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Jii NPK(NPK) > FORZEMERHAL (CK) > FREMERE N(N) o YR 72h HPERER, 403 AWCD £ 0.395—0.732 Z
6], Ee B3 AWCD B35 TR KRB EREMEARMAL (P <0.05) ; FREMEBLMRE T B3 = A WiE o, TOREIRR
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Effects of continuous cropping of corn and fertilization on soil microbial

community functional diversity

SHI Peng' ,GAO Qiang’ , WANG Shuping'** ,ZHANG Yan'

1 College of Resources and Environment, Graduate University of Chinese Academy of Sciences, Beijing 100049, China
2 Faculty of Resources and Environment, Jilin Agriculture University, Changchun 130118, China

Abstract: The characteristics of soil microbes are sensitive indicators of soil fertility. Fertilization can influence soil
physiochemical and biological properties. The impact of continuous cropping of corn on a soil ecosystem is a gradual
process. Consequently, it is important to understand the effect of continuous cropping of corn and fertilization on soil
microbial community functional diversity. In this study uncultivated (UC) and non-continuous cropping ( NCC) were set as
controls and treatments were continuous cropping of corn with different fertilization: application of straw (S), combined
application of straw and N (SN), combined application of straw and NPK ( SNPK) , application of N (N) , application of
NPK (NPK), and no fertilizer ( CK). Soil microbial community functional diversity was studied using Biolog ECO plates.
The Average Well Color Development ( AWCD) indicated the activity of the soil microbial community. The indices of
Shannon index (H), Substrate evenness ( E) , Simpson’s Dominance (D,) and Substrate richness (S) were calculated to

show the soil microbial community diversity. Substrates in Biolog ECO plates were divided into 6 groups: Carbohydrates,
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Carboxylic acids, Amino acids, Amines, Polymers and Miscellaneous. Principal component analysis was used to show the
difference utilization of substrates by soil microbes.

The results indicated that AWCD changed with the incubation progress of different treatments in the following order;
UC > NCC > CK; continuous cropping of corn with straw return (S, SN and SNPK) > NPK > CK > N. The activity of
microbe was vigorous at the time of cultivation of 72 h and AWCD of treatments were range from 0. 395 to 0. 732. AWCD of
UC was higher than CK and NCC. Continuous cropping of corn with straw return (S, SN and SNPK) significantly increased
soil microbial activity and they were 1.26 to 1. 62 times higher than continuous cropping of corn with fertilizer (N and
NPK) and CK. UC and continuous cropping of corn with straw return (S, SN and SNPK) significantly increased the
Shannon index ( H) and Substrate evenness (E), while continuous cropping of corn with chemical fertilizer (N and NPK)
decreased these microbial diversity indices (P <0.05). CK had lower microbial diversity indices ( H, E and S) than UC,
but they were higher than indices of NCC. NCC had larger D, than other treatments because nitrogen-fixing microorganisms
grew vigorously supported by the legume crop. Principal component analysis showed that carbon utilization by soil microbial
communities changed in different treatments. However, UC and continuous cropping of corn with straw return (S, SN,
SNPK) had similar carbon utilization. The treatments of UC, S, SN and SNPK concentrated in the positive direction of the
first principal component and the score coefficients ranged from 2. 39 to 4. 17. Conversely, the treatments of CK, N, NPK
and NCC concentrated in the negative direction of the second principal component and the score coefficients ranged from
—5.43 to —1.59. The carbon sources mostly used by soil microbes were Carbohydrates, Amino acids, Carboxylic acids
and Polymers. Therefore, uncultivated and continuous cropping of corn with straw return preserved soil quality well and
improved the activity and functional diversity of the soil microbial community. Continuous cropping of corn with chemical

fertilizer especially nitrogen fertilizer decreased soil microbial community functional diversity.

