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FUFTE Dy ARG, DT 4 R - R i,
7, WARAR RICT 5 4 gR il LS i 1 3k
FP fln, XPREER (1. 2~3. 4~5, 6~7.
8 4E4: ) BB ( Eucalyptus urophylla x grandis )
NTARBAFFE AR, BEARES ARG, 458G HLak |
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Stk B R B ARG IR R ML R 22 R, DU
ORI XA 1S3 ML AN % 3 B S5 M R 45
R RES, TaeS R M DL AR AR
MY FE RSG5, 2% TR - e AR
PR PR & i e Mt s A K s, Hiax

S — B BE A )2 R NS, X SR £
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FEHAEE R
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R SR/ B R /NI R S - s T )
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RLIFE, BT IR 2 KR, AR H R
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ISR 22 ¢, 4E¥RUE Y 8 382.3 C. YL
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2y 50 m, - HESSH EFOERIG DU & T T
I, B, HEWE, [HkEREL, Rk
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ATRISHERER 2 FPbRi AR N T RIS ARA [A]
39k 2019 4E 5 H F1 2002 4E 5 7, &4 Al 1 4%
SRAERTE R 2022 4 12 7, BRI 3 4F4EF1 20 484:
N TR, SRR, 2 AR o 19 2 B 4% 43 50l ok
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FE 35 5 1 B FROMRIS (AT B AR N T AR, I
3H20m x 20 m WYRETT, FEAT A A HERAE,
AT Z B RS KT 100 m. FEARHREETT A
£5 0 W vivk € SRCRU/LAE ok 1 fu w2 S5 1111 R 6 v 111 B Ul T
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100 cm ), Jfft FBR 03k il i vk b AT R AE, A
3 e B R AEZ) 500 g, A [ S2 8 % BEA T X
fAbEL, £
1.3 HmlE

TS KR (SWC) e R M, 1
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(CWHC) FIHFFJIRAER) 13, Mok 12 h Ik
FRE KRR, BILEE (TPO), BEL
BUE (CPO). FEEBETLEE (NCPO) i1t 4EiH
SILBUE (APO) 254 1% . L1tk E (—
% B 2.65 g-em™) F & oK & 17 i B
3,

148 pH A pH iHllE, K&K 251, +
HAR (TN) SRR SLUE ZOEE s
fix (Hy,SO,) FIE IR (HF) JHfb L3R i G,
MY R Ak e %426 (TP); LI Bray-
2 ORI FH AR B T B 0k D A A AL
(AP); BAPLK (TOC) K H HySO4-K,Cr,0;
SMMBGEI ERY B E kA Bl (ROC) H 333
mmol-L™" KMnO, & ft., 7 565 nm J & T 47 H
e,

1.4 HIESH

KN ZE 3 #r 77i ( Two-way ANOVA ) [t
BOMRHE T A J2 XA A N TR 1 38 B A 5 1 5
M, Jf R 7 22537 ( One-way ANOVA )
KMZ A (LSD i) XA RIS Aoy 1) 8 25 1

Z ST . fdi ] Pearson AH 520 BT 43 51 He 48
PO FR AR N TR 34 7 22 B A A et . H
SPSS 19.0 Gt it 43 Hr A X 5 247 0, 21
H Origin 2021 #4568, & E M E h p < 0.05,

2 XRS50

21 AREHRBHFERAIKRTEYVEERNER
Tl ia sy

XUH BT 22 AT SRR, AR B 35 i A
R N T AR SR e T, (0 2 42 508
L HAE ST B R A B (R 1),
B AR AR E % B T 204F 4, H A
0~10 cm £ 40~60 cm + 2 )+ 3% FFAEAE B %
MRS 25 5 5 20 AR A prige b bk 358 F AR Bk = s
F 344, HAE 0~10. 40~60 Fl 60~100 cm
+EEREE; WHIEBERKRRM Y 20 4
HE T 344, HTE 0~10. 20~40 Fl 40~60
cm + 225 B 2 PRI A TR 4
JERE - JZ MR ETHE , Ti A FAR K AR
ERpKEWRE 28 em 28k (£2),

