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Abstract: N utrient dynamics of decomposing leaf litter w as studied in wo 33-year-old plantations, Chinese fir (Cunninghamia
lanceolata, CF) and Castanopsis kaw akamii (CK), and compared with that of an adjacent natural forest of Castangpsis
kaw akamii (NF, 150 year old) in Sanming, Fujian, China During the decomposition, varying degree of initial increase
follow ed by decrease of N concentrationsw asobserved in leaf litter, while initial increase and then decrease of P concentration
wasonly found in leavesof other tree ecies in theN F and Chinese fir needle The concentrationsof Ca andM g increased in
all leaves except for Chinese fir needle, w hereas that of K decreased consistently. U sing the model x:= xoe *
oonstantsof nutrients ranged from 0. 678 to 4.088 for N (kv ), from 0.621 to 4.308 for P (ke), from 1.408 to 4. 421 for K

(kc), from 0.799 to 3. 756 for Ca (kca) and from 0.837 to 3.894 forM g (kug) respectively. The decay constantsof nutrients

, the decay

during leaf-litter decomposition can be arranged in the sequence of kk> kr> kn > kwg> kca, except for leaf litter of Chinese fir
where k> kug> kea> kv > ke. A nnual nutrient release from decaying leaf litters in the three forestswasN, 10.73 48.19kg/
(hm?- a); P, 0.61 3.70kg/(hm* a); K, 6.66 39.61kg/(hm* a); Ca, 17.90 20.91kg/(hm? - a) andM g, 3.21
9.85 kg/(hm?- a) regectively. Itwas concluded that faster nutrient release of leaf litter and its greater anount in the natural
broadleaved forest w ere beneficial to nutrient recycling and il fertility maintenance than monoculture coniferous plantations
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1 Introduction
Forest litter acts as an input-output system of nutrients and its decays contribute to the regulation of nutrient cycling as

[ 4 Thus, it iscritical to understand the nutrient return and

well as il fertility and primary productivity in forest ecosysten s
corregponding nutrient release from litter in these forest ecosystens™ ®. Degite a wealth of infomation on litter
decomposition dynamics in different forest ecosystens of the world has been compiled, largely in temperate and tropical
forestst™ ® "1, a relative fev studies were carried out in forests of uthern China, an area of the most mportant world
subtropical forests

In southern China, w here high rainfall, steep slopes, and fragile il are characteristic, large-scale of native forests have
been converted to monoculture plantations (mainly econom ical conifers) follow ing forest land clear-cutting, slash burning, and
il preparation Y ield decline and land deterioration have become noticeable during this conversion, and how to maintain il

n® L Currently, difference in vegetation composition,

fertility in thesemanaged plantations has received considerable attentio
il fertility, litterfall anount and its nutrient return, fine root production and turnover betw een natural Castanopsis kaw akam ii
forest and plantations have been examined!™ ™. The objective of this study was to detemine nutrient release from
decomposing leaf litter in two plantation forests of Cunninghamia lanceolata (Chinese fir, CF) and C. kaw akamii (CK), and
an adjacent natural forest of C. kaw akamii (N F).

2 M ater ialsand methods

2 1 Site descriptiont™® !

The study sitesw ere located in Xinkou Town, Sanming City, Fujian Province, China ( 26°11'30N, 117°26'00'E). Site
descriptions and stand characteristics and il properties of the three studied forests, viz , plantation forest of Cunninghamia
lanceolata (Chinese fir, CF), plantation forest of C. kawakamii (CK), and natural forest of C. kaw akamii (NF), were
detailed in referenced™
2 2 L eaf-litter decomposition