Key Words: continuous cropping of corn; straw return; fertilization; microbial community functional diversity; Biolog

LMY R EESRENEEESY, ERTRESREFMEF RN, ¥ T A RE KR
EERITT S BA EEERY . TIREN DIEMENS 5T 90% A4 L8R pd 20, M wE +
e MR A 3R R S U MR E AR B S E N G A R R o U X BEE
A 3 ] P 4570 £ S R ABURR , ORI AT 4 S A M8 AR5 R TR T LR 0 R MRS T
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ARG BAR, TSR T H 3 E B i A AR . KT REMER 32 B b bk IR A4 |
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VERA ARSI, SR AR EA ™ o FREME H A BB R AAEE R0 BB Rk
fExt + SRR F1 AR = R AR MR ) SeTF E KA IR VIR TE T RE SR BF AR D . AR SOR
JHi Biolog £ , & BRI AL , LATETE AR FOREAE Joxt R, BF 78 FOKIENE B AR IR Al + 3 2
YIRETE I BEZARPE AR, LA Dy 0K 327 X Sr - BR A AN R 77 R AT o) B2 SR HE A4 40 o
1 #RERE
1.1 43 5%t

EAER B BEMAO RS KR A% H (43. 81'N,125. 40'E) , K A AR 11 4. 8°C AP 2K & 615
mL, KIEN A BT 1984 45, HRRAUON F R 1. 1984 FHEAT 51 IR R, 1985—1994 S F KGR
SRR, 1994 SEBSEMER, I R NRX BT, EAF A FAKFREFT M 2 , B A2 Aok
P=HEAKFREFE,/DXER2 m*, BE 4 K. FICHARE, M N 150 ke/hm” s BEALHE IS HHRES ,
Hi P,0575 kg/hm” ; #AEEFBRERSH , HE K, 0 37.5 ke/hm” ; BEFF TG, BUAL 6 om AT 2Rk FHEA L3, 1
Fi& 0,2500.,5000 kg/hm’® o FAFARYE BACESLR A BT %

AWFEE Bz R e ALk, e BGR H A ) 3 IRE A FOKIEAE 15a (U0 T e AL 2] . BB AL (CK)
B RIE (N) i E B0 HE (NPK) RS FF (S:5000 kg/hm? ) FEFFHIEUAR EC it ( SN) S #F R Uk 40 AT i it
(SNPK) , LA TR A a6 M AN AE 91 K AE (NCC) (HZFARMION = E) FE 5 (UC) i HeAb 3, B
B3 W HEABAMRIE 1,

F1 S TEOERBLER
Table 1 The physicochemical properties of soil samples tested

4b HHLF (g/ks) 2R/ (g/kg) MR/ (meg/kg)

Treatments Organic matter Total N Alkali hydrolysable N pH
CK 23.7+0.8 be 1.28 +0.01 ¢ 96.14 +6.73 ¢ 6.84+0.52 b
N 23.0+0.8 be 1.32+0.35 ¢ 101.65 £1.90 ¢ 5.72 +0.07 de
NPK 24.8 £1.5 abe 1.37+0.25 ¢ 117.07 £6.65 b 5.47+0.04 e
S 25.3+0.1 abe 1.38 +£0.03 be 117.33 £3.16 b 7.03+0.10 b
SN 25.2+0.6 ab 1.51 +0.02 ab 131.35 +4.62 a 6.22+0.19 ¢
SNPK 25.3+0.6 ab 1.57 +0.06 a 126.57 £3.99 ab 5.85+0.04 d
ucC 22.7+0.8 ¢ 1.33+0.04 ¢ 96.02 +0.66 ¢ 7.56 +0.09 a
NCC 26.7+0.6 a 1.51 +0.08 ab 94.92 +0.58 ¢ 7.01+0.15b

Rl —5 A AR [ iR 5 B 2R 28 SR B B KT (P <0.05) 5 CK: FAREEAHEAL, N: FEAEEHAERNL, NPK: EREMEIEABRIIL, S: £KE
VEBBERSFT , SN : ERESFREF AR ELHE , SNPK . EREMERSFT AR ALACIE , UC : #83E , NCC. 3k K%

