55 39 B 7 W) *E &~ 2 Eild Vol.39,No.7
2019 4F 4 A ACTA ECOLOGICA SINICA Apr.,2019

DOI: 10.5846/stxb201801050030

K25 ARG SRR, AL, XIEAE, S DR OR AR 2 AR N AR 138 C N P AR AE S L S 3B A PR 1 56 R AR S 2441
2019,39(7) :

Zhang Y, Li HT, Zhang H, Huang B B, Liu C H, Jiang Z K, Ma X Q.Soil C :N :P stoichiometry and its relationship with the soil physicochemical
properties of different aged Chinese fir ( Cunninghamia lanceolata) plantations.Acta Ecologica Sinica,2019,39(7) .

ARIMEEZARKANIKRLE C:INPHUEITEFLERE
STEBEAERNXER

R F L F&AEY R OB AWM AL BRE THR
1 AR R B AR 350002

2 PHALARMRBHEL KB PRI S4 B, e 712100

3 MERAMAREIE OB, = 36500

FEE N T B TARIE A2 AR TR eI KB R (€ N P A 25k AR B B2 ), 7E ARt A bk R 22 = W38 D bk
BEHL 4 K& (4, 20, 24, 33a) AR N TS, M2 0—20,20—40,40—60 cm VREE LIRS - B B pH | BBk
(TC) RA(TN) 2B (TP) 2 (TK)  FRITEN TR A XIS C NP AR IEZ I E R WA N THEFLLE
BRI R YR . S5 IR (1) B AR R RN, BT S K | H R K A0 B A AL B R SR/ NS BN, 7E 20 a 35 3 5
/N, TN TP A AR A AR fhta 3 (A 24 a SRATAITRZE TR B /N TC A TK RFFARAR 5 (2) BEE ARES BN, C N fRFEAS
AR, C P FIN P 7E 24 a BEAMGE B R (0 HAE 20—60 em A F 2255 (3) TC 5 ZH0K -y BPE T I 3 Ak 1
EADC, R KA S CoN P ARSI R I B EAHSC, TP 5 C:P FI NP BERAME, HHEYIM RS 1 5
FEEAAFAE— 8 IR, A LT T IA5 A8 K 3553 A A 5 4G 06 BT X A2 ARbR R B el A o 398 76 40 0 b i R AR 2215, 24
JREAMRAZ A A= K 32 3 I A B , PEAZ AR AR B B R IE , DRAEMROAR ) RGP A 4 (R 138 SR Y R PSR MG R
KR AZAR LEF W B IR0 6 F5 53 BRI

Soil C :N :P stoichiometry and its relationship with the soil physicochemical

properties of different aged Chinese fir ( Cunninghamia lanceolata) plantations
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Abstract: To investigate the effect of stand age on soil physicochemical properties and C : N : P stoichiometry in
Cunninghamia lanceolata plantations, an age sequence of Cunninghamia lanceolata stands (4 years old, 20 years old, 24
years old, and 33 years old) were selected in the Xinkou Experimental Foresiry Centre of Fujian Agricultural and Forestry
University, SanMing, Fujian. Soil water content, porosity, pH, total carbon (TC), total nitrogen (TN) , total phosphorus
(TP), total potassium (TK) , and soil C :N :P stoichiometry at soil depths of 0—20, 20—40, 40—60 cm were measured
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during stand development. The results showed that the soil gravimetric water content, water field capacity, and capillary
porosity were lowest at 20 years old, and then increased thereafter. There was a similar trend in changes of TN and TP,
which had the lowest values in deep soil of the 24 year old stand. Stand age did not significantly affect TC, TK, or C:N. C:
P and N :P were higher in the 24 year old mature stand ; however, significant differences were only detected at soil depths of
20—60 c¢m. The majority of soil physicochemical variables showed significantly correlations with TC. Gravimetric water
content and capillary porosity showed significant correlations with C:N, C:P, and N :P. TP correlated negatively with C :P
and N :P, indicating a firm linkage between soil physical properties and nutrient cycling in Chinese fir plantations. The
regulation of soil structure and nutrient balance may be influenced by soil organic matter. Humification in our study area was
slow during the development of Cunninghamia lanceolata plantations. The growth of the 24-year-old mature stand was
limited by soil phosphorus. Therefore, P fertilization during the rapid growth period of Cunninghamia lanceolata may be

important to sustain the growth of Cunninghamia lanceolata and to improve nutrient cycling between plant and soil.

