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Impact of soil fertility maintaining practice on microbial biomass carbon in high

production agro-ecosystem in northern China

CAO Zhi-Ping, HU Cheng" , YE Zhong-Nian, WU Wen-Liang ( Department of Ecology, College of Resources and Environmental Science ,
China Agricultural University , Beijing 100094, China) . Acta Ecologica Sinica ,2006,26(5) :1486 ~ 1493.

Abstract: The experiment was carried out on cultivation patterns of winter wheat and summer corn in Huantai County, Shandong
Province, China. The purpose of the study was to understand how soil fertility maintaining practices, such as chemical fertilizer
application level, the use of organic fertilizers and the return of crop straw to the field affected the dynamics of soil microbial
biomass carbon (MBC) content in a high production agro-ecosystem of northern China. Ten treatments of fertility maintaining
practices in the field were chosen (where the symbol “ + ” means combination application) : (D wheat straw + com straw, @

wheat straw, O wheat straw + com straw + chemical fertilizerl (600kgN/(hm’-a)), @wheat straw + chemical fertilizerl , ®
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wheat straw + corn straw + chemical fertilizer2 (480ng/ (hm2 *a)), ®wheat straw + chemical fertilizer2, (Dwheat straw +
com straw + chemical fertilizer3 (720kgN/(hm’+a)), ® wheat straw + chemical fertilizer3, @ wheat straw + corn straw +
chemical fertilizerl + organic manure, and {0 chemical fertilizerl randomly designed and applied in the experimental plots. The
content of soil MBC was measured in the different crop growth stages in laboratory. The results showed that: the content of MBC
was highly impacted by the intensity of organic material input and had an ascending trend with organic material. A single chemical
fertilizer application could restrain microbial activity in high production agro-ecosystem, although the restraining action was
weakened by the input of organic material. An equal content of MBC was found in the plots where different fertilizer levels were
combined with crop straw. Corn straw and wheat straw return to the field cooperating chemical fertilizer could significantly weak
suppressive effect of chemical fertilizer to microbial activity. Organic manure application had an obvious impact on MBC
concentration, Different combinations of straw (wheat straw + comn straw and wheat straw) returned to the field had distinct
variation in different seasons. Further, the content of MBC in comn straw and wheat straw return to field was higher than that in
wheat straw return to field from annual average MBC. The content of MBC had the following ascending trend as concemning annual
average MBC: Chemical Fertilizerl < Wheat Straw + Chemical Fertilizer] < Wheat Straw + Chemical Fertilizer2 < Wheat
Straw + Corn Straw + Chemical Fertilizer2 < Wheat Straw + Chemical Fertilizer3 < Wheat Straw + Comn Straw + Chemical
Fertilizerl < Wheat Straw + Comn Straw + Chemical Fertilizer3 < Wheat Straw < Wheat Straw + Corn Straw < Wheat Straw
+ Com Straw + Chemical Fertilizerl + Organic Fertilizer. This suggested that for a high fertility agro-ecosystem the best soil
fertility maintaining practices was that of returning straw to field with organic manure.

Key words: agro-ecosystem; fertility maintaining practice ;. soil microbial biomass carbon
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EWHAEXRZED LAB; EXFBHEREN 8/’ ,\ 1997 F9 AFBERBHLR , BEXZBHTRRSEA
BHE AL R BB 9 % HLKE AB 7K ¥ 600kg (3 B 4 480 kg, 3% B % 720 kg) N/(hm’ - a), 166.5kgP/(hm® - a), 148.5
kgK/(hm® ~a) ; 6 IE &4 F 9 IR % (N46% ) ; T il L BE MR 45 (P,0,12% ) ; B BE — 4% (N22% , P,0,46% ) ; KC1 (K, 0
63%), {WIBHEAABRENEZTHERSZY P74 10 A VMR /D ENEEIR 150kg(HE N 120 kg, HEH
180 kg) N/hm’ .99kgP/hm’ \81kgK/hm’ FI7E 4 A FIHEIR 1AL 150kg (3 B N 120 kg, 3 & ¥ 180 kg) N/hm’,P.K B
BERIEHEA ;72 5 A RFE EOKeTHERAE 100kg (W B % 80 kg, 3% & 9 120 kg) N/hm’ ,67.5kgP/hm’ ,67. SkgK/
hm’ FIZE 7 AR LK 7 AJRHEZ L& 100kg(W R Y 80 kg, &N 120 kg)N/hd’ ., P K JE 3 1 5 B i
Ao BHIEREIE, BN 30m’ /b’ , HKE#EELE BN 0.24% ,NH; -N 3§ 860mg/kg, NO; -N 4 10mg/kg, pH
HF7.3;10 APV EARBHLHNERAENRNESHEH —EBABE., £PERFH .65 23, FHEEEN
120 TEAH/ o’ s EEKRSF 8 E 10, FHEFE N 80,000 £/ hn' .

