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Effects of five plantations on soil properties in
subtropical red soil hilly region

CHEN Jing, YANG Ning

(College of Landscape Architecture , Hunan Environmental-Biological Polytechnic College s Hengyang, Hunan 421005, China)

Abstract: [Objective] The purpose of this stud was to study effects of 5 plantations on soil properties
in subtropical red soil hilly region. [Method] Taking five plantations lands ( Cunninghamia lanceolata
(CL),C. lanceolata-Pinus massoniana (CLPM),C. lanceolata-C. cam phora(CLCC) ,natural secondary for-
est(NF) and P. massoniana (PM)) in subtropical red soil hilly region as test objects, soil samples from
depths of 0—20,20—40 and 40 —60 cm were collected to study the effects of plantations on soil physio-
chemical properties,enzyme activities and microbial properties through the combination of sample investi-
gation and experimental analysis. [Results) (1) Contents of soil organic C(SOC) ,total N(TN) ,available N
(AN) ,total P(TP) ,total K (TK) and available K (AK) in soil of NF were the highest,followed by CLCC,
while those of CLPM,CL and PM were very low. Contents of SOC,TN,AN,TP,TK and AK at soil layer
of 0—20 cm were higher than those at the soil layers of 20 —40 and 40 —60 cm (P <C0. 05). (2) Urease
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(URE) ,invertase(INV)and polyphenol oxidase(PPO)activities of NF were the highest followed CLPM and
CLCC,while those of CL. and PM were the lowest. URE,INV and PPO activities at the soil layer of 0—20
cm were higher than those at the soil layer of 20—40 and 40— 60 cm(P<C0. 05). (3) Microbial biomass car-
bon(MBC) ,microbial biomass nitrogen(MBN) , soil basal respiration(SBR) ,soil organic carbon(SOC) , ra-

tio of soil microbial carbon to organic carbon (MBC/SOC) and microbial efficiency in NF and CLCC were

higher than other plantations. [Conclusion] CLCC significantly improved soil properties compared to CL,

PM and CLPM and was ideal for this area.

Key words: subtropical hilly red soil region;plantation;soil physio-chemical properties;soil enzyme ac-

tivity; basal respiration;microbial biomass
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Table 1 Characteristics of different plantation lands
N LA YeBE /() Il 1) MR /4 OB/ Bk« hm™ %)
Plantation Slope Aspect Forest age Forest density
4z A CL 10~15 N25°W~N35°W 15 1 600~2 000
EADEMWNRERZH CLPM 10~15 N25°W~N35°W 14 1 600~2 000
AR CLCC 10~15 N25°W~N35"W 14 1 600~2 000
KRR A NF 10~15 N25°W~N35°"W >50 1 600~2 000
4l A PM 10~15 N25°W~N35°W 15 1 600~2 000
1.3 MEMERAE SRR Y T DL R A T R R I I W

