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Sensitivity analysis and dynamics of soil microbial biomass carbon, nitrogen and
related parameters in red-yellow soil of tea garden with different fertilization

practices

WANG Limin, QIU Shanlian, LIN Xinjian* , HUANG Dongfeng, LI Weihua, QIU Xiaoxuan
Institute of Soil and Fertilizer, Fujian Academy of Agricultural Sciences, Fuzhou 350013, China

Abstract: Soil microbial biomass as an important active component in global carbon and nitrogen cycle, and its relative
parameters can function as sensitive indicators of changes in soil quality. Our objective was to investigate effects of different
fertilization practices on soil microbial biomass Carbon (SMBC) , Nitrogen (SMBN) , the microbial quotient (MQ) and the
ratio of SMBC to dissolved organic carbon (DOC) , and to analyze the correlations of these biological indices with other soil
parameters, the physicochemical properties in tea leaves, respectively, through the long-term fertilizer experiment of the tea
garden in east Fujian(119°23'—119°51'E, 26°41'—27°24'N). Six fertilization treatments were designed in this study:
chemical fertilizers (C), half-organic manure plus half-chemical fertilizers ( (CO),, ), organic manure fertilizers (O),
leguminous green manure plus chemical fertilizers ( CL) , half-organic manure, leguminous green manure plus half-chemical
fertilizers ((CO),,L), and without fertilizers (CK). Results indicated that in comparison with CK, SMBC concentrations
in (CO),,L, CL and O treatments increased by 1.87, 1.26, 1.49 times, SMBN increased by 2. 18, 1.32 and 1.70
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times, respectively, whereas SMBC and SMBN concentrations in the C treatment decreased by 46% , 59% , individually.
In terms of the ratio of SMBC to DOC, different fertilization treatments followed the orders of 0>(CO),,L>CL>(CO),,>
CK>C. Thus the fertilizing effect on soil fertility improvement in the O and (CO),,L treatments was better than those in
other treaments. A correlation analysis revealed that the concentration of SMBC and the ratio of SMBC to DOC were
significantly and positively correlated with soil urease activity, the contents of soil organic matter, total N and P,
hydrolysable N, available P and K, soil water, CEC( P<0.05) , respectively, further suggesting the concentration of SMBC
and the ratio of SMBC to DOC are closely related with soil fertility, and can be used as the sensitive indices of soil fertility

in the tea garden with long-term fertilizer application.

Key Words: fertilization pattern; soil microbial C and N; microbial quotient; related parameter; sensitivity analysis

TR Y A YR A VUTR A A AR e R e A R PR R Y Ho IR
A=Yk (SMBC) I (SMBN) 7 384 ALRR A1 4 &0 L] B /N (BB AT 45 5 56 MLk AL A R G 2R
FARY FE A BRER RIS T BA L E B ER . EATRAE YR (MQ) B R -+ AT 7R AR ) A
JEAR AR YRR R HEVERS it AE Jy 2 S A R R R R AN

ST OK PR IR R 2T B A S 2 PR 3, SR 1% X AS BE K 3 g FE F7aB Ak = &)
SERERFAEREAE R AR AR AR AnaT b, A0 i 22 /D | LR - S U s AN L R,
DL ] 2 Ml X 25 Bl 35 AR B0 5 6 3k 36 - 6, BIF9E S RH IR S P A AT 05t 0 A AL TG AL I i 45 95 AR A =X
SMBC ,SMBN \MQ Fl SMBC/ & f#A HILi%k ( DOC ) HAE A AR 10 J HL 5 - 4637 43 S A B G F | LI Ik 1 o kg
HA USSR , IER PR AS [R5 IR X T A I = AR 7R, RiZ X 2% [l Bl i AR SR AR 3
1 HARXBERER

KIAE R AR B L TR, R T8 A AR AL U (119°23'—119°51'E,26°41'—27°24’
N) & T il B TR e R R, AR DA AR, Febe o Sl B AE G, Mt R AT
PR B AER A AR T R A AT A PR 7 255 i i st %) 355 A A 0 5 (67 30560 DX, 6 i 7 b oAy 1L 2T | B3, 2006
ARSI 6 N Ab 3+ 3 ) SRR AR SR K pH {E 5. 19, B AL i 4350 7. 40 o/kg, 4= N T 43%0 0. 40
o/kg, & P JRE/ME0.10 g/kg, 4 K i /340 22. 40 o/kg, /KM N JTi i 204 58. 34 mg/kg, 3L P JF & 434K
0. 87 mg/kg, AL K 40 77. 20 mg/kg, 4E¥E 19.3 °C 4 H AR 1836. 6 h, 4Ef#/KE 1539.9 mm ,3—
9 Ay 2 HAERRK SRR 81.5% ,10 A—B4E2 Ay h8RZE,

