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and adjacent monoculture plantations of C. kaw akamii (CK) and Chinese fir (Cunninghamia lanceolata,
CF) in Sanming, Fujian, China M ean annual total litterfall over 3 years of observations (from 1999 to
2001) was11.01t- hm  ?in theNF, 9.54t- hm  ?in theCK and 5.47 t- hm" ?in the CF regpectively. Of
the total annual litterfall in the three forests, leaf contribution constituted 59. 70%, 71.98% and 58. 29%,
regectively. L itterfall in theN F and CK showed smiilar litterfall pattern with a distinct peak in April of
each year. W hile for the CF, the litterfall peaks occurred in April (or M ay), A ugust and November,
repectively. Except for the highest annual Ca returns in the CF and M g returns in the CK, the three
forests could be arranged in this sequencew ith regpect to annual nutrient returns NF> CK> CF. The
annual percent leaf litter mass lossw as the highest for C. kaw akamii in theNF (98.16%) and the low est
for Chinese fir (60. 78%). Ratiosof C/A and lignin/N had significantly negative influences on decay rate
coefficients, while initial N and water luble compounds exerted significantly positive influences The
results of this study demonstrate that the natural forest has a greater cgpability for maintaining site
productivity than monoculture plantations due to higher anount and quality of litter coupled w ith greater
nutrient returns and faster litter decomposition Therefore, conservation of the natural forest is
recommended as apractical measure in forest managanent to realize sustainable development of forestry in
mountainous areas of southern China

Key words litterfall, nutrient return; litter decomposition; Castanopsis kaw akamii; Cunninghamia

lanceolata; natural forest; monoculture plantation
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Due to rgpid increase of human population and subsequent demands for tmber, fuel material, and
other forest products, many natural forests in theworld have been converted into plantations to meet these
demands® ®. However, problens of reducing community diversity, stability and sustainability of
woodlands in monoculture plantations have aroused people’s worries? *L  In South China w here high
rainfall, steep slopes and fragile il are characteristic, native broad-leaved forests have been cleared for
the last several decades, and successive monoculture plantations of economical conifers are established
follow ing clear-cutting, slash burning, and il preparation A s a consequence, yield decline and land
deterioration in such disturbed ecosystem have become serious'™ ©.

N atural forest of Castanopsis kaw akamii located in N ational N ature Reserve of Xisohu in Sanrming,
Fujian represents the precious evergreen broad-leaved C. kaw akamii forest in mid-subtropical China and
unique in theworld with its high purity (85% of relative prominence for C. kaw akamii), old age (about
150 year) and large area (about 700 m?) " 81 For comparative research on natural and plantation forests,
aswell as broad-leaved and coniferous trees during the 1960s, part of natural C. kaw akamii forest w as
clear-cut to establish a series of pure conifer and broad-leaved tree plantations such as Chinese fir
(Cunningham ia lanceolata), Fokienia hodginsii, C. kaw akamii, O masia xylocarpa, Castangpsis carlesii,
Cyclobalangpsis glauca and P hoebe bournei. Theseplantations and adjacent natural forest had homogeneous
substrate (similar mineralogy, depths, and horizonation). Several studies have reported community

structure and secies diversity in natural C. kaw akamii forest’” * '

A l, difference in vegetation
composition, il fertility and w ater conservation function betw een natural and planted forest ecosystem s
have been exanined™ *. Egecially with recent emphasis placed upon a central role of litterfall in
nutrient cycling in forests, many investigations of litterfall have been carried out in natural forests of
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indigenous and extrinsic tree gecies, in monocultural stands aswell as in mixed stand How ever,

there is fev infomation on litter comparison betw een natural and monocultural forests of the same tree
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pecies Therefore, the primary ams of this study, covering a 3 year period, were to: (i) exanine the
patternsof litterfall in natural C. kaw akamii forest and two monoculture plantationsof C. kaw akamii and
Chinese fir; (ii) quantify nutrient return through litterfall in the three forests and (iii) detemine the
relationship betw een decomposition rate and litter quality.

