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W OE: MRS P IR E R EOR RSO R (Eucalyptus) A TR 3B Wik EUBE AR, LS L
A XORFEH (500, 700, 900 m) AYMLAIFAY N THCABFFERT S, DARNGH R AR U AEMAE 3t IR, fFsT Rl (1)
Fef N TAR A HLAK (SOC) . % (TN) & RBEER TS 2&E LT, 2 (TP) & MR T 2
FREMASCELAEE, AR LRI 43R 13.16~13.58., 0.93~1.15, 0.17~0.19 g/kg, SOC. TP F &AL T RKIKK Ak, I H SOC.
TN, TP ST EEHEMEME, (2) WA TR FEREY S (MBC) | YRR (MBN) & &bfigikAt S
S LR, WY (MBP) & BRI S 2 IR, AR 5 237.46~398.26. 23.04~30.74 .
4.77~9.59 mg/kg, H5 TP BB EIEMAERLR (P<0.01) . SEEHERARRERB LR EES . (3) HHATHKL
3£ MBC/MBN ., MBC/MBP . MBN/MBP #J i i 3% 7t 55 2 3% i L -3, L (a8 Ay B 43 518 9.05~13.17.,24.73~80.99 .
2.76~6.60, 500 m AZbAEH A T Ak MBC/MBP, MBN/MBP 5 RARKAEME BE2ET . (4) REGEHAE A T AR
AR (gMBC ) | AERT A (QMBN) | 34 Y18 ( QMBP ) BYAS IR 1.89%~3.34% ., 2.90%~3.23% . 1.33%~5.41%.
qMBC BRI &8 B TE, 1 qMBP BRI THE R T . AW N T AR+ qMBC . gMBP 5 T KRR AEM ., +
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Characteristics of Soil-Microbial Carbon, Nitrogen and Phosphorusin
Eucalyptus Plantations at Different Altitudes in National Park of
Hainan Tropical Rainforest.
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Abstract: The study was aimed to investigate the soil-microbial carbon, nitrogen and phosphorus characteristics of
Eucalyptus plantations at different altitude gradients in Hainan Tropical Rainforest National Park. Typical Eucalyptus
plantation forests at different altitudes (500 m, 700 m and 900 m) in Wuzhishan were used as the study object, and natural
secondary forests at the same altitude were used as the control. Soil organic carbon (SOC) and total nitrogen (TN) content

WS HED 2024-09-22; 3EZHHE 2024-10-31

EEWME WEAEATLEIHE (No. ZDYF2023SHFZ174) .

EHEA  dkE (2000—) , B, W-EBF5EA, BFITH 0 BRMAA S R E ¥, *l{E/EH ( Corresponding author ) :
F A ( WEI Jianxing ) , E-mail: 343451655@qq.com.



534 SR AR T R PR ) 582 Bl AN R B AR N TR 338 folo A W ik Ul 5 i 765

showed a gradual increase with elevation, and total phosphorus (TP) showed a gradual decrease. The range of variation
was 13.16-13.58, 0.93-1.15, 0.17-0.19 g/kg, respectively, which was lower than the SOC and TN contents of natural
secondary forests, and lower than the national average values of SOC, TN and TP contents of forests. The microbial
biomass carbon (MBC) and microbial biomass nitrogen (MBN) showed a trend of gradual increase with elevation, and the
microbial biomass phosphorus (MBP) content overall showed a decreasing trend with elevation, with the range of
237.46-398.26, 23.04-30.74, 4.77-9.59 mg/kg, respectively, and with the TP contents. TP showed highly significant
positive correlation (P<0.01). The differences were not significant compared with those of natural secondary forests at the
same elevation. MBC/MBN, MBC/MBP and MBN/MBP all tended to increase with elevation, with ratios ranging from
9.05-13.17, 24.73-80.99 and 2.76-6.60. At 500 m, the MBC/MBP and MBN/MBP of the Eucalyptus plantation were
significantly different from those of the natural secondary forest.. The variation of microbial quotient carbon (QMBC),
microbial quotient nitrogen (QMBN) and microbial quotient phosphorus (QMBP) at different elevations was 1.89%—3.34%,
2.90%-3.23% and 1.33%-5.41%, respectively. qgMBC showed a gradual increase in elevation, and qMBP declined with
the elevation. qgMBC and qMBP were higher than those of natural secondary forests. qMBC and qMBP were higher than
those of natural secondary forests. Soil organic carbon and total nitrogen were the key factors affecting the changes. In
conclusion, the elevation gradient has a significant impact on the content and stoichiometric ratio of soil-microbial carbon,
nitrogen, and phosphorus in Eucalyptus plantations. Compared with natural secondary forests at the same elevation, the
soil of Eucalyptus plantations exhibited a deficiency in carbon and phosphorus contents, but enhanced the conversion
efficiency of soil carbon and phosphorus to microbial biomass carbon and phosphorus. Based on this, the Eucalyptus
plantations in the park should be conserved, and attention should be paid to the influence of carbon and phosphorus
elements in the subsequent management.

