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Abstract: Effects of human mpactson fine roots and il organic matter of a pine forest in subtropical Chinaw ere studied by
comparing treatment (harvesting understory and litter acoording to practice of local people) and control (no harvest) plotsin a
pine forest from 1990 to 1995 During this studied period, the total anount of material harvested by thispractice in treatment
plotswas 21.7 t/him? In control plots, the standing stocks of understory increased from 2.2 to 11. 1 t/hm? at a significantly
linear pattern, while the standing stocksof litter (including dead understory) increased from 3.0 to 13.3 t/hm® Harvesting
practice had no significant effect on the standing fine root biomass, but significantly reduced =il light organic matter in pine
forest M ass loss in decomposing fine rootsw as linear in both control and treatment plots Fine roots decomposed significantly
faster in treatment (40.8 percent of initial mass remaining at the end of the 448 day experment) than in control plots
(44.3%). Nutrient losses from decomposing fine rootsw ere significantly faster in treatment plots than in control plots for N
and P, but therew ere no significant difference for other elenents These trends indicated that there could be a higher potential
for nutrient loss by harvesting understory and litter (more nutrients available for understory uptake and litter mobilizing N
during early stage of decomposition) and by leaching in treatment plots
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1 Introduction

Conversion to non-forest use is considered to be one of the largest threats to tropical forestsworldvide Currently,
tropical deforestation is estimated to beon theorder of 10million hm?per year during the 1990s*. How ever, of equal concern,
but yet poorly known, is degradation of tropical forests, including reductions in biomass, fragnentation, and loss in
biodiversity™?. Degradation is generally the causew hen a forest has a significantly low er biom ass than would be expected given
the climate conditions and the il type'®. Factors behind degradation included: intensive harvesting of biomass for timber and
fuewood, unsustainable agriculture, fires, and overgrazing by domestic animals Removal of biomass causes nutrient losses
and changes in il physical and chemical characteristicd® "% The amount of nutrient loss depends on the intensity of the
activities, envirormental factors, and type and successional state of the forest If nutrient losses cannot be recovered during
regrow th, forests often become degraded through tme!® °. Thus, it is mportant that the effects of hunan-impacts on the
forest ecosystan structure, function and dynamics be well understood to develop sustainable forest managenent plans
How ever, disturbed ecosystem s are anong the least studied in the tropics™®

M ost of the land originally coveredw ith primary forests in southern China has been degraded by human activities during
the past several hundred years!™. In extrane cases, the land becane completely non-vegetated!™. A ttempts to reverse this
process of land degradation have been initiated in the southern region of China Over the last fev decades, large areas have
been reforestedw ith a native pine gecies, Pinusmassoniana Forestsplantedw ith this pecies currently are the largest p lanted

forest area in southern China and the largest areaof pine forests in Chinal™ .

Cutting of treesisprohibited, but harvesting of
understory and litter is allowed to satisfy human fuel needs Compared w ith w hole-tree harvest, this practice renoves less
biomass from the forests

Previous research on the organic matter and nutrient cycling dynanics in these disturbed pine forests in outhern China
demonstrated that harvesting understory and litter renoved substantial quantities of nutrients, and gppeared to exceed most
nutrient inputs from atmospheric deposition!™ 1 This harvesting has also other indirect effects it increased the potential for

leaching losses of nitrogen'’.

Compared w ith rannant mature forests of the region, rehabilitated forests (reforested but no
understory and litter harvesting), and other tropical pine forests, the disturbed forest appears to have low er productivity and
low er nutrient levels” * 1 Thecurrent low site productivity appears to bemainly caused by the practice of biomass renoval
on this initially degraded site”” ** !

In reponse to nutrient poor sites, forest often develop a dense fine root systeam to captureor extract nutrients to maintain
a tight nutrient cycle™® **! Because P inusmassoniana can tolerate nutrient-poor ilsand low ilmoisture, it isoften found on

barren hills and serves as a primary secies in forest succession™!.

