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Abstract: To estimate the ecological stoichiometry of Pinus tabulaeformis at different plantation stand ages, we investigated
P. tabulaeformis plantations of 9, 23, 33, and 47 years old in the Ziwuling of Shaanxi province. This research of ecological

stoichiometry was studied in order to guide the P. tabulaeformis forest productivity, and to improve and adjust the growth
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environment of such plantations. To this end, we investigated the carbon ( C), nitrogen (N), and phosphorus ( P)
concentration, as well as their ratios in plant organs (leaf, branch, stem, and root), litter, and soil during stand
development. Apart from root C concentration, the C, N, and P concentrations of the different plant organs, as well as their
ratios, were significantly different in all plantation age groups. For all four age groups of P. iabulaeformis plantations, the
C, N, and P concentrations, as well as the N :P ratios were highest in the leaf tissue, whereas the C :N and C :P ratios
were highest in the stems. For other plant organs, no consistent patterns were found. For all plantation ages, all plant organ
N :P ratios were lower than 14, except for leaf tissue from the 33-year-old P. tabulaeformis forest stand. Overall, the N :P
ratios first increased, and then decreased with increasing forest age. These results imply that in this region, P. tabulaeformis
is limited by N, and this N limitation decreases with increasing forest age. The litter and soil C, N, and P concentrations,
as well as their ratios, were significantly different among the plantation age groups, with litter having higher concentrations
than soil. Soil and litter C and P concentrations, as well as their C:N, C:P, and N :P ratios changed similarly with the
increasing forest age, indicating a close relationships between soil and litter stoichiometry. There were significant
correlations between the leaf tissue and litter N and P concentrations, as well as between their C :N, C:P, and N :P ratios.
However, no significant correlations between the leaf tissue and soil C, N, and P concentrations were found, suggesting

that the supply of C, N, and P from the soil had little influence on plant tissue C, N, and P concentrations.
Key Words: Pinus tabuliformis plantation; forest age; litter; soil; C:N :P ecological stoichiometry
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THL, R 1010—1275 m, SRR EH 587.6 mm, GRS N 7.4 C, RO EA: (L) 8k A4 (18
YT RS N BRI L ZR AR ( Quercus liaotungensis) IHAA FIHIME ( Robinia pseudoacacia) , i
TLZRBRZ2 S8 AR U AR, JR R 0 AN TR R 32, LR A TR oA B — | Ay 26 S £ S4B 181
MR AR F A B (Rosa xanthina) BEVEIETE ( Viburnum schensianum ) 254 ( Lonicera Japonica) \454% %
( Spiraea pubescens) Y4EZ AR T (Lespedeza davurica) BNk ( Prunusto merttosa) (55 ; W ASAEY) £ 2A Pi kT &
¥ ( Carex lanceolata) KKFE (Artemisia sacrorum) AUH AT 5 ( Cleistogenes hancei) S (Artemisia argyi) %5
1.2 #5075k
1.2.1 AR E

WA FE A0 Ry 2004 4EXT 8+ B DOMIAS A EARBRIE S] 20 AR e - 41 AR ( <20a) (TP AR (21—30a) |
PR (31—40a) AR (41—60a) , 2012 4 7 J LhAs [ AR I B] 19 5 V7 BEPE 44 4822 17 P IR AR IX Y
AT b 25 A AR AN R A K BB (9,23 133 \47a) FUTHIAA N TRV AR SRR A, B BFo0 A s B PL IR B 3
A~ 50 mx20 m FEDT (ARE G OURERFEHEARF R, FEHEAF R 1,

R1 FHEXREFR

Table 1 Basic status of sampling sites

e omw o omm om0 g gy ST PR F DR
Age/a Plot No.  Altitude/m  Aspect  Slope/(°) Sl(.q?e DBH/cm  Height/m Dcnblty{ Cron'n Dom.l nant
position (¥k/hm?)  density species
9 1 1204 N 7 rhgl 2.2 2.3 3990 0.2 BRI BT
2 1198 N 6 2577 2.2 2.2 4260 0.2 Rosa xanthina-Artemisia
3 1183 NES50 9 F 2.2 2.3 3870 0.2 sacrorum
23 1 1275 NW30 16 a7 9.7 8.1 3450 0.8 HERIEC-B A B
2 1215 N 32 5874 8.5 6.6 2520 0.9 Rosa xanthina-
3 1247 NE40 8 b 3% 7.9 6.4 3660 0.8 Carex lanceolata
33 1 1101 NW73 26 Tk 11.4 8.7 2580 0.6 BRI BB
2 1035 NW80 34 rhgl 10.7 9 2070 0.7 Rosa xanthina-
3 1271 SW75 32 Ty 12.4 14.6 2150 0.7 Carex lanceolata
47 1 1069 NW55 17 iS4 13.9 13.9 1370 0.7 BB - A
2 972 NE75 25 i 13.9 13.9 1770 0.8 Rosa xanthina-
3 1051 NW40 34 P 14.2 14.2 1380 0.8 Carex lanceolata

