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Abstract:In the last decades, large-scale native forests have been converted to fast-growing and high yield
commercial forest plantations to meet the demands for timber, fuel material, and other forest products.
Some silvicultural measures, such as planting pure stands, clear cutting and slash burning, have been
widely applied during this conversion. Yield decline and land deterioration in such disturbed ecosystem has
become serious. In this context, the ecological comparisons between native forests and monoculture
plantations are necessary in providing the implications for sustainable management. Few studies on fine
roots dynamics have been conducted within these ecosystems though the importance of fine roots in carbon
and nutrient cycling has been increasingly emphasized due to their rapid turnover rates.

Two 33 year old plantations, Chinese fir (Cunninghamia lanceolata, CF) and Castanopsis kawakamii
(CK), were chosen to examine fine root (< 2mm in diameter) distribution, seasonal pattern and net
production in a 3 year study period. Results from these two plantations were compared with those of an
adjacent natural forest of Castanopsis kawakamii (NF, ~150 year old) in Sanming, Fujian, China. Only
the fine roots of overstory trees were considered in this study. Root biomass and necromass were
determined by sequential soil coring at a bimonthly interval. Soil cores were divided into 10 depths: 0~10,
10~20, 20~30, 30~40, 40~50, 50~60, 60~70, 70~80, 80~90 and 90~100 cm. Litter bags (18 cm
X 18 cm in size, 0.25 mm in mesh) were used to determine the decay rates of fine roots <0. 5mm, 0.5~
lmm, and 1~ 2mm in diameter, respectively. Annual net production, mortality, decomposition and
turnover rate of fine roots were calculated by the compartment-flow method.

During the 1999~ 2001, the mean annual fine root biomass ranged from 1.485 t/hm? in the CF to
4.944 t/hm? in the NF, and the mean annual fine root necromass from 1.287 t/hm? in the CF to 3.563
t/hm” in the NF. The contribution of <{0. 5 mm roots to total fine root biomass ranged from 31. 2% in the
NF to 69.9% in the CF. Significant seasonal changes were found between these forests (P<C0.05), while
no yearly variations were detected significantly (P > 0.05). An early spring flush of root biomass
(March) was found in these three forests, and the minimum value mainly occurred during May-July or
November-January. For the NF, 59. 8% of root biomass was found in the top soil of 0~10 cm, a layer
that maximum depth distribution difference among these forests occurred. where root biomass of the NF
was 2. 37 times and 8. 12 times as much as that of the CK and the CF, respectively. Percentages of original
mass lost during the first year of decomposition ranged from 43.79% ~56.31% for the FH to 68. 34% ~
80.13% for the NF. Mean annual root decomposition, mortality and production ranged from 8.47
t/(hm?* +a), 8.632 t/(hm*+a) and 9.5 t/(hm* « a) in the NF to 2.503 t/(hm? *» a), 2.492 t/(hm* * a)
and 2.513 t/(hm* « a) in the CF. The mean root turnover rate ranged from 1.78 times/a in the NF to
1. 69 times/a in the CF.

Key words: fine roots; seasonal pattern; vertical distribution; production; turnover; natural forest;

monoculture plantations.
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Table 1 Stand characteristics and soil properties in the
MM, \F, CK and CF
Imm, 0. Smm 3 ’ Forest type!”
Parameters
) N N N NEF @ CK CF
[6] 0]
80C , ACZP) 0.95 0.95 0. 85
P (m)?» 24.3 18.9 21.9
: @ (em)? 42.2 242 23.3
2y —
(t/hm?) = (&) 3 (stem/hm?)? 255 875 1117
X (t/10°g) /(m(6. 8cm/2)* X (hm?*/10%m?*)) © (m3/hm?)? 398. 412 425.
310 431 912
( @ (t/hm?) 10.115 0.780 1.993
i ) ®(t/hm?) 0.867  0.292  2.478
D(t/hm?) 7.720  7.441  3.155
2.2
(0~20cm) (g/em?) 0.93  1.10  1.20
> 1~2mm,0. 5~1mm,<{0. 5mm 3 (g/kg) 46.0 29.8 29.5
. 5g 18cm X N (g/kg) 1. 88 1.12 1.12
18cm. 0. 25mm ( P (g/kg) 0.36  0.31  0.29
N k 135. 6 115. 2 110. 3
). 10cm (mg/kg) ’
P (mg/ke) 7.63  5.92  4.69
s 80 30,60,90,150,
* 1) NF natural forest of Castanopsis
210,270,330,390,510, 630, 750d )
kawakamii; CK C. kawakamii plantation
6 h forest; CF Chinese fir ( Cunninghamia
» 80C ’ ° lanceolata) plantation forest. 2)
2.3 Castanopsis kawakamii is only involved in the NF
. (D Stand characteristics, 2) Canopy coverage, (3) Mean
Ls.30], tree height,@)Mean tree diameter at breast height,()Stand

