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Abstract: To investigate the effect of stand age on soil ecological stoichiometry and soil physicochemical properties in teak
( Tectona grandis) plantations, an age sequence of Tectona grandis stands (10 years old, 32 years old, and 37 years old)

were selected in the Qingshan Experimental Field of Tropical Forestry Experiment Centre of Chinese Academy of Forestry,
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Sino-Vietnamese border area, Pingxiang, Guangxi. Three representative 20 m x20 m plots were set in each representative
part of each forest stand. Based on the principle of multi-point mixing, random distribution and the same quantity, soil
samples were collected from 0—10, 10—20, 20—30, 30—50, and 50—100 c¢m depths, soil moisture-physical properties,
pH, soil organic carbon ( SOC), total nitrogen ( TN), total phosphorus (TP ), total potassium ( TK) content were
analyzed, C:N, C:P, N:P and C :N : P ratios were estimated. We explored their changes with forest age and the
relationship between the above factors and the C :N : P stoichiometric ratio, in order to provide a scientific basis for
sustainable management of teak plantation. The results showed that in addition to soil bulk density (SBD), available
phosphorus ( AP) , available potassium (FK), C:P and N :P ratio, the forest age had significant effects on other soil
physical and chemical properties and C :N ratio. The C :N and C :P increased with the increasing of forest age, the pure
forest management of teak reduced C, N, and P reserves, and its growth was limited by P, appropriate mixing
transformation was very important. The average values of the C :N ratio (7.32), C:P ratio (26.92) and N :P ratio (3.56)
of the three forestry teak plantations in Daqingshan area of Guangxi were significantly lower than the average levels of the
soil C:N ratio (11.90), C:P ratio (105), and N :P ratio (5.20) in the national, which indicated that the soil C, N and
P were still very limited in the area. Pearson correlation analysis between soil SOC, TN, TP content, C :N ratio, C :P
ratio, and N :P ratio showed that the correlation between C :N ratio and SOC was greater than the correlation between C :N
ratio and TN, the correlation between C :P ratio and SOC was greater than the correlation between C :P ratio and TP,
indicating that the soils C :N ratio and C :P ratio of teak plantation were mainly affected by the organic carbon content. It is
very important to scientifically control the organic carbon content in the soil during the management of teak plantation. The
lower C :N ratio and C :P ratio in this study area indicate that the organic matter decomposes quickly, which may be

detrimental to the maintenance of teak plantation soil fertility due to abundant rainfall in the south subtropical.
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O I SEEIARIX (21°57°47"—22°19°27"N, 106°39'50"—106°59'30"E ) , J& B I i 2 KU X, AR H IR 2
229, = 10°C it 6000—7600°C , A K B 1550 mm , AFHZE K 1325 mm, TREPIZE00 B, R 32 24 7
4—9 J, 2 F K BRI 75%, FEWF A D B AL ( Pinus massoniana ) M AR ( Tectona grandis) A% K
( Cunninghamia lanceolata ) . 1. ME ( Castanopsis hystrix ) . K & HE ( Mytilaria Laosensis ) . & " #% ( Eucalyptus
urophylla) F&A ( Erythrophleum fordii ) .Mk 4 W ( Rhodomyrtus tomentosa ) | R 1 ( Embelia laeta) . 1 4 4E
( Mussaenda Pubescens ) . K Vb W ( Pavetta arenosa ) . 2k 7= 2 ( Dicranopteris dichotoma ) . F.77 T ( Miscanthus
Sloridulus ) &= F547 ( Microstegium vagans ) % o 3280 = BAT FR LTI FN R 21 )

AT IOT 1 55 AR — B A AR AR (10,3237 a) APPSR G, 3 DRI W B4R 1200 B/
hm® 2247, @RS 3 AT AR AR AR PR, @K 3a S5 A FHEE , 10 a 24T —RIAIK, 20 a 224 HEAT
5 RIER, 25 a AEATHEATES IR, REMBEEACRFIE L 1,

