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FEE A D RGCER VAR YT 2 BRAR A 52 RV Wy b BR AL 28 SRR 28 (0 £ SRR A Ak 2 T i 2 455 T AR
ARSI A PR AR Y R G R T 5 2 BT RO RN RS U R A A W R AL 2 A AR S R T Y
TR KL Z BT ORI L T —FhZR & ik . DABRT 2+ mi RN TR RIS X 52, 25 6 4 B g i AN I R 40T T
=R A R X R B G E R R R X 2 E KA AR 12 A EL X AR AR S T i SRR . S5 OR
KPP R REA TR C N P & AR AL I 43 B 318.34—428.01 g/kg 13.27—24.07 g/kg . 1.66—2.57 g/kg; B fil MR AL 7%
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Ecological stoichiometry characteristics of leaf litter of Robinia pseudoacacia in

the Loess Plateau of Shaanxi Province
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2 State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Northwest A&F University, Yangling 712100, China

Abstract: The balance between various elements of the ecosystem has been the focus of research related to the ecology of
global change and biogeochemical cycles. Ecological stoichiometry is the study of the balance of energy and elements in
biological systems and is based on the general laws of physics, chemistry and biology. Ecological stoichiometry provides an
integrated approach to investigating the stoichiometric relationships and rules in biogeochemical cycling and ecological
processes. Robinia pseudoacacia, a leguminous tree, is the main species used for afforestation in the Loess Plateau of China.
R. pseudoacacia has some special features, such as a rapid growth, being easy to propagate, being very adaptable to various
environmental conditions and an strong ability to fix nitrogen in a biologically useful form, allowing it to be widely planted in
the Loess Plateau. To explore ecological stoichiometric characteristics of leaf litter of R. pseudoacacia in the Loess Plateau,

R. pseudoacacia forests scattered across 12 counties (listed below) on both sunny and shady slopes were selected for study.
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Data were collected at each site on latitude, slope and aspect, light conditions, temperature, water and soil conditions. The
C, N, and P contents of R. pseudoacacia leaf litter were studied from sites scattered from south to north in the Loess Plateau
of Shaanxi Province, including Sanyuan, Chunhua, Yaozhou, Yijun, Huangling, Luochuan, Fuxian, Ganquan, Baota,
Ansai, Mizhi and Shenmu counties. The results showed that C, N, and P contents of R. pseudoacacia leaf litter from sites
on sunny slopes range from 318.34 to 428.01 g/kg, 13.27 to 24.07 g/kg, and 1.66 to 2.57 g/kg, respectively. Leaf litter
C, N, P content of shady slopes ranged from 306.70 to 433.68 g/kg, 12.55 to 24.39 g/kg, and 1.62 to 2.99 g/kg,
respectively. Leaf litter C :N, C:P, N :P ratios on sunny slopes ranged from 14.23 to 24.61, 148.67 to 215.92, and 7.37 to
14.47, respectively. Leaf litter C:N, C:P, N :P ratios on shady slopes ranged from 16.87 to 26.54, 130.06 to 234.41, and
7.05 to 13.22, respectively. C and N contents decreased significantly in R. pseudoacacia leaf litter with increasing latitude in
the 12 counties, although P content in the leaf litter did not change significantly among the 12 counties. The same trend was
observed between R. pseudoacacia leaf litter and soil when latitude increased. The C, N and P content in R. pseudoacacia
leaf litter were positively correlated to each other. The C :N, C :P, N :P ratios were not significantly different in R.
pseudoacacia leaf litter among the 12 counties with increasing latitude. Slope aspect had no effect on the C, N and P content
of R. pseudoacacia leaf litter and soil. The leaf N :P ratio can be used as an ecological indicator for shortages of these two
nutrients at the individual plant and community levels. In this research, the ratios of N :P in R. pseudoacacia leaf litter on
both sunny and shady slopes were small. In addition, the soil N content of this study area was less than average for all of
China, which implies that available N was the main factor limiting the distribution of R. pseudoacacia in the Loess Plateau of
Shaanxi Province. Further research should be conducted to determine whether this conclusion can be applied over a broader

spatial scale.