1 MaterialsandM ethods

1 1 Site descriptions

The natural forest of evergreen broad-leaved C. kaw akamii (NF) and two monoculture plantation
forestsof C. kaw akamii (CK, 33-year-old) and Chinese fir (CF, 33-year-old) study areasw ere located in
Xiaohu work areaof X inkou Experimental Forestry Centre of Fujian A gricultural and Forestry U niversity,
Sanming, Fujian, China ( 26°11'30'N, 117°26'00"E). It borders the D aiying M ountain on the southeast,
and theW uyiM ountain on the northwest The region hasamiddle sub-tropical monsonal climate, with a
mean annual temperature of 19.1 , and a relative humidity of 81 %. Themean annual precipitation is
1749 mm, mainly occuring from M arch to A ugust (Fig 1). M ean annual evapotrangpiration is 1585 mm.
The grow ing seaon is relatively longw ith an annual frost-free period of around 300 days Soilsunder the
NF, CK, and CF are red il derived from sandy shale Thicknessof the il exceeds 1. 0m. Surface ils
(0 20 an depth) in the three forests have organic matter contents of 45.95, 29.84 and 29.48 g- kg *,
total N of 1. 876, 1.121and 1. 120 g- kg * regectively™. In 1999, five 20mx 20m plotsw ere random ly
established at them idslope position in theN F, CK and CF, regectively.

TheNF areaw ason northeastern agpects and 31° slope The floristic compaosition is very abundant
and therew ere formed 139 gecies/3100 2", Further, community structure was complex and the tree
layer can be divided into three sub-layers based on tree height (> 18 m, 12 18 m, and 6 12 m,
regpectively) inwhich C. kaw akamii w as predom inated w ith mean tree height, DBH , density, and stock
of 24.3m, 42.2 an, 255 stens- hm % and 398.310 m®- hm 2, repectively. In addition to C.
kaw akamii, the overstory also contained other tree ecies, such as Pinusmassoniana, Schima superba,
L ithocarpus glaber, Symplocos caudate, M achilus velatina, Randia cochinchinensis, and Symp locos
stellaris, and the stock was 165. 155m®- hm™ % Shrub layer had two sub-layers (repective < 6m and <
2m in height) and dom inated by A rdisia crigpa, V accinium carlesii, Tricalysia dubia, Eurga nitida, and
Ilex pubescens, with biomass and coverage of 10.115 t- hm’? and about 45%, regectively. The
distribution of grassesw as scattered andmainly consistsof Amanum villosum, W oodw ardia japonica, and
D icrangpteris dichotana in herbaceous layer, with biomass of 0.867 t- hm 2 The forest floor had
biomassof 7.720t- hm™ % In 1966, part of thisN Fwas clear-cut, slashed, and burned In 1967, the il
w as prepared by digging holes and then 1-year-old seedlingsof C. kaw akamii and Chinese firw ere planted
w ith density of 3000 trees per hectare

The CK area was on northeastern agpects and 30° slope Stand density averaged 875 stans per
hectare Themean tree height andDBH were 18.9m and 24. 2 an, resgectively, w ith standing volume of
412.431 m®- hm % Forest canopy was unistratal, with coverage of 0.95. U nderstorey vegetation
composition and structurewasmuch smpler than in theNF The gecies that dominated in shrub layer
wereM aesa japonica, A rdisia crigpa, M ussaenda pubescens, and M illettia reticulata, with biomass of
0.780 t- hm™ 2 The herbaceous layer wasmostly comprised of W oodw ardia japonica and D icranop teris

