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(AL RBHE R VERIRBEE B, BRIT b 712100 2l MPT-IC R 96 5 4 L FRAE T 5505, P BARE 712100)

 E RBXWMERET,FAELAATAELEZAEH, BILEN 4 M EAE, B
R A M B (CK) A AL (M) &8 47 B A (NPK) R LI 5 & 8 47 JE B & (MNPK) , %
FAMARKAEAREEBRZLA BT AR EHEENRE L EBEEEN Y. EREH. £
EXNHEEZR L EAKE AR HARLEMB-1,4- K8 H 8 (BX) B-1,4-N-ZBE A&
A H VB (NAG) B-1,4-H H MEH B (BG) A 4 —ME K8 (CBH) E M B E 5 T X %
WL, EEAR ARG EMR SR (AKP) AN AWM EZRATEF A EFENE
Wy £33 A A AL A & £ BX NAG .BG.CBH AKP 7& & X| #1015 # B & & T#E # 4
B ELEEKE ARE HAACEENEMNEERTEHAE AEREZLHT, A
JEA AnAL 3 (M F2 MNPK 2 ) W34 R A0 AR EAXNEMEHNEEFST T CK
A1 NPK 4032 | 3 & MNPK 432 1 BX G .CBH \NAG \AKP % 5 frEg & X F| E A B F &
F NPK 422 .0 # 45 T, MNPK 4 32 09 438 8 %8 AL A A .42 24 EF BG.CBH,
AKP EMAEXH M EHNEETG T CKf NPK L. A ER LA, L EBEHS L5
NEFZAGEEREMR AR, TUMA LI EBEE R B LERIRA & Lk £ 5E
EABT, ANANEREERG T LERP A E WRT I EHBESE AR Y RE L E
FETHEMNEEZE R, TLYHFERF LN THRERLEEAELET L.

KR EEENE; BALRTOLE,; e 2ERE

Effects of grass cover combined with different fertilization regimes on soil nutrients and
enzyme activities in apple orchard in Weibei dryland, China. GONG Qing-li'*, ZHAI Bing-
nian'** | ZHENG Wei'?, LIU Jie"?, ZHENG Zhao-xia"?, ZHAO Zhi-yuan"?, LI Zi-yan'?,
WANG Zhao-hui'?* (' College of Natural Resources and Environment, Northwest A&F University
Yangling 712100, Shaanxi, China; *Key Laboratory of Plant Nutrition and the Agri-environment in
Northwest China, Minisiry of Agriculture, Yangling 712100, Shaanxi, China).

Abstract; The split-plot design was adopted in this experiment, with main treatments of grass cover
and control and sub-treatments included four fertilization regimes: no fertilization, CK; manure,
M; N, P and K fertilizer, NPK; and NPK fertilizer combined with manure, MNPK. Microplate
fluorimetry was used to study the effects of grass cover combined with different fertilization regimes
on the enzyme activities in apple orchard. The results showed that after mowing the grass ( the
residues were left on the soil surface as mulch) , the soil water content, available P, nitrite nitrogen
and the activities of BX, NAG, BG, CBH were increased compared to the control, with no significant
differences for total nitrogen, soil organic carbon, and AKP activity. For grass cover treatment, the
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total nitrogen, soil organic carbon, and the activities of BX, NAG, BG, CBH, AKP were both
improved before and after mowing the grass. However, the soil water content, available phosphorus,
and nitrate nitrogen of grass cover treatment were lower than that of the control before mowing the
grass. Under grass cover condition, the total nitrogen, available P, and soil organic carbon of M
and MNPK were higher than that of CK and NPK in both before and after mowing the grass periods,
with the activities of BX, NAG, BG, CBH, AKP of MNPK higher than that of NPK. Under the
control condition, the available P, soil organic carbon (SOC) , nitrite nitrogen, total nitrogen and
the activities of G, CBH, AKP of MNPK higher than that of CK and NPK before and after mowing
the grass. Redundancy analysis showed that the activities of soil enzymes were significantly
correlated with the soil nutrients, and could reflect the soil fertility. Thus, grass cover combined
with MNPK significantly increased the soil nutrient contents and soil enzyme activities, and was an
important practice to prevent the decrease of soil fertility and benefit the sustainability of local apple
industry.

