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DA LA JEE , IS A5 X N AT P A
BORA K, N = P HR P - e A 2 v 45 A A
DIRERY SCBEVESR AR, JF ELaT RIAE S X AR i IX. 4 1
A7 TR BRI PEAR B FR U R AR R~ il
TERPRELIEE X+ AT U St RS Wl LU R
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o}, AR BERREAN By PR AR U TR, BIFSE A B
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1.1 HARRBR R XN T EAEEEN
b T L VAT BRI B YA B S T A A A
X5 12 DX 3kl Ak % 38 BRG] B S A (4 2ot
i DX, AR A7 BRI B RO 2 A s
& T e P g ST AR 2 XU, T I K TR 2T
XEFTREFRZE/N HRZER, FRFTHE
MR . 2 AR YRR 15.7 ~ 20.4 C,
AR B 1347.6 ~ 1750.5 mm. % Hb X 1Y 145
FROELADR LI RGE 218 0 &, &K sl B
SERHEET . ZERUH SRR MO X AR Bl
T, AR A B T2 AU SR R I R A 28 7 2 — ¢

1.2 BEHEE  EECREE WO BRI XS
AR (5. 12, 20, 28 F1 35 a) AR, Jfa 57
Hit 2% 1R B AR — B0, BE b A U 4R VT BB R AE 10 ~
280 m, Y FETEFEIAE 6 ~ 18°, FEA AR B2 vh
W 20 mx20 m 1Y 5 B A ML AT ORE, AR
AHE AIBE R F 15 mo

1.3 THERE  TEA RIS R N %
“S™IEEE S S IEE S A s, MR 1k
AN BRI, ORI RIS B R il 2 /0 15 m.
TR BIE R E R RIZZ 0~ 20, 20 ~ 40, 40 ~
60 cm; R RIS AL BRI 12422 0~ 100 em,
IFELZ 1 kg ARSI [ B8, TR —FEH

5 ANEI AR Z R AR G35, BUR A58
+3 1 kg AT, Pk A BRAAE D ARAK, 1 2 mm £
eviike A F BASORAE, L IEFE SR LS 5
SEEG A, SR HRT Y R T T A A e HE, K
TAFEE fE 2 0.2 mm 7, TSI H

14 BRUE $HEPLERN HS0-H,0, 1
AL CERE L) e, 4#5 FH NaOH 4 fl—4H
R L 005 , A LR R FH 4% IR #1 AA Ak—a
PRI E

1.5 HIEAIE HEibPEiz ] Microsoft Excel 2019
56 18 ARG BT VE ) - A ML 5 1 25 S5 XF
He E I /F 32 FH Origin 2021 58 4 A Rl IX |, AR#E
N+ 2 Z [8] i) 43 2k (Total Carbon, TC) . 22
(Total Nitrogen, TN) ., . (Total Phosphorus, TP)
i S i E YR 56 SPSS-Statistics V27.0 FL
% )5 2241 H7 (Duncan ) 58 ..

