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Effects of desertification intensity and stand age on leaf and soil carbon, nitrogen

and phosphorus stoichiometry in Pinus elliottii plantation

HU Qiwu”, NIE Lanqin, ZHENG Yanming, WU Qin, YAO Bo, ZHENG Lin
Key Laboratory of Poyang Lake Wetland and Watershed Research, Ministry of Education , Jiangxi Normal University, Nanchang 330022, China

Abstract; There are some sandy hills distributed along Poyang Lake, which belong to typical southern desertification. As
located in subtropical climate zone, the sandy hills differed in vegetation and soil from northern deserts. During the past ten
to twenty years, Pinus elliottii was introduced in sandy hills for vegetation restoration. Since carbon (C) , nitrogen (N) and
phosphorus (P ) stoichiometry are critical indicators of biogeochemical coupling in terrestrial ecosystems, the nutrients
stoichiometry has been successfully used in indicating community succession and vegetation restoration in recent years.
However , our knowledge of the temporal variability of carbon, nitrogen and phosphorus stoichiometry is much less developed
than its spatial pattern. Besides, it remains unknown whether there is consistent temporal pattern for various ecosystem
components, such as plants and soil. In this study, leaf and soil organic carbon, total nitrogen and total phosphorus in
Pinus elliottii plantation were measured along desertification gradient in a typical sandy hill close to Poyang Lake. The
objectives were (1) to clarify effects of desertification intensity and stand age on leaf and soil carbon, nitrogen and

phosphorus stoichiometry, as well as the role of nutrients stoichiometry in indicating vegetation restoration in sandy hills,
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and (2) to discuss the temporal variation pattern of leaf and soil nutrients stoichiometry during stand development. Results
showed that mean concentrations of leaf carbon, nitrogen and phosphorus were (437.48 £16.96) mg/g, (6.09+1.51) mg/
g and (0.71+£0.66) mg/¢, respectively. The counterparts for top 0—10 c¢m soil were (3.48+0.63) mg/g, (0.117+£0.032)
mg/g and (0.050+0.012) mg/g, respectively. The mean ratio of C:N, C:P and N:P was 75.70, 1297.86 and 17.76 for
leaf, and 32.45, 74.04 and 2.52 for soil, respectively. Leaf carbon, nitrogen and phosphorus concentrations were all lower
than the means of global plants. However, the ratio of N :P was comparable to other researches. Leaf nitrogen and ratio of C
:N were most sensitive to changes in desertification intensity and stand age. For S5-year and 10-year Pinus elliottii plantation
distributed at low and medium desertification area, both leaf nitrogen and C :N ratio were significantly affected by stand age
and interaction of stand age plus desertification intensity. By comparison, stand age and desertification intensity significantly
influenced leaf nitrogen and C :N ratio for 2-year and 10-year Pinus elliottii plantation distributed at medium and high
desertification area. Leaf nutrients stoichiometry differed from soil in response to changes of stand age and desertification
intensity. For 5-year and 10-year Pinus elliottii plantation distributed at low and medium desertification area, stand age and
interaction of stand age plus desertification intensity significantly affected soil total nitrogen. However, for 2-year and 10-
year Pinus elliottii plantation distributed at medium and high desertification area, desertification intensity significantly
affected soil total phosphorus, and stand age significantly affected soil organic carbon. Additionally, leaf N :P ratios were
20.63 and 15.61 for 10-year and less than10-year Pinus elliottii, respectively, which suggested growth of Pinus elliottii was
firstly limited by both nitrogen and phosphorus, however, Pinus ellioitii plantation would change to phosphorus limitation

during stand development.

