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Effects of Chinese-fir mixing with N-fixing and non-N fixing tree species on

forestland quality and forest-floor solution chemistry
HUANG Yu'"?, FENG Zong-Wei', WANG Si-Long”, YU Xiao-Jun*, GAO Hong”, WANG Qing-Kui® .
Department of Systems Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China; 2.
Huitong Experimental Station of Forest Ecology, Chinese Academy of Sciences, Huitong Hu’nan Province 418307, China). Acta Ecologica
Sinica2004,24(10):2192~2199.
Abstract :Chinese fir (Cunningharnia lanceolata), a type of subtropical fast-growing conifer tree, widely distributed in South
China, and its plantation area in China is more than 7 X 10° hm?, accounting for 24 % of total area of planted forest in China. In
recent decades, the system of successive plantation of Chinese fir is widely used in the southern china for an anticipated high
economic return. However, recent studies have documented that the practice of this system led to dramatic decreases in soil
fertility and forest environment as well as in productivity. Compared with the first plantation generation of Chinese-fir, soil
organic C, N, P, K and forest productivity, respectively, decrease 12.0%, 18.8% ., 16.7%, 10.2% and 12.5% for the
second rotation, 18.5%, 31.2% . 27.5%, 25.4% and 45.5% for the third rotation. Therefore, in recent years, increasing
concern about the sustainable productivity of Chinese fir plantation forest has emphasized the need to seek a way to control the
forestland degradation effectively and maintain soil quality.

Some forest ecologists and managers recognize the ecological role performed by broadleaf trees growing in mixtures with
conifers, and a great deal of studies on mixtures effects have been conducted, particularly on mixture species of temperate and

boreal forest, but these research results were not completely consistent each other. Maybe the mixtures effects depend in large
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part on specific site conditions, the interactions among species in mixtures and biological characteristics of species, etc. .
Although some researchers also studied the effects of mixtures of Chinese fir and broadleaf tree species on soil fertility, forest
environment and tree growth status, little information is available about systematic studies in mid-subtropical region on
different forest management models such as mixtures of Chinese-fir and broadleaf trees (including N-fixing and non-N-fixing
tree species), effects on soil quality, in particular on soil microbiological and biological properties. Similarly, repots about
effects of different forest management models on forest-floor solution chemistry are also very scarce.

The experimental site was situated at Huitong Experimental Station of Forest Ecology, Chinese Academy of Sciences,
Hunan Province (N 26°40'~ 27°09" latitude and E 109°26' ~ 110°08" longitude). It locates at the transition zone from the
Yunnan-Guizhou plateau to the low mountains and hills of southern bank of Yangtz River at an altitude of 300~1100 m above
mean sea level and at the same time, it is also a member of the Chinese Ecosystem Research Network (CERN), sponsored by
the Chinese Academy of Sciences (CAS). This region has a humid mid-subtropical monsoon climate with a mean annual
precipitation of 1200~1400 mm, most of the rain falling between April and August, and a mean temperature of 16.5 C with a
mean minimum of 4.9 C in January and a mean maximum of 26.6 C in July. The soil of the experimental field is red-yellow
soil.

After a clear-cutting of the first generation Chinese-fir planted forest (Cunninghamia lanceolata) in autumn of 1989, three
different forest management models, viz. mixture of Chinese-fir and N-fixing alder (Alnus cremastogyne) (MCA), mixture of
Chinese-fir and non-N-fixing Kalopanax septemlobus (MCK) and pure Chinese-fir stand (PCS), were established in spring of
1990. The effects of these three planted forest stands on soil characteristics were evaluated by measuring physico-chemical ,
microbiological , biochemical parameters and soil solution chemistry. Both MCA and MCK exerted a favourable effect on soil
fertility maintenance, the improvement being greater under MCA. The concentrations of the mainly atmospherically derived
ions in sol solutions, including SO~ . Cl7, Na® and Mg®*", were significantly higher under the conifer (PCS) than under the
mixtures (MCA and MCK). Whereas the concentrations of ions that mainly controlled by within system processes such as K*,
NO; and NH; varied small among the management models. The concentrations of H" and A" were highest under PCS. SOf~
was the dominant anion and Ca®" the main cation in soil solutions. In addition, the observed evidence from this study also
suggests that, total organic C (TOC), cation exchange capacity (CEC) and microbial biomass-C (Cui) can be used as
indicators of soil quality in planted forest ecosystem under subtropical region.