2 HBREHH

21 AERBHBEMAKLTEC. N, P ST

“EARIHBALE R C. N, P FF 0 R ML
DX AN [] AR B B2 AR AR AIE 53 A BRI 354 S 3 5
BN JE BRATG (6 1) o 38 2 X AN [] X S8 e bk £
HEUR B R AR 0 43 B, 3X — Hb A R DCORR IS B B
TS AR AL X 3 C N, P A iTE
BABR (12, 20 a)iA B & = (H, st X - 58T
ZAREIEZMB (12, 20 a)H TC S&{E N 67.95
F149.76 g'kg'; TN Fri{i -k 28.88 F123.91 g-kg™;
TP S HAE A 16.99 1 13.01 gkg™'. FRuiAime X+
BT R A IZMEB P TC SRR 21.22 M
2596 g'kg'; TN & & 12.37 Fl 15.53 g'kg'’;
TP &8 9.16 F1 10.29 g-kg™' T HIAE I IX 1
HEU R (EAEZARB T TC S RA(E N 21.72 1 29.33
g'kg's TN & Ny 8.77 1 8.89 g-kg'; TP & &
fH 7.67 Fl 8.44 g'kg ™' X —HIAH K X + 35545370
RGN0 ~ 7 2) Y B & S EEAR, WRER R 2
R IEMA K K B B BT BRSO 2 1 5% 00 T 3
Ho fF MR XN TR S EEARR L2
M JL A AR R, U R R )2 BT RS
EE AR S A g, A X 3 C N P 7E
0~20 cm + 2 & S EA X B % R PRt
RS X AN TR AR S 1458 TC &l 4.42 gokg !, T35
TN &k 2.16 g'kg !, T3 TP F &0 1.07 g'kg™s
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Tab. 1 Soil nutrient element contents in three areas of rubber plantation in Yunnan Province gkg™
% X —
*Eﬂﬁd.: ILE 0~7a 8~14a 15~21a 22~28a 29~35a
Plantation Element
TC 24.29+2.01 67.95+£6.75 49.76+£3.24 28.95+2.83 23.7+£3.89
=R
E,'\{" N 14.26+0.96 28.88+0.87 23.91+0.53 16.25+0.57 13.50+0.26
Jinghong
TP 3.98+0.16 16.99+0.84 13.00+0.97 12.86+0.64 7.88+0.37
- TC 21.89+3.87 21.22+1.90 25.96+3.86 16.68+2.80 23.28+2.30
I;f ”'17 N 10.03+1.24 12.3740.53 15.530.75 9.76+0.84 12.64+1.38
uili
TP 6.38+0.28 9.16+0.86 10.29+0.67 6.12+0.89 11.98+0.86
) TC 17.36+3.35 21.72+2.86 29.33+4.52 24.85+3.14 17.15+1.54
fefo TN 5.31+0.67 8.77+0.71 8.77+0.84 8.56+0.68 4.99+0.35
u
TP 5.25+0.50 7.67+0.81 8.44+0.67 9.74+0.37 4.88+0.27

T AR S X R [T + 338 SOC &8k 2.43 g-kg !,
+4 TN &4 8 1.05 g-kg!, +4E TP &M 0.96
gkg s VT H A RS XS [R] AR 118 TC &1k 2.42
gkg!, T TN & & F 082 gkg!, 1 TP & &
4076 g'kg ' HUAEAEIX £48 C. N, P HFiEfH
Wit 5 PR T )23 1 AR A T A2 Ak, E S0 AR R
AREHY, =R 14 C. N P SR EARIS i 1
T L B A0 AR A, = MRS X AE AN R )2
Bifi % 1 J2 AN BTN 4980 A AR HTREAIR

22 ARLTEHEEKHLTENC. N, PEEIHE

2= T HAT I XA [RI AR IS 7 AN [ 1 )2 B B AR G
M TC, TN, TP A & & bl %5 + 2 iR
(0 ~ 100 co) WAFFEAS—E A L FaH (R 2) . 1IE
A, FEFRIZ (0 ~ 20 cm) X ] PIAS [RI PRI AR e bk - 358
TR A AR, W S MR AR AL
Syt | B R AR TR X 4 TC X 1R 4 5
H 276 ~5.26, 1.37 ~2.74 F1 1.25~2.78 g-kg s 7
FJZ (0~ 20 cm) X [H] Y 5 A BRI AR R TE L
Sty {0 A1) 1A X 4 3 TN F & X R 4 00 oA
1.06 ~ 2.43, 0.45 ~ 1.24 F1 0.34 ~ 1.04 g'kg s 7E £

®2 ZEZHERXARLTESRHTESERLFITEL

Tab.2 Content and stoichiometric ratio of C, N, P in different soil layers in rubber plantations of three areas in yunnan Province

Pﬁiin sjfy/:r/mcm TC/gkg')  TN/Agkg')  TP/gkg") C:N C:P N:P
0~20 4.42+0.83° 2.16+0.27° 1.07£0.18°  1.94+039"  4.33+1.73*  2.30+1.14°
=t 2~40 1.89+0.87" 0.92+0.28%  0.51£0.15*  2.01£0.59°  3.9+1.84°  2.04+1.10®
Jinghong 40 ~ 60 1.58+0.68" 0.80+£0.26°  0.57+0.19°  2.0840.26°  3.14+1.06®  1.51+1.14®
60 ~ 100 1.35+0.74° 1.26£0.53°  0.58+0.11°  1.8440.94°  2.35+0.94°  1.25+0.26°
0~20 2.43+0.41° 1.05£0.19°  0.96+0.20°  1.83+0.39*  2.77+0.89"  1.54+0.58°
A 20 ~ 40 1.01£0.35%  0.55+0.14%  0.45+0.18°  1.84+0.41°  2.54+1.15°  1.35£0.91°
Ruili 40 ~ 60 1.42+0.22 0.45+0.13 0.35£0.91°  1.80£0.36"  2.81+0.60°  1.55+0.45"
60 ~ 100 0.82+0.23" 0.47+0.14>  0.32+0.10°  1.6840.31°  2.36£0.56"  1.41+0.37°
0~20 2.42+0.35° 0.82+0.12° 0.76+0.10°  3.98+6.02°  336+1.14"  1.10+0.49°
s 20 ~ 40 1.02£0.34%  0.32+0.90%  0.33+0.06®  327+1.03"  3.14£122"  0.98+0.33"
Hekou 40 ~ 60 0.98+0.32" 0.34£0.95®  0.32+0.07°  2.9340.69°  2.89+0.80°  1.01£0.27°
60 ~ 100 0.89+0.24° 0.280.83° 0.30+0.06°  3.27+1.27°  3.02+0.91°  0.97+0.24°

