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WAL K EEE R T~9 H,. KK EHiR
1500 mm, FEHL 0~20 em + 21 pH {4 8. 24,

ROR R W B R S & Bl ol 90. 00, 16. 67,
319.97 mg/keg, &AW AW AP E 50008
1.09.0.53.8.25.15. 01 g/kg.
1.2 RIigit

R0 M A AEE YO E ok IR R H 8 A Rl AL

TF s DUSR IR Ak BEAE S % B8 (CKO L 408 T, T, T, LT
Ts  To Tr T T 43 50 F A 7 3 9 & (Vicia sativa
VS) VT RE (Astragalus adsurgens s AD) , K 5. (Gly-
41§ % (Onobrychis wviciae folia ,
OV) & & (Vicia faba,VF) ., % K (Zea mays.ZM) .
BH T (Licia villosa , 1V) 78 (Medicago sati-
va s MS) M %i & (Pisum sativum ,PS), T 2017 4F 4 J
AN T8 450 R S AR, B Fh it 433l S 70. 0,
7.5,75.0,60.0,225. 0,60. 0,45. 0,20. 0,90. 0 kg/hm?*,
78 30 em, 8 H IR E/NRAT T 1~2 em, FORLRH T3~
4 em, B IEE S 3 R /P IE Y 56 m® (& 8 m X
P67 m) A /NN HEWE AL A 2, BRZ
AR R (PP AT RE (LT G R VR AE 45D A1, 2018 4F 4 H
RN LI 58— FAEHEH T R R E
KEH MBS B N WA A 2017 4R, T
2017.,2018 4E 7 H T ) X EI My 5643, BB #E 10 em, 1%
[Fi) AR 22 FH Ak 0K L B0 R 38 T (2 AR AR R A B B
JEEE N 30 ecm, T 2017 4E 9 H 25 H.2018 4E 9 H
25 H A H4557E 8 /NX e S T JE 4R R B 0~20,20~40
em bR A4 WE L MR S A P R R S
BT, FHVE 535 K bR 22 09 4 6 4 0 b S il O R

cine max, GM) .
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1.3 MEEBRKRAE
- 398 IR it SR P s b Sk 2L L 24 h

1 g h3fErp NH;-N i (mg) 27 5 Gl P 9 W2 1 % FH o
FRA AN B ES L 24 hJE 1 g B8 h R
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IR R AE L BL 20 min By 1 g -5 AR
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2.1 BEAFEEEYLTEI ABREDHED
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SHARETERE S 2,11 mif  2017.2018 45 AN [F 4b FH X 4 48 40 14 5
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WERHw =< w "
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62. 14% . 86. 59% . 77. 03% . 346. 61% . 53. 24 %,
93.34%.219.23%,141.83% ,198. 67% , Hevh T, kb B
AE B 6] 1R f K, H 2018 4F 0~40 em + )2 T, . T,
Ty Ts VT T b PR 38 40 17 50 T CKL HoAp 4t
P E T CK(GE D,

2.1.2 #%# 2017.2018 4E AN JA AL FE 0~40 cm +
JE TR BBy A 0. 214X 10" ~1. 893X 10" cfu/g.
0.120X 10" ~2. 816 X 10* cfu/g; #£ 0~40 em + 2,
2018 4£ 5 2017 4 1 . CK. T, W T3 Ty Ty . T 2 #1 f1
R B R T 76, 78 % ,157. 61% .44, 97% .

19.14% .10.79% .260. 85% + 1fij T, T5 . Ty Ty &b FH 43
AR T 40, 35%.65. 11%.69. 30% .31. 04 % , A W,
T b BEAE JE 18] 34 7 B K, H 2018 4F 0~40 em + 2B
T AL B T CK A, T, T, T, . T, . Ts .
Ty T kb B3 5% CK A% 30. 45% ,55.32% .41. 82% .
5.94%.67.64% .74. 10% .6. 02% 1 28. 61% . A [A]
+ 28,2017 AE K AL T 0~20 em + 2 B E T 20
~40 cm + 2 (P<C0. 05) ;2018 4FBx T5 . T . T A0 B |
T 2 ) 22 R WA AR AL B S 0~20 em )2
BEMLTF 20~40 cm + )2 (P<C0.05) (5 2),

