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Effect of grazing on soil microbial biomass phosphorus and phosphatase activities

on different topographic unit of a typical steppe

LI Ying, ZHAO Xiaorong” , LI Guitong, LIN Qimei
College of Land Science and Technology, China Agricultural University, Beijing 100193, China

Abstract; Overgrazing interferes the grassland soil process of phosphorus ( P) availability which is dominated by
microorganisms, and topography also drives the P transformation and accumulation in soil. Soil microbial biomass
phosphorus ( SMBP ) and enzymes involved phosphorus mineralization played important roles in soil P transformation.
However, the effect of the interaction between topography and grazing rate on the participation of soil microorganisms in
phosphorus activation process is not clear. In this study, the effects of grazing on the activities of soil alkaline phosphatase
(ALP), acid phosphatase (ACP), phosphodiesterase (PD), and SMBP were investigated based on a ten—year grazing
experiment (0, 1.5, 3.0, 4.5, 6.0, 7.5 and 9.0 sheep/hm’) on two topography treatments (slope and flat). This study
hypothesized that 1) due to the soil water content (WC) of slope treatment is lower than the flat treatment, and so do soil
nutrient properties, so the effect of slope treatment on SMBP is stronger than flat soil; 2) due to the slope soil lack of
phosphorus than flat soil, so the activities of ALP, ACP, PD are higher than flat soil; 3) slope soil is facing higher nutrient
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limit caused by the difference of parent material, and water limit caused by topography, so, there may be different
environmental factor driving the change of SMBP and enzymes. The results showed that topography, not grazing,
significantly affected soil TP, P, and Olsen-P. SMBP in slope treatment was significantly lower than that in flat treatment.
SMBP was significantly increased by heavy grazing on flat treatment, but not on slope treatment. ALP and PD activities were
only affected by grazing, while the activities of ACP were driven by topography. There was a complex relationship between
the activities of PD, ALP and soil physical and chemical properties in the flat group, and there was a negative correlation
between the activities of PD, ALP and grazing rate, while only the relationship between PD activities, phosphorus and TN
was maintained in the slope group. The ACP activity of flat group and slope group was not related to soil chemical
properties. Soil water content drives the difference between flat land and sloping land. Considering topographic factors, soil
water content, P, TP and TN drive the change of flat soil, while slope soil is affected by soil water content, P, and TOC.
In conclusion, topography drives the response of SMBP phosphorus and phosphatase activity to grazing. This article indicates
that, under grazing, the process of soil microorganism activities phosphorus is affected by different factors on flat and slope

grazing treatments, and soil water content plays an important role.
Key Words: topography; grazing; soil microbial biomass phosphorus; soil phosphatase activities; typical steppe

B SR A LB AR R R Rl [ 9 g (0 B A e R X A R 1A R
SEEFEEERD Y, A YR (soil microbial biomass phosphorus, SMBP ) J& 5 8 1) + 3 A %50k ol
VL A R 5 A SRRl P v e B ARARR , (EL 2 LA J] 2 kS AT A0 A WSO B 11 40—90 517 o Jedk ™ Ak ayte
SFH o PR R SMBP 175 L, BIFFT R, S RO 1 A TR I, R R TR A A R AT
A R R P AT R G B R ] R R AR £ R
(7 5% /R ) 1] e w7 S D i S T e ) 1 U S 4 o e S B T <]
FIF - Heml iy BRVRITE AL

3 WU TS 258 o P E SR B (alkaline phosphatase , ALP ) 5% 2 ik M W 2 % ( acid phosphatase , ACP) "
TR TEHL B J5 A RE B H 9 T 5 B2 1 A skl L D A ML Ak 1 3 R A2 W R R I O
( phosphodiesterase , PD) BRI ™ . FFT A, +-HE0E R BTG M0 UG B KRR LR Y R4y
ARAL P R A RO R S e R S R e R 0 BT DA R A AT 4
PR ok P35 2, T L A O - Sl ) A AR RS I, KT, I RS R B 2 R 4 v - S W R T M Y T
GELAAT A W B 5 BT A SRR IR Tl 0 15 1 B s g PR 2R, AT 1 i - Sl i w2

