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摘要: 通过处理 (根据当地习惯收割凋落物和林下层) 和保护 (无任何人为干扰) 样地的比较试验, 1990～ 1995 年期间研究了人

为干扰对鼎湖山生物圈保护区马尾松 (P inus m asson iana) 林土壤细根和有机质的影响。在此 5a 的研究期间, 由于人为干扰活

动而直接从处理样地取走的林下层和凋落物总量为 2117 töhm 2。在保护样地, 林下层生物量从 212 töhm 2 增加至 11110 töhm 2,

地表凋落物 (包括枯死的林下层)量则从 310 töhm 2 增加至 1313 töhm 2。收割林下层和凋落物这种人为干扰活动对林地土壤细

根生物量的影响不明显, 但却显著降低土壤轻腐殖质 (So il ligh t o rgan ic m atter)量。在细根分解过程中, 其分解速率在处理样地

(试验结束时细根残存量占起始量的 4018% )显著高于在保护样地 (试验结束时细根残存量占起始量的 4413% ) ; 与Ca、M g 和

K 元素不同,N 和 P 两种元素的释放速率在处理样地显著高于保护样地, 表明这种人为干扰活动不仅直接取走所收割的林下

层和凋落物中的养分, 而且还可能增加林地有效养分的流失潜力。
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Effects of human im pacts on f ine roots and so il organ ic ma tter of a p ine forest

in subtrop ica l Ch ina
M O J iang2M ing1, Sandra B row n2, PEN G Shao2L in1, KON G Guo2H u i1, FAN G Yun2T ing1　 (11S ou th Ch ina

B otan ica l Gard en, Ch inese A cad emy of S ciences, D ing hu, Z haoqing , Guang d ong , 526070, Ch ina; 21W inrock In terna tiona l, 1621 N . K ent S t. ,

S u ite 1200, A rling ton, V A 22209, U SA ). A cta Ecolog ica S in ica , 2005, 25 (3) : 491～ 499.

Abstract: Effects of hum an impacts on fine roo ts and so il o rgan ic m atter of a p ine fo rest in sub trop ical Ch ina w ere studied by

comparing treatm en t (harvest ing understo ry and lit ter acco rding to p ract ice of local peop le) and con tro l (no harvest) p lo ts in a

p ine fo rest from 1990 to 1995. D uring th is studied period, the to tal amoun t of m ateria l harvested by th is p ract ice in treatm en t

p lo ts w as 2117 töhm 2. In con tro l p lo ts, the standing stock s of understo ry increased from 212 to 1111 töhm 2 at a sign ifican tly

linear pat tern, w h ile the standing stock s of lit ter ( including dead understo ry) increased from 310 to 1313 töhm 2. H arvest ing

p ract ice had no sign ifican t effect on the standing fine roo t b iom ass, bu t sign ifican tly reduced so il ligh t o rgan ic m atter in p ine

fo rest. M ass lo ss in decompo sing fine roo ts w as linear in bo th con tro l and treatm en t p lo ts. F ine roo ts decompo sed sign ifican tly

faster in treatm en t (4018 percen t of in it ia l m ass rem ain ing at the end of the 448 day experim en t) than in con tro l p lo ts

(4413% ). N u trien t lo sses from decompo sing fine roo ts w ere sign ifican tly faster in treatm en t p lo ts than in con tro l p lo ts fo r N

and P, bu t there w ere no sign ifican t difference fo r o ther elem en ts. T hese trends indicated that there cou ld be a h igher po ten tia l

fo r nu trien t lo ss by harvest ing understo ry and lit ter (mo re nu trien ts availab le fo r understo ry up take and lit ter mob ilizing N

during early stage of decompo sit ion) and by leach ing in treatm en t p lo ts.

Key words: hum an2impact; so il o rgan ic m atter; fine roo ts; decompo sit ion; P inus m asson iana; sub trop ical Ch ina
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1　In troduction