+ B MLk (Soil organic C,SOC) & =% H &
B TR B0 A A A I B I E L 4R (Total N, TND &
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K NaOH ¥ fili-%0 56 P10 -58 A1 43 56 6 B 3
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Table 2 Soil physoco-chemical properties of different plantation lands in subtropical red soil hilly region
ATH T EWE/ ﬁmg/ %‘ELL Mﬁ%éﬁ: é%’t %?‘#7 Eiﬁl’f‘ﬂ
Plantation ™ g+ kg™ (g+ kgD (mg+kg™") (mg kg™ 1) (g+kg™ ") (mg - kg™ 1) pH
Depth SOC TN AN TP TK AK
ik 0~20 2.9040.27 Aa 0.23%0.01 Aa 26.66+1.12 Aa 83.004+1.98 Aa  7.54%0.13 Ba 21.43£0.66 ABa  4.59%0.04 Aa
AM 20~40  1.3240.03 Ab  0.1740.01 Ab  14.9840.55 Ab  78.9843.12 Aa  8.14+0.04 Ba  15.99+0.87 ABb  4.6240.03 Ba
CL 40~60 1.2440.05 Ab  0.15+0.00 Ab  12.8740.76 Ab  76.9842.99 Aa  8.2240.08 Ba  14.87+0.86 ABb 4.65+0.03 Ca
Ao 0~20  4.00£0.07 ABa  0.26+0.01 Aa  24.54%0.88 Aa 113.05+3.54 ABa 4.8240.55 ABa  13.5620.18 A 4.3420.01 Ab
MIEH  20~40  2.294+0.23 ABb  0.20£0.01 Aab  11.8740.69 Ab 100.00+1.65 Aa  4.83%0.00 ABa 8.40%0.76 Ab 1.77£0.02 Bb
CLPM 40~60  2.31%0.19 ABb  0.18+0.01 Ab 10.00£0.55 Ab 98.4541.76 ABa 4.9540.65 Aa 7.98+0.67 Ab  4.79+0.01 Cb
Bl 020 3213011 Aa  0.30+0.01 Aa  37.98+1.78 ABa 163.0954.76 Ba  5.64%0.09 ABa  75.12+2.76 Ba  4.85+0.02 Ac
MERIN 20~40  1.54%£0.09 Ab 0.1740.01 Ab  27.87%1.09 ABab 87.98+2.65 Ab  5.9840.34 ABa 53.87%+2.98 Bab 4.86+0.01 Be
CLCC 4o~60 1.3440.12 Ab  0.14+0.01 Ab  20.12=1.00 ABb  76.98+2.00 Ab  6.00%0.54 ABa  45.98+3.87 Bb  5.00+0.03 Ce
KRR 0~20 6.77+0.99 Ba 0.5540.03 Ba 57.9842.99 Ba 126.43+2.88 ABa 5.8740.34 ABa 32.23+1.87 ABa 4.3640.01 Aa
M 20~40  3.4340.45Bb  0.43+0.05Bb  41.00+2.87 Bb  147.44+4.76 Ba  9.43+0.34 Bb  21.32+2.76 ABab 4.8240.01 Ba
NF 40~60  3.00%0.34 Bb 0.38%0.04 Bb 37.98+£1.99 Bb  150.98+3.98 Ba 10.0940.76 Bb 18.87+0.45 ABb  4.9840.02 Ca
e 0~20 2.7840.14 Aa 0.24%0.01 Aa 28.88+3.98 Aa 85.9945.45 Aa  3.17£0.34 Aa  25.31£1.65 ABa 4.52%0.02 Ab
BMM  20~40  2.1240.05 ABab 0.16+0.01 Ab  20.9843.89 ABb 72.45+5.00 Aa  3.9040.35 Aa  13.3240.98 ABb 4.58+0.01 Bb
PM 10~60  1.9840.04 ABb  0.1440.00 Ab  19.0942.14 ABb 70.13%4.04 Aa  4.0040.40 Aa  12.54+0.76 ABb 4.63-0.02 Ch

T NN MO IR — b 2 5 B0 5 R AN 6] RS 7 37 22 57t i 3 (P<0. 05) . AH RN AR AN [ 1 )2 O 5 Bt Jm

REF B (P<0.05), £ 3.5,

FRAR/NG F 0 R

Note: Different uppercase letters indicate significant difference among different plantation lands (P<C0. 05) ,and different lowercase letters

indicate significant difference among different soil depths (P<C0.05).