x1 HBEFMLENTFEEATIHRIEELCERAINEZRFESTER
Table1 Two-way ANOVA of stand age and soil layer on the soil physicochemical
properties of E. citriodora plantations
B T2 bz Nt =R NS
Sz Soil layer Stand age Soil layer x Stand age
Index
F P F P F p
+ 3% Soil density 2.464 0.078 52.636 0.000 1.213 0.337
H 4R 7K & Soil water contents 6.555 0.002 50.553 0.000 1.099 0.384
£ H/KE Capillary water holding capacity 2.440 0.080 52.770 0.000 1.178 0.350
B ALEREE Total porosity 2.423 0.082 52.115 0.000 1.178 0.350
EESLKE Capillary porosity 1.720 0.185 29.946 0.000 1.426 0.262
LB FLEE Non-capillary porosity 0.277 0.890 4.742 0.042 1.595 0.215
JBESFLFRIE Aeration porosity 1.317 0.298 13.014 0.002 0.371 0.827
BRI pH 0.535 0.712 28.767 0.000 0.972 0.445
B WU Total organic C 8.624 0.000 27.734 0.000 3.027 0.042
4% Total N 32.075 0.000 16.740 0.001 3.677 0.021
4T Total P 20.222 0.000 51.117 0.000 0.840 0.516
15 %% Available P 1.523 0.233 0.052 0.821 1.402 0.269
WAL C N 1.259 0.319 21.936 0.000 2.975 0.044
K C : P 2.313 0.093 9.832 0.005 4.401 0.010
BBELLN : P 0.952 0.455 12.285 0.002 0.453 0.769
S B WA LK ROC 14.502 0.000 13.888 0.001 3.366 0.029
5y B A MU S A Wk ROC:TOC 2.129 0.115 18.099 0.000 3.383 0.029
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Table 2 Soil density, water contents, and capillary water holding capacity of E. citriodora
plantations with different stand ages

bzYEs +2 g R HARE KR BERKE
Stand age Soil layer/cm Soil density/(g-cm™) Soil water contents/% Capillary water holding capacity/%
0~10 1.31£0.04 Aa 17.55 + 2.29 Bab 32.85+2.13 Ba
10~20 1.30 £ 0.08 Aa 20.99 £2.43 Aa 33.47 £3.31 Aa
3Lk _

T 20~40 1.30 £ 0.08 Aa 22.18 £2.74 Aa 30.79 + 1.79 Bab
40~60 1.46 £ 0.02 Aa 14.51 £ 1.14 Bb 25.65+0.31Bb
60~100 1.42 +0.03 Aa 15.59 + 0.88 Bab 27.60 + 1.59 Aab

0~10 0.96 + 0.04 Bb 26.37 £ 1.40 Aa 50.98 + 1.48 Aa
10~20 1.08 £ 0.05 Aab 27.77 £0.70 Aa 44.96 £ 6.96 Aab
2044 20~40 1.08 + 0.07 Aab 27.57 + 1.38 Aa 48.64 + 3.15 Aab

Twenty-years
40~60 1.03 £ 0.05 Bab 24.71 £ 0.64 Aa 4712 £4.11 Aab
60~100 1.21£0.11 Aa 20.59 £ 0.31 Ab 36.62 + 4.04 Ab

T RPAFRKE FRFORE — L EAFE KGR K 5 EER, NENGFRRRE KA LR W REZR, p<0.05. FFH

Notes: Different capital letters indicate significant differences between two stand ages within the same layers, while different lowercase letters
indicate significant differences among different layers within the same stand age, p<0.05. The same as below

ARl I EALBUE . BEALBUE ., EBESL
BB A AR A BE R, 2 A2
AR 4 52 A R SN [ Pl 218 L B B 0 G Y 2%
M (R 1). 20 4Rtk 1 HE B FLIUE B

BB ST 3 442, HAE 0~10. 20~40 f140~
60 cm 3 L Z R BFE MR 25, FEBEIL
st 5 R LB R PR 20 4EAE KT 3 4E4E, fH
P (A 40~60 cm +JZRIB BFE2ES (£ 3),

