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TiE 55 FREE 1 IV RE 7 2Z 18] B SCHRATI A I

Bt VR S MR T 1 i 7 A L X 32 B AR A
Z— S P AT AT AR [ i o ] P BRI R ) o 1]
MO HET, XPIZHLIX SR oAb
HEZE R TR aRE AR, X T 5 RSB
BEZ0, ARG A AR AT (Schima superba
Gardn. et Champ), FFR%E (Choerospondias axillaris
(Roxb.) Burtt et Hill). K ## (Castanopsis carlesii
(Hemsl.) Hayata), 42 K (Cunninghamia lanceolata
(Lamb.) Hook), & F&#) (Pinus massoniana Lamb)
S AMFCRFISE R C. N, P K & i KA
B REAE, WERAAEFR TR S8 M IE
Z 225, IRV [FERRYFR 5370 R A RCR M
HATBOAs IR, DA 7S B AL 1l DX R W ARG BT RRTR 28
AR PR AR [R]85 B A 35 201 AT A1 BE B BRI 5t 7 AL
i, G PR EE T W A AE B R G R)
PRI

1 B3 KR

J7ZRAR EE AT /NS - I LA A SRR X
DT ARAVEIES, Eilsn, 5 AKX EE
SRR — R EZHEIRELL (24°59'~
25°05'N, 114°20'~114°26' E ) FU/NmbE (25°16'~

25°19'N, 114°07'~114°09' E ) Pilsrding, #Rk
B RIK 89.1%. /NAGTIH AN 873.8 hm®, HR i
W MEF IR 2 1058 m; HEILTEIATA 7 000.2 hm?,
e VT IR L 24 917 mo BFSE DX IS g 1 Ay 2
WAMEIX, ZZRAT bR, E RPN AR
B XL AR DXCBUAE SR 19.6°C, % i e AR AR
—6.2°C, M i i B MR 39.5°C; AR 38 K B 4R 4
111.7 keal'm™?, = 10°C (ARSI 7 177.9°C, 4
YRk B 15511 mm, 7&K 1678.7 mm, BF5Y
X5k BEDIRD S L UUA L BRI A R B A AL
AT, BWEAN, FESME T 250~700 m
il s b S R L A b AT  ZHb X R AR
20 22 80 A RASG R I RIRIR AR, TR AR
FhEZEA AR, IR, KEE. AR, SREME,
M HER EEH W (Adinandra millettii (Hook. et
Arn.) Benth. et Hook. f. ex Hance). 754 (Syzygium
buxifolium Book. et Arn), ftZ51l] (Maesa japonica
(Thunb.) Moritzi. ex Zoll). F§ #| (Itea chinensis
Hook. et Arn) 55, BARFEATZE (Woodwardia
unigemmata (Makino) Nakai), 7% H (Dicranopteris
dichotoma (Thunb.) Bernh), & M 4 f€ (Mussaenda
pubescensAit.f) 55 . FEEFHEILZE 1,

F1 SR S D EERFEE AT
Table 1 Characteristics of 5 tree species insampling sites

g et IR FHfE AN HEH g4

Specie Tree type Tree height /m DBH /cm UBH /m Importance value/% Dominance /%
AT Schima superba SR 9.3 16.4 4.6 5.35 8.09
R Choerospondias axillaris T 13.8 18.7 7.8 4.73 5.25
Ktk Castanopsis carlesii Sk 10.0 19.2 5.5 4.97 5.89
K2R Cunninghamia lanceolata i Sl 11.2 15.7 7.0 11.84 11.52
KA Pinus massoniana L S 11.0 17.1 6.8 10.03 20.38

2 R &

2.1 HmRE

2018 43 -4 J1, FEJ ARAmEMET /NI - 7
UEE L1128 20 19 SR AR DX AT Rl TR S Ak b BT L B ST b 2%
PRI —3 . MARBC ST . HAREED 6 Hbr
VEREHD, FEHLAR/NR 40 m x 40 m. ZERRUEREHL
XFHAE 5 em DL B AR SEAT R R RS R, i )
L BAR L BCT R SRR AR bR . TEAE Y R UK
fif . RAMRAT . OKAE . AR, HEMPRERS 9 b,

