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Forest soil nutrient characteristics at different altitudes in
Niubeiliang National Natural Reserve

LU Shi-li*, LI Xin-ping*",LI Wen-bin", MU Xiao-yan"

(a College of Resources Environment b College of Forestry , Northwest A& F University ,Yangling s Shaanxi 712100, China)

Abstract: [Objective] This study analyzed the relationship between the space differentiation of soil nu-
trient and the altitude in Qinling Niubeiliang National Natural Reserve to improve the studies on ecological
conditions, utilization,and protection of forest resources. [Method) The basic soil nutrient contents and pH
values of soil samples,taken from 16 complete soil profiles at the altitude range of 1 248—2 625 m, were
measured before statistics software was used for correlation analysis. [Result) 1) The spatial distribution
ranges of soil nutrient indexes in Niubeiliang National Natural Reserve of pH,organic matter, total N, a-
vailable N, total P,available P, total K,and available K were 5. 35—6. 65,5. 65—74. 84 g/kg,0.30—5. 43
g/kg,106. 64 —208. 66 mg/kg,0.45—1. 30 g/kg,0. 44 —6. 82 mg/kg,14. 88— 18. 78 g/kg,and 26. 18 —
277.00 mg/kg,respectively. 2) The spatial variation degrees of soil organic matter, total N, total P and a-

vailable P were large, whereas soil pH values and total K were small. The spatial variation degrees of soil
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pH values,total K and available K decreased from surface to deep soil, whereas organic matter,soil total N

and available N increased. 3) Correlation analysis showed that the contents of soil organic matter, total N,

P,K,available N,P,K,and soil pH values significantly correlated to altitude. The soil nutrient contents ex-

tremum were more appeared at altitudes from 1 900 to 2 000 m,and then gradually reduced along with in-

crease of sampling altitude. [Conclusion] The soil nutrients among different altitudes were significant dif-

ferent in Niubeiliang National Natural Reserve,and the nutrients correlated with each other.

Key words: Niubeiliang National Natural Reserve;soil nutrient;altitude;correlation analysis
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Table 1 Environmental condition of soil sampling sites in Niubeiliang National Natural Reserve
S o PR A E , , S
ME %S IR/ m Iatitugle and B S 4 I 855 B 5
Index Altitude 41 crud Topography Climatic zone Vegetation Parent material
ongitude
N33°46'442" M2 T 2 T 2 XU B0 1T A AR AR I B o
1 1 248 Ei08°46'800” ) ‘hntt Warm temperate semi-humid  Quercus aliena var. Colluvial parent
Slope bottom
ope botto monsoon climate acuteserrata material
) SELHE M2 S o XL i )
E108°57'982"  Slope land arm cmF)cra ¢ semihumi Quercus variabilis ° u\,]la paren
monsoon climate material
ey gy BRI BT B B SR T
3 1 454 F108°52'424"  Steep slope Warm temperate semi-humid  Chestnut, Quercus variabi-  Colluvial parent
) eep siope monsoon climate lis material
i sy B S
et LA 0 LI R BB R
4 1 639 N33°53°930 Bl W N ¢ humid Quercus aliena var. Colluvial parent
E108°58'160"  Slope land arm LmPer ¢ semi-humi acuteserrata, Toxicoden © u\.lld baren
monsoon climate o material
dron vernici fluum
5 1706 F]()8°59/9f;9” 3l land Warm temperate semi- humid Pobulus davidiana , Pinus Colluvial parent
< R > lan
ope fa monsoon climate tabulae formis material
e B0 B T
. SR L Bl R B R
6 1708 N33°47'264 5 i 11y B W . ; humid Quercus aliena var. Colluvial parent
E108°50'600"  Steep slope arm meud ¢ semi-humi acuteserrata, Pinus tabu- © u‘.’ld baren
monsoon climate . . material
lae formis,walnut
2 1] 25 X i FHE):
7 1 740 N33"49'427" B 1142 W %—;’:yﬂdﬂ tﬂ 11 humid A jzfjl:l ﬂ—rﬂ;i‘ t
4 , arm temperate semi-humi . . . “olluvial paren
E108°47'125"  Steep slope p Pinus tabulae formis . P
monsoon climate material
N33°48'440"  IHEF A 2 W 2 XA ZUh I 55 R e REE T
8 1751 E108°51'462" Sl bott Warm temperate semi-humid  Fraxinus paxiana . Colluvial parent
Y e
ope bottom monsoon climate Acer davidii material
) % TR 26 T 0 2 RS R B BB
. Logo  N3346'850" BN %ﬁﬁ“ﬁ71L7W”]%§rlg‘@§h g é?Tl .E? .
( ¢ , arm temperate semi-humi . . . D ial paren
E108°49'749"  Steep slope ¢ Pe ¢ se “ Pinus tabulae formis © U\., pare
monsoon climate material
N33°52'321" ik e Wi rfy 21 1 2 KU A 7 NETTE N I B o
10 1990 E108°58'259" S| land Warm temperate semi-humid  Quercus variabilis, Eupte-  Colluvial parent
58'25¢ Slope lan
P monsoon climate lea pleiosperma material
N33°51'839" 1l M Ul iy 2 D 7 AU TG A 5 Bk Ak I RS T
11 2 076 Ei(\)8\°r()'ﬁ\120” R'Z: Warm temperate semi-humid  Carpinus shensiensis, Jug- Colluvial parent
¢ i
° e monsoon climate lans cathayensis material
N33°50"308 Wi b TR 2 3 2 R A ZEHERR AR /il 4 I FURE T
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< an
ope fd soon climate drangea longipes material
N33°53'176" ik TR 2 W e KU 4 Je HERR £ HEAR B AR i
13 2 294 o e Temperate semi-humid mon-  Betula utilis D. Don, Betu-  Residual parent
E108°58'573 Slope land
soon climate la albo-sinensis material
N33°52/477" INTRF-ZZ a2 0 1 2= XAk AR LA  HENT JE B AL
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(] 53 S 0 Rl 43 930 o - -3 pH {H Ry 5. 35~6. 65,6
PLBT & &K 5. 65~74. 84 g/kg, AT &N 0.30~
5.43 g/kg, WA A &N 106. 64~ 208. 66 mg/kg.
WA N 0,045 ~ 1. 30 g/kg, HAHE & A
0.44~6. 82 mg/kg, 4 8 & & F 14. 88 ~ 18. 78
g/kg, BALHN &R 26.18~277. 00 mg/kg.