£33 FRANKRITERATIRTEIBRENEETUEDR

Table 3 Changes of soil porosity of E. citriodora plantations with different stand ages

BEAKE

Capillary porosity/%

FEBE LB

Non-capillary porosity/%

TS FLRREE
Aeration porosity/%

42.98 + 1.45Ba
42.85 +1.85 Aa
39.73 £ 0.46 Bab
37.49 £ 0.91 Bb
39.15 + 1.58 Aab

744 +1.13 Aa
8.24 +1.90 Aa
11.24 £2.97 Aa
7.35+1.76 Ba
7.21+£0.86 Aa

27.35+4.16 Aa
2429 +1.70 Aa
22.57 £1.10 Aa
23.59 £2.92 Ba

2424 +0.27 Aa

bt Tz SFLREE
Stand age Soil layer/cm Total porosity/%
0~10 50.42 + 1.67 Ba
10~20 51.09 + 3.17 Aa
344
Trmsaees 20~40 50.97 £2.94 Ba
40~60 44.85 + 0.90 Ba
60~100 46.36 £ 0.97 Aa
0~10 63.62 £ 1.63 Aa
10~20 59.06 + 1.77 Aab
20%FE 20~40 59.37 +2.61 Aab
Twenty-years
40~60 61.07 £ 1.97 Aab
60~100 54.46 + 4.03 Ab

49.06 £ 1.47 Ab
48.13 £ 5.68 Ab

51.95+0.91 Ab
48.19 £ 1.89 Ab
43.34 £ 1.16 Ab

14.56 £ 2.94 Aa
10.93 £ 3.94 Aa

742 +£2.78 Aa
12.88 £ 0.80 Aa
11.13 £ 2.88 Aa

38.29 + 1.75 Aa
28.88 £ 3.68 Aa

29.54 +5.75 Aa
35.63 +2.70 Aa
29.58 £6.51 Aa

22 AEHBEFERAIHRTECZERNER

ThEs

MRS S AR N TR 3% pH (E, {H+
J2 B A J2 S RIS B 58 BAE TN A4 pH (E A 03
s (1), 20 4EAEFPERE N TR 38 pH {5
F 34F4, HAE 10~20, 20~40 1 40~60 cm

B EENFRES (F4),

MRS . )2 ROHAS B 2 S AT AR T
MEMELSA VISR S E (R 1), H 2 Pkt
PR N TS R BRAE i )2 (3G I 2 T
B 20 AR N TR B A ML AT A L
34E 4y Wl Y 21.30%~ 232.89% F1 0.00%~
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Table 4 Change of chemical properties of E. citriodora plantations with different stand ages
bz Yt Tz PR JSEERIR3 AATN AETP AP
Stand age Soil layers/cm pH TOC /(g-kg™) /(g-kg™) /(g-kg™) / (mg-kg™)
0~10 4.46 £ 0.04 Aa 10.21 £ 1.06 Aa 0.71+0.05Ba 0.16 £ 0.01 Ba 3.26 + 0.52 Aa
10~20 424 +0.11Ba 10.19 + 1.56 Aa 0.62 + 0.02 Aab 0.15+0.02 Aa 1.77 £ 0.84 Aab
.
i 20~40 4.07 £0.18 Ba 5.51+0.41Bb 0.54 + 0.09 Ab 0.13£0.02 Aa 0.90 £ 0.35 Ab
Three-years
40~60 414 +0.13 Ba 3.59+0.01Bbc  0.31+0.01Bc 0.08 £+ 0.01 Bb 0.99 + 0.28 Ab
60~100 4.20 £0.25 Aa 2.42 +0.78 Bc 0.32 +0.03 Ac 0.07 £0.01 Bb 1.29 £ 0.41 Ab
0~10 4.62 +£0.05Aa 19.32 +4.13 Aa 0.94 + 0.04 Aa 0.24 £0.01 Aa 1.17 £0.52 Ba
10~20 4.66 +0.04 Aa 12.36 £ 2.74 Ab 0.64 + 0.04 Ab 0.20 £ 0.01 Ab 2.88 +1.38 Aa
20%F2E 20~40 4.71+£0.10 Aa 12.23 £+ 2.28 Ab 0.54 £ 0.01 Ab 0.18 £ 0.01 Abc 1.88 £ 1.53 Aa
Twenty-years
40~60 4.66 £ 0.08 Aa 11.95 £ 2.28 Ab 0.55 + 0.04 Ab 0.16 £ 0.01 Ac 0.73 £0.20 Aa
60~100 4.58 +0.09 Aa 7.95+1.07 Ab 0.43 +0.03 Ac 0.12 +.01 Ad 0.88 +0.15 Aa