1 AEARBEDHIEARYE

Table 1  Soil bacteria quantity of different green manure crops 10" cfu/g

4 3 2017 2018 4 2018 % 2017 4F
0~20 cm 20~40 cm -4 0~20 cm 20~40 cm SEH e/ %
CK 3.028P 2.013%8 2.521 8. 250°F 6. 972" 7.611 201. 90
T, 4,514 1,375 2. 945 6. 600" 2. 950" 4.775 62.14
T, 4.681% 2. 076" 3.379 7.359°FF 5. 250" 6. 305 86.59
T, 3.455% 1.884% 2. 669 6. 360" 3.090" 4.725 77.03
T, 5.287% 2. 2998 3.793 24,339 9. 540" 16. 940 346. 61
T, 4. 94740 1. 780 3. 364 7. 440°EF 2. 870" 5.155 53. 24
Ts 2. 818" 2.318"8 2.568 6. 310 3. 620" 4. 965 93. 34
T, 3. 754 2. 652" 3.203 14.170* 6. 280" 10. 225 219. 23
Ty 3.359* 2. 899" 3.129 9. 606 5.528" 7.567 141. 83
T, 4,232 2.676" 3. 454 11.300* 9.331%" 10. 316 198. 67

T AT AR R NG B R N W 12 7 25 7 B 3 (P<0. 05) , A FA 6] K5 5 B 27 A [F] 4B AR 9 1) 22 5= W 3 (P<<0.

05), F A
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Table 2 Soil actinomycetes quantity of different green manure crops

10* cfu/g

b g 2017 4§ 2018 4 2018@ 2017 4
0~20 cm 20~40 cm 44 0~20 cm 20~40 cm S35 /%

CK 1,327 0. 214" 0.771 0. 960" 1,765 1.363 76.78

T, 0.504* 0.233" 0.368 0. 8358 1.061%P 0.948 157. 61

T, 1.539% 0. 503" 1.021 0.178% 1.039%P 0. 609 —40. 35

T, 0.691% 0. 403" 0.547 0. 266" 1. 321 0.793 44,97

T, 1.516% 0. 636" 1.076 0. 456" 2.108" 1.282 19. 14

T, 1.532% 0. 996" 1. 264 0. 4447 0. 438 0. 441 —65.11

Ts 1.893* 0. 408" 1.150 0. 266 0. 440 0. 353 —69. 30

T, 1,951 0. 700" 1. 325 0.120% 2. 816 1. 468 10. 79

Ty 0.517" 0.193% 0.355 1.245% 1.316%¢ 1. 281 260. 85

T, 1. 654 1.168™ 1.411 0. 444 1.502%¢ 0.973 —31.04

2.1.3 AH 2017.2018 AR ALHE 0~40 em + )2 369.65% .152. 92 % . v T &b FEAF BF [a) 8 08 5% K. T,

BB S IAE 1. 465X 10~6. 583X 10 cfu/g.2. 700
X10~30. 185X 10 cfu/g; fF 0~40 cm +JZ,2018 4
5 2017 4L, CK. T, . T, T, T, T T VT W T . T
() BB B4y 4R s T 426, 98%.8. 96 % ,344. 77% .
248.58%.210. 79% .798. 84% .193. 09%.,295. 56 % .

b F B R fe /N, HO 2018 AR TS b PR E R AR S T
CK.T, . T, . Ts T, . Ty . T; T b B A CK A 73.76% .
24. 53%. 62. 24%., 37. 51%. 40. 69%. 36. 90% .
31,922 M1 21.50% . WHAF4 AL A B AR Y 0~20
em + 2 B EETF 20~40 em + )2 (P<<0.05) (3£ 3),
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Table 3 Soil fungi quantity of different green manure crops 10 cfu/g

- 2017 4£ 2018 4 2018 $§42017 4
0~20 cm 20~40 cm S 14 0~20 cm 20~40 cm Sy e/ %
CK 4.081¢ 2. 570" 3.325 23. 570 11.473% 17.522 426. 98
T, 5.475% 2. 965" 4.220 6. 495" 2. 700" 4.598 8.96
T, 3. 848*P 2. 098" 2.973 16. 056 10. 390" 13.223 344.77
T, 2. 332" 1. 465 1. 898 9. 687 3. 546" 6.616 248.58
T, 5. 200" 1. 847"8¢ 3.523 12,299 9. 600" 10. 949 210.79
T, 2. 407 2. 119 2.263 30. 185 10. 500 20. 343 798. 94
T; 4,295 2. 797" 3.546 14,187 6. 600" 10. 393 193. 09
T, 4.029% 1.561% 2.795 11.551% 10. 562 11.056 295.56
Ty 3.221%® 1. 8595 2. 540 12. 452 11. 407 11.929 369. 65
T, 6. 583 4, 294" 5.438 20. 440 7.067" 13. 754 152. 92