R REEASE

Table 1 Basic characteristics of the plot

Ni# C - 35 g I ST b TREE SN
if‘ﬁﬁ? {ﬁlﬂ] Wi V-1 it R R ‘ ' i ;.JE F—
Stand Slope Gradient/(°) Mean Mean tree Stand density/ Altitudes Soil Soil t
age/a direction radien DBH/cm height/m (¥k/hm?) T hickness/em ot bpe

10 VR 15 9.7 6.8 800 180 100 pia: 4

32 hla 15 24.8 17.1 700 160 100 DIAR:

37 i 10 18.4 14.3 700 110 100 AR

DBH: §ij#% Diameter at Breast Height

1.2 FERLAR BRI E

2018 4F 3—5 HEWEIE IR FH M b i A ok A 3 S ARIE s e oy &8 B 3 e B ARR M i Ak 4, 31 9
BRIy AR N 20 BB — PR 400 m® AR ML Z R 1 m 2647 93 B AT, #2216 0—10,10—20 20—
30.,30—50,50—100 cm +JZHEATIRAHUE 500 g, 5)2 3 ANEE USROS A pe, Kbl sise s, e
pH ., T 3E 25 (Soil bulk density, SBD) | Jii i & /K i ( Mass water content, MW ) | fiz K FF/K & ( Maximum water
holding capacity , MAC) . Hz/NF/K & ( Minimum water holding capacity , MIC) | B4 57K & ( Capillary water holding
capacity, CC) . S fL B B ( Total porosity, TPO) | B4 LB & ( Capillary porosity, CPO) M AE & & fL B JE ( Non-
capillary porosity, NCPO) 55 + 3B L I, A5 4 A AR5, BB AN 5 i 0.15mm FLAE G | BOREIN 52 139645 HL
Wk (SOC) &&(TN) & (TP) 28 (TK) . 7K f# & ( Available nitrogen, AN) 43 %% ( Available phosphorus,
AP) J# R ( Fast-acting potassium , FK) 7 &,

A LR (SOC) R E B MR B A2 Ak /K S A i ™ 5 +HE 42 (TN) SR BILE & FUk e ) 41
S (TP ) SR FHARBAT e iz > 5 -1 45 (TK) SR FH & F0URR -l R - 1o S R T - SO G RE T A T s 7
1.3 Bl

5T 8045 H Microsoft Office Excel 2013 #4740 45 81, F SPSS 17.0 FAF#EAT 5K 2 5 22 50 M7 ( One-way
ANOVA) , SR ZFE 7 2453071 ( Two-way ANOVAs) (L & A (LSD) FIAH M43 M7 ( Pearson correlation analysis ) |
BEEMAKTBH 0.05, 1 Excel 2007 FAFL:

2 HR545%H

2.1 R[EAREA Al A T bR 3 B i
2 2 1[15,10.32 .37 4EA AR AN T AR 0—100 em 13 pH 43518 5.5.26 .4.73 ; K A 53 5 4107.81 .
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84.1.70.5 mg/kg; A RUBEST 34 0.92 .1.19 1.1 mg/kg; A1 40514 12.03.,11.06.5.41 g/kg; A 43 34 33,
40.15 31.66 mg/kg; ZAH 530 1.45 1.54 1.51 g/m’ ; B & /K40 510 24.66 ,19.25 14.32% ; e KAF7K 543
WA 34.01.29.6 27.53% ; F /N /K 20 M 25.86 .21 ,20.74% ; B F K20 10 30.5 .26 .25.22% 5 s FLER
JE 5y 48.48 44.8 41.37% ; B FLIRE 73 9 g 43.55 .39.51 .37.93% ; I B FLBRE 43 5 Jy 4.92 .5.29 .,
3.44%

R2 AEKEHANIHRE LR TEBLER

Table 2 Physical and chemical properties of the Teak plantations in different soil layers and forest ages

