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Soil Characteristics and Fertility Evaluation of Abies sibirica Forest at
Different Altitude Gradients in Altai Mountain

MA Zeyu', WANG Dan’, DAI Wei', ZHANG Yutao®, DAI Aona'

(1. College of Forestry, Beijing Forestry University, Beijing 100083, China; 2. Songshan National Nature Reserve
Administration, Beijing 102115, China; 3. Institute of Forest Ecology, Xinjiang Academy of Forestry, Urumqi 830063, China)

Abstract: The variation characteristics of soil physical and chemical properties at different altitudes of natural
Abies sibirica forests were investigated in Altai Mountain of Xinjiang Uyghur Autonomous Region. Correla-
tion analysis and principal component analysis were used to evaluate soil fertility at these four altitudes. The
results showed that: (1) the percentage content of sand in soils was greater than clay but less than silt at the
four altitudes; (2) with increase of altitude, soil chemical and organic carbon mineralization characteristics
changed in different manners, the pH value of low altitude was greater than that at the high altitude, soil
organic matter, total nitrogen, active and slow-available carbon showed a trend of decline first and increase
later, but soil organic carbon mineralization ratio decreased gradually, and significantly reduced above the
1 700 m; (3) close correlations were found between active and slow-available carbon and soil organic matter,
total nitrogen, available potassium content, but not for pH value and carbon mineralization ratio; (4) contents of
soil organic matter, total nitrogen, available phosphorus and readily available potassium played important
roles in soil fertility evaluation. The soil fertility levels at different altitudes of Altai fir forest decrease in the
order; 1 500~1 700 m>1 300~1 500 m>1 900~2 100 m>1 700~1 900 m.

Keywords: Abies sibirica forest; altitude; soil fertility; principal component analysis
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PEF TR (R B R R AR AL R O I 5B
Hb s £5 B BE AN DL 2R 1,

R1 HEHEREHR

W3/ m R i /a R &S] i 1) Beps/ () IR/ Y% FERE/m PR/ o
1300~1500 £ IR 40~80 Lk It 25 45 18.2 21.9
1500~1700 - fIRZEMK  40~80 AL+ KB Jb 4w P 15 35 14,7 18
1700~1900  #FMiEscH  40~80 a5t Ak At P 10 47 11.4 20.4
1900~2100  EFHHEZEM  40~80 AREA ML WELEG L P 15 48 8.5 18

1.3 #&mE&

2011 4 7 AR AW HRBH B 9 43 I BE B 3 B 20 m
X 20 m AYRE ML, 7F A BRRE P R S R IRORE 35 2
5ANGREE 1 m (i - HEH I, 43 5 R4 0—10,10—20,
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136 /e o S 1