F T 22 S ol 1 M e TR | 2% K i | KR S 1 22 T s o A AR o B0 I ) R
[0 7280 B ORI SRR T, M RO BT b OO B T R T e b O R R
FASAT R Z T M T 4 - ORGSR X A e A PR LA LR (TOC) i
S5 SRR DG H R R AR EUR R SE R ST S R A i T i L3 TR I 2K
ORI i B R T SR AR T e 2 B MY S B S8 ELAE R
FLan A R AR OB e N, B2 B K 3 RS A AT 22 K B2 (hyphal length density , HLD ) 2%
{9, HLD 5 +- 3R A MR OC Y ZEsi b s e, LD il 285 A8 96 B =8 A0 17 2 S e 3 A ) 2 She e o
JEREART

PN 5 il R R U T T B J5 AR A, T 0 ™ 9 R R R SRR A [ R, e AT i e A e i
IRAKIERLE 7700 km® | 24 7 G 3UE ETRR 1Y 82% , 3 BE AUBOR IR AR B R AR A 4L R A: 7= 7
(W RF5E W], ML REJEOP b 1T LU 3,75 H/hm® TSR OB 3.0 H/hm® 10 SR SEAS [ 38 8T
JRAAORT - SR A A e R R IR R TG P %) S e, A I T v [ R 2 Bt oA 5 ol e D AR 2 R G (S I
ENRE - &, 3 ok 0 i - HE A A ) 1 Bk ( soil microbial biomass carbon, SMBC) | A& ('soil microbial biomass
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nitrogen, SMBN) \SMBP & f& fil 14 ALP (ACP .PD &1, I 52 AN [F] b T2 B0 0 OO 765 52 ) H S il e A iy
A SR, AR . 1) T3+ 3 S K AR TP 4, H 3545 2500 55 7 M, BT DABCHOR 33l - 45670
A= Wy W 8 B T LT b R TR 52 ) f T - SR A T b, SO b B R T P TP b, O O
X R M B K 53 ) B R B (R T, 30 el b ST e T N B 2 1) 35 43 PR A, LSV b = 94 R G AR AR A, AT A
XA S0 118 R ) T B A 3 e AN ) ) P PR -

1 HRS %

1.1 M4

TR bR T PR 5 oty B MRS 5 B 15 8 0 v LR 2 e P 58 oy e D A S R e (S A5 ik (43°38N
116°42'F,1200—1280 m a.s.1) IECHCGRIGAE RO DY o 1% X8 F iR 2 T 2 5 R A0, AR R K &5 346.1
mm, A 60%—80% LK Ff) 4—8 H A28 & 54 1600—1800 mm, FHJiR K 0.3°C, +HE AN 5 98
£5+ (Mollisol , FAO) , Z b3 i kb, AL g 2R A& T LAY w1 A g rh AP o 25 5 ( Leymus chinensis ) Fl
KEFZE (Stipa grandis) , JERRI K fili 5 s A S R G A,

HPGRIE TR T 2005 4, S HLETAZ9h 160 hm? , B4R BB 7 AN BCHGR B (0,1.5.3.0,4.5.6.0,7.5 9.0
H/hm?, 53008 G0—G9.0) Al 2 A M AL B (S Ay b, 43 HC A FATS) . S /N T 10007 ) Horr
1.5 H/hm® BN X T AUA 4 ha (Bl AR50/ N B2 6 H2E)  HE iR/ B 2 hm?, S E]
KA 6 ARIE 9 A o), FFEE 100 d 247, e AN, A T AR UE BRI RR S B N 2007 4R AR T
TR 2, A T T E ORR A9 AR ) AR T e AR | (R ORIE AR Y OO B e e N AR et AR, LA
R A EART O TEAR SO TR S A B U , BRI /415 % Schoenbach [ IEY

1.2 TiEFRE

TIEEENCREE T 2015 4F 8 H A, O HAFH b AR o RG], 5 8 S AL 08 R S B A SR A
ME R8BI A B ] R T7 [ 3708 3 AS/INK A/ NXTREE 1 om e IX A/ N L4 (BAR 5 cm) Bl
PLREE 5 4 0—20 em FJZ IR, AN 3 AWINME, TIEAEA T 2 mm G5 — 3B ORAFAE 4°C 1T T L5
K | A W AR TG 1R A€ 5 55— 20 X T Sk B PR 0 E

1.3 TEEAERUE

+3 pH R 1:2.5 /K EEIE ; HHES K BR A 105°CHET 1k H3EA HLBR ( TOC) SR FH B A5 R B I 4 1k 5
SR (TN) R B E R &0 (TP) 78 HC10,-H, S0, 1 2 J5 i H AR B ok te o A WLIk (P, ) il it H,S0,12
PR 2 550°C K BE 1 h FIR KB 1K) 22 (1) 72 5 Olsen-P K 0.5 mol/L ) NaHCO, 3= $& 2 J5 fd F 40 86 i 1L
k™,