HF i +JZ Soil layer Ml
Parameters  Stand age/a 0—10 ¢m 10—20 cm 20—30 cm 30—50 cm 50—100 cm Mean
pH 10 4.91+0.06ABa 4.90+0.07Aa 4.92+0.07Aa 5.09+0.06ABa 5.20+0.07Aa 5.00+0.04B
32 5.19£0.15Aa 5.13x0.17Aa 5.19£0.20Aa 5.37+0.15Aa 5.40£0.17Aa 5.26+0.07A
37 4.69+0.06Ba 4.77+0.08Aa 4.77£0.09Aa 4.78+0.09Ba 4.66+0.04Ba 4.73+0.03C
AN 10 176.3122.70Aa  123.13+7.90Ab  90.8+5.82Ac 88.91+7.70Ac 59.89+4.96Ad 107.81+10.85A
32 166.93+5.85Aa 84.44+5.91Bb 68.5126.13Abc  53.67%7.65Ac 46.95+8.13Ac 84.10+11.88AB
37 101.99+8.98Ba 79.69+11.40Bab  66.62+12.06Aab 54.12+£10.63Ab  50.1x10.91Ab 70.50+6.49B
AP 10 2.16+0.42Aa 1.21+0.05Ab 0.59+0.01Ac¢ 0.36+0.05Ac¢ 0.29+0.10Ac 0.92+0.2A
32 3.4+0.39Aa 1.14+0.13Ab 0.66+0.10Ab 0.39+0.04Ab 0.342+0.02Ab 1.19+0.31A
37 2.43£0.07Aa 1.1620.07Ab 0.91£0.16Abc  0.56+0.17Acd 0.43+0.02Ad 1.1£0.2A
TK 10 8.89+0.92Ab 9.94+0.64Aab  12.41+0.93Aab  14.47+1.45Aa 14.43+1.65Aa 12.03+0.76A
32 10.49+1.48Aa 10.58+1.42Aa 10.83£1.41Aa  12.85+1.02Aa 10.56+1Ba 11.06+0.54A
37 5.84+0.92Aa 6.12+0.82Ba 5.62+0.91Ba 4.66+0.23Ba 4.82+0.14Ca 5.41+0.3B
FK 10 50.8+7.34Ba 35.02+5.81Aab  26.94x4.31Ab  26.67+4.55Ab 25.55+3.43Ab 33.00+3.23A
32 76.48+2.76Aa 38.23+2.08Ab 31.37+1.73Abec  27.76+3.41Ac 26.92+1.57Ac 40.155.05A
37 51.68+3.41Ba 35.99+5.62Ab  28.85+4.54Ab  22.17+3.48Ab 19.61+3.23Ab 31.66+3.45A
SBD 10 1.28+0.06Aa 1.48+0.05Aa 1.51+0.08Aa 1.51£0.06Aa 1.45+0.03Ba 1.45+0.03A
32 1.36+0.06Ab 1.54+0.07Aa 1.58+0.06Aa 1.61+0.06Aa 1.63+0.02Aa 1.5420.03A
37 1.45+0.04Aa 1.50+0.04Aa 1.52+0.01Aa 1.53+0.04Aa 1.53+0.04ABa 1.51+0.02A
MW 10 25.12+1.44Aa 23.06+2.31Aa 24.09+3.57Aa  24.86%5.06Aa 26.19+4.49Aa 24.66+1.4A
32 21.98+2.41Aa 20.38+1.41ABa  17.6+0.60Aa 17.75+0.99Aa 18.53+0.52Aa 19.25+0.69B
37 12.53+2.56Ba 13.82+1.97Ba 14.23+2.13Aa  14.8+2.68Aa 16.22+2.66Aa 14.32+0.97C
MAC 10 42.40+2.70Aa 32.94+2.49Aa 30.17+3.94Aa  31.38+3.92Aa 33.18+2.07Aa 34.01+1.65A
32 40.04%5.10Aa 29.39+2.51Ab  26.98+2.15Ab  26.24x2.49Ab 25.33+1.00Bb 29.6+1.83B
37 28.78+3.00Aa 27.51%1.32Aa 26.95+0.21Aa  27.41x1.19Aa 27.00+1.16Ba 27.53+0.65B
MIC 10 28.11+1.78Aa 24.07+2.32Aa 23.7123.68Aa  26.08z4.11Aa 27.35+3.32Aa 25.86+1.28A
32 26.12+3.14Aa 21.74+1.32Aa 18.73£0.72Aa  18.87+0.54Aa 19.53+0.44Aa 21.00+0.96B
37 20.74+1.62Aa 20.71+0.13Aa 19.95+0.62Aa  20.6+1.09Aa 21.7+0.69Aa 20.74+0.39B
cC 10 36.16+1.68Aa 28.36+2.23Aa 27.58+3.18Aa  29.44%3.97Aa 30.93+2.67Aa 30.50+1.35A
32 32.6+3.87Aa 26.76+1.90Aa 23.78+1.92Aa  23.64x1.76Aa 23.22+0.81Ba 26.00+1.28B
37 25.97+2.28Aa 24.97+0.98Aa 24.8+0.29Aa 25.18+1.01Aa 25.18+0.62Ba 25.22+0.48B
TPO 10 54.15+0.87Aa 48.54+1.98Aa 44.76+3.63Aa  46.94x4.23Aa 47.98+2.10Aa 48.48+1.36A
32 53.67+4.66Aa 44.81+1.94ABb  42.41x1.84Ab  41.8922.36Ab 41.23+1.06Bb 44.80+1.59B
37 41.58+3.34Aa 41.19+0.96Ba 41.01£0.50Aa  41.7620.67Aa 41.3+0.83Ba 41.37+0.62B
CPO 10 46.25+0.39Aa 41.82+2.10Aa 41.00+2.80Aa  44.00+4.42Aa 44.69+3.07Aa 43.55+1.2A
32 43.75%3.43Aa 40.85+1.22Ab 37.38+1.61Ab  37.79x1.36Ab 37.79+0.78 Ab 39.51+0.98B
37 37.56+2.41Aa 37.40+0.67Aa 37.75£0.48Aa  38.38+0.53Aa 38.56+0.41Aa 37.93+0.46B
NCPO 10 7.90+0.89ABa 6.73+0.70Aab 3.76+1.46Ab 2.9420.20Ab 3.29+10Ab 4.92+0.64A
32 9.92+1.59Aa 3.96+0.84Ab 5.03x1.00Ab 4.10£1.02Ab 3.43+0.36Ab 5.29+0.75A
37 4.02+0.95Ba 3.79+0.52Aa 3.26+0.21Aa 3.38+0.73Aa 2.74+0.82Aa 3.44£0.29A