Fine rootsmay be epecially important in this degraded
human-mpacted pine forests, but there is no information available on fine roots in any of these pine forests to ascertain their
mportance

The goals of the present study were to: (1) detemine the role of fine roots on nutrient cycling in the disturbed pine
forest; (2) effectsof harvesting understory and litter on il light organic matter; (3) effects of harvesting understory and
litter on fine root decomposition and its nutrient dynanic Results from such studiesw ill provide insight into themechanisns
underlying the low productivity, low biomass, and low nutrient availability observed previously in the degraded site!™ **. This
has important gpplication to the field of ecosystem rehabilitation and restoration'®!
2 M ethods
2 1 Description of study site

This study was conducted in a pine forest in the UN ESCO M AB D inghushan Biophere Reserve (DHSBR) in suthern
China In 1956, the area becane the first nature reserve in China andw as affiliated w ith the Chinese A cademy of Sciences In
1978, aN ational Forest Ecosysten Experimental Stationw as established in the reserve One year later, the reservew asplaced
in theUN ESCO M AB network of reserves for the humid tropics The biogphere reserve lies in them iddle part of Guangdong
Province (112°10' E longitude and 23°10' N latitude).

The DHSBR occupies an area of approximately 1200 hm? There are mainly three forest types in this reserve pine
© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.
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(disturbed), pine-broadleaf mixed (rehabilitated), and monson evergreen broadleaf forests (M EBF-mature). The monsoon
evergreen broadleaf forest, at about 250 300m above sea level (asl) occupies 20% of the reserve area, themixed pine and
broadleaf forest, at about 200 m asl occupies 50%, and the pine forest, at about 50 200m asl occupies 20% ', The pine
forestw asplanted in about 193Q It has been under constant human pressuresmost of the time since itw asplanted (generally
the harvesting of understory and litter) ™

The reserve has amonson climate and is located in a subtropical moist forest life zone!™. Themean annual rainfall of
1927 mm has a distinct seasonal pattern, w ith 75 percent of it falling from M arch to A ugust and only 6 percent from D ecem ber

[22)

to February Annual average relative humidity is 80 percent M ean annual temperature is 21.0 , with an average

temperature of the coldest (January) and hottest (July) month of 12 6% and 28.0 , regectively'™.

The pine forest (disturbed) is dominated by Pinusmassoniana Pine trees range from 100 to 1 000 trees per hm?, with
dianetersof 4 to 32 an and heightsof 3 to 11m!*®. A ge of pine trees range from 12 to 69 a, with amean valueof 30 a In
addition to pine trees, therewere a fev eucalyptus trees (Eucalyptus robusta). U nderstory gpecies included grasses, ferns,
vines and shrubs for a total of 43 pecies™. The il in the pine forest is lateritic red earth formed from sandstone, the il
depth is generally less than 30 an to bedrock!*.

To investigate the mpact of harvesting understory and litter in the pine forest (disturbed) on il organicmatter and fine
roots, we used apaired-plot design, w ith 20 replicates™. Each pair consisted of a treatment (continued harvest) and control
(no harvest) plot, 10mx 10 m in size, and surrounded by a 10 m w ide buffer strip. In the treatment plots, local people
continued to harvest litter and understory acoording to their practice (about 2 to 3 times a year) from the beginning of the
experiment inM ay 1990 Control plotswere protected from any harvesting Each plot of a pair was similar in il, slope,
apect, and elevation to itsmatched plot™!

2 2 Field sanpling

The anount of litter and understory renoved by harvestingw as estmated by inviting four women from the local village
onto the treatment plots to harvest at their usual time and in their usualmanner. Once to tw ice per year, litter only w as raked
from theplots A Il thematerial in the treatment plotsw as raked from theplotsand the freshw eight detemined in the field In
addition, generally once a year in the fall, the treatment plotsw ere subject to afull harvest In thiscase, all understory plants
were cut to the ground surface, weighed, and renoved Then the ground surfacew as raked and the material separated into
pine needles and dead understory; freshw eightsw eremeasured for each component Subsamplesof all material from each plot
were returned to the laboratory for w et-to-dry w eight ratios*’

In N ovember 1990, all biomass (excluding trees) in three 1m? random ly located quadrants in each of the 20 control plots
in pine forest w as harvested M aterial w as separated into live understory, dead understory, and pine litter. These components
werew eighted in the field and subsanpled for w et-to-dry w eight ratios This sanplingw as repeated inOct 1991, Oct 1992,
Oct 1993 and Oct 1995 W e used this data to determm ine the pattern of standing stocks of understory biomass and of litter