R BRERED 1998 £ 4 A Z 1998 45 11 A, 3t 7 K. 1/ 3cm x 20em + 4576 R R 403 /X BEHL
REO~20emBHELHE 1545, BEEREHETEHESPHE , BEXREXKBILRSFN. +EMEDEY
BHCRAEMEH - 0.5MK, S0, BREME , BARBRA Vance " ANL B, BREEPTBERRAE
BRHEMIRAEERNE  BRREN 2.64, HE T EBAHERRAEA L RRAESFT T ERME"

P8 XA IE R A EXCEL 1 SPSS B # 78t 247 o

1 EEftRBLE
Table 1 Treatments of looking behind experiment in the field

2 :: e EXRFF NEFEFE 1L A

Treatment Code Corn straw Wheat straw  Chemical fertilizer Organic fertilizer
1 £if WS+ CS + + - -
2 FE wSs - + - -
3 23 + LHE 1 WS + CS + CF1 + + + _
4 FE+ e WS + CFl - + + -
5 £iE + it 2 WS+ CS + CF2 + + + -
6 ik + LHE 2 WS + CF2 - + + -
7 2 + L 3 WS+ CS+ CF3 + + + -
8 #iE + LAE 3 WS + CF3 - + + -
9 & + B 1+ FHE WS + CS + CF1 + OF + + + +
10 1LAE 1 CFl1 - - + -

+ FRARHE With, - FR X Without; WS-wheat straw, CS-corn straw, CF-chemical fertilizer, OF-organic fertilizer; fL B 1( CF1) : % ¥ 16 # K ¥
(600kg/(hm*+a)), Means used 600 kgN/hm?® per year; fLAR 2( CF2) : b % #L i 2 7K - fi 20% (480kg/(hm® *a) ), Means 20% less than “chemical fertilizerl”
for the application 480 kgN/(hm® - a) ; fL & 3(CF3): tb % # i 2 /K ¥ & 20% (720kg/(hm® - a)), Means 20% more than “chemical fertilizerl” for the
application 720 kgN/( hm? *a)

*2 TNEAKR
Table 2 Physicochemical properties of experiment field soil

BHUE (%) R (%) LB (%) A BB (mg/kg) Z3 P (mg/kg) A B (mg/kg) pH
Organic matter Total N Total P Available P Slowly available K Available K pH
1.83 0.12 0.11 19.83 774.23 135.37 8.26
2 ZERE5HW

2.1 LIRS - WA A Y BB W

2.1.1 ERRELREBAEN LBHAEVEDEROE R KO 2(ER)SHE4(EL + LB DB E
AL, L RMEVRRERT 6 A2 A8 2(EFR)E A 4(ER + LB NEF—% MHAE4 A5
ABAOAMI AZRZBBEKFE(*,p<0.05, t-test) ,BTE 6 A E4(EFE + LB 1D E AL 2
(EB)R—2, R BXPBEKE(p<0.05), THERE6 ARR . BERH T, ALENSBRADREK
F HEVEDTERBENER CERUETEFIBITTENEENN. AN2EVHEXRE, AE 2(ER)
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LSRR ELAE 4(ELR + LB 1) 23.42%, 2R XB B EKFE(*,p<0.05, i-test), AlHERK
BAME AL AE6E - AR &5, pH H T R& , B =, MAEYEHERS .

