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Fig. 1 Variation, normal distribution and outlier test of total nitrogen (TN ) and total phosphorus (TP ) in the soil relative to natural

zone and elevation
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Table 1 Variation of nitrogen and phosphorus contents and their stoichiometric ratio relative to elevation and plant life form

AT

Life forms 7 ! b ¢ K ? !
FA TN 0.001 2.87x 107 -0.467 0.5 <0.001 254
Herbs N/P -0.001 5.32x107 2.672 0.375 <0.001 254
A
Shrub TN 1.39% 107 3.10x 107 0.468 0.489 0.005 129
PN TN -0.002 1.09x 10°° 2.514 0.563 <0.001 129
Forest TP 0.001 1.75x 107 4.494 0.121 0.012 129

N/P -0.005 227x10° 5.418 0.606 <0.001 129

e B RO — B Y = ax + bx” + ¢ (CNIEIREEE ) o n9EEAR%L, Al Note: The general form of quadratic equation

in the table is y = ax + b’ + ¢ (x represent elevation ) .nis sample number. The same below
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M R T AR A B, LV RO B X AR AR 4
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4 I B
23 BRE. HYEFE. SRESERFN

BERBHZ E R
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KEFHFEN: ¥y =0.002x + 1.398, R’=0. 252,
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BETRIE-fRM - 1EASE (FR2) , #5761 120
mH1750 mZEA7 . TNFITPS & 8% R IE-7
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RUTE2 000 mmZE A7 o & B E HAGHS 5 R ] I BACHS ZRpR
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AR A IFEN/P I 4300 45 TR EE R K, S HL R R
FNTE .

Ik A R RO R TNAIN/P 54K,
TNFAIN/P5 B i F LM MAH G, I
k. vy = -0.002x + 3.031, R°=0.324 ,
p<0.01; xNEK, yNTN; y = -0.006x +
9.742, R*=0.675, p<0.01; x ik, v IN/P;
y = -0.145x + 1.612, R’=0.629, p<0.01; x K&
JE, yHTN; y = —0.406x + 4.312, R’=0.823 ,
p<0.01; xHIEE, yIN/P, WiTPE KN L &
FLRMEIEM I, BIETRE R y = 0.002x-0.048,
R’=0.403, p<0.05; x A&k, y TP, N/PHFE
K E ZWRIE-TAHSE (3R2) , PIAifE250 mmZe
i AR SEATNAIN/P S 53 5 A U 4 52 3% K
T-IEA G (FR2) MR FIEAME, ZrkmHJr
J: y = 0.006x-1.704, R’=0.332 , p<0.05; xH
Wik, yIN/P, B 21 110 m, £ FAR L5
TN == %237 65 35 FRLBE A 52 ), 7 96 B 1 e s TR 3R
BR; TPREAZFEKMFZW ; N/PWIAZEE | KK
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Table 2

TEABREUFUHELEBRATARRERE T SERMSUERE FHELER

Variationof soil nitrogen, soil phosphorus and their stoichiometric ratio relative to plant life form, elevation and climate factors

within a natural zone

FI 4Rl A 2

X y a b c R? n
Natural zones  Life forms
P B B PN KR TP 0.002 -8.38x 107 0.081 0.379 50
RN Forest Elevation N/P ~0.011 7.14%10° 7.201 0.213 50
SEB Y TN 14.38 -0.371 -135.6 0.26 50
Temperature TP 3.191 -0.08 -30.73 0.324 50
[k TP -0.003 7.80x 107 3.5 0.369 50
Precipitation N/P 0.015 -4.00x 107° -7.706 0.335 50
R Ly FeiN MR TP -0.006 2.15x10°° 5.063 0.587 40
H-HWTD Forest Elevation
IR N/P -5.682 0.297 29.26 0.366 40
Temperature
T R A A [k N/P 0.104 -2.06x 107 -7.631 0.422 53
TSZ Herbs Precipitation
PRk IR TN -0.023 1.09 x 107 12.92 0.584 38
Forest Elevation N/P -0.012 5.81x10°° 6.803 0.535 38
TR B TDZ FON IR TP -0.252 4.04%x10°° 37.99 0.945 30
Forest Elevation N/P 0.494 -7.97x 107 -749.96 0.85 30
T o i e 9 R Ik TP 0.005 -6.24x 107 -7.403 0.505 60
kG Herbs Elevation
QST -
LR N/P 0.371 -0.489 0.522 0.346 60
Temperature
R 7k N/P 0.174 -1.73x 107" -34.92 0.46 60

