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B EAEEE S LRI Z FE SR RSN Hok 3 RSN 5 HIREROR R IEMR R B E EME, KA 5%
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Abstract; Long-term field experiments were conducted to examine the effects of long-term fertilization on biodiversity,
enzyme activity, and ecological environment of grey desert soil, The obtained resulis are summarized as follows.

(1) Fertilization had a significant effect on the number and community of soil animals. Long-term application of
chemical fertilizers considerably affected soil animal Simpson index. Chemical fertilizer in combination with organic fertilizer
increased soil animal diversity. Chemical fertilizer plus straw increased the abundance of soil animals, especially neanuridae
and isotomidae, which increased in number by approximately 10 times. Animal uniformity was higher, but preponderant

community was smaller in the long-term control plot (withoutfertilization).
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(2) Bacteria were thedominant community of microorganisms in the grey desert soil, whereas zotobacter and
ammonifying bacteria dominated the special microbial physiological communities. Long-term application of chemical
fertilizers alone inhibited the growth of soil microorganisms, as evidenced by the decreased number of several microbes.
Chemical fertilizer with organic material increased soil microbial biomassby 15% —44% , as compared with the control. The
number of microorganisms in control plot was greater than that of chemical fertilizer treatment plot.

(3) Catalase activity was higher in grey desert soil, and that of invertase was relatively low. Available nutrient
contents in the soil showed a negative relationship with catalase activity,, but positively correlated with activities of the other
three enzymes. Long-term applicaiton of chemical fertilizer alone reduced urease and invertase activity in the soil. Urease
and phosphatase activities in the control plot were higher than that of chemical fertilizer only treatment. When chemical
fertilizer was applied together with organic material ,the activities ofurease, inverase, and phosphatase increased by 24% —
31% as compared to the control. Therefore, chemical fertilizer in combination with organic material should be recommended

for improving biodiversity, enzyme activities and subsequent soil quality of the desert soil.

Key Words: Long-term fertilization; grey desert soil; biotic community; enzyme activity

WEE 2B Y B RHR PRI S, RV AR E HIRAEYRBESRIVESRR
VB M XRCRAMWER" . HIREVEZIEENSLEYRNREE, BLRETI RS
B FhRZ I BT YRR L R AR R — St R R A MR 2R TR H S W R AL S
IR, BTER B R B RN, s TR A S RE M A MR RIS KYII6IE S 3OI0EHEsh
R/, B e R g g ™ . W 3 A Sk B R LR MR T
SERLEY, T3EHEHL TOHE YR S L R B e TR /R , 4 S0 P TR o - S A A W A
B S A A BR A R, B 30 P T ML SR T AR 0K S Al T T A LA e S T e O B
ERFHEMACERAKE HE . AEEUFEILTREF R R BAREE R KE L 0%, i
A IR A BHACHE X -3 Sh )0 138 i W2 Rr 8 (BE HERR ) , R IDRLS B RCHE Y A W 303
1 #R5FAE
1.1 RN

AR B R IRE A B 5 RS2 W L 7 1990 ~ 2004 4R BBRILLS 3, B T 5 S8 R
PAE 22km BFTEBAO R B % TR A IRB N, IR B 680 ~920m, E¥SIR 5 ~7°C , 4EPEK & 180 ~
250mm , 4EZE &K & 1600 ~2200mm , J§ T B¢ T BIRE R,

W 3 FraR AL iR LAY + 8RR+, FEREARME R (1989 4F) PR & & 15. 2¢/kg, 27K 0. 868g/kg,
215 0.667g/ kg, 247 19. 8g/ ke, WfER, 55. 2mg/kg, TR B 3. 4mg/ kg, R B 288mg/ kg, LB 4 1567Tmg/ kg,
pH 8.1,CEC 16.2mg/100g +, 1A EFHH 1. 25g/cm’,