Key words :Chinese fir; N-fixing tree species; non-N-fixing tree species; soil quality; soil solution chemistry
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Table 1 Soil particle size distribution (%))

Soil particle size

Stand composition

2.0~1.0 mm 1.0~0.5mm  0.5~0.25 mm 0.25~0.05 mm 0.05~0.02 mm 0.02~0.002 mm < 0.002 mm

PCS 0.68 b 0.95 a 0.74 b 2.80b 5.40 a 42.60 a 46. 83 a

+ MCA 0.80 a 0.83 a 0.79 b 3.69 a 5.32 a 42.95 a 45.62 a

+ MCK 0.90 a 0.92 a 1.05 a 3.48 a 5.90 a 41.54 a 46.21 a
5% Values in the same columns that do not contain the same letters are significantly

different at the 5% level; *

the same below

2 N

Table 2 Soil bulk density, porosity and hydrological properties

Stand Bulk density Total porosity Non-capillary Capillary Porosity capillary moisture Natural moisture  Soil thickness
composition (g/cm?) %) porosity (%)  porosity (%) ratio content (%) content (%) (cm)
PCS 1.26 a 52.82 a 4.06 b 48.76 a 0.083 b 51.74 a 29.38 a 77 a
MCA 1.14 a 56.51 a 7.33 a 49.18 a 0.15a 55.26 a 32.80 a 92 a
MCK 1.22 a 54.13 a 6.37 a 47.76 a 0.13 a 53.54 a 30.76 a 86 a
5% Values in the same columns that do not contain the same letters are significantly

different at the 5% level
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2.2.1 pH ’
R R [16,17]
L) C(TOC) (P>0.05C 3),
s - 60.4%C  4), s
. N . N 23.39% (P<C0.05), -
10.87% (P> 0.05), C/N 3 . CEC . -
- CEC 19.12% (P> 0.05) 11.44% (P> 0.05),
. 5 s pH (P>0.05),
3
Table 3 Soil nutrient content
N P P K K N
TOC CEC
Stand (a/ke) Total N C/N Total P Available P Total K Available K Hydrolyzable N ( |/ke)
cmo
composition e/xe (g/kg) (g/kg) (mg/kg) (g/kg) (mg/kg) (mg/kg) €
PCS 13.21 a 1.24 b 10. 65 a 0.075 a 1.08 b 13.31 a 56.13 b 64.95 ¢ 11.19 a
MCA 16.17 a 1.53 a 10.57 a 0.12 a 1.55a 15.54 a 84.62 a 122. 34 a 13.33 a
MCK 14.66 a 1. 38 ab 10.62 a 0. 086 a 1.23 a 13.87 a 103. 07 a 87.89 b 12.47 a
5% Values in the same columns that do not contain the same letters are significantly
different at the 5% level
2.2.2 4
s Table 4 Annual litterfall mass and nutrient accumulation from leaf
[15] 3 , _ litterfall
C , - , Item PCS MCA MCK
- — ..
C ) (P> 0.05)( Litterfall mass (kg/(hm? « a))
Leaf 1970. 8 3591.7 2559.7
6). ’ Non-leaf 1140. 2 1398. 5 1030. 0
s s Total 3111.0 4990. 2 3589.7
Q5] _ C Nutrient accumulation from leaf
litterfall (kg/(hm? +a))
° C 928. 90 1716. 19 1175. 88
C ’ N 23.85 68. 11 31.18
bl , P 1.79 1.15 3. 67
) , HAC/FAC K 7.69 15. 75 13.29
(P>0.05).,
5 pH
° Table 5 Soil pH and exchangeable acid
2.3 " H Al
2.3.1 C(Cuic) Stand Exchangeable Exchangeable Exchangeable
( 7 con; irs‘lition > O acid H Al
’ position KCL - H.O' (1 ol/kg)  (mmol/kg)  (mmol /kg)
C - -
PCS 3.6a 4.2a 54.21 a 46. 08 a 8.13 a
61.51%0 (P<<0.01)  28.17 (P<C0.05), MCA  3.8a 4.4a  34.08b 28.40 b 5.68 b
. . C MCK 3.8a 4.5a 40.79 b 34.37 b 6.42 b
C(P<<0.01), NP<0.01), PPr<CO0.0D 5%