1.2 BIERERRE

2009 48 A 3 H AL H R IEEREM M (0—20 em) ,F/NXCREE 10 sS4 1 T, HRmEREHE
YIBRARSE I, WAk R 2R 1A AR S LRV E Tk & iz B %, o 2 mm 5, 5T 4°CUKFEMR
7, IR PLHAT Biolog 4347
1.3 Biolog i &

R IR Fi Biolog BF-4 ( BIOLOG Eco Plate™ ) /£ 1 A= iR 5 44k . T Garland 1 Mills (73"
HWAEZD, RS RINT: (1) FREHES T 10 g St T L 008 s LA M AR 234 100 mL K e A B R K
(0.85% ) iy 250 mL =i ; (2) ZEWER R G LR 15min; (3) FrE R %], K2 3R BE 1000 £%, in AR
AR, AL 150 wL; (4) ¥R HOEARTE 25 C 557, 08 12h 7 Biolog BE4ids EEH 590 nm T %L
&, Frgk 8d,

1.4 BRI
AU R K A PR A R0 A AL - B £ 500 5 , B SRR AR R Y Bk s Y, RIS AR TR
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3T (Vario EL TN, £8 &) 52 , £ pH M EK L HA 2. 501
1.5 B ATHT
(1) BOPARSL H s RO G (E P X B (A2 3 AWCD FI TRl 3 A A e 1, HHE AT
AWCD = Y (C, - R,)/n
X, CONBNAEBEFFEEALRTOLE, R X IR FLIBOG(E , n A FRIEFLEL, Biolog Eco A2 n 1674 31,
(2) Shannon-Wiener ¥ £ & BE38 8 H FI TP 0 F & B, i AF -
H = - Y P/(lnP,)
AP, PSR @ FLEIARR OGS B A B M AR B AR X RO (EL S R B HUAE, T A K
P, =(C, -R)/ Z (C; - R)
(3) Shannon-Wiener 5]+ %8 E , B AR T«

H
E " InS

(4) Simpson fL# BEHE %L D, TIFAL Lo o WA I AREE T E A KT .
D, =1-YF
(5) BRIEF FHF & B4 S:
S = B PR IR 1) 4k
T IR PE BRI A ) 2RV RR O B R T R B R R O 2 404, S E 72h R BB AR R
AWCD XU MR R R HEAT 2805 40 H (PCA) |, 75 2550 BT F0 2 5043 43 B i By SPSS16. 0 3R e+ 41 L i

1587
2 ZER5H5H 14 - oK
12

2.1 MR YRR B A A R | o N e #‘f-:z

FEBE A LR (AWCD) [ T i o 1R =%
G, & b 0 A B v R B — R YR Y B R
fR WERIFIRIE, B W 12k W E AWCD fH, 13 3
AWCD FERFE ) sh S (B 1) o N 1 LR
i, FEFRER IR 24h N AWCD ZE LR B] 8., T8 5% 24—
T2hAWCD PRFEIG K, I TRAE WV T R, B S 2218 1 02 X
K, EEBTRE. HRYE,ERLE(UC)AWCD & 00 243 28 72 9% 120 144 168 192
5, EREMERME N 42 (N) AWCD fAR, £ K EERL HEFRI I Incubation time/h
HERFTALE(S SN SNPK) ) AWCD BTARTRIENLE e s mis
}E( NCC) ,E%‘X%?Eﬂéﬁfﬁﬁﬁfﬁﬂlﬂ( CK) &:’H‘:EE‘* Fig.1 AWCD changes with incubation time of different
HEAERME N b3, treatments

IR, TERMEY S 24h TS, BT
BN Biolog AR FE I EE, b G #E A ST B KT E = 72h, RGE K BEZRHRE. WEWIEFR 72h {4k
F AWCD 75 0.395—0.732 Z[a], B2 . UC BF5H T CK il NCC(P <0.05) ,CK Fi NCC Z[a] £ 7
ANBE ; FREVERCHERSFFAL3E (S.SN.SNPK) J& CK FlF K #AE S L AL AL 3] (N NPK) f# 1. 26—1. 62 1,
Hr S FI SNPK 4bFH 55 2 2 F CK. N Hil NPK(P <0.05) ;NPK AbH B E 5 F N 4B (P <0.05) ,f1 CK Z a2
FARE;CKWET N H, HEFARE,
2.2 IEMAEYMEZHMERAEL