2.2 BIEARRZFIEEY T T IEEEENZIG 2018 4 45 4b 34 Ik g 7% M 4 2017 4 R, 2018 4 CK,

2017 4 JIR 3 3 R A A ) b B R+ 2R ) 22 S 2R
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0.101

20174
3 =1 0~20 cm B 20~40 cm — F8
T:D
®0.05
#
Jacn!
=
®
0.00
¢CcK T, T, T, T, T, T, T, T, T,
Qb
B1
Fig. 1

T, T, Ty T, T5 Ty . T, Ty . Ty b B EE 2017 4F 4351
BT 361. 27%. 440. 15% . 404. 32% . 355. 74 %,
393.60% .422.50% .378. 20 % .312. 63% .259. 25 % #l
296. 18%0 , T, Ab B3 e e K (& 1)

20184F
0.30
— C0~20cm 20~40 cm — 1y
=
<
IS
o
E 0.15
juu
&
E

0.00

7 [B) 4% BE 1E 40 Y 138 AR B 35 1

Soil urease activity of different green manure crops

FARF/NG F R R AR 4 )2 [0 2 5 8% (P<0. 05) . AN KRG F8 38 AR [F S ARVE Y a] 22 5 8 % (P<<0. 05), F A

2017 4£ 0~20 cm 42 T, Ty Ts Ty b B 8] 5 #:
WL W 5 2= 5O B (A B T CK;20~40
em )2 &AL P B T CK, 2018 4F 0~20 em +
BT, T T T e 3 B 3% KT CK, Kby 5
CK 25 AR B3#;20~40 em + 2. T, . T, 4B 5 CK
ZERAREE ALY B E LT CK, H 4% b B jH] 2
SABE., £ 0~40 cm 1 )2,2018 4F 5 2017 A
Fo CKLVT W Ty VT Ty o Ts Ty o Ty LT T Ak B A 1
T8 2 G 5 2 0 A1) 2 2017 49 3. 17,2, 60,2, 85.3. 26,
2.66.3.06.,3.10.2. 86,3.08.,3. 02 1, H i T, kb3 I

Thie K5 BN A 2 TRl icvE Wl R i S P K 2 R = 7
AREE 2),

20172018 4E & b B 0~ 40 cm + J2 fil§ BR ik J5 1§
M4 B4 0. 011 ~0. 047,0. 011 ~0. 024 mg/g, H
2018 4 & Ak FH A IR 340 Dt I 3% PR A 2017 4R AIK, 2018
4 CKLVTy W T, Ty Ty Ts T W Tr L T L Ty A B A 2017
o HIRER T 43, 48%6.50. 16%,19. 78% .47. 77% .
40. 27% . 18. 69% . 45. 59% . 21. 60%. 37. 77% F
57. 88 %0, To b PR W Fpc HC 5 45 4b 38 76 AN 7] + )2 FL i iR
I 5 PR 25 RN W (B 3D
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Fig. 2 Activity of soil alkaline phosphatase of different green manure crops
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Fig. 3 Activity of soil nitrate reductase of different green manure crops

CKs AR 12,2017 4R T, . T, T A BRAM, Hom ab
P S AL S IE PEY 20~40 em + 2 B 3 (P<0. 05)
#5 T 0~20 em +JZ=.2018 4EER T, 4b BAL, JEg Ak BEA
I7 )2 ] 22 S 3 AN . 3 (B ) .

2017.2018 4E &AL 0~ 40 cm + 2 3 F Ak A
WEMEAY BIAE 0. 737 ~1. 047, 2. 134~ 3. 373 mg/g, H.
2018 4F- 4% 4b P 1Y 2o 480 Ak SR IS PR3 A 2017 4E L
T Kb 3AF BE 1] 3 05 B K. K 293, 29045 2018 AR BR
T b B S AL S B S Ve T CKOAh, Ho Ak B /N T

0.06

- 24k

0.03

i 2 3 D5t % P /(mg + &7

0.00

< 24h™)

it R 3 Dt 05 1 /(mg - g7

e

(=

[=)}
1

0.03

0.00

20184

= 20~40 cm — F1

C30~20cm

4 TRZBEVHIETRLEHEY

Fig.4 Activity of soil catalase of different green manure crops



HFA0% 5

BOF 5 BB 2020 4F 121

2.3 IRBRXEESN

R K 8 F g8 O HE BE B, R 2017, 2018 4
0~20 em,20~40 cm + JZ (1% 40 7§ . B0 i 4k & 50
Do R T 3k 4R A ST 9 Tl R A i TR S D G O M A
7 TR AR B X HHEAT R A OCHR LR A . B