77.65%, H 20 442 20~100 cm + )2 BA HLIk i
T 344, AR 0~10 cm F

40~ 60 cm W4~ 1 2 A1 L B B3 I AR iS22 7
(£4),

RIS AN 2 X R N TR Al S P
FRm, HRENAEERNARSE (£1).
2 FlobRiy T AR 2B 5 i BE A 1 J2 A0 38 i B
BFRE, 20 4EAEAP BN TR 2w & T 3 4F
A, H7E 0~10, 40~60 F1 60~100cm 31+
JEAEI BE AR 22 R, Ji5h, IR
fER)Z 0~10 cm B B E M 2R, B+

EHm RN (£4),

MR S Ay B A N TOAR - 48 C 2 N
C:PHIN:P, HtEXW=FLWEEmW, H+t
JZ MR 38 BEAE LB E - C:NFIC: P,
20 FHEMTBEMANTHREEC : N&HT 344, H
7E 40~60 cm F1 60~ 100 cm 2 30 ) 7 3% i bR i
Z5. M, TN P XN 3FEAKT 20 4
A, fHAYFE 20~40 cm E M B E X %, 1%
C: P It7EHIH 12 (10~20, 20~40 1 40~60
cm) R BEMMBZES (£5),

£S5 FREMKRITEZAN IR T EREBLFITE LT

Table 5 Carbon, nitrogen, and phosphorus stoichiometry characteristic of E. citriodora
plantations with different stand ages

hiie T2 TR U3 £t
Stand age Layer/cm C:N C:P N:P
0~10 14.61+1.73 Aab 61.80 + 4.05 Aab 4.29+0.24 Aa
10~20 16.46 + 2.36 Aa 68.81 £2.90 Aa 4.31+0.48 Aa
-
i 20~40 10.72 + 1.63 Ab 45.44 + 7.85 Abc 4.22+0.16 Aa
Three-years
40~60 11.74 £ 0.47 Bab 47.83 +5.78 Bb 4.06 £ 0.41 Aa
60~100 7.71+2.73 Bc 34.43 £12.90 Bc 4.30 £ 0.46 Aa
0~10 20.28 £ 3.40 Aa 80.83 + 18.63 Aa 3.91+0.25 Aa
10~20 19.42 + 3.86 Aa 61.64 + 13.05 Bb 3.22+0.32 Aa
204F4 20~40 22.57 £4.06 Aa 66.60 + 9.13 Aab 2.99+0.12Ba
Twenty-years
40~60 22.21£1.96 Aa 76.52 £ 6.59 Aa 3.47 £0.25 Aa
60~100 19.12 + 3.96 Aa 66.69 + 3.31 Aab 3.71+£0.55 Aa

23 AREAMRETERAIRLIESSUEVRN
EHHHEY
MRS . R PR S B IR RN TR

T35 EALE DL (ROC) 230 E 25, HAK
W K RS A1 1 )2 1932 BAE X ROC/TOC fE &2 B
WERN (F 1), SFEAEME K N T+
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ROC & et + 28 i B @ TR, 1 20 448 N3
PURE £ 238 R B — s RGBSR (B 1 a),
% 0~10 cm 1 10~20 cm 1241, 20 4E4E ek
Fe N T AR+ 3 ROC & e 34 /4F B &/

o
[=}
1

by
o

Aab

w
=}
T

g
[=}

1.0F

SySEAA L ROC/(g-kg™)

20~40 40~60 60~100

0~10 . 10~20 .
+J)Z Layer
H: BPARFIRS F-R30R [l — R AR Y 525 5, ARFRVNG TR 3R [l — I AR R M %25 5, p<0.05

Note: Different capital letters indicate significant differences between two stand ages within the same layers, while different lowercase letters