NH, Ac = J0a 06 Bt ik pH A - B8 B 3k +-
ALY L R CO, BER & - & P H BT 55
T | RS R ] Ry 98
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FE 24 g oy ok > R > BB, 4 AN TR RR R R AR
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R KL PR BRI AT 2408 43 ) 68. 76 %0,
26.24%,5. 00%,69. 42%, 24. 02%, 6. 56%, 72. 82%,
20.50% ,6.68%,79.16%,15.62%,5.22% ., AHEFH
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0 P 1 s A, A g ) T ) A Se A A2 R TR ) o i DA
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AL A A A R AR S b YR R AR
by 3% IR LY B R ) T R A A AR e B R AR
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T~ b ] iiﬁﬂw‘iﬂiﬂc % ]
- e Bk Bk Bk
Pl /m R /m (2~0.05 mm) (0.05~0.002 mm)(<0. 002 mm)
0—10 28 65 7
10—20 27 69 4
1300~1500  20—40 29 65 6
40—60 26 67 7
60—100 24 72 4
0—10 23 70 7
10—20 30 66 4
1500~1700  20—40 25 71 4
40—60 22 66 12
60—100 23 71 6
0—10 29 60 11
10—20 26 63 11
1700~1900  20—40 27 60 13
40—60 27 64 8
60—100 10 89 1
0—10 27 63 10
10—20 12 84 4
1900~2100  20—40 19 74 7
40—60 23 70 7
60—100 8 89 3
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x3 AABHRITEUZER
—— L E/m ﬁmﬁi:/ %/ﬁi ﬁiﬂlﬁ?‘f/ E?ﬁli OH (i
(g kg M) (g kg ") (g kg M (gekg H)
0—10 94.96+17.59Aa 0.274+0.05Aa 46.16+10.24Aa 255.334+96.09Aa 8.30+0.08Aa
10—20 44.73+4.09Ba 0.1640.03ABa 35.88+14.52ABa 156.67458.59ABa 8.32+0.05Aa
1300~1500 20—40 27.07+£3.34BCa 0.09%0.03Ba 29.15£17. 08 ABa 140. 00460, 00Ba 8.3640.08Aa
40—60 24,05+2,26BCb  0.05%+0.02Ba 28.37+11.84ABa133.33+45.09Ba  8.41%0.07Aa
60—100 20.75+4.88Ch 0.03%40.01Ba 22.36+5.50Ba 90. 00426. 46Ba 8.50740.04Aa
0—10 84.72+17.15Aa 0.3240.09Aa 43.99£3.30Aa 246.67%51.31Aa 7.77240.30Bab
10—20 42.31+8.50Ba 0.124+0.04Ba 38.33+7.40Aa 213.33+30.55ABa 7.9240.10ABab
1500~1700 20—40 21.7143.06BCa 0.06=40.01Ba 33.35+6.88Aa 170.00+43.59ABa 8.23+0.08ABa
40—60 15. 004 3. 45BCc 0.03%0.01Ba 38.65+£10.47Aa 173.33+£55.08ABa 8.3940.12Aab
60—100 8.437+1.01Cc 0.02+0.00Ba 38.65+11.36Aa 156.67+58.59Ba 8.38+0.11Aa
0—10 72.81+13.13Aa 0.20740.08Aa 36.24+5.50Aa 203.334+111.50Aa 7.54=+0.37Ab
10—20 34.89+0.07Ba 0.07%+0.03ABa 31.55+3.26Aa 166.674168.62Aa 7.57+0.36Ab
1700~1900 20—40 20. 24=+2.55BCa 0.05+0.01Ba 33.30+6.27Aa 146.67+125.03Aa 7.76+0.34Aa
40—60 14.7040. 98Cc 0.03740.00Ba 35.82+3.98Aa 153.33480.82Aa 7.78=+0.35Ab
60—100 9.8940. 81Cc 0.03%0.02Ba 39.55+12.33Aa 123.33465.06Aa 8.06+£0.37Aa
0—10 92.20+18.83Aa 0.35%+0.13Aa 36.06+7.53Aa 216.67+30.55Aa 7.88+0.19Aab
10—20 65.53+14.98Ba 0.2240.08ABa 30.11%+5.86Aa 210.00410.00Aa 7.98=+0.22Aab
1900~2100 20—40 38.11+£8.92Ba 0.16+0.06ABa 39.31+£12.85Aa 183.33445.09ABa 8.10£0.25Aa
40—60 38.94413.07Ba 0.0940. 04Ba 42.611+9.29Aa 150.00£20. 00Ba 8.33%+0.06Aab
60—100 24.92+7.68Ba 0.06=40.03Ba 34.62+6.22Aa 146.67+37.86Ba 8.3840.07Aa

TE:ALB,C, D3RR R 4R AN 7] 4 2 £ 30 5 2% 57K - (p<20. 05) sa, by oo d 7R A + 2 A8 8 4K B e 5 25 57 K7 (p<<0. 05) . TR A,
R4 FRBHRIBEENRT LA T

45/ m 12 /cm TEPERR/ (g kg™ ZHR/ (g - kgD AR/ %

0—10 9.09+2.25Aa 1.054+0. 08Ab 12.08+4. 14Aa

10—20 4.31£1.14Ba 0.6940.05Ba 13.35+3.28Aa

1300~1500 20—40 3.26+1.17BCa 0.404-0. 08Ca 14.35+4. 21Aa
40—60 1.804-0. 06Ca 0.25+0.09Ca 13.67+2.51Aa