FATARR/ING FHE:R IR 22 57 835 (P<0.05) ; FIC R FFIANF KRS E8EFR 225 8% (P<0.05) ;SBD: + 44T Soil bulk density; MW ; BT
7K it Mass water content; MAC ; 5t K 357K it Maximum water holding capacity ; MIC ; fz/NF 7K 5 Minimum water holding capacity ; CC; & & £ /K &
Capillary water holding capacity ; TPO - EfLERE Total porosity; CPO: BAFFLBREE Capillary porosity ; NCPO : JEE A FLIEE Non-capillary porosity; SOC
H KL% Soil organic carbon; TN ; 2% Total nitrogen; TP ;4> Total phosphorus;TK : 4% Total potassium; AN ; /K fi# & Available nitrogen; AP ; 75 % Wk

Available phosphorus ; FK ; (4] Fast-acting potassium
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T W R, R SRR R RK & Rk E BE KR BFLBE B ALBE & HE
BT FLIREE B P B AR 0 39 o L2 B R AR 2, - 18 o i 35 /K AN R ARG [ 22 53 . 3% ( P<0.05) , HoAth /K 43-)
PRSI 22 5 A8 1035 (P>0.05) 5 148 pH A 500 SR AR B 75 55 35 A1 BEARES i 38 in 2 3058 b S BRAR A 35
PITE 32 a IAFNIAE , 135 pH AR IEI MRS 6] 25 5 535 ( P<0.05) , A3 R SRR K 45 TS [RI ARy 18] 25 S A I 3%
(P>0.05) ;10 4FAE Rl AR T KA o i 5 T 32 a 1 37 a( P<0.05) , NI Ak ] 2% 5 1 3 ( P<0.05) ,
PIRG RN ORI RTA ] 2 (3 = e wee e ol iEp N TNyl | R T 2 (A <R N R N [ CI P 7 N T e
(P>0.05) .

