21(2):
389-397.

Al-chammaa M, Al-ain F, Kurdali F. Growth, nitrogen and
phosphorus uptake of sorghum plants as affected by green manuring
with pea or faba bean shell pod wastes using N[J]. The Open Agricul-
ture Journal, 2019, 13: 133-145.

Rosolino I, Gaetano A, Salvatore F A, et al. Impacts of arbuscular
mycorrhizal fungi on nutrient uptake, N, fixation, N transfer, and
growth in a wheat/faba bean intercropping system[J]. PLoS ONE,
2019, 14(3): €0213672.

Nie JW, Yi L X, XuH S, ef al. Leguminous cover crop Astragalus
Sinicus enhances grain yields and nitrogen use efficiency through
increased tillering in an intensive double-cropping rice system in
southern China[J]. Agronomy, 2019, 9(9): 544.

FMESE, TRITR, Bokabk, 45, IRIIGAE N 3N ) A AL RITAN O vk
[]. R EA LR, 2012, 45(20): 4197-4204.

Bao Y X, XuM G, Li F T, et al. Evaluation method on soil fertility
under long-term fertilization[J]. Scientia Agricultura Sinica, 2012,
45(20): 4197-4204.

TRk, #5 A rm Jh XFAE RSR AO E R 3K o R R AR Y
RO B HLER[D]. BEPG Bz PG L ARMBHE R A= I 240 18 3,
2016.


https://doi.org/10.1016/0038-0717(87)90031-9
https://doi.org/10.1890/0012-9658(2007)88[243:BTFEMA]2.0.CO;2
https://doi.org/10.11686/cyxb2019397
https://doi.org/10.11686/cyxb2019397
https://doi.org/10.11686/cyxb2019397
https://doi.org/10.11686/cyxb2019397
https://doi.org/10.11975/j.issn.1002-6819.2020.07.014
https://doi.org/10.11975/j.issn.1002-6819.2020.07.014
https://doi.org/10.11975/j.issn.1002-6819.2020.07.014
https://doi.org/10.2174/1874331501913010133
https://doi.org/10.2174/1874331501913010133
https://doi.org/10.2174/1874331501913010133
https://doi.org/10.1371/journal.pone.0213672
https://doi.org/10.3390/agronomy9090544
https://doi.org/10.3864/j.issn.0578-1752.2012.20.009
https://doi.org/10.3864/j.issn.0578-1752.2012.20.009
https://doi.org/10.1016/0038-0717(87)90031-9
https://doi.org/10.1890/0012-9658(2007)88[243:BTFEMA]2.0.CO;2
https://doi.org/10.11686/cyxb2019397
https://doi.org/10.11686/cyxb2019397
https://doi.org/10.11686/cyxb2019397
https://doi.org/10.11686/cyxb2019397
https://doi.org/10.11975/j.issn.1002-6819.2020.07.014
https://doi.org/10.11975/j.issn.1002-6819.2020.07.014
https://doi.org/10.11975/j.issn.1002-6819.2020.07.014
https://doi.org/10.2174/1874331501913010133
https://doi.org/10.2174/1874331501913010133
https://doi.org/10.2174/1874331501913010133
https://doi.org/10.1371/journal.pone.0213672
https://doi.org/10.3390/agronomy9090544
https://doi.org/10.3864/j.issn.0578-1752.2012.20.009
https://doi.org/10.3864/j.issn.0578-1752.2012.20.009

12

B, S T PYLR I X T K AR 2R HEAR A FH i) N Wit 282

2135

[35]

[36]

[37]

Zhang D B. Effects of leguminous green manure on soil water and
nitrogen supply and its mechanism in the loess plateau[D]. Yangling,
Shaanxi: PhD Dissertation of Northwest A&F University, 2016.
HRA, e, W AR, U SRR S A AR B 2 et
FRETIRYRENAD]. TR AL BTST, 2018, 36(6): 104-109.

Han M, Xu T T, Cao W D. Effects of long-term green manure hairy
vetch on soil nitrogen supply on the Qinghai Plateau[J]. Agricultural
Research in the Arid Areas, 2018, 36(6): 104—109.

SR, R, ZERE, S M EURN B L/ ORI X 3 e A A
ZEO AR IR T]. o EAE A 244, 2014, 22(12): 1397-1404.
WuK S, Song SY, Li L, ef al. Effects of nitrogen application and
intercropping on spatial-temporal distribution of soil inorganic
nitrogen in pea/maize intercropping field[J]. Chinese Journal of Eco-
Agriculture, 2014, 22(12): 1397-1404.