Key Words: Chinese fir; development stage; nutrients cycling; nutrients limitation
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FENTMAZS R GE D M 80 3k b8 o025 400 | 0 T3 2R PR PR B A 5 ) - B8 % T A Jm 7 AT 3
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S AR AR E R TARG B D A b2 T i F R o o N TR B i v 35 R 1l 7 0 1
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e AP SR 19.1°C AR P BERT i 1749 mm,

2016 AETEAR GEARAR K 2E L BEEMIG VD I T IX 8 4 DA FEARES A2 AR N TMCOR BEFE XS 4, 38 ARE [i]
4331 2012 4F (4 a) (1996 4 (20 a) \1992 4 (24 a) A1 1983 4F(33 a) , A MRS K AR N TR AR 12
AAE RIS R B RT3 4 ARG 43 S T4l R LBV LR AR LR BB 4 A
Mo R BB B AR 2.3 km, IR ML R A K B AP BZLE, H2 R 1 m LU,

ARV BRAES FAZ AN AR AT — S50 - A D 58 3 R R PR LU B s bR, 3R 3 AR AR BRI T
2ULBRT 4 a F2ARMK,20 a, 24 a F133 a I ARMRI A T — U0, B ARIRICE 3 4> 20 mx20 m ArifE (B3
2N, PSR ) 3 12 MR,

PR AW B V% 45 40 i B BB FHP A 1L F (Litsea cubeba (Lour.) Pers.) . FEFR ( Lechnum orientale
L.) Hu%E ( Melastoma dodecandrum Lour.) MAEM 452k ( Callicarpa kochiana Makino) %5

R1 HEHERER

Table 1 Basic situation of plots

W PR i - s I T T 7T B
Stand age Plot No. Altitude/m aspect Slope/ (°) position DBH/cm Height/m (B/hm?)
4a 1 319 AR 40 30 T 5.90 5.22 1732
2 324 MR 30 33 - 5.83 5.15 1729
3 335 IER 25 IS 5.99 5.30 1683
20a 1 192 i 7R 10 28 T 17.29 15.87 1091
2 202 MW AR 30 28 F 15.64 14.64 1218
3 205 AR 25 25 s 17.47 16.46 1274
24a 1 221 EPg 31 IS 16.97 15.96 1137
2 233 Je w4 10 32 F 17.30 16.30 1120
3 199 eV 20 29 T 17.91 16.90 1086
33a 1 202 PR 25 33 T 19.88 18.86 1000
2 209 EPY 30 F 19.52 18.51 1088
3 213 Pafhird 10 28 i 18.51 17.50 1125

1.2 B R S AL

FERA PRI B RS ARRE H e S TEAZH 3 A T3, Sy 7 1E 320 2528000 8 52 e, JBORE 51 18 B8 9y i %
2/ 4 m ARIPREEAZARN TARIEIZH 36 A~ 133850, 40514 0—20,20—40 ,40—60 cm +JZH 1 kg 2247 +
B, [E—FEHL 3 A5 AR D2 R 0 ERER A 5] BUR A5 0 38 1 kg X, BE R ABRARI R , 12 2 mm
+ 3 A EHASRAT, VUL BGHT A T L RERFER 3 0.149 mm 5 5 [ B £EAF 3 A4 o i) 35 1 4% 0—20, 20—
40, 40—60 cm +JZ I JI (200 em® ) BUFUIR 1 52 437K 43 My B I
1.3 L 3ger e i gl

