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OB RS JACRBSANE 2L RSB EEHERX. EN- Ve BEEHRAK 4L 2R
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FRARRRZIBYURERELRTHHYAHK
A RN EL KB A kB AH
NESBAMBEFIHBER,

£ ESEEEIMENRERHEMR(g/kg)
Table 1 Effect of successive fertilization on content

of soil organic matter

Trfuﬁm R 0-20 em 20~ 40 cm 40~ 60 em
CK 4.37+0.08C 3.7420.27AB 3.4420.13A
N 5.18£0.16CB 3.64 1 0.08AB 3.74=0.06A
P 4.9811.04C 3.45:0.11B 3.22+0.42A
K 6.742 | . (MAB 4.21£1.09AB 3.90+0.524
NP, 5.8720.17B 4.69£0.20A 4.16:0.73A
NPK, 8.03:0.07A 4.3820.94B 3.8120.67A
HEHE L 5EE,P<0.05. TR,
Note: Average = dard deviation, P < 0.05. The same as helow.

2.2.2 #EdrBLRAENYH BER2HXR,
EHEAETBLENIENEERT K, ELH
& F,0~20 em> 20 ~ 40 cm > 40 ~ 60 em, 7E O~
20em 2,5 CK i, F M4 #4528
0.05~0.19 g/kg, NPK; > N> K> P> N;P;;20 ~ 40
cm, 5 CK Mt , & E /M 0.02~0.15 g/kg, N>
NPK; > P> K> N,P;;40 ~ 60 cm, 5 CK AL, + 1L
#US¥M 0.02 ~ 0.12 g/kg, NPK; > N> P> NP, i K
HEGE G SRS ERT CK,TEEEANKPHEES
.S RBHEN AN TR,

£2 ZZEAXNTIHLANBMIg/ks)

Table 2 Effect of successive fertilization on soil content of total N

Tl:j::;nm 0-~20 cm 20-40 cm 40~ 60 cm
CK 0.1720.020 0.12£0.01D 0.13+0.01CD

N 0.3320.01A8 0.27£0.Q2A 0.20+£0.01B

P 0.23+£0.04C 0.21+0.02B 0.15£0.01C

K 0.30+0.01B 0.15+0.02C 0.11 £0.02D
NPy 0.30£0.018 0.14:0.01CD 0.14£0.03C
NPK, 0.36+0.04A 0.22:0.22B 0.25x0.024

223 #mEFIBEHELS TGS FHER
HHBEPEEREA AR, EREAE 2R
HYEKNEAEE, Bk 3 R, SHELE
EHBANRALS CKHEE . E0~20em 12, EBHA
0 13.22 ~ 104,35 mg/kg,N > NPK, > N,P; > P> K;
20~ 40 cm, R M0 9.32 ~ 106.51 mg/kg, N>
NPK; > K> P> N,P;;40 ~ 60 cm, S A ¥ 10 4.09 ~
82.31 mg/kg,N>NPK, >K>P> N, P, EH& N(N,

NPK, NP BB BN HEHESE LE
EHE TR XEITENRSI RS LB
H. A EBEK.PAEOEE N RERENE
B XEPHEHNEESR SR, £LHHE,0
~20em.20~40 cm 540~ 0 cm Z R+ HMBEHA S
BERABRE KPS EEBE FoIBERA
TR RN, ERAEO-0cm LEEHY
RE GEEBLAHHRERREE NFIHEE,

B3 EEHEIERS - HN WA KM (me/kg)

Table 3 Effect of successive fertilization on content of soil available N

Tﬁ:m 0-20 cm 20 ~ 40 o 40 60 cm
cK 12.19£0.46D  10.32£1,97E 12,51 £0.19E
N 58.27+1.24A  58.41£2.MB  34.82:0.76B
P 26.03£0.70C  20.35£2.78D  18.47:0.36C
4 25.41+0.40C 26.45+90.40C 19.62+ }.44C
NPy 27.27+2.36C 19.6420.61D  16.60 =0.200
NPK, 35.51.07B 68.67:¢0.72A  50.51:0.32A