60—100 0.99+0.13Ca 0.25+0.13Ca 13.23+5.31Aa

0—10 8.58+0.07Aa 1.35+0. 08Aa 13.20+£5. 00Aa

10—20 3.1140. 54Bab 0.564-0. 05Bb 12.72+4.69Aa

1500~1700 20—40 2.29£1.17Ba 0.2440.05Cb 11.35+3.65Aa
40—60 1.18+0. 04Chc 0.204-0. 02Ca 9.72+5.82Aa

60—100 0.4540.06Cb 0.18+0.06Ca 8.55+4.33Aa
0—10 6.02+0.90Aa 0.3440.05Ad 4.9141. 39Aab

10—20 2.00+£1. 35Bb 0.164-0. 07Bd 4.60340. 96 Ab

1700~1900 20—40 1.9040. 40BCa 0.132£0.03Bc 5.15+2. 12Ab
40—60 1.19+0.43CDb 0.084-0. 09Bb 6.23+1.69Ab

60—100 0.40=+0. 08Db 0.10=£0.02Ca 5.97+0.67Ab

0—10 7.79+2.90Aa 0.86+£0.04Ac 8.77+£3.18Ab

10—20 3.2340. 88Bab 0.344-0. 02Bc 5.7243.25Ab

1900~2100 20—40 1.254-0. 55BCa 0.25%+0.03Cb 5.21£1.50Ab
40—60 0.9440. 21BCc 0.072£0.01Db 4.17£3.14Ab

60—100 0.344-0. 10Cb 0.034-0.01Db 4.004=3. 35Ab
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%23 5

TR Y 50 ATRRIE R S A [ T A 1 3 05 P e
TNk &t A8 Ak 3 Bl 43 51 & 0. 34~9. 09,0. 03~1. 35
g/ kg [7] + 2[RIV 5 1tk 7% 1 78 Ak 3 5 2 550 AR
UL FE#EIR 1 300~1 900 m [l PN, B 44 T T 480G
PEBFNZZ 24 b 5 1t S PR Y i e X 5 A LB A2 1k
FUA— 2, 1A LN A ALk B ORTRE, A BT SR
RE T B LR AE R - A WL IR e, H
ARG 2 B A ) A ML fhad R

A LR Ak RS — B[R] Py 3 AL Tk
B CO, ¥i B B A MUK B 4k 3R 1 R AL,
WALZRAENFIR 1 300~1 500 m Fl 1 500~1 700 m A %F
A R HIRAE MRS 1 300~1 500 m, 2 14.35%,
MR 1 700~1 900 m & FF 45 W & B AR SR AR HF 21
71 900~2 100 m i 60—100 cm + 2, K 4. 00% .,
BT 45 A6 2 ) T e o SR BILRR 3R 5 B D 1
W NI ESITEREE,.1 300~1 700 m4F
MO &2 R IEA DL AL FEE T 1 700~2 100 m
CBFm MO 3. HX B T 25 B FEKFE (p<
0.05) , AR5 IX 1 300~1 700 m JEEWN . HHKZMW
FIME T AT T A2 7 i R AR L 08 35 0 09 B 4 il
PESRZLSE W BT e HLAR AR AE . R8O LR B &
T 1700 m LA B =42 — B A AR 38 AR 1026

RIDL MR Ay 26 B0 (3% 1) I ele A8 5 8008 6 W B
FE RN 53 o My A8 B R A= AR Ak, AT HH AN [R] 0 7 Ak R
fE X 5 A ST g g R — 2
2.4 TEREARRIEN

A AR R A AR A AR A BT T i
SN A hy 45 T PR B £E A RO (R BTN i
W LIRS R R A R A L T IEIE R A T
BESR 43 b XoF R R E BROBE R A B R R B T
2.4.1 EEmAMFHAE SN RS PR D
BB RL RERL 3 ARG R A OGRS
HoAth Al 2 M BAR DG MR 22 A HL LA R
85 5 4 43 T T 4 AR 1 3k B 25 B 0 2 KOF L A
MR T HiR b b, B A S L 5a
LB 2 #— B B4 . 1 pH X HoAl 45 Fr £
I A OAEH . T2 T8 = A VL 1 2 s (Br
W ALRZ A0 ¥ 5 L b 2 48 b T 3 Bk B 3 AE G
XN % 45 A2 48 b T DL 35 5 e AN Bl E A AL
fire & i DN A3 - A HLAR B fL R A G . T &K
A5 0 A0 AT A O, 7 o A A AR 1 T g R
L RRE R T RIS R . R EE R R M L
HE Wy 3 Ak S BT A K AT DL AL s 2 R AR AR
WFEMICKFR Al R EES ot 1 J1 7K F