3RS (5~10, 10~225, >225cm), %
MR 3 bR B3 MRS 1 BRITREE IR S
RE, BN 1AEE, MR8 341MEE, H5lRE
ML L BOREAS, TN RS [F] 28 Y
C. N, P, KImETE., WFER, 7EWEHERY
SN == I I 18 g oy 2 97157 1y i = SO 37 17
DY 5EHE . o FEMN L 1~2 454 1Y g 2ot
R, BRI ACREEL 20 s BIFERURAERSRES
MRS AR (T, HARg < 1em (fA0EL ). 1~
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2em (AL ), 2~4em (A ), >4 em (HH
K IR AT AR, HEA <1 mm (540
). 1~5mm (4R ). 5~10mm (4R ), >10mm
CHLRR ) 0 RS RS TEME AN fRAL (B
M 1.3 m) RAHARKHEEE 5.15 mm x 50 mm T
B, RRRRIRHL 2 Yo RAEUTAURE G A ety
O 'S B EIAR T (] S A
2.2 tEmibiE

WAl ] AR HERE S SETE 105°C RRT, R
e 80C P T E=E &, F¥H T 5 BEE &
e, i 0.149 mm(100 H) fiigs . FdhFrh E Aol
BREA 5T B MOl 53 B SOMRD R i J) 5
= IATINAE . AL C R R SN $
FE, AN R & AR —B AR T A8 5 F R i LIS
SERIRINGE, 4 P R ERR—RR & — T
AN OB R, 4 KR A iR —
i — = AR T i — B R T A R .
2.3 MRS

K H Excel 2010 XA SCHAR A TR 25 301 S il
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Aa AaAapap , AabAapah
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~ 500 [BEDMBD  paBaCaBa Bb Ty = =
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Schima ChoerospondiasCastanopsis Cunninghamia — Pinus
superba axillaris carlesii lanceolata  massoniana
1.0 Aa Aa

0.8
0.6
0.4 +

0.2 Bb

i & i Phosphorus/(mg-g™)

LM
Pinus
lanceolata  massoniana

B + Stem
. ARIKEFRRER T F A2 25 BE (P <0.05), NR/NGFRARERF—HFARFR 2 [ 225 B3 (P <0.05), TR,

Notes: Different uppercase letters represent significant differences between different parts of the same tree species (P < 0.05), and different lowercase letters

A [alr&s Kt AR
Schima ChoerospondiasCastanopsis Cunninghamia
superba axillaris carlesii

O 4 Root

Bl RJH SPSS 23.0 SeiH X B AT /M, R
JH B 3 5 22 53T (one-way ANOVA) X1 A 45 25
BHRAIEE O i DL AR AT 2 Rt i
¥, At/ E 280 (LSD) AT 2 E I, R
JiI Pearson FSE /MM 40 HT 45 B8 5 I A5 ALt
FFIERAR o

3 X500

3.1 WAAREB/ER C.N.P.K SE4FE
SARFMBARG C. N, P, KSRk
0 B2 9o 469.11~510.09, 2.71~5.49, 0.15~
022, 2.46~4.89 mg-g"', FHI{E 55N 486.39.
3.70. 0.19. 351 mgg' (& 1), DM MRER
C oM R TR, HIEERKTIHAM 3 AR
(P <0.05); FZAME N &5 & KT HAth 4 4
Fl (P <0.05), WA C. N, P, KFmA bz
I3k 471.73~529.95, 1.18~2.25, 0.08~0.14,
1.16~2.69 mg-g™', F¥I{H 75K 498.24. 1.79,
0.12, 1.81 mgg' (& 1), Hr, AR THC

25 ¢

& & Nitrogen/(mg-g™')
s & 8
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superba axillaris carlesii lanceolata  massoniana
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represent significant differences between different parts of the same tree species (P < 0.05).The same below.

