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Abstract: Taking the soil of natural Juniperus przewalskii forest occurring in Qinghai Province as the re-
search object, the responses of soil organic carbon (SOC) ,total N (TN) ,total P (TP) and stoichiometry to
altitude and soil layer and their correlations with environmental factors were explored. The results indica-
ted that 1) soil SOC,TN,TP,C: P,N : P decreased with the increase of altitude and soil depth,while soil
C ¢ N had no significant change. The SOC and TN showed good synergistic variation characteristics be-
tween different soil layers and altitudes,and the spatial variability of TP was small. 2) The physical and
chemical properties of soil,climate and vegetation factors had significant impacts on the stoichiometry of
soil C,N and P (P <C0. 05),among them, soil water content was the main factor affecting the C : N : P
stoichiometry,and accounted for 44. 0% of the variation information. 3) The average values of soil C ¢ P ra-
tion (57.96),N ¢ P ratio(5. 43) were significantly lower than the average levels of the soil C : P ratio
(52.90) and N : P ratio (3.9) in China,which indicated that the soil had high N availability and lack of P
element. And the normal growth of forests was limited by available P in soil.
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Table 1 Basic information of the study areas

P BE AL AR/ C AR R K /mm Z % CE) 4iBE N K /m
L4 0y 2 5.28 169 97.33—97. 35 37.48—37.49 3 660~3 740
F= 4 3.41 179. 1 98.11—98. 20 35.99—36.03 3 780~3 870
12 3 4,55 324.9 98.66—98. 67 37.02—37.03 3010~3 500
it 7 1.71 377.9 99. 89—100. 14 35.01—35.52 2 910~3 700
A% 4 1.00 420.0 100. 25—100. 31 38.08—38. 22 2 730~3 390
EJES 7 —1.33 460. 0 101. 85—101. 94 35.21—35.25 3 150~3 810
T8 8 4.01 502.5 102.11—102. 54 36.78—37.03 2 340~3 525
1.2 BARFE BE 5 B ERAR IO SR B AR W) R 2 AR I e
1.2.1 #H&xIL5HERE RIGMAIVEFEN 25 W

A7 A EAR % BIRUMR ) 18 4k 43 A B (2 340~3 870
m), UL 200 m 1 A BB EE 3 AT 4Rl 4, BD
<2 900,2 900~3 100,3 100~3 300,3 300~3 500,
3 500~3 700,>>3 700 m £ 6 MFRBLE, 1E 7 4
BA ¥ 20 mX 20 m BYRFEVEFEHL 35 4>, ARAE XS A
Lk ERAN RN EEE S A5 mX5 m¥EA
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ANFEHD RG22 4 B TR R PN A A R AT T
B, DU WA 5 e s E A R Bl G 5 A R
BE5ANASmXS m AR5 AN 1 mX1 m BAH A
FETT s HEARRE 7 vh s 30 S T R 1 28 Lk B, T

REANTE TR 1L P e B S7 R IRORE 2k 16 B 1 MR
A5 AR L A X L REES SN
1 AR 5 1) T B FE A5 B RE S 4K 0~ 20,20 ~
40,40~60 cm 3 4> 12 AR 100 em® BYFFTT R
45 2 R 4, TR B SR 4R [RI R B 1 4. TR — R b Iy
A 2B IR A S LR BRI
Tl R AT B R E g IR A A
12,2 HSeaodr KRS RS T, L4t
B R H A R FR IR B A 512 ASO A, 3 5
FHF I 5E +3 pH 5 SOC, TN, TP,
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1.3 #iELE
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SR B IR R 5 22 43 T CANOV A K 30 AN Rl g 4R 5 &
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g A 2 MK F 8 P <<0. 05 8 P<C0. 01, [AIH}
XK 5 I A A e AR AT S R A ik nl 5 Oy B
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2.1 AP EMM A AL T RS