Key Words: the Loess Plateau; Robinia pseudoacacia; leaf litter; ecological stoichiometry; latitude; slope aspect
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Fig.1 Distribution of sample sites
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Table 1 Survey of the plots
o= 1) L i 527 L i
Sample site Slope aspect Longitude (E) Latitude(N) Altitude/m Slope position Gradient /(°)

=5 BHYE 108°49'29.69" 34°43'37.79" 935 ik 32
13 108°49'38.59" 34°43'41.65" 852 P 24
=1k FH Y% 108°39'17.69" 34°55'4.21" 1318 b7 33
13 108°39'26.13" 34°55'0.91" 1325 ik 23
TN X BHYE 108°59'36.08" 35°00'0.85" 824 ik 30
13 108°59'18.31" 35°00'14.12" 882 gk 31
HE 273 109°04'3.13" 35°16'27.18" 1384 P 26
13 109°04'5.65" 35°16'28.4" 1292 gk 34
g7 PR 109°14'34.79" 35°33'46.02" 969 Rl 13
13 109°14'54.15" 35°34'57.52" 893 P 20
W FF 3% 109°26'22.66" 35°42'33.7" 1003 gl 23
13k 109°26'13.31" 35°42'30.64" 1041 P 29
W FF 3% 109°25'28.83" 35°59'58.1" 1015 ik 31
53 109°25'46.96" 35°59'58.63" 1040 R 20
TR FF 3 109°24'44.03" 36°21'22.08" 1132 P 21
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SRFE i) £ a4 %73 Wetir e
Sample site Slope aspect Longitude (E) Latitude (N) Altitude/m Slope position Gradient /(°)
135k 109°24'34.83" 36°21'27.94" 1109 ik 18
FHEX FHY% 109°09'48.48" 36°41'41.12" 1181 b7 25
135k 109°09'51.78" 36°41'40.76" 1182 R 32
I FF 3% 109°1015.21" 37°00'22.4" 1191 gk 30
135k 109°09'39.2" 37°0029.79" 1182 R 27
Kehi FF 3% 110°09'47.96" 37°52'45.48" 945 b 31
135k 110°11'0.22" 37°51'37.69" 1067 ik 30
AR FF3 110°21'31.77" 38°47'47.7" 1167 Rl 32
(5853 110°21'54.57" 38°48'35.17" 1119 gk 25
F2 HEEHIERSRR
Table 2 Stand features of the plots
REES el i Mot oI MRS
Sample site Slope aspect Height/m Diameter at Stand density/ Stand age/a
breast height/cm (#k/hm?)
= Ji {53 8.0+1.5 5.3+0.8 1400 18
[k 12.01.1 4.6+0.7 2200 18
ik FHIk 9.6+1.4 6.4+1.2 2700 20
FH 3% 9.5+1.0 6.6+0.9 2400 20
T X FH 3% 8.1+0.5 4.7+0.6 2100 20
[ 3% 6.8+1.5 4.3+0.6 1200 17
HE FH 3% 10.4+0.4 4.4+0.4 4700 21
[ 3% 9.2+0.8 4.7+0.6 4300 18
£y PRI 10.4£0.5 4.6%0.6 2600 19
FH 3% 8.7+0.8 4.1£0.4 1700 22
I PR3 9.6+0.8 5.0+1.0 1500 17
[ 3% 9.7+0.9 4.8+0.5 2300 21
2820 PH 10.10.4 4.0+0.3 3800 16
[ 3% 9.7+0.5 4.0+0.3 3400 18
HoR FH 3¢ 9.3+0.3 4.7+0.4 2700 18
[ 3% 8.5+1.2 4.3+0.6 1400 18
FHIX FH Y% 7.8+0.8 4.7+0.8 1100 20
585 9.2+0.2 4.9%1.7 1200 20
AT PR3k 9.6+0.6 5.1+0.8 1600 20
FH 3k 7.80.7 5.320.6 1200 20
KM FH 33 6.2+0.8 6.70.6 1700 17
53 6.6+0.6 3.9+0.8 1300 21
AR PR3k 5.8+0.6 8.0+1.3 3200 24
{5 6.5+0.8 4.0+0.8 2800 20
1.3 Hlidg w4855 0 i EEME Py RIS T2 N H AR, PkERSh A