(including dead understory and pine litter) in control plotsof pine forest

Soil organic matter can be divided into several fractions depending upon its role in il nutrient dynamics®. Themore
labile fraction (active fraction) ™!, comprised mainly of plant residues in various stages of decomposition, ismost likely the
fraction that would be most regponsive to the removal of litter and understory and the fraction that would repond the fastest
after the practicew as stopped T his fraction is al referred to as the light organic matter fraction (LOM )'*. L ight organic

matter is operationally defined as the fraction that passes a 2 mm sieve but not a 0. 25mm sieve after the il is floated in

[24] [24]

w ater T he heavy organicmatter is the rennant of the total il organicmatter (SOM ) after ranoving the LOM

On Sept 11, 1990, we collected from each plot in pine forest one composite il sanple to 10 an depth using a standard

121 W e used these cores

il probe (1 9 an inside diameter) taken at seven random location throughout the plot in pine forest
to measure the light organicmatter fraction (LOM ) in the il and the fine root biomass (€ 5mm dianeter) in pine forest
Smultaneously, we cllected an additional composite sample of three cores from approximately the plot center for detem ining
il bulk density. Samplesw ere returned to the lab for separation and analysis™ **. Samplingw as repeated onM ay 15, 1995
Ingrow th cylindersw ere used in wo random ly selected pairsof plots in pine forest to determ ine fine root grow th rate (<

5mm butmostly £ 2mm diameter; dead rootsw ere not sgparated). A t the beginning of the study, soil from 0 10 an depth
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w as mllected, air-dried, and roots renoved by sieving Thismaterial was then packed into 72 cylinders (10 an tall, 7 an
dianeter and 8 mm mesh) ! at spproximately the original bulk density One Feb 21, 1991, the cylindersw ere random ly
placed in holes to 10 an degp. Three replicate cylinders (12 at each llection) from each plot were mllected at 2 months
intervals from April 1991 to Feb 1992 T he cylindersw ere returned to the lab for separation and analysis

Fine root decomposition in pine forest (€ 2mm dianeter) and changes in nutrient concentrationw ere detem ined by using
closed, mesh litter bags A total of 40 bagsw ere prepared from Q@ 5mm mesh polyvinyl screen of approximately 25 anx 25 an
in dmension Each bagw as filled w ith about 10 g, w ater-cleaned and air-dried m ixed fine root mass OnJan 28, 1995, the
mixed fine root bagsw ere evenly distributed in the il (0 10 an depth) anong wo random ly selected pairs of plots Two
replicate bags (8 at each collection) w ere collected from each plot at about 4, 8, 16, 32, 48w eeksafter the start of the study.
The bagsw ere returned to the lab for separation and analysis
2 3 L aboratory procedures and data analy ses

For extracting LOM , the unground il sampleswere placed in a 500 m| beaker, water was added, and the contents
stirred several times!®. The contentsw ere sieved through a 2mm and 0. 25mm sieve; thisprocedurew as repeated until no
more material w as trapped on the sieves The organicmatter collected in the 0. 25mm sieve (LOM ) was dried to a constant
weight at 105 . Subsamplesw ere ashed at 550 and rew eighed to provide the ash content Results are reported on an ash-
free basis

Thematerial mllected on the 2mm sievew asmostly fine roots (€ 5mm dianeter); any coarsewoody roots and non-root
material w as renoved from the samples by hand W e used thew ater method to clean the il off material from the ingrow th
cylinders

A ll root material from each experiment was dried to a constant weight at 40 immediately after finishing the process
above Root sanplesw ere ground to passa 0. 15mm mesh sieve Subsamplesof rootswere dried at 105 , and all results are

Ji5.16, 241

reported on 105  basi Fine root production ratesw ere estmatedw ith them ethods described by Cuevas andM edina

fine root production w as calculated as themass of roots in the cylinder, expressed on an area basis, divided by the number of

daysof exposure!®!

iz

All N concentrations of root material were detemined with semimicro-K jeldahl digestion® followed by detection of

(2] Concentrationsfor other elenents (P, K, Ca, andM g) w ere detem inedw ith

anmoniun w ith aW escan anmonia analyzer
the methods given in A nderon and Ingram: total phogphorusw as detemined by the colormetric method and the available
cationsw ere detem ined by the atomic absorption method N utrient content of a component w as detemm ined as the product of
nutrient concentration and themassof the component!®.