2 Therewas 7-441t- hm™ ?of biomass in the forest floor.

dichotana, and biomasswas 0.292 t- hm~
The CF areaw ason northeastern agpects and 35°slope, w ith average stand density of 1117 stem s per
hectare M ean tree height andDBH were 21.9m and 23. 3 an, regectively. The stand stock and canopy

coverage was 425.912m?- hm™? and O.85, respectively The shrub layer had a biomass of 1.993
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t- hm™ 2, where Ficus hirta, Rubus palmatus, and |lex pubescensw ere predominated Herbaceous layer
w as dom inated by D icranop teris dichotana, A ngigpteris f okiensis, andB lechnum orientale, w ith biomassof
2.478 t- hm' 2 Theforest floor had a biomassof 3.155 t- hm™ 2
1.2 L itter collection

Fifteen 0.5mx 1.0m litter trgpsmade of nylonmesh (1mm mesh size) w ere arranged cater-cornered
in each stand and w ere raised 25an above the ground, and the litterfall w as collected at monthly intervals
from January 1999 to Decanber 2001 The oollected litter at each timew asoven-dried at 80  to constant
weight At the end of each month, the oven-dried litter was combined and sorted into leaves, small
branches (< 2 an in dianeter), flowers, fruits, and miscellaneous material (insect fecal, unidentified
plant parts, etc ). Furthemore, oollected leaf and snall-branch litter in theN F w ere separated into two
classes, viz C. kawakamii and other tree ecies in tree layer. Thereafter monthly mass of each fraction
w as detemrm ined and sub-samplesw ere used for nutrient analysis
1.3 L eaf-litter decomposition

The litterbag techniquew as used to quantify litter decomposition rate In April 1999, freshly fallen/
senescent foliage from C. kaw akamii and other tree gecies in the NF and from tree gecies in two
plantationsw ere oollected on nylon mesh screens for decomposition experiment Sub-samples from leaf-
litter of each geciesw ere retained for the detemination of initial chenical composition Except for leaf-
litter of single tree peciesof C. kaw akamii in theN F and CK, and Chinese fir, leavesof other eciesof
trees in theN F andm ixed-leaf of equal anount of the individual C. kaw akamii and other tree gecies in the
N F w ere anployed for decomposition experiment A know n anount of air-dried leaf litter (20 g) of each
geciesor ecies combination wasput into a 20an x 20an, 1.0mm mesh size nylon bag For each type,
80 bagsw ere prepared and random ly placed on the forest floor in the regective stands at the end of A pril
1999 A fter 30, 60, 90, 150, 210, 270, 330, 390, 510, 630, and 750 days after placement of sanples, 6
litterbags of each typew ere recovered at random from each forest site, and trangorted to the laboratory.
The adhering il, plant detritus and the" ingrow th” rootsw ere excluded, and the bagsw ere then oven-
dried at 80  to constant w eight for the detemination of remaining w eight
1.4 Chanical analyses

L itter sub-samples for detem ination of nutrient and chemical composition w ere oven-dried, ground
and passed through a Inm mesh screen For the detemination of C, the plant sanplesw ere digested in
K2Cr07-H230 4 lution using an oil-bath heating and then C concentration w as detem ined by titration
For detemination of N, P, K, Ca, andM g, the sanplesw ere digested in the lution of H2304-HCIO 4,

and then N concentration was detemmined on the KDN-C azotometer, P concentration was analyzed
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wlormetrically with blue phogpho-molybdate, K concentration by flane photometry, and Ca and M g
concentrationsw ere detem ined by the atomic absorption method!*.  The initial organic constituents of
fresh leaf litter samples including lignin, cellulose, hemicellulose, coarse protein, alcohol and water
oluble compoundsw ere detem ined by proximate cham ical analysis*®.

1.5 Statistical analyses and calculations

The data on mass of total litterfall and each of its fractionsw ere analysed for differences betw een
forests using oneway ANOVA. The percentage of leaf litter mass ramaining during the first year and
initial chemical composition of fresh leaf litter were al® analysed using oneway ANOVA. Themultiple
comparion was detem ined w ith SSR test at a significance level of 0.05™! Statistical analysis of data
expressed as percentagesw as performed after square-arcsine-root transformation