PR M RIMAL & T T 105 C FART 10 min,  FRIK, BEAELY, BA)G L 0.15 mm 7, 3 C N,
80 CHLTZAEE MG I C N P & & AlivEr P AN 430 SR FH F 4% IR 4 1m0 s Pt L (&
C M R AN 4% TR 28 I NP I R RLRE AL
& HI H,80,-H,0, 1, Bl =0E Z0ENE N, JUEHE T
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JH Microsoft Office Excel 2003 %f £ i/F 47 % ¥
FWER F SPSS 11.5 XM 8dEE1 140104, C NP
i DAL R 5 & R (g/kg) Ko, C N
C:P\N:P C:N:P RAFUE K, fBAEM C N,
P C:N.C:P N:PAEIEZIMi PER B, 12500 i
K36 K H One-Sample Kolmogorov-Smirnov Test, fi] #%
K-S Koo K00, BUBBRAFADE N.C 2N .C P FEAIE
B (P>0.05),C P NP ARG IER M (P<
0.05) s RIS ISTHEA T K40 05 2%, LB B 3 AN
BHI RIS 7 i S - 3R € NP C:N.C:P N:P

2% 5 (P>0.05) .
2 HERE5HH

2.1 FERAKLAE C N P BlZE ARk

PR3 58 C N P A8 AL 5390 o 4.23—24.62
2/kg 0.45—2.14 g/kg 0.90—1.56 g/kg, F-II{H 43
47 10.85.,0.98 ,1.20 g/kg; B3 1 C N P 284k [l
I3 IH 2.40—15.0.,0.16—1.74 ,0.48—1.61 g/kg, V-
PIE /5904 9.01.,0.86 117 g/kg (% 3) . BEE 4
(T, B3 AN PE 3% 1 48 C N 2 S 4 8 3 AR
(P<0.01), 1M+ P LI 2555 (P>0.05) (£ 4) .

*3 RNBEMLTECNPEE

Table 3 Soil C, N, and P contents of Robinia pseudoacacia forest ( mean+SE)

C orhi N frit P frhi

SRRE Carbon content/ ( g/kg) Nitrogen content/ ( g/kg) Phosphorus content/ ( g/kg)

Sample 0—10 cm 0—10 cm 0—10 cm
site PR 35 PRI [{5b PR (5B

Sunny slope Shady slope Sunny slope Shady slope Sunny slope Shady slope

=J5 24.62+0.80 12.77+0.15 2.14+0.10 1.74£0.11 0.93+0.08 1.61+0.01
=ik 17.29+3.97 16.7+£0.10 1.64+0.30 1.48+0.03 1.11+£0.09 0.91+0.04

HE M X 14.22+2.33 15.0+£0.10 1.23+0.17 1.29+0.09 1.32+0.09 1.04+0.07
HE 17.75+0.05 14.0+£0.40 1.62+0.03 1.31+£0.01 1.36+£0.24 1.31+£0.19
B 6.85+0.19 8.40+1.40 0.52+0.04 0.76+0.10 1.56+0.39 1.47+0.14
tall| 11.60+0.21 8.21+0.71 1.12+£0.02 0.83+0.04 1.20+0.04 1.24+0.13
[GE53 6.62+2.40 7.13+£0.24 0.62+0.16 0.61+0.02 1.16+0.10 0.91+0.03
HR 8.29+1.09 7.01£2.06 0.80+0.03 0.65+0.02 1.22+0.09 1.41£0.12