A paired t-test wasused to test the differences in fine roots, light organicmatter, fine root decomposition and its nutrients
betw een treatment and control plots L east square regression analysisw as used to detem ine the relationship betw een fine root
biomassand LOM. D ifferencesfor all testsw ere considered to be significant at the 0. 05 level
3 Reaults
3 1 Quantity of understory and litter

T he total anount of material harvested in treatment plots each year during the period of 1990 to 1995 varied from 3.0 to
6.1t/(hm?- a), with an average of 3.5 t/(hm?- a) (Fig 1). The larger anount of material harvested in 1995w asmost
likely caused by no harvesting in 1994 U nderstory accounted for 53 to 80 percent of the total harvested material The total
anount of material harvested in treatment plots for the five yearswas 21. 7 t/hm?

In control plots, how ever, after stopping harvesting practice the standing stocksof understory increased from 2.2 to 11. 1
t/hm? at a significantly linear pattern (R?= 0.974, p= 0.002, n= 5, curve not showed in the Figures) w ith year during the
studied period of 1990 to 1995 (Fig 2). Similarly, the standing stocksof litter (including dead understory) in control plots
increased from 3.0 to 13. 3 t/hm? during the period of study.

3 2 Fine root biomass and light organicmatter

The standing fine root biomass tended to be positively correlated w ith light organic matter in September 1990 for both

oontrol and treatment plots (p values for control and treatment plotswas 0. 026 and 0. 086, regectively, Fig 3). A fter five

years inM ay 1995, a stronger correlation betw een standing fine root biomass and light organicmatter w as found in treatment
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Fig 1 Dyananic of understory and litter harvested in the treatment

plots of pine forest in Dinghushan biogherer reserve, outhern Fig 2 Dyananic standing stocks of unerstory and litter harvested

China during 1990 1995 in the control plots in pine forest in D inghushan biogphere reserve,
wouthern China during 1990 1995

15 Sept. 1990- Control 151 ° Sept. 1990-Treatment
12 12+
* ¢ ¢
9+ - A
9 . . .
= 6 - * 6 * ¢
. y=0.187x +3.62 . S
. . =0.243x + 3.984
é R =0.246 (p=0.026,n =20 . * . y=0. -
5 3F %e . (r ) 3r ‘. R2=0.155 (p = 0.086, n = 20)
§ 0 1 1 1 1 1 J 0 1 1 1 1 1 J
g 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Q
§ 301 o May 1995-Control 30 May 1995-Treatment
8 251 25 -
%o . 3
220 . 20
*
15 .: . ° 15
10 |- e o o 10 -
., N * o . *® y=1.039x+4.768
51 51 N R2=0.442(p=0.001,n=20)
0 1 1 Il ] 0 1 1 1 Il J
0 5 10 15 20 0 3 6 9 12 15

Fine root biomass (t/hm?)

Fig 3 Relationship of fine root biomass and il light organicmatter in Sept 1990 andM ay 1995 in apine forest of D inghushan biogphere
reserve, uthern China

plots (p< 0.001), but not significant in control plots (Fig 3). This suggests that il light organicmatter depended more on
fine roots in treatment plots than in control plots

Therewas no significant difference in the standing fine root biomass betw een control and treatment plots in September
1990 (p= 0.254) and inM ay 1995 (p= 0.244, Fig 4). The

O Control B Treatment

mean fine root production in 1991 tended to be higher in control  ~ 15 15
plots (3.0t/(hm?* a)) than in treament plots (2.4 t/(hm?* \%12 - TE
a)), but not significantly (p = 0.077). N either was there a :“:é ol é
difference in light organic matter betw een control and treatment g 6L 2
plots in September 1990 (p = 0.648), but the light organic g g

=z 3 g
matter in oontrol plots was significantly higher than that in ED 0 = 0
treatment plots in May 1995 (p < 0.01, Fig 4). The Sept. 1990  May 1995 Sept. 1990 ~ May 1995

differences of the standing fine root biomass and il light e

organic matter in the sane plots betw een September 1990 and Fig 4 A comparison of fine root biomass and il light organic
M ay 1995w ere partially caused by the seasonal variation The matter between control and treatment plots in a pine forest of
results indicated that during the study period harvesting practice D inghushan biosphere reserve, southern China

had no significant effect on the standing fine root biomass, but * Significant at p< Q 01
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significantly reduced il light organic matter in pine forest
3 3 Fine root decomposition and its nutrient dynamic

The patterns of fine root decomposition in treatment and control plotsw ere smilar to each other, and they both did not
follow the typical exponentialmodel (Fig 5). Instead, thepattern of decompositionw as linear. T he decomposition coefficients
(k) were 0.47 and 0. 44 (obtained from the linear regression equation for mass loss Fig 5) for treatment and control plots,
regectively. During the first five sanpling dates, no significant differencesw ere found betw een treatment and control plots in
decomposition rates, although the differences betw een them grev with tme However, comparionsof final mass renaining
betw een treatment and control plots indicated that fine roots decomposed significantly faster in treatment plots (40. 8 percent of
initial mass remaining at the end of the experiment) than in control plots (44 3%; p< Q 05, Fig 5).