1 SAHMAFEBEEN C.N.P.KEE

Fig. 1

C, N, P and K contents in different organs of five tree species
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TR AT DEMR, HI%EERTHAM 3 4 F
(P <0.05); HEMMKTH NS EE/NFIHA
4 FFR (P < 0.05); AR 19 K &t & KT
Hifts 4 MR (P < 0.05), BHEC. N, P, K&
H LI B o)k 482.75~527.47. 9.81~19.58.,
0.48~0.93. 8.14~13.19 mg-g"', FH1{H 59N
512.04. 1429, 0.74, 1030 mg-g' ( & 1), H
o, BRI N a A K T A 4 SRR
(P<0.05); FEREME P EEIEKTEZAR, HY
2 KT HA 3 MR (P <0.05), WERY C. N,
P. K FEf A bl 485.68~519.97, 2.32~
462, 0.15~0.38, 1.97~4.92mg-g", “FHE >
M 499.67. 341, 023, 334mgg' (K1), H
H, HEMMER C HEmE TR, HYRE
KT HA 3 MRFD (P <0.05); KEERHAL P & &
WERTHA 4 FFP (P <0.05),

BAKMIE, Rar, Kif. SRERM&HEDN
C GRRMAM >H > T >, 5 PMRFSARE
PN SRR >R, & >T, PEHRERYERHU
R > A > > T, K SR > MR, k>
To W N, P K &EE, HS5H. T &
Z 25 B (P<0.05),
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32 WARLREFEEH CN.P. K LFITEIFE
5ARFRIHAE) CN, C:P. C:K. N:P #7284k
0 B2 R 92.34~186.36. 2 256.25~ 3 246.95
103.77~197.84. 16.84~24.99 (& 2), F¥I{H 4
54 141.60. 2 664.61, 155.00, 19.32, Hp D
FAMAY C:N W& R T ARfr, H ¥ 3K T HAh 3 4>
BAP (P<0.05); FARMA NP &% KT HAh 4 4
Rh (P<0.05), T8 C:N, C:P. C:K. N:P iy
IR h 214.31~465.50, 3 791.43~6 537.57.
182.53~481.97. 14.11~17.58, “FIE/M51 299.18
4521.88, 312.15, 1538, Hi, DEMH T K
C:N, C:P W K FHAb 4 NHFh (P<0.05); 5 4H
P NP 2ZFAEE (P>0.05), HIFE CN,
C:P. C:K. N:PZAL 5 B 4 51 Sk 24.68~ 54.34,
522.79~1 098.76. 40.12~ 65.90. 14.58~ 26.72,
SR Ay ) R 38.14, 742.28. 51.59. 20.06, H
i, D EM MR CN B E KT H Al 4 4B Fh
( P<0.05); Afftfy C:P i 2 KT HAh 4 4~H
fl (P<0.05), B A C:N, C:P. C:K. N:P A7
LTRSS R 106.33~226.47, 1296.13~3 420.88 .
105.05~267.76 . 11.02~20.21, FEHE535M 159.74
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B2 SAWFARERERN CNPKULEITERHELER
Fig.2 Stoichiometry of C, N, P and K in different organs of five tree species
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2436.76, 173.94, 1547, Hih, AKEFEH) C:P W
KTHREN, BFKTHA 3R (P <0.05).

IR, 5 AR CN, C:P. CK ¥R
KE > >k, HTES5R. b BZEES
B3 (P <0.05); ANFEMFPSEEN NP SHZER
BOR, Afa N:P I A s, HEMR, T, Bzl
ZRWE (P <0.05), MEZK, SRR NP RH
iR, HS 1. M BzEZzERRE (P<0.05).
3.3 BRIKAREEEE CN.P.K SENILEZ EREXME