1.4 THEERUE R A B

Sk T B 1 B K X AR D s T T 25 KR R K R #1409 TR R
ZJEAE 4°C IR LIV 38 5 K . SMBC SMBN R JHE M5 7 -0.5 mol/LK, S0, 32 #2351 LI 1:4,
BEW T AR ZCR H S AL/ & 43 BT AL ( TOC-N auto-analyzer (multi N/C® 3100, Jena, Germany)) il %€,
SMBC (SMBN) = ( SEZ& I & {H— K EZE M (8 /k, Horp b, =0.45" [k, =0.54""" | SMBP K & E#-0.5
mol/L. NaHCO,( pH 8.5) 2 4#2#:? , £ kL 1:20, [RIHFFAREZ LA 25 ug P/g HTFME P TR,
SMBP = ( FEZE I (H-AHEAMEN) / (kxR ) , P IERE k, =04 R 5NN P By EICE
1.5 HHEmmRm v

14 ALP (ACP A1 PD 76 M2R ] Browman (1978) Y5k, 43 FREL 1 g 4 A 1 mL AH R JEH A
4 mLZE M (ALP By pH=11,ACP ) pH=6.5,PD () pH=8)7E 37°C F}i3% 1 h, Hrh ALP Fll ACP HIEW A
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115 mmol/L FYAHFEZAEBERR —4M ( Disodium 4-nitrophenyl phosphate, pNPP) ,PD BJJEEH A 5 mmol/L ) BUAH LA
B4R — 4 ( Bis (4-nitrophenyl) phosphate, bpNPP) ., }i5#J5 i IIA 1 mL 0.5 mol/L CaCl, 1 4 mL 0.5 mol/L
NaOH {515 0E . D TIHERIE Y BB A0 L SR 7015 77 1 ) i Al 7008 IR S in B v, s e
Yy, S5 A E G ERE T 400 nm PRAR LA, A HIXT AN BE ) ( p-nitrophenol , pNP ) ¥ BE 66 BE 14
WA J bR LA ST Pk . ALP (ACP 1 PD APEATIA 3 #257% Katsalivou 7L
L6 SEitoHr

W 3 A WEAE R 3 D EE AT Ay B9EEE S LT 8 BN I % - S BRAPA F 1 52, i
WA R o AR FH AL 2R 7 2270 (ANOVA) | B FE (8] 73 A7 R HTEC X o A 36, X488 b5 AT BRI # A 1 32 4%
NAHT, IEAT BB I RIAR S E M 2 K R igraph F1 psych G0 H1 31240 . XA MBI B9 SMBP Fil
WML IS YE#EAT CCA (Canonical correspondence analysis) 34T, f#i F R Vegan 1 ggplot2 4353 H7IF-2 1, 7 BT HT
XFEREE R TREAT T 22K R AR £BR VIF = 10 BYIH 7,

2 HRE5HM

2.1 BB FRHE

HOIE X+ 495 FRAK PR - 2 7= A G 2 RS ) B b b B A SRR AR AR 38 B AR TR b (R 1), Ho pH TN
TN/TP 34 [FI B 52 TSRO0 B 22800 A AR, SR (3% 2) o 3 b RIS b+ 398 pH S8 Bifi o5 T 30 B 184 o i 2
T 5 GO AEFEAH L, SEHUUH G3.0—G9.0 ALFRAY pH 451 0.15—0.29 SBT3l s il Y + 4
pH B EHEH 0.43—0.71 DL (K 1) o TCI VML SZ S HBCHOM 1248 TOC F TN & & | RIS K E A
WEFW (R 1) (A TN BR T G4.5 F1 G7.5 AbFEAR 1 0 2K TP M kb B BEAIR T 0.56—0.71 g/kg, “F-Hb
RO TN/ TP M AN 3 7E S i, G1.5 BRI GO & AR T 13.73% , HAtb b BRI 22 R AN B 3% F
H RO 435 TP %A 520 i b B Y G1.5,G3.0,G6.0 ZbFH I GO kb B i & F#AIG 4.33—37.89 mg/
kg, TCIE-F- ik 2T + 48 P B BE A (B P ZBIHIE HUE < UBGR EE R (KR 2) . +
1% Olsen-P ~“F-HUFBUHY G4.5 F1 G7.5 ALY GO Ab3H i 25 FEAIK 1.26—1.41 mg/kg, 13 Hb AT G4.5 Kb 3 i
FART GO ALFH 0.94 mg/kg, HofAbFRIF 22 R AR B E (£ 1),