The litterbag techniquew as used to quantify decomposition of leaf litter In April 1999, freshly fallen/senescent leaves
from C. kaw akamii and other tree ecies in the NF and from tree gecies in two plantationsw ere collected on nylon mesh
screens for decomposition experiment Three sub-sanples from each leaf-litter eciesw ere retained for the detem ination of
initial chenical composition Except for leaf-litter of single tree eciesof C. kaw akamii in theNF and CK, and Chinese fir,
leaves of other geciesof trees in theN F and mixed-leaf of equal anount of the individual C. kaw akamii and other tree ecies
in theN F w ere anployed for decomposition experiment A know n anount of air-dried leaf litter (20 g) of each gpecieswasput
into @ 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 regpective stands at the end of April 1999 A fter 30, 60, 90, 150, 210, 270, 330, 390, 510, 630, and 750 days
after placament of samples, 6 litterbagsw ere recovered at random from each forest site, and trangorted to the laboratory.
The adhering wil, plant detritus and the" ingrow th” rootsw ere excluded, and the bagsw ere then dried at 80  to constant
w eight for the detem ination of remainingw eight Sub-samples by gpecies and datew ere reserved for the analysisof N, P, K,
Ca andM g concentrations
2 3 Chanical analyses

A Il oven-dried litter sub-samplesw ere ground and passed through a Imm mesh screen before chemical analysis For the
detemination of C, the plant samples were digested in K2Cr07-H2804 lution using an oil-bath heating and then C
concentration w as detemined from titration For detemination of N, P, K, Ca, andM g, the samplesw ere digested in the
Dlution of H2804-HCIO4, and then N concentration w as detem ined on the KDN -C azotometer, P concentration w as analyzed
olorimetrically w ith blue phogpho-molybdate, K by flane photometry, and Ca andM g concentrationsw ere determm ined by the
atom ic aborption method!™®. The initial lignin concentrationsof leaf litter sanplesw ere detem ined by the proximate chem ical
analysis”™® A Il chemical analysesw ere carried out in triplicate on the same subsample

2 4 Statistical analyses and calculations
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The dataon nutrient release after 750 days and initial chemical composition of fresh leaf-litter w ere analysed using a one-
way ANOVA. Themultiple omparisonsw ere determ inedw ith the least significant difference (L D) test at a significance level
of Q 05!""L Statistical analysis of data expressed as percentagesw as performed after square-root arcsine transformation

Themodel for the lossof nutrients during the studied decomposition period is represented by the follow ing equation™":

Xt= Xo€ “

w here xt is the nutrient remaining at time t, xo is the initial nutrient content, the constant k is the decomposing coefficient, and
t is the tme Correlation coefficients (r) betw een decay constants of nutrients and the initial chem ical properties of leaf litter
w ere al® calculated
3 Reaults
3 1 Nutrient concentrations in decomposing leaf litter

V arying degree of increase follow ed by decrease of N concentrationsw asobserved in leaf litter (Fig- 1). At the end of one
year, N concentration in needles of Chinese fir was still 135 % of the initial N concentration In case of C. kaw akamii in the
N F the increase in N concentrationsoccurred only up to early 210 days and thereafter therew as a sharp decline Therewas a
decreased trend in the C/N ratiosfor all leaf litters in the course of decomposition and the decreased degreew as similar anong

these leaf litters (Fig. 2).
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Fig 1 Changesof relative concentrationsof N, P, K, CaandM g in the various leaf litters over a 750 day period (Bars indicate + s d ,
n= 6)

e | eaf litter of C. kaw akamii in theNF o L eaf litter of C. kaw akamii in the CK L eaf litter of other tree pecies in theNF A
M ixed leaf litter from C. kaw akamii and other tree eciesin theNF ®m N eedle litter of Chinese fir in the CF

P ooncentrations in leaves of C. kaw akamii in the CK and NF and mixed leaves decreased during decay, w hile they
relatively increased initially and then decreased in leavesof other tree pecies in theN F and Chinese fir needle (Fig. 1). TheN/
P ratios in needle litter of Chinese fir ramained relatively constant until 210 daysw hen therew as a significant increase and then
declined gradually from 270 days O‘ther leaf litters show ed an increase in N /P ratios during the decomposition (Fig. 3).

Generally, K concentrations declined during decomposition for all leaf litter types (Fig- 1). The concentrations of Ca and
M g increased upon decomposition for leavesof C. kaw akamii in the CK andN F, other tree ecies in theN F and mixed leaves,
w hile the concentrations in decomposing Chinese fir needle show ed a decreasew ith tme Initial Ca concentrations of leaves of
C. kaw akamii in the CK and N F w ere distinctly low er than in Chinese fir needle (Fig- 1).