B 2(ER) 54 6(RRL + LIE2) LR 401 BWS OWSCFI 1998 4F 1998 Year
(B 2), + MAEMBBAT 6 AN M 2AKE) 3, > _—
MICAE 6(RE + I DER —s MAE4A S A, BE o, %
8 AM 11 AER KB BEKFE(*,p<0.05, i-test) {0 g;;—; 200 %
156 A 6(F5E + LIE 2) B AL 2(F) B — B 150 g
s, EREBBEKTF («, p<0.05, rtes), THER 3 0| .
1E 6 A BB B AT AL SRR , B Y 0 Z

BERBORE,MIERGET ZH ARG RENREF T Y Menh | v
B, NEFEELHEXRE AH 2 ELD )N T EREDE
BE AT 6(£E + (LI 25 21 1200 BRKBNGH | e RRAERER R
K¥(*, p<0.05, t-test), AT RER K HIHE AL IEEE + Fig.1 Impact of employing organic fertilizer to soil microbial biomass carbon
BRS , pHE TR, BSHEE, MAEYEEES ( comparison of treatment 2 and treatment 4)

HAH2(ER) 54 (EL + LB 3B R
(E3), T BAEYRKET 6 AR st 48 2(EL)APLLAE 3(FXiE + B3 EH —% ,MAZE4 A 11
AERFBBEKFE(*, p<0.05, t-test) ,JHFE 6 AMLIE 8(EL + LB BEHAE2(EFRL)E— &, 8
WEBBEKF(*, p<0.05, t-test) , AJRERE 6 ARB . BEBAGT . AIYSBEAE, HEVEHIFEK
BENER LERBETERIBITENREEZENN. N2FFYHHEXE LH2(ZL)NW T BHEYERRE
HALTE 8(EE + LB 3) R 12.85% , E R EFIBEKF(*,p<0.05, t-test), A RE R K A i F 4L AE fF 1+ AR

g pHE T M, B, MAEYEERS .

—

_ ;gg ., BWS OWSiCF2 1998 4 1998 Year 400  @BWS OWS+CF3 1998 4F 1998 Year
C ’ @ 350 |
o L > ) Z *
LB gguer 2: 0.
& L & g 250 [ 7 £ : Znl ol
s %l || 7 AR
WE 150 #s1sord | O Al || | |
&£ 100 R§ ool ol 0| 7
we gwa A al gl a0 ]|
0 . / / o A\ GO\ G| G\ G| %\ 7
4 5 6 8 9 10 11 4 5 6 8 9 10 11 HA

A # Month Average A4 Month Average

H2 BALEMSTRMEVEYRENEH(LE 2 MAEek EHI3 HALESIRBAVEYEROEm(GEE 2 LS I
8) 8)
Fig.2 Impact of employing organic fertilizer to soil microbial biomass carbon Fig.3 Impact of employing organic fertilizer to soil microbial biomass carbon

( comparison of treatment 2 and treatment 6) (comparison of treatment 2 and treatment 8)

2.1.2 2R RELERBAIEN L EHAEVEVRBHOEE HL4HE 1(20) 548 3(£8 + LB DL
BE4), T RUEDEKBRT4A 6 A1 AZS KEAGLE (28 E (28 + LB DER—
o OMAES AN 10 AZEREKFNBEKFE(*, p<0.05, i-test) ,BTE6 AGALTE3(2F + LB 1) EHALTE |
(£0)E—% , EFWEFBEKFE(*, p<0.05, t-test), TRERE 6 BB . BEBEHT,ENYH BRI
B, MEYEITERENEAR MERBETEFSMITENAENB . N2FEFHEXE,LH 1(£18)
HEEBADEREL G I(£F + B 1)E 7.49%