Conversion to non2fo rest u se is considered to be one of the largest th reats to trop ical fo rests w o rldw ide. Curren tly,

t rop ical defo resta t ion is est im ated to be on the o rder of 10 m illion hm 2 per year du ring the 1990s[1 ]. How ever, of equal concern,

bu t yet poo rly know n, is degradat ion of trop ical fo rests, including reductions in b iom ass, fragm en tat ion, and lo ss in

b iodiversity[2 ]. D egradation is generally the cause w hen a fo rest has a sign ifican tly low er b iom ass than w ou ld be expected given

the clim ate condit ions and the so il type [3 ]. Facto rs beh ind degradation included: in tensive harvest ing of b iom ass fo r t im ber and

fuelw ood, unsustainab le agricu ltu re, fires, and overgrazing by dom estic an im als. R emoval of b iom ass causes nu trien t lo sses

and changes in so il physical and chem ical characterist ics[4～ 7 ]. T he amoun t of nu trien t lo ss depends on the in tensity of the

act ivit ies, environm en tal facto rs, and type and successional sta te of the fo rest. If nu trien t lo sses canno t be recovered du ring

regrow th, fo rests often becom e degraded th rough tim e [8, 9 ]. T hus, it is impo rtan t that the effects of hum an2impacts on the

fo rest eco system structu re, funct ion and dynam ics be w ell understood to develop sustainab le fo rest m anagem en t p lans.

How ever, distu rbed eco system s are among the least studied in the trop ics[10 ].

M o st of the land o riginally covered w ith p rim ary fo rests in sou thern Ch ina has been degraded by hum an activit ies du ring

the past several hundred years[11 ]. In ex trem e cases, the land becam e comp letely non2vegetated [12 ]. A ttemp ts to reverse th is

p rocess of land degradation have been in it ia ted in the sou thern region of Ch ina. O ver the last few decades, large areas have

been refo rested w ith a native p ine species, P inus m asson iana. Fo rests p lan ted w ith th is species cu rren t ly are the largest p lan ted

fo rest area in sou thern Ch ina and the largest area of p ine fo rests in Ch ina [13, 14 ]. Cu tt ing of trees is p roh ib ited, bu t harvest ing of

understo ry and lit ter is allow ed to sat isfy hum an fuel needs. Compared w ith w ho le2t ree harvest, th is p ract ice removes less

b iom ass from the fo rests.

P revious research on the o rgan ic m atter and nu trien t cycling dynam ics in these distu rbed p ine fo rests in sou thern Ch ina

demonstrated that harvest ing understo ry and lit ter removed substan t ia l quan tit ies of nu trien ts, and appeared to exceed mo st

nu trien t inpu ts from atmo spheric depo sit ion [15, 16 ]. T h is harvest ing has also o ther indirect effects: it increased the po ten tia l fo r

leach ing lo sses of n itrogen [7 ]. Compared w ith rem nan t m atu re fo rests of the region, rehab ilita ted fo rests ( refo rested bu t no

understo ry and lit ter harvest ing) , and o ther trop ical p ine fo rests, the distu rbed fo rest appears to have low er p roductivity and

low er nu trien t levels[7, 14～ 17 ]. T he cu rren t low site p roductivity appears to be m ain ly caused by the p ract ice of b iom ass removal

on th is in it ia lly degraded site [7, 14～ 16 ].

In response to nu trien t poo r sites, fo rest often develop a dense fine roo t system to cap tu re o r ex tract nu trien ts to m ain tain

a t igh t nu trien t cycle [18, 19 ]. Because P inus m asson iana can to lerate nu trien t2poo r so ils and low so ilmo istu re, it is often found on

barren h ills and serves as a p rim ary species in fo rest succession [14 ]. F ine roo ts m ay be especially impo rtan t in th is degraded

hum an2impacted p ine fo rests, bu t there is no info rm ation availab le on fine roo ts in any of these p ine fo rests to ascerta in their

impo rtance.

T he goals of the p resen t study w ere to: (1) determ ine the ro le of fine roo ts on nu trien t cycling in the distu rbed p ine

fo rest; (2) effects of harvest ing understo ry and lit ter on so il ligh t o rgan ic m atter; (3) effects of harvest ing understo ry and

lit ter on fine roo t decompo sit ion and its nu trien t dynam ic. R esu lts from such studies w ill p rovide in sigh t in to the m echan ism s

underlying the low p roductivity, low b iom ass, and low nu trien t availab ility observed p reviously in the degraded site [14～ 16 ]. T h is

has impo rtan t app licat ion to the field of eco system rehab ilita t ion and resto rat ion [20 ].

2　M ethods

2. 1　D escrip t ion of study site

T h is study w as conducted in a p ine fo rest in the UN ESCO öM AB D inghushan B io sphere R eserve (DH SBR ) in sou thern

Ch ina. In 1956, the area becam e the first natu re reserve in Ch ina and w as affilia ted w ith the Ch inese A cadem y of Sciences. In

1978, a N ational Fo rest Eco system Experim en tal Stat ion w as estab lished in the reserve. O ne year la ter, the reserve w as p laced

in the UN ESCO öM AB netw o rk of reserves fo r the hum id trop ics. T he b io sphere reserve lies in the m iddle part of Guangdong

P rovince (112°10′E longitude and 23°10′N latitude).