1.2 W5k

/N TE R 468m” IR FIAE T Ik AR : EXRENEFNE, RBR4 NEHE: (1) XHR R
JE,CK) 5 (2) &BEHH (NPK) ; (3) EBEH + AHLUIE(NPKM) ; (4) ABEH + FEFHEH (NPKS) , MR EE. Al
JE M2, BEKE—KIE AR, BIHE AR LFEY(EXBUNE) 2T HEEH
1.3 HaRERSWITE

(1) 13|z T 2004 49 7,50 ~20 cm $} /2 13T HEE HHETAE, EENDRE AL LR
3 4N, R 100ml 357743 0 ~5.5 ~ 10,10 ~20cm 40 ZBUEE, R B TR 25 (modified tullgren) + 3
KR, FRES/DNXSMHEER 10 MaE, AIRRBBHERER SRR SR TIER L, FFARRRE
REEIR, SHPERBR MR HERY o ES R R EARTRIAT U E L ER R E R
i3 R
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(2) T3EBAEY) T 2001.2002 459 A ,3RE0 ~20cm #/ZE +3%, EFA/PXEIX AL BB A R#ET 1
BRI, WETES R R MBrseek) " R E T AR L T 40 B R o B R A
BB IRA T E R AL LA AL S A IR KR

(3) LEEEEME T 2001.2002 4F 9 A, R4 0 ~20cm #)2 T8, ZE B/ DX B AL B3 A4Sl E
RS, WE S R R ITR) 1 ¢ A R e R R R A O B L T P AR
FOBRERN T E  IRIE T 1 F S By £k be 0.k BRERIE M IR IR — i LBk T E
2 BRESH
2.1 KRB BRI KR L s R 414 SOE T
2.1.1 HESWYE KRR

7 4 MR KR B ICRE R B 16 R (R 1) o Hp , REIR M 11 38, iERHA
BORH(22% ) JWRSERL(30% ) 3 B MARRFA R AH(12% ) RIERH (8% ) EI D FH(8% ) JFISLH A (6% ) o
ANEUR I T RE S 2R, USSR T B (47. 05% ) VPEBKRH(27.76% ) IR A BERE(23. 72% ) 5 # WL28HE
FBRBER(1.28% ) o HAR WA KR

MINBERERE , 1RSI Y EFF BB LR BT 6 B, HEEER I RRA AR R At ER BB &,
FEAR RIS /NX F, 24 B Fr D RE B AT o5 B9 B R T R0 1 B R S BB AT B o B9 L), B 2 B P AU A
NPKS > NPK >NPKM > CK, f &% + 3 E s 4Kk & NPKS > NPK > CK > NPKM, £, KHIEC R 24t
B IRERF A R E R IV RERE IR AL AR o

£1 2004 EREHEIOLAERBETRERBEERLEM (1)
Table 1 Structure of cropland soil insect at different fertilization plots in the grey desert soil, 2004 (individual)

Z R Taxa {:f CK NPK NPKM NPKS i';f %f yj(ﬁ;'iﬁ
# E H Collembola WEBLR} Onychiuriclae Meso/micro 17 1 2 1.28 % % 0
PEBkR} Neanuridae Meso/ micro 4 429 27.76 % % % 0
35 Bkl Isotomidae Meso/ micro 58 73 58 545 47.05 ® & % 0
KA BBl Entomobryidae Meso/ micro 69 140 91 70 23.72 & & ® 0
[B] BkF} Sminthuridae Meso/micro 1 1 0.13 0
E3# H Orthoptera BERAER Grylloidae Macro 4 1 5 30.00 % % % Ph
¥3% H Deramptera P8Rl Labiduridae Macro 2 1 1 8.00 * & 0
2230 B Thysanoptera % Z#} Thripidae Macro 3 1 8.00 * %
[7]3# B Homoptera H- 18R} Jassidae %)) larva Macro 1 2.00 Ph
#43 H Coleoptera [&3# R} Staphylinidae Macro 1 2.00 S
NSk F$} Elateridae Macro 1 2 6.00 . Pr
FLE R} Byrridae Macro 2 4.00 S
BLF B} Coccinellidae Macro 6 12.00 % % Pr/Ph
1135 B} Tenebrionidae Macro 1 1 4.00 Ca
HEBE FR} Scaphidiidae Macro 1 2.00 F
f53% H Hymenoptera  BF} Formicidae Macro 11 22.00 % % % 0
A Indi. Macro 13 11 6 20
Meso/ micro 149 214 152 1045
KB Group Macro 5 4 5 5
Meso/ micro 5 3 4 4