Values in the same columns that do not contain the same letters are
significantly different at the 5% level

(P< 0.05),
(2.52) -

(Caie * Corg) -
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(2.20) (1.91), 6
. (¢CO,) Table 6 Soil humus properties
s C C C
WCO 3 Stand TOC  Humified Humic Fulvic HAC/FAC
° Eg composition organic C  acids C acids C
’ ’ PCS 13.21a 6.2la 1.59 b 4.62 b 0.34a
C ° MCA 16.17 a 8.84 a 2.55 a 6.29 a 0.41 a
2.3.2 MCK 14.66a 7.12a 1.91b 5.21 ab 0.37 a
[20] i 5%
s [ZO]; Values in the same columns that do not contain the same letters are
. ( ) N significantly different at the 5% level
) N (1] H ( ) )
fsd H ( ) ’ s (21] o s
5 « 8, (P<<0.01 P<C0.05),
C.N P s o
s P o s s C
5 (P<C 0.01 P<< 0.05), P
(P<<0.01),
7 C
Table 7 Microbial biomass-C and basal respiration
C(Chic
. . .( ) - < N L (qCO2)
Stand Microbial biomass C TOC (Cric * Corg) basal respiration Metaboli i
composition (mg/kg DWS*) Microbial quotient (mg CO,C/(g DWS* « d)) ctabolic quotient
PCS 252 b 13.21 a 1.91b 9.5 b 1.57 a
MCA 407 a 16.17 a 2.52 a 13.9 a 1.42 a
MCK 323 a 14.66 a 2.20 ab 11.4 ab 1.47 a
5% Values in the same columns that do not contain the same letters are significantly
different at the 5% level; * DWS Dry weight soil . the same below
8
Table 8 Enzyme activities of soils
DH UR PR CA AP
Stand (pg TPF/ (pmol NH;/ (pmol NH;/ (pmol KMnO,/ (pg P-nitrophenol/
composition (g DWS « 24h)) (g DWS « h)) (g DWS « h)) (g DWS « h)) (g DWS « h))
PCS 111.4 b 0.37 b 0.87 b 3.17b 57.7b
MCA 186.9 a 0.61 a 1.36 a 7.60 a 101. 6 a
MCK 134.3 b 0.49 a 1.18 a 5.79 a 86.2 a
5% Values in the same columns that do not contain the same letters are significantly
different at the 5% level
2.4 C.CEC, C
9 10 s K . C.CEC (r<<
0.01 P<<0.05); C (r=0.0279, P> 0.05) (r=—0.0117, P> 0.05) s
R (P<< 0.01 P<<0.05), s
2.5
11 s , SO, Cl, Na' Mg*",
(P<< 0.01 P<C0.05), 5 s
K* NH;,NO;, (P>0.05), 22231 'NOy



10 : 2197

9 C.CEC, C

Table 9 Correlation coefficients between TOC, CEC, Cpnic and Enzyme activities

Item TOC CEC Cnie DH UR PR CA AP
TOC 1
CEC 0.641" " 1
Chmic 0.685" " 0.676" " 1
DH 0.561" " 0.581"~ 0.571"~ 1
UR 0.4927 " 0.590" " 0.580" * 0.468** 1
PR 0.429" 0.558"" 0.581" " 0.437" 0.479" 1
CA 0.350" 0.440" 0.478" " 0.359" 0.374" 0.436" 1
AP 0.379~ 0.399* 0.408" 0.375" 0.274 0. 368" 0.384~ 1