WA 1(£8) 54 S(2F + WE2))HUBER(ES), LEMAEMEKRE T 6 A9 A5, A1
(28)MELEs(2R + B 2D)ER—E, MAES A 0AMII AZREBBEKFE(*, p<0.05, -


http://www.cqvip.com

£ 000 http://www.cqvip.com|

1490 # & ¥ R 26 %
test) ,{H7E 6 A OHALHE S( 438 + (LAE 2) H AL 3 1(&2 450 WS+CS O WS+CS+CF1
BB, EROEABEAFE(x, p<0.0s, - F,aop T ‘
test), FTBERFE 6 ARIE FHEAHT, AOIAME ZE 300 :
BOMENEDFEAROAR LERHKT EFHE H3 20
FRENARFH. NSEFHMERE LE 1(2E) § 150
MMM REE LT S (28 + KIEDH £ 5 I
17.29% , £ REBBEKFE(*, p<0.05, t-test), AL 0 10 11 #E
RA TS A G SO 45 , ot T MR, R, A} Month Aremes
HEEE RS, B4 HEALEN TREEEYRRKOBELE 1 L E 3 )

% kb3g 1( £ %) '—'3 kb 7( £5% + {LIE 3R %I Fig.4 Impact of employing organic fertilizer to soil microbial biomass carbon
(E6), t MM AEMBHIRT 4 AR 6 B 240, AbHE 1 (comparison of treatment 1 and treatment 3)
(£B)EBHALE T(2E + LN EF L, MAE 11 AEZERERNBEKFE(*, p<0.05, t-test) ,{H7E 6 A
AL 3E 5( 238 + fLAE 2) R AL E 1(28) R — &, ZF WEHBFEKF(*, p<0.05, r-test) , AIRERTZE 6 A
RiR HEAGT AN BEARE, HEDEIFTERENER LERBETEFIBITTENARTE,
MEFPHERE,AE 1(28) N L EBMAEY BRI AT 7(£1E + LIE3)H 7.22%.

450

o 00f 9?2(1::98'3 Y‘:V:+CS+CF2 7 400 1 @ WS+CS D WS+CS+CF3
30O 350 : %‘oo 350 [ 1998 4F 1998 Year
E2 300 E’ﬁ 300
ﬁg 250 | igg 250 |
Sg 200 g; 200
g?, 150 g.‘g 150
gE 100 §E 100
50 ®" 5
0 Z A ; A 2 0 Z
4 5 6 8 9 10 11 $E pros
A4 Month Average A4 Month Average

Bs ERAENIREEWEYRROERWGEE 1 LB SHE) BHe MALENTRMEWEYRRKNEE(LE 1 ALE 7 HE)
Fig.5 Impact of employing organic fertilizer to soil microbial biomass carbon ~ Fig.6 Impact of employing organic fertilizer to soil microbial biomass carbon

( comparison of treatment 1 and treatment 5) ( comparison of treatment 1 and treatment 7)

Bl , it 2 F 8 5 % 3 A 7 6 AR 8 8946 BB 4b 78 b 3558 2 2038 5 2 38 B A [7) 16 AE B A4 4k B &b 388 L 5 33
AUEH, ERPBALENESENRBESRET EAMAEMH T LEBEDHEE, BESELHES,
EXRFITFRBEE LS LRI BMb, 3 IR EUE YRR BEE B, fLRE X 5 A W B 1 ) 4 PR BT o35
2.2 AU BB YA BB W
2.2.1 AYUEX B EMEYRBRAOE R ME7TTUES, HERMEYWEYRBRENRAAGBHELHE9
(& +LE 1+ AHE)BTLAEI(2F + B 1) MAE A 8AM 10 HAERSHBEKFE(*, p<
0.05, t-test)o MEEFHERE , LB I(2E + LI 1+ AHE)NMAEYBKRLAE I(£F+ B 1R
20.45% , EFWEBBEKFE(*, p<0.05, t-test) . XIEHAANETUB FRE +HBHRMAYEYER, F
BERBMBA YA LSRR AEY AR BERBEMER, MBEFUNTEE - HRE KL, Z 8508t
WAEWMEK,

