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Table 1 Physical and chemical characteristics of litters of different tree species
Y Fp AR/ pm e/ (g/kg) 2R/ (g/ke) W/ (g/ke) [&-4=4
Species Blade thickness Crabon TN TP C/N "
A C. lanceolata 528.54-10.8 424.14+15.8 7.78 +0.37 0.3940.02 55.144-1.96 10
A S. superba 335.946.1 429.7+£15.9 11.03+0.43 0.2840.02 40.064+1.23 10
M P. bournei 251.3£5.7 480.8+16.2 10.99+0.38 0.38+0.03 42.43+1.08 10

B BRI 4 9% W 2 N op i AR AR AR A
10 g, FAHAR A M AL BN 10 g, 2 R FRIR &
JRATEY 252N 5.00 g, 3 R Fh IR G U4 7% U 4% 2
A 3.33 g FIHITBHLE MO, AL BRI E AT 4
U, 12 A RE L A ST 2 AR 384 A, JRAVE I o

M ASE R SF R 20 em X 20 em, FEFLIEHN 0.5 mm,
FEAAEH 2.0 mm,
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Table 2 Two-way ANOVA of the effects of fertilization and litter addition on soil nutrients

) il i R e TR ER + e Lo
! CREN: AN TN AP TP SOC
Test groups DF
F p F p F p F P F p
Jifi it Fertilizer 3 159.216  <C0.001 137.172  <C0.001 44.617 <20.001 6.930 <20.001 3.921 0.013
‘E‘J%lf@ Litter 7 223.372  <<0.001 128.554 <C0.001 0.355 <20.001 0.620 <20.001 3.958 0.001
i fIEE X U 7%
HEAE < 35 % 21 1.147 0.339 1.019 0.416 1.281 0.237 0.938 0.549 1.204 0.315

Fertilizer X Litter
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Table 3  Soil characteristics of Chinese fir plantation under different fertilization and litter addition treatments
p v 7y
2/ B/ 2w/ TR T T i e
b 3 A YRRk / YA/ AR/
(g/kg) (mg/kg) (g/kg) (mg/kg) (g/kg)
Treatment ™N AN TP AP S0C (mg/kg) (mg/kg) (mg/kg)
MBC MBN MBP

CK, 0.90£+0.01B  176.6146.66C  0.394-0.02C 9.48+0.32B 21.70£0.76b 321.164+14.55AB 48.63+1.60C  12.514-0.45B
N 1.01+0.01AB  155.70%6.69B  0.45+0.05BC 9.324£0.23B  23.8941.37ab  310.54£5.64B  52.0310.89C  12.74+0.29B
P 0.95+0.02B 148.71+£8.15D  0.5440.02A 12.78+£0.30A 21.61+1.49b  378.474+6.13A  61.75+1.01A  15.3540.27A
NP 1.02+0.01A  157.54+6.66A  0.58+0.03A  12.96+0.40A  24.41+1.06a 371.27%+5.19A 58.13+1.08B  15.35+0.21A
CKs 0.91+0.02E  149.43£1.56D  0.44£0.02A 8.43+0.32C 22.92+0.65B  279.61+£11.92D 46.94+2.13D  11.584+0.45C
cl 1.0040.02D  155.94+1.24C  0.3240.02B 7.94+0.23C  26.86+1.72AB 270.20£0.63D  44.4740.48D  11.0340.17C
Ss 0.9440.02E  138.69£1.54F  0.362£0.02B 8.6910.30BC  30.084+1.77A  306.666.12C  50.3240.23C  12.88=+0.40B
Pb 1.04+0.01B  169.80+1.39A  0.404-0.03AB 9.8040.40B 30.85+2.03A  427.34+7.24A 53.30+0.46B  14.86+0.12A
Ss+Pb 0.94+0.02C  162.03+1.15B  0.424+0.00A  10.034+0.32AB  23.94+1.93B  411.98+2.54B 51.12-£0.48BC  14.36£0.45A
Cl+Pb 1.06+0.01A  173.67£1.38A  0.44+0.01A  10.67F0.23AB 30.58+1.21A  434.054+3.43A 57.65£0.15A  15.01+0.14A
Cl+Ss 0.8940.02DE  145.16+1.33E  0.4040.02AB  9.16+0.30BC ~ 25.31+1.52B  314.2443.49C 52.060.37BC 12.3340.31BC
Cl+Pb+Ss 0.99+0.01F  168.1441.35A  0.4440.02A  11.1440.40A  29.081.30AB 428.3245.55AB 55.704-0.57A  14.42+£0.46A