Themonthly nutrient input to the forest floor was computed by multiplying monthly values of each
fraction massw ith its corregponding nutrient concentrations A nnual nutrient input was the sum of 12
monthly nutrient inputs The model for constant potential w eight losses is represented by the follow ing
equation':

x/xo= exp (- kt),

w here x is thew eight ranaining at time t, xo is the initial w eight, the constant k is the decomposing
ooefficient, and t is the time This equation was fitted in the data of one-year mass disappearance
Correlation coefficients (r) betw een k and the chemical propertiesof leaf litter (e g , initial N, initial P,
initial lignin, C/AN, and lignin/N ratios) w ere alo calculated
2 Reaults
2.1 L itterfall

Therew ere significant differences (P< 0.05) in the litter production anong study forests (Table 1).
A verage annual litterfall (1999 2001) ranged from 5468 kg- hm™ ?of the CF to 11008 kg hm™ ®of the
N F and decreased in theorder: NF> CK> CF. Of the total annual litterfall in the three forests, leaf litter
constituted 59.70%, 71.98% and 58.29%, branch 23.07%, 22.35% and 24.99%, reproductive parts
7.86%, 1.63% and 6. 07% and them iscellaneous fraction 9. 37%, 4.04%, and 10. 65%, regectively.

Table 1 Quantity (kg hm™ 2. a 1) and canposition (%, in parentheses) of litterfall in three forests

L eaf of B ranch of )
Forest Subtotal Snall Subtotal . M iscell-
L eaf other tree other tree Flow er Fruit Total
type L. of leaf branch ., of branch aneous
ecies ecies

5400 44+ 1170 78+ 6571 22+ 2298 38+ 240 68+ 2539 06+ 203 86+ 661 50+ 1032 57+ 11008 21+
NF 274 46 249 39 562 33a 393 15 39 35 146 21a 125 99a 337 32a 137 69a 529 36a
(49 06) (1064 (52700 (2088 (219 (23 07) (1 85) (6 01) (9 37) (100)

6864 78+ 6864 78+ 2132 04+ 2132 04+ 13 16+ 141 79+ 385 74+ 9537 51+
CK 159 29 159 29a 356 94 356 94a 9 36b 153 73b 42 1% 532 39%
(71 98) (71 98) (22 35) (22 35) (0 14) (1 49) (4 04) (100)
3187. 69+ 3187 69+ 1366 66+ 1366 66+ 79 11+ 252 70+ 582 29+ 5468 45+
CF 424 09 424 09 62 00 62 00b 2 19c 15 99bc 136 64bc 431 40c
(58 29) (58 29) (24 99) (2499) (1 45) (4 62) (10 65)  (100)

Notes Valuesaremeans+ s d of fiveplotsat each forest over 3 years M eans follow ed by different letterson the sane
oolumn indicate significant differences at P< 0.05 NF, natural forest of Castangsis kaw akamii; CK, C. kaw akamii
plantation forest; CF, Chinese fir (Cunninghamia lanceolata) plantation forest The abbreviations are the same as
elsavhere Other tree pecies in theN F indicate those gecies in the tree layer except for C. kaw akamii and the same as
elsaw here

Total litterfall followed an unimodal distribution pattern for theNF and CK, w ith a distinct peak in
April every year (Fig 2). TheCF showed a trimodal pattern and these litterfall peaksoccurred in April or
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M ay, A ugust, and Novenber, regectively (Fig 2).
2.2 Nutrient return through litterfall

M ean annual anountsof nutrients returned to the
forest floor during 3-year period in the CF were much
low er than for the CK and, notably, theNF (Table 2

4). Returnsof N, P, and K through total litterfall
in theN Fw ere two to three times higher than those in
the CE In contrast, Ca returnsw ere the highest in
the CF (Table 4). TheCK hadmuch higher returnsof
M g than other wo forests (Table 3).

Comparion of annual nutrient return between
different litter fractions indicated that for all the
Pecies the leaf fraction had the highest anount of N,
P, K, Ca, andM g return for all forests (Table2 4).
The CK had the highest N, P, K and M g returns
through leaf litter The leaf fraction of the CF
returned higher anount of Ca than those of theN F and
CK.