2.2.2 HEHEHMN T BUMAYMEYERNEWE G 4GER + I DML 10LIE DB EI(ER),
4R 6AMI10 A, EX + WELBHAALELABOMEYERS L, 4 AMAERKABEKTE
(%, p<0.05, t-test);MPZES H.8 .9 AF 11 A{LIEAIEH FE R + LIEA BN MAEYRRE —24,8 A
REFBEKFE(*, p<0.05, t-test) , AIFER 7 AKMEBIERHE THEYNEBER  ENTRERK W
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W OANTIRE THAEVER, NEFEFHEXRE,AHE4(ERL + B DEHAATE 10(4LAR 1)B 15.57%,

A E 3(2E + LR )M 10(LIE DHEEZIR(E9),BRT 8 Az, 278 + B BEAREAH
HARLAHENEEDERE - MAE4ASAMI AZREBHNBEKE(*, p<0.05, t-test) s, ML
FEHERE A 3(2E + IR 1) AL 10(4LAR 1) F 37.34% , 2R X BB EKFE(*, p<0.05, t-test) , E
BERBEANNEMEKRBTIBTERK OB E, FUBEYHEE —EL TEEWKE,

500 -

e WS+CS+CF1+OF : 1998 4F 1998 Year \g1§1+0F1
_ - O WS+CS+CF1 ] = 300} -
%o 400 1998 4F 1998 Year 7 20 I
7] / i y
E§ 35| 7 E g 250 Z
St * / % * va /
EE300| R L & E 00 é 2
w50l 9 a4 1| ™ 3 ? 7
EE ol ol ol gl 9| | R§ 7 7
S L al gl d| gl | v g 100 7 7
s a1\ 9| Al 4| A | 7 b} 7 2
g2l Al Al Ol A & Z /
immminlmnmm / /
ot Al Al gl G| | G 50 7 7
4 5 6 8 9 10 11 A 4 5 6 8 9 10 11 HE
A4 Month Average H# Month Average

B7 MARYUES SBCE RO ML E 3 flEo ) s HATEXN LMMEDEYRBROE W (L E 4 fidtH 10 HE)

Fig.7 Impact of applied organic fertilizer to soil microbial biomass carbon  Fig.8 Impact of applied organic fertilizer to soil microbial biomass carbon in

( comparison of treatment3 and treatment 9) forward experiment (comparison of treatment 4 and treatment 10)

H ik, Tig R FEFT 21 iF 2 2 #FiE HEC AL IE , #5410 B 5S T/ IEX A YRS e/, EME A
VBB ERR,
2.2.3 AAKWFBEFLEHTAN L EREYEYBROER 48 1(2E)MEHE 2EE)LBEEH(E 10),
ERAEESA S AN0 AN ALEEAENBENRKS L&, MEE 10 AZRKBBEKFE(*, p
<0.05, t-test) , EERE 10 ARG EXRBHTREELP S LBWAEE M, BEHNT LRI EMHE. BE4
HO6AMIAZELBH LA BMAEYBHRER —L, EXE 6 ATHKNER/TEHFTH, NEFFYy
EXE AE1(EE)NMEDNRBR LA 2R )IKR—2,5 3.48%,

o
(=3
o

| @ WS+CS+CF1 1998 F 1998 Year _

% 350 OCFl ; . 450 @ WS+CS .

Ebci 300 |- 2,400 . Ows 7
TRl £ 0
s & E 7 nm
5 200 % < 250 Z | 7
ok 7 E / n
#E 150 % R 200 % N
ﬁg 100 Z ﬁ"g 150 Z é é
S Z S 100 Z Z
ﬁz 50 é .HE é é é
. w= ]| [ n
0 7 2 / 2 0 % 2 Z. Z

4 5 6 8 9 10 11 39@E 4 5 6 8 9 10 11 4
H 4 Month Average H4# Month Average

Bo RHZHNLRMEDEDRBHE E(LEHEIALE 10 B0 AEBFCHFGLREEDEDRBROEEEE 1 A
) AbF 2 HE)
Fig.9 Impact of applied organic fertilizer to soil microbial biomass carbon in  Fig.10 Impact of different straw return to the field to soil microbial biomass

forward experiment (comparison of treatment 3 and treatment 10) carbon (comparison of treatment 1 and treatment 2)