I5E T3R8 (TC) 2R (TN) A8 (TP) FI428 (TK) , TC F1 TN 4 HITR i (1215 Elementar 22
H, VARIO MAX CN) il , + 4606 A 2.0 mol/L HC 435 Jin A it f NaOH, FA%5E /9 HCL i, & 3R
FRE MR AAEAE, 7T LIAE R TC SR TAVER, WP e TP &8 TK R H KJEE
FEREUI e, pH ECR I ELAIEE (K =1:2.5) W5, SRAIFR JI3E00 52 - 3 A K o BEpE IR BB A 35 7K
i HE KR A EMEEILBE,
1.4 Bdasrwr

FIFH SPSS #5423 AR B 4 J2 T BE X A2 AR N TR 1 398 B AL 1 R AN Ak 2 B HE (9 B ) ( One-way
ANOVA) , 3R H Tukey ZH FLE IS FIARIS AN R £ 20 Z M B 25 57 . SR — R PEAAL (GLM) 4347
ARHA T 2 R R K HAS T AR R A B ANk 23 FE A B2 0 ( Two-way ANOVA) o Fll FHAZ A 7. A
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ARAERK (A EA Y5 DBH 44K ) B9 HR . KM Pearson Correlation 73 k271t e 5 13K 53-9)
BUPESR pH TC TN TP . TK fJAH M, Ui it 43 Br 32k A IBM SPSS 22.0 5E %, 12 Excel il Origin Pro
2015 b

2 EREHS

2.1 AFEIFRIEAZ AN T AR B 5 ) L

RIS XIAZAR N TR RIS it & K it | B Rk B LB M pH HIA WA 5Em (£ 2) , Kl 1
AILUE W BEE R K, DI EAE 20 4F3A B ok, Bl 5 R, BT & /K & R [R] 3K fE7E 20 a #2 R bR
INTE 20—40 em H)E S HABM BA BEER AREME 0—20 em 2 HHH7KE | BEFLEE A pH JCH
255 MAE 20 em DAF )2, HARFK M BE LB EELL 20 a 133 a 5/, pH {HTE 24 a F1 33 a 2 AR MR
1%, AR X 139 5 7K R FLBREE AN pH (B SR 7 2 o R R %)

Fx2 HBEMEIEREMNEZARANIALEBAERR C:N:PHZIHELRHF N
Table 2 Effects of stand age and soil depth on soil physico-chemical properties and C : N : P stoichiometry of Cunninghamia

lanceolata plantations

F 14 F value

. opem DU EKE M JU. . -
W coggen T I e TC: TN R TP AFE TR, 280
Factors Soil bulk ) i ; ]? Capillary pH Total Total Total Total C:N C:P N:P

valer 1€
density e ¢ . porosity carbon nitrogen  phosphorus  potassium
content capacity

. 16.306 11.581 14.646 10.506 17.838 0.449 4.521 12.587 8.674 2.885  13.444 23.626
Stand age

1R
ig{*ﬁ{ 6.185°"  6.324™"  7.0037"  2.667 4.926" 45.706 " 39.704 *** 9.205"*  0.376 26.918 " *11.387 " 2.747
Soil depth
el x 2
Stand age x 0.414 0.343 0.269 0.921 0.762 0.567 0.407 1.056 0.131 0.632 1.216 1.708
Soil depth

* R P<0.05 I RFENE; " TR P<0.01 8 FE K *** Fom P<0.001 )2 EKF

B T K A (R R K R 52 B R IR R (R 2) , KIRR BB S )2 iR 2 1,
JE KR B R K B LB TR (1),

MRABXT TC & ¥ W50, %0 TN, TP A1 TK &4 B & 5 (3R 2) , 38 o 6 7] — 2 AN [R RIS Y
TN.TP Al TK & B AT AR R 200 £ B, AFME 0—40 em 2+ TN M TK WA B EEF 4 a AR
MK 40—60 cm TN Fl TK & HAR T HAMAST 242 2 K BB TP & H7E 20—60 cm )2 B LT HAth 3
PRI