Keywords: altitudes; carbon, nitrogen and phosphorus; Eucalyptus plantations; microbial quotient
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G DXL T i 44 T T A T AR [ 8 8 Bl
Fe 1 A X (1109°23'47"~109°49'31"E, 18°42'35"~
18°59'42"N ) ., ¥4k 250~1867 m, J&HH FAKS
S AESERRIR 22.4 °C, AR SRR 8166.2~
8411.5 C, FFIMXTRIE N 84%, FFH 11
HEME4H, WERS HZE 10 A, FRLERK
it 1860 mm, SMAREIEIR TS N, e
LA, e A (AL R 2T K
AT 1 B e L

T4 500 m AR AR N AR 322240 ) Fif
J K 2 F ( Litsea pungens ) . 5% MM H 3
( Archidendron lucidum ) | 7E % & ( Ageratum
conyzoides ) , WK 4 Mk i = M ¥ ( Melicope
pteleifolia ) . 5% M-#% H- 34 ( Archidendron lucidum )
JUT (Psychotria asiatica) ; 74k 700 m &b A%
BN TR 3 2R B R EDOEE BT 4
( Elastoma malabathricum) . #i# & ( Axonopus
compressus) . KHL%EL ( Chromolaena odorata) |,
WM A I AR ( Catunaregam spinosa) . — A4
7 ( Melicope pteleifolia) . Hirg LA ( Symplocos
cochinchinensis) ; ¥4k 900 m AbAHeRt A TARF
FERFAY R LW ( Gynostemma pentaphyl-
lum) . KHLE #7755 ( Chrysopogon aciculatus ) ,
WA IR EEEM ( Selaginella doederleinii ) .
%47 ( Indocalamus tessellatus ) . ¥ R %5 B 5
( Sarcandra glabra) . FEHBIEA(E B L 1.
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Tab. 1 Basic information on sample plots
AR AY 27 4 - 34 i T Bl A
Forest type Altitude/m Average temperature/ C Average rainfall/mm Geographic location
FA T AR 500 23.4 2400 109°21'58"E, 18°45'44"N
KRR 109°21'47"E, 18°45'44"N
R N TR 700 22.8 2470 109°31'56"E, 18°48'57"N
AR A b 109°31'39"E, 18°49'14"N
FRE N T AR 900 20.5 2530 109°35'23"E, 18°48'46"N
AR WA 109°35'11"E, 18°48'31"N
12 FHi& TR 3 4y, TR R
12,1 #&RE EEUGEPOFRAEZ ARG 122 FEae (1) BHEYEMR ., RAH105+

T4 LR 1 R XA [R) Vi 4 1 LA R A N T A R[]
TR KSR U E A R, 43 ST M £ 1 — 2R
W], Bt N TARFERBY C 985, BT T
H AR % B AR —F, T 2024 4F 4 A Pk T £
HERE SR A, TETEFIR 500~900 m [X 6] N % 3 4N
WARE (500, 700, 900 m) , HEANHEHRESE N E
3420 mx20 m RERS N TAREE DT (BEANEETT A
B 20 m DA b)), FFAESEIRE 3 A RIR KA MAE
Ji, it 18 AT, SREEJTIEITR . (1) RA
W1k 5 RS AT IR, 7F R HTIRE 0~
20 cm AZMEFH 100 cm® R JTHC A [ E4SHZY
500 g +FE, AT R, (2) RA
TS BOREYE, O A BHASXRE T NIRE 0~
20 cm HEHEATEURE, 20 100 go KRR SRAR S