x5 TEBAUERMBEXXZE

EA#KRE  BREE BREEE BRESE AR 24 beg i R pH ff Gk R FE
Bk i 1

Pk —0.981°" 1

RS 0.793"* —0.897"* 1

il 0.360 —0.064 0.131 1

2R —0.007 —0.003 0.037 0.962" " 1

AR 0.007 —0.012 0.022 0.375 0.390 1

A 0.213 —0.246 0.290 0.826°"  0.824""  0.617°% 1

pH —0.087 0.203  —0.422  —0.478°  —0.345  —0.141 —0.420 1

T 0.209 —0.162 0.043 0.786°*  0.851°*  0.454” 0.773** —0.173 1

WA % 0. 241 —0.242 0.218 0.913* 0,905 0.330 0.7757 % —0.406 0.905" " 1

RIS 0.500°  —0.362 0. 009 0. 040 0.141 —0.153 0. 069 0.425 0.527°  0.331 1

TE: " FIRTE 0. 05 KGRI 1 B -~ RIRAE 0. 01 AP ORUMD bR FHK.

2.4.2 XERRAM ERH S FE LI T
AR EA Z A TE — 5 M OCPE R A8 & L 32 19340
Bk o] LUK 2 A T 716 R D 8O 25 6 I JF R ]
B PR BA AR B A B i, LA I 22 8] BN AH 56, T A
BN H 0. Rk — 25 BT A [5) U B B BT /R 2
LA A2 bRk A A 3 K7 5 X - 1 B A 1 I 45 A O AR
F1 T4 325 43T > LA BE AT Iy i 22
THE.

2 6 Al F 5 — E s (PC 5 22 5Tk %
R,k 46.052% 55 — V5 = N B 22 ST R

SRRy 25, 317% M 15, 416 %, BiF 7 2 STk R N
86. 78500, HIL A bt Z kARG R BT 2 TTHCR K T
850 [ JE I, SR IR 3 A E RS IO LE G R AR S A RE
et AT ) A AR S

F6 THMEMSHBERMTETRE

i H B1ERS  B2ERD 3 ENS
FREAR 5.066 2.785 1.696
F TR/ 46. 052 25.317 15. 416
ZHF ETHR/ % 46. 052 71. 369 86. 785

M 7 AL — E M GRS T AR 2R A
RO U L G R L3 PR A IS O DY T i R AR
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KBRS DKL R R BRI R R ]
TR R . b B — FE U T 28 TURR AR R
JI AL 8 B A Al A S P S T B b L X S 2 R

) 53 AT 45 R K BUH A

®7 TEFHSEFHNHEGTEFERBIERDE

g fs i : azﬁ%\ : FEAE )
PC, PC, PC, Al A A
WA 0.361  —0.911  0.103 0.27 0.57 0.25
Bk E R —0.377 0.920  0.060  0.27 0.57 0.19
i 4 0.367  —0.803 —0.403 0.27 0.54 0.49
A LB 0.904 0.304 —0.082 0.42 0.33 0.22
2R 0.894 0.358  0.066 0.42 0.36 0.20
AR 0.494 0.254 —0.162 0.31 0.30 0.31
B 0.910 0.124 —0.121 0.42 0.21 0.27
pH  —0.463 0.015  0.742  0.30 0.07 0.66
R 0.891 0.158  0.379  0.42 0.24 0.47
HERER 0. 945 0.102  0.127 0.43 0.19 0.27

RS 0. 260
¥ 7 E RS PCy L PC, 28 7 S M 4 58 g 4
TR Ay Ay (RS AR 3 o 1A =, v A
F| 2 /> S i A HERE T3 K- B 2 8 O R
F=0.27X,40. 27X, +0. 27X, +0. 42X, +0. 42X,
+0.31X; +0. 42X, +0. 30X, +0. 42X, +0. 43
X, +0. 23X,
F,=0.57X,40.57X,+0. 54X, +0. 33X, +0. 36X,
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