224 Hled iR EAHELFOYH BRI
CELERBE 4 a FiE P(P.N,P,  NPK;) B9 = HERE
GERE R EEM LR E RSB, N
AREIRACE MR A IR E RN R, EO~
20 em 12,5 CK A H, P.N,P,.NPK, 5F 513 i
23.13.28.60 mg/kg M1 46.34 mg/kg,NPK, > N;P, > P
>CK>N>K;% 20 ~40 cm T 2 ,P.N,P, .NPK, 13
MBS CK M, T 44.16.2.31 mg/kg M
35.47 mg/kg,P > NPK, > NPy > N> CK > K3 7 40 ~
60 cm + 2,5 CK # b, P.N,P, . NPK; 4 3 3% i
17.76.9.46 mg/kg F1 40.21 mg/kg, NPK, > P> N,P,
>N>K>CK, ZEHHEFE, M0 p b8 LIHEEBS
BPE 20 ~40 coo B, T NP, .NPK, MEHEXES
BEA XTHEERANEREREENE ENEH
X, EHNET HENBRR, FELBL SN
HROEMTHE L REYBNE &,

$4 ZEEOXTMBHRLM (mg/kg)

Table 4 Effect of successive fertilization on content of soil available P

Treﬁfmts 0~20 em 20 ~ 40 cm 40 ~ 60 cm
cK 27.87+1.79B  18.3020.90C  15.97+0.99D
N 21.28+1.53B  18.9522,16C  19.54x1.05D

P 51.00£0.55A  62.46:2.14A  33.73:0.458
K 30.29:0.988  20.6422.14C  24.88:1.30C
NiPy 56.4725.16A  20.61+1.20C  25.43£6.55C
NPK, 73.21:7.84A  53.7721.81B  56.18+2.87A
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2.2.5 #HEFLBEAXNSFOYH HHERE
4G HESHR.ELEERBHSRE
BERT, BO~20cm KEELCE L HENE Y
BE&S,5 CKHLEMT 29.34% ;7 20 ~ 40cm, %
%4 o K AEALZR (K. NPK,) £ 80 % # 4 B 1 K
HIMT 268.59% 1 214.48% ,K > NPK1 > N > N1P1
>P>CK; 7 40 ~ 60cm, 4% 4 a W K AE 4L 7 (K,
NPK)TEERDPHNHE CKEMT 237.23% M
181.94% ,K>NPK, > NP, > N> P> CK. #F %
i ,K.NPK, ZH % 20~40 cm T B EHKHRE, K
THRELEMEEC-20cm BF, BBIHH, EL
4aEHRE(K NPK ) EEB S MM+ A2 EH A
SR, PN ZERILE NP S AEEE 5 m 4 3%
MAETE, XTWHREAN N.PREEGHMT REY
YL IREOHA R GRS RN T
HEBELEARFRBERXLE ATEE N
BHEE MmN IRERHENES R,

£S5 EHEEIRELF LW (me/ke)

£6 0~-0entFRFES T RS R ANALER
Table 5 The correlative coefficients between soil enzyme activity

and soil nutrients in 0 ~ 20 ¢m soil layer

DB HHA =% BEE ERE  Aue
ltems oM. Total N Avail. N Avail. P Avail. K
i 0.3423 0.5569  0.3593  0.4086  0.3822
Urease
1.1 . . e
Phospt 0.6865° 0.475¢ -0.2372 G¢.83124°“ 0.1905
o i 1. Y. .
G 0.8157" " 0.6366 0.0150 0.5780  0.2562
ik 0.2101 ~0.1364 -~ 0.6242 0.6067 -0.0746
Invertase

Hirges=0.6319,r00=0.7646,n = 10; » SEME, = » KB
EHX, TH.

Note:rg o5 = 0.6319,r0.01 =0.7646,n = 10; * and * # mean signif-
icance at 5% and 1% levels, respectively. The same as below.