2 #MREFE
2.1 Wit

R R T 2006 4F, % 6 AEFE 4351 CK(ANHEAR ) ; C: AL AE (4FjE N 102.9 kg/hm*,P,0; 33.9 kg/
hm*,K,0 33.9 kg/hm®) ; (CO) , , : b AR+ A WL (5716. 5 kg/hm®) ;0. & A5 HLAE ; CL. & s AL AE + 5
BN (B Pl ( Cassia rotundifolia Pers. ,34721 &) ) ;(CO) L. P LB+ A VUL + T RMZE , B4
HWEE 3 W, RAMEN XA, DX K 13,65 m®, AL 25 W K 3 W35 ( Camellia sinensis cv.
Huangguanyin) , [BI MU (C. rotundifolia) #&F iR 7.5 kg/hm® , B4 75 { SR AH 25 T 25 Il 17 18] 36 £, LR
HYRP U BEZ BT  TEAERR R AR & . APUIEH AL B 7341 368.9 ¢/kg, 4> N il 5348 9.0 g/kg, 4>
P (P,0,) JRE/3822.90 g/kg, 4> K (K,0) Fife/%05.29 o/kg, B HIFHIRE Wil — Mg usn, Ae
B RAE TR T %00, 25 A0 BRI T DL 1,

2.2 MEACRAE S A

2011 4E5 A4y, 43 525380 /N X a4 S T BORE VL BEATLAT ASCREEASIE 32 (0—20 em) H4F IR G35,

YRy . — Oy KT R G )E L TIE 3 pH (E BHES Ak (CEC) AMUR & N 2P 4 K K
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N AP ALK KBS WEIREE 5K, 75— L HIBR A AR AR AR 2E , i 0 IR E), BT 4 CUkFEIN,
HF 481 DOC . SMBC 1 SMBN, IHbAh | SR A5 B FREE B3 /N DX B 25 I 7= i M 28 ks, T AT AR T RIS e |
HEZEM N P K S LW KR & & rieE .

*1 FLHENXMEES
Table 1 Fertilizer rate in each plot/ ( kg/hm?)
Ib B RFE WL — 8k A AP
Treatments Urea Monoammonium phosphate Potassium chloride Organic fertilizer
CK — — — —
C 208.95 67.80 56.51 —
(€CO) ) 104.48 33.90 28.25 5716.50
0] — — — 11433.00
CL 208.95 67.80 56.51 —
(€O),,L 104.48 33.90 28.25 5716.50

CK: AN Without fertilizers ; C: 22 AL Chemical fertilizers; (CO) |, : 25 AL +2f B A HUIL Half-organic manure plus half-chemical fertilizers ;
0.2 EAHUE Organic manure fertilizers ; CL: £ L AE+ T REEAE Leguminous green manure plus chemical fertilizers; (CO) |, L 2 EALAR -+ B A HL

NE+ G ARRAE Half-organic manure, leguminous green manure plus half-chemical fertilizers

e 5 575
254 N ] H,S0,-H,0,- 8k 2514 P H,S0,-H,0, 14 & -4V 8 b ik, 2814 K ] H,S0,-H,0,
THAE-JIECEETEN . R WA R Ak ek KR Y KB, 108, 261, JFFRE " 25 ik
FHARE: RO R FF S 13- SRR M L €72, B R B FH B AR R 4 b (31 SMIBC \SMIBN >R FH S8 1) T 2% -
0.5 mol/LK,S0, 3421 $EBOK B HELE TOC-500 ( Shimadzu ) A HLER F 350 I | HiZ 20 B4 - 7s
A B RBOR P AL C WEEED R DOC i, Hofth - e AR R o BB ik

HEAL,
SMBC =E . ( BEZE 5 HBOR T AHL C % i — AR B0 IR I Th AT AL C & 88 ) /K
K, K, =0.45,
SMBN =E\ ( BEZE 5 $EHOR 142 N % it - AR 20 AR IR 4 N & i) /Ky
K, K =0.54,
MQ 248 SMBC 5 34 HLA (TOC) & i L E,