Perc: B 43 I Percent, Deg: 2% B¥ Degree, Gu:ZfjBE2K#¥ Guild, Meso/micro: F1/[NE] Meso and micro, Macro: & &) Macrofauna. Indi: > &%k
Individual; Ph;Phytophage & {4, Ca;Cadavericoles P& ¥4, F ; Fungivorous forms B & {4, Pr: Predators 3 & 1tk , S : Saprozoic Ji§& {#, O : Omnivores 24
B o« o« o« PRESRTE « « BIRH
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2.1.2  JafEx - EEsh YA RS R R

TR+ X, FERHO R 5 R R s KR il e Ve
KBRS RN, BB AEERYSHE, K g@gsﬁ\gj%ﬁfﬁfﬁeﬁm@goﬁdeSO/micm
YRR RORE (B 1), FEHERS FF 35 F (NPKS) ~= JREHC /N Group number Mesomico
REE B N B A R L g 1065 AN, e
BRSSO R £ R 0L 5 .
B REEMCH O %, (LR IBEMORCR LA NPKS LbF0Y S g
. ML (NPK) B S YA RHAE R E, B 5 g
SRR, W (CK) AbTRR RN A IR & i, =
R, BB + S B R M BRI NPKS O

> CK > NPK > NPKM; 2K B 04Kk 7 NPKS = NPKM = CK NPK NPKM NPKS
CK >NPK, s/ + 854 f s BRI 2 B4 B AR Treamens
NPKS > NPK > NPKM > CK,CK > NPKS = NPKM > NPK, E1 AREMEEEAET L SR RRT

iz Kruskal-Wallis & 3836 43047 B 75, A R M JE AL Fig.1 The change of soil insect number and communities at
FN + S AEREN L BB (X 50 =23.38,  different fertlizers
p<0.005), 3B 7% I + 30 5y 2 BE 43 A 15 M I A
£ ERAAWBR,E— TS P LB HRSAT (NPKS) RS H OV IEE, B BL iR AT (NPKS ) 3¢ +
SEENYIREE R AR . B, AR HIRAT (NPKS) $27% T /K F L S sh i MASUR
2.1.3 GRS HENYEHEERRR —— H435I% Shannon-Weiner $5%{ Shannon-Weiner index
K S FEMSHOR A Shannon-Weiner ST HIEM v ¢ St o on inden

¥ i Pielou #1 Simpson (R & EIEE, B} H' . J.C FRFER, 5

W 2, TR Y LR R(H') K2 NPKM > NPK i f\

e
o

> CK > NPKS, 4 #4880 (J) K% 2 CK > NPK > NPKS
> NPKM, Simpson £ 24& 8% ( C) #k¥k & NPK > NPKM
>NPKS > CK, #i8], &S5 L AExT TS Wi 1E

n

—_
<

E2iTic
The diversity and similarity index

' ] e e —
K, Simpson 8 BE AT R , BLiti7A HLAE (NPKM) 4b o . | .
3+ S A4 P R B, AL T - S 5 ey K e
i, {8 Simpson & BE R HEAK,
2.2 fREXT HIEBA P R B2 ARMEEET Hmsh L s