13 SOC. TN, TP & & F ¥ {53 5 K 36. 49,
3.43.0.62 g » kg ', EILTE N 9. 05 ~75. 92,
0.61~7.47,0.34~0.91 g+ kg ', BHF AN
16.13% ~45.77% (£ 3), SOC 5 TN 45 57 254
AT, %o 0 S 0 855 A8 Ak e i B — Sk, TP 1y 728 R
B SOC Fl TN /b £ 2Eib s e, C: NLC ¢
PN : P22 byu Bl 23 %l g 7. 13~17.17.15. 60~
105. 44 A1 1. 24 ~9.64, 2 F 2B A 1. 91% ~
37.02%,C: P 5 N: PASSF RBAMHIT (K 3),

F2 TECNPRHEESUFTEHITHE

Table 2 Statistical characteristics of soil C,N,P contents and their eco-stoichiometry

EERIIR T 4N

4P

i H S kg D) g kg ) (g kgD C:N C:P N:P
S {E 36. 49 3.43 0.62 11.1 57.96 5.43
/MY 9.05 0.61 0. 34 4.62 15. 60 1.24
PN 75.92 7.47 0.91 18. 39 105. 44 9. 64
bR 22 16. 38 1.57 0. 10 1.66 21.23 2.01
A5 R % 44. 89 45.77 16.13 14. 95 36. 63 37.02
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RBENTL

TE A — L RN AR B B R, 3 SOC RfiifF 45
B 0 R AR A A, 7E <<3 500 m B B R T HA
MK (3 500~3 700,>>3 700 m) (P <20.05) ([ 1),
TS N SELKAZ AR, 3 2R R EE
BIHIAE<<2 900 m, FefIRAE H BLAE=3 700 m, Fifi 1
PRB BN T AR . 7E<<2 900 ~3 700 m 3K I FH
W, A P REIEAR B TE/INIE R R [, IR 3 700
m W ETF, BAE >3 700 m & EAMR T HAL 5 4>
MR (P<0.05), 18 C = N Bl 48 86 B 3 hn g
A AR b, LA IR JE 3 25 5+ (P >0, 05), C+
P 5 N: P AfEHBAE<2 900 m, fir /IMETE fe &
B EE (>3 700 m). £ W K WoR . BRI R
=3 700 m i F KT AW IE A BE SR Ay 4 AR
T B 1) 22 SO AN 2 (P =>0. 05) (] 1),

TER — B EE AR 2 N . £3 SOC. TN &

e 59 I - S VR B 1 1 n T S TR AL HL 0~20 em £
JZ1 SOC. TN & & i 5 T 20~40 cm 5 40~60
em +JZ(P<0.05) (A 1), £ NI B LRBH
27, TP B RE A7 RN R B R w ) A
INRREE/NF SOC 5 TN, B 0~20 em + 28
B FEFET 40~60 em(P<C0.05) (F 1), fEHIF
FE 7o B w0 e S o o i e o =) R T
SRR A, Hh,C: PN PRI A R 9 2
ek, B 4 2 9 R FEAR L 1 C ¢ NOBE A2 59 m
W B A EEEMER RN H P>
0.05) (&l 1),

PE— L %+ 4 SOC, TN, TP K H k¥t &5
AR S BRI AT R A 40 A L A5 SRR 2)
WO 3 AN+ 2 SOC,TN.C: P.N: P HA R
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EEATRMLAM KR, LIE TP SifFdk 2



4 PO LA B 2 4 36 &

LPEMAE IR, L C « N S8 E Ay A1) 56 £ TR B, BRSO S C o+ P 43I 5 0F A 56 1A
PRk B E KT8 2, K MARBFEZE R SOC. TP 5 C + P ¥ 2K B % 1
T2 8], SOC, TN, TP & & 1 1§ 2 [i1] 3 AR (P<C0.01) (£ 3, KL C: P WA L FE h
SR i IEAE (P <<0.01), H SOC 5 TN Z Ja] SOCH|#, N: P 5 TN (KM% T TP, it H
MERBRA(FE 3, SOCH TP K C: P4 N: P WAL EZAH TN 5],
#£3 TECNPREAFITEBHEXHS