F1 BABEEEERYEFRHYE
Table 1 Soil physical and chemical properties in the typical steppe

W ﬁﬁ(ﬁ?&'ﬁfﬁ HR AT £ ALK ) AL FkiE We
Topography Grazing Rate/ Olsen-P/ Py TP/ pH TOC/ TN/ TN/TP Water
( H/hm?) (mg/kg) (mg/kg) (mg/kg) (g/'kg) (g/kg) Content/%
-4l Flat 0 5.11Ab 113.12Aa 385.89Aa 7.75Aa 18.74Aa 2.28Aa 5.90Aabe 15.17Aa
1.5 4.43Aab 141.96Aa 437.97Aa 7.87Aab 23.69Aa 2.35Aa 5.37Aabe 15.96Aa
3 3.86Aab 126.36Aa 394.20Aa 7.92Ab 24.02Aa 2.36Aa 6.06Abc 16.18Aa
4.5 3.85Aa 96.14Aa 331.16Aa 8.04Ab 17.96Aa 1.73Aa 5.24Aabe 13.84Aa
6 4.53Aab 125.69Aa 373.05Aa 7.90Ab 20.76Aa 2.33Aa 6.34Ac 14.62Aa
7.5 3.70Aa 102.06Aa 332.24Aa 7.98Ab 17.40Aa 1.63Aa 4.90Aabe 13.77Aa
9 3.48Aab 115.38Aa 387.07Aa 8.01Ab 21.56Aa 2.22Aa 5.75Aabe 15.04Aa
Y Slope 0 3.84Ac 100.50Aabe  337.94Ab 6.78Ba 17.73Aa 1.72Bab 5.10Aabe 13.75Aa
1.5 3.39Babe 97.42Babe  300.85Ba 7.21Bb 18.54Ba 1.77Bab 5.90Bd 14.29Aa
3.0 3.47Abe 93.90Ba 304.94Ba 7.40Bcd 17.04Ba 1.65Ba 5.41Abe 14.85Aa
4.5 2.90Aa 101.70Abe  333.61Ab 7.40Bcd 18.38Aa 1.73Aab 5.18Aabe 12.97Aa
6.0 3.64Abe 95.43Bab  305.19Ba 7.31Bbe 18.16Aa 1.68Bab 5.51Ac¢ 14.78Aa
7.5 3.18Aab 103.65A¢ 336.44Ab 7.23Bb 19.20Aa 1.71Aab 5.09Babe 14.09Ba
9.0 3.74Ac 103.18Bc 333.10Bb 7.49Bd 18.38Ba 1.85Bb 5.55A¢ 12.31Ba
-4 Flatall 4.14A 117.24A 377.37A 7.92A 7.92A 2.13A 5.65A 14.94A
3 Slopeall 3.45B 99.40B 321.72B 7.26B 7.26B 1.73B 5.39B 13.86B

ARRE F R 7R AN [ HUE HIE 2 [ AR [ OR8] 25 52 2 (P<0.05) 5 AN /NG bk Rm AN 8] BCHCHR BE AR TR B S o0 2 ) 25 57 3 (P<0.05) s 45
Olsen-P . 3 ; P, . 5 HLB% , organic phosphorus ; TP ; 27§ , total phosphorus ; TOC : 4 HLE , total organic carbon; TN : 2%, total nitrogen
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2.2 T3 R R e U L BB L

SMBP Z i JE 00, J h SMBP & i 2K T4 35.47% (& 1,3 2) . #HXFT GO A3, S G1.5—
G6.04LFEXT SMBP $2MiA 2 (H 2 UM (G7.5 Fil G9.0) & HE 5 T SMBP % & 80.61%—88.10% , 1fij J
Hb b BV 15 %6 SMBP $E0H AN i 2 (8] 1) . SMBN/SMBP FI SMBC/SMBP 7% fk. 35— 3, H 44 32 1%
M (& 1,38 2) . V- RIS BB S R B ) SMBN/SMBP 1 SMBC/SMBP 5 GO ZbHi 2% B i 3%,
S Ml R RTE G3.0 ARFRAM B E = T G7.5 AFT 2.05 f5F1 1.72 4%, T MBS TE G3.0 .G6.0 & T G4.5.,
G9.0 Ab P 92.18%—97.47% 11 80.19%—93.99% (&l 1)