2) CHEF M E + A KR (SEC) | R E
(BD) . tHEsfLEE (sTP) [,

(2) R sefbepbe . $ B8k - =251 £h
PEFr, SRS B vk D 3 pH; SR SR AT
KoCr07 A28 R 22 584 HLAKk ( SOC )5
K HIFR-Z @ e ke H LA (TN) 5 R
Hl HClO4-H,SOy4 {H &Pt bbb e 114
# (Tp) U7,

(3) AR, RAFHE#E-K,S0,
REEEWEMEYEKR (MBC) | MEYEX

(MBN) U1y SR 015 25 -NaHCO; 242 % 1)
SEMAEYEE (MBP)
1.3 #HiEAIE
i SPSS 26.0 Git A ilbAT I ZR Jr 2257
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B ( One-way ANOVA ) K 55 + 385 AE Wy e b v 22
S, I A R J7 2250 B ( Two-way ANOVA )
G3ATTAS [ AR 5 AN TR BRI A S 22 | A
X A Y R SR KR AE OC R B0

( Pearson correlation analysis ) 48T 36 4= ¥ =
k. A BEATEIREI AR OCHE DA S A o
R fE R AR R, b A W A e AR R R AT TR
4HT (redundancy analysis ) ; ffi | Origin 2021
5 Canoco Sofeware 5.0 4 22H B F .

2 HER55H
21 AREBHRITEEVER

H13¢ 2 AT, SRR A N T AR+ %5
#H,OoKE, BALREY TR EES, B
43514 1.36~1.45 g/em’® .23.57%~29.52% .32.14%~
44.24%, [a]—FIRAA N TAR - B3 & F R
SRIRAAR, HAE 500 m 5 900 m W4k Ab 77 76 B 3
225 (P<0.05) o RERWAEMM S KES +
LB AR AR, S K R AE
700 m 5 900 m MK FTE & 2R, THERAL
BEEAE 500 m AMFAE R 3525 55 o Uk BH IO R
N TR e B R B /N, i S5 9 X R
SRURLEMRA G, b A AR A K0 48 45 o
FoKED L RS B R A A R

PR N TAR 1 pH BT = 2B W0 T R
R, 900 m iR AL 5 AR FAE R EES,
HLF— 3 KRR AR 1 pH 3497 TR AT
MRIFAAAE 35 22 5% o UL BEME 3 - THAR R N TAk
TR T, AR A K S 4 pH FR(IK.
R N TR - 38 ML . R B Rl IR AR T i 2
B LT R g, A A ALER 3 R
13.16~13.58 g/kg, F&h N T AR 584 Bl & &1
ICF IRl — g P R AR WK A MR A7 7 838 25 57 M A
ANTHR LA S ELEY 0.93~1.15 g/kg, 5
] — V4R KSR R A ARG 8 3 25 5 o e N TR
M A B S B BE IR T R T R
SEIEE N 0.17~0.19 g/kg, YR TFE—MEKRK
SRIRAEMIFAAEREER (£2)  PFREH,
AR 25 S AU R N T AR 58 pH o
M o 558 X RARUAEARAR L, R AR A A
Kot HEAHm . SRR, SRR
o B EBEAR
22 ARBHETEMEVERLFITEHFE
221 RREMAMEHIE  AFFRER T AR