BARFEZER C. N, P, K &&EZA MM

Kt (F£2) XU BRI C5R CRBFEEMRK
Hh(P<0.05), RC. i C, TC. B C4HEZY
B E AR (P<0.01); M N 54 N 25 E
IEAE (P<0.01); MK 5K, T K 58 K ZHE
PR B FEEME (P<0.01); ., THANSPE
W3 IEA G (P <0.01), M. BN 5 PREEFEIE
X (P<0.05, i fRid /R HMNEGHRC, T
C. B CEBEMMHE (P<0.05), 5H CEWRE
FHAKE (P<0.01),

x2 SOHMARSZERN C.N.P.K EZ HHIHERXME

Table 2 Correlation between C, N, P and K contents in different organs of five tree species

5iF R Root F Stem I Leaf i Branch
e C N p K @ N P K € N P K € N P K
c 1
N 0.198 1
Licd
Root  p 0022 0767 1
K 0.040 0487 0308 1
C 08397 0291 -0.024 0368 1
- N 0468 0387 0361 0045 0377 1
Stem  p 0279 0.566° 0473 0078 0225 0.797" 1
K -0385  -0.067 —0.181 0495 —0.018 0478 0292 1
0.630°  —0.110 —0.469 0275 0.747" 0319 -0393  0.286 1
N 0533 0395 0412 -0.080 —0537 0513 0508 -0.097 -0.774" 1
I Leaf . o y
0.220 0.757"  0.642"  0.047 0075 0211 0484 -0502 0411 0554 1
K -0.015 0.653" 0173 06507 0188 0312 0392 0332 0.158 0242 0407 1
0.891" 0201 -0.141  0.170 08317 0495 -0275 -0.285 0.719" -0.605" 0203 0221 1
" N —0.507 0402 05477 -0206 0577 0.639° 0564 -0.172 0776 08507 0.629" 0.146 —0.523" 1
Branch p 0213 0344  0576° -0285 —0.371  0.693" 0.516° -0.080  —0.392 0329 0285 —0.114 —0355 0593 1
K -0.668" -0210 -0.150 0211 —0422 0561 0129  0.694" -0.018 0056 —0445 0169 —-0496 0.185 0.190 1

i xRN E R R (P <0.05) **FRARP < 0.01 ZRWEEH(P<0.01) T,
Notes: * represents P < 0.05, ** represents P < 0.01. R represents roots.The same below.

BARARFESER C. N, P, KAL¥itEz
ERARCHE (£ 3) R R, T, W CN Y
C:P i) 35 2 W 3 IE A0 & (P < 0.01); M1
CNE5T . By CN 2R EH K P <0.01),
5 CN R EEIEMHKE (P<0.05); R CKY
T CK 2R EEAAX (P <0.05). AFRIE
Z I C:N 5 C:P /R A G A e, ot
1) C:N 5R A9 C:N Z [A] 2 I 2 1EAH ¢ (P < 0.05),
M C:P SR CN Z B 2 3% A G (P <