Precipitation

Tl e B F R TNAIN/P 5 g4k, TN
FIN/PE AR R B F LM IEAHE KR, b
HIF 43R 1gy = 0.002x-2.607, R*=0.887,
p<0.01; x K, yHTN; y = 0.003x-3.332,
R?=0.897, p<0.01; xHiFH , y HN/P;
¥y = 0.007x-0.634, R’=0.856, p<0.05; xHFFEK,
yHN/P; y = 0.011x-0.503, R’=0.948, p<0.01;
x RHREIK, yIN/P, 1 HEN/P 5 R R LM
Tk, SREIF SR y = -0.172x+2.687,
R* =0.565, p<0.05; xHIRE, y NP, bkt
BTN 5 i 45 RN K 1 S 2k 10 3 i AR DG, [mHH Y
M. y = 0.005x-7.707, R’=0.929, p<0.05; x
JpiEYR, yHTN; y = 0.018x-0.899, R’=0.676,
p<0.05; xNFEK, yHTN, TPE#EHKE K-

IERR R A EOCR (F2) 5 N/PSGIR A AH 514 )
A, IR T3 100 mAA (£2) o Wi
FUR 4 TN £ 22 9 Tilg s B KER L (HEEK
SRR RS ; TP = JC W 3 AH % 5 i N/P I
Z B H R, (HE R RO > [
K> MR AR HETN 32 22 32 ¥ 3k RN K 52 )
HREK M E R s TPRIN/PI 328 32 i 4R K 5l

T (e J e FE A A AR IR TP Sk . N/P
5B K I B R TR IE- TG (R2) , B
S0 H1M3 800 m, 0.5°CHI500 mm, [iiN/P5 gk
M RPE W R PE A COC R, LPERIH R .
y = =0.003x-19.43, R*=0.252, p<0.05; x N
P, yAN/P, REIATP I TG, MN/PWZ =
P38 B AL EMER, (HLORE R &, HUOER%
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Rk Z N
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(EL I b S8 R ST (S0 5 - M98 A T I DG B
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U R F AR, AR 2 3 B S L i
BALRIFE TS 1) 0 e, SRehe R s ]
SEUR BN R TR T R 2 L AR A R AN A AL
SR T T = RS KRR B, A R
0] 32 7K BB FE R B0 . K AR B TE 2 11 AR 40 S
FEIRAFZE, R, & AR N LY
Fe 4 AL T ST T T 2 AR BB R A 07 A K
R 5 B 75 T (3 N MRS R L B, Ak
BAEART QAT , RIABY B It [ 5k U=
Bk PR FE S PR AR G L, i, R[] AR
PO AR ) A 306 80 S TR R K B A S
WY, EAR . UREE R KO X R R A B A
EEEW, WETEREEM. M TINmS, 7E
SRS 5 23 A PR 2P IR 5 S A - 3
S L AR A AN, R B R AR bR
VO 52 4K B R S, T R HE B AR A
PPk 0] 32 20 B RN KR B L P SR
95 I I A R G D A R R AR T R
TNAZ = B0 [ 2 04 S0 2 R B 02 . TP Il 7 3 4
A5 G B M AR R S AN R RIS H Y
RISy WK > IR > WFHR, T 78 I T 9 - e
PR TR T3 V0T R 4 LA B 7 0 1 T e S A
My A b SR VR R, (EELA B
B L ETP R TR T AT, W 4 %5
W] I bR PR NP SZ B B S R K TR s B
YERL AV T N P PRCHY A R AR AR - HEN/P T
VL BE IR K 5 RS B S | L S B R R 5
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http: //pedologica. issas. ac. cn



688 + %

E

54 %

FLEVE A, AF A i B FRAR - HEN/P I 32 2 27 1
PRSI, T I A AT AROPK - N/ PAZ Vg AR RN
KZFRm, (A2 AR, ok, EiR& A
SRAT AR A AR 76 B+ HETN . TP J R 5 il
PR ek N K R A DG T T A A AR AN [ A 1
EE D) A, Ui A R 5 R A 0 R E R R K
ORI A A g DR F I B ke e e MR IR
PR R K ) S T S g PR 2R X A K B R
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SOULH, AEY AT AL 2 N R L P, (H
BT FEER T e 0 . AR
FRREERAUEGIEEM, Hommadm a2
Koy I FUK PR G 122 50 Bk, KA
R %) P BB A% S WAl 0 1 SR 1Y) b P
TN, TP K N/P AR S5 5 IR AT 55 JEORN I 7 3e Ry
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Study on Spatial Variability and Driving Factors of Stoichiometry of Nitrogen
and Phosphorus in Soils of Typical Natural Zones of China