Key words: soil enzyme activity; microplate fluorimetric assay; redundancy analysis; soil quality.
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PATH AL SO QR B PG S 21 7= Mk A5 2 VA A
{EL 25 SRA X R MU B il AR S T T 22 3 AN A2, SR
LI, 2 2 0GB AL TR TR I
PASK SR Bl ATt AL AR HE S 3, Z2 A HLAC AYTE T, A
15 2 AR A IE T B SR o AN P 1 45 ()
RO il R b P AR EARN AR AR O T A
HLICHILHC Tt 397 R AR 7 v i o L A ) R 7=
(1 A . A e i 1 O [ B B HEAT Y — T AR
P AR B0 R Pl A B I, FLAT PR 35 K o) D
D+ SRR A AR B R R A
JHS R R S LIS R E S T R L
e T SRR B, R T IR A, A
1P 1 SR A R, RO 5 T
T3t As v AT eI AL SRR I A T R
Az O T C A A HILICH LAC 2 52 3t SR el i e g
AR AT JAFm M LIRS S TR
APl B DR A PR AL RT3 SR
TP B FRTTRATEALE B PEAE 3 b iy )
TE—EREE b T ST AL ARPIR S | HoX R85 45
AR NSE NGV SR S O P S SRy e o 1]
PR bR A R AT L R R R
PR AR GE A I S A S LA i g s, (R
WP B P A e T K o PR
S A2 Pl RIS J L T2 %o SR el - 8
AR A SR TEAR A 7 SR el A w5 i C T N S5 7 R
N SRR A1 X SR ] S A A T DAY B R B
A HGE AR i B RO C R I E 7
VRPN AR MRS M 0 A BE DTN A OB R 2%

WA HUIEEA A AL |35 e R bl + e ot i g i Sp 2R
Pl R e AR LB MR AR SCHE.

1 ARMREHARAGE

1.1 5 A

AR AL T BG4 (/K B A g LA bRk
SN ER G0 B AT R 50 0 b b 35°4'—35°27" N
109°16'—109°45" E,4E¥[%/KEE 570 mm, 4EFRA5 4k
BR,AH/ET RO, FEHR 1.4 C ) 40 0w i
AR IR A N 39.4 ~16.7 °C, TCFEW 207 d.ix
5o b 3R RN B4 1 | i g IR AR T oK
AP 13.02 g - kg AE1.03 g - kg HER
22.70 mg - kg™ BEAH 2.20 mg - kg™ A X 15.94
mg + kg™ JEACE 151.28 mg - kg™ .pH 8.30.
1.2 fEH R

R Ao B AL K E 5 (Malus
pumila Mil.) &+ R3], L0 A M26, M 10 4R
% ,2010 AFEFFUREE R ARITHE N 2 mx4 m, i H H Y5
BRIERIE 474 RO /INE AR, F 2008 4F 3 H IF 4R
PEAFATIRAE R Al R FRE A 5 9 47 IR AR o
ﬂﬁ,%(@%?ﬁ,*&ﬁ%jﬂ 0.75 g - m™? B4R T7—9 H
B H REl— U, A5 37 55 TSR A ], 2R
PR AR P X T AR R R A b B IX I A AR AR
R D ) A5 B it P —
1.3 ikt

PRI SR B X T, AN A B 51 o AT ] A=
TS ATERE, BIALEDN 4 SHEARALER | BLAA A
ME(CK) BAPUIE (M) A B AL S (NPK) A
MU S Z BT AL AC & ( MNPK) . BN PREE A 3 IR,
/NXETAR 200 m? it FHREARSS PR 2R (N 46% ) it B R
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F5(P,0, 16% ) FIBLER A (K, 0 50%) , A HLAE A F
2, HEANR 35.02 ¢ - kg™ 2A(5.33 g - kg AL
B (P,05)39 mg - kg™ HHH(K,0) 41 mg - kg™,
LRI AL PR A 2 WL ZR 1. HLAC ABEAC L L AT
K TR RAIEIEA ; ZE ST 3 K, B 509% /E5EIE
TR, 30% T I AEI N 209% T3 5208 KM DA
BT A
1.4 FESCRE

