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Abstract: [ Objectives ] The soil of dryland areas of the Loess Plateau is often barren, the heat and
precipitation resources can not be fully utilized during summer fallow period. Therefore, a field experiment was
conducted to investigate effects of green manure crop varieties and planting patterns on their biomass, nutrient
contents, soil nutrient contents, soil enzyme activities, soil microbial biomass carbon (SMBC) and dissolve
organic carbon (DOC) to determine the best green manure crop variety and planting pattern, which can be
regarded as the theoretic base and technical support for the development of sustainable agriculture in the Loess
Plateau. [ Methods ] An experiment with randomized complete block design was conducted. The bare fallow
in summer was used as control, two factors were green manure varieties (Mung bean, Huai bean, Hairy vetch
and Rape)and planting patterns (after wheat harvest and intercropped with wheat), counting to 9 treatments. The
green manure was harvested in full blooming stage and the yield of fresh grass was weighted, the N, P and K
contents were analyzed. The root samples were collected inside volume 20 cm x 20 cm x 20 cm at the bottom
of 50 plants in each plot and weighted, soil samples (0—20 cm deep) were collected 20 days after the green
manure was returned into field, and the contents of nutrients, soil microbial biomass carbon (SMBC) and
dissolve organic carbon (DOC), as well as the activities of main soil enzymes, were determined. [ Results ]
The results indicated that the after wheat harvest had greater biomass than intercropping, the Huai bean and
rape treatments had greater biomass than other green manures in the after wheat harvest, and the biomass of
rape treatments was significantly increased in contrast with other green manures in the intercropped with wheat.
The changes of green manure nutrient contents were similar to those biomass in different planting patterns.
Huai bean provided the highest amounts of nitrogen and phosphorous, while rape offered the highest amounts
of phosphorous and potassium through incorporation in the after wheat harvest, and the amounts of nitrogen,
phosphorous and potassium through incorporation in the intercropped with wheat were rape > hairy vetch >
Mung bean > Huai bean. The rape treatment significantly increased soil organic matter (SOM), available
phosphorous and available potassium compared with the fallow. After 2 years of the after wheat harvest, the
Huai bean treatment enhanced soil organic matter(SOM), total nitrogen, mineral nitrogen, available
phosphorous and available potassium contents in the depth of 0—20 cm by 12.4%, 22.2%, 95.9%, 28.6% and
11.2%, respectively, compared with the fallow. Incorporation of green manure during summer fallow period
increased soil microbial biomass carbon (SMBC) content and dissolve organic carbon (DOC) content compared
with the fallow, and the rape treatments significantly increased soil microbial biomass carbon (SMBC) and
dissolve organic carbon (DOC) in the intercropped with wheat. There were no significant differences of soil
microbial biomass carbon (SMBC) between the green manure treatments in the after wheat harvest, however,
the contents were greater than those of the fallow (P < 0.05). Green manure in the after wheat harvest enhanced
soil enzyme activities compared with the fallow, and other intercropped with wheat green manures increased soil
enzyme activities except the Mung bean treatment which decreased the enzyme activities of urease and catalase.
The significant correlations between soil properties and green manure biomass indicated that the soil fertility was
determined by the amount of green manure biomass to soil. [ Conclusions ] The Huai bean and rape treatments
could significantly increase soil nutrient contents and soil enzyme activities and they were better than Mung bean
and hairy vetch. As for the planting patterns, the after wheat harvest was better than the intercropped with wheat.
Huai bean and rape as green manure applied after wheat harvest can effectively improve soil quality in dryland of
the Loess Plateau.

Key words: huai bean; rape; after wheat harvest; soil property
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Table 1 Green manure biomass sown after wheat harvest and intercropped with wheat in 2011 and 2012

Fi 5 F 2011 2012
Planting pattern Variety H 1% Shoot HF Root H_1- Shoot HLF Root

E R A5 Huai bean 16420 a 1754 a 16076 a 1718 a
After wheat harvest %477 Mung bean 11618 b 1234 ¢ 11948 b 1269 b
&M T Hairy vetch 10507 b 613d 11885 ¢ 694 ¢

3% Rape 11429 b 1563 b 15067 a 2060 a

= 45 Huai bean 1402 ¢ 127 f 1546 b 141 e
Intercropped with wheat ., o\ 11ing bean 3603 d 376 ¢ 3619 d 3784
EM35F Hairy vetch 7249 ¢ 416 € 7942 ¢ 456 cd

il3% Rape 10839 b 1538 b 10714 b 1520 ab

 (Note ) : [FFNEHEE AR FBE IR (7] — Bl 7 2 RISRAL A 22 5 i 32 (P < 0.05) Values followed by different letters mean significant
differences among the green manure treatments under same cropping system at P < 0.05.