x2 RSB TEELETF BEMEHMBEREEE N L B S T
Table 2 Topographic effect, grazing effect and the topography and grazing interaction effect on soil properties, soil microbial biomass

phosphorus and phosphatase activities

B PR HiJE xR B
NS Topography Grazing Rate TopographyXGrazing rate
Factor df F P df F P df F P
pH 1 649.89 <0.001 6 32.31 <0.001 6 5.16 <0.001
FHHLEE P, 1 60.36 <0.001 6 1.78 0.12 6 9.32 <0.001
LW TP 1 74.37 <0.001 6 1.58 0.17 6 8.54 <0.001
B Olsen-P 1 13.03 <0.001 6 2.18 0.06 6 1.05 0.40
H LR TOC 1 16.83 <0.001 6 1.11 0.37 6 3.99 0.003
A% TN 1 95.30 <0.001 6 4.79 <0.001 6 8.62 <0.001
AW L TN/TP 1 4.35 0.05 6 3.77 0.007 6 2.54 0.04
7K (WC) Water content 1 6.01 0.02 6 1.77 0.14 6 0.83 0.55
E YR SMBP 1 31.13 <0.001 6 10.22 <0.001 6 4.76 <0.001
A Wy s i Ll SMBC/SMBP 1 0.91 0.35 6 5.79 <0.001 6 5.37 <0.001
ok i A W e SMBN/SMBP 1 0.00 1.00 6 4.78 0.001 6 4.94 <0.001
TR ML IR B VE 1 ALP 1 0.00 1.00 6 11.97 <0.001 6 0.00 1.00
PR PEBE IR S 4 ACP 1 41.06 <0.001 6 2.04 0.08 6 2.24 0.05
WAL —FRRGS 1 PD 1 2.23 0.14 6 7.45 <0.001 6 5.08 <0.001

SMBP ; 353 4= W)W, Soil microbial biomass phosphorus ; SMBC ; 36 4= ¥ /8% , Soil microbial biomass carbon; SMBN . F- 3 4= ¥ = &L, Soil
microbial biomass nitrogen; ALP . B ¥4 B & B 7% 1, Alkaline phosphatase: ACP: g 1k % fR B 7% 1, Acid phosphatase; PD: W B2 — WE W 55
4, Phosphodiesterase

2.3 T EWEER NS M

T IR B YD) ALP WM 5, SF I 453.33 mg pN P! kg™ h™' (JEHEITE 356.94—506.43 mg pN P!
kg™ h™") ,PD IEHERAR, P10 191.52 mg pN P~ kg™ h™' (181 2) . HUJE X BR B 1L 52 Wi JF AN — B, Horp
ALP JHPEAN PD GV AR SZ 3098 U520, M ACP 35 P Fo -3 (2 2 0 24.10% (18 2, 32 2) o JCHCa i X
ALP Al PD 35 PSSR TE T oA Mo - 3 91— 3, Horh ALP 3R PR3 7E G7.5 1A%, 9 365.56 mg pN P! kg
h™', H GO AL 5 A% 24.58% 1 21.55% , MAE G1.5.G3.0 Zb ¥, ~ 484.33—506.43mg pN P kg™ h™';
PD IGPEITE G4.5 Ab B E A, 43 3 L GO AbBRFEAIR T 74.72 mg pN P~ kg™ h ™' fi1 24.43 mg pN P kg ' h™',
TACHACTIR B Xt ACIP 375 11 PO R ) T S M, 26 - M e 8 S A ACP T, 0B AIE T 63.64 mg pN P~ kg™ b T
TES R X ACP TP BB (F 2,4 2)
2.4 HEHUE YR BERIBERREEE S H AL TR R