0.01); FifYy C:N SR C:P, T C:P Z[a] M i
FIEAMR (P<0.01),

4 Tig

41 SHFRIMIE C.N.P SBEN ST
1O B R HC A SR B A AR 3 43

TEE AR, LB R R B e 2 A AL

e ABESEH, EFRTR AR 5 A EERA I H

() C i N 512.04 mgeg!, &5 T 4Bk
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3 SOMHMAERER C.N.P.K LLEZ EIRHEXE
Table3 Correlation between C, N, P and K ratios in different organs of five tree species
FiH R Root - Stem M Leaf ¥ Branch
ltems GN CP CK NP CN  CP  CK NP CN CP CK NP CN CP CK NP
C:N 1
CP 08307 1
R
Root CK 0330 0227 1
NP 05317 002 0282 1
CN 0495 0369 0.156  —0.235 1
+ C:P 0570 0443 0.180 —0.285 0930" 1
Stem  C:K 0058 0.024 0.519" -0.193 0.789"  0.690" 1
NP 0056  0.075 0.081 —0.074  -0378 -0.014 -0380 1
CN 059" 0472 0012 -0.236 0.781" 0754”7 0364 —0217 1
W CP 07707 07537 -0.109 -0.271 0.142 0279 —0343 0274 0415 1
Leaf K 0642" 0295 0.598" -0.662" 0454 0483 0422 -0.012 0452 0263 1
NP 0296 0349 0061 -0.139  —0452 -0274 0559 0495 0434  0.625 0086 1
CN 068" 06557 -0.109 -0.140 0764 0.720" 0275 —0.282 0856 0.601° 0347 -0.117 1
" CP 06957 07997 -0.216 —0.006 0.587° 0565 0116 —0242 0.561"  0.646™ 0.093  0.172 0.784" 1
Branch .k 0055  0.004 0201  -0.001 0.733" 0509  0.769" -0.682" 0439 -0296 0280 -0.635" 0463 0217 1
NP 0054 0212 0203 0160  —0.049 —0.043 —0.040 —0.060  -0316 0005 -0365 0282  —0.181 0440 -0.166 1

R CERIYME 464 mgg ), i T3 E R 26
JERMRIY I C EEI{H (502.88 mg-g ™)', X i
W32 H X 1) BT TR AS AR BA B m i A ALY AR 2 g
J1, REAEFEE L CoL R, SAMA M K
N S E¥E N 1429 mg-g!, KT Bk raY
F R N & & (20.1 mg-g™) M4 [ Bt A4 ke )
FHEY N & & (18.6 mg-g ), R FIREAR
TR B N i (17.55 mgrg s — e
T, PR TIRISCARES N, TS X R R
WA, ARES N R ED, Wb TR
FIRMA RN E &, JiSER AR N &
Ko S AT F Y P & EIBMEN 0.74 mg-g™, iE
RTF2EEY R R P & & (146 mgg "),
T 2Bknt H P & =AY Pk (1.77 mgg ™)™,
X AT BEYR T 5% X S - BRI P &, DA
R, TR E A B b XA 21 398 7™ 5 e PO,
T AR i 2 W S5 e A i — 20 R T 398 P AR
RO S GR Le R h AE—E FE B TR
XF P ITE MY, S AR B K EEIE
1030 mgrg™, IRTF2EkI A BFH K & (151
mg-g"), AIHEH- S AL X R I TR AR+
B K TR T S EBARA P, BRmE, BAuet

PR AR EEERFI SR S B A C. RN, K
P. ik K AYHHE

I F (%) N:P o] I T @SRt TR A K i 3=
G HER I B0 SO R e B, AH OGS R, FE
BV K F B, NP < 14 RR2Z %) NICE MR,
14 <N:P < 16 F/R3Z25| N, P ICE Ay [ PR 8
BRI, NP> 16 Fnz5] P ILE ARG, At
FEH, ORME . RERR A . KRB NP BE 5Bk
26.72, 21.18. 22.09, ULHHIX 3 Ffh i A o ) A= 4
FEZH P REl, AR BEM NP HE S5
91572, 14.58, PAHAIX 2 FhEF R A A K A2 3
N. P RG], bRt R NP (KT i
MR A, R R Ry N SR AR, X
MAFEI AR KRB SEMA . IR
7= 1 7 N Sl N S Y/ @ [ 1 = e ol |
I ot F 4 b N TR A MOCR H BE T o
AT, EFRRRASH R NP ${E R 20.06, %
Bz X TR AR R B2 3] PRI, X 5 EZR
T b DX AE W i R b2 T EGRRAE B A 5 A R —
HO MY A C:NL C:P. C:K AT LU WA
FRT WP, A, FERFII CN
C:P. C:K¥J{H 2% 4 38.14, 74228, 51.59, it
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BT A B Y BT 1K F (22.50. 232.00 Al
30.73)™1, e AL X Ik = B R BAA RS C A
R R AR, IR A CN,
CPHE & FRIZEMBMLHEMRESRE T R
C:N (3020). C:P (687.30) "1, X Wt T 7 ¥
PEHMAEEREM N, PER RSB LB
I, TG R TR S AR PR 3R 43 0 R A AR,
JCHUE P e R St THADARMA S RS, M E
PR T ARA A SR AE S RGBT
42 AEHM AEREE CN.PEEER
REARIFR 3o B s 5 3 B 2R BRI SRS
TN RIS DIMIOC, AP, A, DRMWEE
MRS E C BB & T AN . MIRE ., Kif
AERR AR, W C AR R TR RS R
O e =R B VAT A A A N P B % A EW N TR
PR R, AR TR B b R e A
AR, i i A 2 2 B B B AR B AR
SRR S TR —HBIX BRARTR A Z =
XFFAEBEFEIRAToK ELAARL, BEAKT BRI PE T
PRI RE DA e T HAE BV T v i 52 7
AW, FIREMM P &, £UHAEY
PRI R, R0 BURN RN AL KA.
A, MRESHEMN P SEY®TAN ., B2
By, URHAOKEE . AR . B R AT PRI N TR AT
P U E MR S . AT e S AT
WsgER , DT AEREVE e b S AR LA, i
A A Ey R AN K B e KA fr . PR 55
PSR L R A S R G R A B, B ZRAK
PR , ARG ZEREDE T AR BORZ T TR
AT, S MFORFEIZS B 1Y C & iSRS
MR TR, MR (B 1), ANFEESE R
C o mEFB/N o MICENE MY AN KA 5T,
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Stoichiometric Characteristics of Carbon, Nitrogen, Phosphorus and
Potassium in Organs of Coniferous-broadleaved
Mixed Forest in Northern Guangdong