Table 3 Correlation of soil C,N,P contents and their eco-stoichiometry

I H SOC/(g+kg ') TN/(g+kg D TP/(g+ kg C: N C:P N:P
SOC/(g+ kg 1) 1
TN/(g+ kg D) 0.868" " 1
TP/(g+ kg 0.576" " 0.563" " 1
C: N 0.201" —0.205" 0. 094 1
C:P 0.907" " 0.853"" 0.297" " 0.145 1
N:P 0.740" " 0.910" " 0.210" " —0.323"" 0.872"° " 1
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Fig. 1 Soil ecological stoichiometry of different soil layers in different altitudinal gradients
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Fig. 2 Regression analyses between soil ecological stoichiometry and altitude gradient
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Table 4 Correlation between altitude and climate factors

i H drgm VI RTIREE
K /m 1 —0.243" —0.417""
ARSEEIREE /C 1 —0.405" "
AR T /mm 1

FHOCHE 35 3K 1) B 2 K F- (P <<0. 05)
2.4 BEBMESTEIERGERBENTL
AT A % B AT R SR MR s Z AR PE SR BT LU
H L R AT &, BARTE K A Shannon-Win-
ner f8 8 RN B HAERFNE R E T 2 5%
PR3 (P<<0.05) (R 5) ., RMMNMFEEERE.
TR 55 Ay Bh 3= 5 B VR T R T B PR AR b
FEAE S ARV SR 1) 4 b = R IV 4 1) T o T
HREAR (P <C0.05) . M3 25 B B 5 4000 B2 4 fin B 2
N e AR TE £ IR B B E W 2 R (P >
0.05) (% 5), NG E T+ & KE pH. F
25 R (P <0, 05) o 4 38 5 /K 3R bl Vi 4 B
BE Y T 50 R e, TR I AR X8R (3 500 ~
3700,>3 700 m) X 3k & F L F K K X R
(<C3 500 m) s Al . T3 pH % e KAE ) BT
$>3 700 m, F/MEH BAERE R <<2 900 m,FH +
¢ pH 75 5B R B 0 T SRR (R )
2.5 REREENITEESUFITEFTENEIE
DL+ 58 SOC, TN, TP K H Ak 23t i Ly i i
A SRR bR SRR R R RS L AT
TORAINT . 25 R HT 2 A HE P il R B R i

SOC.TN.TP J H Ak 2=t & A8 % /9 75. 93 %, H
HES 1 HEE il B AR S G 75, 2896, 55 2 HE R il i
BAF S 0.65% (B 2), +3E SOC, TN 587 &
f& Shannon-Winner 3850 (H) .Y Fh £ & FE (R) .Mk
OTRERE KL B K R B B 3 I M O (P <<
0.01), 5k B 5 W 3 1F AH 3¢ (P <<0. 05), 54k .
pH AHEEWRBFEHRMHX(P<<0.01), L TP Y5
B 7% SRk Shannon-Winner 848 (H) (¥ Fh =F & & .
Mo B KR B IR G, Sl
pH A& 2 % A A (P<<0.01), +48C: N
55 %5 ) ZR 8] A O M 24 oK 3k B B 3 KO (P >
0.05),1+#E C: P.N: P 5#% &k Shannon-Win-
ner F8 40 CH ) (M7 5 B B K L B HE S K R B0 i
FIEMC, 5k pH 4 52 B UG (P <
0.01) (& 3.3 6), JUAR T AR R W] + 5%
KR R 2R R g S A R e A
Z. IR T AR 44. 0% .15, 1%.9. 7% (&
3, FIEEIKBNMRERIE R TBIRS L)Z.

3 &5t

TR 7 1 45 A 3 5 R K AR AR 123 SOCL TN,
TP Kfb2#it s b B W m, Mg A ES
T2 mE, 3% SOC. TN, TP.C: P.N: P & F
Fefa#h;C: N LB EFBk., NEEHREE X
fi AL BT AN R 2 R TR T ik
TR AR Ho S K R R b Sl T R
AR ER R ERE T RN 44. 0%, A #E
A R SRR 18 P AT RCHEAIR . N A R
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Table 5 Soil parameters and community characteristics in different altitudes
3 /m
E{ER 7Y
<2900 2 900~3 100 3100~3 300 3 300~3 500 3 500~3 700 >3 700

+ HeE k% 0~20 cm  46.66=5.34a 44.88%5.62a  44.704£2.96a 41.3642.56 ab  32.0144.85 b  20.3842.47 ¢
20~40 cm  46.1243.59a 42.24%4.63a  41.6642.99a  40.83%2.46a  26.2343.26b 19.77%£2.13 b