T he DH SBR occup ies an area of app rox im ately 1200 hm 2. T here are m ain ly th ree fo rest types in th is reserve: p ine
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(distu rbed) , p ine2broadleaf m ixed ( rehab ilita ted) , and monsoon evergreen b roadleaf fo rests (M EBF2m atu re). T he monsoon

evergreen b roadleaf fo rest, a t abou t 250～ 300 m above sea level (asl) occup ies 20% of the reserve area, the m ixed p ine and

b roadleaf fo rest, a t abou t 200 m asl occup ies 50% , and the p ine fo rest, a t abou t 50～ 200 m asl occup ies 20% [21 ]. T he p ine

fo rest w as p lan ted in abou t 1930. It has been under constan t hum an p ressu res mo st of the t im e since it w as p lan ted (generally

the harvest ing of understo ry and lit ter) [11 ].

T he reserve has a monsoon clim ate and is located in a sub trop ical mo ist fo rest life zone [11 ]. T he m ean annual rainfall of

1927 mm has a dist inct seasonal pat tern, w ith 75 percen t of it fa lling from M arch to A ugust and on ly 6 percen t from D ecem ber

to Feb ruary[22 ]. A nnual average relat ive hum idity is 80 percen t. M ean annual temperatu re is 2110℃, w ith an average

temperatu re of the co ldest (January) and ho ttest (Ju ly) mon th of 12. 6°C and 2810℃, respect ively[22 ].

T he p ine fo rest (distu rbed) is dom inated by P inus m asson iana. P ine trees range from 100 to 1 000 trees per hm 2, w ith

diam eters of 4 to 32 cm and heigh ts of 3 to 11 m [15 ]. A ge of p ine trees range from 12 to 69 a, w ith a m ean value of 30 a. In

addit ion to p ine trees, there w ere a few eucalyp tu s trees (E uca lyp tus robusta ). U ndersto ry species included grasses, fern s,

vines and sh rubs fo r a to tal of 43 species[15 ]. T he so il in the p ine fo rest is la terit ic red earth fo rm ed from sandstone, the so il

dep th is generally less than 30 cm to bedrock [15 ].

To invest igate the impact of harvest ing understo ry and lit ter in the p ine fo rest (distu rbed) on so il o rgan ic m atter and fine

roo ts, w e used a paired2p lo t design, w ith 20 rep licates[15 ]. Each pair consisted of a treatm en t (con tinued harvest) and con tro l

( no harvest) p lo t, 10 m ×10 m in size, and su rrounded by a 10 m w ide buffer strip. In the treatm en t p lo ts, local peop le

con tinued to harvest lit ter and understo ry acco rding to their p ract ice (abou t 2 to 3 tim es a year) from the beginn ing of the

experim en t in M ay 1990. Con tro l p lo ts w ere p ro tected from any harvest ing. Each p lo t of a pair w as sim ilar in so il, slope,

aspect, and elevat ion to its m atched p lo t [15 ].

2. 2　F ield samp ling

T he amoun t of lit ter and understo ry removed by harvest ing w as est im ated by invit ing fou r w om en from the local village

on to the treatm en t p lo ts to harvest at their u sual t im e and in their u sualm anner. O nce to tw ice per year, lit ter on ly w as raked

from the p lo ts. A ll the m ateria l in the treatm en t p lo tsw as raked from the p lo ts and the fresh w eigh t determ ined in the field. In

addit ion, generally once a year in the fall, the treatm en t p lo ts w ere sub ject to a fu ll harvest. In th is case, a ll understo ry p lan ts

w ere cu t to the ground su rface, w eighed, and removed. T hen the ground su rface w as raked and the m ateria l separated in to

p ine needles and dead understo ry; fresh w eigh ts w ere m easu red fo r each componen t. Subsamp les of all m ateria l from each p lo t

w ere retu rned to the labo rato ry fo r w et2to2dry w eigh t rat io s[15 ].

In N ovem ber 1990, all b iom ass (excluding trees) in th ree 1 m 2 random ly located quadran ts in each of the 20 con tro l p lo ts

in p ine fo rest w as harvested. M ateria l w as separated in to live understo ry, dead understo ry, and p ine lit ter. T hese componen ts

w ere w eigh ted in the field and subsamp led fo r w et2to2dry w eigh t rat io s. T h is samp ling w as repeated in O ct. 1991, O ct. 1992,

O ct. 1993 and O ct. 1995. W e used th is data to determ ine the pattern of standing stock s of understo ry b iom ass and of lit ter

( including dead understo ry and p ine lit ter) in con tro l p lo ts of p ine fo rest.