FAOCHE R 28 PR (1 3)  FEARZ JEHIE R (1 3) UGRS3 ALP IR B & UHOCC R B S
SMBP 4 {8 2 IEAHCE 2R s SMBP 5+ ACP 1 MR B8 MAHC KR, 5 1 ALP IEHRIEA KR L
HPD WM RS 4 ALP WA B EIEMOCK R, 5 1 ACP {H 1 SMBP [HIVEA MK C R TN 5Bk 115
ACP IS PESMY T A e BHR PR A B35 IEAH GG AR, 5 1 ACP 1A W& UAHCOC R, HIES KE S
P, .Olsen-P TP TOC TN ALP PD ¥ B E IEAH KR, 1P (E13) , 158 ACP iP5 HEH R Z K
AAHCOCER ARG T HUBGRE S pH M IEAIDCC R 5 14 PD WG MR A OCOC R s SMBP H 5 i i i
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60 - 60
= 50 - 50 Ab Ab
v} Ac =9 A
> 40 + Abe A g 40 Aaby,py Ab A
é 30 + Aab 20N AabAab Ac Bab
= Aab Aab Ab Bb O Ba Aal Aa
@ 20 ab Ba qAa Adggp Ba B 329 Aa
E = Aal
7 10 210
0 0
0 1.5 3.0 4.5 6.0 7.5 9.0 All 0 1.5 3.0 4.5 6.0 7.5 9.0 All
2 R Grazing rate/(J/hm?)

SMBN/SMBP

8 L Aab Ab

6 Aab O “F
Al o i
z W ﬂw m WW

0

JHCAKE JE Grazing rate/ (R / hmz)

1 ABEFEARMEATHERGT I RMEMER BEMER L REnERTLL
Fig.1 Soil microbial biomass phosphorus, the ratios of microbial biomass carbon to phosphorus and nitrogen to phosphorus under different
topographic grazing in the typical steppe. topography
A FRE FBE22 7R AN [ T BT 2 ] R ] 45 2 2 1] 22 55 . 35 (P<0.05 ) 5 AN TRl/ING 5 B2 s AN [ g 445 J3E AR [+ M T B0 =2 1) 22 S W 3%
(P<0.05) 3 All” 7 V- M B e T R A

FIEMCR ; 14 PD IS TR TR ML R0, e b (18 3) , R/ BE e pl i In | oA 3 ACP 1% 1
545Kk P55 TP TN =]+ PD 5¥E 5 Olsen-P F1 TN f8 TEAH 56 56 2 A 52

o o  O00L N 300
2 éi 500 | Abe GCAC p Abe Abcyy, Abe, 4 ; %T;\ 250 | AbAab
%ﬁ‘}:’ 400 | A% pa @%T&Dzoo
&2 s 300 g £ 150
&
g@;ﬂm B 5100
B H2E

H2 5 100+ = < = 50
B®<> g O

0 0

7.5 9.0 All

A 350 ¢ ﬁ&#ﬁﬁﬁg Grazmg rate/(R/hmz)
~ %i 300 -
#H 5 2501 Aabe
ﬁEE 240 200 Abc abc A i
222 150/ e O P
1 % 5 100] 0
% £E st

0

1.5 4.5 6.0 7.5 9.0 All

lelﬂ(ﬁ J¥ Grazing rate/ (R /hm?)

B2 HEEERE MM ST T T R R R R 1 R B AR TR M AR — BR AR 1
Fig.2 Activities of soil acid phosphatase, alkaline phosphatase and phosphodiesterase under different topographic grazing in the typical

steppe.
AR KRG FREF 7R A [F) M I BA 5T 22 (6] HR ] SO B 22 1] 22 5 .35 ( P<0.05 ) 5 AN ) /NG Rk 38 7R A (] 00, 88 4 ) i 1E BA 70 22 ] 25 5 W 3
(P<0.05) ;“ All” 28775 - b 4 3 3

ANZEA R HIE RITIX — R 2, CCAL #lFN CCA2 R T RAE 511 21.60% 1 8.46% , Bk I, 3 i 5 °F
B A7E CCAL B JF (K 4) o HARE/KE (WC) XFEAE CCA L Atk sgm (£ 3) . Hr, WC TN
A3 B e R T 28.05% FI1 4.88% MY A5 5 P, . pH Olsen-P TN TP TOC :[Ff#FE T 15.82% 78 57 . 76 F-Hijik
HH CCA M (Il 4) , CCAT Bl AT CCA2 Bl figt B A 5219 37.43% F1 21.13%, WC . P, TP TN X 5 7
CCA LArJFAa s AW & (£ 3), Hd, WC. P, TP 435I f# B T 38.10% .10.53% il 6.79% K A%
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5, TP TOC P, TN :[RIfi# B T 23.23% 1748 5, pH 1 Olsen-P FL[F f# B T 3.72% (A8 5, 735 b e
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Table 3 Variation of the CCA by environmental factors
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Factor F P F P F P
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