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FE RE PR K A7 E AL LB (1987 4R E ) i L4, T E +3 pH B VLB . 22 DA AL 3B R A A
YyiERk VAR BIOLOG BRUGAIFH , 45 & B3 A Wit , RGEAMT T KA AL 5 b 58 28 % + S A8 3 48 b AR 400 2 M R 3
Wi, Z5RF AEEBIEFRGT, LIRBEYBE FHROLE (AWCD) 5 HIBA YRR & & B A S BEMHX (p <
0. 01) , =B it A @ 3 B M A AR RN BB B S B AR W DR . ZEB IR IE 4516 T, AWCD 5 13 pH Fl LA L B 3%
AR (p <0.01) , FRBIE FEE T 3% pH A LR A L A VI TR . BT IR ERAE T ML, A SRR A,
M E B e A YT RE . SN R E SR AR H , B AR 5 5 3 pH MR Ak P BV S5 M8 — B0

SREEIR MM s b REE = 5 IR E )
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Effects of long-term fertilization and plastic film covering on some soil fertility

and microbial properties
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Abstract; Soil samples were collected from a long-term experiment site located at Shenyang Agricultural University initiated
from 1987 and soil pH, organic carbon, total nitrogen, hydrolysable nitrogen, Olsen-P, available potassium, microbial
biomass carbon and nitrogen, and average well color development ( AWCD) of BIOLOG GN plate were analyzed to examine
the complex effects of long-term fertilization and plastic film covering on some soil fertility and microbial properties. Results
showed that under conventional cultivation, microbial function indicated by AWCD was affected by fertilization through its
impacts on soil organic carbon, Olsen-P and available potassium contents, indicated by the significant correlations between
AWCD and these indices (p <0.01). Compared to conventional cultivation, plastic film covering cultivation stimulated
maize development and aboveground biomass, and changed soil pH and C/N ratio. Under the plastic film covering
cultivation, AWCD was correlated significantly with soil pH and C/N ratio (p <0.01), but not significantly with soil
organic carbon and Olsen-P contents (p >0.05) , indicating that plastic film covering affected microbial function through its

impacts on soil pH and C/N ratio.
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W EAR R BT AR H R, oo 3R E RO R i TARKTTMR . SR T, 76 3 A 25 RN T 15% B9 B
B, RE R 35 R S N E AT, P ER A B R AR i 432. 85 T7 oY EUR B P R EEAE A
(B, b IS T R B A 3 7= B ¥ [T B, R S R A ok 39838 43 R A, 3t 3 TS RE K Sl 18 A 27, 586 i+ 5
WA YIRS F SIS PE TR S 06 35 A0 36 , IR, T IR B A 1 T LI T R S I B A L M B
ERT, BN TS AL Aot 78 = 2 i) L 3RO BIT T LD, TR BT S 2 , B A AN BB 5 2 1 T
TR BE K B A I, e A M AR W R R A RS S RS TR Bh SR AL, TR VR
(LA LA B 3B T 216 B eI R B T B /0 B S SR R 5, TG A 5 3t 7 5 )
S A HHEPERR T T LR IRl B IR AEAEAR ELAR A DR, AR AT S BRI 5T M T v+ SR R i
FRNR, $a 70 U o S AR ) ARV R AL . ASSCHFSE T Y0 BHAR L RS2 R 8 A o S AE 1 98
PRAVAE 28R 2 B B P FERR 2R, o BB 3 2 1 T 3R A AT 4 S A1 F SR BRI B AT

1 #REFE

L1 ff1 %

R A WAL R AR TR RE XK vl (JE 4 41°497, /R4 123° 34") Zuf BN A FER L
PERRR BRI, A E T 1987 4 B TOK, A B R s AR AL GE k3 2 4,3 RE R, Bl
i3, BAE4 A 25 HAAGHRIE S P B, IS T HIEEE,9 A 25 AZEAER. BOLH A 12 b8,
A (CK) (RIE(N4) (RIEBFIEECHE (N4P2) A HLAE (M4) A LA BCiE RUIE (M2N2) A HLAE RAEHEAE
PCHs (M2N2P1) BAHRE I BRRACEE (R 1) o RAESMIRE , BRAE 0L — 8, A HLAL N i8 B3E . BRXT IR AD, Hok
A A AR R, SRR R R BRSPS, IEMANUE S AR 10 ~15 g kg, HIRS BN
120 ~150 g kg ™' o FEMT 2004 4E 8 F 15 H (FRIER) RE AT BB FSLHE , 1f 2mm )5 &
TUKFEN 4 CRAE, T 7 d WIUE A BIOLOG RB(E

F1 AT HELE
Table 1 Description of the treatment
4 B Treatment AL A& H &2 Inorganic N ALHERE & Inorganic P A HLE & Organic N Bt A Total N
( kghm=?) ( kg hm~?) ( kg hm™2) ( kg hm~2)

CK 0 0 0 0
CK-C* 0 0 0 0

N4 270 0 0 270
N4-C 270 0 0 270
N4P2 270 135 0 270
N4P2-C 270 135 0 270

M4 0 0 270 270
M4-C 0 0 270 270
M2N2 135 0 135 270
M2N2-C 135 0 135 270
M2N2P1 270 0 0 270
M2N2P1-C 270 0 0 270

w C i 340 BH Covered with plastic film

1.2 L5k

1.2.1 3R E

T3 pH( £: K =1:2.5) FHUEK 2R A (BAFEE) Olsen B B (L BRELARHL) , BAAMIE ik
SRR o MY A Y RRAR AN BRI E
1.2.2  SAWHEIRYF A E (BIOLOG 1)