M IF] MR AN A )2, 10 AFAE R AR 1= 438 pH | 4= B0 125 5 Bl 4 J23 I TR 528 ¥ 184 A 5 7K At 2L L A 280 gl A
SR 2 IR 2 R I s HoAth K 4 FRES BRI B 2 BN R BUEIR/NE R g 32 AR AR AR+
H pH FNZE B J2 IR K A B 2 IR B S S N B R B K R A R AR Bk
ki B RKE BB N AT LR B BE 1 2 Rz s  HoAth K 2 BLEE BR 35 Bl A 2 0 iR
SIS NE RS 3T AEAAN AR -3 pH AR T S K R AR AL B BB LS TR RS R
PR 2 0 IR S ST O N ) R A K i R AR R | KR AN R R A L B SR N R )
HoA K 53~ BRAR BRI BE + 2 B INER 2 IS NS B K, 225001 R M, 10,32 37 4F A Mgy 3K
R AR FERER RN 0—10 em HJEBEH T 10—100 em +J2(P<0.05) ; &8 £ H 50—100 cm A
[ ARI [] 22 53 (2.2 (P<0.05) , 10 4R Mo AR TR £ )2 18] 22 52 835 (P<0.05) , HoAh A [R) AR AR [R] 4 )22 |) 22 57 35
AW (P>0.05) ; KA BN ER 37 SEA MG Hb AR AN [F] 1 )22 6] 25 57 5 2% (P<0.05) 5 A Rk Br 32
AEARRGR AN AR S AN TR] 422 0] 25 57 13 (P<0.05) 5 Higy T ISR BT BR 10 45 AR AR5l B 45 LB BE AN )
+ R R 2257 83 (P<0.05) , HAA R AR AS R £ 2 0] 24 72598 8.3 (P>0.05) .

2.2 REISRE AN AR+ AR A 22 TR R R

L 1 A4S, 238 SOC TN 1 TP FfAKHES i3 i K AR B 4 bt BEAR AR 34, 38 % W] — )2 AN [F]
MRS SOC TN F1 TP & i A7 B R Jr 225007, KBRS SOC F1 TN BR#E)Z 0—10 em 255 83 (P<
0.05) #h,10—100 em T /ZIEA BELE TP B TKO—10 em 2548 5.3 (P>0.05) &b, Hifth 4+ E A F Ak
] 4422 53 .38 (P<0.05) , 10 a 132 a fliAHK 0—10 em SOC Fil TN &8 8 & 5 F 37 a Moy,

14 SOC FI TN & &b L2 MR E I B TR 3 S Rig TP & &7 0—10,10—20,20—30,
30—50,50—100 em AYFHI{E 4358 0.35.0.31.0.29 .0.29 .0.28 mg/ kg, U F B B + )2 A9 34 hin iy /)y ; TK &
£ 0—100 cm FUI(E S35 H9 8.41 8.88.9.62 .10.66.9.94 mg/ kg, RAKFIN i 5T 5 MR f ke # | 43-517E 30—
50 em F10—10 em kS5 K FIHR/ME

TR 4L 1€ SOC TN 1 TP AN K, 230 5 A JZ MMk E] C:P A NP 22724 B3 (P>0.05),
C:N FZZ ] SOC M TN &AL sZm AN RIFEE C N Gt b2 5 FARBZE 0—10 em(P<0.05)

C:P FI N :P Bl 2RI B F RS C N W RBCRMBE S + 2 MR R A%, 10 454
A C:N.C:P FIN:P A[E R0 25 B3 (P<0.05) ;32 4E4E 4> C:P FIl N :P AR+ 225 B #F(P<
0.05) 1M C:N RFHH BE 225,37 4ELEMRS> C:N C:P I N :P R+ 2 22 FHAR B % (P>0.05) ,

2.3 AR[EBRIEH AN TAR A S 2A AR S IR R R R

H 2 3 A4S IR 30K o - Py B PE T (BP R3S S T Akt | W RREK i LR ) Z M7 R %
MM R pH (5 24K - M I (e KK /MK B RK R AL ) AT R &=
(ALK 2 KRR A SHACER RN N P MIARELER R . AU 5 224 3 A A 18 8 4 O
(P<0.01) , B 5 it & K BB TOAH O RO, 5 AR AR 2 & IEAHOE (P<0.01) s &R bR 5 28 oM
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