®2 i EEAMER

Tab. 2 Physical and chemical properties of sample soil

ok Wik FEB N T AR RARK A
Index Altitude/m Eucalyptus ~ Natural secondary
plantation forest
T/ 500 1.45£0.09 1.11£0.14°
(g-em™) 700 1.36+0.08% 1.3540.174
900 1.42+0.12* 1.25+0.03°
+HE A K B /% 500 23.57+8.32 32.58+2.13
700 29.52+1.27M 39.57+13.504°
900 29.45+4.897° 32.7542.14*
A FLB % 500 32.14+9.26%° 48.07+11.34"°
700 39.45£1.68"" 47.22+11.714
900 44.24+2 36" 47.5242.78"
pH 500 4.33+0.06 4.90£0.0748°
700 4.30+0.02% 4.48+0.48°
900 4.18+0.08% 4.41+0.13%°
B Zehiik 500 13.16+3.95% 28.51+1.26"°
(g'kg ™" 700 13.43£1.88%  25.41£7.37%
900 13.58+4.16" 22.92+2.97%
S Ng kg ™) 500 0.93+0.23% 0.89+0.14%
700 0.96+0.06" 0.87+0.09"°
900 1.15+0.26™ 1.19+0.065°
S Wi/(gkg™) 500 0.19+0.04"* 0.28+0.04"°
700 0.18+0.024° 0.26+0.03°
900 0.17+0.05** 0.24+0.02°

T ARG 5 B3R A 1) AR AR B A [R] g 44 1) 22 S5 W 35
(P<0.05) ; AIE/ING “FRE R A [R) 5 504 [5) BRI 2 i) 22 57
BE (P<0.05) .

Note: Different uppercase letters indicate significant differ-
ence between different altitudes in the same forest type (P<0.05);

Different lowercase letters indicate significant difference between
different forest types at the same altitude (P<0.05).

T A Y UL 1, R N TR MBC 7 it b
W m BRI RS, &Ry
237.46~398.26 mg/kg, YJME N 322.24 mg/kg, TE
14K 500 m Ab Y MBC & it i E R T H A4k, 1M
51 AR  RIR R A T I 3525 53 s He N T
M MBN 75 5B AR [ G i T, A fky
FBl &y 23.04~30.74 mg/kg, MK 28.01 mg/ke, 7F
3ANEHIX [E P MBN e o %25, H5[H
WP AR R A MR TG B 22 55 MmN AR
MBP & SRR LT TR, ARk
ol 4.77~9.59 mg/kg, YIME N 6.42 mg/kg, Wik
500 m Ab Ay MBP % &l 3 5 T HAb K, 15[
— AR R IR AR TC ik 2 25 57

WA AR FZ0H A (£ 3) , R
MBC .MBN % & [ 5% i 43 5 32k ) 4 2 2 P<0.01)
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_ 600 MBC capgpy _ SO MEN  copp B i S
Dol AR % sof ma KAV o et *

A Ba A~ < 10l _Aa
0 Ba &0 0
g 400 B Ba g 40 B g
~ a ~ A Aa a = 8}
] 300 - Aa A B 30 F Aa 2 Aa 2 Ab Ba
[ [~ Q Q
g - g Aa g 6r Ba Ba _Ba
S 200 F S 20t S 4l
i L g L i
0 4 0 0
500 700 900 500 700 900 500 700 900
¥R Altitude/m ¥R Altitude/m ##R Altitude/m

ARG FRERRAR R B R A R R 0 22 5 B 3% (P<0.05) 5 ARVING FRERSA RO R AR MRS B ] 22 52 B 3% (P<0.05) o
Different uppercase letters indicate significant difference between different altitudes in the same forest type (P<0.05); Different lowercase
letters indicate significant difference between different forest types at the same altitude (P<0.05).
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Fig. 1 Characterization of soil microbial biomass characteristics at different elevations

*3 L#EMBC, MBN, MBPHIMBE&ZFEH VEF B2 34 58 B 2K (P<0.01) o SR
Tab. 3 Two-way ANOVA for soil MBC, MBN and MBP = MR AR K B Y B S N L T
ohr ;(P) SR Wy S TR RS L
Ind 274 AR TR TR IS A % 2, bl oo "
e Altitude Forest type AltitudexForest type 2':"2'2'_‘4 ‘iiéﬁit/ﬂi hER ¥ ‘VI— = #%: e :ti,{%@ﬁéii%
MBC  36.08(0.00)°  2.54(0.92) 0.76 (0.49) ALETH R L 2, H TR MBC/MBN
MBN  4.81 (0.03)’ 3.25 (0.99) 1.01 (0.40) MBC/MBP . MBN/MBP ¥ 2 Biig44 1 T F T+
MBP 2410 (0.00)"  10.06 (0.17) 31,11 (0.00)" Mk B, H A AR B YE 4 9 o 9.05~13.17