TC F1TN &bl 2 MR N R, 4 AR TP & i 7E 0—20, 20—40 cm Fl 40—60 cm (1 {E 53
512k 0.41.,0.31,0.29 mg/kg, LRI N B T2 3R> TK 2R R HERELZER (K 2),

2.2 AFEMIBEZANTHREHE C:N P ASTHE A A

T ARG 4L 5 TC A TN AR K, 33 A L2 BRI C N 2% A B3 ,C:P 5 N:P £HZ
B TP & AR LAY, 24 a F2AKR 138 TP S ERAE C <P 1 N P 84K b T HA 3 AR5 (AR MRS C P
geit by 2E 7 HAREUAE 20—40 em,

C:N B 2R R, C P i REERI A )2 IR R AR )2 NP AEEREER
(%£2),

2.3 FEARNTAREHE C NP AR E S A K A i i AR S
FEAR M b A Y 2 RIS 1S AN TS A0 4 a, 20 a, 24 a F133 a A AR B MARAESG 4354 1.48 . 0.84
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Fig.1 Soil bulk density, water content, porosity and pH value in different stand age of Cunninghamia lanceolata plantation
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FATE 3 2253 (P<0.05)

0.72, 0.58 em/a( ¥l 4) , i EAY s AR AERS NG 5 58 C:N Al C:P HIAHE, Y w5 NP LR IE
FHIE(r=0.347,P=0.031) , JORAERG N5 NP L2 FAH I (r=0.390,P=0.019) ,

AL 46K 43y AR T (B 3R | I K A | T R K R FL R R ) 22 B AE AE B A DG R
(3% 3) ,pH (65 FTA 7K 53-8 ot e A JC R S ARG R . TC 5 24 T8 A M ot 1o 2540
5%, Ho 5 -8 T UG, 5 i K | HRIREK R A DG TN 55 H [ RE /K B A5G, 5 TC R TP A & 3%
IEARSE, T TP 5 0 LK - B JE 56, 5 TC R TN &35 IE A6, K 5 H R F5 K 5 A B A FLBR f A ¢,
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Fig.2 Soil TC, TN, TP and TK content in different stand age of Cunninghamia lanceolata
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Table 3  Correlation between the different soil physico-chemical properties and C : N : P stoichiometry under Cunninghamia lanceolata

plantations
gy N
N U | .
a5 AR SkE 0 BRI
=7 Soil bulk  Gravimetric ﬂ“. "~ Capillary pH TC TN TP TK C:N C:P N:P
Ttems . Field .
density water . porosity
capacity
content
THAE
1.
Soil bulk density 000
[t kit
Gravimetric water -0.900 **  1.000
content
i 5 K
A ~0.896°°  0.885"" 1000
Field capacity
- pts N
£ H.}Llﬁ?\ . -0.675** 0.718"* 0.757**  1.000
Capillary porosity
pH -0.106 -0.076 0.006 0.105 1.000
C -0.394 " 0.451"*  0.531*" 0.323 -0.061 1.000
N -0.174 0.285 0.335" 0.149 -0.179 0.924**  1.000
p 0.002 -0.048 0.005 -0.142 0.261 0427 0.527**  1.000
K 0.385" -0.259 -0.388"  -0.449"" -0.268 -0.137 0.090 0.221 1.000
C:N -0.531"" 04927  0.558"" 0416 0.142 0.835"" 0586 0.196 -0.380 " 1
C:p -0.395 " 0.497**  0.507"*  0.449"" -0.307 0.643°*  0.504"" -0.366" -0.275 0.677** 1
N:P -0.212 0.364 " 0.314 0.335"  -0.451""  0.360" 0.321 -0.588 " -0.168 0.324 0.904"" 1