FREL10 g 61 B F 100 ml 0. 1 mol-L ™' BEERZE vh i , 575 20 min, ' 25 min, ZEBEE FHEE N 1000

http ://www. ecologica. cn



5 AR 4 AR A AL 3 R 2 3o SR T AR W2 e R R 2491

o FAfNFESS 17 BIOLOG GN #1996 fLiRk & fLH A 150 pl # R B, 25 CHEEKER, B 12h A
BIOLOG AR A 3EH 590 nm KT LMl . MM 3 NEE . KA 48 h %R,
1.2.3  SEIHER T

48 SPSS 11. 5 Geit ik 4T 257 o
2 GZR55H
2.1 +HEEIESHERR

RGBT , RE M4 L3R 2R E FOKJG f-Fe 138 pH(6. 39) S5ikIa s 48Rl , HAR b3 + 3%
pH #RAS [F] 2 BE HbREAR , N4 AbFEFER IR (3R 2) o SHNI RS AR I AL FEAH EL, CK 5 N 4b38 /) 1+ 38 pH 78 5
JE TR A T, AR BRI A IE 2 + 3% pH MR EERR Y . B FE¥MokESEL
S FH B T 5 (0 R s T IE PR , A 3 3% pH MR, TR B K 59+ pH m T 6.5 R
KA RET | S SRR AL , T8 e HEWT , 4% AL 38 + 3 pH AREAS T Z =AY U A B o ERARIE R T N
AbFEA YR 5 NP ARFRIEIR (KR 2) , T 3% pH 205, REABR T R LASh , BAL 1 B 3 BR A6 xf
HEHETIRE N R E—E . AYUIEA AT 1% pH #REE , M4 A IE R T 5K 155 BRI
] i) £ 358 pH, 3X = B2 H N BRAE o £ 5 B P R, XHAE 4 e B S P — e A TR AR, SER T 13
B  RAAYUEEA R R LAE R . CK-C 55 N4-C Ab3E A 4 B TR 5 k3 , H 1 3% pH 43
R T AR AR e , X MR G /K 531a 5 e 28 & LAY , BB R SE 00 4540 T 78 RS B AR T L3 AR A1 78
&P EEHEIARHEKB AT, I 5 55X HIEERBNEA R RIME#HEEKIRES
1P MR T AT PR R T, T SRR T, R B TR R R AR rh R 9% pH R
CK-C b3ty +3 pH 2 F AL % BRiE & , T RE 5 AW EE/NE K. BRI A 4 b3 +3% pH B
R FZITE FAE YRR RIE BRI,

®2 RAEM EHSEMEFHES THIEHER

Table 2 Average aboveground biomass and chemical properties of treatments

e EX7) . ALK 2R T AR B iﬁ‘ﬁﬁ’
Treatment Biomass pH SOC TN RA Hydrolysable N Olsen-P Available K
(thm~?) (gkg™") (gkg™") C/N (mgkg™)  (gkg™") (mgkg™")

CK 11.6 a 6.14 h 9.27 ¢ 1.36 a 6.82 fg 90 a 19.3 a 90.3 d
CK-C 12.0 a 6.49 k 9.59d 1.34 a 7.16 h 97 ab 28.3 ab 74.3 b
N4 15.8 b 5.05a 8.50 a 1.43 b 5.9 e 158 ¢ 14.2 a 57.9 a
N4-C 16.2 b 5.44 d 9.69 e 2.20 f 4.40 b 199 fg 49.2 ab 82.2 ¢
N4P2 15.9b 5.25¢ 9.11 b 1.36 a 6.70 f 114 be 24.2 ab 61.8 a
N4P2-C 18.3 bed 5.16 b 9.63 de 2.65h 3.63 a 374 h 56.0 b 86.3 cd
M4 18.4 bed 6.39 ) 16.86 j 2.30 g 7.33 h 189 f 245 ef 456 i
M4-C 21.0d 5.9% g 10.32 f 1.93d 5.35¢ 135d 110 ¢ 184 f
M2N2 17.1 be 6.24 i 16.16 h 2.35¢g 6.88 fg 213 g 232 e 509 j
M2N2-C 20.1 cd 5.80 f 9.70 e 1.77 ¢ 5.48 cd 107 ab 89 ¢ 115 ¢
M2N2P1 18.7 bed 6.14 h 16.28 i 2.33 g 6.99 g 196 fg 266 f 433 h
M2N2P1-C 20.1 cd 5.66 e 11.23 g 2.02 ¢ 5.56 d 127 ed 156 d 210 g
F#){E Mean 17.1 5.81 11.36 1.92 6.02 167 107 197
FrvfEZ SD 2.9 0.47 3.0 0.44 1.12 75.0 90.3 164
ARRBCV (%) 16.8 8.1 26.4 23.0 18.6 45.0 84.2 82.6

= AR B R 1987 ~2003 4E [ F44){E  Biomass: Mean value of aboveground biomass from 1987 to 2003 ; [a]— 3 v =&} R[] Fn
BiEFRABZE(n=3, P <0.05) ;The data in the same column with the same letter indicate no significance among treatments (n=3, P < 0.05) ; F

[ the same below

EGERIEARIFT , SXHRAELL, BR T N4 LbBEAT , HoAth i AL AL BE ARG fin T LA BLEK (SOC) o SHIRL A%
GURIE AL PRAR EC , BERE AR 1 T HE FIA HUIE A9AL B2 SOC HRFEA , HiAtiAb B2 SOC &3 f. B, SOC J& + 385
BRI AT RS B B AT , X IR B AL R IR AR AR A A (ELR K A AE R B R R [ st
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5 SOC fVEFAR—B(27) , ABFFE s N AbHE SOC HIFEAK AT B SH AR R (LA 32 , B ] — iR 56 4t
I RUEREAR T ERAR R AR, SBOE YRR AR s R, BT N R AL B A =2, S8
TR+ A LR L BR E K™ AT AT BEREAR SOC, 3% 304% T HR & XT SOC i 1L
ARBRTTAEE A B ™, o S54RI 148 b i BFF 25 R — 3 . NP 4b3E 9 SOC & T CK W RE 57 (L3 n A
%o fEGER B A HUIE L3 SOC # B ETHE , X —HHEHE TEIEH MG IRSERZELD, B—H
THT 35 ML A B8 F T R AR 2 A A BRI A A UR B ARSI 2620 . 5 55 vp [ 4 0 32 [ 4R g S O
FER—B Y, BREEHFIEPULRAEE SOC EME T AR MG ES , 3 T A 278 5 K PR B0 5 7 1 14
I PR TR SO AT B SRR HoAt 3 A0 ) SOC #8785 TAH R 5 Ge Ak B Ab B8, 3 54 Rl b Bk
RRAEY R AR B FEE AT R R AR A BRI 4% SOC A EHE 5k,