Key Words: Poyang Lake; sandy hills; Pinus elliottii; stoichiometry
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C, 2R K 1310 mm, 2T V011035 R W5
PRI RBT 700 3 A8 (1) VLI, E2 5
A T A SRR R T I AR L R, 32 R B
RO S k) iAW ) AT 11 VNI~ i N o (O 5
B, 8 w5 AR T 10% 5 (2) PR IX H R AR R 2 5
Bk, F2 20 8 E VD I AR 55 R 20%—40%
15 (3) BBV, LA E v B2 3 i SRR EE 2 5
RARZERO A, R 56 % 40%—50% 247, 11l
A AR AT W) £ FA AR ( Cynodon dactylon ) , B
&5 36 ( Vitex trifolia Linn. var. simplicifolia Cham.) ,
FE T 5H KL F (Lespedeza formosa ) , H& K ( Loropetalum
chinense ) , WLl ¥ ( Crataegus pinnatifida ), & % F
( Glochidion wilsonii) ,/NW4g V1 ( Ligustrum quihoui ) %,
1.2 FEaCRES T

2011 4 9 AFERFSR X, Xt 0 T B v i K
JEVMAG XA 3000 10,5 2a By 3 4R AR
Pl RARS R AT TRE R, Horh VD
FEIXCRE T 10 2a BN P VLI CRE T
10,5 2a 3 MEREA R VEIXCREE T 10 52 P
SRR ZH . 10 AFAE IR HRA DA Y M BUR BT R AR, TEBFST
X HFEVPAIX, 10 ARA TR A UA & B2 3 A, R B
AP 75 B 5 52 B2 VD DX TR i 0 i A Ak, Ak
THEATHEMSE, 54EES 2 FA RN E
#FESAAL A1) T 2008 4F 2010 4FEZELL 2 4F4
1 AR ARTERRGE TR AEL AN [ AR 1 b 48 0
A5 XR 2 RUR S RAETT 15, BEDLR AR 3—5 HRi
FABAA B R TR e H Y 4R AR SR SN 1 A4
BRI RE S AN ERE L TR YRR
LI [, A A2 3 T HL L2 IR T i
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TIERE AT 42 A, FERAE Y | SRR O ] S
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1.3 Hsab iy o pr

KM Excel 2003 A 1A Ko b B ) 14

FERE LSV B R v 22 30R s R SPSS 11.5 8 AF,
XF [a]— VD A5 B2 R MR A I Je - C N P & i
Stk it & it 47 50 K R 7 22 0 B (One — way
ANOVA) IR ] 1SD £ LB 43 B A [ 4F i 41 1
P, MTANIRAERE 5 Ve O
R 1 A A 8 AN 58 4 — B, PG, 23 00 R GLM
( General Linear Model ) #7143 41 T V0 AL 7 BE FNAR IS
P RE S EE VAR XY 5 AR A 10 45 AR LA K Hp R
VDAL DCRY 2 4R 10 4R AR FA I | SR A
i S R, SO B K Y ROE
M a=0.05,

2 #R

2.1 IBHUAARE R C NP S AT L
211 Wl CNPEHE

TRHIAA M A HL C & i A A [ Ry 395.77—
484.96 mg/g, F-YIMH (+FRUEDE) J9(437.48 £16.96)
mg/g, [Al—VPACRR BE TR, AS [RI B 34 02 H A i A L
B B 22 AN B (T8 1) 33 R RR B2 IX I AR
WA WL AR AR RN R R R R AT
H6.63% , VEHLFATE N F i bl AR 5 0 3G 0
B ASAV TG K 3.82—11.06 mg/g, “FHI{H H} (6.09+
1.51) mg/g, BREEVME S EEVDAL 23 A XA [A] 48 1%
NEHAA T N i 2 R 2 EEVA TN
THESADE(E ), WA P E R SR
R, ES R BEEH N 39.90%—108.44%, I P AF
FLIERE A 0.11—2.52 mg/g, SFHI{EH K (0.71£0.66)
mg/g, AFIVPCTREE T S AW AR AN P &
PRk E R EHER(E 1),
212 A CN.PfeEitaE

MEHIAART - C N B A I8 1S A [ I e 3, A2 4k
T 41.85—113.25 ,F¥{H N 75.70+16.99, 5%
S VAR EE T B A& AR IR IR AN T 7 C N 22
S, EE VLR TR 2 AR 4L IR o AA i B
CNERARE(E 2), BHmHt A C:N 5 C &
HHEEARE, 5 N SEE B EAME(r=
-0.937, n=35, P<0.01), M5 C:P Z{LiE R K
183.32—4109.59, *F-¥J{H 4 1297.86+960.37, H T
mp A SREERR, $5C P AR R
AL A ] 66%—103%, C:P 5 P 2R
FEHMAK (r=-0.787, n=35, P<0.01), 3 Fhbfbft
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FEF AR A IR AR - C P YRR B B 2R WEMOKME(E 2), NP 500 N FEMACHEA R
(El2), Mt NP AREE R 2.00—72.53,F¥f  F, 50 P S REBEFNHIL(r=-0.709, n=35,
H17.76+14.37 28 % 2 BN 55%—108%, 3 Fibik  P<0.01),