LFR, = LFR, |, + P, — M,
DFR, = DRT, | + M, — D,
D, = (DFR, ., + M,)DR,

density , ®) Stand volume . (7)Biomass of shrub layer ,®
Biomass of herb layer, © Standing crop of forest floor.,
Bulk density,

Soil (top 0~ 20cm) properties, Organic

T =P)Y matter, Total N, Total P,  Hydrolyzable N,

\LFR. DFR. P+ M. D. DR. T Y Available P

Y .
2.4
SPSS(11.0) o
(P<<0.05), t (P<<0.05), X/Xo=exp(—Fkt)( , X0

X td 3 )9 s
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o 33a
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( ) N
[1.4.35.36]
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Table 2 Fine root (<_2mm) biomass and necromass (t/hm?) of tree layer in the NF, CK and CF
Fine root biomass Fine root necromass
Forest types 1999 2000 2001 Mean 1999 2000 2001 Mean Total
NF
s 2.119 2.041 2.151 2.104 1. 412 1127 1. 246 1. 262 3.366
~zm
M 40.513 40.446  +£0.411  +£0.468  +£0.731  £0.677 +£0.696  +£0.67  +0.687
o 1. 441 1.388 1.437 1. 422 1. 154 0.974 1.075 1. 068 2.49
o~ Imm
’ 40.335  40.287 40.2  40.307  +0.59  40.556 +£0.597 +0.552  +0.761
o 1.432 1.374 1. 449 1. 418 1.303 1.078 1.319 1. 234 2. 652
< omm
4+0.289  40.181 +0.319 +0.302 40.718 40.694 4+0.713 4+0.675  40.729
bl 1992 1.803 5.037 1.944 3. 869 3.179 3. 64 3.563 8.507
PO 10055 £1.077  £1.030  40.995 4+1.911  41.901 4+1.933 4+1.848  +1.690
CK
ey 1.388 1.472 1.531 1. 469 0.998 0.987 1. 04 1.008 2.477
mm 40.238  40.197  40.237  40.342  4+0.421  4£0.429  4+0.39  4+0.389  40.734
N 0.849 0. 854 0. 885 0.863 0. 854 0.836 0.899 0.863 1.726
IR 00113 40.121 40.116  4+0.209  40.39  40.388  -£0.339  +0.351  40.602
0.837 0.875 0.905 0.872 0.859 0. 864 0.91 0.878 1.75
< 0. 5mm -
40.125  40.137  4£0.119  40.222  40.335  4+0.416 4+0.342  4+0.345  40.541
bl 3074 3.201 3.32 3.198 2.71 2. 687 2.849 2.749 5. 947
o C
WOTOML 0,436 40.412 40.416  40.409  £1.138  £1.229  +0.979 +1.055  40.906
CF
L 0.554 0.587 0.568 0.57 0.378 0.349 0.366 0.363 0.933
mm 40.1  40.149  +0.116 +0.117  +0.099  +0.099 40.082 -+0.095  ~+0.236
o 0.283 0.259 0.271 0.271 0.357 0.285 0.320 0.329 0.592
MM 0111 40.065  40.097  40.088 40.102  40.081 40.079 40.087  =40.187
o 0.674 0.617 0. 642 0. 644 0.638 0.561 0. 609 0.603 1.247
MM 10,229 4£0.182 £0.208  +0.196  4+0.170  40.134  £0.127 +0.134  +0.211
S 1.51 1. 463 1. 481 1,485  1.372a  1.195a  1.204a 1. 287 2.772
a
Hbto 40.392  40.324  +0.355 +0.337  +0.349 40.288 40.264 £0.320  +0.621
* 1 See footnotes in table 1
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b, . 12% ~
25907, (2590, (1590, 26 %)M,
Lt k 0.65~1.62,
(0. 02~1. 74)L6-13:28:244845] (0. 6~1. 74)L13-20830
3
(1. 4~11.5 t/hm*)t8), Table 3 Mass loss rates after the first year of