TEGRIE ST, T A HUIE 7 2 (AR B 2 e fin T 422 (TN) AR AL (HN) &t . S4B 91555
HREFADFA H , TS M AL AR 9L BE TN FHi5 , EfAb 38 TN #RFRMIE ; 17 HN 5 U2 28 5 A5 ALAE Ab 38
1%, oA AL TR AN . FEGeaRIES TR , P A HUIE AL IR #R A2 T TN T4 AR A LR HE A9 TN Hofk AR AL
BHEE 50% AL, 32 T AR B AT 2 S . KRB R H, AU 3557 R R
H REREE R P ERIE R R A R T RE D ARG, EERB LT, IR
KO B T R SRR A T A AE AR ) i - 498300 T b S R TR A K B 43 B IS T AL A 4 3 ) s fee
AR Y+ R R SR 1 RS TR, 5172 L3 A AL AR Ab B8 2 . X R, 5 G HE 4%
T, A LIRS A K A RIB R  T 38 TN, BER 7= SUBR AR, ARl AT S48 R B 1 — A s . £
TG AR A H8 ) T K 0 28 1 FAR R B FE Ge R, T EL 25 2 A st ), B8 i , 8BS b A Ak
B TN B TARRL S GRS , B RIS U B HE % 357 4 IR0 B 5 CK AB B TN BRI 32 25 MR e 5
FFER, T HUARHY 3 A3 TN [0 0152 ok v A e i i 27 45 56, BVl % B AL 388 2 490 12 5 L 7
BHRE Pl o AT TNt ORI T IR (1.0 g ke ™) FHTHENN, X RARBAMNG R I, i T4
Wb RS AR b, B0 VE R K A PR 2R, T S G P AL 345 4 e A RSO 1 £ N 78535 50 kg hm 2 1A R fH
KNSR N W AEIUE 20 kg N hm 2224550 I8 4, TN RREhIAR AT Aok B AR R, B e K R BEEAK
Tk, Rk E A E A ER S TIRERA . mal (HN) 2 K5 0 TR Re s, i T E
3 P9 TR Ik S - SRR R TR A ek B L IR AL TR A HIN 16 i A LR /IS , T Bl 5 1k 2% IR 6 A
+3E AL E RS 2 X A U AL TR HN A8 BERS A, 25 B MG FI A8 DU T AR R e 4 25
SRR AR . SHIR IS GeAR A TAR 1L, B S L 3piim A S A L R R E A W — R AR
REERE VAT LRI, R RIS R AR i, T E SRR A S B, EE MR . B
o P B Ao 8 i ST At 2 TR T RS2 R 5 R ARG P S M B G, IR Sy e A 6 e R K, T A AL AR A 3
£) LT R BB NG T A2 A B I RS BB, R 7 LA A b 8 £ A 0 7 T U W B P8 K
B R A S B2 Bk R AR S 1 A

SRR G, S Gk B S TG AE R T 148 C/N b, WA HUIBRE AN T C/N b SAHR M55k
B AbFEAR H, B ES T X BRAL BRI C/N HLFHES LASh , EAAD TR C/N HLEBREAR . %o T4 9 13, B O/N
oA B — ) ARSI 5 7 3 %3 1398 C/N L i BB 2 LU AR R (5 S R B0k
18.6% ) , LRI % . MEGRIBILIEALTAN C/N HARFXF R E TR SOC BALFTEG A HUIEALFE Y C/N
He 5 % R R A 5 HLAE BB R He s , T LR M 4RI AR A 5t 25 A 36, IR BB IS C/N HWFHE
AR ABA MG HURB ISP N B8Nt F S8, I BB S C/N HRAE 2R N B 80 (TN
1111 509% LA, SOC B Hi/NF 15% ) , A HUARAbEE] 322 SOC 3/ T8 (SOC TR 30% LA I, N &8 T
18T 25% ) o X3 HILAE AL H 7 BEAON H 202 N R 2 R , T8 HUIE &b 28 1 7 REEASN, B2 SOC [
T,

