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Effects of Soil and Water Conservation Forest on Litter and Soil Nutrients
in Red Hilly Region of Southern China
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Abstract ; The objective of this study was to unravel the variations of the organic carbon and nutrients in the
soils of different water conservation forests to provide a scientific basis for the establishment and manage-
ment of soil and water conservation forests. Fifteen-year-old Cunninghamia lanceolata-Phoebe bournei
mixed forest, pure P. bournei ,and C. lanceolata forests in Jindong Forest Farm of Hunan Province were
taken as the research objects. The soil organic carbon,soil and litter nutrient contents in different seasons
were determined,and the effects of different planting patterns and seasons on soil organic carbon were ana-
lyzed. The results showed that both planting pattern and season had significant effects on soil organic car-
bon content. Soil organic carbon was mainly affected by total nitrogen, total phosphorus, soluble organic
carbon and dissolved organic nitrogen. There were significant differences in soil nutrients and litter nutri-
ents under different planting patterns. The soil and litter nutrients of mixed forest were significantly higher
than those of pure forests,the soil organic carbon,total nitrogen and total phosphorus of the mixed forests
were 35.07% to 52.63% higher than those of pure forests,and the content of mineral elements in litters
were 25.35% to 45.16% higher. Season had a stronger influence on soil nutrients than litters,and no sig-

nificant effect on litter mineral elements. Soil organic carbon was mainly affected by planting pattern via
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changing the soil physical and chemical properties,especially nitrogen content. Season had an effect on soil

organic carbon by changing hydrothermal conditions and litter decomposition rate, which affects the input

and output of soil organic carbon. The study has reference values on the afforestation of soil and water con-

servation forests in red soil region of southern China.
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Table 1 Basic situation of the sample sites
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2 K- 1] A TR 58 Ak 163 5] 23 850 10,12 s 1. 05 18.93 1.55
[65] £ 22 A 230 K 16 850 14.76 9.23 4.12 17. 14 1.43
T2 A gl bk 190 7] 27 850 11.02 7.39 4,02 17.71 1.35
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JE 3L 0 (0. 149 mm) , Tl H 3SR &, )
JIT A 3 T I A A K S B
1.3 MEHER

MR - A b 43 B BR B 10 g fof iR T
. e 105 CRMF EMEE R S KRS
A R I FR TIVE I E s 3% pH ] pH A ZE 5
T A UK (SOC) T & 1 4= C(TC) Sk & %
B e T R e ek A A I 2 5 4 NCCTIND SR H L IR
FIEMAE ; Avio 500ICP(Thermo Fisher Scientific,
EEDIMES P42 K 4 Ca e Mg W& R, Al
AL (DOC i JH £ B0 o B A ALk (TOC) & &
FR L BA AL CTOC) [ I 5E SR FH A0 I 4 o 4% 1R
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Table 2 Seasonal dynamics of soil physicochemical properties in different forest stands

o 2 em iiﬁﬁfﬂ}fﬁ/ %Nil 4%19/71 %K{l %ca/i1
(g+kg ) (g kg ) (g kg ) (g kg ) (mg *» kg )
2 A i8] A TR 28 bR 0~10 27.1941.19Aa 1.65+0.21Aa 0.2940. 06Ab 0.86+0.10Aa 138. 639, 94Aa
10~20 19.4743.17Ba 1.194+0. 27Ba 0.2440.15Aa 0.8940.06Aa 109. 53+81. 33Ab
20~30 16.8534-2. 8Ca 1.0140. 23Ba 0.22240.16Aa 0.9020. 11Aa 108. 7461. 83Ab
[iE] A 25 A 0~10 25.8342.27Aa 1.76+0. 1Aa 0.68+0.13Aa 0.8740.21Aa 204. 56 +86. 63Aa
10~20 19.194:0. 8Ba 1.2140. 25Ba 0.42240. 26Ba 0.8840.17Aa 197.7884.9Aa
20~30 16.5340. 87Ca 1.0840. 24Ba 0.41+0. 27Ba 0.92+0. 14Aa 198. 06492, 04Aa
2 A 4l i 0~10 20.134+1.57Ab 1.18+0.11Ab 0.1940.04Ac 0.924+0.12Aa 166.924125. 96 Aa
10~20 19. 8844, 27Aa 1.2240.27Aa 0.36=40. 25Aa 0.8440.12Aa 135. 68+26. 44Ab
20~30 16. 78+ 3. 80Ba 1.0440. 17Ba 0.3420. 28Aa 0.88=40. 08Aa 152. 33453, 32Aa
F ST 7.05° " 8.24"" " 16.52" " ° 0.05™ 9.9" "
SL 79,92 " 47.39" " 1.00™ 0.51"™ 0.81™
o 2 em e M%/l ﬂ%‘rffg/ A \j\/ IR e Ij/1
(g kg ) (g+ kg ) (mg * kg ) (mg* kg )
N R AN 0~10 1.75+0.19Aa 225.02+8.42Aa 85.93+6.77Aa 3.43+3.19Aa
10~20 1.6420. 34Aa 215.15%8. 32Ba 72.397411. 38Ba 3.74%2. 48Aa
20~30 1.534+0. 35Aa 206. 9+10. 37Ca 67.05411. 45Ba 4.00%1.75Aa
J¥E) il 5 Ak 0~10 1.8740.21Aa 223.92+10. 22Aa 85.7548. 24Aa 3.57%£2.72Aa
10~20 1.6320.37Aa 207.142410. 39Bb 73.57413.87Ba 2.76£1.52Aa
20~30 1.70+0.45Aa 183.23+23.78Ch 65.32+18.95Ba 2.14+1.53Ab
12 K Gl 0~10 1.184:0. 20Bb 218.86+7.03Aa 66.8249. 75Ab 3.58+2. 4Aa
10~20 1.59240. 33Aa 209. 6247, 3Bab 66.84+9.2Aa 2.56+1.95Aa
20~30 1.5940. 36Aa 197.68+11.18Ca 58.324+12. 26Aa 3.18%1. 94Aab
F ST 6.91° " 7.927 " 10.43" " " 1.54™
SL 0.03™ 46.1° " 16.42° " " 0.52™