2.3 Chanical composition of leaf litter
Initial chemical composition of leaf litter in the
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Fig 2 Monthly total litterfall in the three forests

Error bars indicate = s d , n= 15 per forest

three forests varied considerably (Fig 3). Concentration of Ca in leaf litter of Chinese fir was

Table 2 M ean annual nutrient return through litterfall in the NF (kg- hm~ ?)

Y ear Components N P K Ca Mg Subtotal
Jan Dec L eaf 41 38+ 3 74 3 56+ Q 27 35 16+ 2 8218 39+ 1 56 6 52+ Q 57 105 01
1999 L eaf of other tree pecies 10 42+ Q 44 1 00+ Q 04 4 51+ Q 16 6 02+ Q 22 1 42+ Q 06 23 37
Snall branch 12 42+ 079 098+ Q06 462+ 031 848+ 046140010 279
Branch of other tree pecies 1 87+ 0 130152 Q01 068+ Q05 121+ Q07 Q22002 413
Flow er 159+024018 004 Q040+0Q11 038006016002 271
Fruit 163+ 012024+ 003 230£026 Q56+006035+004 508
M iscellaneous material 11 40+ 062 1 37+ Q09 6 25+ Q32 446+ 016 103+0Q06 2451
Subtotal 8a 71 7. 48 53 92 39 50 11 10 192 71
Jan Dec L eaf 35 67£373279+ 033336237715 71+157571+Q65 935
2000 L eaf of other tree gpecies 7. 96+ Q 44 Q 72+ Q 08 3 69+ Q 21 4 55+ Q0 23 1 04+ Q 06 17 96
Snall branch 12 40+ 098 0 65+ Q 03 389+ 023 748+ 042 142+ Q 12 2584
Branch of other tree gpecies 1 35+ 013009+ Q01 064+t Q06 100£Q09Q 18002 326
Flow er 468142053023 128037 12840026051+015 828
Fruit 375+ 044034+Q004 494+ 068 120+0Q14057+008 108
M iscellaneous material 845+ 050102+012 552+ 036 338+016087+006 1924
Subtotal 74 26 6 14 53 58 34 60 10 30 178 88
Jan Dec L eaf 41 35+ 4 43283+ 02126 792551788+ 1795 70+0Q052 9455
2001 L eaf of other tree pecies 6 35+ Q42 0 63+ Q 03 2 56+ Q 13 4 15+ Q 19 0 91+ Q 05 14 60
Snall branch 1345+ Q73114+ Q05 448+ Q03011 11+ Q52 1 67+ 0 10 31 85
Branch of other tree gpecies 1 13+ 012010+ Q01 031+ Q04 090+ Q07 Q16002 260
Flower 250£041035+006 Q77+015 Q57+ 010022+ Q03 4141
Fruit 507+ 040043+ Q04 613+ 056 209019084+ 010 14 56
M iscellaneous material 1051+ 098 085+ Q009 4 14+ Q33 3 76£023089+007 2015
Subtotal 80 36 6 33 45 18 40 46 10 39 182 72
M ean of 3-year subtotal 78 44 6 65 50 89 38 19 10 60 184 77
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Table 3 M ean annual nutr ient return through litterfall in the CK (kg- hm~ ?)

Y ear Components N P K Ca Mg Subtotal

Jan Dec L eaf 59 06+ 5 62 4 39+ Q 39 44 02+ 3 9021 50+ 2 1711 44+ Q 96 14Q 41
1999 Small branch 1398+ 110114+ Q09 550+ Q46 960+066 289+024 3311
Flow er Q09+ Q001002+001 003+0Q01 003+001 02+Q01 Q19