B N4 QBRI , 554k H A b B ) 5 200 (OP) & BE#F LU X R, A HLAB A AL B8 OP & B e K
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SN GRS A FEA L, AR E A HUIEALTE OP & ERA%, HAAE T & EEBIERG T, i+
AR (AK) S 2L, RHE N4 008 A YU B R 38 AK S BT R . SHMAESFREAEML, E
G AL IEAL 3 + 38 ) AK S B , HAREEL, BRI A NEXT A (OP) B2 A MR A, i
FABEIE- S35 OP 144m 1 /% LA b, A HUIEAL R OP 3440 10 4% L4 b, e/ =0 T AVUEN LR E I HE K
Bk BREGIEATE 1 OP & & THM AR, XR AT 5E8 K5 K R&HRE S BELE
X, RHZ R E IR E AT REXT OP & &3 ke EZAEH, K4 BV 758 B 18] (3R B #2 o, R AR X OP
SRAWSEWY . AYUELEERE OP &8 KIS AT Ak 32 B2t AL WlGE 00 B B, R 8 FRFE AR K
BRI U1 OP YRR o A (AK) AL 3B K PE S0 A He VSR BT AR 25 , A8 e R 3 AL AE Ak 2 F 1 35
AK & B FEAR, FEJEFE AL ML 34 &30, 5 R 8 Mg n T 8. (B N4 L3 A Y &K T A28 b
B T H R0 R TR T AR B, X AR AT A2 1 T AU S 3 ML, TR 3 T 8k o™ . T4
PUEARSSEEE A YUIRA AL ) 4 Y 8 B AR INAR K, XS A g AK & Bl A KM N, R BAA HL
FE B ANIBVE AR K . oAb K St ARG IR . SARRL ISR A BEAR L , T IR fLAE AL 2 + 398 AK
HRIE, ARG, LIEABIE RS + 3% AK B TR R A6 R /K 403 35 1% R i e oW A A G
SER ., BRI MR &5 | SR RS4R3 A FE AL | TR IH T 5t Ao JIES Ak 260 B 35 10 o 204 5 B B R S B
— YRR f T — W5 . BHUESAEER)G AK &8 M5S0 BRE R L pH BEINAHER R, £
B AR BN S B0 RO e 3 SE A
2.2 HHEYEENR

RGEARIEFAT N4 b3 IR AE Y £ W) B Bk (MBC) (A (MBN) & 2 FEIRIE R K (K 3) ,N4P2 fb 3
MBC FEAI%, 11 MBN 34 ; A HLAE &AL 3 ) MBC 5 CK B AR F-5iA Frigin, i MBN Wi 1 524 b, 54
N EGARIG AL BAR B, CK-C 4b 38 MBC i 2 FEAIK, T MBN 7575 34 fin, N4-C 4b 3 %) MBC 1 MBN 78 5 J5 3
i, HoAhAbFE ) MBC F1 MBN 78 /5 80 B & K. AR5 T ,CK 5 N4 b3 iAW E Y & C/N i
EE T HAG 4 MEFE, B HUES A EY B C/N IR, SHMKESRELFEE, CK-C 5
N4-C b3 A A YR C/N B EREAR, M2N2P1-C L3 AW £ W& C/N L F = i BE ok, Hofth Ak
B YR C/N IR A TR . F5RIE &M T ,AWCD 5 SOC AHR R B (r = 0.985, P <
0.001),HKZEOP(r=0.974,P =0.001) fIAK(r=0.956 ,P =0.001) ; 2 JIE P& T 150 A= Wy BE % 5%

F3 R E T EAORME WIS
Table 3 Microbial parameters of treatments

4R Treatment THAE YR MBC* 'ﬁ‘ﬁﬁi%ﬁ}_MBN WA C/N I TR AR
(mgkg™!) (mgkg™1) Renm AWCD
CK 112 i 5.8 be 19.4 f 0.42 def
CK-C 60.9 f 7.0 ¢ 8.71d 0.53 f
N4 47.7d 2.5a 19.1f 0.39 def
N4-C 55.4 ¢ 9.7d 5.72 a 0.11 ab
N4pP2 71.5 g 11.5 e 6.22 ab 0.47 ef
N4P2-C 21.9 a 3.0a 7.30 ¢ 0.02 a
M4 107 h 14.4 f 7.46 ¢ 0.78 g
M4-C 33.1b 3.5a 9.46 d 0.35 de
M2N2 145 k 20.5 h 7.14 ¢ 0.69 g
M2N2-C 41.6 ¢ 5.5b 7.56 ¢ 0.29 cd
M2N2P1 119 j 17.6 g 6.74 be 0.71 g
M2N2P1-C 105 h 6.5 be 16.1 e 0.17 be
FH#{E Mean 76.7 9.0 10.1 0.41
FrifE2 SD 37.8 5.7 4.85 0.23
AARRECV (%) 49.3 63.1 48.1 56.3

* MBC: microbial biomass carbon; MBN: microbial biomass nitrogen; Renm: ratio of microbial biomass carbon to nitrogen; AWCD: average well

color development

http ://www. ecologica. cn



2494 E oA ¥ W 29 %

BIOLOG ¥R I Fil (AWCD) , NP ZbBH i AWCD R4 34/, A HUAE ZbBE ) AWCD g BERG . 8kl 35 4%
7 ,AWCD 5 SOC A EZE (r= -0.107, P =0.420),1M5 + 1% pH WA & E (r=0.990, P<
0.001) , HYE 3 C/N FH(r = 0.929, P = 0.004) . SIS HIFE Gk 35 Ab FAH 1L, BEREJS I CK-C AbER 1)
AWCD 30, HoAKLBE B EFEAK

FEGERRIE ST A HUIRAS AL BR300 A 4 BT (MBC) %1 5 TALIE AL BE , R A HLIESH RIS A B A B
YRR . FERARE A MBC EEK B FRFRAN  RUIAR R R W 50 4 A S, B F s IR ) 4 35
R AR RTETFAE R IR B e 0, TR AE 7 T Ze i S A B et | PRt , %of B A B MBC 75 T M4 AbBE
TR AT BB R R IE 7 0 K AR 2R A KB A5 R , X S AT T BURE I A7 K ME BRI I o (BG4 1F T
AHUIELLER ) MBN #8408, W RER P oAk AR S RS rh MBN F ok B T LA HLIE, b E &% MBN
HITTRREL/N, R, M A HUIR B B WU £ 8, SRS SR SR . BG , BRt IR 5 R b 2
b, B AL N3 AT AR HAALBE MBC #1 MBN #8 FREHR B, X 5K IR E B + E R R 45 13 1%
Geah B 441FF AWCD 5 SOC 0P I AK fIAH %% , W] SOC 0P #1 AK I EMAE YIRS R A I B E
HE; AR T AWCD 5 138 pH #1 C/N HLIAHC MR , RIABE A N UED T BE 252 - MR
PEFN C/N Hs¥m . GR35 T ,AWCD 5+ 38 MLk A MR , 28 A DU 2 5% W S A 0 ) BB 1) B
FERE; MEBRIE AT, BT XA, HA KB L AWCD FAE 1 - 300 8B40 B 28 TR 155
He B b T T NA-C i NAP2-C AbBR A HUBKR & B 435175 T N4 I NP2 RhBE | phy T , A 0 ARHER , T A 2
B SR, BT R E R, LIEAVIRSEE S 3 MEVUELEAEERG AWCD B3
REEARR , 22 BA 8 IS5 AR 0 e A D BB R 8 AR R8s , el W, BB IS P IR B 7 R AE B IR 2K
FAEG A T B R AR WA B R FE S B R B