1.2.2  BEECRAE K

X EEAFEHL N T AR AT REARRT I, 10 SR AR R 5 (9 AR AR AR MRGE AR By 2em, 23 33 (47 4EA i
FAMGEIAEB A Sem) , FFGETTRREL, LR P /NEFAEPEFRUEA 3 8%, /0 7R 00/ AU R E T
B (BT 2—3m ) 1Y AR B, BT AR B ARAR AR R e e [ A9 1 b R 3 N9t 40 Sl R L B AL 3
%, AT RRBGE 1, 2GR R, M 3 BRAREASKE T A T AR, FEFEIRA R 1 MR (4
YT 300g) , FET A LRAEAR R FTHAR MR N 28 3 4~ 1 mx1 m /R WS R TR 9, K RE AR A
AR S48 Ty 5000 %, AHIRE S E T 85 CHL T ZAE T, ML E ¢ NP &k, [FlE%R
AFEHLN, SRFD S BUBKZRESE S ANk, A LACRER)Z 0—20 em 3, ¥ 5 N AIRA G ML=, 1
FERMAT G, BIBRFAR A k55204, HEE ST 0.25 mm AT IE C NP &,

T PRV DA 134 C SR FH B SR R B - S IR 5 4 N 4> P RV H,S0,-H, 0,13, HAEGH
FER A4 N 4 P il , Horb 4 N OR APILECE ZAGIE (KDY-9830, KETUO) , 4= P SR & SR -t R 1
AE-FRBR T L 5 (UV-2450 22410636 1)

1.2.3  BAaab Ry ik

KT 25T (ANOVA) K oA 7] — Rl A [F] 25 B LA SO RIS [l AE ) PR V% 0 L 1E C NP Fr it

MHIEZE R RS BE , R Pearson FHIC/MHIXHAAN B JA7E PRI 14 C N P & 5 SO (E HEF T AH DG
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Fig.1 Variation of different organs C, N, P stoichiometric during stand development in Pinus tabulaeformis plantation

ARG FEER RN M 22 5 2, AN IRRS 5 BERom ) — PR AN [ 22 ] 22 5 . 35 (P<0.05)
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- AR N S SRR S SRR, HAME W P AE 23a BORIARTE 33a iABIEKRME; T N &
I AR A (B 1), MR P REREAKIS SE RS 1, HARL 2, P 7 33 T-7E 23a iK%
B/ME B PSR TCH R AR AR P S RS W RN (R 1) o i BCRIAR Y C N B AR e R AR
JEdem, HARMEE R, HAn7E 23a BURRTE 33a iK |/ IME ; T4 C N BEARIE TCI AR b RLA (| 1), i
T C P BEMERSEXS SRR, HAR 2, b itAE 33a, T-7F 23a i B K AH ; B C P BEAKES TS
AR AR C P AR AN (B 1) o i R T ARy N P AR AR A A3, PIBEAR I S
B, 7E 33a ik Bl Em KA SRR, HASL S (B 1) . 9,23 33 47 A MANAR C N P &5 M2 N :P [U{HITE
M C 0N H (e s, Pk, C:P HEE T s, HESME R MNOFA—(E 1),
2.2 AFIFREE AN TAREHERIEIEY) ¢ N P & & A E i

AN[EIARES - ERI7E Y C N P & i KL i 22 5 835 (P<0.05) , HIE HHRTFrE (K 2), LM
Wb C P E AR AR AR IA S, H C & BRI YR E RRAL, BAME R, Hop 43
£ 33a JAVEWITE 23a i B KAE ; P & S BEAMIS Y BRI E W, ARk B %, Hob 34 23a JRIE W1 #E
33a AR/ MA . TIE N SEBEAES S B ERIIN, 1 33a A BIR MG A PR E 2L S A B, MKW N &
SRR ST B E RN, 7E 23a BB R/IME G EEAR R R E (B12) . TSR C:N C:P N :P FARIR A
AR EANE , Horf C N BRI 825380, 7E 23a AR KRG FIRE G 25 AR 8% (K 2) ;C:P B
RIS E R, HAME 3, Horp H387E 23a, ATEWITE 33a a8 B KA (B 2) ;N - P BEARES JC B 35 1
hn, 7E 33a ik Bl Em KM RAIME G 2 5 AR E (K 2)
2.3 AR N TR B PSR4 C N P i S H R A DG A b