So il o rgan ic m atter can be divided in to several fract ions depending upon its ro le in so il nu trien t dynam ics[23 ]. T he mo re

lab ile fract ion (act ive fract ion) [23 ] , comp rised m ain ly of p lan t residues in various stages of decompo sit ion, is mo st likely the

fract ion that w ou ld be mo st responsive to the removal of lit ter and understo ry and the fract ion that w ou ld respond the fastest

after the p ract ice w as stopped. T h is fract ion is also referred to as the ligh t o rgan ic m atter fract ion (LOM ) [24 ]. L igh t o rgan ic

m atter is operat ionally defined as the fract ion that passes a 2 mm sieve bu t no t a 0125 mm sieve after the so il is floated in

w ater [24 ]. T he heavy o rgan ic m atter is the rem nan t of the to tal so il o rgan ic m atter (SOM ) after removing the LOM [24 ].

O n Sep t. 11, 1990, w e co llected from each p lo t in p ine fo rest one compo site so il samp le to 10 cm dep th using a standard

so il p robe (1. 9 cm inside diam eter) taken at seven random locat ion th roughou t the p lo t in p ine fo rest [24 ]. W e used these co res

to m easu re the ligh t o rgan ic m atter fract ion (LOM ) in the so il and the fine roo t b iom ass (≤ 5 mm diam eter) in p ine fo rest.

Sim u ltaneously, w e co llected an addit ional compo site samp le of th ree co res from app rox im ately the p lo t cen ter fo r determ in ing

so il bu lk density. Samp les w ere retu rned to the lab fo r separat ion and analysis[15, 16 ]. Samp ling w as repeated on M ay 15, 1995.

Ingrow th cylinders w ere used in tw o random ly selected pairs of p lo ts in p ine fo rest to determ ine fine roo t grow th rate (≤

5 mm but mo stly ≤ 2 mm diam eter; dead roo ts w ere no t separated). A t the beginn ing of the study, so il from 0～ 10 cm dep th
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w as co llected, air2dried, and roo ts removed by sieving. T h is m ateria l w as then packed in to 72 cylinders (10 cm tall, 7 cm

diam eter and 8 mm m esh) [25 ] at app rox im ately the o riginal bu lk density. O ne Feb. 21, 1991, the cylinders w ere random ly

p laced in ho les to 10 cm deep. T h ree rep licate cylinders (12 at each co llect ion) from each p lo t w ere co llected at 2 mon th s

in tervals from A p ril 1991 to Feb. 1992. T he cylinders w ere retu rned to the lab fo r separat ion and analysis.

F ine roo t decompo sit ion in p ine fo rest (≤ 2 mm diam eter) and changes in nu trien t concen trat ion w ere determ ined by using

clo sed, m esh lit ter bags. A to tal of 40 bags w ere p repared from 0. 5 mm m esh po lyvinyl screen of app rox im ately 25 cm ×25 cm

in dim ension. Each bag w as filled w ith abou t 10 g, w ater2cleaned and air2dried m ixed fine roo t m ass. O n Jan. 28, 1995, the

m ixed fine roo t bags w ere even ly distribu ted in the so il (0～ 10 cm dep th) among tw o random ly selected pairs of p lo ts. Tw o

rep licate bags (8 at each co llect ion) w ere co llected from each p lo t at abou t 4, 8, 16, 32, 48 w eek s after the start of the study.

T he bags w ere retu rned to the lab fo r separat ion and analysis.

2. 3　L abo rato ry p rocedu res and data analyses

Fo r ex tract ing LOM , the unground so il samp les w ere p laced in a 500 m l beaker, w ater w as added, and the con ten ts

st irred several t im es[24 ]. T he con ten ts w ere sieved th rough a 2 mm and 0125 mm sieve; th is p rocedu re w as repeated un til no

mo re m ateria l w as trapped on the sieves. T he o rgan ic m atter co llected in the 0125 mm sieve (LOM ) w as dried to a constan t

w eigh t at 105℃. Subsamp les w ere ashed at 550℃ and rew eighed to p rovide the ash con ten t. R esu lts are repo rted on an ash2

free basis.

T he m ateria l co llected on the 2 mm sieve w as mo stly fine roo ts (≤ 5 mm diam eter) ; any coarse w oody roo ts and non2roo t

m ateria l w as removed from the samp les by hand. W e used the w ater m ethod to clean the so il off m ateria l from the ingrow th

cylinders.