Fruit 018+ Q002002+ 001 022003 011+ 002 Q07+ Q01 Q60

M iscellaneousmaterial 422+ 042056+Q05 2574023 170015 Q59+0Q06 964

Subtotal 77 53 6 13 52 34 32 94 15 01 183 95

Jan Dec L eaf 42 37+ 4 15 3 37+ Q 41 44 44+ 55020 72+ 2 781Q 23+ 1 19 121 13
2000 Snall branch 1025+ 061061+ Q05 373+ Q24 750+£046 220+0Q15 24 29
Flow er 025+ Q09006002 Q09+ Q03 Q08002 G0O5+tQ02 Q653

Fruit 045+ Q07004+ 001 051+ Q09 Q24+ 007 016002 140

M iscellaneous material 425+045051+ Q07 211+ 018 1524015 052+Q005 891

Subtotal 57 57 4 59 50 88 30 06 13 16 156 26

Jan Dec L eaf 54 03+ 5 15 3 92+ Q 25 35 33+ 3 0820 30+ 2 001Q 47+ Q 81 124 05
2001 Small branch 1398+ 133114+ 011 306026 843+ 046 251+ Q21 29 12
Flow er 010£002Q02+0Q01 Q02001 Q03+Q01 Q02+Q01 Q18

Fruit 1724024014+ 002 224+ 035 109+Q014 Q71012 59

M iscellaneousmaterial 528+ 058049+ Q06 225+Q25 177£018 Q 64+ Q 07 1Q 43

Subtotal 75 11 570 42 90 31 62 14 35 169 68

M ean of 3-year subtotal 70 07 5 47 48 71 31 54 14 17 169 96

Table 4 M ean annual nutrient return through litterfall in the CF (kg- hm™ ?)

Y ear Components N P K Ca Mg Subtotal

Jan Dec L eaf 30 20+ 1 67 163+ Q07 12 08+ 1 3635 72+ 2 45 7 36+ Q 42 86 99
1999 Small branch 714+ 043061+ Q04 312+ 029 923+ Q6119=+013 2205
Flower Q090+ 004006001 019+002 080+004015£0Q02 210

Fruit 211+ 017018+ Q02 146010 101+011Q039+0Q04 515

M iscellaneous material 551+ Q60049+ 013 169+Q16 6 25+ 060 117+ Q16 15 11

Subtotal 45 86 297 18 54 53 01 11 02 131 40

Jan Dec L eaf 18 49+ 1 10 1 32+ Q 09 7 64+ Q 5336 47+ 2 57 5 50+ Q 36 69 42
2000 Snall branch 629+ Q56042+ 004 292+ Q2010 24+ 083172+ Q15 21 59
Flow er 08+007004+ 001 016002 Q52006 Q09+001 170

Fruit 153015011+ 001 121+Q17 092+ 015036005 413

M iscellaneousmaterial 389+026024+002 104+Q10 567032097+ Q07 11 81

Subtotal 31 09 2 13 12 97 53 82 8 64 108 65

Jan Dec L eaf 16 97+ Q 90 1 05+ Q 06 6 57+ Q 7825 45+ 1 47 4 02+ Q 21 54 06
2001 Snall branch 566+ 035040+ 002 188014 7 73+041138+0Q008 17 05
Flow er Q72004005+t 0Q01 011+ 001 Q71+Q06Q14+0Q02 173

Fruit 167014014+ 002 113+ 008 08+007030+003 408

M iscellaneous material 782+ 067056004 249+ 017 902+ Q68 167+0Q 13 21 56

Subtotal 32 84 2 20 12 18 43 75 7 51 98 48

M ean of 3-year subtotal 36 60 2 43 14 56 50 19 9 06 112 84

significantly higher than those of other gecies (P < 0.05). Total C concentration showed the similar
trend How ever, no significant differences in concentrationsof N and P anong these leavesw ere observed
For concentrations of organic components, there were only significant differences anong alcohol and
anong w ater-soluble compounds (P< 0. 05).