FRBE A0 XA R AF I 4B AR T R N P 22 5 R 3k
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Fig.1 Leaf carbon, nitrogen and phosphorus concentrations of Pinus elliottii in sites with different desertification intensity

LB BEVP LI M O BEZ VMBI H N B EZVR ALK, a PR RA RIS  HEAR I 07/ NE PR R 2 R A 035 AR R 2257 B3

120 3200
a Ay

&) Ay

100 - a S oo 22600 =

L

b 3 g

80 b = 2000 3

3 &

60 b ﬂ ﬂ §14oo =

=

40 1 1 1 1 1 1 800

RS 8 % 8 & & 5 & &8 8 & & & 5 & & 8 & 8 &
= 4= = s F ! =4 ) = = 2' = = s = E| =

2 FAEDHEETEMMITF C:N.C:P5N:P
Fig.2 Leaf C:N, C:P and N :P ratio of Pinus elliottii in sites with different desertification intensity
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2.1.3 PALREEEAIAARES XHE A A C NP Rk KHGHERRFRWE (X 1), X THESHEED

A RS PRIXHY 2 4FH1 10 AR AR IR M RAAK , VDA AR BE FIbR % £
GLM 7R T S rp v IR 5 45 R uiB it N 5 C:N, it HEFR IR K&

10 AFARR AR RIS MRS SUMERRE R EAR HATR HOR Z AR RS S AR B2 5 Pk 52
XA N K C N A BE 0 YRR ARl BEARHRRER (R 2) .,
LA E 5l B9 52 HA T X g A IR 7 oo R

F1 BESHEDHXS F4£ 10 FERMARM F R LE C NP LFITERE GLM 547

Table 1 GLM analysis of leaf and soil carbon, nitrogen and phosphorus stoichiometry in stands with Low and medium desertification intensity

A R A5 TR WH i o PR TR WH n -
R i AT gt gmp DOR IR gtk BEH
) Dependent Sum of Mean Dependent Sum of Mean
Variable X d F P . df A P
variable squares square variable squares square
IR RS 1.76 1 176 035 056 ALK 0.23 1 023 0.9 0.46
Desertification 4 1.83 1 1.83 2.93 0.11 AR 0.00 1 0.00 0.70 0.43
intensity R 0.18 1 0.18 034 057 FHHELEH 402x10° 1 402x10°  0.13 0.73
R A L 14.72 1 1472 033 058  HIERAL 199.35 1 199.35 2.1 0.18
R L 121911.0 1 1219100 0.15  0.70  +IERRHEEL 260.29 1 260.29  0.32 0.59
L 129.74 1 129.74 047 050  HIEEWEL 0.01 1 0.01 0.0l 0.93
Ml Stand age ik 0.91 1 0.91 0.18  0.68  HIEAHLK 0.01 1 0.01 0.02 0.90
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s ﬁl AT B T = ﬁl DR e gt
Variable rariable e df e F P e e df e F P

A 18.88 1 18.88  30.19 0.00* LA 0.00 1 0.00 559 0.05 *
n- 0.11 1 011 021 065 HESH 0.00 1 000 159 0.24
R L 177774 1 1777.74 39.58 0.00** HIEBRE L 275.16 1 275.16  2.92 0.13
M LG 23667.20 1 23667.20 0.03  0.87  hIERmBELL 955.41 1 955.41  1.16 0.31
MR 103.79 1 103.79 037 055 AW 2.97 1 297 439 0.07
MR X ARl -k 1.04 1 .04 021 065  HIEAHK 0.19 1 019 049 0.51
Desertification A 14.16 1 14.16  22.65 0.00** +HEEA 0.00 1 0.00 532 0.05
intensityxStand age - 0.11 1 0.11 020 0.66 LTH2H 878x10° 1 878x107° 0.03 0.87
R L 127872 1 127872 28.47 0.00** HIEBREIL 192.74 1 19274 2.04 0.19
R L 19445892 1 19M5892 024  0.63  TIERRBEL 20.89 2089 0.03 0.88
MR 28320 1 28320 1.2 033  HIEAWEL 0.18 1 0.18 0.6 0.63