120 120
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g 60 60
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£ 0 L 1 1 L 1 0 | | 1 1 I 0 1 1 1 L |
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% 100 100 1
2 80 80
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& 40 40
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0 1 1 1 1 ] 0 1 1 1 1 ] 0 1

0 28 56 112 224 448 0 28 56 112 224 448 0 28 56 112 224 448

Time (d)

Fig 5 Patterns of changes in mass and nutrient contents in decomposing fine roots in control and treatment plots of a pine forest in
D inghushan bioshere reserve, southern China

* Singnificant at p< Q 01 level

The changes in nutrient concentrations in decomposing fine roots varied by element but not by site (Fig 6). N itrogen
increased throughout the total period of the study. No changesoccurred in Ca and P concentrations M g and K decreased for

thew hole period, but K decreased much faster (Fig 6). No significant differencesw ere found in nutrient concentrations
betw een treatment and control plots
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Fig 6 Patternsof nutrient concentrations in decomposing fine roots in control and treatment plotsof apine forest in D inghushan biophere
reseve, outhern China
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Combining the changes in rates of mass lossw ith nutrient concentrations resulted in the patterns of nutrient content
change shown in Fig 5 (N, Ca, P, Mg and K). Nitrogen was the only elenent that exhibited patterns of immobilization
follow ed by mineralization (Fig 5). TheN ocontent in decomposing fine roots increased during the first 50 days, followed by a
slight decline over the next 350 daysperiod to 51 7% 56 2%, for treatment and control plots regpectively, with no further
changes Ca, P andM g all decreased slow ly in a generally linear manner during thew hole course of the experment and follow
the linear rate of themass loss The highly mobile elenent K show ed the greatest changew ith an gpproximate 85 percent loss
over thefirst 56 days, follow ed by an additional 8 percent over the next 390 days (Fig 5). Generally, losses in the contentsof
all nutrients from the decomposing fine rootswere in the order K>M g> P> Ca> N. Comparionsof final nutrient contents
indicated that nutrient lossesfrom decomposing fine rootsw ere significantly faster in treatment plots than in control plotsforN
and P (p< Q 05), butw ith no significant difference for the other elaments (Fig 5).

4 D iscussion
4 1 The roleof fine rootson carbon and nutrient cycling in the pine forest

M ean fine root biomassof the pine forest to 10 an depth for Sept 1990 andM ay 1995w as 9. 1 t/hm? in control plots and
8.1t/hm?in treamentplots (Fig 4). These estimatesacoount for about 10 percent of the total biomass in control plots in 1990
(81.1 t/hm?), and about three to four times the understory biomass (2. 2 t/tm?) *1 A nnual fine root biomassp roductionw as
3.0 t/(hm?- a) in control plots and 2.4 t/(hm?- a) in treament plots, accounting for about 39 to 48 percent of the total
biomass production in control plots during the study period (6.2 t/(hm?- a)), and about 1.2 times litterfall (2.3 t/(hm?-
a)) ™. These values abovew ere alo high in comparionsw ith those of monsoon evergreen broadleaf forest A Ithough mean
fine root biomassof thepineforest (8.1 9.1t/tm? Fig 4) was smilar to the value of monson evergreen broadleaf forest in
the Dinghushan B iophere Reserve (11.4 t/hm?, < 5mm diameter)®!, the percentage of fine root biomass to the total
biomass of thepine forest (10%) was o times higher than that of monsoon evergreen broadleaf forest (4%) . A nnual fine
root biomassproduction (3.0t/(hm?- a) in control plotsand 2. 4t/(hm?- a) in treatment plots) wasal®o smilar to the values
of monson evergreen broadleaf forest (2 6 t/(hm? a)) ™), but the percentage of annual fine root biomass production to the
total biomassproduction (39% 48%) in control plotswas aimost two times higher than that of monsoon evergreen broadleaf
forest (17%)®. Furthemore, fine root decomposition rates (0.47 and Q 44 for treament and control plots regectively,
Fig 5) were similar to ratesof litter or fine root decomposition for other forests (0. 44 and Q 37 for pine needles and m ixed
litter, and 0.40 0. 49 for fine rootsof themonson evergreen broadleaf forest, repectively) ™ ®. Thus, fine rootsplay an
mportant role in returning carbon and nutrients to the il in the disturbed pine forest This suggestion is al partially
supported by result of the present study that il light organic matter depended more on fine roots in treatment plots than in
oontrol plots (Fig 3).

