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Abstract: To reveal the effects of plant community functional trait changes, resulted from the land use conversion from
primitive forest to secondary forest or plantations, on soil quality in tropical region, an investigation was conducted in five
typical land use types in the central mountainous area of Hainan Island. The land use types include primitive forest (PF) ,

secondary forest (SF), areca plantation ( AP), pure rubber plantation(RP) and rubber intercropping Alpinia oxyphylla
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plantation ( RAP).The changes of soil qualities after the natural forest conversion to secondary forest or plantations and the
relationships between plant community functional traits (litter fall, canopy density, root length density, fine root density,
and specific root length) and soil quality were analyzed. Compared with those of primitive forest, the litter fall, root length
density, fine root density, total soil porosity, maximum water holding capacity, soil organic carbon, and total nitrogen of
other land use types decreased significantly ( P<0.05) , but soil bulk density increased significantly ( P<0.05). Soil alkaline
hydrolysis of nitrogen in all plantations decreased obviously, whereas soil total phosphorus, soil total potassium, and slowly
available potassium increased significantly ( P<0.05) during the conversion. With increasing of land use intensity, the soil
quality decreased significantly ( P<0.05). The soil quality indexes of SF, AP, RP, and RAP decreased by 63.4% , 85.8%,
81.2% and 84.1% , respectively, compared with that of PF. However, there were no differences in soil quality among the
plantations. The litter fall, canopy density, root length density, and fine root density had the positive and significantly
correlations with the soil quality index( P<0.05). Moreover, fine root density had the largest direct effect on soil quality,
and litter had the largest indirect effect. Our results suggested that the transformation of tropical primitive forests to rubber
and areca plantations significantly changed soil properties and soil quality, which was mainly explained by the plan
community functional traits of fine root density and litter fall. Improving the management of litter fall and understory plant

community, which influences fine root density, will help increase soil quality in plantations in tropical region.

Key Words: land use change; community functional traits; soil quality index; soil degradation; Hainan Island
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Table 1 Basic condition of different land use types
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Fig.2 Differences in community functional traits under different land use types
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Fig.3 Differences in soil properties under different land use types
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Table 2 Results of principal component analysis of soil parameters under different land use

FA4Y Principal components PC1 PC2 PC3 PC4
FFHE{E Eigen value 4.478 1.81 1.712 1.011
H L Percent 40.705 16.456 15.559 9.194
HPUE 4380 Cumulative percent 40.705 57.161 72.72 81.914
FHAE ] 42 Eigen vectors

8 B ALBREF Soil total porosity/ % 0.389* 0.168 0.276 -0.111
R K4 Maximum water content/ % 0.388 0.263 0.236 0.087
AT HLIT Soil organic matter/ % 0.428* -0.029 0.079 0.171
4% Total nitrogen/ % 0.101 0.343 0.210 0.562*
W Alkaline hydrolysis nitrogen/ ( g/kg) 0.363* -0.188 0.238 0.057
WAHAS A Nitrite nitrogen/ ( mg/kg) -0.143 0.285 -0.443* 0.138
421 Total phosphorus/% -0.310 0.091 0.168 0.481"
H %W Available phosphorus/ ( mg/kg) -0.138 0.577* -0.019 -0.201
24 Total potassium/ -0.288 0.233 0.502" -0.081
B Available potassium/ ( mg/kg) -0.174 -0.522* 0.237 0.192
LEI% A Slowly available potassium/( mg/kg) -0.352 -0.010 0.477* -0.072

# PR R RN S LSRR B3, « P<0.05
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Table 3 Functional traits of community related to soil properties and soil quality

e Y1/ (V/hm?) MU/ % RKEE (/m’) AURERE/ (kg/m®)  HARK/ (m/g)
Ttems Litter fall Canopy density Root length density Fine root density Specific root length
e KK/ % . .
Hijt.#} KR/ 0.650 " 0.531"*" 0.687 " 0.472* 0.082
Maximum water content
/% . .
L% 0.671** 0.631° 0.584° 0.483* 0.118
Soil organic matter
B (5/kg) . ,
« . % * 112
Alkaline hydrolysis nitrogen 0.473 0.572 0-470 0.492 0
j: Crlr el =P . . .
i 0.778 " 0.664 " 0.785*" 0.655"" 0.178

Soil quality index
* :P<0.05, * * ;P<0.01

P=0.439, NNFI=1.015, CFI=1.000, RMSEA =0.

1 1
: 0.47 e R=046 |
) %Y HHUR :
1
0.83 I
0.72 026 .
. 0.8 1
N 031 —
N AR B TR R
0.15 ? R2=0.90
0.63 |
0.42 0.12 |
£ | :
AR5 B WA :
. R2= 029 .

5 EESEMRTEREREEMEERN
Fig.5 Direct and indirect effects of community functional traits on soil quality
NNFI; JERAE LA 5 %X, Non—normed fit index; CFI; H 348l & 48 %1, Comparative fit index; RMSEA ; 3T {11 2% ¥ 77 R , Root mean square error

of approximation
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PIREE LA R AR 7 — R E N A ARBE R, A AR R R T S R R
Ve HISPAT L MR 5 B AN A AR B A e R BB A B IN (3R 3) o IR AREL AL g IR AR AR AR AR A
REMRS A e v SO REMAR IR P ASPATE AR 5 S RN A AR 3 2 2 A R W R A AL, H R S AR 5 (18 2) , 5
HABBFILE RIS REE DIREHRIR AR RIRIL ] 9845 5C 18 b M i s o) L 3 i, o, RAAMGR AL
) 7 0 K G i 3 4 AR AV e e S L TSR 2 2 T S S DR 0 PR AN AN 42 U 9 0 il A i T ]
S S O I T o M A R M MK 4 AR AR 2 AR AL T AR 2R 08y T e SR S
A A TSRS A S A MR TR BRARR 1 -3 A A 5 VRN K | A T et/ AR 2R 430 ) FBE AR
(3 DR AR L HUBURI R AN ST . AR 2 3 o o 4L L BE R BILJTT 35 82 1 14
R KA A P HEIT G A DG B e T ] Bl MR Pl TR AR AR R (R VE AR A
JE) RIS (AR RE ) DIREMIR I e i 5 DI AH OC | - R P e 2 S S0ie v T RE VAR 2 1 m] BB R - 4
S A & i Y N et = Ui 1 S SR SR T W N K7/ Rl A 2 I T e i G [ N S P
TET B 2t ) AR A X S i s ma R TR A

A HE ] PR AR A DI REMEIR DU G R I 2R A AR AT A B, T p M DA P AR
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