HHABRA L — B A g O T B T RME Y C/N S5 PLFA B4 X RUABUAE W B R A LT
FLE B RAL A DRSS o (RGBT 3 RS AR AL B R SR W B C/N G i T fhab 38, SR B
B R, X SEGHHE T A MR AR 5 ORISR IR, 3 AR T R b T 3 I b B £ £ 398
ISR EGEBEE R, THEERA B EAR, B VERMEFEINERSRAZ RN T LA EE
3R 5T ELX B K A B 38 R L3R TN B ) A Bt % BUAEHE S0 e i 33 b, BB A HL A R
TG AR AR B M R C/N H B R TSGR, 58 A Bk B, B4h, BS54
R FIEGEAR I A BT L, B OB R O/N S B A 13 pH R B — BRIz, B pH 807 i 14
FR B B B L 35 0 35 pH RIS bR IR IR S — E R

T X A AUIE b 2 i) MBC \MBN 1 AWCD IR %751k, B T 20 (LIRS M 4 , 5K A 2 vk
TCFTRESE T . |y T AR B I A 36 2 5 A A 0 i W ) i TR 84 7 7 A T b B o R
AWCD T SOC EI AR LRI, A BRI B AR BT BER R o i T 0 B AL B B R B A B HESE T2
WRAMRBRUUR , R I T F Kk 229 30, R E KRR R BT BB AN TE E KRB RE k2
BAPRAT 12d°) 3 AT BB A6 -+ 3 rh A 2500 ) 5 BB R, AT 35 A 03 2 1 o A A5k 4 W, 5 B R X
FEAEAL PR MBC MBN #1 AWCD B # o B30t 73 TG A 4 B il S A W T 0 C W@ B
W X AR T U A Yy Th BE i — R T BB . 7 FEE S K A W A i O R A 5
K HIhEE,
3 it

Y T3\ Z /0 i 1 , BT Stk B 7E TR O ROANER T T & PR, Xt R E R R L 2 3
BB, (H6 T o S5 IO BE ST, R K L R TTIEE A RAR S , B 53X Wi A v
BT —E ML, ASHFFEFRI, K MR A I L3 Sy 35 AR A A 2 v TR AF e AV . M AL
S WUIBLEAE Goak 3 AV R 35 1% 00 T F 1398 pH B0 S0 1E 47 40 I« 5 Go R 8 1% 00 F 16 F AL AR AR T 43¢
pH , Jifi A HLAE I AT DA RE 2% 50 2 3k 0+ 3R FR Ak s (R E B IERRIT B/ LT , B F L HK - B 7 iz sh
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BT WO AL ER)E 13 pH m TGRS, i A YUIE I iy T4 e A o 5 = B3R J= 1 4% pH
TGRS MAAIETRTEATARIERIEB BRI L T AR T LIRRRKBIK, B—Fi AT frsk
PR . LA RE AR FRMAL S |2 59 TR AL At R A SR 2R OL A AL T A M i v S A
TIRE AR GURIE 25 T AE 22 E S 5 SOC Fd SR (OP Al AK) R2naff A= Wy T BE , B RS A 1F T &
BRI RN 4 pH A C/N LUt AT fE . SARRL IR SR LL , B IR IE J5 139 pH S 1L Xt
YRR S — B0 750, BIEXT TR AW AR MBI T A BRI , B ME I DI RE o
4 it

KMEAE M X L3R RS M . KR FREAE A B YE T 13 pH FR - R E KR R & 3h
&, TR T Sl A R OGS DI RE - (1) AR SRR IB IR0 T, e M 1 22 Wiy - S ATLBR I A0l L 1 SR R i
A TR ; (2) BRI AR F T , B AL @ 50 1 3% pH A RBR A LR N A M D B 5 (3) S GERRIEAH
bL, B ERIE 5 135 pH B 2R (XS S A My S AR — B, B0 19 38 pH X R AR R AR T L 5 (4) AR
AR T FOREYIA AR A R B, B T A TR

References ;

[1] Wang X F, Chen BM, Bi] Y. Analysis of potential of grain yield increase under film-mulching condition on a county scale. Transactions of the
CSAE, 2005, 21 (11) . 146 —149.

[2] Zhang] H, Wang J K, Xu X C, et al. Effect of manure on soil nitrogen and biomass of maize under plastic-film mulching cultivation. Chinese
Journal of Soil Science, 1990, 21 162 —165.

[3] Zhang ] H, Wang J K, Xu X C, et al. Effect of manure on phosphorus uptake by maize and soil phosphorus fractions under plastic-film mulching
cultivation. Chinese Journal of Soil Science, 1990, 21 211 —215.

[4] ChenXS, GuoSF, Wang J K, et al. Effect of mulching cultivation with plastic film on soil microbial population and biological activity. Chinese
Journal of Applied Ecology, 1998, 9. 435 —439.

[5] WangJK, Zhang X D, Zhang ] H, et al. Effects of covering with plastic film on decomposition of organic materials and characteristics of soil
organic matter. Plant Nutrition and Fertilizer Science, 1 (3-4): 22 —28.