3 2 Nutrient remaining rates of decomposing leaf litter
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the stands, C.
kaw akamii leaf litter in the N F show ed the highest net release

Considering N dynamics under all
(98.2% of initial N content in the first year), and Chinese fir
the low est one (Fig.4). Decrease in P stocks in all leaf types
reflects net mineralization of this nutrient from the beginning
How ever, throughout the decomposition period different
degrees of increase in P stock w as recorded for leavesof Chinese
fir (Fig.4). The tendency toward net release of K in all leaf
litters was evident during the decomposition (Fig.4). There
w as a decline in both the anountsof Ca andM g in various leaf
litters over time (Fig 4). Lossesof Ca andM gwere rgpid in
the first 150 days after w hich they w ere released slow ly from C.
kaw akamii leaf litter in theN F and CK and mixed leaves W hile
leavesof other tree gpecies in theN F and Chinese fir show ed net
mineralization of Ca andM g gradually (Fig- 4).

The decay constant of N (kv ) ranged from 0. 678 in Chinese
fir to 4.088 in C. kaw akamii in theN F; the decay constant of P
(k) ranged from 0.621 for Chinese fir to 4.308 for C.
kaw akamii in the NF; and the decay constant of K (k«) al®
ranged from 1.408 in Chinese fir to 4.421 in C. kaw akamii in
theN F(Table 1). The highest decay constants of Ca (kca) and
Mg (kug) were 3.756 and 3.894 for C. kaw akamii in the NF
regpectively (Table 1). The decay constants of nutrients during
leaf-litter decomposition can be arranged in the sequence of kx>
kp> kn > kvg> kca, except for leaf litter of Chinese fir w here kk
> k> kea> kn> ke (Table 1).
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Table 1 The parameter s of the decan position models X = Xoe X

N utrient contents

T ree ecies
kn R2 kp R? kk R? kca R? kv g R?
C. kaw akamii in theNF 4.088 0.9923 4.308 0.9921 4.421 0.9907 3.756 0.9900 3.894 0.9907
Other tree pecies in theN F 1.604 0.9789 1.843 0.9872 2.111 0.9952 1.427 0.9691 1.594 O0.9897
M ixed C. kaw akamii and other tree geciesin theNF 2.583 0.9916 2.788 0.9936 3.061 0.9909 2.403 0.9915 2.464 0.9921
C. kaw akamii in the CK 2.701 0.975 2.960 0.968 3.154 0.9703 2.506 0.9615 2.583 0.9619
Chinese fir 0.678 0.960 0.621 0.8062 1.408 0.9635 0.799 0.9725 0.837 0.9743

Notes A Il regressionsw ere significant at the 0. 05 level

3 3 Nutrient release

Annual returnsof N, P and K through leaf-litter in the N F and CK w ere significantly higher than those in the CF (P<
0.05). The CF returned the highest anount of Ca and the CK the low est W hile the CK had the highestM g returns through
leaf litter (Table 2).

A nnual nutrient release from decaying litter w as detem ined by the nutrient decay rate and annual return of nutrients In
the present study, 10.73 48.19kg/(hm? a) N, 0.61 3.70kg/(hm?  a) P, 6.66 39.61kg/(hm?  a) K, 17.90 20.91
kg/(hm? a) Caand 3.21 9.85kg/(hm?- a) M gw ere released through leaf fall (Table 2). The CK had the highest releases
of N, P, K andM g from decomposing leaf litter. The leaf fraction of theN F released higher anountsof Ca than those of other
wo forests (Table 2).