TE ST AT U SL. 22 AR RS 52 B R F] — AR A [ )2 18] (9 28 53 4 R [ /NG 5 B 32 [R] — 0 J2 O (8] bk 4[] 4 22 7 1 (P <<
0.05)3ns F#/m P=>0.05; * % x FR P<L0.001, I,
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Table 3 Seasonal dynamics of physical properties of litter in different forest stands

o e %(2/1 éN/1 éP/l éK/1 %(:a/1
(g+kg ) (g kg (g kg ) (g kg (mg * kg )
L NLE R RN x5y fifk 430.44+48. 83b 11.741.47a 5.3940. 44b 16.1011. 65ab 53.61428.91a
K3 it 274.892470.7b 9.07+2. 24b 4.25-+0.83b 41.31420. 06a 34.86+21.83a
JEE] A 40 A x5y fift 402. 46467, 66b 13.01+1. 83a 7.13+1.91a 12.05+7.32b 58. 56433, 08a
Sy fik 329. 62463, 35a 11.0641.77a 5.56+1. 32a 27.5%17. 16a 12.0248. 81b
A2 AR A bk K1 488. 87440, 06a 12.08+1.51a 6.1141.31ab 21.34+12.59% 38.51421. 83a
i 170. 36 +£39. 08¢ 5.8841. 24¢ 4.9041. 43ab 31.42+17.38a 17.894+11.15b
F ST 2.56™ 19.18" " ° 8.33""" 2.29™ 3.01™
DL 101.15" "7 44,40 "7 15.58" " " 21.78"° "7 25.87" "7
o - o Mg/1 ﬂ%ﬁg/ A Y{ A IZ
(g kg ) (g+ kg ) (mg * kg ) (mg* kg )
A2 K 1) A TR 32 Ak KA i 4.18%+2.00a 1.59+0. 22a 847.68+88. 29a 5.89=+1.05b
53 fift 2.68%+1.10a 0.814+0.17a 611.29+169.61a 1.7240. 61b
[55] i 22 K K1 it 5.2842.17a 1.0440. 47b 833. 824140, 71a 9.2944. 06a
0y i 2.5940. 65a 0.7140.42a 706.45+107. 24a 5.194+2. 96a
2 A dlibk KAy 4.274+1.32a 1.74+0. 18a 715.79+148.78b 7.74+4. 64ab
53 it 2.34740. 85a 0.5740. 30a 445, 154214, 92b 5.71+4.00a
F ST 1.26™ 7,437 10.54" " 77170
DL 34,75 71.53" " 27.57" " 16.727 " *




158 PR 2 B 2 39 &
K4 HMONETHNLERIZMHANERFESH
Table 4 Two-way ANOVA on the effects of stands and seasons on soil nutrients
e SOC/ TN/ TP/ K/ Ca/ Mg/ DOC/ DON/ DOP/
(g+kg D (gekg D (gekg D (gekg D (mgeke ) (gekeg D (gekeg D (mgekg ') (mgekg D
ST 2.92™ 4,877 27.54" "7 0.05™ 11.58" "7 9.19" " 4,87 10. 74" "7 1.83™
S 1.32™ 1.38™ 0.99™ 3.67" 2.18™ 0.74™ 2.75" 2.58™ 4,08" "
ST&.S 3.737 "7 5.66° "7 16.92" "7 1.80™ 2.63" " 9.82" " 3.60" "7 6.32" "7 2.33" "7
TE:S. T » RoR P<<0.05; * x R/ P<0.01, T,
RS MOERMEFTHEAZYRIEZMANERATESH
Table 5 Two-way ANOVA on the effects of stands and seasons on litter nutrients g+ kg !