44.77%~133.29%, T1fi 2 FARIEFP B R AN Tk £
% ROC/TOC fH Ffi +- Z b B LA B ., 7F
0~10. 20~40 F1 40~60 cm £ Jy 3 F4: B
=T 2044 (B 1b),

-
o

(b) o3 4L Three-years
@20 44 Twenty-years
Aa

I o o
iS o =)

ShEMA HURR A HLER ROC/TOC
o
o

20~40
I-J2 Layer

10~20 40~60 60~100

indicate significant differences among different layers within the same stand age, p<0.05

1 AEHEErEE A I# 1% ROC & ROC/TOC MEH T ERE

Fig. 1

24 TEENHBMSENENKRSHEMTERF
RItE R

A A e B, 3 4F A A A F N bR 1
TOC F1 ROC it 5 e B AR WA AHC, 5
EERKRE. BILBE ., BELARE. 24, &
. C:N. C: P EWEFIEME, it ROC/
TOCH5EC:N, C:PEWBENIMEL (£6),
20 AR N TR TOC S5 HiEm R
BERAHG, SELRE. 2. C: N2REFIE
X, 5% . C:PEWMBFIEME; LI
ROCH B SR EME F LMK, 528,
C:PR & ¥ IEMEK, i+ ROC/TOCE 5
C:N, C:PREEEMMIC (5£6).
3 Jtig
31 Mt ExirER A TR DIEENmANSE
SHIEm

AT LI, MRIESKTF PR N T AR - 4 P
L2 FRRE (BRA RS & A0 ) HIFEAE s,
Wt I Bt BRI BB N, PR R 1 B 25 AR TR )
fiff S i AR A LT 2 A T RN R A L
X5 ARG 25 A — 2, A seiaE, v
bR B RIS B B A A T Ak 0~40 cm + 2+
HE & F M 2Bk RIS AR R B R 3 4F 4 >2 4R k>

Vertical changes of ROC and ROC:TOC ratios of E. citriodora plantations with different stand ages

6 fEAE>1 AEAST A, R LIRS A M B
R ARS8 T T T8 A 0 O ) 3 4w 3ot Uk 1 2 AL
A, XA R i XA [R] i 2R F AR N T AR 9% %
M, HHBRBER SIS 6~7 a J5 TR, TR
A DEEFLGAR S EIE IR (2~3 4E ) K3
HKMH,  ERHRA  TAR 49 S B 2 MR i 34 m
Sl ) = k(1w =R 0232 S M UiER 7 N 3 | el way
Ja FRES, DL 25U, BRI X AR A T bR 3
FOTFHER AR R 22 7, H S AMREE /A
—8, WA RS T IRE T RE RIS S R . DA
TS TR IR T AR B BRI, AFE—A4E
AN, A 4 P Ak 4 P A2 it AT BB AR it R
M s K, T R 4 DA R 28 i A ) e 2R R e A
AR, R B R A3 BRI (1) AR A IR S LA
A I R A . I Ah, AEFAT 20 4EAE AT
Fe N Tk 148 TOC. TN #l TP 1 3 4F 4 43 Wil e
138.60%. 29.77% 1 56.99%, i1 + 454 HLhk
FVEBEFR I B RIS R s, SO th FhEE
N TR 3G, ARESES BE IR, HhRIATE Y
KRRt It KA DU RS, $2m T AT
MR PR & i X e T, JFekcE T 3 )
RO, ABETE R, 2 MR N T AR 5 HL
e, EEMEBRE 12w 8RR, 5L
MR R —®, X FEEH TAN )2 Rz 3
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K6 TREMBITERAIMLE TOC.ROC #1 ROC/TOC 5H th + 1R FARIAXE
Table 6 Correlations between TOC, ROC, ROC/TOC, and other soil factors in E. citriodora plantations with
different stand ages