# P<0.05 K FEF B3, * = P<0.01 KFTF @&

F2 PESEEDLKX 2 F4E 10 FABMRITF K T C NP LFEITEHFE GLM 547
Table 2 GLM analysis of leaf and soil carbon, nitrogen and phosphorus stoichiometry in stands with medium and high desertification intensity
A o PR e 5T g man R PR e 9T g wwn
Variable Dependent Sumof y Mean v b De[l)endent Sumof y Mean v »
variable squares square variable squares square
R M- 0.63 1 063 056 047  HHAHH 3.08 1 3.08 424 0.07
Desertification A 3.76 1 376 158 0.01*  LELKE 6.08x107° 1 608x107° 0.03 0.87
intensity M- 0.20 1 020 059 046  LHAHE 0.00 1 0.00 571 0.04"
M L 643.45 1 643.45 499  0.04* AL 88.13 1 88.13  0.59 0.46
BB L 10611307 1 10611307 1.00 033  HIEmBELL 221.77 1 22777 043 0.53
AL 38.92 1 38.92 028  0.61  HHEEBEL 0.43 1 043 036 0.57
PRl Stand age M 0.10 1 010 0.9 078  HIFEHHRK 4.34 1 434 598 0.04"
A 4.90 1 490 987 0.01" THESE 0.01 1 0.01  4.01 0.08
M 0.36 1 036 1.03 033 ek 563107° 1 563x107° 0.67 0.44
HRA L 120881 1 120881 937 0.01** HHERAL 7.27 1 727 0.05 0.83
BB L 1063.83 1 1063.83 0.00 098  +IEEHELL 243675 1 243675 4.57 0.07
AL 18.96 1 1896 0.3 072 HEAWL 4.44 1 444 365 0.09
LRREE « b ik 1.42 1 142 125 028  HIEHHK 0.14 1 0.14  0.19 0.67
Desertification A 0.99 1 099 1.9 0.8 tHAR 0.00 1 0.00  0.07 0.80
intensity * Stand age - 0.22 1 022 064 044 TR 563x10° 1 563x107°  0.67 0.44
M L 135.12 1 13512 1.05 032 HHERRAL 70.86 1 70.86  0.48 0.51
R L 15160026 1 15160026 1.43 025  HIEmBEL 273.80 1 273.80  0.51 0.49
AL 170.91 1 17091 121 029  HHEEBEL 0.26 1 026  0.22 0.65

# P<0.05 KT B3, * = P<0.01 KT 5%

ST /A Nl e w2 S V1R e o A W U e S
FitE
221 HHEAHLR S

14 0—10 em  10—30 em A HLIK & F 28118
43510 1.53—6.45 mg/g Fl 1.56—4.41 mg/g, V-1
53514 (3.48+0.63) mg/g F1(2.99£0.55) mg/g.
B2 EE S VAR A XA A IR 4N A AR R 0—10

2.2

em 10—30 em A HLER S & 22 R A B E, P E
UL [F] 4R 18 2H IR AR T 0—10 em - 3EA LK
FREESNEEM 10—30 ecm A EFBE (K 3),
4% 0—10 em , 10—30 em 4= & & &A1 5 [l 4 1)
9 0.045—0.194 mg/g 1 0.011—0.196 mg/g, FHI{H
4398 (0.117+0.032) mg/g F1(0.116+0.049) mg/
go WREVAL H VML S H VAL 03 A XA [F] AR R
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HIBHIAA T 0—10 em 10—30 em +3E R & w2
SR E (K3) , PETHZ R 458 20 5 53 )
7 0.032—0.088 mg/g Fl 0.029—0.085 mg/g, V- {i
S3519(0.05020.012) mg/g F1(0.052£0.011) mg/
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Fig.3 Soil carbon, nitrogen and phosphorus concentrations of Pinus elliottii in sites with different desertification intensity
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