F 2016 4£ 6 A 2 H 2016 4E 10 A 1 H MK
KA 0~20 em R EHE(EBR S em ) BTER
TP R 6 Bl L3 IR G/E N —A LA A 1A
IR 3 5, — B4 B 2 mm 05 BR A A
HRZRFRAAR , A DA T 9] 52 56 % IR 4 °C UKAR IR
£E, AT L HERG TSR I 58 — 0506 A H] T
T KR AR s A AR T
A B A O I E
1.5 - PR A DR A A 0 0

855 KRR P IEI E ;A 8509 (Olsen P)
R NaHCO, 41 86§ L 6 35 W 52 + HE i S A
(NO,-N) F 1 mol - L' iy KCl i242 (LK N
12 5) BRS84S 2 5 A Bl R
AR TR A I A 5 AR T2 S B EE I
SR FHBAGHE ) Marx 25> 09 ' Bl L AR ARG I A T
B-1,4-ABEH W (BX) \B-1,4-N-Z. Pt 5 42 L ) 2
THF(NAG) \B-1,4-H % WE 1T (BG) 4T 4k —hHK
i i ( CBH) FNTRM: W R 1 ( AKP ) 5 Bl 7% 14, 1 43¢
FEfh 6 IS  ARERAM: 6 IREE , 25 H ATk 3
WH R 27 DR AEARE Y R B A5 E T s Ao ) iy
SR RE I CHE A (4-F FARTE IR ) BT A& H B2
S EE A TN E | B Bz PR | 2 B s AR A A P
ANEEHEVE. RPN B Sigma-Aldrich A FRZAH].
1.6 %diabre

K SPSS 20.0 Fl Canoco 5.0 FA: %4 4is 47
Gt R W R (two-way ANOVA) FllDuncan

x1 MERAEFERE
Table 1  Fertilization treatment and application rate of
fertilizers (kg - hm™)

b3 F2 N P,05 K,0

Treatment Sheep manure

CK 0 0 0 0
NPK 0 192 108 168
MNPK 18000 96 108 168
M 36000 0 0 0

AT 22 T A2 A (= 0.05) . F] ] Sigma-
Plot 12.5 F1 Canoco 5.0 HMHAEA.

2 ERESH

2.1 AERESAE R TR AL E X A 3 AR
pibpAl|

A RO B R R O A AR R ) T 3R 4y
T IR AR KRE S (K 2) A NFEIE %S +
HES KR O A AU D X E AT
AR EIRT G T 12.8% 1% . 122.2% ,{H 4R .
A HUBR Y i 25 5 O 0 35 A R R A P - 4
R A PR B SRR BTG Y 0 2 T A A B
R i A= B T A A 4 K A AR
P AT IE AR B, B 55 ) B T
R OEL

AERE ST WA PLIE AL (M Fl MNPK
ARFR) A 45 AR AR A AL B R AE N FI TS 1
BFW T CK Ml NPK 4B 4b 3 6] 52 MNPK>M >
NPK>CK AY#a#; 5 NPK AL FEAH H , MNPK 4k FH %)
B S 1 W I NI RT3E N T 32.1% , i X1 1
JEHEIN T 65.1% 5 CK ALBRE - 358 5 7K e A 51 iy
F T NPK F1 MNPK b3 i 76 A1) 0 7 35 i 0] f. 2%
fili T MNPK Ab#(15.7%) , H5 NPK Ab#[a] Jo i %
E5R.

HHAET A PLUIEAL# (M FT MNPK 4b
B A A LR S A S AN F T 3
W3 T CK R NPK AbBE, Hidr MNPK Ab B NPK
AEPRAR B, AR X F AT 20 B34 1 101.9% (11.3%
36% ,FERNFIE 55 5 3 MG T 24.2% 9% \55.7%;
MNPK Ab$H ) 4 50 N B 5 3 305 T NPK
M 1 CK AbF 5 CK A % 38 55 /K 7 X 5 A il 3
e R At it AES A 3 T A X)) 7 5 A B A) ) 2
MNPK>M>NPK>CK fy##.

