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Abstract l“l is of great %menufl(‘ significance in regulaling plantation ecosystem restoration to investigate the effects of the nitrogen (N) deposition and litter manipulation on soil
organic arbon components and enzyme aclivities. A micro-plot experiment was conducted with four nitrogen additions [CK (0 kghm™+a™, calculated by N) , LN (50
kg'hm’z'a") , MN (100 kg'hm’z‘a’1> , and HN (200 kg'hm’z‘afl)} and two litter treatments [ LR (litter removal) and L (litter retained) ] for tropical rubber plantations in western
Hainan Island. The soil physico-chemical properties, soil organic carbon components, and enzyme activities in 0-10 cm and 10-20 cm depths were analyzed. The results showed that
soil pH significantly decreased with elevated N addition and litter removal. The contents of NO,-N and NH, N significantly increased with elevated N addition. Moreover, there was
a significant interaction between N addition and litter treatment on the contents of NO,-N and NH,"-N (P < 0.05). Compared to that with L, LR reduced SOC and its component
contents; particularly, the largest decrease was in LFOC by 29.0%-81. 4% in the 0-10 cm depth and 23. 5%-58. 4% in 10-20 cm, respectively. The contents of SOC and its
components presented a trend of increasing first and then decreasing with elevated N addition irrespective of litter treatment, and those contents were significantly higher at LN than
those at HN. There was a significant interaction between N addition and litter treatment on SOC, LFOC (0-10 em) , and HFOC contents. Compared with that under L, PPO activity
was significantly reduced at LR under CK and LN but was significantly increased at LR under MN and HN, respectively. Variance analysis showed significant interactive effects
between N addition and litter treatment on PPO and CBH (0-10 cm) activities, and the soil enzyme activity (BG, PPO, and CBH) responding to N addition was greater than that to
the litter treatment. Pearson correlation analysis showed that SOC content was extremely positively correlated with MBC, POC, LFOC, and HFOC contents. To summarize, litter
retained combined with low N deposition played an important synergistic role of improving SOC pool and soil enzyme activities for tropical rubber plantation systems.

Key words: litter; N addition; rubber plantation; organic carbon components; enzyme activity
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Table 1~ Soil physico-chemical properties with different N addition levels and litter treatment
e o(SWC)/g kg™ pH »(S0C)/g- kg™ o(TN)/g kg™
0~10cm 10 ~ 20 cm 0~10cm 10 ~20 ecm 0~10cm 10 ~20 em 0~10cm 10 ~ 20 cm
CK 1.32+0.08aB 1.37 £0.03abB 5.10 + 0.27aA  4.99 = 0.12aB  8.30 = 0.22abB  7.24 = 0.08cA  0.56 + 0.03bB  0.45 = 0.03¢B
LN 1.30£0.05aB 1.44 +0.04aB  4.84 +0.11aB  4.78 + 0.05aB  8.68 + 0.31aB  8.39 = 0.21aB 0.64 = 0.01aB  0.50 + 0.03bcB
L MN 1.21+0.04aB 1.35+0.07abB 4.90 + 0.27aA  4.75+ 0.11aA  8.16 + 0.20abB 7.84 + 0.14bB  0.61 + 0.06abB  0.61 + 0.07abA
HN 1.23+0.06aB 1.31+0.03bB  4.88 + 0.26aA  4.87 £ 0.32aA  7.92 + 0.44bB  7.72 + 0.23bA  0.62 + 0.03abA  0.55 = 0.04abA
CK 1.52+0.00aA 1.55+0.08abA 5.37 +0.09aA 529 +0.13abA  9.46 = 0.09bA 7.72 = 0.44cA  0.70 + 0.02abA  0.62 = 0.05abA
LN 1.53+0.07aA 1.68 +0.10aA 5.30+0.10aA  5.37 + 0.31aA  11.24 + 0.59aA 9.95 + 0.18aA 0.77 £ 0.06aA  0.66 + 0.06aA
- MN 1.43 +0.06bA 1.51 +0.08bA 5.18 = 0.08abA 5.20 + 0.29abA 10.41 + 0.75aA 8.73 + 0.19bA  0.75 = 0.04aA  0.70 + 0.07aA
HN 1.43+0.04bA 1.51+0.07bA  5.07 £0.15bA  4.86 + 0.20bA  8.94 + 0.22bA  7.81 + 0.22cA  0.65 = 0.04bA  0.59 + 0.05bA
T3 225317
L 0.000™ 0.000™ 0.0017" 0.0017" 0.000™" 0.000™ 0.000™ 0.000™
N 0.005™ 0.006™ 0.135 0.174 0.000™" 0.000™ 0.009™ 0.009™
LxN 0.936 0.798 0.636 0.138 0.010™ 0.004™ 0.061 0.161
b C/N o(NH,"-N)/mg kg™’ o(NO, -N)/mg-kg™'
0~10cm 10 ~ 20 cm 0~10cm 10 ~20 cm 0~10cm 10 ~ 20 ecm
CK 14.87 + 0.54aA 16.11 + 1.28aA 14.46 = 1.57cA 15.17 + 1.84bA 10.85 + 0.36bA 8.73 + 1.01dA
LN 13.51 + 0.50abB 16.68 + 1.12aA 18.12 + 1.13cA 16.41 = 1.69bA _  15.53 £ 0.97aA . .,.-1&43 + 1.48cA
L MN 13.51 + 1.13abA 13.00 + 1.53bA 24.25 + 2.63bA 16.92 £0.82bA | 15.63 + 1.24aA _ 17‘.-5-5"4 1'Q4bA
HN 12.86 = 1.27bA 1422+ 1.25a8A | 35.86 +2.37aA 21.8 # 1.86dA 14.16 = 1.28aA "‘28 91 + 0 51aA
CK 13.46 = 0.36bB 1256 + 1.47bB5° 13.81 + 0.24bA 1117+ 0.30eB | 1§ 7.37 + 0.89¢B _.,,.4 24{0 35cB |