2.4 L eaf-litter decomposition
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1.6
Leaf litter of C. kawakamii in the NF

14 Leaf litter of C. kawakamii in the CK b
[ Leaf litter of other tree species in the NF

12 M Needle litter of Chinese fir in the CF

Nutrient concentration(%)

Nutrient

50 -

Concentration of organic components(%)

§
§.
N

ASC WSC Lignin Hemicellulose Cellulose
Organic component

Fig 3 Initial chenical composition of leaf litter from the three forests
Notes Error bars indicate + s d , n= 5 Concentrations followed by different letters denote a significant
difference at P< 0.05; A SC, A locohol soluble compounds W SC, W ater oluble compounds CP, coarse protein
The significantly fastest decompositionw as found for leaf litter of C. kaw akamii in theN F, with only

1.84% of the initial mass remained at the end of the first year of study (P< 0.05). M ass loss in Chinese
fir needle-litter was the least, with 39.22% of initial mass undecomposed after one year (Fig 4). L eaf-
litter decomposition over the 750-day period for all speciesw as characterized by an initial faster rate of
disgppearance, follow ed by a subsequent slow er rate For instance, leavesof C. kaw akamii in theN F and
CK, and of mixed leaves, lost 90.61%, 86.03%, and 74.34% of their initial weight in the first 150 day
period, regectively, comparedw ith 9.36%, 13.58%, and 25.14% in the later 600 day period
3 D iscussion

3.1 L itterfall
L itterfall production in forest ecosystem is detem ined by climatic condition, secies composition, and
successional stage in its development™ %L In this study, the observed litterfall of the natural forest

(11.01t- hm™ % a ') was in the upper part of the range recorded for subtropical evergreen broadleaved
forests® ! and even equivalent to or higher than that in some tropical rain forests elsavhere in the

world® % W hile comparedw ith adjacent C. kaw akam i plantation (71.98%) in the same study area and
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a Castanopsis eyrei forest (76.20%) in W uyi 120 o Leaf litter of C. kawakamii in the NF

[27] , leaf fall in theNF represented a snaller —A— Leaf littgr of other.ﬂee spe(fies in the NF
- Needle litter of Chinese fir in the CF
-o- Leaf litter of C. kawakamii in the CK
—A— Mixed leaf litter from C. kawakamii and

mountain
proportion (59.70%) of the total litter, but higher

than that in evergreen broadleaved forest (52. 70%) in
[29]
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plantations may explain the higher litterfall in the _ o .

7 1008 N ) o Fig 4 Percentage of dry mass remaining in various
NF * *. Significant differences in litterfall betw een

leaf litter groups during 750 days of decomposition
CK and CF oould be attributed to tree characteristics
In general, broadleaved trees had higher litterfall than that of coniferous trees!’® %,
For the NF and CK, amajor peak of litterfall was observed in April every year during the 3-year
period, corregponding to the phenomenon thatmost of old leavesw ere replaced by nev ones in the ring

This rhythm was coincided with that of subtropical rain forest of Hexi®.

W hile in a Castanogpsis eyrei
forest inW uyimountain and a Populus bonatii forest in A ilao mountain, litterfall show ed a bmodal pattern
w ith peaksoccurring in A pril and Novanber!® ?. V ariations in litterfall pattern anong these forest types
of subtropical China seemed to further testify the opinion of L in et al who considered natural forest of
C. kaw akamii in Saiqming as a transitional type from suthern subtropical rain forest to mid-subtropical
evergreen broadleaved forest'”. A vailable studies concerning Chinese fir plantations mostly showed that

1% %1 "\ hereasour study show ed a third, snaller peak in

this conifer yielded two litterfall peaks in a year
A ugust, which was probably due to the highest actual evapotrangiration (AET) and slow-grow th
characteristic of Chinese fir in the period'® *®! Y ear-to-year variations in litter production and litterfall
pattern for the three forestsmay be related to annual change in rainfall and its pattern In 2000, the
significant rise in litterfall in A pril and decline inM ay in the three forests (Fig 2) were primarily caused
by effect of rainfall For understanding the annual variations in litterfall production and its pattern, more
long-tem studies are necessary.
3.2 Nutrient return through litterfall