ZHANG Tian-lin'?*, QIU Zhi-jun', WU Zhong-min', CHEN Zhi-hong®, HU Hui",
ZHOU Guang-yi', ZHAO Hou-ben', LI Zhao-jia', CAI Zhang-lin"

(1. Research Institute of Tropical Forestry, Chinese Academy of Forestry, Guangzhou 510520, Guangdong, China; 2. Nanjing Forestry
University, Nanjing 210037, Jiangsu, China; 3. Administration of Xiaoliukeng-Qingzhangshan
Provincial Nature Reserve, Nanxiong 512400, Guangdong, China)

Abstract: [Objective] To fully understand the ecological stoichiometry of carbon (C), nitrogen (N), phosphorus (P),
and potassium (K), in different organs of mixed forest in northern Guangdong and to reveal the nutrient balance
mechanism and environmental adaptation mechanism of different organs of trees in the mixed forest in the southern
subtropical in northern Guangdong. [Method] Five tree species, i.e. Schima superba, Choerospondias axillaris,
Castanopsis carlesii, Cunninghamia lanceolata and Pinus massoniana in Xiaoliukeng-Qingzhangshan provincial
nature reserve in Nanxiong County of Guangdong Province, were used as the trial materials to compare the distribu-
tion patterns and ecological stoichiometry characteristics of these species, and the correlation between the contents of
these elements and the stoichiometric ratio of different organs. [Result] The results demonstrated that the contents of
the four elements were the highest in leaf, the lowest in stem, and the medium in root and branch. The C:N, C:P and
C:K showed the highest in stem, the lowest in leaf, and the medium in root and branch. The average C, N, P and K
contents in leaf of the five tree species were 512.04, 14.29, 0.74 and 10.30 mg-g ', respectively. The contents of N, P
and K in leaf were significantly different from those in other organs (P < 0.05). Correlation analysis showed that trees
had a complex internal coordination mechanism. [Conclusion] The content of C in each organ of coniferous-
broadleaved mixed forest in northern Guangdong is relatively high, but the contents of N, P and K are scarce, and the
growth of trees is mainly restricted by phosphorus. Castanopsis carlesii, Choerospondias axillaris, and Cunning-
hamia lanceolata have higher utilization ability of P element, and Choerospondias axillaris has a better nutrient dis-
tribution pattern, which is conducive to maintaining the dominant position in the competition.

Keywords: nutrient element; ecological stoichiometry; forest ecosystem; environmental adaptation strategy
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