R 2 s, UC b3 S U R IS W 2 8 B 6 40 39 &) BE SR BOR i U5 R F 80275 T NCC i CK,

—_
(=}

o
)

MBI AEALE AWCD
o o
PS
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NCC +-3ef A M3 BE 16 5t =, T b = 8 BE 15 50 39 5 BESR BOMBIE A B B R . TR AR ECHERS AT
AL (S SN SNPK) #1765 BEHE HOME S B8 B R T CK M E R EAE Rt L AL AL 2 (N \NPK) , 3 HE K
BEAE T RS HERCHEAL 2 (SN \SNPK) #55] BE4R BB 3 = T CK Al E KR Bl G AL 4L 28 (N NPK) (P <
0.05) . NPK 435 CK Z 6] LA S HIEIERER A RE . N HIEERS CK ZRA8E W+
B BEIRBOABRIE A 8 R BB E R T CK, EARH B

F2 TEHAEWETES LR 72hAWCD
Table 2 Diversity indices for soil microbial communities and AWCD of 72h

ab 3 Vb= 8 AR R (H) B EREE(E) MHBBARB(D,)  BREAAHFEEERE(S)  72h FHHiEE LR
Treatments Shannon index Substrate evenness Simpson’s Dominance Substrate richness AWCD
CK 3.02+0.07 ab 0.90 +0.01 be 0.06 £0.01 b 28.56 +1.26 a 0.495 +0.04 cd
N 2.90 +0.02 cd 0.88+0.02 ¢ 0.07 £0.00 a 26.22 +1.26 be 0.395+0.03 d
NPK 2.99 £0.02 be 0.89+0.01 ¢ 0.06 +0.00 b 28.56 +0.69 a 0.567 £0.06 be
S 3.09 +0.06 ab 0.92 +0.01 ab 0.05+0.00 b 29.11+0.84 a 0.732 +0.06 a
SN 3.07 +0.04 ab 0.93+0.01 a 0.05+0.00 b 27.67 £1.20 ab 0.639 +0.01 ab
SNPK 3.08 +0.12 ab 0.92+0.02 a 0.05+0.01 b 28.22 +1.35 ab 0.714 +0.18 a
uc 3.13+0.04 a 0.93+0.01 a 0.05+0.00 b 29.00+0.33 a 0.731 +0.08 a
NCC 2.84+0.12d 0.89+0.01 ¢ 0.08 £0.01 a 25.16+2.17 ¢ 0.537 £0.07 be
[Fl—F o R[] i Bk 22 53R B B K (P <0.05)
2.3 ERGah 9 oK
A 1Y N A
E RS AT IRAL BB AR LR B — B T R 2 + NPK ) ‘oo
BREAEE RO RO AR, R 2ol
VN uc
SIABRAREBUB IR 3 RS AR T 1 AORT m A - NCC, . - o
TR ARAEILEN, FHREC T 8 A2, BT < . °
N — & 0 .
TR 88.49% . FH | LA (PCD) TR X :
44.88% , B F A, B F MY (PC2) BTERE R ¢
11.58% . % 3—8 EMATMES RS 3%, | a"
7.33% 4.58% 4.29% .3.82% F1 3.28% , K55 3—8 a °
E RS TTHRABU I, BT LAAS SC R AR RS 1 R F SR -
2 B (E2) o rhrR M, AREIALEEAE PC L 400 |- °
T RS ATE R, 7 PCL A 1, UC A1 KA 0 S0 0 300 6w

PCI (44.88%)

Fic e s T AL 3 (S SN SNPK) 43 i #E IE 7 [) |, 1340 5
BAE 2.39—4. 17 Z[A]; NCC F R AR Bt fg AL Ak 22
(N.NPK) 1 CK &b 37343 78 2. 77 14 |, 1350 R BAE