40~60 cm  38.7842.33a 34.25%2.80a  32.06%=1.36a 31.39%5.34ab  24.73%2.91b  13.7242.04 ¢

pH 0~20cm  7.59+0.14a 7.7440.33ab  7.7240.19ab  8.1340.03b  8.0440.05ab  8.3340.07 b
20~40 cm  7.8240.23a  7.8340.31 a 7.9840.16 a 8.2840.05a  8.26%0.05ab  8.6620.14 b

40~60 cm  8.07%0.18a  7.9540.24 a 8.2240.18 a 8.33240.03 a 8.394£0.05a  8.8640.16 b

A H 0~20 cm 0.6340.02a 0.8940.14 abc  0.82+0.09 ac 0.86740.02 ¢ 1.02+0.05 cd 1.11+£0.05d
20~40 cm  0.7940.05a  0.9140.09 ab  0.9340.06 ab  0.94+0.09 ab  1.1840.10 b  1.3240.12 be

40~60 cm  0.9140.09a  0.9440.07a  1.0520.03 ab  1.1540.03 ab  1.194:0.08 b 1.3420.06 bhc

Shannon-Winner — Jafk 2.9140.10a  2.7940.04 ab  2.7340.07 ab  2.640.06 b 2.3840.03 ¢ 2.1040.07 d
EiR14 /N 1.73+0.08 a 1.6540.02 a 1.6240.04 a 1.6440.05 a 1.164+0.07 b 0.8140.05 ¢
AR 2.84740.04 a 2.7540.07 a 2.4940.08 b 2.2640.13 ¢ 2.2840.03 be  1.9840.08 d

Yih e N 26.6043.20a 16.0041.08 b  15.00%£2.05b  14.00%£1.00b  15.86+1.62b 15.38%£1.91b
AR 5.00£0.55 a 3.00£0.82 a 4.67+0.61 a 2.50+1.32 a 2.434+0.57 a 3.134+0.83 a
AR 21.60+2.73 a 13+1. 68 be 8.67+1.20b  11.50+1.04 be 14.86+1.58 ¢ 12.25+1.24 be

WGy B — 1250+278.39 a 912.5+288.22 a 916.674229.55 a 781, 254294, 99 a807. 14+201. 24 a 625+105.01 a

TE AR/ NG FRERRES B3 (P<<0.05),

F6 TEAFUHEHASHREERFHEXE

Table 6 The relationship between soil C : N : P and environmental factors
T H SOC TN TP C: N C:P N:P
Shannon-Winner & 4{ 5% 0.605" " 0.648" 0.399"" —0.030 0.592"" 0.563
A 0.600" " 0. 625 0.398" " 0.005 0.608" 0.556
A 0.603" " 0.602"" 0.427"" —0.030 0.553" 0.498"
Yy & & 5L 0.251" 0.262" " 0.281"" —0.079 0.168 0.172
HEA 0.171 0.237" 0.190 0.019 0.154 0.177
AR 0.177 0.177 0. 184 —0.136 0.111 0.114
G5 B 0.366" " 0.393" " 0.277"" —0.051 0.353" 0.340"
34k —0.626"" —0.671"" —0.462"" 0.048 —0.586" —0.560"
LEE 0.205" 0.125 0.213" —0.058 0. 081 0.015
[/ 0.361"" 0.396" " 0.166 —0.002 0.394" 0. 405"
TS AKR 0.642" " 0.705" " 0.450" " 0.038 0.659" " 0. 609
pH —0.501"" —0.530"" —0.359"" 0.019 —0.463" " —0.428"
AE —0.469" " —0.539" " —0.361" " 0.127 —0.454" " —0. 444"
3.1 BEEMRXAMLTECNPRERUFITE SRLERBE AR Ak A i o7 R — B

LR TUNMEREZMEE

AWFFE 44 SOC, TN 728 5 R BOR T . 3 8L
KL A9 IR [R) A5 A IE 35 I 8 4 1) 386 0 T ik /) 5 5 5
TR A A AR AR L SOC, TN 3 B 4
MMEAR -2, "TREM I A TR X R 22 5.
TG A R ST T R AR B B T E A i i bR
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