M ean annual nutrient returns through litterfall in N F (184. 77 kg- hm™ 2) were higher than those in
subtropical rain forest of Hexi (176.16 kg- hm™ 2)'®!, primary L ithocarpus xylocarpus forest in A ilao
mountain (178.76 kg- hm™ ?)'*! and a Castanapsis ey rei forest in W uyi mountain (82.37 kg- hm™ 2) 71,
but much lower compared w ith old-grow th evergreen broadleaved forest in Dinghu mountain (219. 61
kg- hm™2)'®! The nutrient input from the CK (169.96 kg- hm™ ?) was tw ice as large as that of a 30-
year-old Populus bonatii stand®!. The CF had a nutrient input close to that of pure Chinese fir plantations
in Tianlin and Huitong™ *. The higher calcium return (50.19 kg- hm™ 2- a ') in the CF than that in
other two forests reflected higher anount of this elenent taken up by Chinese fir'®!, which was in

agreanentw ith the resultsof Tian et al.

. A'sP isthemajor limiting nutrient for tree grow th of many
subtropical forests, P return through litterfall has an important impact on il nutrient characteristics,
epecially in the surface layers®! In this study, annual returnsof P from litterfall in the three forests
were all higher than that in broadleaved Castanapsis ey rei forest in W uyiM ountain (1.39 kg- hm™ 2?2

However, annual P returns in the CF (2.43 kg- hm %) were much lower than that in monson
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broadleaved evergreen forest in D inghu M ountain (5.89 kg- hm™ *)™®. The variations therein may be
related to the difference in site conditions and tree gecies
3.3 L eaf-litter decomposition related to its quality

At a regional scalew ith smilar climatic conditions, litter decomposition rates are primarily controlled

by litter quality through its effectson the activities of il organisn st* *1

Ragpid mass loss in the earlier
stagew as largely assciated w ith easily decomposed compounds, such as alooholAv ater oluble compounds
and hamicellulose, while the relatively slov mass loss in the later stage was probably correlated w ith
recalcitrant compounds, such as lignin and cellulose’ *1  The higher anounts of alcoholAvater oluble
compounds seemed to stimulate the litterfall decomposition process, which was shown by 9.39% and
13. 97% of dry weight remaining for leavesof C. kaw akamii in theN F and CK reectively after 150 days
of the onset of decomposition (Fig 4). However, for all leaf-litter pecies, strong relationships of initial
oontents of aloohol-luble compounds, cellulose, hemicellulose, and coarse protein with decay rates
cannot be recognized in our study, except for water-luble compounds T ripathi and Singh alo found a
positive effect of w ater-luble substanceson initial litter decomposition™®".

High initial concentrations of N in litter or P in litter at siteswith low P availability have generally
been considered to increase decomposition rates™ * *1 Correlation studies confirmed that initial N and P
ooncentrations (r= 0.474 and 0.258, regectively) exerted positive influences on litter decay rate
ooefficients in this study. Unlike N and P, high initial lignin concentration is expected to retard the
decomposition process, because lignin is an interfering factor in the degradation of cellulose and other
carbohydrates, aswell asproteins™. L eavesof C. kaw akamii and other tree gecies in theN F had low er
initial lignin-concentration than needle of Chinese fir, which was in agreenent w ith the low est decay rate
of needle litter of Chinese fir (r= - 0.235). In addition, ratiosof C/AN (r= - 0.821) and ligninN (r =
- 0.563) show ed significant negative relationshipsw ith decay rate coefficient (k). M any previousworkers
alo have elucidated such relationships™® *! In this paper, the annual decomposition rate of mixed leaf
litter (92.24%) was relatively faster as compared to that of leaf litter of other tree gpecies in the NF
(80.24%), show ing omaw hat stimulative decomposition of mixed foliar litters A further study should be
oconducted to explore the possible interactions of mixed littersw ith different quality. M oreover, better
quality of leaf litter and higher litterall in the N F contributed to greater quantities and higher activities of
il microorganisn, which in turn promoted litter decomposition processes thus, il fertility was
mproved™ *1
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