B2 FELSELBEHEWBRERNRERS S
Fig.2 Principal components analysis for carbon utilization of soil

microbial communities in different treatments

-5.43—-1.59 ZH], 7E PC2 %l I, CK FIE KELE
B AEAL B (N NPK) FE A 7E 1 J5 W ., NCC
1 SN A4 e 5 1 _E, T SNPK UC F1 S IE 1 7 14 %8

x£3 TEAK/BERSBT R
Table 3 The PC scores for different treatments

BoAio #E—2 % 4 #5477 22 40 AT HA [R] Ak Ab P8 Treatments PC1 PC2
FE PCl I PQ2 FAESEMERBELER (P < CK ~3.38 £0.66 be 1.28+0.29 a
‘ N -5.43£0.34 ¢ 0.320.43 ab
0.05) (%3) . 7E PCL Hi | UC I NCC.CK 2 [f] 7341 NPK ~2.54£0.77 b 1.79£0.42 a
EREE(P<0.05),7 NCC fl CK W2 ; E X s 3.75£0.89 a ~0.13 £0.70 ab
. . SN 2.64+0.24 a - 1.82£0.23 be
JEAFBCHERSFHALEE (S \SNLSNPK) 4375 F- PC1 IEJ7 1] SNPK 4.1721.65 a ~0.00£1.91 ab
EF0 CK R EAKEEEMILIE (N NPK) 2 [a8] 44 & uc 2.39+1.06 a 1.13 +0.96 a
NCC - 1.59+1.25b - 2.58+0.29 ¢

FEE(P<0.05), 7E PC2 #i b UC 5E REM L

[ — 5 H AR [6] iR 5 B R 22 A B KT (P <0.05)
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(CK.N.NPK.S.SNPK) Z [ 25 8.3 , B NCC Z [z 5H B& (P <0.05),

WA AR DR B R S S R TR AR AR S AR B, ey PR R, SRR IR TN T B B IR . R 4
BR58— M BABRMEERRIEAE 19 1, ERAFHEHEAL6 1) EHERE G D) FIRRE 4 1),
5% — 2R BABRAMHERERREA 6 1, TEAFHMER 2 1) REWRG D) FRRE( 1) . b
R AR RIRITNR S YR LY ) 2RI

®4 M MBRENERSBEET

Table 4 Loading factors of principle components of 31 sole-carbon sources

J#5 Plate number A A Carbon source PC1 PC2
A2 B-F 3£-D-# b (B2 ) B-Methyl-D-Glucoside 0.86 -0.07
A3 D-2EZ B - iR (FRERZE ) D-Galactonic Acid y-Lactone 0.81 0.17
A4 LK &R (LR ) L-Arginine 0.73 -0.44
Bl PIBRER H i (HAth ) Pyruvic Acid Methyl Ester 0.54 -0.14
B2 D-AHE/ TR EEBE (S ) D-Xylose 0.44 0.61
B3 D-2f 7 B R ( FRERZE ) D-Galacturonic Acid -0.75 0.23
B4 L-R & BE ( Z MR 2 ) L-Asparagine 0.89 -0.08
c1 I 40 (B4 ) Tweend0 0.56 ~0.07
c2 i-IREEBHAE (B2 i-Erythritol -0.64 0.50
C3 2-BH I R (RIS ) 2-Hydroxy Benzoic Acid 0.42 0.28
C4 L-ZEN &R (R FEBRJE ) L-Phenylalanine 0.55 -0.04
D1 7R 80( A 4)) Tween 80 0.70 -0.53
D2 D-H B EE (K25 ) D-Mannitol 0.85 0.24
D3 4- B FL PR (RIRS ) 4-Hydroxy Benzoic Acid 0.86 -0.11
D4 L2255 (CEILR ) L-Serine 0.78 0.35
El a-FEMINE (RE %) a-Cyclodextrin -0.28 0.66
E2 N-Z.Bk-D #2854 ($525) N-Acetyl-D-Glucosamine 0.86 0.26
E3 v-B TR (FRERS) y-Hydroxybutyric Acid 0.60 0.05
F4 L3545 (SRR ) L-Threonine -0.53 0.26
F1 JHHE (G ¥) Glycogen 0.69 0.52
F2 D-7&BE R ( FRERZS ) D-Glucosaminic Acid 0.37 0.46
F3 KRR (FRIRZL) Ttaconic Acid -0.26 0.73
F4 HEB:-L-8 &k ( E5:82%) Glycyl-L-Glutamic Acid 0.58 0.22
Gl D-£1 4 — B4 (2% ) D-Cellobiose 0.79 0.35
G2 1-B R %85 ( Hifth ) Glucose-1-Phosphate 0.81 -0.17
G3 o- TR (JRIRZE) a-Ketobutyric Acid -0.01 0.26
G4 K Z e (H2%) Phenylethylamine 0.75 -0.03
H1 o-D-F B (Hi2E) a-D-Lactose 0.64 0.29
H2 D, Lo H i (3if#) D, L-a-Glycerol Phosphate 0.84 0.21
H3 D-3EIREE (JRERZE) D-Malic Acid -0.53 0.10
H4 JE W (2R Putrescine 0.80 -0.33