A2 3 mJ L KAR KA M UREINV (PPO %
3 ol A S S VR AR B A2 R B R AMR AR A
JFE P R I AZ A A AR T 58 PRI = 398 il 3 1 vk 22, 2l A2
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The same as table 3 and table 5.
TP A A 2 e B IEA G, #E 0~20 em +
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W EA 5 E 20~40 1 40~60 em + 2, & INV
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Table 3 Soil enzyme activities of different plantation lands in subtropical red soil hilly region
AT 2RI /em L (O A miems
Plantation Depth mgeg ! odh) (mg g ' =d™h (mg g+ h™h)
URE INV PPO
0~20 0.15340.009 Aa 2.2340.13 Aa 142.8743.65 Aa
éﬁjﬁ?kﬂ\ 20~40 0.10840.006 Ab 1.3740. 04 Aab 92.124-6. 88 Aab
40~60 0.0954-0. 007 Ab 1.0940.11 Ab 43.0974-4.12 Ab
N 0~20 0.157+0.008 Aa 2.8940.08 ABa 223.76+10.87 ABa
g?’;MEM‘ LSk 20~40 0.120=£0. 008 Ab 1. 4240. 05 Aab 145.65+12. 09 ABab
40~60 0.10740. 007 Ab 0.9870.06 Ab 98.134-6.09 ABb
0~20 0.230+0.008 ABa 3.0474-0.11 Ba 209.98+11. 87 ABa
Zi\zﬁm S 20~40 0.165+0.012 Bab 1.63+0.02 Bab 154.564-10. 00 ABab
40~60 0.12140.011 Ab 0.9840.03 Ab 66.934-6.34 Ab
0~20 0.29874-0.012 Ba 3.2620.03 Ba 315. 15 14. 43 Ba
?gﬂki% 20~40 0.16440.013 Bab 1.73+0.06 Bb 254.09+4.12 Bab
40~60 0.10040.012 Ab 1.2340.09 Ab 198.45+6.98 Bb
0~20 0.18840.014 Aa 2.85740.12 ABa 243.00=14. 31 ABa
i,mi\?%m“‘ 20~40 0.1560. 016 Bab 1.3840.15 Ab 153. 987412, 98 ABab
40~60 0.12140.018 Ab 1.0140.12 Ab 67.0949.56 Ab
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Table 4 Correlation coefficients between soil enzyme activities and physio-chemical
properties in subtropical red soil hilly region
+ 2/ cm Eisgan THE W T Z W A AL EERIR VS Ko KN L A AL pH
Depth Index INV PPO SOC TN TP AN
Ik fiff URE 0.731** 0.730** 0.657** 0.874 % 0.552" 0.923" " —0.024
0~20 HERERE INV 0.754** 0.558* 0.569* 0.590" 0.612~ —0.198
Z W A L PPO 0.734* " 0.749" 0.306 0. 700" * —0.412
Nk f URE 0.574* 0.576* 0.298 0.334 0. 289 0.675 0.298
20~40 REMEE INV 0.568* 0. 367 0.578 0.576" 0.817" 0. 300
% Iy E 1L B PPO 0.679** 0. 800" * 0.815"* 0. 806" * 0. 324
kAl URE 0.551* 0.565* 0.312 0. 300 0.296 0. 640 0.312
40~60 HERERE INV 0.525" 0. 300 0.565" 0.534" 0.813" 0.313
% Iy E AL B PPO 0.612*~* 0.765 0.834" " 0.820" 0.316

o PRIR A OGHE B3 (P<C0.05) %« % RN SCPEM B3 (P<<0. 01, F 6 A,

Note: * and % * indicate significant relation (P<C0. 05) and extremely significant relation (P<C0. 01) ,respectively. The same for table 6.
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LEMME E . TE 0~40 cm + 2, RIRIR 4 FRIY
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Table 5  Soil microbial properties of different plantation lands in subtropical red soil hilly region
12 SRt g/ Ak we/ MEwER/ 2 B/ ot i R/ ,
PSR Pt TR LT A
Depth SBR MBC MBN MBC/SOC - MBC/MBN
“ifs 0~20  26.77%0.88 Aa 27.1140.55 Aa  3.82+0.33 Aa 0.9940.10 Aa 0.994£0.04 Aa 7.1040.37 ABa 12.83+1.65ABa
A 20~40 19.7540.33 ABab 15.1240.45 Ab  1.8840.02 Aab  1.1940.05 Ba 1.3140.05 Bab ~ 8.04£0.09 Aa 8.4540.33 Ab
CL 40~60 13.6640.24 Ab 14.8740.78 Ab 1.0040.43 Ab 2.1140.07 Bb 1.4340.04 Bb  14.87+1.65 Bb 7.9840.05 Ab
BADR 0~20 32.87+0.66 Aa 34,87+1.87 Aa 4.88+0.13 ABa  0.87+0.01 Aa 0.96+0.04 Aa 7.15+0.53 ABa 15.7940.78 Ba
MIEEH  20~40 15.12+0.87 Ab 16.43+0.98 Ab  2.44%£0.18 Aab  0.62£0.07 Ab 0.9140.03 Aa 6.73+0.43 Aa 14.324+0.88 Ba
CLPM 40~60 13.2340.54 Ab 14.34+0.56 Ab  1.98+0.21 Ab 0.60+0.09 Ab 0.9040.02 Aa 7.2440.55 ABa  13.2141.00 Ba
AR 0~20 38.09+1.33 ABa 45.76+0.78 ABa 5.43+0.15 ABa  1.56=+0.05 Ba 0.8440.02 Aa 8.4340.23 ABa 10.2740.33 ABa
TR AR 20~40 19.67+0.67 ABb 20.3240.87 ABb 2.98+0.32 ABb  1.4140.04 Ba 0.9740.03 Aa 6.82+0.32 Aa 9.8840.98 Aa
CLCC 4o~60 15.23+0.55 Ab  18.99%1.90 ABb 2.3240.21 ABb  1.3240.03 ABa  1.0040.04 ABa 8.19%0.21 ABa  8.6720.87 Aa
Tk 0~20 61.45+1.34 Ba  78.5441.18 Ba 7.434+0.32 Ba 1.2840.13 Ba 0.8140.02 Aa 10.5740.26 Ba  12.40411,09 ABa
WA B 20~40 32.14+0.99 Bb  39.0940.89 Bb 4,1240.04 Bb 1.3440.19 Ba 0.8540.03 Aa 9.4940.11 Aa 7.8840.98 Ab
NF 10~60 29.094+0.88 Bb  31.34+1.23 Bb 3.87+0.08 Bb 1.3540.20 ABa  0.87+0.03 Aa 8.1040.09 ABa 6.99+0.89 Ab
e 0~20 25.3240.51 Aa  24.65+1.53 Aa 4,1340.33 Aa 0.8840.03 Aa 1.06£0.04 Aa 5.9740.55 Aa 8.65+0.31 Aa
FE R K 20~40 13.7641.00 Ab  13.3240.87 Ab 2.0940.17 Ab 0.6540.02 Aa 1.0740.01 Ba 6.37+0.33 Aa  14.12+1.21 Bb
PM 40~60 12.8740.93 Ab  11.23+0.56 Ab 1.9840.21 Ab 0.6140.02 Aa 1.0940.02 ABa  5.67+0.67 Aa  15.23+0.76 Bb