+ 3 pH HAE 6.5~7.5 W bk +3E, k2
AT LA AR AR TS R E R GOAR AR A R R XU R
JE(1 248 ~2 625 m) W E N, -3 pH (23 T
5.35~6.65, g tE. T pH (b E + 2K
JE R 3 K34 m, O A E.BJZ -5 pH ¥ {H 551 )2
5.60,5.83,6.01 f1 6.35, FJZ+HE pH (HKM. X
JE R TR T AR R A PSR
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HEFR 43 a5 8] 4y S R P oy o BARAR UK oAy < Al > 4
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Table 2 Nutrient characteristics of forest soils in Niubeiliang National Natural Reserve
. i A i A L/ j R B/ / A
Soil layer Ttem pH value Organic matter ~ Total N Available N Total P Available P Total K Available K
ifﬁi number 16 16 16 16 16 16 16 16
YJ{ Mean 5. 60 53. 30 3.43 151. 19 0.63 4.70 16. 59 220. 87
O 2 SD 0.18 12.23 1.21 17.00 0.13 1. 20 0.95 53.27
% KAH Max 5.93 74. 84 5.43 189. 67 0. 86 6.82 17.87 277.00
fix/ME Min 5.35 32.12 1. 29 112.98 0.47 3.03 14. 88 113.52
AR CV 3.26 22.94 34.90 11.24 20. 34 25.61 5.74 24.12
ifj% number 16 16 16 16 16 16 16 16
¥ Mean 5.83 23.65 1.70 133.42 0. 84 2.61 17.09 131. 89
A FrifEZ SD 0.22 4.77 0. 66 14. 35 0.24 0. 66 1.00 29.61
i KAH Max 6.15 32.99 3.09 163. 30 1. 30 3. 86 18. 48 173.55
#i/IME Min 5. 48 16. 55 0.74 109.93 0.52 1. 83 15.04 80. 46
AT R CV 3.74 20. 16 39. 06 10.75 28.32 25.08 5.88 22,45
if}?ﬁ number 16 16 16 16 16 16 16 16
¥I{f Mean 6.01 13.08 1.04 128. 68 0.83 1.64 17.47 68.55
E P2 SD 0.17 3.68 0.46 23.01 0. 20 0. 86 0. 67 11.56
% KAH Max 6.31 19. 60 2.04 206. 84 1.11 3.23 18.78 88.33
1% /MA Min 5.76 8. 43 0. 46 111.01 0.52 0. 44 16. 64 52.00
SRR CV 2.79 28.10 44. 83 17. 88 24,15 52. 14 3.85 16. 87
zi‘ii number 15 15 15 15 15 15 15 15
{6 Mean 6.35 8.56 0.59 125. 30 0. 66 1.08 17. 40 33. 44
B FrifE2 SD 0.18 2.38 0.25 25. 64 0.17 0.32 0.73 5.18
% KAH Max 6.65 12.58 1.09 208. 66 1.03 1.72 18.61 41.18
1% /ME Min 6.05 5.65 0. 30 106. 64 0. 45 0.72 16.09 26.18
SRR CV 2.84 27.76 43.02 20. 47 26.55 29.63 4.19 15.49
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R A LR R N R SRR 1) A I A
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pH H 2 9 BEAR . 283 [0 U3 45 A7 A 48 T 24 K 560 3
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e I 5 AH G AH G R B4 Wil Dl 0. 754 3,0.853 7,
0.825 1 F10.769 0,
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2 ML AT LR W AT AR R A L
Jo e i JR R ) B I AR AT X PR Sk
AL TE M ) SR IA IR R T R A
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SRR O 2 53,30 g/kg. A 2 23. 65
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A BT 5k B I R T I R R X R T
Wi o 00 A 1) T R T R AR 2R )2 - M BIL T A i
R 1% i LM b 40 A R i PR A i e A 2
Sy 2 78 Ay R AR R S T B B 2R R R
W 22 L i R B A T B B A A LS B 4y
it S BEIE. 80 2 AR & B
R TR TS . AJZEJZ B2 EHAHLE S
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AF )2 R R, R 2 TR
P o A R S ATl R S A A S [ R R
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JZ1.64 mg/kg.BJ2 1. 08 mg/kg; + 3¢ 3 %4 4 & &
PIE 4 3 O 2 220. 87 mg/kg. A B 131. 89
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[F] 9 44 vy BEE T A S e R0 RN 4 s O i B R R IR B Y
HOmIC ] AR, AR A RN R R R
W& T2 UREE R BG Inm21g 5 m . 4 )2 L
SEBMET RO EH 16.59 g/kg A JEH 17.09
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o, fBlHSHr Mg =R AL, O 2 A &,
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Fig. 1