C NP WHZ[E], TEM R HhAETE B A5Gk g, B C M P RERARDE, Nl P i 25 IEAH
Ky B HUf CORIN B IEASG, CRI P AR (P<0.05, £2), M C 5P#7EY C N P BIALEE
WEACHE; A N 5REY C N BEFEACHMARE, A P 5%y ¢ BEAME, SHEY NP &
FIEAE(P<0.05, £2), MH C AN HE5+ P B EMHEMAMHKE, itA P H5 45 C B FEHE
(P<0.05, £2), THEC 5¥EY C BEEME, 5MEY N P BEAMC; TN 5H%Y C N P A
FEAERRAMAR DG s H38 P 587 C BT, SURIEY N P B 1EAMHE(P<0.05, %2),

x2 MMAIWM R OFEYMLE C NP RENHEXESH

Table 2 Leaf, litter and soil C, N, P correlation analysis in Pinus tabulaeformis plantation

4157 A C AN AP %Y C MEW N Y P +HEC +HEN
Components Leaf C Leaf N Leaf P Litter C Litter N Litter P Soil C Soil N
A N Leaf N -0.54 1

A P Leaf P 0.010 -0.389 1

P74 C Litter C -0.181 0.635* -0.670" 1

JHIEY) N Litter N 0.378 -0.654 0.636* -0.434 1

754 P Litter P 0.100 -0.415 0.853** -0.740** 0.630* 1

+3 ¢ Soil C -0.067 0.572 0.921** 0.730"*  -0.679" -0.823** 1

+3% N Soil N 0.352 0.150 -0.601 0.358 -0.155 -0.356 0.681* 1
433 P Soil P 0.581 " -0.813** 0.574 -0.655* 0.708* 0.658* -0.612* -0.055

* P<0.05; * * P<0.01

C:N.C:P N:P WHZE], 7EM A HA C:P 5 NP # B EIEASE AR M50, HE C:N HIC:P
ZIBJFN C <P RN P Z A 35 IEAH DG (P<0.01, % 3), MR C:N HSPEEY C:N B EFEFRAAE, i
C:PSURVEY C:P N :P ¥ B E ARG, M N:P 57 C:N C:P N :P 1  % EHE(P<0.01,
*3), MA C:NSLEC:N C:P NP HRFETASE, A C:P HMN:P 5L C:P MNP BFIEHX
(P<0.05, F3), TIEC:P RHIN:P S5H%EY C:N C:P N:P Z ¥ HEFFE; 145 C:N 5M%Y C:N Al
C:P ¥ EIEA(P<0.05, % 3),
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Fig.2 Variation of soil and litter C, N, P stoichiometry during stand development in Pinus tabulaeformis plantation
AT /INE SRR IR AN [ AR IS ] 22 53¢ 2. 3 (P<0.05)
F3 MMAIWMFOBEYMLE C:N.C:P.N:P HHEXEST
Table 3 Leaf, litter and soil C, N, P correlation analysis in Pinus tabulaeformis plantation
ik B C:N RGP MNP Y CN WY Cp JVEMI NP HIECHN +THECp
Components Leaf C:N Leaf C:P Leaf N :P Litter C:N Litter C :P Litter N :P Soil C:N Soil C:P
M C:P Leaf C:P -0.183 1
A N:P Leaf N:P -0.541 0.925*" 1
JHIEY) C:N Litter C:N -0.745"" 0.541 0.754"" 1
7% C:P Litter C :P -0.551 0.769 ** 0.872** 0.894 "~ 1
J475%) N :P Litter N :P -0.154 0.787 " 0.733*" 0.512 0.823"" 1
+3E C:N Soil C:N -0.617" 0.364 0.564 0.778 * 0.670 " 0.400 1
+3E C:P Soil C:P -0.774** 0.680 " 0.885"" 0.891** 0.876 " 0.601 " 0.751** 1
13 N :P Soil N:P -0.667 * 0.726** 0.876** 0.737** 0.792** 0.605 * 0.401 0.905 **