2.2 AR SR SR BEA FC ite %o A 4 T
f14) 5 M)

A R R A R S TR AR At X+ ¢ NP
PEPR B B EA 2 5200 (1] 1) A BN 0 3 55 5 B
BERREESL , BX \NAG . BG ,CBH 1 M 34 1 2 1w T X1
R, 43 51 b X 38 RT3 T 26.3% ., 60.9% 1. 8%
86.1% X FI T J5 A= A b BRI BX . NAG,BG ., CBH,
AKP 15 M 3 T Hab 2L

BX.BG .CBH &5 4 1 v 2F 4 2 (1 [k g 1
2 F , MNPK b B BX 176 PE7E X E R )5 ) 5.3
T NPK Al CK b3, Horp 5 NPK b BEAR L 73 513
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Table 2 Effects of different fertilization regimes on soil basic properties under grass mulching
i a] B feiit s Ko gl LR A LA G
Time Cultivation Treatment Moisture Total N Olsen P SOC NO; " -N
measure (%) (g-kg™1) (mg - kg™) (g-kg™") (mg - kg™")
BGM GM CK 14.0a 0.72¢ 11.09d 9.79¢ 5.16¢
M 14.0a 0.98a 19.44b 11.3a 6.93ab
NPK 12.8b 0.85b 14.94¢ 10.51b 6.13bc
MNPK 12.1b 1.08a 23.93a 11.49a 8.10a
CT CK 14.9a 0.72¢ 11.45d 8.72¢ 6.28b
M 14.2b 0.83ab 34.58h 10.38a 12.44a
NPK 14.1b 0.8bc 23.9¢ 9.48b 9.17b
MNPK 13.3¢ 0.93a 48.25a 10.55a 12.47a
GM 13.2B 0.91A 17.35B 10.77A 6.58B
CT 14.1A 0.82B 29.55A 9.78B 10.09A
AGM GM CK 14.9b 0.76d 15.95¢ 10.08¢ 9.49d
M 16.7a 1.06b 26.21b 12.11a 22.02b
NPK 16.2ab 0.87¢ 20.36¢ 11.21b 17.30c
MNPK 17.2a l.11a 46.12a 12.37a 28.57a
CT CK 13.1c 0.74¢ 11.23d 8.46¢ 8.39d
M 14.8b 0.89h 21.86b 10.51a 21.03b
NPK 14.6b 0.84b 17.42¢ 9.54b 16.15¢
MNPK 16.1a 1.00a 30.35a 10.39a 25.15a
GM 16.3A 0.95A 27.16A 11.44A 19.35A
CT 14.61B 0.87B 20.21B 9.73B 17.68B
BGM 13.7 0.86 23.45 10.28 8.33
AGM 154" " 0.91 23.69" 10.58 18.51° " "

BGM: A= EXIEIFT Before the grass mowing; AGM: A= B X E|J5 After the grass mowing; GM: A= B I5 Grass mulch;CT: HHHAL TR Clean tillage. [A]
VB IG AN F/ING A3 R R AL 3 8] 25 55 B 2 R R RS 73R A0 3 [E] 2% 7 . 3% ( P<0.05) Different small and capital letters in the same co-

lumn meant significant difference at 0.05 level among the subsidiary treatments

T 22.8% (XIEIET) A1 54.7% (X E]J5 ) ; MNPK Ab
i BG .CBH 755 NPK AbBHAH HLE X #1122 55 A8
2 MAEXF S W 345 T NPK 402, 5 NPK &b
FRAH 2> BB A0 T 34.5% .58.8% , Firp NPK AL B
CBH itk CK AbHAE XN EI A5 22 A8 B 35 0
HEEE T, MNPK AL BRAY BX 35145 NPK Ab B 7E X
HIHT G 22 AR B 2E U A HLIEALEE (M AT MNPK
AhER) - HE BG . CBH i M 78 X # A J5 38 8 3% &
CK 1 NPK #b3 b NPK 234 CBH 35 5 CK
Ab BRAEXIEI TG 25 5 398 W2