A ll roo t m ateria l from each experim en t w as dried to a constan t w eigh t at 40℃ imm ediately after fin ish ing the p rocess

above. Roo t samp les w ere ground to pass a 0115 mm m esh sieve. Subsamp les of roo ts w ere dried at 105℃, and all resu lts are

repo rted on 105℃ basis[15, 16, 24 ]. F ine roo t p roduction rates w ere est im ated w ith the m ethods described by Cuevas and M edina:

fine roo t p roduction w as calcu lated as the m ass of roo ts in the cylinder, exp ressed on an area basis, divided by the num ber of

days of expo su re[18 ].

A ll N concen trat ions of roo t m ateria l w ere determ ined w ith sem im icro2K jeldah l digest ion [26 ] fo llow ed by detect ion of

ammon ium w ith a W escan ammon ia analyzer [27 ]. Concen trat ions fo r o ther elem en ts (P, K, Ca, and M g) w ere determ ined w ith

the m ethods given in A nderson and Ingram: to tal pho spho rus w as determ ined by the co lo rm etric m ethod and the availab le

cat ions w ere determ ined by the atom ic abso rp t ion m ethod. N u trien t con ten t of a componen t w as determ ined as the p roduct of

nu trien t concen trat ion and the m ass of the componen t[24 ].

A paired t2test w as used to test the differences in fine roo ts, ligh t o rgan ic m atter, fine roo t decompo sit ion and its nu trien ts

betw een treatm en t and con tro l p lo ts. L east square regression analysis w as used to determ ine the relat ionsh ip betw een fine roo t

b iom ass and LOM. D ifferences fo r all tests w ere considered to be sign ifican t at the 0105 level.

3　Results

3. 1　Q uan tity of understo ry and lit ter

T he to tal amoun t of m ateria l harvested in treatm en t p lo ts each year du ring the period of 1990 to 1995 varied from 310 to

611 tö(hm 2·a) , w ith an average of 315 tö(hm 2·a) (F ig. 1). T he larger amoun t of m ateria l harvested in 1995 w as mo st

likely caused by no harvest ing in 1994. U ndersto ry accoun ted fo r 53 to 80 percen t of the to tal harvested m ateria l. T he to tal

amoun t of m ateria l harvested in treatm en t p lo ts fo r the five years w as 2117 töhm 2.

In con tro l p lo ts, how ever, after stopp ing harvest ing p ract ice the standing stock s of understo ry increased from 212 to 1111

töhm 2 at a sign ifican tly linear pat tern (R 2= 01974, p = 01002, n= 5, cu rve no t show ed in the F igu res) w ith year du ring the

studied period of 1990 to 1995 (F ig. 2). Sim ilarly, the standing stock s of lit ter ( including dead understo ry) in con tro l p lo ts

increased from 310 to 1313 töhm 2 during the period of study.

3. 2　F ine roo t b iom ass and ligh t o rgan ic m atter

T he standing fine roo t b iom ass tended to be po sit ively co rrela ted w ith ligh t o rgan ic m atter in Sep tem ber 1990 fo r bo th

con tro l and treatm en t p lo ts (p values fo r con tro l and treatm en t p lo ts w as 01026 and 01086, respect ively, F ig. 3). A fter five

years in M ay 1995, a stronger co rrela t ion betw een standing fine roo t b iom ass and ligh t o rgan ic m atter w as found in treatm en t
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F ig. 1　D yanam ic of understo ry and lit ter harvested in the treatm ent

p lo ts of p ine fo rest in D inghushan bio spherer reserve, sou thern

Ch ina during 1990～ 1995

F ig. 2　D yanam ic standing stock s of unersto ry and lit ter harvested

in the contro l p lo ts in p ine fo rest in D inghushan bio sphere reserve,

sou thern Ch ina during 1990～ 1995

F ig. 3　Relationsh ip of fine roo t b iom ass and so il ligh t o rgan ic m atter in Sep t. 1990 and M ay 1995 in a p ine fo rest of D inghushan bio sphere

reserve, sou thern Ch ina

F ig. 4　A comparison of fine roo t b iom ass and so il ligh t o rgan ic

m atter betw een contro l and treatm ent p lo ts in a p ine fo rest of

D inghushan bio sphere reserve, sou thern Ch ina

3 Significan t at p < 0. 01

p lo ts (p < 01001) , bu t no t sign ifican t in con tro l p lo ts (F ig. 3). T h is suggests that so il ligh t o rgan ic m atter depended mo re on

fine roo ts in treatm en t p lo ts than in con tro l p lo ts.