Table 2 Annual nutrient return!* and release (kg/(hm?- a))of N, P, K, CaandM g by leaf-litter in the three forests

N P K Ca Mg

Tree gecies Annual Annual Annual Annual Annual Annual Annual Annual Annual A nnual

return release return release return release return release return  release
C. kaw akamii in theNF 39.47 38.68 3.06 3.03 31.86 31.54 17.33 16.98 5.98 5. 86
Other tree gecies in theN F 8.24 6.59 0.78 0. 66 3.59 3.16 4.91 3.93 1.12 0.85
C. kaw akamii and other tree peciesin theNF 47.71 45.27 3.84 3.69 35.45 34.7 22.24 20.91 7.1 6.71
C. kaw akamii in the CK 51.82 48.19 3.89 3.70  41.26 39.61 20.84 19.17 10.71 9.85
Chinese fir 21.89 10.73  1.33 0.61 8.76 6.66 32.55 17.90 5.63 3.21

4 D iscussion
4 1 Nutrient concentrations in decomposing leaf litter

N utrient concentrations are known to vary to some extent during the decomposing period and between leaf litter
types® * 1 The increase in N concentrations (Fig 1) follow ed by a decline over time asobserved in this study is smilar to
the patterns found in other studies® *. The increases in N concentrations in decomposing leaf litter w ere due to mechanisn s
such asmicrobial mmobilization of N, fungal translocation or insect frass™, which resulted in a decrease in the C/N ratio of
residues Chinese fir needle litter had a low er initial N concentration in comparion w ith other leaf litters and mmobilized N
over a longer period than other leaf litters (Fig. 1).

A ooncentration increase in the early stage of decomposition was also found in leaf litters of other tree gecies in theNF
and Chinese fir for P, which was observed in some other studies’® %L It had been suggested that P immobilization, or an
increase in P concentration occurred where P was limiting to microbial activity™ ®. Vogt et al. implied that C/P ratios
detem ined w hether P immobilization would occur®!.  Generally P immobilization occurred w hen the C/P ratio w as high than
300! A Ithough initial C/P ratios in leavesof C. kaw akamii in theN F and CK and mixed leaves renained higher than 300,
their consistent decreases in P concentrations during 750 daysw ere found T he regular critical C/P value could not be affim ed
by our results, suggesting that critical C/P ratiosmight vary under different conditions!®!

K, as a monovalent cation, was weakly bound to the adsorption complex and the decrease in its concentration was
restricted to the initial stage of decomposition, and could be attributed to leaching!® The clear increases of Ca and M g
concentrations in all leaf litter types except for Chinese fir needlew ere smilar to the study by V anW esamael'®”! but different
from the situation in me tanperate forests!®

4 2 Nutrient release from decomposing leaf litter
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The high precipitation and temperature of subtropical clinates yield a general high rate of nutrient release coupled w ith

decomposition N utrient minerlization constants of the five leaf litters (Table 1, Fig.4) were in the upper part of the range

reported for the subtropics’® %!

[1, 21]

Locally, the rates of nutrient release were mainly modified by differences in substrate
quality Since five leaf litter types in the present study were exposed to same climatic conditions, the betw een-type
differences in nutrient release rates of leaf litters should relate to the substrate quality (Table 3). A negative exponential
pattern for nutrient release from decomposing leaf litterswas found (Table 1, Fig- 4), characterized by an initial rgpid and a
subsequent slow release phase, w hichw as in agreanentw ith the results reported by Janaludheen and Kumar®. How ever, this
pattern differed from the generalized tri-phasicmodel proposed by Berg and Staaf'®!. Rapid nutrient release in the earlier stage
might be largely asciated w ith leaching or mineralization of the soluble nutrient fraction, while the relatively slow nutrient
release in the later stage isperhaps due to the binding of nutrient elenent to lignin or polyphenolics in the leaves!™ %!

Table 3 Initial chamical camposition of various leaf litter types

Composition C. kaw akamii Other tree pecies M ixed C. kaw akamii and C. kaw akamii Chinese fir
(mg/gD. M. ) in theNF in theN F other tree gecies in theN F in the CK
C 460+ 14ab 476+ 19ac 469+ 17a 444+ 9.7b 493+ 9. 5¢
N 7.5t 1.4a 6.9+ 0. 5a 7.1+ 0. 5a 7.6+ 1.6a 6.8+ 1.6a
P 0. 63+ 0.08a 0. 62+ 0. 05a 0.63+ 0. 06a 0. 62+ 0.07a 0. 37+ 0.03b
L ignin 295+ 26a 309+ 27a 303+ 27a 301+ 25a 333+ 26a
CAN ratio 61 69 66 58 72
C/P ratio 730 768 744 716 1333
L ignin/N ratio 39 46 43 40 49