24.73~80.99.2.76~6.60, {53514 13.37.66.18 .
4.93; ¥Rt A Tk MBC/MBN 7£ 500, 700, 900 m
MR IR B 2 22 5, TS R IR R SR IR A
EFANLE; H A T MBC/MBP, MBN/MBP
£ 500 m gk AL S B A AR EESR, HY
] — V3R R AR R A M 22 5 R 3 i 2K

F RN BEHIE(P<0.05); "R B FE I (P<0.01),
Note: " indicates significant correlation (P<0.05); ™" indicates
extremely significant correlation (P<0.01).

i E K (P<0.05) , 1ARMISH K ik 5 7
MEERI A HEAEFXT MBC. MBN &30 0%
M . MBP &1 52 8k SOk 5 AR MR A A8 H

ZO_ZZ'&W 120 ~ EDREM 10 . 22 Rt
A FARWR A=Ak ZA RIRKEEM 22 AR
100 - gl Ba
15+ Ba  Ca Ba Ba Ba Ba
Z B ABa e 80 Ba Ba -y a
) Aa a g E 6
p Aa p
S 10F S 60
&) &} 4 Ab
a % g Ab g 4f As
= Z 40 A,
5t ? 5L
20 | /
0 0 0
500 700 900 500 700 900 500 700 900
YR Altitude/m %R Altitude/m ¥R Altitude/m

AR E R R AR [ AR AR B A Rl 4k ) 22 5 3 (P<0.05) 5 ARIR/ING TR RN AR R SO R BRARSE B ) 22 5 3% (P<0.05) o
Different uppercase letters indicate significant difference between different altitudes in the same forest type (P<0.05); Different lowercase
letters indicate significant difference between different forest types at the same altitude (P<0.05).
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Fig. 2 Characterization of soil microbial biomass stoichiometry at different elevations

ISR
57

W AR Z 2= ral (% 4) , MBC/  J Xt MBC/MBN . MBN/MBP ) 5 Wi I 2

MBN. MBC/MBP. MBN/MBP %14k 5 B 1) 5
M 2360 B 2K (P<0.01) , X FRARZE A BY
N AR 2 K o R RR B S BRAR S A AR

(P<0.05) , 1%t MBC/MBP JC i 5 .
2.3 A[EEE T EMEYRIST
AR AR - S AE R R DLIRT 3, A A
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TR M ( qQMBC ) Btk T S5 T b
TH AR, 2SR 1.89%~3.34%, F-X(EH N
2.58%, KA E 2R, 500 m 5 700 m i
YAt QMBC 1835 5 T [R— IR R AR U AE AR e
N T ARG P13 E( gQMBN V2SI 2.90%~3.23%,
BARARET-22, H 5 FGRRIR R AE M 2ZE AR
MR N TR D e ( QMBP ) Bifi i 4k 1 T
T B, 7R R 1.33%~5.41%, SF-X9ME M 3.19%,
FUFRAIAAE R E 2R, 500 m 5 900 m K
fb QMBC 5 RIRIR A MAFAE B 22 5% o

Sr w2 e

R4 ITEREVELFHEFTEINNEARATESN

Tab. 4 Two-way ANOVA for stoichiometric characteriza-
tion of soil microbial biomass

. F(P)
s - B ST
Index 5% 7 PRI Y TR < BRI
Altitude Forest type  AltitudexForest type
MBC/MBN  15.44 (0.00)” 12.17 (0.89) 4.95 (0.03)"
MBC/MBP  49.41 (0.00)™  5.27 (0.83) 3.60 (0.06)
MBN/MBP 26.41 (0.00)™ 1.28 (0.96) 3.93 (0.05)"

TE: RN BE AR (P<0.05) 3 RIS E AR R (P<0.01),
Note: " indicates significant correlation (P<0.05); ™ indicates
extremely significant correlation (P<0.01).