FIEX 6.25+0.15 5.97+0.11 0.54+0.09 0.52+0.05 1.28+0.07 1.17+0.01
LFE 4.23+1.25 6.35+£0.27 0.51+0.10 0.61+0.01 1.21+£0.09 1.23+0.07
KIg 5.32+£2.95 4.39+0.58 0.45+0.18 0.41+0.13 1.13+£0.12 1.20+0.02
HAR 7.15+£1.31 2.40+0.27 0.59+0.13 0.16+0.05 0.90+0.07 0.48+0.11

=4

TECNPEERGETUAE

Table 4 Functions of soil C, N, and P contents with the change of latitude

W 1] Slope aspect

752 Function

FH 3% ye = 2.3098x%-172.93x+3240.6 yx= 0.1865x2-13.997x+263.01 yp = —0.066x>+4.7842x-85.457
Sunny slope R*= 0.8333** R*= 0.7945** R*= 0.4312
9 3% yeo= 0.8346x%-64.351x+1243.4 yx = 0.1082x2-8.2692x+158.29 yp= —0.0755x%+5.4128x-95.723
Shady slope R>= 0.8635" R?= 0.9072** R>= 0.4032

x FARGE () ,ye e ABIFERTHEC NP & (gkg), * * FRZEFHNEH(P<0.01)

2.2 HIRRAGIER: C N P FlZE B R ARk

PH Y% R BE A 7% A9 C NP AYZE Ak T8 L4351
318.34—428.01 g/kg.13.27—24.07 g/kg . 1.66—2.57
o/ke, B4 1K 374.55 .18.89 2.05 o/kg ; F35 il
A & it CONL PR AE AR S [ 43 0l S 306. 70—

433. 68 .12.55—24.39 . 1.62—2.99 go/ke, “F-H{H 43 5
4 380.18 ,18.90 ,2.05 g/ kg ; Fifi 5 £ & () T , B FH3E
Higg M C N 5 PR (P<0.05) , Hid& i P JCH]
ZH(P>0.05) (K 2),
2.3 IMEAGTENT S 3 C NP AT

A LIRS 184 A B 3 IE A G (P<0.05)
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A B S AR A AR B IEAH G (P<0.05) (£5),
MR HLRK 22 A2 8] 3 1B A G (P<0.05)

o Bt ¥ = 4.6632¢2 = 359.73x +7272.7

R2=0.5167*
P 500 S v =3.5612x2 - 285.17x + 6030.4
= R?=0.5505*
< 450
1 2
402 400
E .
= 350 -
8 ¥ —
5 300 ‘ ‘ 8 ‘ ¥
© 34 35 36 37 38 39
4 B Latitude/(°)

o [y =0.0457x2 - 3.4957x + 68.54

oFHYE y= -0.3671x% + 24.729x - 394.74 R2=0.3861
R?=0.5194* B 40 _ 1s
B30 =Y )= -0.761x2 + 54.112x - 941.68 3 " y70'07271§2—%i?7‘;x+ o708
B R*=0.4719% < 35 e
s 25 5
= 5 W 30
aE 20 g5 15
Ly e
5 15 g 20
2 &
2 10 ‘ ‘ ‘ ‘ ‘ g 15 ‘ : ‘ ‘ ‘
34 35 36 37 38 39 ~ 34 35 36 37 38 39
# % Latitude/(°) 4 ¥ Latitude/(°)
B2 REHZEH CNPEERGENTL
Fig.2 Variations of leaf litter C, N, and P contents of Robinia pseudoacacia with the change of latitude
x5 #HEMSLECNPREXYE
Table 5 Correlations of C, N and P between leaf litter and soil
JCE A Element types
JLRER +TiEC THEN THEP hvg - C &I N v P
Element types Soil organic Soil total Soil total Leaf litter Leaf litter Leaf litter
carbon nitrogen phosphorus organic carbon total nitrogen total phosphorus
j:j—u'f C .
. .ég . 0.980" 0.174 0.736 " 0.346 0.659"
Soil organic carbon
+HEN
. .% . 0.980 " 0.130 0.653" 0.327 0.723"
Soil total nitrogen
Hp
j:.}é 0.174 0.130 0.445 0.441 0.465
Soil total phosphorus
FEN C
ik 1— . 0.736 " 0.653" 0.445 0.589" 0.590 "
Leaf litter organic carbon
SN
v rt 4 0.346 0.327 0.441 0.589° 0.583"
Leaf litter total nitrogen
Fhv&nt p .
.659 " 723" 0.465 .590 " .583 "
Leaf litter total phosphorus 0.659 0.723 0.590 0.583
* e L F 225 (P<0.05)