x£7 0~V em I EGEHRSIMESSRZANAXRY
Table 7 The comrelative coefficients between soil enzyme activity

and soil nutrients in 20 ~ 40 c¢m soil layer

mH HUH EF YR EER EERe
Table 5 Effect of successive fertilization on Items OM. Total N Avail. N Avail. P Avail. K
content of soil available K 53.73
U 0.7860° 0.8793"° 0.9057° " 0.2838  0.4145
rease
it 3 0~20 cm 20 ~ 40 cm 40 ~ 60 cm RME
Treatments s 0.1547 0.4287 0.6536 -0.2190 0.8200°°
K 174.81 44,598 87.17:2.22E  §7.1725.98F y
fog RiA 1. .
N 220.45+3.72B  149.33:2.28C  136.57+2.19D Comlnge  ~0-3980 03579 -0.1172 0.9674" - 0.1743
P 180.8142.248 101.53£2.23D0  110.60£2.17E —
K 281.93:15.854 321.30:15.524 293.97+15.71A Invertase 073017 -0.0562 0.0023  0.3074  0.6811°
NP, 226.2422.168  143.80£2.25C  172.23£2.46C
NPK, 226.15:4.29B  274.13+1.85B  245.77+2.iSB ER -0 IRBRESTIRRSSRZAMNAXEN

23 THABEHSIEFSSREHEXYE

EXEES 4 BIEE, SR L BETES S —
B+EARFIAEEEXNREENEHER(EKS,
7.8) BEO~Wenm 12 . HMBSEIR EHH,
BALBSHEIE ARBERBEEHIENAE,
HERBKK N 0.6865" .0.8324* * [0.8157"
0.6366" c FE20~40 em, R S HHLFE SR . FX
A BEMSENS SRLEB S ENH EHS
S5HELR BB EDELABEESHTEHE HRE
WK A 0.7860 * ,0.8793% * ,0.9057" * .0.8200" ",
0.9674* * .0.7301* .0.6811" , % 40~ 60 cm, i MG 5
SE ERB MBS AR BN S EEER
5HEYBR BHEESHILE 28 EXHREEEH
EH%, SaWaE AR AFLBEELE, -
BREAUNERSHISRAENNXE, TLE
—EBE EERITM L MRS R,

Table 8 The correlative coefficients between soil enzyme activity
and soil nutrients in the 40 ~ 60 ¢m soil layer

mA HiLE £ EuE ARk BES
Items M. Tatal N Avail. N Avail. P Avail. K
i 0.0928 0.8%47° " 0.6198 0.3200° " 0.3004
Urease
g d . .
Phosp 0.7800" "0.5615 0.6663" 0.1854 0.3552
pRE-2A. .
-0.5470 0.3009 -0.143] 0©.5803 0.0568
i 0.9360" "0.7582° 0.1381 0.8743°° D0.3992
Inveriase
3 0% B

) #EREIFFLBEEEZERL4 a7, U+
EMERNLRERIBENSE.GRLREEY
NPK, Hfi A4 B 4% R B 3F , BEAE S B R — B =
WM TR AL E AR BT, NPK, HiAEAL 72 8 3%
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MEIERE BMes RSN EEEE RS
AT 2F ENR EARNERESR. S
CK A4 98 inT 740.04% . 118.80% .21.63% ,
174.32% .40.43% ,97. 62% .341. 69% . 194.75% ,
113.68%.

D EIRNE, LEEEERLEFSARE
WREREE LR N MTE D B2 TERN
FREPHEE T BPHRHSIBNERRRTAYS
R, A e A0 b YE ) 2 2R B AR i P b TR
fg T RS BEERA Y 20~ 40 em > 40 ~
60 cm>0~20 em,NPK, L P T FEXB TR EH
#0~20 cm> 40 ~60 cm > 20 ~40 cm, # 0~20 em,
20~ 40 cm 40 ~ 60 em =L E, L EH SN IR
FHoM AL EE AR RENRY, BHESR
4 BRI ZDI0~60 cm B R FEXXNTF
E.

NEO-WWm + B HEHESAHUE E58,
HBEABMSENE. SR 2R ERREHFEME,
FE20~40 e, RS AVLE .28 X E RN
LERE AL A5 E AR EB AR,
EUAREBENARBEFEME, £40~6Dem,
A S SA EAG HEMS AR BBE. A
HEBSENEE, FEMS5HNE .28 EUBRE
BESWEEFEREL,