L — 4 AR SRR N A 52 HL o RO 1 Ak 3 A A= 1 3K
Rigtf M ER SR G A ERE BE T Nk b8
FERCRAR TP R A B A R OK (L L O L L VD AT
W R 2 1) ok B HE ORIk IR Gk 4D

R4 TEZEBEVERBANRBKERHEAR

Table 4 The rank and relational grade of soil fertility enhanced by different green manure crops

T
BRfem AR e o mam mm wmmm  Thof dWE fr PRy
T it ATl
0~20 CK 0.410 0.453 0.739 0.752 0.728 0. 656 0.911 0.704 0.691 4
T, 0.408 0.374 0.405 0. 810 0.682 0.661 0. 879 0. 656 0. 660 8
T, 0.420 0.402 0.525 0.918 0.653 0.583 0.928 0. 688 0.659 9
T, 0. 391 0.333 0.405 0. 833 0.725 0.629 0.973 0.678 0.662 7
T, 1. 000 0.423 0.481 0.937 0.915 0.719 0. 847 0.791 0.733 2
T, 0.425 0.423 1. 000 0. 844 0.782 1. 000 0. 849 0.790 0.736 1
Ts 0. 383 0. 440 0.498 0.796 0.615 0.921 0. 884 0.693 0.673 5
T, 0.521 0.342 0.452 0. 790 1. 000 0.539 0.964 0.720 0.697 3
Ty 0.433 0.405 0.453 0. 715 0.630 0.538 0. 946 0.639 0.617 10
T, 0.475 0.434 0.641 0.718 0.627 0.948 0.905 0.713 0.673 6
20~40 CK 0. 382 0.424 0.430 0. 808 0.775 0.521 0.976 0.678
T, 0. 335 0.371 0.342 0.929 0.703 0. 440 0.998 0.663
T, 0. 364 0. 389 0.411 0.956 0.924 0.431 0.594 0. 630
T, 0. 341 0.426 0. 337 0. 834 0.639 0. 486 0.994 0. 645
T, 0.417 0.503 0. 399 0.903 0.683 0.497 0.930 0.675
Ts 0. 338 0. 381 0.412 1. 000 0.662 0.517 0.968 0.682
Ts 0. 350 0. 343 0.377 0. 831 0. 695 0.494 1. 000 0.653
T, 0. 381 1. 000 0. 406 0.559 0. 785 0.419 0.975 0.675
Ty 0.375 0. 386 0.420 0.490 0.699 0.477 0.976 0.596
T, 0.420 0. 494 0.425 0.678 0.725 0.426 0.930 0.634
Bty 0.428 0.437 0.478 0. 805 0.732 0.595 0.921
W E 0.097 0.099 0.109 0.183 0.167 0.135 0.210
3 i Ji0~20cm L2 HIEME  HE LR REKZ R

3.1 BIEABRFEEDI L EMEDHEH M
ZRAEEAE AR B3 1 1A MLAC IR, B s ade A al
P v A P i R B O A
AR BRI R AF SR A B T 3R WL T A BLAE
BECIN 2% I8 RS AT S8 R MGt S b BLAE W R B
I AU SR A O B 4RI E H S, 2018
AR R RN R RO 2017 AR . X 507K
AR ST B R R B g MG
TEWUCE YRR TR B i BB JROC R IR Bl e 1L
I G5 1M S A LT R L TR R Y
I i SR fie 2R B 22 A4 T A 0 A A R B A L DT
SERUEY BRI . 5 IR TR EE 58 1 A [R] 2 AL 1 9

TR AHA AR TR IR 33X 02 B TR R B D 1 % + 8
07 IRVl b= e SR T 7 DT S VI W T 7 N R ]
R T8 3 0l SR AN R SR B IR T S DKL 2544 B b )
%Eﬂ[m]
T A R B R IR B AL AT . B
AR ) I 4% 3 F 5 4 T E AN [) B T B O S A
155 00 AR 4 1l (9 K 4S5 DL 10 em M1 25 em 2R B %S
BIR A NfE. ARXB R AR B ES L IE 5 .
0~20 em 2 MATE . HEEE & T 20~40 em £
J2 o BRI BERIK 43 02 B R A I O3 i i R L B
R S B Y NSy u i Sl o BTN =R BT
55, AR Jon 3 23 UL 5 ik, DSt e 4 N e 19 A AL I
LR NLP G IS TR 0~20 em + R B AEY
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AT B 3 B AR R A AR KRB RO B 20~ 40 em
tEZ.
3.2 REFEKEIEY L EEE TN