T [FAT AR PR AR B 122 57 (P<0.05) .

Note: Different lowercase letters in the same line indicate significant differences(P<0.05).



490 o W

2R 2025 4F

JZ (0~ 20 cm) X [A] N 5 SRS AR B AR AE S it | i
I R 1 ARJRE X 449 TP 2 & X 8] 43 51k 0.51 ~
1.25. 0.35~ 1.16 #1 0.32 ~ 0.86 g-kg ', i X} &
At T R AR R R X 4 B X {ELAE R )R
T XA e (] 1), TC, TN FI TP #3552 pifi
T E AW 3T S AW, RE T
B TC &8 X )23 I 7E 0.61 ~ 2.26. 0.59 ~ 1.64 Fl
0.65~1.30 g'kg o ANEIARUL, BB L HESE 4370
RO BRI RZE TIRZMEEL, ER)Z
(0 ~20 cm) HIETCER T HAE AN IR, SR
X A 18 TC F 8 (E B I &5 1 St i R AR X,
3 TN S st s T o Anye] AR X, £
58 TP 5 S (Bt T RN it 1 AL DX R B— 9, o] 11 A

3.5 a = JH
3.0 = HK
725 a RL
& 20tab a a 5
Sisigog N foa o ak
= 1.0 ] i ?
0.5
0
5 12 20 28 35
FRiE Age of stand/a
1.4 a « JH
1.2} a a «RL
=10t HK &,
Zostfa a D
59 b
=06 b
=z | K a & d
0.2}
0
5 12 20 28
PRI Age of stand/a
1.0 =JH b
i g
fern HK
e 0.7 b
N LB
@()4 a 211 bazl a
£ 03 I
0.2
i
28 35
M‘# Age of stand/a

RN LY A 2 8] bR 22, AT A )
FFRORTEAE B P22 5 (P<0.05) . JK ARSI, RLIGE
Fitii, HK AR H . Rl

The error bar represents the standard deviation between
biological replicates. Different lowercase letters in the same
row indicate significant differences (P<0.0). JK stands for
Jinghong, RL for Ruili and HK for Hekou. similarly
hereinafter.

E1 ZEZHEREAASERETE CONP BUEBEHE
Fig.1 Variation trend of TC, TN and TP in the rubber
plantations of three areas in Yunnan Province
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TN, TP &M FERE (K 1),0~ 7, 8~ 14 Fl
15~21 a3 MGG AL TC, TN Fl TP & i
HEET 22~ 28 F129 ~ 35a X 2 Mdgk ., Hir,
TE 8 ~ 14 a MRIBHLIZ X N, et AR Ak - 48 TC.
TN Fl TP & H i 16 15 ~ 21 a ARIB A X P B
TR FIVAT 13X 2 AN Hb AR MR 1= 4% TC . TN 1 TP #H
XTS5 TE 29 ~ 35 a MRS [X N IX = b (1) AR BE
AR 14 TC. TN H1 TP & f 5 A%, & B Bt bk
4 AR B AR 1 A ML 5 it ph v ERBT Sy 8 ~
14 >0 ~ 7 a>16 ~ 21 a>29 ~ 35 a>22 ~ 28 a, {IR
M TR T AR PR X Aok E (K 1),
ot 3 TC & H 2% & THG 00 . T HAE A X,
St 4 TC & DB KON [RIARES 12 F1 20 a £
FEE, Bt TC & LUK S XA [R] A i
5 M35 a i HEE, W O 3 TC &8 e A Rk
RIS X AR 3 5] o AN 5 ARG IR T =
B AR IR - 43 5 43 B e (L A X AR A b i 2
ANTRV, A TR MRS FEL I (X 1= 3800 2 & A AR ik
AU =t TN S B TR .
R DX, L AR 52 S S B T >0] 11, ¢yt 439
TN 7 5 DB B XA R AR 7E 12 F 20 a il +
B, i B 8 TN B R AR S DO R AR B 7E 5 0
35 a fig WEEE, T 38 TN & B EAR I X AS R AR
WS AR AAXT I 5] . St 1 TP & & DA R
XANFEIAREETE 12, 20 F1 28 a fix N F &, Bifn 14
HOTP 5 DU S IXOR [ AR i 5. 20 1 35 a i
JEE, WO HE TP FEfE KX 28 a Ol
W o AR R MRFRR B LT R S EE
PRI X AR AR AT U Y, 38 TC &l E 2k
PLAE 12 A1 20 a, 7F 28 a A X} #0{1%; + 3 TN Al
TP 75 H8 I XA G AR5 12 1 28 a 4 & F A0 X 4%
1%, AT UL, AN [FIARIS AR AR B T3 b P Y& 3R
BRI ZE .