[6] ZuR, WangJ K, Zhang J H, et al. Effect of plastic film mulching on ion balance in browth earth. Journal of Shenyang Agricultural University,
1995, 26 408 —411.

[7] LiuSG, FuSF, Wang J K, et al. Effect of long-term covering with plastic film on dynamic changes of soil water in brown earth. Journal of
Shenyang Agricultural University, 2006, 37: 725 —728.

[8] WangJK, LiuS G, Li SY. Effect of long-term plastic film mulching and fertilization on inorganic N distribution and organic N mineralization in
brown earth. Journal of Soil and Water Conservation, 2006, 20 ( 6) : 107 —110.

[9] YusS, WangJ K, Gao Y M. Effect of plastic mulching and different fertilization treatments on soil microbial biomass carbon and nitrogen. Journal
of Shenyang Agricultural University,2006, 37 602 —606.

[10] Zhang D G, Yan X Y, Bian X Z, Research on integrated effects of film mulching cultivation on maize seed product field. Journal of Maize Science,
6. 41 —45.

[11] Hou X J, Wang J K, Li S P. Effects of different fertilization and plastic-mulching on functional diversity of soil microbial community. Acta
Ecologica Sinica, 2007, 27: 655 —661.

[12] Bao S D. Soil and Asricultural Chemistry Analysis. Beijing. China Agricultural Press, 2000.

[13] Vance E D, Brookes P C, Jenkinson DS. An extraction method for measuring soil microbial biomass C. Soil Biology and Biochemistry, 1987, 19
703 —707.

[14] McAndrew D W, Malhi S S. Long-term N fertilization of a solonetzic soil; effects on chemical and biological properties. Soil Biology and
Biochemistry, 1992, 24 619 —623.

[15] Blake L, Goulding K W T, Mott C J B, et al. Changes in soil chemistry accompanying acidification over more than 100 years under woodland and
grass at Rothamsted Experimental Station, UK. European Journal of Soil Science, 1999, 50: 401 —412.

[16] WuY, Yang]J H, Ci E. Effect of simulated continuously rainwater leaching on soil chemical character. Chinese Journal of Soil Science, 2005, 36
206 —210.

[17] Xie W, Li C B, Jin Y M. Chemical composition analysis of precipitation in Liaoning Province. Environmental Protection Science, 1998, 24 (3):

http ://www. ecologica. cn



2496 E oA ¥ W 29 %

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]
[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

13 —15.

Haynes R J, Swift R S. Effects of soil acidification and subsequent leaching on levels of extractable nutrients of soil. Plant and Soil, 1986, 95 327
—336.

Dorado J, Zancada M C, Almendros G, et al. Changes in soil properties and humic substances after long-term amendments with manure. Journal
of Plant Nutrition and Soil Science, 2003, 166; 31 —38.

Men Q, Li Y, Feng G P. Effect of plastic film mulch patterns on soil surface evaporation. Journal of Irrigation and Drainage, 2003, 22 (2) :17 —
20.

Chen Y X, Liu X Y. Studies on the dynamics and movement mechanism of soil water under cultivation with plastic mulching. Journal of Shenyang
Agricultural University, 1997, 28, 283 —287.

Wang J, Li F M, Song Q H, et al. Effects of plastic film mulching on soil temperature and moisture and on yield formation of spring wheat. Chinese
Journal of Applied Ecology, 2003, 14 205 —210.

Wang X Q, Li S X, Gao Y J. Effect of plastic film mulching on ecophysiology and yield of the spring maize’ s on the arid land. Acta Agronomica
Sinica, 1998, 24 (3): 348 —353.

LiY, Wang QJ, Wang W Y, et al. Distribution and movement characteristics of soil water and soil salt during evaporation from perforated plastic
mulch. Plant Nutrition and Fertilizer Science, 2005, 11 (2); 187 —193.

Reeves D W. The role of soil organic matter in maintaining soil quality in continuous cropping systems. Soil and Tillage Research, 1997, 43 . 131
—167.

Jiang D, Hengsdijk H, Dai T B, et al. Long-Term Effects of Manure and Inorganic Fertilizers on Yield and Soil Fertility for a Winter Wheat-Maize
System in Jiangsu, China. Pedosphere, 2006, 16: 25 —32.

Manna M C, Swarup A, Wanjari R H, et al. Long-term fertilization, manure and liming effects on soil organic matter and crop yields. Soil and
Tillage Research, 2007, 94 : 397 —409.

Xue J F, Wang J K, Li SY, et al. Studies on changes of corn biomass yield and its components under the condition of long-term plastic film-
mulching and fertilization. Journal of Maize Science, 2006, 14 (5) : 66 —70.

Yang L F, Cai Z C. Effects of growing maize and N application on the renewal of soil organic carbon. Acta Scientiae Circumstantiae, 2006, 26
280 —286.

Molina J A E, Clapp CE, Linden DR, et al. Modeling the incorporation of com ( Zea mays L. ) carbon from roots and rhizodeposition into soil
organic matter. Soil Biology and Biochemistry, 2001, 33: 83 —92.

Yin H B, Han X R, Xie F, et al. Effect of long term fertilization on soil organic carbon of Burozem. Chinese Journal of Soil Science, 2006, 37 ;
1102 —1105.

Franzluebbers A J. Soil organic carbon sequestration and agricultural greenhouse gas emissions in the southeastern USA. Soil and Tillage Research,
2005, 83: 120 - 147.

Webb J, Harrison R, Ellis S. Nitrogen fluxes in three arable soils in the UK. European Journal of Agronomy, 2000, 13. 207 —223.

Zhu Z L. Loss of fertilizer N from plants-soil system and the strategies and techniques for its reduction. Soil and Environmental Science, 2000, 9
1—6.