# P<0.05; * * P<0.01
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3.1 R[FEMEE IS N TAAEY C N P & L H A AR L

ABFFEH A C &L CiN K& C:P HE S 85 126 MEFER™ i 753 R A m g B0
Elser 252 HFFT 43K 492 FpBli2E AP AL K2 McGroddy 257 BF 5T i A BR AR AR 1 S5 45 SR A0 e ¥ s, i
N.P & & NP ARG, (H5AHEIT X I8 3 9 8 4 & R 0 5 SR A e i C NP 3 it S e AR I
N :P LU AEA B 2 55 T McGroddy 257 JRAFET T LB (3 4) o X WTRER TS5 RS RIA L, 8 SR R Fp
A RE R E A= (Fan, BERg RTRIES ) XN T C N C:P Hfl, HE SRS
ZFR0 TR DA, oy BeR 2 A T AR 1R A 1 LA 1 5 S 200 it B 457) 2 s 3 ool ) 00 35 8 LA 41K A B4
B30 A H AR SR AR AR FE I AR, (EDEA RIR AR R AR

R4 HYUHF CNPIERUFITEFISHEERENILE

Table 4 Comparisons of leaf C, N, P stoichiometric characteristics with others studies

HiIX. Region A Types C/(mg/g) N/(mg/g) P/(mg/g) C:N C:P N:P )
References
AWK LN 526.18+11.99 10.61£0.74 0.88+0.18 49.85£4.31  619.16x116.55  12.53£2.60 .
. . o R This study
This study area  Pinus tabuliformis (12) (12) (12) (12) (12) (12)
WA K Plant 438+43 24.1+8.5 1.6+0.55 21.2+10.2 312+135 15.4+3.0 8]
Loess Plateau (126) (126) (126) (126) (126) (126)
MRE 51616 10.6+1.7 0.83+0.24 49.6+7.3 660+154 13.4+2.9
% Evergreen
£ 9 (9) (9) 9) 9 9
20.2+8.4 1.46+0.99 16.3+9.32
E ; Yy — —
"1 China FE%) Plant (554) (745) (547) [20]
464+32.1 20.6+12.2 1.99+1.49 22.5£10.6 232+145 12.7£6.82
A3 ! i
3R Clobal 164 Plant (492) (398) (406) (398) (406) (325) [21]
.6+3. 34.1+137.6 * REIR
25k Global H) Plant B - 43.6£3.5+  1334.1+137.6 *  27.8+1.4 * 7]

(55,37.3) (59, 517.1) (55, 12.6)
T 59.5¢7.0 %  1231.8£140.3 %  21.7+1.7 %

Temperate Coniferous (19, 50.9) (19, 477.4) (20, 9.8)
a) $55 HHT— MUFE AR D) W« BFENEEIRI, 3655 TG — MUE NS i L

9 MR LA K R R, B R B S B AR, M T A R R B P R, FTAA
BT rf 9 4ELE AR P AR B, AR A AR B 1 BROUIAE 23 AE AR AR IE R R DR 2 K Y i bR ek
Bk, L 23 AF A AR o N S, Zhang 452 AR N Sl R S R G HIRFSTIAN, CN i C P
EUABL B A1 8 (0 38 I8N, X S ARBESE Hpit R AR C P ELMERI T ARHRY C N ELE Rl PRI (143 K
TR A 25 AR TR, X 0] e TREE M AR K, S8T NP SRR WALEL S fid
WS A ARG ShIE RS, T B A MR AR U, 1 21 T 3 VR bR s S 5 i 1) 45 4 e 4 o A
B,OFECN LAY MR CiNLC P HAE T ARIER Y RCE e K Ak C R, 7 — e
JEE 1 AT DA e BALT SEAfHE R R T R 8 3 A A 7 T A 3R R R RSCR DA SR B A R R P AR
KHRBUIA R, AR K frh, 2B K& P # tRNA B, DU R RENS P & ik = 8 1
W, BT MARE AR R E RN C P NP HEGRAE , ARFFEH C P NP L BEARES e s
%, X H5ARKERERUITIAHLT, XAfeEm THEYEA AR Tte Ll & RNA thi P a2 wny L
BIEAR, (A5 SRS A KRBT AR e N P E Y A K 0 R BRI G R, ek
YR NAFAE TN fE LRV ER , NP HLME 23/ R HIW AR S R G852 N 803 P BRI A RIS s, BFoc M, H
YKz N FLP BRI NP BI{E R 14 i 16, RBP4 NP /NT 14 B, MPAERK EZZ N RG2S NP KT
16 iF, I K 382 P BRI 24 NP 2T 14 1 16 ZEIF, 52 N AP AyLRIBRH . ABF5Eh, BT 33
SEAIIAARIT H NP HUE KT 14, HES TS MIE B NP HES/NT 14, SO AIWHZ X 832 N BR
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Tl A e, I B T R NP LB R RIS SE N7 33a 3k B i RAL S KA, 22 I Bt 2 A& (0 388 i s i Ak
A KAz N BRI AT DA BT A, X S50 T I D AR AU I 45 SR — 2, BT DAZETMAA N TR, 452
LIRS B, W] Y AU LR RS AR
3.2 AS[EIARESHAA N TAR - HIEFEE Y C N P i R L