5| 2 A Aa 22 He
4 72 RIRIRAEM A za RIRRAEM 6 I ZA FARIR AR
- a
Ba 4t Aa Aa
® 3r Aa ® Aa Aa Aa Aa 2 4L
% Aa 77 % 3ot %l/ 1 E 4 Ba
m m
S ot » g, 5 | ohm w
2r Ca EZ]Z
1F Ab 7% 1+ % %V %
0 0 0
500 700 900 500 700 900 500 700 900
YR Altitude/m %R Altitude/m %R Altitude/m

ARG FRERRAR R B R A R R 0 22 5 B 3% (P<0.05) 5 ARVING FRERSA RO R AR MRS BL ] 22 5 B 3% (P<0.05) o
Different uppercase letters indicate significant difference between different altitudes in the same forest type (P<0.05); Different lowercase
letters indicate significant difference between different forest types at the same altitude (P<0.05).

B 3 AREEKTIEREN BT

Fig. 3  Characteristics of soil microbial quotient at different elevations

WA FE T 2200 (£ 5) , RS
5 BRMIETIRT QMBC 5 M0 43 51 S A 3 (P<
0.01) 5BEKF (P<0.05) , HELHMEMN LR
EROW , TGIRBRE | RARIST SR S AR AR
KR HAE X QMBN JC i #5011, qgMBP %t
WRRIE . FRMRISH SO0 5 RIS AR
FH R 1o 24 38 B R 3 K (P<0.01) &

x5 TEMEVEBONERRAESH
Tab. 5 Two-way ANOVA for soil microbial quotient

- F(P)
Efst . s o
Index ik PR TR < TR AR IS Y
Altitude Forest type AltitudexForest type
gMBC  7.99 (0.01)™  4.73 (0.05)" 0.40 (0.68)
gMBN  1.10 (0.37) 2.56 (0.94) 2.50 (0.98)
gMBP  18.88 (0.00)™ 11.03 (0.01)” 16.17 (0.00)"”

e FR B A (P<0.05) ;" RR I i A (P<0.01).
Note: " indicates significant correlation (P<0.05); ™ indicates
extremely significant correlation (P<0.01).

24 ARBERERIFEHREMRSIERENER
HZit EErI X E
AR FERE RN TR - R 2 W 55 2k

Ytk Zs B Ak 25 T s PR 28, AN (] 9 4 1
ek A B S B ERUE Y R A R RS
BOEATHI M E M. R 6 AL, WikS TP &%
i . MBN & & . MBN/MBP £ & & iF # %
( P<0.05),5 MBC % & .MBC/MNN ,MBC/MBP
BB (P<0.01) , 5 MBP S# 2K
B E AR (P<0.05) ; 158 SOC & & 5 MBC,
TN S8R EESWEEEME; L% TN
5 MBN a2l B EIEMG; H3 TP &%
5 MBC, MBP %1, MBC/MNN £ i # [F
X5 A, MBC 5 MBN SR B EEAHX, 5
MBC/MBN., MBC/MBP, MBN/MBP £ # & # 1F
5, 5 MBP & &2 B E A ; MBN & &
5 MBN/MBP £ i 3 IFAH5¢ ; MBP & &5 MBC/
MBN & g & i, 5 MBC/MBP, MBN/MBP
B B3 A % ; MBC/MBN 5 MBC/MBP £
W 5.3 1F AH 56 ; MBC/MBP 5 MBN/MBP 2 1% i
FIEM G, 5 bR R RO R
A P i R L2 A OG5 AT SO oY 4
—5,
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Tab. 6 Correlation between soil carbon, nitrogen and phosphorus and soil microbiota and stoichiometry
fji Ai%zide SOC TN TP MBC MBN MBP MBC/MBN  MBC/MBP
Jeole 0.05
TN 0.41 0.89"
TP 0.76" 0.22 0.57
MBC 0.90" 0.68" 0.29 0.68"
MBN 0.70" 0.16 0.88" 0.28 0.69"
MBP —0.84" -0.05 -0.27 0.65" —0.80" -0.48
MBC/MBN 0.93" 0.24 0.30 0.72" 0.83" 0.18 -0.73"
MBC/MBP 0.89™ 0.0043 0.25 0.51 0.92" 0.59 -0.96" 0.80"
MBN/MBP 0.74" 0.012 0.18 0.29 0.81" 0.68" -0.95" 0.58 0.95"

T TFRARBEME (P<0.05) ; TFRAMBEMLE (P<0.01)

Note:  indicates significant correlation (P<0.05); ™" indicates extremely significant correlation (P<0.01).