2.3

25
SMBC 22
Hl.MQ="—" £ % 30000 b a
TOC ;ﬁé 200.00 d . +*
et B/ = 10000 [ £ b b4 3
2.4 HUROHT £2 Ow,w,fﬁ,g,:z,:
Bl R SAS 8. 02 #PEHEFT ANOVA J7 2500 fl § 5 K € (@uz O CL (COnl
e . i AL ¥ Treatments
Duncan's ¥ 8 51 4 LA IEIATHICHERT, 3 ©
M55+ HTR S Excel 2003 4b3E E1 ARAEEEXFETEMEVEVERNSE (=RHER
=)
3 %%56}*}? Fig. 1 The concentration of microbial biomass carbon ( =

3.1 AEEEIEE SR A YA Y B e 24k standard error) in different fertilizing cultivation of tea garden

soil

ARG OB AEFE SMBC Qi 1 f , 4540 B 0] ()
SMBC &2 % 8% (P<0.05),(C0),,L >0>CL>
(CO),,>CK>C, H 4EfbitAb B C B SMBC 75 &
SRR, PR A A 0 0 it S ol 7 - 398 v % B8 TE AL R 3 38
A Y A AR W T s T LA AR,
C/N LU R, I T 566 HLER 1Y 43, FRAR T 8 AL

B A /NS 58 R8I 2% 55 CK: AJE L Without
fertilizers ; C ; & it fLHE Chemical fertilizers; (CO) ;2 HAL AR +2f
A PLAL Half-organic manure plus half-chemical fertilizers; O; 4
HHLAL Organic manure fertilizers; CL: 4= w1 4k i + & &L & AT
Leguminous green manure plus chemical fertilizers; (CO) , , L: 1k
AR+ A AU + SRS Half-organic manure, leguminous green

manure plus half-chemical fertilizers
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i 2, 3 B A W Bh R TR AL | SRS R 2R 4 BRI SMBC 0 Bt sl it AILAE Y 3 AR
B 40 SMBC & HEIAL CK A AR BE 0y 7, WAt FH A HLAEXT SMBC HA B AR A8, R R
HUIEIEEA BN T 1384 W sl R U, (B P R i B, beah , BRI el (C. rotundifolia ) 1) P Fil
FERE((CO) L Fl CL) B SMBC & s3I, i TR B (C. rotundifolia) J& T S RHR AL, Al
FA 5 BN T RO A ILREIR Y T, I 00 Sh B 2 A AR IR, 3SR A T 5 R R 3
FRPRAR 3t ) T4 = S W s R i SMBC 5
3.2 AFERFAER IS b 3k ok e A AR 1

2 AT, £ B EEU I SMBN A RS 25 o
SMBC HEA—H,H1(€0),,L >05CL>CK>(€0),,>C. &2 000
U BRI (C. rowndifolia) BB 4 £2 7
ISR E A P E2 O © O o e

i IR A PR A AR R i B0, B R SMBN
M BAREALAE 230 A Mid v, S50 SMBN E2 FRESEER t S n R R0 S 8B (hrfkins)
é\%‘mg%o Fig.2 The concentration of microbial biomass nitrogen
3.3 R 25 B - ek M L e e B (-'_:slandard error) in different fertilizing cultivation of tea garden
AT LR L A !

MQ Sz i+ e A HLBR 55 1L R SMBC FORCR . AFEFACEL X MQ AYSEIR WL 2, BR T C AbFEAN , oAl 15 A
R MQ Fo CK #A AR EER AN, Jo LA AR O B3 iEA I B, X R WA WUIB AL BA ) Tie pk +
AT HLRR 7] SMBC 4k, M35 A7 LR 954k, SMBC/DOC FL{E I R/NIF A 0>(CO),,,L>CL>(CO) ,,,>
CK>C,J5 3 Mk HE 5 SMBC B2 LA I B o
3.4 RGO RS 22 5 4 % 4 R R Y z;ttj;ﬁliﬁﬁﬂ*ﬁﬁﬁlﬂi%ﬁiiwﬁ, MRBEDEHRMBHREN
ﬁTﬁi%%ﬁﬁ/{ﬁﬁﬁ*ﬂﬁ& ttfﬁ'ﬁ?‘ﬁﬂﬁ?ﬁﬂ‘]*ﬁj@@ Table 2 Microbial quotients and SMBC/DOC ratio in different