F AT KRG 7R (A-D )£ R 4b B ) A7 6 35 22 5 (P <<0.001) . R/NE F 8 (a.b) R 4 B8 A7 76 35 22 57 (P <<0.05) . F [,

Note: Different capital letters (A-D) indicate significant differences between treatments (P<C0.001) ,different lowercase letters (a,b) indi-

cate significant differences between treatments (P<C0.05). The same as below.
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(F D) AHET X B, it F 28 J5 A2 AR bR 48 v £
YA Y B R AR T 3.3 %6 (P<0.05) , 1M % il
A=A ) ORI AR T e, it
WA A USR5 BB L I A 0 A ) ol 1 i 0 i) 4
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Table 4 Two-way ANOVA of the effects of fertilization and litter addition on soil microbial characteristics
T W AR [CERIERE £ [CERIER/E 4
pg . -
s A MBC MBN MBP
Test groups DF
F P F P F P
JitifE Fertilizer 7 1.257 <20.001 0.467 <20.001 0.626 <0.001
JHEY) Litter 3 9.112 <20.001 31.507 <20.001 26.375 <0.001
I X A ¥ 4) Fertilizer X Litter 21 5.899 <<0.001 1.936 0.037 1.562 0.027

N IINAZ R - ) A 0] 9% W0 0 5 45 00 SRR W AR
Y SR iR (P <<0.01), S5XF AL, 3R
Jon i) Al 8 95 P S - S AR ) AR R B AR
BREMAEYEY RS S0 52.8%.,
13.6%.28.3% (P <C0.05) , @ M AZ A + A fap + 4] At

AR A EW S RS T 51.2%.18.7 % )
24.5% (P<C0.05) , s N AZ K + 18 fif VR 5 UH 9% W) I
A3 55.2%.22.8% K 29.6% (P <C0.05)
(GR D) T IAZ AR T Py %5 1 3 50 A= W e vk G Wb
ERA
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Fig.1 Soil microbial characteristics under fertilization and litter addition
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Fig.2 Soil stoichiometry under different fertilization
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Table 5 The significance analysis of the effects of fertilization and litter on soil stoichiometric characteristics

iR 50 21 F BALL C: N WL C: P AWML N P
Test groups DF F P F P F P
Jiti I Fertilizer 7 1.611 0.151 1.671 0.135 0.442 0.872
J7%% Litter 3 9.654 <0.001 2.900 0.042 27.938 <20.001

Wi B X ) Fertilizer X Litter 21 1.687 0.118 0.922 0.514 3.331 0.003
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Fig.3 Soil stoichiometric characteristics under
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Effects of fertilization and litter addition on soil nutrient and soil microbial
properties of Chinese fir plantation

JIN Yunduo',BAI Yanfeng’,SHEN Yangyang',LI Yueqiao®, LIU Ru®,
JIANG Chungian® ,ZHANG Zhuowen' , WANG Yongjian'

1.College of Horticulture and Forestry Sciences/Hubei Engineering Technology
Research Center for Forestry Information s Huazhong Agricultural University sWuhan 430070 ,China
2.Research Institute of Forestry ,Chinese Academy of Forestry ,Beijing ,100091,China
3.Experimental Center of Subtropical Forestry ,Chinese Academy of Forestry ,Fenyi,336600,China
Abstract Chinese fir (Cunninghamia lanceolata (Lamb.) Hook.) belongs to the light-tolerant co-
niferous species of Cunninghamia family,which is widely distributed in China and Vietnam. It has a se-
ries of characteristics including fast growth, high yield, beautiful wood grain, insect resistance (such as
termites) ,corrosion resistance,and adaptability to arid and arid habitats. It is one of the important en-
demic fast-growing timber species in China. In order to solve the decline of soil quality in Chinese fir
plantations and the problem of soil fertility decline, effects of fertilization and litter addition on soil nutri-
ent and soil microbial properties of Chinese fir plantation in Central South Jiangxi Province were studied
by using the bag method to set up different fertilization treatments and litters of multiple tree species
combined treatments. The results showed that compared with the control (without fertilization) treat-
ment, the content of soil alkline nitrogen and available phosphorus of mixed N + P fertilizers treatment
in the Chinese fir plantation soil increased by 10.7% and 36.7%, respectively, which was significantly
higher than that of the single fertilizer treatment. Compared with the control (without addition of lit-
ters) treatment,mixed addition of litters of C. lanceolata~+ P. bournei and single addition of P. bourne:
litter promoted soil microbial biomass significantly,indicating that the litter of P. bournei played a key
role in decomposing the mixed litter of Chinese fir plantation. In practice,the mixed forest of C. lanceo-
lata X broad-leaved is recommended,and the current young to mid age pure C. lanceolata stand should
be reformed by means of close-to-nature transformation in order to change the composition, quality and
quantity of litter. In this way,the additive effect of decomposing mixed litter of multiple tree species can
be fully used and the soil nutrient status of the Chinese fir plantation can be improved by combining with
the application of mixed N-+P fertilizers.
Keywords Chinese fir; woodland management; mixed litters; close-to-nature transformation; mi-

crobial biomass; plantation; soil nutrients; ground power decline
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