Notes Valuesaremeanst s.d., n= 3 Different letters on the same row s indicate significant differences (P< Q 05). D. M. : dry matter

Release of N began at once for all leaf litter typesw ithout net accumulation, suggesting that N was not a Imiting factor
for microorganisn s because the initial N concentrations in these leaf-littersw as relatively high compared to other studies'™ !
Initial N concentration of leaf litter was strongly positively correlated with kv (r= 0.838, P= 0.076). W hile initial lignin
concentration and lignin/N ratios show ed significant negative correlationsw ith kv (r= - 0.911, P= 0.03% r= - 0.951, P=
0. 013, regpectively). Compared to lignin and lignin/N ratios, C/N ratiowasal significantly but negatively related to kv (r=
- 0.815, P= 0.093). M any previousworkers als have found such negative relationships'® 2

The P release patterns observed alb demonstrate the importance of substrate quality on nutrient dynamics P
concentration and N /P ratio in the renaining leaf litter suggested that N dynamicsmight influence that of P, at least in the
early stagesof decomposition TheN /P ratio in fresh leaf litter of Chinese fir w as higher compared w ith other leaf litters and
show ed a short immobilization phase A s 10 is the ideal N /P ratio for decomposers®!, the highest initial N /P ratio in the CF
indicated that P could be more limiting in the leaf-litter decomposition in the CF than in other forests Further, leaf litters
except for Chinese fir needle maintained gradual increases of the N /P ratios throughout the decomposition, suggesting that
nitrogen w as controlling phosphorus dynamics The three forests had low il P availability'® and thus P release from litterfall
could play an mportant control of site productivity.

Among the nutrients, K had themost rapid rate of release (Table 1). Of the initial anount of K, 47% 70% w as lost
from decomposing leaf litter during the first 60 days comparedw ith aw eight lossof 16% 56%!"); and the valuesof k« w ere
much higher than those of k!*?! (Table 1). This indicated initial leaching loss of K because of its strong lubility. For all leaf
litter types, net mineralizations of Ca andM g occurred directly and the patterns of release w ere smilar to those reported in

[19, 27]

other studies The anount of M gwas lost at approximately the sane rate as the dry weight'™, while relatively low er

release rate of Ca thanM gw asobserved T he behaviour of the two elenentsw as comparablew ith that in somemediterranean
forests™’!

On an average, annual anountsof nutrient return and release of leaf litter in theN F were a little low er than those in the
CK but significantly higher than in the CF (Table 2), which might bemainly related to the differences of absolute anount of
leaf litter in three forestsl™ Further, greater litter (including fine roots) production!™ *!, a faster rate of nutrient
m ineralization asciated w ith litter decomposition in theN F and CK compared to those in the CF indicated rgpid recycling of

nutrientsw ithin the systansandmight be beneficial to mprovements in il fertility. D etails regarding changes in il nutrient
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status in the three forests are presented elsaw here!™’.
5 Conclusion

Generally, broadleaved forests had higher anount and quality of litter coupled with greater nutrient returnst™ than
ooniferous ones C. kaw akamii, not only in natural forest, but al® in monoculture plantation, exhibited higher rate and
greater anount of nutrient release from decomposing leaf litter than Chinese fir plantation Substrate quality, such as initial
concentrationsof N and lignin, lignin/N and C/AN ratios, show ed significant correlationsw ith nutrient m ineralization constants
of leaf litter. Egecially leaf-litter of broadleaved trees had faster release of N comparedw ith those of conifers Chinese firw as
found more P-limiting than other tree gecies in the leaf decomposition Overall the higher returns and decay constants of N
and P make the broadleaved trees more effective in release of these two nutrients than oconifers, which indicates that
broadleaved trees are more promising ecies instead of Chinese fir for afforestation, since N and P are the major Imiting

nutrients for most of subtropical forests of China
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