Hong X, Ma C, Gao J, et al. Effects of different green manure
treatments on soil apparent N and P balance under a 34-year double-
rice cropping system[J]. Journal of Soils and Sediments, 2019, 19:
73-80.

[38]

[39]

[40]

A, TR, SRR, 45 KIS RS -SRI A AR XK R i S
SENEITHIEMRT]. FERAHE, 2013, 39(2): 343-349.

Gao J S, XuM G, Dong C H, et al. Effects of long-term rice-rice-
green manure cropping rotation on rice yield and soil fertility[J]. Acta
Agronomica Sinica, 2013, 39(2): 343-349.

Mbuthia L W, Acosta-martinez V, Debruyn J, et al. Long-term
tillage, cover crop, and fertilization effects on microbial community
structure, activity: Implications for soil quality[J]. Soil Biology and
Biochemistry, 2015, 89: 24-34.

JEEN, & IR, Aa, 5. 245 20X T A FEALKF
Xof P2 KA £ A WL T A AL AR R [T]. P R RLE,
2016, 49(21): 4096-4106.

Zhou G P, Cao W D, Bai J S, et al. Effects of different fertilization
levels on soil organic matter and dissolved organic matter in two
paddy soils after multi-years' rotation of Chinese milk vetch and
double-cropping rice[J]. Scientia Agricultura Sinica, 2016, 49(21):
4096—4106.


https://doi.org/10.7606/j.issn.1000-7601.2018.06.16
https://doi.org/10.7606/j.issn.1000-7601.2018.06.16
https://doi.org/10.7606/j.issn.1000-7601.2018.06.16
https://doi.org/10.1007/s11368-018-2049-5
https://doi.org/10.3724/SP.J.1006.2013.00343
https://doi.org/10.3724/SP.J.1006.2013.00343
https://doi.org/10.3724/SP.J.1006.2013.00343
https://doi.org/10.1016/j.soilbio.2015.06.016
https://doi.org/10.1016/j.soilbio.2015.06.016
https://doi.org/10.3864/j.issn.0578-1752.2016.21.004
https://doi.org/10.3864/j.issn.0578-1752.2016.21.004
https://doi.org/10.7606/j.issn.1000-7601.2018.06.16
https://doi.org/10.7606/j.issn.1000-7601.2018.06.16
https://doi.org/10.7606/j.issn.1000-7601.2018.06.16
https://doi.org/10.1007/s11368-018-2049-5
https://doi.org/10.7606/j.issn.1000-7601.2018.06.16
https://doi.org/10.7606/j.issn.1000-7601.2018.06.16
https://doi.org/10.7606/j.issn.1000-7601.2018.06.16
https://doi.org/10.1007/s11368-018-2049-5
https://doi.org/10.3724/SP.J.1006.2013.00343
https://doi.org/10.3724/SP.J.1006.2013.00343
https://doi.org/10.3724/SP.J.1006.2013.00343
https://doi.org/10.1016/j.soilbio.2015.06.016
https://doi.org/10.1016/j.soilbio.2015.06.016
https://doi.org/10.3864/j.issn.0578-1752.2016.21.004
https://doi.org/10.3864/j.issn.0578-1752.2016.21.004
https://doi.org/10.3724/SP.J.1006.2013.00343
https://doi.org/10.3724/SP.J.1006.2013.00343
https://doi.org/10.3724/SP.J.1006.2013.00343
https://doi.org/10.1016/j.soilbio.2015.06.016
https://doi.org/10.1016/j.soilbio.2015.06.016
https://doi.org/10.3864/j.issn.0578-1752.2016.21.004
https://doi.org/10.3864/j.issn.0578-1752.2016.21.004

	1 材料与方法
	1.1 试验区概况和试验材料
	1.2 试验设计
	1.3 样品采集与分析
	1.4 计算公式
	1.4.1 氮肥利用指标
	1.4.2 修正后的内梅罗 (Nemoro) 公式

	1.5 数据处理

	2 结果与分析
	2.1 绿肥根茬还田下氮肥减施对玉米产量及养分吸收利用的影响
	2.2 绿肥根茬还田下氮肥减施对土壤氮库的影响
	2.3 绿肥根茬还田下氮肥减施对土壤综合肥力指数的影响
	2.4 土壤不同性状与玉米产量之间的相互作用

	3 讨论
	3.1 绿肥根茬还田配施减量氮肥下的玉米生产效应
	3.2 绿肥根茬还田配施减量氮肥对土壤肥力的影响

	4 结论