T here w as no sign ifican t difference in the standing fine roo t b iom ass betw een con tro l and treatm en t p lo ts in Sep tem ber

1990 (p = 01254) and in M ay 1995 (p = 01244, F ig. 4). T he

m ean fine roo t p roduction in 1991 tended to be h igher in con tro l

p lo ts (310 tö(hm 2·a) ) than in treatm en t p lo ts (214 tö(hm 2·

a ) ) , bu t no t sign ifican tly (p = 01077). N either w as there a

difference in ligh t o rgan ic m atter betw een con tro l and treatm en t

p lo ts in Sep tem ber 1990 (p = 01648) , bu t the ligh t o rgan ic

m atter in con tro l p lo ts w as sign ifican tly h igher than that in

treatm en t p lo ts in M ay 1995 ( p < 0101, F ig. 4 ). T he

differences of the standing fine roo t b iom ass and so il ligh t

o rgan ic m atter in the sam e p lo ts betw een Sep tem ber 1990 and

M ay 1995 w ere part ia lly caused by the seasonal varia t ion. T he

resu lts indicated that du ring the study period harvest ing p ract ice

had no sign ifican t effect on the standing fine roo t b iom ass, bu t
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sign ifican tly reduced so il ligh t o rgan ic m atter in p ine fo rest.

3. 3　F ine roo t decompo sit ion and its nu trien t dynam ic

T he pattern s of fine roo t decompo sit ion in treatm en t and con tro l p lo ts w ere sim ilar to each o ther, and they bo th did no t

fo llow the typ ical exponen tia lmodel (F ig. 5). In stead, the pattern of decompo sit ion w as linear. T he decompo sit ion coefficien ts

(k ) w ere 0147 and 0144 (ob tained from the linear regression equation fo r m ass lo ss; F ig. 5) fo r treatm en t and con tro l p lo ts,

respect ively. D uring the first five samp ling dates, no sign ifican t differences w ere found betw een treatm en t and con tro l p lo ts in

decompo sit ion rates, a lthough the differences betw een them grew w ith t im e. How ever, comparisons of final m ass rem ain ing

betw een treatm en t and con tro l p lo ts indicated that fine roo ts decompo sed sign ifican tly faster in treatm en t p lo ts (4018 percen t of

in it ia l m ass rem ain ing at the end of the experim en t) than in con tro l p lo ts (44. 3% ; p < 0. 05; F ig. 5).

F ig. 5　Patterns of changes in m ass and nutrien t conten ts in decompo sing fine roo ts in contro l and treatm ent p lo ts of a p ine fo rest in

D inghushan bio shere reserve, sou thern Ch ina

3 Singnifican t at p < 0. 01 level

T he changes in nu trien t concen trat ions in decompo sing fine roo ts varied by elem en t bu t no t by site (F ig. 6). N itrogen

increased th roughou t the to tal period of the study. N o changes occu rred in Ca and P concen trat ions. M g and K decreased fo r

the w ho le period, bu t K decreased m uch faster (F ig. 6). N o sign ifican t differences w ere found in nu trien t concen trat ions

betw een treatm en t and con tro l p lo ts.

F ig. 6　Patterns of nu trien t concentrations in decompo sing fine roo ts in contro l and treatm ent p lo ts of a p ine fo rest in D inghushan bio sphere

reseve, sou thern Ch ina
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Com bin ing the changes in rates of m ass lo ss w ith nu trien t concen trat ions resu lted in the pattern s of nu trien t con ten t

change show n in F ig. 5 (N , Ca, P, M g and K). N itrogen w as the on ly elem en t that exh ib ited pattern s of immob ilizat ion

fo llow ed by m ineralizat ion (F ig. 5). T he N con ten t in decompo sing fine roo ts increased du ring the first 50 days, fo llow ed by a

sligh t decline over the nex t 350 days period to 51. 7% ～ 56. 2% , fo r treatm en t and con tro l p lo ts respect ively, w ith no fu rther

changes. Ca, P and M g all decreased slow ly in a generally linear m anner du ring the w ho le cou rse of the experim en t and fo llow

the linear rate of the m ass lo ss. T he h igh ly mob ile elem en t K show ed the greatest change w ith an app rox im ate 85 percen t lo ss

over the first 56 days, fo llow ed by an addit ional 8 percen t over the nex t 390 days (F ig. 5). Generally, lo sses in the con ten ts of

all nu trien ts from the decompo sing fine roo ts w ere in the o rder K> M g> P > Ca> N. Comparisons of final nu trien t con ten ts

indicated that nu trien t lo sses from decompo sing fine roo ts w ere sign ifican tly faster in treatm en t p lo ts than in con tro l p lo ts fo r N

and P (p < 0. 05) , bu t w ith no sign ifican t difference fo r the o ther elem en ts (F ig. 5).