22 FMEASRTARIZELEF S THENEMN

2011 4EA1 2012 ARG R HE AR 20 Z Ak
FRERERt, AREAHEKRN TS EHE 20K
A xR, BHEERTSTHMEE (P <0.05);
BRAHBERAN T SR REAREER, |
BESTHEGESENE T (P<0.05); KL HRMH
KR E R T HA=MSAE (P <0.05), SIEEFMT,
REILHEH &R > BHEF >80 > K
RN, H2ESEEEEKFE (P<0.05); R
RiHE S S AR LM, SR UL, R
BS54 i i T ERERIE, X 5 4RI0 AL ) AL
Ffel, UEHAEY R, SR R
2.3 MHEASRAMTESFELIE 0—20 cm HIEF
SEENFEN

SZEEE 20 RIGHy B AR (% 3) £W,

22 G AN SR AT, AN [R) S AE Ak B A - A AL TR 42
RO EZMB¥IEREZER; REHCMETE AL
Wy A SEEFARE, H¥EE T
SEALER (P <0.05); HEEAL P+ A & i S K
WEABEA Y, B35 TG MmENE AR (P
<0.05); ANELRACALBE - HEs SUE o i 25 . &
JEREFMEK R ER, AR . 2% . ASAEE
PR B T RINAL B 22 5 3R Rk et + e
FERIN NI 8 BT R s e R R AN
B, ERNERACE, AL BEAT ML R TR
AL YR AR AL FE - A A R R A S
ZI TIOR3 25 5 WS A 3 4 A o i
mTEMNET . KERWERLSGAIE (P <0.05); H
AP A A S R B S TG (P <
0.05), EffKRWER, 357058 S5KINGE
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Table 2 Total green manure nutrients returned to soil in the two years’ period

Pkt 720 Fhk 747 Nutrient
Planting pattern Variety N P K
FIEHE 5. Huai bean 2602 a 209a 1282¢
After wheat harvest %47 Mung bean 168.0 cd 17.3b 121.6 ¢
E 7T Hairy vetch 247.5 ab 185D 154.0 b
1% Rape 2335b 222a 182.6a
= 5. Huai bean 233f 18f 8.5f
Intercropped with wheat o5 1 ing bean 535¢ 56d 40.1¢
EMFF Hairy vetch 159.4d 11.5¢ 103.0d
5% Rape 180.9 ¢ 17.7b 1458 b

# (Note) : [FIFVEHE)E AR T4 2R R — R 5 sCAS [RI 2R [H) 2% 5 b 2 (P < 0.05) Values followed by different letters mean significant
differences among the green manure treatments under same cropping system at P < 0.05.

®3 MEBEZRRE 2 FRETRLELRFSSE

Table 3 Soil nutrient contents of different treatments after 2 years of the green manure application

F Fk BHL 2R ETEZFTL ﬁiﬁl@% ﬁiﬁl’ﬁﬁ
Planting pattern Variety OM Total N Min N Avail.P Avail. K
(g/kg) (gkg) (mg/kg) (mg/kg) (mg/kg)

PKIR Fallow 13.7b 09b 9.7¢ 6.34d 147.0b
EASE L 5 Huai bean 154a l.la 19.0a 8.1ab 163.5a
After wheat harvest %7 Mung bean 14.9 ab 1.1 ab 14.0 abe 7.4be 157.9 ab
FM-F Hairy vetch 14.6 ab 1.0 ab 18.1 ab 7.7 be 153.3 ab

Jli3% Rape 154a 1.0 ab 104 ¢ 88a 167.1a

=Fh 1. Huai bean 13.5b 0.9 ab 11.8 be 57d 1473 b
Intercropped with wheat . o 1 ng bean 14.1 ab 1.0 ab 12.6 abe 59d 151.3 ab
E M F Hairy vetch 14.5 ab 1.0 ab 14.8 abc 71c¢ 156.2 ab

2% Rape 153 a 0.9 ab 92c¢ 79b 175.0a

& (Note) : [FFVEHR G A F 1R R R — Pl 77 2R R SR8 ] 22 5 2. 3% (<0.05) Valuse followed by different letters mean significant

differences among the green treatments under same cropping systen at < 0.05.