LU Tongping"” > ZHANG Wenxiang" *' NIU Jie"" > LIN Yongjing" > WU Mengjuan'"
(1 Laboratory of Plateau Lake Ecology and Global Change, Yunnan Normal University, Kunming 650500, China )

(2 Key Laboratory of Plateau Geographical Process and Environmental Change of Yunnan Province, Kunming 650098, China )

Abstract [ Objective] Nitrogen ( N) and phosphorus (P ) are two important nutrients and play
important role in sustaining plant growth in natural ecosystems, and changes in structure and function of an
ecosystem may reflect in stoichiometric characteristics of the elements in the soil. Natural zone, life form and
elevation are major factors affecting soil nutrients in all climatic zones. Therefore, the study on stoichiometric
characteristics on large spatial scales may help explore distribution characteristics of soil nutrients and
driving factors of the evolution of soil nutrients, and provide important reference to studies to understand in
depth global biogeochemical recycling of the soil nutrients and simulate regional responses to global change.

[Method) From the literature available regarding soil stoichiometry in the subtropical evergreen broad-
leaved forest zone ( SEB ) , warm temperate deciduous broad-leaved forest zone ( WTD ) , temperate steppe
zone (TSZ) , temperate desert zone (TDZ ) and Qinghai-Tibet Plateau Alpine vegetation zones ( QST) s

a total of 594 data of N and P contents in natural soils, 0-20 c¢m in depth of various regions of the country
and their stoichiometric analyses, covering a time span of 15 years were acquired using the aid of electronic
search engines. Statistic analysis of the collected data were performed using methods of one-way analysis of
variance ( ANOVA ) , least significant difference (LSD) , Spearman correlation coefficient analysis, and
multivariate linear and non-linear autoregressive modeling ( MAR ) , to explore distribution and variability of
soil total nitrogen (TN ) and total phosphorus ( TP ) and their stoichiometry in soil in relation to elevation,

temperature and precipitationin the SEB, WTD, TSZ, TDZ and QST. [Result] Results show that soil TN
and N/P varied significantly from natural zone to natural zone, but soil TP did not as much. The average TN
content was 2.35 mg g™, 1.13 mg g, 1.07 mgg ', 3.59 mg g', and 5.66 mg g”'; the average TP content
0.80 mg g, 0.82 mg g, 0.75 mgg ', 0.47 mg g ', and 0.75 mg g''; and the average N/P 4.04, 2.26,

2.49, 6.71, and 7.73 in the SEB, WTD, TSZ, TDZ and QST, respectively. In all the five zones, TN,

TP and N/P varied with elevation, displaying a non-linear secondary relationship, and a single peak pattern.
However, in the SEB and TSZ soil TN was mainly affected by temperature and elevation, and the impact of
elevation was more significant in the TSZ. In the TDZ soil TN was influenced by elevation and precipitation.
However, in the WTD and QST, soil TN was not so much affected by the three factors. In the SEB, soil TP
was jointly affected by the three natural factors, which, however, followed a declining order of precipitation
> temperature > elevation in extent, and in the WTD and TDZ and QST soil TP was mainly affected by
elevation, while in the TSZ, precipitation was the dominant factor that affects soil TP. Furthermore, in the

SEB, soil N/Pwas more affected by by precipitation than by elevation, and in the TSZ, TDZ and QST it
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was affected jointly by all the three factors, temperature, precipitation and elevation, while in the TDZ,
elevation was the key factor affecting soil N/P and in the TSZ, temperature and precipitation were, but
differed in degree of the effect. [Conclusion] In different natural zones, the relationships of TN, TP and
N/P in the soil with elevation, temperature and precipitation differ from natural zone to natural zone or from
plant life form to plant life forms, which the impacts of elevation, temperature and precipitation on soil N,
P and N/P vary with the natural zone or plant life form. Therefore, natural zone and plant life form are the
important factors affecting spatial variability of soil nutrients, and elevation, temperature and precipitation
are the driving factors of the variation of soil N and P. In the future, global warming may have significant
effects on soil nutrients and the effects vary with elevation gradients. In areas low in elevation, increment of
soil N/P may turn P into a major factor limiting growth of the plants, while in areas high in elevation, N may
be the factor.

Key words Natural zone; Plant life form; Elevation gradient; Climatic factors; Dominant control

factors
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