4 ¥ i

FAUFE R E 2R 2 5 A
KWEMRRED, T MEEAEY N.P.K A A
HHBHIWA L NPK B T RSB LR
B L B EEBEES PEE 108.07%,
170.2% F1 58 .0%, FHhImES 2 B KW N.P.X
EEAEAR RS T BANGRNERARLS
BER IR B RS R RS, X R AR
FAUTUREG RS =S R YL REWsE
Wi, FRRSMASEES 5, R ELS
AR EELE 4 2 5 NPK, [PRESEI0%% + A IS 1E, R
BEIEMNABRSE AT SR, FEMEE DERL
RS M{EM Ay =8, L g negFREB L
B MAPLREGER R BRI RE
RS, NS g BELA S, EE M s
EUETELSESPEBREARSIER. DER
BMANEHEHTFHELECON, SR LHEAN
B AMABTEYMTEREYRER EFEE2H
LR E R R A SA L EY RN
fiEF A L8, AR NNPK, X B R &

MEBLEREERN RIS FHEE I REL
B, DB ER P ERR, HELBE s
AEREEMEKNFTE BRANBESBRE
OB R , UG 3 3% A WLB L S KR, 4 Tl
LA A Y B R) M B EALAS B P AR (M A BE S TR 1
HAMEMDE KRR B E R,

FEEE D FRER, LIRS WS R
MEMMEEE LR T RS 6 ARBIBE,
BEE KRR, EHALEERRB S H., B
HEMEBILREERE AR RN, AR LE + %
BEHNXMEELER, KPS AKE S
B 2 T 5 T R M6, i it A 2 9 PE ML
B, ARBP, IRBERALIEESTES
B 3K U545 B - 9 4 B o 8 A T /1 A R A S A
LB R R R R AR e, B 3 TE RO,
HITIE R TR, R T a5t mi,
+BEEHETHAR ANERE. ERNNE
FWRUH THADOER, MZEEKARERNSG
SCRBLEF B T8 PR Rl IR T R 2
HHEERES.

M OEN R AL RS IR D, N
1o See VAN LM E T HEIE N ITM LI1E
EAKSE, HpENE D UALHE L EHIEHE
M LR B, EEE K R a1
AYPR IR ST R, BB S 1t R AR
HESA S EE, AXHSE T B
MK 3 A LR RS IE S + 58 L A % 4
P, F RO REE RS NS L RANE . 2R,
WRAKRSBEAREEEML M pH RS
ZMMHEE, HECIEE TSR LR AUIFE L&
BHEHE D YR EFRSHE R ERR B EN AL
XF. XEEREEFETERE K T BN T
B R E S B KR pHESE
MM, B—ANEL W R RIE R 24 4+
HEbR A R — it BARR W E Bl
ORGSR E S R D B 4L, TR
M BB+ HEAE
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Effects of N, P and K fertilization on soil enzyme activities and soil
fertility in mintane Jujube forest of hilly loess region

LI Hui-jie', XU Fu-li'"2, LIN-Yun', LUAN Xigo-bo'
(1. Collage of Resources and Environment, Northwest A & F University , Yangling, Shaonxi 712100, Chino;
2. Instisute of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of Water Resources, Yangling, Shannxi 712100, China)

Abstract: Soil enzymes play an essential role in catalyzing reactions necessary for decomposition of organic matter
and nutrient cycling in ecesystems, involving a range of plants, microorganisms, animals and their debris. Field experi-
ment and laboratory analysis were carried out to investigate soil enzyme activities and soil fertility affected by successive 4-
year N, P, K fertilization in montane jujube forest of hilly loess region. The results showed that successive NPK; fertiliza-
tion could significantly increase the soil activities of urease, phosphatase, catalase and invertase. Similarly, the contents
of organic matter, both total N and available N, P and K were increased. From surface layer to in-depth layer, the soil
enzyme activities and the contents of available N, P and K reduced in turn. The relative analysis suggested that there was
8 significantly positive correlation between soit phosphatase activity and the contents of organic matter, available P, cata-
lase nctivity and the contents of organic matter and total N in O ~ 20 em soil layer. In 20 ~ 40 cm soil layer. the positive
correlation of soil urease activity with the contents of organic matter, total N, available N, phosphatase activity with the
contents of available K, catalase activity with the contents of available P, invertase activity with the contents of organic
matter, available K were significant. In 40 ~ 60 c¢m soil layer, positive correlation was found between urease activity with
the contents of total N, available P, phosphatase activity with the contents of organic matter, available N, atatase activity
with the contents of available P, invertase activity with the contents of organic matter, total N and available P.

Keywords: soil enzyme; Jujube forest; soil fertility; NPK