NAG &—FLT Fifi§, Z 5 LT B (b s Jp
ik e , S EHE ) b A LA 5% ~ 10%, )2+
BT AL R FEEOR IR, L NAG 162 9 = i o
#H NJEHE R AL RE E R, MNPK 2L HY NAG
TEPEFEREI RIS 34 035 5 T NPK AR 4351 Lt NPK
AEFEIEAN T 15.9% F1 42% 5 W BE 5144 F ,NPK Fl CK
ALFRIE] NAG 1% PEFEXFITT G JC 3 22 5%, MNPK &b
A NAG {5 PR 7E X K107 e 2 = T NPK b3, 5
NPK AR L3I T 27.4% , 76X E) )5 5 NPK Ab
FHAH LeARAT 3 ik (0 22 AN

AKP A Akl i g 2H ol Bl 1 I 1) K e, L0

and the main treatments, respectively. * P<0.05; * = % P<0.001.

(1) e 1K L R e 25 3 AL ) o0 i (L A=
FREERY AR N, N HLAE AL BE ( MNPK Al
M AbBE) 3% AKP 5 PES NPK Ab B X E 1 22 57
AN AN E S ) i 25 R NPK AR B, 5 NPK
AEBRAREE , 20 BB T 31.9% . 20.7% , Ab 3 8] 78 X1]
HIF G MK S MNPK>M>NPK>CK B #3 i#k 4
R, F A AR AL FE (M F1 MNPK) 35 AKP 3% 1
FEEIRT ¥ 8% 5 T CK AT NPK &b, Hidr MN-
PK 4035 NPK AbBEAR L4303 0 1 10. 1% (X1 1
B AT 11.8% (XES).
2.3 HIERERVERT S I I B AR OGP

H Pl 2 AT X E AT e v MRS 1 R 2
B E AR 2 o 69% F1 2% , TUAY 43 Hr (RDA)
FOPE A HE 7 Sl O B8 1T - B O PR BOEE B 22 1
T1% , Bl 4 SIREE R 7 BB 1 S Al 1% PR RRAE Y
T1% , FLXE 3l P 5 PR 858 R 750 R 1 SR R
HIK 98.9% ; NIH 5 HIERGTEPEZESS 1 40 56 2 Bl 1
(R4 R 80% F1 1% , RDA Tij 95 4 HE 7 il £
BT MRS M R B 221 81% , BV 4 AN ERBEIA
T R R B YRR Y 81% , X 1 SIS
P 5 R T X R0 BB 1K99.7%. 1 b nT
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Fig.1 Effects of different fertilization regimes on soil enzyme
activities under grass mulching.

I . ABXEI AT Before the grass mowing; I . A B X E] 5 After the
grass mowing. I [i] The same below. GM: 4= 5% 55 Grass mulch; CT;
HEHEHE Clean tillage.

R H R Ak L REAR G s ke - M M S PR Y T
MXFR, HEZRMSE 1 e AmEE AT,
A HEALAL BRAY FAL T 3R O R T | LAY Sk
LI ) J7 ) b R WY AR R S AR T A IE Ak 2
5 135750 A G S OE A OO R IE MR T &
it HE A L) AR T 1 3 3R 03 PR 1 | R R Y Sk
2 B ey J7 ), R B A A T A A AL B 4 R
3 1 G AR OGO AR, HLNE AL PR e Sk
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Fig.2 Biplot of the first two axes of the redundancy analysis
(RDA) for environmental factors associated with soil enzyme
activities.
NO; -N: fif & & Nitrate nitrogen; Olsen P. 4 2L B Available
phosphorus; TN: 4=%( Total nitrogen; SOC: 134 HLEK Soil organic
carbon; BX: B-1,4-KBHHFHE B-1,4-xylosidase; BG: B-1,4-75 254
ifF B-1,4-glucosidase; AKP . TR ER i Alkaline phosphatase; NAG .
B-1,4-N-Z, Pk 3 & 5 7 % # 5 B B-1, 4-N-acetyl-glucosaminidase ;
CBH; £F-4k —#/Kfi# T Cellobiohydrolase.
RS R SR MNPK>M>NPK>CK ) #a#,
PR AT T IRl T P 170 52 e K