Soil nutrient contents at different altitudes and different soil depths in Niubeiliang National Natural Reserve
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KZRHCH 0.842 95 E 2+ HEHH & it Sk &
ANAEFEAE S
2.3 SEPEARPREERTIEERSIERE

oEEES AR

- MM T 2 (]S R ST A AR TR B —
AR OGN o HEAT AR SCPE 23 B i) LU 78 1 358 g 1k 45 48
PR 22 18] 1 22 % R L K 48 b =22 18] A i 9 2500

A7 B TS S SO Y AR A AR S B A i R O AT
SEAS R R 22 8] B 5 4 bR KL

TR TR o DT AR A O 0 M 4R (3R 3) I
71 - R MR RO Z A AR A AR G L ELAH e AR 57 4K
Ko RS 5 A B 4 SR R 2R o A
R R FEMIEMCE. 5 pH {H ., 2k, 2
S S 5 2 T A DG L D T IR 4 o R
b S LR IR A A SR AR 2
St A pH (E5 A HLTOR AL R
TR SN s AT AL & B 5 4 UM R i B
5 A IR AR S L B Al | 4 BRI RO O R A
TG X 5 I S A HL & 2 A %
(A DG R AT 5 M 4 R0 15 el ik 20 0 T 25
A A A TR S L A | e A
4 0 A U DG M 5 e M A Wl R g B0 R AL
B B A S Y D AT S g R R R Y
TR SN s A A0 Rl R A R Y
TEAH SN 5 Tl i 20 T A B R I Y
TR S AT 58 P - 98 4 0 5 o 5 SO R O
TR F o SR S B AR 2 e AN
FETE I8 35 AH OGP X 5 MO FE 4 2R — B, b
MR IIHTFE  EHE TR0 (0 o0 A R B 52 A L BE TR
JE TS5 N 3R B 255 S 2 B o 19 25 1)
FH SN » LA SR 0 22 6] AN J2 IRSLAF AR 1Y o T 2 AH
HRIRAY o B IR0 5 el ek D 2 B -
Hh A 3R 23 B4