( 40cm , < 2mm) , decomposition and the decomposition rate coefficients of
0~ 40cm fine roots in the NF. CK and CF
1
. ; Decomposition rate
25,26 iamete
s 0~20cm . Diameter Mass loss coefficient
(417 Forest type  class
( (mm) rate after Day- Year-
5, one year (%) paged based
. 0~40cm NF = 1~2 68. 34 0. 0032 1.15
0.5~1 75.78 0. 0039 1.4
i <0.5 80.13 0. 0045 1.62
24.27.31
° 33 ) CK 1~2 63.51 0.0028 1.01
11 S 0.5~1 7454 0.0038  1.37
27 LI 5), <0.5 77.95 0.0042 1.51
Gill and Jackson , CF 1~2 47. 69 0.0018 0. 65
0.019~2. 644/ 0.5~1 54.71 0.0022 0.79
. ~ 2. a
<0.5 60.78 0.0026 0. 94
, 0.56/a"",
(1. 69~1. 78/a) * 1 See footnotes in table 1
.69~1.78/a .
[46]
9 o ’
[24~27]
’
C 5. s ( .
) ( . . )
[30]
b o
s _ [23,24,26 27:( 5)0 _ s

Table 4 Annual fine root production, mortality and decomposition (t/(hm? + a)) and turnover rates (a ') in the NF,

CK and CF

Forest type Year Decomposition Mortality Production Turnover rate

NF * 1999 9.227 7.887 8. 832 1. 97
2000 7.921 8. 481 8. 061 1.68
2001 9.093 9.529 9.5 1. 89
Mean 8. 747 8.632 8. 797 1.78
CK 1999 4.892 4.587 5.952 1. 94
2000 4.997 5.647 5.411 1. 69
2001 5.143 5.209 4.911 1.48

Mean 5.011 5.148 5.425 1.7
CF 1999 2.651 2.573 2.734 1. 81
2000 2.333 2. 387 2. 255 1.54
2001 2.526 2.517 2.551 1.72
Mean 2.503 2.492 2.513 1. 69

* 1 See footnotes in table 1
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Table 5 Fine root productivity in various forest ecosystems
Diameter Sampling Production Method
Forest t Climat Age (a) S
orest type imate ge (a (mm) depth (em)  (t/(hm? + 2)) ource
Pure
forest of A 11 <2 45 1.137 i _ 24
?res ° Northern subtropics ’ Advanced Max-min
C. lanceolata
Pure
forest of Micheli 11 <2 45 4. 318 ) 24
oresto . reheta Northern subtropics ? Advanced Max-min
macclurei
Mixed forest of C. North " <3 5 179 - o
lanceolata and M. or er.n ' Advanced Max-min
) subtropics
macclurei
Castanopsis 76 <2 40 7.371 I h 25
. t L9
eyrel Mid-subtropics nigrowth core
. , 27 <2 100 2.504 ' , 27
C. lanceolata Mid-subtropics Advanced Max-min
Natural forest of C. ) ~150 <2 20 6.373% Present
atura (1115 0 Mid-subtropics ? Compartment flow model resen
kawakamii tudy
40 7.952*% Present
Compartment flow model resen
study
C.
. Mid- _
kawakamii . 33 <2 40 4.405" . Present
. subtropics Compartment flow model
plantation forest study
Mid: 33 <2 40 1.793 Present
5 resen
C. lanceolata subtropics Compartment flow model
study
Southern <2 10 2. 65 ’ 26
monsoon  evergreen .
vere subtropics Advanced Max-min
broad-leaved forest
mixed coniferous Southern <7 10 9.4 - 2%
and broad-leaved subtropics h ' Advanced Max-min
forest
Moist . . . ..
X Tropics <3 25 8.3~8.9 Summation of positive 41
deciduous . .
biomass increments
Semi- . . ..
Tropics <3 25 7.9~8.04 Summation of positive 41
evergreen forest . .
biomass increments
Evergreen . . . . ..
Tropics <3 25 6.3~9.4 Summation of positive 41
forest . .
biomass increments
* Productivity of fine roots at different soil depth

was calculated according to their

respective biomass proportion in total fine root biomass
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