2.4 JURRALTE AR T LU RE A B Ry AR

3 tie
FHBRAL I C N (C P N <P By 2R A [ 7 i

Wk 14.23—24.61 (148.67—215.92 7.37—14.47,°F 3.1 HMALEVEM C N P BEZ A8
YB3 9 A 19.98 (187.92 9. 65 ; B Ik il #4 4 v it Bifi 5 £ 3 T, B33 1 B 3 SRR A 7 0t €N i
C:N.C:P N:P WML A 35 0 16.87—26.54,  FHFEK(P<0.05) Akt P JCW] 8 22 5% (P>0.05)
130. 06—234.41 7. 05—13.22  "F-I(E 5300 20.70,  FTRESASHIF 58 ql M bR M 0 398 55 00 A7 G 5 Bl 405 1Y)
190. 67.9.36; Bfi %5 25 FE A9 36 i, FIAR AR 5 0k C =N TR, BRI C N B B SRR (P<0.01) , H
C:P N:P ¥ B (P>0.05) (K 3), P R 25 (P>0.05) (£ 4), AHIEIAAE, #i%
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34 35 36 37 38 39 o ) g Pz [40] -

350 - o FHYE vy =-1.6776x2 + 126.32x - 2183.9 Eﬁ?ﬁﬁq@ﬂ‘ﬁ C:N f%jﬁ“‘ﬂz ° Zlﬂﬁfbiiﬂ,ﬁﬁ
8 300 R2=0.0544 %%TE%%,%’J%H%WC:N EZRAEE (P>
s 3 » [ v = -4.0045x2 + 298.35x - 5355.7 i .
& 250 | R2=0.077 0.05), FHSEHIBEALE0HAY C N C:P NP 435K
%;i 200 19.98,187.92 .9.65, [ 435 >4 20.70,190.67 .9.36,
® 150 A EE T 7 0 A T O AR R VR SR 34 €N

100 2 35 36 37 38 39 C:P N:P 25 427 118" WryT K 2 v% it i i Ak o
L0 © Pl y =-0.6162 + 44861~ 806.19 JEYIC N C:P N:P [ 26.1 334.7 .12.8"% LI L &8k
;:f L . Fﬂiz@iy=—0-515;z:?)72-‘;zx‘671'48 V&I C:N C:P N:P 66.2 3144.1 45.5' R 8L
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§ /N 3K AT BB IR BRI A S IR AR R I, A KR
=01 R e BRI A BARAT C N P R NP

5 3 % 3 7 3 WRAE Ry — i GARRE AR AR B X PR (35 1 T AR 3R

4P Latitude/(°)

B3 HEMEEBL S RN TR
Fig.3 Variations of litter C :N :P with the change of latitude
TE R A A 5 2R R 2 L1 ¢ AN (B 2R E,
JRTEIVE TR AR AE SR B3R b | i
SR R AR 4 SRR v R G AR
AP AT N T AR TS 3R h g
55 , R A4 T MR B S Y R VR, S E
fif e VAR 35 A - e MU R &, A LR S
A, 15 1 N B, Bt A AL A 4 e 4
N 25 [A) 0 A5 _EAFAE— R AR AiiF g & 2R
A PR A LA N BELE E AR b B (%
4), HAFER ZEIEAH R (P<0.05) (£ 5), BEPY
WA E Rl R A, BT T, B > R
FEREAG, £ 4 25 Ry B ARS8 L ) D B R
ARCO WA fORE 4 B T R RDT AR T AL
TR, (B RD B AR AR MM X4 22, R, B VG
o EMAR R 1, R PR A N BE T
B (P<0.01) , - HERB i 4R 45 JIRR i A ML AN 4 N
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