*FR P<0.05 R EM:; " FR P<0.01 R FEKF; *** Fm P<0.001 1 BEKF-
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Fig.3 Soil C:N, C:P and N :P ratios in different stand age of Cunninghamia lanceolata plantations
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AR ST, PR f 25 5 e N TOPR SR A R, {1 398 P A o B AR 1 28 Ak S5 AR 60 7
BT BB MR 00 %, R IR TR AN, 76 20 a I FIH K, 20 em PLF )2 HE K B LBt
DL 20 a MO, BT A5 R 5 E 22 B APV H /N L B AFA N TARBIBFIE AR, 7T B8 5 WA B9 AR b
RE W BESE BB A G WAL ARRIME BTTI R AR L — (2 G A Mg #0072 (R LS 482
Z TSRO0 Y bR b B — AR AR T KA R R T bR R R IR AR A
PR 8 g, PR 2 A A g ke P ) s AL NN R BE s

R FZAN TR+ 0k & A B 25 53X — 455 Chen 557 X 7 AR AZ AN Tk 4458
LR PR ARARL, (H 22 Hr 22 558 R PR A R BUATR & B B B AN bR 38 MLBR 2 B T R S
TR BRI, A LR R 51 2 R A G, WA | R R R Z 0 Oy Y 7
FROAS [ AR N AR IR AR A LR A I8 N R I, AT AL AR A KR K E R
b TR ELAT W AR RR AT HLBR A P I A AT 53 b A 55 96 - 1 S5 b AN R - S BB 1) [
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Fig.4 The relationship between soil C :N :P stoichiometry, aboveground biomass and annual DBH increment of Cunninghamia lanceolata
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~F R (1K IR L N RV ), AR A B R KO R — T Y R A . LA
S i ISR AN TR0 VA 3 R 4 RSO 22 8] B SF- ER E , MEZ AR B A KRR 24 a A2 R AL T ik
3 ARAKS B A 5 SRR B R EAZ AR P W B BN A AP A LR h R 2R 12, FR MR IR i B fi
TIERERIIRFETE 24 a IR B IR BB T R AR, SIEAFIARES 0—40 om HJRTCRFE 2S5 X SR
AR AR BIFFE S5 AR ) Zhou 4510 38 o8 LA ) 22 By BOAZ AN T MRS IR Iy AL 2 TRt L
KBS A BA B B R ASCCR , H WSO B AR B 1T e DRI B AT REAS R AZ AR A R B BR
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AT RAE KX+ 2300 R E T A BCAE FHOR A RE . Wang 5507 R HUBHE MR (0 & S8, V6 M AAFE TR 2+ 40y
HE S A AR AR W, Al TR B IR 0 WO, A 9 10 3 PR B A T 90 3 S AR A TR)Z S B 3R 0 B
FLR, BZ LR 0 LA H R FLBEE IR ELL R B i SR SR 1)L A A% A0 B AR A R A=

http ; //www.ecologica.cn



74 K2 A ORFEMIBAZ AR TAR L HE C NP A2 R K LS b PE I 1 OC 3R 9

KEE , JuHAe N Tk A B Besom g )

JITA RIS A2 AR N TR - 38 F [l 4ok i B & /K i B LB B | i | AR 2 & i Y A 1+ 2 iR
s/, R pE 2 SN, X 52 g R —80 7P R E T A PLFOR EFIAR 255 sh ik
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3.2 AR AN THAR LS C N P fbfita e py2e b

ABFFEH C:N, C:P FIN:P 4358 10.63—13.35, 30.75—56.94 1 2.79—4.61 , 5 v [ [iti s + 3EF- 4 7K
SF-(C:N, C:P AIN:P 43510 11.9, 61.0 F15.2) #HEL , ARG 13 C :N 552K A2 {2 C :P AN :P ¥4
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Table 4 Comparisons of soil C :N :P stoichiometry with studies about Cunninghamia lanceolata in other planting regions
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