}7—(@ j:B(J 1%[ i—t %gﬂ ﬁi I ﬁﬂ%ﬁ EE ( % 2) , XIZI‘?’EJ j@ Flg '2 The diversity and similarity index of soil insect at different
16.3 x 10°4/g £, AL, FE KR I Y39 f;f;lze;auﬁﬁ Shannon-Weiner $4%{ Shannon-Weiner index, 347
3.8 x 104/ £ MORE LB R BB EAEIS st vt 1 S f585 S e
HHEREZ, PN 17.1 x10°4g £, RILAE R
Z AL B AL 4 AR R B4 B 15 x 10°4 /g £.3.3 x 10°4v/g £,

FERENT HER A MR B R o BAE4LE (NPK) ARSI JLAP T SR BB $9RAR, A UmE I T B
HEA HLAPRE B A0 3, AR T M AR AL 3, AR KB S AL IE A A T L AW A K, LB A HLE
(NPKM) 54T (NPKS) AbZH F 205 | [T R0 AL A R SR AR LA HAE (CK) A3 10% ~15% , BUERTR
R (A4 5 R B B B AR TR X I 44% 24 . AHERE (CK) AR A9 40 | B 8 &AL 40
AL BRI R T ML EANEE, DLMOR R A R TR IR 7 R, HIRBMAE Y BN HEE —
RE B HE R AR 1S SR AU ST AR % AR, A TRUE WA I, AL AR LA DL e o 3 ik R 43t
THERAMN SRR T LR RRSEE
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B R, TRA R ERSF - SAE B RE B E AR E LA E 2 EAXKR,
DL X S A AR R i DR AE A (R BEE AT s 1SR PR BB 5 B AL AR R 2 A
KA, YL X L A Yk 18 1 SR B E A

R2 REIREVEFEERS THEHFANHELXR

Table 2 The microbial community structure on the grey desert soil and correlative coefficients between soil nutrient content

i W G 17 Sl
il . iH f Ammonifying . . Denitrifying Cellulose
Troatments bacteria Fungal ( x10°) Actinomyces Azotobacter bacteria Nitrobacteria bacteria decomposing
109 10° 109 102
(x10%) (%109 (x10%) ( x10°) (x10%) ( x10°)  bacteria( x 10%)
CK 17.99 5.96 6.4 15.34 18.0 12.7 6.2 2.21
NPK 6.39 3.42 13.11 14.12 13.1 8.5 10.8 4.36
NPKM 19.82 2.51 10.59 18.91 18.8 6.83 6.83 2.28
NPKS 21.4 3.17 15.83 21.4 18.2 12.6 12.6 4.57
ﬁﬁﬁ 0.0524 -0.4907 -0.1664 0.0270 0.3396 -0.2042 0.0619 0.1398
Avail K
Aﬁﬁlﬁﬁ 0.2390 -0.4675 0.1076 0.2657 0.1918 -0.2056 0. 0095 0.6907 **
vail
ﬁﬁﬁ 0.2208 -0.4779 -0.0054 0.2500 0.2113 -0.0828 0.1212 0.5144
Avail N
ﬁmﬁ 0.2249 -0.4824 -0.1751 0.1331 0.2708 -0.0834 0.1094 0.4365
Organic C

To.0s =0.5302,7r9 o; =0.6348 ,n=22; = BEMR, * * HBEHRK; T [ the same below

2.3 MEAEXT T REEE A RN
W P T DA S B SRR B AR KR %3 B8R, R+ B Bt B A S BB, A 18.5
ml/g, BEVERE-F-342% 4. 6 ml/ g, BRERBEFIIRBETE M0 7 31.3 mg/100g T 1.17.2 mg/100g T+, FANR
g Refe it EALE M oK TN R , AT 1 i3 BAC R F 1R, RBRmeg A0 IREg o) LA 235l S Bk RO BER R
®3 KRELEHEESTRERFSOBEXXRA