¥ TC TN TP K Ca Mg DOC DON DOP
ST 2.56™ 19.18" "7 8.337" 2.29™ 3.01™ 1.26"™ 7.437° 10.547 77 .71
S 187.86" " 79,77 "7 18.49" "7 22,9477 28.70" "7 35.03" " 104.63" " 35.46" "7 19.84" "7
ST&.S 29,447 77 10.69° "7 0.20" 1.57™ 2.82™ 1.02™ 10,777 "7 1.48™ 0.82™
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=) 2 O ;C ¢
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s ®

X X
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o <

= =

3 @

< <
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=L ; ; ; | < L i I ; i

-1.04xis-120.63% 1.0 -1.04xis-131.21% 1.0

A.0~10 ecm £J2;B.10~20 cm £)2;C. 20~30 cm £J2;D. K492 s E. 402 ; SOM. £ 84 HLTT s DOC. 7] % 44 HLAK s DON. 1T i% #4
HLE  DOP. FLIR A LB s TC. 20 TN, %0 TP, 2 i K. &8 ;Ca. 245 ; Ma. 25,

1

Fig. 1
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Redundancy analysis of soil organic matter and soluble organic components with nutrient factors
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Table 6 Correlation coefficient between soil organic matter and nutrient factors

+J)2/ecm g

F4r R ¥

0~10 10~20 20~30 KA i I ik
AR PEA LR/ (g » kg™ D) 0.409" 0.433" " 0.499" " 0. 069 0.436" "
AEPEAHL N/ (mg » kg™ ) 0.530" " 0.171 0.146 0.492% " 0.461°*
AN P/ (mg » kg D 0.089 0.093 —0.019 0.449" " —0. 249
&C/(gekg™D —0.04 0.729" "
4 N/(g+kg D 0.819" " 0.635"" 0.547" " —0.041 0.682""
£ P/(g-kg D 0.390" 0.529"" 0.552"" 0.208 0.153
£ K/(g+kg D —0.074 0.242 0.108 —0.538" " —0.053
4 Ca/(mg - kg —0.091 0.115 0.263 —0.697" " 0.057
4 Mg/(g+kg D) 0.660" " 0.578" " 0.556" " 0.417" 0.157

3 fifp (4 B LN 2R C/ NGB HE A 9 ) i g . A
Y B A i V%5 0 L A2 K R K W o AR 0 M e 4L I
TR B R O 1% 3 B TR O BT IR A
MR R 22 5 A Y O v TR N 2 08 0t T
Vi ) 7 0 WA i B A O i 0 0 AR R R TR )
F14 73 ifp » DT Jo o 8 ) 2 M o 3R L B T R SRR
BT 3 RO 2 A 3R B )2 TR
1B B . 1 3 B R R IO L R TR T A A
LU T b SR G S A W v Y AR AR AR
FASFARATE L S8 TR 00 B BRI 5% 7% AR RO &=
TR AAEF A L R SR A3 B - VR
ORI EER N Sk

3 bR I3 2B - HERN I V% W IR op 2 32 B FE
ARAH 2 5 S RS P 3R e BE R Y AE AL
HA—ELFWHNRX LIRS R, T
eSS ST B & S SURP S AR Sy g
AR ] A 0P R S AR Sl R 2 A g i 1 R I A2
PSR R N 2 T N S B & 24 S G
SR U T ) 03 Ak 0 B I R 2 —  WE R X R AR
7 MG o T = T 4 2 7 A i A G O O 1
IS 5 35 43 RS NI ARG T U8 9 4 J2 1 3%
oy, BeAh AT I 5T R T B L XA U )
FIHE B A i e bR — B R 2 A )
GOANAIY] L B AR — JBEAE 6 Tt B v ) i e
WY R SO VS Y 3R 4 52 B A R
JEHZ—,

A HLRR T ZOR IR TR 1 19 JR Y 4
Je FCH T HR o3 AR 64 5% A W A S Y i AR Al 2
i 1) - AT HLAR 19 5 A . A B 52 3R W] L A [ bk oy 41
IR e A BB B SEAFAE 3 28 S, 4 NI AT
HLBK Jz 4 Mg X L3 LR AF 75 2 35 20, fF & Lu
SRR, RN SR SEEY R N HZH
Fi BB W N S R R i 3 23 5

Ve oy R R o A EE R I RR BE bR R K R R
C/N — JBe e e o A F T AR W A 2R 3 i X
R WO S e RS N R OR S8 ) A 0 B
SECEF AR RSN SRR 3 5 A 5 45 S
A, i E N Z 5 oA W A R A O, R N
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