5 A — AR S DX A R AR A G 43 B 46 R
(8 2)FH]. 5t 12, 20 a PSRRI 2 TC & &
PIREET 5,28, 35a X 3 AR, 5. 12, fl120a
AU 5 TN S EY RS T 28 f135aiX
2 RIS, 12 a bRIS 195 TP W 25 5 T HoAth 4 Ak
WEBYBE . HEE S A1 35 a Mk 8 TC SR B E
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F 12, 20 #1 28 a =P AREE B B, iX 5. 12 A1 20
a = /MRS I TN & 3 & T 28 Fl 35 a A
MRIE B B, 35 a bRIE 358 TP & & B 2 & T HoAh

4 AR B BE o YR R RS DX G A [ bR RS 1
TN & & PR 5 A0 X 5 5 B fb e #— 2, s
28 a X T 12, 20 Al 35 a =/ HRERBTEL .

4t ™™ ., Site=HK 2.0 sx  Site = HK 10O | *x* 4
— - ‘II{I_IIJ — 1 5 | ok = JRI_II_I skksk skok P 0 75 | ok skksk I
Tw 3 I wew *F NS. Tep I sk : Tco : I :I . sk
4 : 4 | 2 L i | [

%32. _ 'II || gl.o | | I Lo go.so | |' . -i
3 I I | ] H B B ' | 3 . . -
“lrapg W 'l. ! cosp b gt P - 0.25 ‘ 'Site-%d
Ot N N N N N Ot - L L L O, N N - RL N
12 20 28 35 5 12 20 28 35 5 12 20 28 35 5

< Age of stand/a < Age of stand/a < Age of stand/a
i Age of stand/ % Age of stand/ M Age of stand/

o fOSRM  EPEADE(P<0.01), R R B MM (P<0.05), “NS.”URABE MK (P>0.05), T,

“#%+” represents a highly significant correlation(P<0.01);

correlation( P> 0.05), similarly hereinafter.