A BONIEH IS 425 372 00 R AR SR 53 0 - G
P2 AEAE 25 5 L 2 BoR , A N BT RS 2
5 AKP il NAG A HL#K 5 BX.BG .CBH 3 F A
AHOC 1) il 22 [ (9 5 =k 3% 42 e f AR /N B 7 1a) — 34, 1
RIEMACKR, BXH 2R S AKP Hl NAG ik
() F 2E/N TORF R, X EHT A ALK 5 BX . BG
CBH 3 e & BFAH O 1) i =2 [H] & £ 19 /NI Sy
BG<CBH<BX, XI5 A HLixk 5 BX .BG.CBH Z[H]
e i BRI & A= AR Ak I A BX<BG<CBH ; Al
HIE AW 5 AKP A58 A 5 NAG Z [ #6 5 1F A5
KKF BN HAWE S AKP SRS NAG 1)
FHOCEZE R T R HI .
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AT F I, Az R 55 55 N A HLICHLBCE
TS KR RS AR DR SRR T
TR T HAARE (R 2 FE 1) BR EE FE AR
FIRY, A S R A T KA ISR T G, A AL
PEA S KD AR S A A S B E T A
P ZE BT AR B A D b R el A R 4
WK s sE iR 76 3—S A /REM B T
A FOR T I AR ZE B T AE RS SR K 5
From A, FEOK RGN, e A FE 55 S R T A
5 R K 43 RN KR A3 1 5 A A RN B S B
FEAT I SRS T B 1 bR ™ b s ORI PO
E073 LS ATTIN 3 N - A T A UL (3
F 3 T AR e K o A R AL B A A A
SRR 1t B 3 e T I AR AL B U T A RS AR A AL
ABNPRIIRERED, XEIHTE ICA A (F
2) A S AKP S A5 NAG AR 7776 B 25 A
KK RAMEDUE T 31X — . Bl 2 A A 1)
AT —ERWA VY, A AP 2R AL
B AR T ZE R AR A AR RN 4 R R
M SR A SR 1 5 e F 5 bt & B A R RE AR
e SRl - A ML A, A R R e 4 A R
M FZAETTE 0~40 em 12, A B RYRT ] 354
THFER TR | B 4 b pida e A B L, 25
SRS PR A I S 7 T b A 0 1 e
JIE. -3t A — R B b R Bk MR A A R B A
KA Serp AR O 8 07 1) 55 58 8, X A R - RS
RGN BTk AR . R ORI T
T HEE W R AR R 4 I AR T 4 R AR
AR RS M W T AT, 55
SR 3 kY AR Y 7 AR R AR T R
TR RGP G TS P Y 45 18— B X))
HIJE TCAY T P Hp A R g BRA 037 F + HESR B R 7 Al
- S TG A DR Sk A LR 56 T ) L, R A
BT A BN - R A HE T A

5 CK AbFEAH b, NPK AL B A+ SERES M | s 5
Oy AR IR BAER, 5 A LA I
MNPK Fil M AbFEAH b SO A — & FREE I T B, X 5
REZFIFFTEE RS — B ARG P, AR AR A
HEIHT MNPK Ab B NPK ALHAH L, B3R S B
HA BX ik 3% T NPK AL FE 1 X ¥ 5 X,
BG .CBH & 3% = T NPK A2, rfREJE T
MNPK Ab$H %) A= B A B i v T NPK AR B, 76 X555

TRTRA T HZ A VYR, FUR T 2 E 50,
RAR T MR, 3K T IR ALBRE | A K RN
AR B, A G P K AR S M S
NPK Zb3UAH b R A X E 5 BG I M 2 2% = T NPK
AbEE U A AILIE ZE A K A ALY AR
Wi [ Bt e it P — 52 AR AR, e g A K
RHE 32BN 7 5B B 05 B SR AR AT S
MNPK #1 M 4bFE(% BG .CBH % P14 3% & T NPK
FI CK A3, 0] 82 )8 2B AA MLAE v LT 4k 2 G %
it N E A AR VITEEE R £F 4 K 2R A5 4 — W
F=UO A B A TR X FI AT IS MNPK A3 NAG T
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