4 2 mpactsof harvesting on il organicmatter, fine root decomposition and its nutrient dynamics
A smentioned above, previous research demonstrated that the disturbed pine forest had lower productivity and low er

nutrient levels!™ !

Then, the question isw hether the low site productivity is mainly caused by the practice of biomass
removal on this initially degraded site and w hat are the mechanisn s underlying the low site productivity? In order to ansver
these questions, w e compared the il light organicmatter data and the fine root decomposition for control and treatment plots
First, compared to completely harvesting a forest, harvesting of litter and understory removes less organic matter and
nutrients from the forest sites However, results from this study indicated that harvesting understory and litter renoved
substantial organicmatter (3.5 t/(hm?- a), Fig 1) from treamentplots A sa result, the soil light organicmatter depended
more on fine roots in treatment plots than in control plots because of the continuous removal of organic matter from the
treatment plots during the study period and the last several decades, and that the control plots having had more opportunity to
accumulate organic matter from litterfall because of stopping harvesting from the beginning of the study (Fig 2, Fig 3).
A fter stopping harvesting for 5 years, il light organicmatter in control plotsw as significantly higher than that in treatment
plots (p< 0.01, Fig 4), suggesting that harvesting practice significantly reduced il organicmatter. Thus, it can be inferred
that the il organic matter of the disturbed site has had little opportunity to recover from theoriginal degraded site because of
the continuous removal of organic matter during the last several decades W e believe that this is one of the reasons that the

current site productivity in the disturbed forest is low.
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Second, w e have damonstrated that fine roots decomposed significantly faster in treatment plots than in control plots (Fig
5) and that nutrient losses from decomposing fine rootsw ere significantly faster in treatment plots than in control plots for N
and P (Fig 5). There are wo possible explanations for these findings

(1) Changes in il physical characteristics likely occurred due to the understory and litter harvesting, particularly the
cyclesof il drying and wetting Removal of understory and litter increased the exposure of the il surface to sunlight and
rainfall A saresult, therewould be a higher fluctuation of il tenperature andmoisture, ormore stressformicroorganisn in
treatment plots, leading to differences in ecies composition and quantities of microorganisn betw een control and treatment
plots®! Cyclesof wetting and drying greatly affect decomposition of organic matter and the turnover of biomass'®.

(2) Changes in il chanical characteristics als likely occurred due to the understory and litter harvesting Fine root
decomposition may be limited by il nitrogen availability This pine forest (both control and treatment plots) was severely
degraded as humans disturbed the forest for a long tme This is al reflected in the low il nitrogen availability compared
w ith other adjacent forests” **. N itrogen concentrations and contents increased during early litter decomposition™®. This is
oonsistent w ith the resultsfound in our fine root decomposition results (Fig 5and Fig 6). These findings suggested that fine
rootsor litter contain insufficient nitrogen to meet the grow th and m aintenance requirementsof decomposers™. Thus nitrogen
maybe a Imiting factor for plant grow th, microorganisn activities, and decomposition Furthemore, litter decomposition rates
have been show n to acceleratew ith N addition in this disturbed pine forest'®! and other forests® * *. A smentioned above,
previous research has deanonstrated that fever understory plants and low microbial activity leads to low uptake and low
mmobilization of N, resulting in higher mineral N contents in treatment plots than in control plots'”

In sum, the higher decomposition ratesandN and P losses from decomposing fine roots in the treatment plots suggest that
in the short temm thesewould increase the nutrient availability in the site, but in a long tem itwould deplete the il nutrient
pool faster through direct renoval from harvesting understory and litter (more nutrientsavailable for understory uptake and for
litter mobilizingN during early stage of decomposition asmentioned above) and indirect loss from higher potential of nutrient

leaching This isprobably one of the reasons that il nutrient availability is low in thispine forest
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