4　D iscussion

4. 1　T he ro le of fine roo ts on carbon and nu trien t cycling in the p ine fo rest

M ean fine roo t b iom ass of the p ine fo rest to 10 cm dep th fo r Sep t. 1990 and M ay 1995 w as 911 töhm 2 in con tro l p lo ts and

811 töhm 2 in treatm en t p lo ts (F ig. 4). T hese est im ates accoun t fo r abou t 10 percen t of the to tal b iom ass in con tro l p lo ts in 1990

(8111 töhm 2) , and abou t th ree to fou r t im es the understo ry b iom ass (212 töhm 2) [15 ]. A nnual fine roo t b iom ass p roduction w as

310 tö(hm 2·a) in con tro l p lo ts and 214 tö(hm 2·a) in treatm en t p lo ts, accoun ting fo r abou t 39 to 48 percen t of the to tal

b iom ass p roduction in con tro l p lo ts du ring the study period (612 tö(hm 2·a) ) , and abou t 112 tim es lit terfa ll (213 tö(hm 2·

a) ) [15 ]. T hese values above w ere also h igh in comparisons w ith tho se of monsoon evergreen b roadleaf fo rest. A lthough m ean

fine roo t b iom ass of the p ine fo rest (811～ 911 töhm 2, F ig. 4) w as sim ilar to the value of monsoon evergreen b roadleaf fo rest in

the D inghushan B io sphere R eserve (1114 töhm 2, ≤ 5 mm diam eter) [28 ] , the percen tage of fine roo t b iom ass to the to tal

b iom ass of the p ine fo rest (10% ) w as tw o tim es h igher than that of monsoon evergreen b roadleaf fo rest (4% ) [28 ]. A nnual fine

roo t b iom ass p roduction (310 tö(hm 2·a) in con tro l p lo ts and 214 tö(hm 2·a) in treatm en t p lo ts) w as also sim ilar to the values

of monsoon evergreen b roadleaf fo rest (2. 6 tö(hm 2·a) ) [28 ], bu t the percen tage of annual fine roo t b iom ass p roduction to the

to tal b iom ass p roduction (39%～ 48% ) in con tro l p lo ts w as almo st tw o tim es h igher than that of monsoon evergreen b roadleaf

fo rest (17% ) [28 ]. Fu rthermo re, fine roo t decompo sit ion rates (0147 and 0. 44 fo r treatm en t and con tro l p lo ts respect ively,

F ig. 5) w ere sim ilar to rates of lit ter o r fine roo t decompo sit ion fo r o ther fo rests (0144 and 0. 37 fo r p ine needles and m ixed

lit ter, and 0140～ 0149 fo r fine roo ts of the monsoon evergreen b roadleaf fo rest, respect ively) [15, 28 ]. T hus, fine roo ts p lay an

impo rtan t ro le in retu rn ing carbon and nu trien ts to the so il in the distu rbed p ine fo rest. T h is suggest ion is also part ia lly

suppo rted by resu lt of the p resen t study that so il ligh t o rgan ic m atter depended mo re on fine roo ts in treatm en t p lo ts than in

con tro l p lo ts (F ig. 3).

4. 2　 Impacts of harvest ing on so il o rgan ic m atter, fine roo t decompo sit ion and its nu trien t dynam ics

A s m en tioned above, p revious research demonstrated that the distu rbed p ine fo rest had low er p roductivity and low er

nu trien t levels[15, 16 ]. T hen, the quest ion is w hether the low site p roductivity is m ain ly caused by the p ract ice of b iom ass

removal on th is in it ia lly degraded site and w hat are the m echan ism s underlying the low site p roductivity? In o rder to answ er

these quest ions, w e compared the so il ligh t o rgan ic m atter data and the fine roo t decompo sit ion fo r con tro l and treatm en t p lo ts.