Hoff J D, Nelson D W, Sutton A L. Ammonia Volatilization from Liquid Swine Manure Applied to Cropland. J. Environ. Qual. , 1981, 10: 90 —
95.

Zhang J, Wang D J. Ammonia volatilization in gleyed paddy field soils of Taihu Lake region. Chinese Journal of Eco-Agriculture, 2007, 15 (6) :
84 —87.

Liu S G, Wang J K. Effect of long-term covering with plastic film on NH," -N and NO; -Nin depth profile of brown earth. Chinese Journal of Soil
Science, 2006, 37 ; 443 —446.

Xue J F, Wang J K, Li SY, et al. Studies on changes of corn biomass yield and its components under the condition of long-term plastic film-
mulching and fertilization. Journal of Maize Science, 2006, 14 (5) : 66 —70.

Yu W T, Ma Q, Zhang L., Zhou H. Dynamic changes of nitrogen in precipitation in lower reach of Liaohe River Plain. Chinese Journal of Ecology,
2008, 27: 33 —37.

Van Breemen N, Boyer E W, Goodale CL, et al. Where did all the nitrogen go? fate of nitrogen inputs to large watersheds in the Northeastern U.
S. A. Biogeochemistry, 2002, 57 : 267 —293.

Yu S, Wang J K, Wang X, et al. Dynamical changes of soil fertility and microbial biomass carbon and nitrogen in different fertilizations within corn
development period. Journal of Soil and Water Conservation, 2007, 21 (4) : 137 —140.

JuX T, Liu X J, Zhang F S. Dynamics of various nitrogen form s in soil and nitrogen utilization under application urea and different organic

http ://www. ecologica. cn



5

AR 4 AR A AL 3 R 2 3o SR T AR W2 e R R 2497

materials. Journal of China Agricultural University, 2002, 7 (3): 52 —56.

[43] Brady A C, Weil R R. The Nature and Properties of Soils (13eds). New Jersey, Prentice Hall, 2002.

[44] Zhang H H, Shi J. Discussion on the influence of temperature in testing available phosphorus in Chao soil by Olsen method and its correction. Acta
Agriculturae Boreali-Sinica, 1995, 10; 109 —114.

[45] CuiDJ, LiuY H, Sui F G, et al. Effects of long-term located fertilization on potassium forms. Journal of Laiyang Agricultural College, 2005, 22
(3):165—167.

[46] Gregorich E G, Liang B C, Drury C F, et al. Elucidation of the source and tumover of water soluble and microbial biomass carbon in agricultural
soils. Soil Biology & Biochemistry, 2000, 32 . 581 —587.

[47] LiYY, Liu W Z. Effects of soil moisture and nitrogen fertilizer on root growth of com. Chinese Journal of Eco-Agriculture, 2001. 9 (1): 13 —
15.

[48] Han X R, Zheng G D, Liu X Y, et al. Dynamics, sources and supply charecteristic of microbial biomass nitrogen in soil applied with manure and
fertilizer. Scientia Agricultura Sinica, 2007, 40 765 —772.

[49] Zhang C E, Liang Y L, He X B. Effects of plastic cover cultivation on soil microbial biomass. Acta Ecologica Sinica, 2002, 22 508 —512.

[50] Fagerbakke K M, Heldal M, Norland S. Content of carbon, nitrogen, oxygen, sulfur and phosphorus in native aquatic and cultured bacteria.
Aquatic Microbial Ecology, 1996, 10: 15 —27.

[51] Wallander H, Nilsson L O, Hagerberg D, et al. Direct estimates of C:N ratios of ectomycorrhizal mycelia collected from Norway spruce forest soils.
Soil Biology and Biochemistry, 2003, 35; 997 —999.

[52] Cookson W R, Abaye D A, Marschner P, et al. The contribution of soil organic matter fractions to carbon and nitrogen mineralization and microbial
community size and structure. Soil Biology and Biochemistry, 2005, 37 1726 —1737.

[53] Frey S D, Elliott E T, Paustian K. Bacterial and fungal abundance and biomass in conventional and no-tillage agroecosystems along two climatic
gradients. Soil Biology and Biochemistry, 1999, 31: 573 —585.

[54] Gulis V, Suberkropp K. Interactions between stream fungi and bacteria associated with decomposing leaf litter at different levels of nutrient
availability. Aquatic Microbial Ecology, 2003, 30, 149 —157.

[55] Schniirer J, Clarholm M, Bostrém S, et al. Effects of moisture on soil microorganisms and nematodes: a field experiment. Microbial Ecology,
1986, 12 217 —230.

[56] Innes L, Hobbs P J, Bardgett R D. The impacts of individual plant species on rhizosphere microbial communities varies in soils of different fertility.
Biology and Fertility of Soils, 2004, 40: 7 —13.

[57] Schutter M, Dick R. Shifts in substrate utilization potential and structure of soil microbial communities in response to carbon substrates. Soil
Biology and Biochemistry, 2001, 33 :1481 —1491.

[58] EYJ, DaiJY, GuW L. Studies on the relationship between root growth and yield in maize ( Zea mays) I . relationship between growth and
adsorption ability of the roots and the growth and development of the above-ground parts of maize. Acta Agronomica Sinica, 1988, 14, 149 —154.

[59] SuCH, Weng HY, Ren P H. The effects of the fertility, moisture content and temperature of soil on the root system and top of the maize. Journal
of Shanxi Agricultural Sciences, 1996, 24 (1) 42 —46.

[60] Yang W B, Bai D C, Dong X C, et al. Effect of soil accumulative temperature on growth and development of root system and above-ground part of
maize in plastic film mulched field. Journal of Plant Ecology, 1989, 13 (3) . 282 —288.