)G 22 55 MM EERT LA LR . RO N
BRI W TR AL KR 2 SR
P RIS W T EM, Al =R
Z G R S BRI S R AN K,

34 AL, ZIGHERNGEIEET, 4 Fhair ik 3
- TR W e RN K A WL 1 e [R] Y FC 2 2
Sty BRI, S IERR GRS, RHOKE A
Bl & w35 0 258 TR AL, SIRINAMELL, &5
FERDDUFP SR AT I 34 0 8 S T R Rk S i, B
PR N s, il 52 Ak B ) 4= 39k A e FOK R M
BLAK & w3 0 35 m TR E AP (P <0.05); 51k

RAH LG, R SR 3 4 o T e Wy i e A
IKEEPEA VLS . KT 22 5 R Rt 39k
Yy & ¥ 3 T AR AL, HoAh = FhaRAE 2
JE AR SR e S B R E R
24 FMHEFANAELZELIE 0—20 cm TIEE
EME A2

B R S I PO A I TG 2 R (3 5) KW,
DU B LR 0 22 5 4 Pl it , DRIV A R AR it 0% 12 48 G
WS B E AL PR - SR R Bl S G
FH A = FhERAE 5 e A B Y 3 SR AL SRR T
BEE T U (P<0.05), S0 E#EM 115
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Table 4 SMBC and DOC of different treatments after 2 years of the green manure application

7 3 GBS

Planting pattern Variety

PRI Fallow
EIEE

After wheat harvest

457 Huai bean

£} 5 Mung bean
FM-EF Hairy vetch
3% Rape

= 42 Huai bean
Intercropped with wheat %47 Mung bean
FM# T Hairy vetch

3% Rape

(DGR IKEVEA LB
Soil microbial biomass carbon Water soluble organic carbon
1424 ¢ 16.2d
1849 a 40.3 ab
184.8 a 26.9 abed
190.2 a 31.6 abed
194.5a 38.6 abc
158.5 be 23.2 bed
170.7 ab 20.4 cd
189.1 a 32.2 abed
1932 a 435a

IE (Note ) : [FIFIARIFRERIR I

manure treatments under same cropping system at P < 0.05.

— PR 7 2UAS [F) ¢ A AL B8] 25 57 i3 Different letters mean significant differences among the green

®S5 TRIZIELIE L IREGEM

Table 5 Soil enzyme activities in different treatments

R i

Jlidics TR i AL

ke = ENIES SE
. X Phosphatase Urease Sucrase Catalase
Planting pattern Variety Total
(mg/g) [mg/(g-d)] [mg/(g-d)] [mg/(g-h)]
A
R 6.4d 2.6 bc 19.5d 39¢ 3.1
Fallow
2 Je F 5. Huai bean 7.6 ab 48a 27.7a 5.5ab 4.8
After wheat h t
e whedl hatves 447 Mung bean 8.0 ab 3.7 abe 255 ab 50b 44
EMFF Hairy vetch 6.7 cd 4.3 abc 24.5 ab 5.1ab 4.0
=¥ Rape 7.8 ab 4.5 ab 275a 5.8a 4.6
= P77 Huai bean 6.4d 2.4 be 20.5 cd 4lc 3.2
Int d with wheat -
MHCTCTopped WItR WHEAL 425 Mung bean 7.1 bed 23¢ 204 cd 37¢ 33
FEM-EF Hairy vetch 7.4 abe 4.3 abc 23.7be 5.3 ab 4.0
iH¥% Rape 83a 3.4 abc 26.5 ab 5.8a 4.5

TE (Note ) : [AFAN )T BER 7R [l — ik 7 204 [R) SR AL Ak 21 8] 22

manure treatments under same cropping system at P < 0.05.