1= 2A
1y 2
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Table 3 Correlation coefficients matrix of altitude and forest soil nutrient indexes in Niubeiliang National Natural Reserve
28 i pH A ﬁmﬁi £ E gl Bﬂiﬁﬁfﬁ/ﬁk JE%U@'? JE@'Z"E‘?
Parameters Altitudes pH Organic Total Total Total Available  Available  Available
value matter N P K N P K
W4k Altitude 1
pH {H pH value —0.078" 1
AHLFE Organic matter 0.7347** 0.530* 1
4 A Total N 0.927** —0.089 0.728** 1
4 # Total P —0.626"* —0.639** —0.803** —0.536" 1
24 Total K —0.914** —0.159 —0.865** —0.882" " 0.714 % 1
Wl f# A Available N 0.765** —0.238 0.413 0.780"* —0.340 —0.646" 1
FERLWE Available P —0.688** —0.141 —0.585% —0.533" 0.614* 0.697** —0.390 1
FRLH Available K 0. 560" 0.604 " 0.856" * 0.663** —0.816** —0.712"* 0. 366 —0. 389 1

T % x "RIRAIKEAETS P<<0. 01 ) R KT, » 7RI Ktk s P<<0. 05 RFE KT,

Note:* * * ”and” * "indicate significant difference at the P<C0. 01 and P<C0. 05 level, respectively.
. B 0.30~5. 43 g/kg. Bl fi# A & 106, 64 ~
3 4 i

D) 855 53 19 25 (8] 4 595 Bl 43 1 & - 48 pH
i 5.35~6. 65, ML &% & 5. 65~74. 84 g/kg, &

208. 66 mg/kg, &M &8 0.45~1. 30 g/kg. A s
G 0.44~6. 82 mg/kg, &4 & & 14. 88~18. 78
g/kg, B & & 26. 18 ~277. 00 mg/kg., 1 1
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#%

pH A R4 855 7 R [R) I 3806 B 78 S R BN
(<C10) 1 3 AL L 4 0. A B L o A gl | o Ak
OB AR AN TR VBB B AR S AR RO K - A R
AR R RPN R S L AAEER

DAE — R B AR R E R Y AR IX
PIAS TR] 2 UK 398 55 43 MR A7 A6 B b ) A8 AL R A - £
e pH E 4B F i X B A 2 B8 0 3 inng 14, £
A ML LA R RO R S R
J2 VR JEE ) B8 T 32 T AT

3) - HE pH AL 4R 0 A 2.
RO A AR 2 T R v R 2 R EL A
AR DG OC R A 38 & 57 4 & BE I RH 2 1 L AE T
K 1 900~2 000 m, FEAS[F] (41 35 = B, I B B g
PTG B AR AEAE R SR 1 900~2 000 m 4
A RAFEK ISR A R T R A R AL
AR, Wik . hiiRE P& RS GREH
A BRI R Y,

A)FEIEME S BT 2R B L - HE P 3R A 1 4 A IR T 32
A BEIR B | e AR I R SR AR, R
HE AR 1 25 TRDAH OGP L A 4% 3R 03 2 RAS 2 IS A
FER S A7 76 AR SC PR . B — 3% 43 & & 39 Jn ol
A A 23 5 ) 4 T At SR A AR

Bz AT ”I%ﬁn%ﬁmﬁ%lifl—]@?&
o B RS IR DUARAE 25 5 AR AR 1 1 0 Ak 2=
2% 22 5 T PRV 2 52 T EL AR bR - HE R B 2 (i (]
DA K rh - M 4 4 00 R B G A KR R B AR AR Y
— ﬁ,m\%%,ﬁﬁiﬁé%ﬁ%ﬂﬂmfﬁ%}%%ﬁ%,JH:
ST AN R AK 0 S M B0 2 W L A AR B
J2E F R B AT TR R B — e Y 5% B L BOAS TR T
o PE R — F IR R R UR A b, 1 B
HA AUk 4.
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