“#%” 3 significant correlation(P<0.05); “NS.” a non-significant

2 ZEESHEREXARKIKREXEZEERSHT

Fig. 2 Analysis of correlation significance of different ages of rubber plantations in three areas of Yunnan Province
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TN, TP & & bt b B g s . X
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P & BRI A SRR I, 45 SR & B, A RIRES 20,
28 Fll 35 a 145 )2 LT R IAEE M B E k= 7
(P<0.01),1H 28 135 a %2 13 N &7
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EEE
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Fig. 3 Analysis of correlation significance of different areas of rubber plantation in Yunnan Province
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31 MRTUXLEC, N PEERUFITE MK K ARMBZEMT LT C: N, C: P,
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(0~ 100 cm) ANWAEfL C : N, C: P, N : P 23
AR AR R, Z R, LI C N C: P
HHEAVRERCREY), N: P 5 HEASE
KREY], X5 A 45 R —5 2, X
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AW IR S S T i S BRI A R 5, AE R 2 (0 ~
20 cm) A F B E L, N 2 P42 (0 ~ 60 con) JITE
BRI B +5EC PN P
55T B AR S B 0y kB, B e A R Xt g
C : NI C : P Ffi+ 2R E ISR E 3 0 i 4
B AE(40 ~ 60 cm) KB 5 =i, N = P Bl 2R
EHURWI A AR T DR X 3 C - P B
- 2 0 R B B RIS B i, C 2 PR
N : P ffi+ 2R 2 B —E R AL % .+ C.
N, P & i J HAb 21 LBl 4 )2 % 5 86 Jon i o
X, Z45 0 S EE S ABRRRAER g
R—3., AFEMEFFICRERZ LED
(60 ~ 100 cm) 23153 T REFa S, AFEMER B+
BC:N,C:P N:PHELENLERTNMA L
AN, AN ) 4 2 R B AR A X C 2 N
C:P M N:P¥HEAZERWEMZMW(P0.05),
LM X 3% )2 (0~ 20 em) TC, TN & 54
JFEE, M TP F AN B Z 2, 2R — Al
B XA 4 )2 H3E CL N P FR4r e R RS 140 A
s R S A v, Bl - R R in 2
3.3 AREXEXHEEHLE C. N, PHFEITE
HRAERRINE S [RAE IS X 1T AR 75 A R AR AR
MAEHETTE C. N, P LA RRE X 34 254
SETT FL AR A IR R, B BT X AR AR 4 R
Iy EEAL S HEIR L B 543 BRAR B0 0 S 422 27, 3
X F AT R, R IX 43 C 2 N FEAS ] X sk
W% 5] 79 A5 Ak 22 5 88/, B8 AiE T Tischer 55 ™ 5
Cleveland %529 (AT 5% 25 5, 4R ARAS ] M B B
FIEC s NAEX 34 X 48 2 a] HoA A 1 58 2
PEo 4+ 8E C: P AT LA MOR R X 35 4 3R A n R
ite, C : PAMAR, X i BRI X 4 38 v (1) 37
Gy TC R F AL LT P A SO B e
AT £3E A S M~  E i LA s VR I 9 45

T, 3N P ATE N AR RS R TR SRR
FEARO6 2430 ARHFFE X = MR I X A7 A PRI
LM BN, 48 TP & K 3 TC & =347 Hi
(I 981 i N e s A SR AT R (T T
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Contents of soil carbon, nitrogen and phosphorus and
characteristics of their ecological stoichiometric ratios in

Yunnan rubber plantations

ZANG Qinghui*¥, WU Zhixiang'***, SUN Rui*}, YANG Chuan®*’, FU Qingmao*’
(1. College of Ecology, Hainan University, Haikou, Hainan 570228, China; 2. Rubber Research Institute, Chinese Academy of Tropical Agricultural
Sciences, Haikou, Hainan 571101, China; 3. Danzhou National Field Observation and Research Station of
Tropical Agricultural Ecosystem, Danzhou, Hainan 571737, China)

Abstract: In order to fully understand the reasonable nutrients of Yunnan rubber (Hevea brasiliensis) forest,
soil ecological restoration of rubber forest provides data support. Using the soil of Yunnan (Jinghong, Hekou,
Ruili), the typical samples of 20 m 20 m in different rubber forests, the soil samples were stratified (0—20,
20—-40, 40—60, 60—80, 80—100 cm), and the spatial distribution characteristics of the soil of the rubber forest
soil with the forest age and the dynamic changes were analyzed. The result show that the soil TC, TN, and TP
contents in the rubber plantations generally increased and then decreased with the plantation age and soil depth.
Significant differences were observed in the soil TC, TN, and TP contents among different ages of rubber
plantations in Ruili and Jinghong, while the differences in Hekou were not significant. In Jinghong, the soil
C : N ratio increased and then decreased with soil depth, reaching its highest value at (40—60 cm). The soil
C : P ratio decreased with increasing soil depth, peaking at the surface layer (0—20 cm). The N : P ratio
initially decreased and then increased with soil depth. The C : P and N : P ratios showed a trend of decreasing
and then increasing, with the highest values at 40—60 cm. In Ruili, the C : N and C : P ratios decreased and
then increased with soil depth, also peaking at 40—60 cm, while the N : P ratio continuously decreased. In
Hekou, the C : P ratio decreased and then increased with soil depth, while both C : P and N : P ratios showed
a general decreasing trend. The contents of soil nutrients (C, N, P) and their ecological stoichiometric ratios in
rubber plantations generally increased and then decreased with plantation age. Significant differences were
found in the soil C, N, P contents and their stoichiometric ratios among different ages and soil layers in the
rubber plantations (P<0.05), with highly significant differences observed between areas (P<0.01). It is
suggested that during the rapid growth stage of rubber plantations, appropriate application of nitrogen and
phosphorus fertilizers should be considered, as the soil N and P affect the growth of mature rubber plantations.

Keywords: rubber tree; soil C, N and P; age of stand; stoichiometric ratio; rubber plantation
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