25 AEAERITEREYHESELEELER
B HE 14

ARG AN RN AR AR TR 1 e G A= 4 1
R ZE, BRI 3 A YELE TS bR
4 MMe2EtE s brfE iR AR i, DL e
YA Ay 0 AR B AT IUA BT . BT 4 AT,
S o B B IR Y 74.91%.23.50% ,
FIT DTN 98.41%, FHA + eI PR T f A=
Yris gk, I EA B VIS, Hidr,
qMBC 5 -SRI 2 IEAHSG, 5 ks
P pH. TP £ IEAHE, 5 SOC. TN 2 4

10F

9004 qMBN

RDA2 (23.50%)

RDAI (74.91%)

HOF LR R RO RN §i kKA
SEMATREE 5 Sk ) A AR SCAR I
White arrows indicate explanatory variables; Black arrows indicate
response variables; The length of the arrow is the degree of influ-
ence; The angle between the arrows is the degree of correlation.

B4 ARBRIFEEUERSHMENBHTRSN
Fig. 4 Redundancy analysis of soil physicochemical prop-
erties and microbial quotient at different elevations

X5 qQMBN 5+ #ME i () BD . STP 2 1EAH
X, 5 SWC 2HAHE, SR pH 2 1E
K, HHAM AR 2 A qMBP 5+
ey e BD 2IEMHX, 5 SWC, STP £
A, S RTP R pH BIEAK, S5HAh
fe2e R R A e, MR 4 aT%n, Sy
JO 1) A5 TR By Sk A B R R /N A R
FEiHabs, 2RI b TR S A R N TR
T HERUE IR B

0 SRR B By i — 2 AT AR
I HEY . AR 7 AT, SRR A R
KEN/NHEF N TN, SOC. SWC. TP, BD, STP,
pH, H +5 TN 55 SOC BYMEEEE 73514 40.9%
M 34.9%, REBIWEEKFE (P<0.01) o 45HR%E
B, SOC. TN J&sZMaA% M A T bR - 98 i A W i A
TR KB R T o

K7 RFFEQBRHRF
Tab. 7 Ranking of Monte Carlo tests

fobr ERE TTHREZ P HeF
Index Explain/% Contribution/% Ranking
TN 40.9 41.1 4.9  0.006 1
SOC 34.9 35.0 8.7 0.008 2
SwcC 12.2 12.3 5.1  0.056 3
TP 6.1 6.1 4.1 0.490 4
BD 2.1 2.1 0.8 0320 5
STP 1.8 1.8 0.7  0.600 6
pH 1.6 1.6 <0.1  0.008 7
3 it
3.1 BRI EA A bk TR R A S0

AW LE R BN, TEER 500~900 m 5 [ Y,



%5 3 4]

SR AR T R PR ) 582 Bl AN R B AR N TR 338 folo A W ik Ul 5 i 771

R N TR - e 4 e 3 25 7. it
XoF LA [R) R 4K 1 R SRR AE AR, Rt AR B A
Xof SR PR BT A S M R . ER RN 1
HAAEMR, SALBRESSKETRENMSL ., X
5 3 3% A1) 25 POTRT [ A - 9 W B 5 1) BF 9 4
— 3, A E AL B AR R GRS B T AR
4R . SRARIS bR b 3 BE A LT S 2, 3
AN LTS G IR T A AR, SR A
FIA A X - 1 S5 SR, i e i A 1 551
TP AR N ARG AR AR B3 I, S 35
WS AEERINTRER, Bk, s
FHEA AN, RS 0~60 cm WHE N0
HREHMA, XRKFNTREKR, 7EFETE, &%
R B Sl R R 2Rk 7, IRZ 0 14
KA EARDEATIR I, B —J5 T, SRR
AR MR S R L, R N TR R
(%) 1ih 22 PR BE BUfT I ZE AR K 3, PRtk s B
TR N TR RIS KR TR LA