AW HE P & (0.42—0.67 mg/g) B BAK T 2EROK 8 2.8 mg/g!" |, X S5pME% M i+ 5
JERIRRAR A 5 285 R — 25, 3 T 8 55 Hiu 3 - 90 5 19 IR B ) 8 v Do DX B ) XU K 3 2R VR A
5, IR E R R A T 2R AR A — B, SRR S RS 1 C N P EEIR LI
Bk 59.5:16: 1 (B AT LM 23.06:3.12:1) M EL™), ASHFSE T30 C NP HUAE(19.68:1.88: 1) fff (£
5). WFFERM, PE L C N HOFIE A 10:1—12:1 Z AP0 ) ABFFE - HER C N FFE (R 10.38 ZE 0L
B2, SR, %Y C NP S E TR, I C:N.C:P A N:P HANH I LA (F4, £S5), X
S T AR SO0 K B SCREAE, B 3R T R A I T R A O s e B Y T A ZUY i
P XA E RO R NS A s L A 41 2P RO s T B B BE T, (AR E SR T R A A A A P Y
BAAE IS [R) 38, DA B REAR 40 0 A W e AR PR R K R Y MYE GNP SR AHES
McGroddy %57 fUBFFE 45 AR, RPN C &4 C:N HfE e, M N P UL NP HEmAE, X505
HHE XK 45 R AR —3L, 5 C:P AW BAKT McGroddy 457 78 A BRERAR I - A 5 Hh 45 21 A 25
X5 RS HE KA R R4 SR AR 2, X T BEJE T ARIFZE 0 P R PR ZLK T McGroddy 27 #ff 5 Hh
1) P ZFWCR, Wl BEE i TR KA AR TR, &R R R R R s (£ 5) o

R5 AWM CNPIERUFTERTISHERERLE

Table 5 Comparisons of litter C, N, P stoichiometric characteristics with others studies

- ST T . . . S 3k
HuIX. Region 257 Types C/(mg/g) N/(mg/g) P/(mg/g) C:N C:P N:P
References
By G/ 405.70+92.34  8.29+1.25 0.57£0.3 50.57415.26  842.51+336.65  16.08x4.11 .
Shaanxi Province Pinus tabuliformis (12) (12) (12) (12) (12) (12) ;
2k EL7) B B B 66.246.3%  3144.1£341.9%  455+3.2" 7]
Global Plant (106, 56.58) (104, 1218.6) (99, 20.59)
Tt B B B 87.8£6.9"  2352.9+350.3"  26.0+4.6*
Temperate Coniferous (25, 75.0) (19, 911.9) (20, 11.8)

) 55 P — BT AREARL D) W B NER L, 155 R — RO R Rl i B L

TS IEY) C P S KL C:N C:P NP I HBIME AR S 2, RIS KD Z EA
HEUINEFR, 13D ¢ Side R, 76 33a ;B RKMEG WA FRAE 2 S AR, X5 Zhou 51
Luyssaert 55 A T A5E T DR (9 1 30A HUBAR B9 B P AR I IEAR DG 2510 A — B, — kil &
BN C:N WH 5 H MR sR R R L, 04 C:P WWERE RN P AR S IR 46 bR, BRI, JH
VEYIE P REBARAITE O T N BOR B S i (VR B NP LA, NIRRT LIACH N =P E{E R 0 4 7%
IOy AR IR ORI E R R 22—, B NP I ERW R e . A, &% NP
LR RER PRI S 3, 78 33a iABIE RS T RE, KUY o0 AR BRI S RIS, AR T 3%
OIAERH, BRI, WIS DX PN AT I A AR 7 S A B TR K Rk
3.3 ahRAkRM R RS L C NP R U E RS E A

ARESEH A S 0E7EY) NP i K C:N L C:P N :P HWEZ AR B 2 A0 OCHE, RUTMEEY bR KA
PR, ZHZRICREE, YA TIERN C N P & Z MBI FAE R F A, R4 C N P fib);
HEXTPARM A C N (P S AR s e A E I E C, R RS C RS L, JFLITEE
PIRIEECK C RIFRIE D AMEL L3 | AR 7Y S R C N P SR A E BN R, A
SCHSRIM T A A R /R TR A (e A0 8 C NP S i RO Z B AR VAR OGOG &R, i it
AR RGENH C N P SCRIGIETERY) TSR 18 3 A Z s i s ey o BT LR R -
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