it 5 P R AR R AR B . R ERHE T, P
AP - SEBE TR . A AT A A SR PR
EZETRRMNG RS EAE, (H5EE B
LS R SRR N P SR
PR TR AR B . M 22 5 3% By 3l s
T ER, ISR A SRR RS S
Ffr it 25 59 R Ao AR it T 2 o (B WO Ay 22 i 48 st
W > g > 00 > BME T, SREhhsE > Bt
HT > 55 > W, BEERZEEHME 50K
Filg 16k i T E R . R SRIEE SRR SR, +
PR 1 25 1 AR

% Different letters mean significant differences among the green

25 ZFEEYESHEHROEXEN
MWFE 6 ATLEN, GIEAYES FIEg s
B N A SRR NG M 2 (0] M R mO B Y IR A G
F AR, FEH - HEAE A A B i TR R T T 2R AR Y
e,
3 ihe
30 AEMEASRHIEERAR D
AR, ZIEHBMeiisyEEs TEH
EffdYa (R 1), UOIRME R S st A 9
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Table 6 Relationships between green manure biomass and
soil properties

545 Index r F847 Index r
4 Total N 0.5065* TOC 0.9038**
TR Avail. K 0.5883* A 0.6792%*
Phosphatase

B Avail. P 0.8311%* WK Urease 0.8778**

SMBC 0.7232%* HERERS Sucrase 0.9532%%*
N

DOC 0724xs | TR 0.7491%*
Catalase

1 (Note ) : SMBC—#{/E¥ &% Soil microbial biomass

carbon; DOC—/K¥E MG HLE%K Water soluble organic carbon;

TOC—EA MLk Total organic carbon. *, ** /IR 22 7353 5%
1 1% B9 5.3 /K- Mean significant differences at P < 0.05 and P <
0.01.
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e, A5 RFR I FDEIRIE AR K, BT
A SR AR A i B TR
AT, SRAEEY RS e 2 A —
MNEEWIEMXEKER, gAY se, s+
SR AL BB SEA ML I 2, QB AT g Y
R, ABPSERA I, o TR AR ILE Y L
A M ERAEY R R, BT RIS R R SR AL 37 o3 ik T
WEETEM (R 2). MH, —BEEALREY &
MR, REALSSOR B, A ERE R R LR R B,
DU A 1 A R A S DA KA s FE AR W R I IR 0 A £
v, AR A I, #5 LR PERISRAE A= P i 2
A7 25 B B Y IE OGO AR (R 6), ROAZRAE
VR A K R vh 27 A — B2 Jp ) R R 75y, 4
T SRR SR, R AL T S i — LA L
Yyt kB LIENE T RIOCR . Shah ARSI
Wy, BEE BESIC A YRR e s, LRItk
ZH . A, BARAE S R AR AL AR e 2
TEM, ERXPFFRE DT T 8 LR ik
AT Z MR R R 25, R0
7] BE R A AR EAF FRANE S s 5 — 7 il AE R B
Fob 2o I Fof AL IF 1] LU 22 ) 1 A 2k IE R, B A 4 I B
WA BOE B . (B, Bk

Uh, ZEIEFhaRILE RS A T ARSI
B, H 22 5 16 b 2 N PN o A B 3 2 A
AN R D72, X R A R AL R — 3
A Tk — 205
3.2 FREIGRAE ST T M RAIS

£ I %) 35 TS 355 SR TR] g AU o I R0 b A b 3 114 25 5
AR BN, ZRARFAEL I, TERsElE 8 4R
F PR I 80 4 oA [RS8 %+ 84 LT & i
HREANFRMSER: SAFSRIEME, SRS+
BANLUR AR 1.44 g/kg, KROMHAPT S EE
0 0.17 g/kg; THHI =8 A0 2% )i+ 1845 HILT % 124y
IR 1.58 A1 0.17 g/kg. EREZAECMSE KB, 78
AT AUNEER 3 AR TS, B
FXF AP DL BGR AR . WL B B R
H Rl AR A, 2 FERIESIE R RS
JE GRS A7 R BRI, R I £
BURT . BRSO S AR i R W 2 e TR,
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T R ER R, BT DISCR B, T RRAECIA
J GRS AL A W i T e R, R RZ ST
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TR SRR AL . 2A. 7RSS
PR B AR 2 TR, ZRIER S RINZ
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A e 1 U o
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