Table 3 The enzyme activity on the Grey Desert soil and correlative coefficients between soil nutrient content

e MR T " P—
Treatments catalase (ml/g T+ ) Invertase(ml/g 1) Urease( mg/100g T+ )  Phosphatase( mg/100g T 1)
CK 18.86 3.59 16.61 32.86

NPK 18.95 4.63 14.77 26.63

NPKM 17.96 5.23 15.34 42.21

NPKS 18.06 5.00 22.11 23.52

TR Avail K(me/ke) ~0.3447 0.3593 0.5564 0.5923°
TR Avail P(me/ke) ~0.3732 0.4883 0.5769 0.3826

TR Avail N(me/ke) ~0.1820 0.5821° 0.5465 0.4611

ALK Organic C(g/kg) -0.0774 0.4513 0.4974 0.5596 *

To.0s =0. 5302 7 o; =0. 6348 ,n =22

WaRE T 5 R . RO B . BB IS 1 B2 R B9 /MRS % NPKS > CK > NPKM > NPK., NPKM > NPKS >
NPK > CK ,NPKM > CK > NPK > NPKS, jfi i % + b i3 AL S A 2

A AL AT AL ZE B RS B BR TR TS M RAR, BB M T AL, FLIEECHERS AT b A 1t AT AL 38 43 5] 38
TNfREE 25% | FEbENE 28% , AL MERCHEAE HLAE LA it AL 8 43 338 I ke 31% (BEPRIE 24% , KIIRMERE L
KA B ERERTE ME R T MG IE AT, X 5 T I 5 R — 3, A, KBS AL I B VS B, BOAE
APLYEE B3R - S i, Bk IR R .
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RIS AR, LIEp RN  JREE RS e SR VR R 4 B IEM X, RS 5 B8R 7 R S
HAR PR 5 R ANERN 2 BEMEX, TEAEH5 T EA ZHE AR,

3 itig

5 F IR T A W LU AR, SURIR I R R (B A W7eE SRR [F) e, it
B ERBUERSE, 0, SR K A Yy B TS RN, DA R AR W S A T X IR R R

(1) 4% H T3 sh e i R 2 5 R i BURH Bt BB BT S 308 + 3 Ak v SR AR 0 %0 ARUCR BRI ]
®E BEREELFPEION, B FLEEERE T ER LML R E  EFSSESE T BEXNKEL
MR B R e B, KRR AIE RS R s Y PR AR B K, LB LR AS #F A R F 3 - 3 sh i
£, WERHAVE L ESHBRE R, KAGE L E s S mE e, B LR 5.

(2) Y7 LI|TP R —FEER, B EHESIT UMRER VSN 26, R EE, KELMENH
AN R R ER Rk R B R B R A S AR R R L, RIS RZ .

IR R X AR YRR B AR R, AR S B R L BRI A WA BRI &, 4R
TR TR YT e, TG A TOHUIE X - St W7 O B PR R 1, S5 AR IR B 0 e i Ak A Ak
i+ B YRR E N BN SR 3G K AHE T B B E & T R BB, T T B/
HFIRGIME, WEREAVESRT LR RE T ARKA S, FEENESE T LB YR,
BT AT, A T HEBEAERK R, AT B T 3R YRR E .

T IRATE B R E RS A RS RN SO AL AT S AR Ay B R RE 36, W R IR A R B
A s BB AL A0 BE AR T 5 13 7 AR 5%, T BB R S a3 RV - ) B 4R MR B IE o

(3) HEEE S TR S SR O, BUE B E R RN 1R, RSt R, KR+ B S8k
A SRR, BRI

TIEEESR S TEASREREEMEX, SENMEH S5 LIER S BRI, KR IR
B B ERRE TE HEREAR , AL NE AL DL RS - R DR | FEVE S R BRI V5 o LKA HEIE N T 24% ~31%,
INER T RIERE SR T BRI KEIAKIE - S IREE R RS = T AL A, X 5 IR AE
YR —2
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