[61] Ruf A, Kuzyakov Y, Lopatovskaya O. Carbon fluxes in soil food webs of increasing complexity revealed by *C labelling and *C natural
abundance. Soil Biology and Biochemistry, 2006, 38, 2390 — 2400.

SEHk:

(1] EFF, BFEw], Lol ETLBMEE IR R0, Rk TR, 2005, 21 (11) : 146 ~149.

[2] 3k&kR, ERIE, SN, 5. BIEBS A TAVUEX 2R ERAEY RN, LR, 1990, 21: 162 ~165.

[3] R4kE, WERTE, 0N, % BRGS0 T A PUIEX B AR R B R BB 2 S, L3668, 1990, 21 211 ~215.

[4] RGN, SR, TERITE, 45 SbBRBI S AREE XS L 0 YRR AL W TR P RS ). B FHAE 25541, 1998, 9 435 ~439.

[5] MR, WK, skakk, & BN HR X G PUBRRA L. Y8 I SIURER, 1995, 1 (3-4): 22 ~28.

(6] M, ERIE, KK, % MBI AR R T FE LA IOBTSE. AR K224, 1995, 26 408 ~411.

(7] XUBE, fHedde, ERTE, S KUMIRE 5 xR K A& S A R S 2L I . TRFRAR O K224 , 2006, 37 725 ~728.

(8] MERTE, XUBE, X5, KRR XA R BEX AR R M R R LR K. K LR34, 2006, 20 ( 6) : 107 ~110.

[8] T, TERTE, Foaty. BRI RO RN AL BEXT 1A Yy s R RS DRBHAR ML R 224K , 2006, 37 : 602 ~606.

[10] 3kARE, FBEH, MFE, 4§ FOKFFHHMBER SR NLEE R, EARBE, 6: 41 ~45.

http ://www. ecologica. cn



2498 B Ox ¥ R 29 %

[11]
[12]
[16]
[17]
[20]
[21]
[22]
[23]
[24]
[28]
[29]
[31]
[34]
[36]
[37)
[38]
[39]
[41]

[42]
[44]
[45]
[47]
[48]
[49]
[58]

[59]
[60]

PRI, TERLTE, 2. AR A AL 2R b B e X S A IRV T RE S R I . AR SR, 2007, 27 655 ~661.
Bt H 34, (IR dbat: PR H AL, 2000.

RE, HElL, BB BIRAESRGET L RS SR RHME BT SE. THEEH, 2005, 36: 206 ~210.

Y, AR, SRR, ETAMKAEAMMT. FERS PRI, 1998, 24 (3): 13 ~15.

IIHE, 2538, ). HORRBE X AR A RS KBTS, HEBEHE K4, 2003, 22 (2) : 17 ~20.

BRACHE, X2 BIBRIEARMT 20K SIS RABFTHLHRI T, SRR K224, 1997, 28: 283 ~287.

ER, FRE, Kbk, % BB HOKE RN I B N, 2003, 14: 205 ~210.

EERK, 24, BEE. HRE SN R FORAEBA S R RE. EYR, 1998, 24 (3) : 348 ~353.

PR, T2, B3, F. BRI ERER KK RE R Is BMAT S, # B IR SIERI 23R, 2005, 11 (2) . 187 ~193.
BT, TERESE, XSRS KRR S AL AR F T IR Y R R B AR JE. ToRBI4E, 2006, 14 (5) : 66 ~70.
B35, SIS, FARERMMERAK T LA PUBCE BT, FEER 4R, 2006, 26 280 ~286.

FAZI, BeH , W5, 4. KRS A pLk . H6E R, 2006, 37: 1102 ~1105.

ARIE R R E PRI IR 535K, S ER, 2000, 9 (1): 1 ~6.

i, AR RWIMX A A H AR BUR BT, P A S 2, 2007. 15 (6) - 84 ~87.

KNI, VE5TE. T30 R 5 X AT R NH,” -N il NO5™ -N BhSAR MBI, 130 i, 2006, 37 . 443 ~446.

BEIEDT, ERTE, B0, & KINHUBE S AERE A E T B B A R AR S, FORBIEE, 2006, 14 (5) : 66 ~70.
FHK, Dk, B, A TIOFRER P RE NS, £EERE, 2008, 27; 33 ~37.

T, ERTE, £28, . AFEACALBE K S0 J1 3555 B Yk RE EAREF N sl A2k, /K R PRFea4k, 2007, 21 (14) 137
~140.

B, X%, KRS REBEA RN 2 ERRRFZB SRS LR, P ER R, 2002, 7 (3): 52 ~56.
HRESHT, A% WX Olsen M5 RE ) - MUOBE IR M AR IE J7 ¥4 IR b4 4, 1995, 10: 109 ~114.

RN, XM, FJ70, . KIEAHAEXT A IR A, S Beafk, 2005, 22 (3) : 165 ~167.

B, XSO, K SRR ERAR R AR, E AR, 2001, 9 (1) 13 ~15.

BB H , WEAE, xbEE, % APUIESAEE S A R BE Y B R SIS SRIEMAEREHME. + EARLRE, 2007, 40: 765 ~772.
TR, R, BT MU 5 R A R . AEASSEA, 2002, 22 508 ~512.

TREIL, MR, BUEE. FRMMANERAERE S HARKIIR [ LRBRERMRERE S 53 L2 HRR. (YR,
1988, 14 149 ~154.

BRI, HEE, EFE. RIEKPCRILS FRMR B EMA K LT RRIOBIT. INPERL R, 1996, 24 (1) : 42 ~46.
XXM, BFEA, BOW, % FOREBRE BRI R R KT IEM. HYHESER, 1989, 13 (3) : 282 ~288.

http ://www. ecologica. cn



	05C45.pdf
	05C46.pdf
	05C47.pdf
	05C48.pdf
	05C49.pdf
	05C50.pdf
	05C51.pdf
	05C52.pdf
	05C53.pdf
	05C54.pdf