3 i

Biolog 77 i R 2 1ot A= Myt v X B B R L BE SR IR I A I D RE I Sh A8 Al B IR I SR W 30 4
FHERIR A BE A R, S B ALAR b A B @AM REA —, T RGENE TR E W% B 6@
AALFR(AWCD) 5 AT LA R AR LB B o 20 i B R, O 4 B8 Sl e, (R
PR FERE A
3.1 AT SO0 SRR VR D RE S AR MR TR

AWCD [y7EAL BIZR AT & —FROM A A 3R A A R U, Hh D& R X 800 R e 1 % 0 B B o AWCD
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BT -3 ok A 0 R0 B U ) B 0 AR G RN LR A R, 3 Bl A A e A O 9 1 i
B ARG RAS IR AL T+ A ) AWCD BT HCEBMEAL TR, KB IR T X A sh , Bk
PR e , SR TR L3R YRR A R B T2 T 3™ . Lupwayi BFTAbE I s0xt L 490%
R IR0 R B IR IR VA T T RE R R K RO T H M X R TR, ERGE
A 498 o 2 R R L TSR T e, SRR B A L AR A B R AL A TR AR R TR B AR R R RAL
HAFFEEREY , MR P T E RV F AR, LT 80 A P B BRIR AT

YRR B (H) S EAER(E) SRR BEIER(D, ) FBRIR A & B8 5 (S) RRILREE SR %
FIFEE. 5% DR SRR IEBGR T HABEAL B, BB IR AR A X LI T4, A A T4k fr LI R
PRGSO AE Y S G5 H VB AR T R, SR M W SR HE ) R ERGE IR S BAR h SR, MR
WA AR A P A A KRBT, R I B R A W O RSB A ), TR T L R O &

F RS HTRTRE T R IR AL+ S A BRI R R A R o Rt UM AT R WK R A A
A A Y RBRIE A RE D BB 22 5%, 3R W e v AR AIE S 2 U, i 7 X0 S A 7™
HERRIEIN ) o BEAEE T O M R MR BRUE I O R BE AR o 5B 1 ERUME R T KA
A5 B AR T5 1 EMrIETT [, 0 E K EAEA AL AR T KEE A LESR 1 E i 007 Lo AR
o % E I A R R R R o HELGE S R SRR, O IR MR R IR 1 R
AR PRI AR R R A e . A SR AR A W A K B T R, A W I 4 T R A2
BRREZ B RR , IR R MBUEN MW= R . BHER LR R ER M
BARTL/INTARBEAE N T , £ IHE A Oas S5 M Tt S 0 B+ S R R
3.2 FKEEAFMMEILHERER 19 A Vi vs ThBE 2 R R m