F irst, compared to comp letely harvest ing a fo rest, harvest ing of lit ter and understo ry removes less o rgan ic m atter and

nu trien ts from the fo rest sites. How ever, resu lts from th is study indicated that harvest ing understo ry and lit ter removed

substan t ia l o rgan ic m atter (315 tö(hm 2·a) , F ig. 1) from treatm en t p lo ts. A s a resu lt, the so il ligh t o rgan ic m atter depended

mo re on fine roo ts in treatm en t p lo ts than in con tro l p lo ts because of the con tinuous removal of o rgan ic m atter from the

treatm en t p lo ts du ring the study period and the last several decades, and that the con tro l p lo ts having had mo re oppo rtun ity to

accum ulate o rgan ic m atter from lit terfa ll because of stopp ing harvest ing from the beginn ing of the study (F ig. 2, F ig. 3).

A fter stopp ing harvest ing fo r 5 years, so il ligh t o rgan ic m atter in con tro l p lo ts w as sign ifican tly h igher than that in treatm en t

p lo ts (p < 0101, F ig. 4) , suggest ing that harvest ing p ract ice sign ifican tly reduced so il o rgan ic m atter. T hus, it can be inferred

that the so il o rgan ic m atter of the distu rbed site has had lit t le oppo rtun ity to recover from the o riginal degraded site because of

the con tinuous removal of o rgan ic m atter du ring the last several decades. W e believe that th is is one of the reasons that the

cu rren t site p roductivity in the distu rbed fo rest is low.
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Second, w e have demonstrated that fine roo ts decompo sed sign ifican tly faster in treatm en t p lo ts than in con tro l p lo ts (F ig.

5) and that nu trien t lo sses from decompo sing fine roo ts w ere sign ifican tly faster in treatm en t p lo ts than in con tro l p lo ts fo r N

and P (F ig. 5). T here are tw o po ssib le exp lanat ions fo r these findings:

( 1) Changes in so il physical characterist ics likely occu rred due to the understo ry and lit ter harvest ing, part icu larly the

cycles of so il drying and w ett ing. R emoval of understo ry and lit ter increased the expo su re of the so il su rface to sun ligh t and

rainfall. A s a resu lt, there w ou ld be a h igher fluctuat ion of so il temperatu re and mo istu re, o r mo re stress fo r m icroo rgan ism in

treatm en t p lo ts, leading to differences in species compo sit ion and quan tit ies of m icroo rgan ism betw een con tro l and treatm en t

p lo ts[29 ]. Cycles of w ett ing and drying great ly affect decompo sit ion of o rgan ic m atter and the tu rnover of b iom ass[30 ].

( 2) Changes in so il chem ical characterist ics also likely occu rred due to the understo ry and lit ter harvest ing. F ine roo t

decompo sit ion m ay be lim ited by so il n itrogen availab ility. T h is p ine fo rest (bo th con tro l and treatm en t p lo ts) w as severely

degraded as hum ans distu rbed the fo rest fo r a long tim e. T h is is also reflected in the low so il n itrogen availab ility compared

w ith o ther adjacen t fo rests[7, 16 ]. N itrogen concen trat ions and con ten ts increased du ring early lit ter decompo sit ion [16 ]. T h is is

consisten t w ith the resu lts found in ou r fine roo t decompo sit ion resu lts (F ig. 5 and F ig. 6). T hese findings suggested that fine

roo ts o r lit ter con tain in sufficien t n itrogen to m eet the grow th and m ain tenance requ irem en ts of decompo sers[31 ]. T hus n itrogen

m aybe a lim it ing facto r fo r p lan t grow th, m icroo rgan ism activit ies, and decompo sit ion. Fu rthermo re, lit ter decompo sit ion rates

have been show n to accelerate w ith N addit ion in th is distu rbed p ine fo rest [32 ] and o ther fo rests[31, 33～ 36 ]. A s m en tioned above,

p revious research has demonstrated that few er understo ry p lan ts and low m icrob ial act ivity leads to low up take and low

immob ilizat ion of N , resu lt ing in h igher m ineral N con ten ts in treatm en t p lo ts than in con tro l p lo ts[7 ].

In sum , the h igher decompo sit ion rates and N and P lo sses from decompo sing fine roo ts in the treatm en t p lo ts suggest that

in the sho rt term these w ou ld increase the nu trien t availab ility in the site, bu t in a long term it w ou ld dep lete the so il nu trien t

poo l faster th rough direct removal from harvest ing understo ry and lit ter (mo re nu trien ts availab le fo r understo ry up take and fo r

lit ter mob ilizing N during early stage of decompo sit ion as m en tioned above) and indirect lo ss from h igher po ten tia l of nu trien t

leach ing. T h is is p robab ly one of the reasons that so il nu trien t availab ility is low in th is p ine fo rest.
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