A 344 Three-year 204E4: Twenty-year
Variates TOC ROC ROC/TOC TOC ROC ROC/TOC

+3% )% Soil density -0.654** -0.677** 0.200 -0.528* -0.481 0.218

H 4k & /K& Soil water contents 0.443 0.494 -0.140 0.394 0.432 0.037
EE F/K & Capillary water holding capacity 0.768** 0.791** -0.189 0.471 0.390 -0.351
K FLERSE Total porosity 0.658** 0.677* -0.205 0.525* 0.474 -0.226
EBEILBRSE Capillary porosity 0.744** 0.787** -0.095 0.248 0.201 -0.323
JEB FLIEE Non-capillary porosity 0.217 0.190 -0.188 0.269 0.267 0.109
i8S FLKRJE Aeration porosity 0.400 0.341 -0.136 0.380 0.299 -0.270
FRTE pH 0.211 0.240 0.255 0.261 0.251 -0.131

4% Total N 0.824** 0.900** -0.477 0.690** 0.725** -0.046

41 Total P 0.863** 0.890** -0.452 0.600* 0.620* -0.119

A5 %0 Available P 0.439 0.459 -0.101 -0.0685 -0.150 -0.207
WAL C N 0.865** 0.764** -0.786** 0.617* 0.407 -0.609*
WL C : P 0.823* 0.755* -0.828** 0.806** 0.614* -0.543*

FBELLN : P -0.233 -0.165 0.069 0.173 0.209 0.135

T FORBEMY (p<0.05) *EortiE M (p<0.01)

Notes: * indicates significant correlation (p<0.05); **indicates extremely significant (p<0.01)
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Effects of Stand Age and Soil Layer on Soil Nutrients and
Readily Oxidizable Organic Carbon Concentrations of
Eucalyptus citriodora Plantations

HE Pu-lin', XU Qi-xian', WANG Zhong-lin', ZHANG Zhen-yuan?, LIU Yue?,
GU Xiao-juan®, ZHOU Qing?, MO Qi-feng?
(1. China Forestry Group Leizhou Forestry Bereau Co., Ltd, Zhanjiang 524043, Guangdong, China; 2. College of Forestry
and Landscape Architecture, South China Agricultural University, Guangzhou 510642, Guangdong, China)

Abstract: [Objective] To investigate the effects of stand age and soil layer on soil nutrient contents and
readily oxidizable organic carbon (ROC), and provide scientific reference for improving soil C sequestra-
tion quality of plantation. [Method] This study measured the soil physical and chemical properties and
ROC contents of two kinds of Eucalyptus citriodora Hook. plantations with two ages (3a and 20a) and soil
layers (0~10, 10~20, 20~40, 40~60, and 60~100 cm) in Suixi, Zhanjiang City, Guangdong Province.
[Result] The results showed that the stand age significantly affected the soil physical properties, C, nitro-
gen (N), and phosphorus (P) contents and C : N, C : P and N : P, but the soil layer only had significant ef-
fects on soil water content (SWC), total organic C (TOC), total N (TN), total P (TP) and ROC. The soil
TOC, TN, and TP of 20a plantation were 138.60%, 29.77%, and 56.99% higher than those of 3a planta-
tion, respectively, indicating that soil TOC, TN, and TP increased with the increase of stand age. In addi-
tion, the soil ROC content of 20a plantation was 49.52% higher than that of 3a plantation, while the
ROC/TOC ratio was 30.17% lower than that of 3a plantation, indicating that soil C stability of 20a planta-
tion increases with the increase of stand age, which is attributed to the higher accumulation of TOC while
less accumulation of ROC with the increase of stand age. Correlation analysis showed that the TOC and
ROC contents of two plantations with different ages were significantly influenced by TN, TP, C : N, and
C : P, but the TOC and ROC of 3a plantations also affected by SWC, total porosity, and capillary porosity.
[Conclusion] The results of this study show that the stability of soil organic C increases with the increase
of stand age, and is easily affected by the supply of soil N and P nutrients. Therefore, in the plantation
management practices, the stability of soil C can be effectively improved by properly prolonging the rota-
tion periods, as well as the regulation of soil N and P supplement of Eucalyptus plantations.

Keywords: Carbon stability; soil nutrient; readily oxidizable organic carbon; Eucalyptus citriodora
plantation; West Guangdong
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