T AE R M - B ) A SRR B BRI . RAFMIFSAT & A RBROKAL S WU LA B HEE
FICHK , FFFE H B B0t B Y B, b 75 H 3R 0) , WOR AR B e SR AT . BRI IR, £
KIEFHA LR )G, DA VURAE R R R A2l M 5 8 IR & SR 4 & BB 0 & B3
i, 48 R BE B T Se B AR Y o S P A B R 9 A M A A R AR/ (B B P E LR
FE S5 FRAR + AN B R R AE W T 4! o Sarathehandra BF 5T 5% 3R, 4 391 i FH PR 3% -+ 600 A W 6 o T IR o
R AT AR IR I, JE 20 Aer KRS AR F IRy KRRt P ZEUIE e 1+ 48 pHL B 3 R I
s RN A B AR LR G R A VUL A TC A LA R BCHE X i3 1 39 57 0 IR B0 A4 1 30 i A
PITE A B BACR

FRIEET AR RS BB T IR R RS HE A, TOREMRECHERS AT AL B+ 3R A )
YRR RIS SR E T B IE AL 3R . +3ERR PR (R T ) AR I S R
FHE LR YA F B SRR TR, RS AT S KRB B i A DU B, 5 5 O E A A, B sk 2R o m] LA
T3+ T o B RUIE RS A M A SR RO SRR B O , RS R AL SR
WK, SR AU , 3 T SRR A P 1R

EREET ARG LR RBIER AR BB E 2R . FREEIERFTLEES T
51 ERGIET 1), B 2250 A B3, BIEA A O AR , T B RV R A AL At AL AE AL B0 A 72565 1
B ITIE o A I B B AN AR 7R AL T RE R R R KBV [ IS Ak 2 - S A W s DR AR
EMEZEEZ— (EYURT &R REBRKLEYWULR B AEEFLR, BITEA LG, X LAY
R & BAALRA BEA, M YRR R AR £RP ARG, BERE TR
FORRI SR 0 A, R WA AR BRIE R TR E T . IR A O BRIE R R
R RIRFEFNR G WY, FIAE g X 7025 AE PR A Wy Bk YR A1) FZE 2L AR 3

FREAEXT LIRS — TR S AR, ERRKANEER ER-REREM L, L3Ry & B2 5
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N AR MBS S R A AR o AR A MRS IR R R AR AR R A W IR
BRI+ U MU RETE (O T BB RIGE A ) o PRI DUBT (O RS LA IR H I SK B R KT
MM Y SRR . S ERABEIERE AR SRR IR A S RE T RS R R IR, E KM H
AL 3 A LI AE R RO 2 PR PR S-S i R R A i v D RE AR

4 #ig

1A ATTE AT LA H 0T 4518

A FIAL B3 (AR AL F (AWCD ) 2B AT b 85 (UC) > R EK#EAE (NCC) > FOKEEA
HEAE (CK) s ERZEMEBCHERE AT (S SN SNPK) > FOREFRICHE NPK(NPK) > FOKIEMEAHEAL (CK) > FoKiE
YR N(N) o 72hAWCD BEMEIIHTRY B3R BE R THE EREEMEREEARIEAL (P <0.05) ; £KiE
PEBCHERE AT R R U E 6 1, EOREARECHEAE AT (S.SN.SNPK) AWCD J2 T K 3% 1 A it A A 5. 7 £ AES
(N.NPK) i) 1.26—1.62 {5,

FRIEMEATAL TR v SIS R (HE S) R TR E (B8 TR SOREMRLL B, 3F T K&
TEfR R T LA I BE . FOREERCHERSAT LR e M A 3 & B8 B S R R T £ K&
PEAHAE A K ZEARHE AL , FRIEAE Bt N RSB R0R B E SRR B

A R AE B - e A MU RR IR A RHIE & A 23 52, BB A0 TR AR BCE RS AT AL BRAR R 7R 58 1 Ay IET7 1T,
o RBUE 2. 39—4. 17 Z [8] , T3P0 VIR A FAREAR 5 TOKGEMEA ML | T KE MRSt AE AR oK
MR HTES 1 RSO, 80 REAE -5.43— - 1.59 Z i), +3RE WA KRR 2R
RER RREMEEY o

FORFEARRCHERS AR A T i el A A e A Lt A R D RE S AR, FOKIE AR
PERETE I 5t SR - S A W T P P D BE A T e
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