fi % 6 Al 41, MBC, MBN, SBR 45 SOC, TN,

AN SR B P35 B B 35 IR A OC L i MBC, MBN
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Table 6 Correlation coefficients between microbial and physio-chemical properties in subtropical red soil hilly region

+ 2 WE/cm mH WeE R AR EERiIR 3 2R L 8 A AL
Depth Item MBC MBN SOC TN TP AN pH
+ HE B AL I, SBR 0.990* * 0.931% 0. 809" * 0. 900" * 0.498 0.901* —0.278
0~20 44 Wy B B MBC 0.953" * 0.848* * 0.901* * 0.543* 0.912%~ —0.234
AL W) A MBN 0.843"* 0.915"* 0.547" 0.882" " —0.229
+ 18 I fl R 1. SBR 0.943%* 0.883** 0.347 0.816* 0.828**  0.765" " 0.456
20~40 T HE W £ B MBC 0.943** 0.567* 0.896* 0.912**  0.854*~ 0.584"
4 Wy % MBN 0.543% 0.786* 0.886**  0.824*~ 0.745*
+ LAY 0T % SBR 0.934* " 0.875%* 0.323 0.843" " 0.805%*  0.777*" 0.423
40~60 oA B B MBC 0.942% 0.572* 0.888*~ 0.900%*  0.845%~ 0.548"
W f 8 MBN 0.555 0.768" 0.845*  0.854*~ 0.754%*
" . FIHERUE Y B RAE [T]. AR A B 24, 2013, 22(2) : 229-
3 én TE 232,

AR T WA L B X 5 AR TRl T
PR - 8 7 3 A P B T R RGO A 2 A B, T AR
AT 458,

1) AHXS T 242 AR MK 865 BB s ORI AZ K B B
IRSSHARIM S o RAR KA AR A2 R BERR S HRA R T hn
#H SOC 5 H At +- 57 4 o 1k, & 5 L iy
SOC,TN,AN,TP.TK #l AK & &, ok 3% + 35 10 B
e, P R T .

2) 165 B N TARH L AR UCAE AR Y+ SR R IS
PSR R A2 R H R AN IR S AR 4l AR AR AR R
TR T 58 PR A 4 18 il M TR 22 Sl A2 R PR ) - R g
WEMERAR: 7EFR— N Tk, 0~20 em + )23 i 1%
PR EET 20~40 1 40~60 cm + 5,

3) AHX; T A2 ABK 2l 5 BB AN MRS K Hy AL
TR S AR 5+ KR UK A BRFINAZ AR 1 46 1R A2 AR T 11
A W T PR i s AR A 3 Al 24 4 0 5 J5 ) R

B Z AR AR Bl A MONAZ R 5 B
TR AS MR 12 AR B TR A8 R 0 391 (14 ~ 15 4F) X 4 18
%) B A P T i T P R G e M o B B R ek
S (YRS TS N A o N o R NI R (S R 2 A e
Fr 8 XA B B2 AR A S AL, A2 KRR L 4l 5 2 A8 A
HEKRGRBWMBESSHANEHIEL .
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