* P<T0.05, * ¥ P<0.01, n=28

10 C.CEC

Table 10 Correlation coefficients between TOC, CEC, Cpic and physico-chemical properties

Item TOC CEC Comie - . - K - N - P .
Total porosity Total K Total N Total P Bulk density
TOC 1
CEC 0.642" 1
Crnic 0.685" " 0.676" "~ 1
Total porosity 0.686"* 0.662" " 0.0279 1
Total K 0.0130 0.116 0.441~ 0.103 1
Total N 0.697" " 0.661" " 0.616" "~ 0.147 0. 0864 1
Total P 0.578" " 0.564" " 0.673" " 0.126 0.119 0.488" " 1
Bulk density —0.492" " —0.458" —0.0117 —0.589" " —0.0921 —0.395" —0.384" 1
* P<C0.05, % x P<C0.01, n=230
- NO; ., H” 11 (pmol /L)
NER JH Al Table 11  Element concentration (pmol/L) of soil solution under
5 11 12 three forest ecosystems
, SO? Al Item PCS MCA MCK
SO7~ 182.88 a 118.76 b 134.83 b
’ NO; 44.71 a 51.35 a 39.37 a
' SO Al ' NO; 2.60a 5.12a 2.83 a
. SO 1380 mg/kgt"; F- 35.76 a 29.94 a 32.82 a
) ) SO, O 86.52 a 51.17 b 57.92 b
; H+ 11.50 a 9.26a 9.77a
’ NH; 3.27 a 2.60 a 2.74 a
’ SO . 11 K- 27.24a 21.06 a 23.73 a
. SOi, Ca’* Na* 213.64 a 120.21 b 133.92 b
. , ( 13), Ca®" 395.07 a 357.48 a 369.16 a
[22\23]DH+ Al Mg?! 94.07 a 56.16 b 59.22 b
AT 4.93 a 3.94 a 4.17 a
(r=0.558, P<<0.01) ,
5%
s H'
Values in the same columns that do not contain the same letters are
(ALCOH); +3H "~ A" +3H.0). Al significantly different at the 5% level
s (Ca™™ +Mg*" +K") /AT
’2510 B R
. AT .
12 (pmol /1)[26]
Table 12 Element concentration (zmol/L) of soil solution under forest ecosystems in Europe 26’
Site H* AT NHi Ca?t Mg?+t K+ Na* NO3z SO7~ Cl
Kootwijk 295 995 123 150 160 48 513 771 778 711
Solling 66 797 14 81 63 32 186 302 665 212

Hoglwald 90 971 26 266 518 23 155 1751 1316 134
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13

Table 13 Correlation coefficient between ions

It SOF~ NOj3 NO3 F- Cl— Ht NHi K+ Na* Ca%t Mg?+ AT

em

SO~ 1. 000

NO;3 0.375" 1. 000

NO, 0.232 0.381* 1. 000

F- 0.317 0. 295 0.175 1. 000

Cl— 0.614** 0.362"° 0. 204 0.436** 1.000

H* 0.175 0.414"* 0.213 0.079 0. 283 1. 000

NH;" 0. 144 0.131 0.129 0.107 0.109 —0. 257 1. 000

K+ 0.596" * 0.447* 0. 087 0.105 0.569** 0.024 0.071 1. 000

Na* 0.332" 0. 209 0. 046 0.074 0.577** 0.019 0.026 0.362" 1. 000

Ca?t 0.647" 0.516" " 0.102 0. 082 0. 308 0.033 0.108 0.587** 0.543"* 1. 000

Mg? 0.571** 0.391" 0. 061 0. 050 0. 281 0.153 0.225 0.491** 0.376" 0.613* " 1. 000

AT 0.114 0. 087 0.035 0. 044 0.143 0.558 % x 0.071 0.026 0.035 0.079 0.169 1. 000

* P<0.05, * % P<{0.01, n=35
3
@)) ) s s
b o 9 o
(2 s s s o
3 s .
(4) C.CEC C s
(5) s s
(6)(Ca™" +Mg”" +K™")/Al*
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