FEAR N bR - 58 B Vi 45 T v A B B RR L Y e
e, 13X 5 R A T T 5 1A [l ik 2 0% pH
AR R — 3 AWFE X TR IR X, +
Wy BRI, MaERRNERTES, |
TR0 5k B SR8 AR 28 0 W) 110 R AR 3 3
TgEmRAESEIE . FIEAPRES HIESR S =
PI B A  TH e T S B R A, R LR
R T2 BRI Y 0 A R AR R T
TR EFEZAMERN . YR IAA
WL A FE AR A . St RORAAE R s
M), = SR A W T P TR X — R Ao R R B G
SEEH . ik, FEBR AR TR, R
TR, Bk R+ A WG PR AR, i
TR PRI AR A RN, X 55k SERY |
A B AL S A R H A
B AR 500~900 m MM N TG 2 R, +
e EEOR A A A WL TR R, B TUIR
PETTER, WP B mRN, X 5% %
SRR 3 2 22 S PO I 9 45 SR — 30 TIAN 2607
Wt M N TAREEE DK . 2% &S
HEES N 13.39, 1.01, 0.18 g/kg, HiEfk
FoE AR 2% 2SR T(E 2047,
1.34, 0.25 g/kg, FIMK. A, HoRME=Z;
HRIRAMR (2561, 0.98, 0.26 gkg ML) ,
FEEE N MR I 2 0 Ry %o + 30800 . B =,

32 BHEMBEMAIKRTEREDEENE
T E4ER R0

WG R, Feb TR A ik . &
bR T E R T, Hd MBC 5
VPR S A A 3 IR AR G, i 1€ MBP BV () T
MR, Sk 2N EE A, XSRS H
MILEIE A 255, 2 %R0% )R LA B F T %
B, BEAE T, R EAKE P i Bl
UL YREHT T, BT, B EEC A
i ARG R PR EE RS, AR T AR
A E M, AT X EAL IR A, IRk
+1% MBC. MBN F1 MBP ¥4k T} i i 25 5
11 o 3L W A 35 AR G R SR L TR AR 1 4 K
Iy, AHE NN, bR T XTSRRI SN, 7R
R Al 7T fi S M H AR R Y R R P 4k
17 30 Ao R AR N TR AR YR AR AR 3 A 1 1 1
SR, MRV 2 Fh AR R + A
W e E 2R, RPEGHRIEEm H5RUEY
HWEERNE,

7E Sk W Ak A I, MBC/
MBN. MBC/MBP. MBN/MBP ik 0 7} &
M EFHA#aE, Hrh MBC/MBN X4k 28 1L Y
SV e RS, TE 500~900 m 4 X ] P 35 5
FES ., WFEEN, MBC/MBN 1] Lz e + 3 43
YRS I EEA RNy, Hrh AR 5/1 BFL
TR A T, 6/1 B LU R A 32, 10/1 B DA BTN
EPY BERCEM T, RIS RAE SR,
HE T TE T HE 4 [ B AE 1P MBC/MBP |
MBN/MBP 7k 500 m A4b g/ ME, HALS5H
PR R AR A A B 25 57, R T
T B A P BRI AST MBN . MBP {152 1 ik
55, [AIAT e T FETEFR 500 m AR A TR AR
Y AL A AL R PRI C L N Y i, HAK
TR C. N TR, P IR RAXEN,
R I EY B — 2 M NF e, AN
WEPR L C. N, P S EEAWARR, MEY
(A SR T R R AR AR AR AR R AR X —BBOPT
B Ry 2N R BT+ HE SR R A B
AR DS ABF S TR, B k0 T
m, BRI RS 1 CL N P IAR L
T —B AR5 RIRK AT Sy 425 1) +3 C N
P e, M TR TR =R
TR . N, P B 1
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N A N 851k, qMBP BERH BT =0 T
W, HMEE TUCEM (2.25%) , T4 E HmkE
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BT, MordiiaT a4k, mFrd sy £
BEVEZE A I HANIRSE R, BEE N TR
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