i SMBN ,SMBC ,SMBC/DOC H{H A1 MQ 55215

fertilizing cultivation of tea garden soil

R [ AH ¢ 22504 3 A1, SMBC . SMBN & & /739l 5 . e i T
o % v 2 = s ‘ Microbial A LR
i%ﬁm})ﬁ; \é N\'% P \7J(ﬁll‘]‘ N\ﬁlﬁ p \JE)(& K Eq:i Treatments quotient/% SMBC/DOC ratio
%ﬁ,ﬁ7ki\CEC\%@ﬁ{ﬁl‘i,%@*x‘jﬁf%,%@”f?ﬁi, CK 1.958 0.622
ZM N P K XL KK HY &GRSR BEE c 1.061 0.323
I (Ry s =0.468,n=18) , #E—EiFE S T SMBC Fl (CO)rs 2.007 0-866
SMBN HIfE 2 e S [7) 55 A0 5 F - B IR L) J% 26 0 3 jg xz
M Bh s =4 g S oKl ’ '
BEYEIR AR L. WEOh, SMBC S AL RS H K ) s s

- SRAR B ] A A OGP 2 5 T SMBN, 6 H] SMBC &
fE SR ety R A B AR R R REUE R, /2, SMBC SMBN % & 5 + ERERR IS 1 . pH [H 1Y
RATH ARG T 5 484 K B 7000 W38 DA OC (R 05 =0. 468 ,n=18) . MQ SMBC/DOC LLAE I 73
SIS AL A N 4 P OKA# N ARP K B o8, 1S K&, CEC 2 W IEM (R 5 =
0.468,n=18) , HiX S5 SMBC/DOC HAERAHCYEY & T MQ, AJ UL, MQ 1 SMBC/DOC M {H e
WO [ R T 3K IERRIE R 22 4k {H SMBC/DOC HUAETE y R
3 WitE&ER

ARFFTEE R B R B AEEL X SMBC SMBN S IRAF AR K25 5, o & (CO) |, L ALBRELAT W . Y
PRHERON 3 3 B P i B AR oG HUIE A R SR N X RE 3G 0 L3S A LBTZ 4, il i sl it
R R AN IR [ s 3 R A T, A R s R A A AR B I AR R 4
SMBC SMBN ¢, B 19 5B HLIE F S 3 nimg s JFAe e 7 d Je s 8 R fE!™ gk
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HEXF SMBC SMBN {14 i #E 75 ]t FC i AR AF R SR T 5 7, RILAE " Sl i 1y, SIS i B EAVE L 5
AR UIAE O BRI 5 9%t SMBN B g A1 W, Wi ARASRE SR 22 R X SMBC B M AL Jy 3%,
I, 22 H i AE 0 S W] R [RISRAE SRR SMBC (179 1 SR AN 35 . JB TR T R S R TS AR I IR R, o -3
EW RIS AN RIS, B2, FAE SR AL R T A HLAE 22 BEAS [RI P2 42 55 SMBC  SMBN f14 55 4, M7 48
5if R R EE ARAE ST L, B BRAHEL , ke AR AR | i/ A O | A PR e ) 40N i i )
MEEiG G SR, HptAL IS T SR A M A A B, — LERT SR St AL AL AT SR R
R RERRTEARAC S AR AR S R GE T BRSO W T D O B AT T R AR A A K B A AR
F ST ) IR s e LB 20 8, D e T shAR B 5 i I, s (ol A 0 B0, 2 A )
T, TSR AR S A SRR AR R A 2 RO AE S I I R A S R G R IR
B ARG FRI I it (LI X 21 2 1 (X 2k e SMBC I SMBN 354 M il /E F . 58 FL IR — D T 2 )
HA Y E SRR, TS BOURZ SRR L, LA B AR 5 A RS i F1 205 53— i oy T E
PERE il R PR AR, 2 AR 3 C/N UM, DT N 4 A LB 1) i 0D A BILBR &5 2, S BURUE DTG P
R0 A i P 0 S A B A N T A R A AL , Bt A 239805 2ot — 25 ) L S R A, 0838 T A 4 6 3
R A NS 1K B S AT RAR S A AR 22 A A W R A A7 35T R AR A W, DR O A e 5 S A
RRSCRED ™ sl L MR AL S BT RCE R R R, WL, SO A S X A ) R IR E R
[l ] BEAY AR 22 57, 31X F2 2 S ) R IE 7 3 IR A A e R AR I A K