b F A T A ORI T U R s v AR W A o
BERYSRSS . ARDEIER WL 5 2017 4R AL R AR T 8
Jie 25 NS Ji - S92 T 1 Tl M ok 40 Al 9 1 T
AT AERE R A S 1 S R R B X T AR AT
s S R A T PR A DR X M e Y 3
BAEA O o S PR PRIAH LL o R AR 80 T S0 )5 4 S IR
gl VB e R o SR A RIS VR R 2 TR X S
PSS N MBS — B0 X Rl TAIE AR R A4
P O LB 3 o ifk i 2 b S BT 1O RS LI AT e
HEATHUT T LA HLRORVF 2 R IR A L L
AT BB 380 o S P 5
3.3 AEAZEBERELLBRESTN

SIS RPN AR R R BRI AR . KRSy
M ik REOZ v MR 5 B — PR AR E A - HEAE 7 iy B v,
] RE S G DR AN 4 E VIR B U8 45 TR TV A
T3 B AR R BUTT R AE BN ) 25 5 WY B AT B2
JARTE S ARHETE IS R R 6 o H ik X 9 Bl AL s
HE 1 SR BORHEAT T 255 WA NEEROR K (8 SR K
0TIk RE A 4 1 ML S e A% Ak B Y £ PR BB SR X TS
HEXEAS [ 2 ME A 4y A M 1 B g 28 4T Z5 45 PF i U 5
AT,
TR

(5

R FH 8 DG TR B 1k % B v D o 1 5 PR -

5 N AEAS TR S NEAE W S5 - 38 1) JOK Tt e 1t PR il 3

S A ST A TR i R R0 T LT TR R

S HETEGTEN ME ORISR G AR

F BRI M g S8R AN TR PR A £t I A ) 5

B IHATHE G ROk AR AR 8, H I e )

IRCRAIRIR , R R O AR BH FRH IS

JEak T R e )T RO B R AE AR

BEXH:

[LT K SC3R o M5 7 0. 5 6 1 98 1 2 5 X B
A5l B 3 ARSI 1. 4R VE U4, 2019, 34(8) -
1748—1758.

[2] AR, B S M 8 85 £ 5 50T 7 X 4B - A
SHMID]. %M . Al K 2018,

(3] R IR S5 5. B £ SRR 0 1 B

(4]

(5]

(6]

[7]

(8]

[9]

[10]

[11]

(12]

[13]

[14]

[16]

[17]

(18]

AR RE A 5 L) . Al DL 24 4l . 2014, 45 (12) .
203—208.
TR TR O B4 R A, . I I A [ g e -
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Effects of green manure crop rotation on soil microbial

quantity and enzyme activity in semi-arid

region of the Loess Plateau

TAN Jie-hui' ,FU Shuang-jun',NAN Li-li' , KANG Fa-yun*, CHEN Yan-ming'

(1. College of Pratacultural Science ,Gansu Agricultural University/Key Laboratory for Grassland

Ecosystem of Ministry of Education/Pratacultural Engineering Laboratory of Gansu Province/

Sino-U. S. Centers for Grazingland Ecosystem Sustainability ,Lanzhou 730070,China;

2. Agricultural Technique Extension Center of Yongjing City ,Yongjing 731600,China)

Abstract: A field experiment with 10 treatments including and different green manure crops (Vicia sativa ,

Glycine max ,Astragalus adsurgens ,Onobrychis viciae folia ,Vicia faba ,Zea mays ,licia villosa ,Medicago sati-

va and Pisum sativum ) with fallow as control were conducted in semi-arid region of the Loess Plateau. The

effects of different treatments on soil microbial quantity and soil enzyme activity were analyzed. Results showed

that the activities of soil urease,alkaline phosphatase and catalase,and the quantities of bacteria and fungi were

higher in 2018 than 2017 except nitrate reductase and actinomycetes. Compared with control, the activities of u-

rease and alkaline phosphate increased significantly after growing V. sativa and G. max. The bacteria quantity

and catalase activity were highest after growing O. viciae folia. The fungi quantity was highest after growing V.

faba. Grey correlation degree analysis showed that the soil fertility improvement after growing V. faba,O. vici-

aefolia and I. villosa was higher than control, whereas the soil fertility after growing V. sativa,A. adsurgens,G.

max,Z. mays,M. sativa and P. sativum was lower than control. V. faba,O. viciaefolia and I. villosa were good

green manure crops in semi-arid region of the Loess Plateau.

Key words: green manure;soil microbial quantity;soil enzyme activity;grey relational analysis