B 3(2 + LB DAL 4(CERT + B DEETUFRR(E 1), T EHEYEMEMRET 4 H .6
AZi HEARBERELEI(2F + 4R DB FAE4(EL +LR D), MAES AM1 AZRBABEK
(%, p<0.05, t-test) ,{H7E 6 AMALE 4(ERE + IR NERAEI(LE + LB NE &%, ZRBEAE
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FEKFE(*, p<0.0S, t-test)y NEFEELHERE, L I(2E + LB KA BRI 4(FE + 4B
1)K 18.83% , R ZBIBEKFE(*, p<0.05, t-test), TERFANELEEEFTKEKMES/NERT, W

ENEBHPAERBHF-EBA LS, X L RBEEDH R WE R,

ML I(£iE +LIE 1 + HYUE) 54 3(2iE +

400

WS+CS+CF1 1998 £F 1998 Year

(R DRI 3(235 + LI DAL 4(RE + i 8, 20 DV
DB LR th, 2ER ARG B BEMRNE £
MAT2ELE SELBRTEELE, RAHY E2 200 7
RRANRE , MEDENREMGRE g5 2
3 #wsite ¥ %

BT R RY, Tit RN 236 R 2 A #F ol 1.4 T
i RS, AL AEAR I 1 T £ 80 B B2 o 2 Rk, 0 A Month Aversge

THRENR LR, WRMRIFE H RS A, 58 B FRBFEEHFN L REEDEYRBOER(LEI M
BEULEMBEDEYERBROPRAHE. ERME 4m, uw)
AR ERARBESRE S, AABME T LIEE Fig. 11 Impact of different straw retun to the field to soil microbial biomass
VEEE, TEREAKALEM AT ERENEE
YER'™ . [RIB 39 7 FR AL AE - AR 45, pH 15 T B,
WL, MEYEERS™ . BTENYHEBA XHMHEALES AARHFLHERT LEHEI
B,MET RO BEASER BT HRMAEYRERE"", A, ERRASENLHRIESRET,
B AR B BB RO 2 WL IE M AR B R AU B, i AL EX A X R B MEER.

FIYBRANBEXMNBMEYEYBRERERWE W, EEFIYHRA , REYEYREEN, M BEIYE
BAMBE MAeYEYRMNORE ., AIYER, TURE T SMAEYHERE"Y . HEMEEYEY
BHEHACEARZBAZH RABVIER —FEAMER , EAZGEYRE SRR RO AR EY
FAEKEBHRT RGMAERMMEER, WEMAEYERFAFORRIRE, BL5|E + EE Y E YRR E
Bm', HFSRLEN L RMEYRBRNOEAE TELLE, RRRZ AR/ NERFEERERPEN
Bx,E/EBMHPHEMEKREAEEEL P S HEFT S EM, X L EBAEYH R W E K RBER—%; W
NERHREERAKMAERS HFEEXNABA LY L BHEDHRERE/N—8, EEEBHFEAL
REABIERHEMT L EOHRAVEYER, TEREIGARENRERNT MRESFEEMEDEHEMN
BHET" ., AURBRBEFIBRPEENTHAN N RRECEFRTENEETEYHER, MM TRY
AKAMBRSRY, B GEd T LA EM B8 THREDEYE™

B2 BKEHEHBABRKTUMNEREAMRLESRE LB EYEDE BEAFRMBRBEAN
AMEREEXN + HBEYEYEBNFWAERARY, IFFEHEERVKE M, LEREEYBEERS I,
B EAE M EHOBEDEYE  HRERIAE —FMHEHER EERFVYHBRA , XHMHERAS
B MmO EM AR SEYHERAHE, B, ERKPEHELNERARLAESRETRBE
HeBMEHREEVLIE,

carbon ( comparison of treatment 3 and treatment 4)
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