.ﬂ"

& 1 i
LN 14.56 + 0.32aA 1507 + 1.32aA 18.35 + 2.36aA 13. 9‘7 +0.5 le_ | 7.62 + 0.20cB 90 + 0. 53]?
MN A3.82£0.51abA 1|-2.6_2. + 1.04bAs  _19.45 +2.20aB 14 12 £0. t%_ﬁth 10.11 + 0.68bB 9550 1 02bB

. HN / 1389+0.82abA 1334 #1.17abavy 76+ 0.24aB 15.08% 04448 1285 0.42aA 20.86 % 1.."13aB
- 4 : & 7 T —
7] q7 4 Jr 2T ) e
= L = 0.445 -~ 007 -4 0.000 Jo. ? ! 0.000" _ 0.000"
| Iv g [ o295 | Joo0g" . 47 p.ooo” 900" o000 ' 0.000};‘"
~ 1N 0.040" ,u“b.;"9"3 | Y8 0.000" 0 032 0.000"" 0.018
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f #5$J\§”um\1v%ﬁ(P<o 05)FIE B (P<0.01), FlR

i%%";ﬁ MN 7K A 58 3l e KA, H W3 & T CK
FTHN ZKSF NS i Ab B8 6 MBN A9 52 i 2 B K T XF
MBC F 520 . MBC/MBN 7E CK 4b 3 4 F F ¥y & 5, 1
TE MN A 3R HE AL T3 AROK - J5 253 Hr iBos N

I I &b BE R UE V% 4 Ak BE X MBC FIl MBN & & DL &
MBC/MBN ¥ H 47 & % (P < 0.05) ok % & & (P <
0.01) 8 W, 1 — 5% 3¢ H./E 4] W] X} MBN LA K MBC/
MBN EA ¢ i 250
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Table 2 Soil microbial biomass C and N with different N addition levels and litter treatments
Jre o(MBC)/mg-kg™' ©(MBN)/mg-kg™' »(MBC)/w(MBN)
0~10cm 10 ~ 20 cm 0~10cm 10 ~ 20 cm 0~10cm 10 ~ 20 cm
CK 172.67 + 7.37aA 159.88 + 6.62abB 74.29 + 7.99¢A 69.44 + 4.19dB 2.34 +0.15aA 2.31 +0.16aA
LN 194.56 + 11.88aA 163.56 + 9.71abB 104.94 + 9.14bA 114.37 + 5.02bB 1.86 = 0.08bA 1.43 + 0.04¢B
HR MN 190.89 + 18.72aA 171.04 + 7.44aB 144.25 + 11.67aA 127.27 + 6.54aB 1.32 + 0.07¢A 1.35 + 0.09¢B
HN 175.01 + 8.33aA 155.63 + 2.58bB 94.75 + 5.04bB 80.54 + 6.48¢B 1.85 = 0.05bA 1.94 = 0.18bA
CK 191.34 + 9.99bA 175.29 + 8.92bA 88.26 + 8.11dA 108.31 + 7.00bA 2.18 + 0.24aA 1.63 + 0.18aA
LN 209.73 + 6.34abA 182.32 + 6.46abA 107.33 + 8.74cA 129.87 + 4.53aA 1.96 = 0.21aA 1.40 = 0.05abA
g MN 219.72 + 5.31abA 191.61 + 5.62aA 161.53 + 7.03aA 145.06 + 10.67aA 1.36 + 0.06bA 1.33 = 0.12bA
HN 193.91 + 13.87bA 184.96 + 10.85abA 141.60 + 5.74bA 129.21 + 12.81aA 1.37 £ 0.07bA 1.44 + 0.16abA
VEVL
L 0.000™ 0.000™ 0.000™" 0.000™ 0.040" 0.000™"
N 0.003" 0.037" 0.000™" 0.000™ 0.000™ 0.000™
LxN 0.737 0.464 0.0027" 0.004™ 0.008™ 0.0017"
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Fig. 1 Soil organic carbon components with different N addition levels and litter treatments
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Fig. 3  Principal component analysis (PCA) of the relationships of the components of soil organic carbon and soil
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Fig. 4 Pearson correlation coefficients of soil organic components, enzyme activities, and soil physico-chemical properties
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