R3 WEMEYBRE MEMBTEN RS AREVBILES BWERNEXRY

Table 3 Correlation coefficient among soil microbial biomass C, N, MQ, the ratio of SMBC to DOC and affecting factors
WEEYEEY R A A YR A

v 14 i robial biomass microbial hiomass [DGR7LC] [ZER7E %
/(mg/kg) /(mg/kg) /% SMBC/DOC ratio
JIK Urease/ (mg (NH;-N)-g™! soil-24 h™") 0.771° 0.701" 0.425 0.825"
R B Phosphatase/ (mg P, 05 g™" soil-24 h™!) 0.129 0.148 0.083 -0.113
T+ HEE LT Soil organic matter/ (g/kg) 0.892* 0.874* 0.479 " 0.812*
4384 A Total soil nitrogen/ (g/kg) 0.656 " 0.630" 0.623* 0.818"
1384 Total soil phosphorus/ (g/kg) 0.642" 0.618* 0.563 " 0.798 *
F 38428 Total soil potassium/ (g/kg) -0.570 " -0.567" -0.351 -0.662 "
14K fi# % Soil hydrolyzable nitrogen/ ( mg/kg) 0.779* 0.751* 0.516* 0.851*
4347 %Wk Soil available phosphorus/ (mg/kg) 0.705 * 0.665 * 0.473* 0.811"
S H AL Soil available potassium/ ( mg/kg) 0.754* 0.708* 0.504* 0.852*
14555 7K i Soil water content/% 0.897 " 0.837" 0.544* 0.860*
pH 0.252 0.279 0.731" 0.295
FH B 132 #uft Cation exchange capacity/ ( cmol/kg) 0.788 0.745 " 0.683 " 0.908 *
ZEW RS Tea plant height/cm 0.813* 0.775" 0.367 0.711"
ZRH 724 Tea yield/kg 0.731" 0.656 0.511°* 0.705*
254 Total nitrogen in tea leaves/% 0.616 0.604 * 0.217 0.385
5 Total phosphorus in tea leaves/% 0.549 * 0.503 " 0.086 0.368
254 Total potassium in tea leaves/% 0.649 " 0.626" 0.275 0.423
A Z B Tea polyphenol/% 0.540 0.485" 0.212 0.316
ZX/KIZ W) Water extracts of tea leaves/% 0.593 " 0.550* 0.236 0.370

Ry 05 =0.468,n=18; * P<0.05

A BT & B0, SMBC . SMBN & &7 311 5 AL 42 N .4 P KA N AR P AL K i o348, CEC,
R BTG, 2SRk g, A P2 250 NP K A2l ASKIR & 3 B 3 B AH O | S an A iros 45
WHAR 58 PS5 T SMBC 1 SMBN #RJ2 FAE + 3 A8 Sy 28 (L i U ds #r . vl 0L, H3E WL NP
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F i B A SOE AR AE X SMBC Fl SMBN 75 it B304 — 8 U520, )22, SMBC \SMBN )72 £k 11,23 52 M 21 il | &
TCE IR AL, BT R 25 P S 5 5, A1, SMBC Ft SMBN 5 Hofth + 358 250 28 - B AL P J3R A0 4H 56
PEK, 54 KA A5 B FEA M, 260 SMBC 78 5 e 4 358 1728 4k 5 1 ) 52 0 o 705

F T MQ 5 SMBC 5 TOC % HUAEL, 7EAT AILBT 3 1 AN [R) 9 - e [ iR 47 LB 43 A ish 8¢ TOC B SMBC ¥4 —
TERIA) ) Saggar FECVBFGE KB, MQ X BEAE RS G B MR L L SMBC R4, [H3K TR IR0 R 1, MQ
32+ WR 7 R A2 L SMBC /N, BRI AR E . Ktk , MQ 1 R 5808 J) A48 Ak 0 37 48 b5 A7 e ki A
AR Bon , TTHLE WL R L &R B e B (C. rotundifolia) YIREA R AL #2 55 MQ, H 5 SMBC . SMBN A4
MU 4 N4 P KA N AR P OsRL K 040, & /K, CEC 28345 B 1 (9 IEAH 6P (R, 5 =0. 468 ,n =
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