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Abstract: The health condition of forests especially those already damaged in the acid rain region will be increasingly
influenced by the increasing extreme drought events caused by climate change. Understanding the forest health response to
multiple stresses is a new challenge. The characteristics of litter-fall can be used as an important indicator to reflect forest
health condition and its response to environmental stresses. The aim of this study is to detect how drought stress affect the
litter-fall characteristics of forests for a better understanding and more precise prediction of the forest health decline in the
acid rain region of south China. Masson pine ( Pinus massoniana) is a native and widely distributed tree species in south
China. it is also one of the most important tree species used for forestation and widely damaged by acid rain. The litter-fall

quantity and its components ( dead needles, green needles, twigs, debris, bark and cones, and broad leaves of other tree
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species) in the Masson pine forest stands were monitored at Tieshanping of Chongging in 2010, and their responses to soil
moisture was analyzed through Pearson correlation. The results showed that the monthly variation of litter-fall presented a
“two-peak” pattern. The highest peak appeared in the dry-summer period of August-September with the lowest soil moisture
and amounted to 2.30 t/hm’; the second peak appeared during the dormancy period of December and was only 0. 65 t/
hm’; the amount of litter-fall in the two peak periods accounted for 49.56% of the annual total (5.96 t/hm’) in 2010.
The annual dead needle was 2. 89 t/hm’; it accounted for 48.42% of the annual total of litter-fall. The order of weight
percentage of the litter-fall components was: needles > twigs > broad leaves > debris > bark and cones. The variation of
monthly dead needle amount well presented the variation of total litter-fall amount. The monthly proportion of dead needle to
total litter-fall was almost the highest in the whole year and fluctuated from 32.8% to 95.7% . The monthly variation of
broad leaves also presented a “two-peak” pattern, but the highest peak appeared in the period of April-May and the period
of November-December respectively. The monthly proportion of the litter-fall components of green needles, bark and cones
were always the lowest and reached maximum in August. The monthly proportion of debris reached to maximum in the
period of April-May and during the dry-summer period of August respectively. The monthly proportion of twigs presented
only one peak in September. On the whole, the amount of all components of litter-fall, but except the broad leaves,
presented an obvious increase during the dry-summer period and significantly negatively related with soil moisture,
especially in the soil layers of 30—40 c¢m and 40—50cm. In addition, the litter-fall amount presented a significantly
positive relation with air temperature, potential evaporation and solar radiation ( P<0.05), but a significantly negative
relation with air humidity (P<0.05). All these relation with weather parameters reflected the dependence of litter-fall to
drought stress. Compared with healthy forests, the fine roots of the studied Masson pine stands were decreased and
shallower-distributed as the results of long-term acid rain impact, and the quantity of newly grown needles and their litter-
fall was reduced, but the quantity of dead branches and their proportion in total litter-fall was increased. The variation of
litter-fall of Masson pine forests in the acid rain region of Chongqing became quite sensitive to drought stress, and the litter-
fall more distributed in the dry-summer period; this means that the double stresses of acidification and drought will further

worsen the forest health condition in the studied region.

Key Words: acid rain; drought stress; Masson pine forest; litter-fall; forest health
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KEmF EHA KRN X 2 —, HhEE R ERWIX , B4R, BN IURIK AR &, 3 it
PRI EE 3 . T BAN (Pinus massoniana) 2T ML X () 5 &+ f R Rl | % 12 370 B AR 0k 1) n &
PRERILNFE B AR, th T Z AR MR TR fa 3, 5l A2 KA B, AR R0 AR 1 WS A L 75 i SR R E T2 %%
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TEAEAL R e AR AR A RIS I B ] R i A8 LW i R - 338K 43 B RE 0, DI il T 524 T R B A 4k R T I
ZIE N — AR R E R, R AR RN, T RI0RKIN, X R W DX AR R I P R
A TEREISE I 7 R4 78 AR TR W DX AR MR R AR A ) 75 22

ARSCHATE i 2010 A7 5 PSR 1L BE S R ASRYA T P RR AR 2T AR AR 1 W A S K4y R FRIER
O3B, TR L T T X327 5 ) FEAA R g R 1R ML, SRy TR W DX R AR ] Rl 20 8 R AL BRI AR
1 #xEis

WF5E b o5 A0 T FE R T Bk L BEAR 7 (N29°387  E106°41" ), 7E T H0 AR A6 5 114 25km Ab, J& PU )1 2 A% 1
FEBE X MR ARG AR 242—579 m, B5 BEARALTE 5—30°, % Hb 9 W B B IE S, AR K 1100 mm, 4F 345 0
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18°C, HHELIW A BT B N 3 JERF 50—80 em, HIEBE 1.25—1. 64 g/em’, T3 ™ & (pH
{8 3.0—3. 8 ; EhILIFNIE 4.47% —18.63% ) , ILFEARIZ AT FRAK 1200 hm?, L) 20 HE40 60 4EACHER G KK
SRR S BN R AR £ Rk 0r 3 B B, B2 EEON SR, MR A D & B ( Cinnamomum
camphora) M ( Phoebe zhennan) 4§, N KJZ FE A A ff ( Schima superba) ¥t ( Elaeocarpus sylvestris) . BAT
( Phyllostachys heterocycla) F2AK ( Cuninhama lanceolata) ,FEHi ( Mallotus barbatus) . FAKK ( Quercus fabric) 55 ; B
A JZ VIR ( Hypolepis punctata) N =
2 WMRAE
2.1 FEMLBEE

TERR PRI AR b el B B T 12 S R AMRAE H , HAE SR IR AP S5 D3R 1, b )30 mx30 m
T 2 REHE 4 4520 mx20 m B IR EEHD 8 4,

R1 SEMWEEIRME AR

Table 1 Characteristics of Masson pine forest plots

FEBFFAE Vegetation characteristics . HJEHHE Topographic characteristics
A +TREE L .
eSS * AP o TR L. TREPER Soil Soil R - el WA
R Canopy R S A% Lo . . i Slope
Plot number  Density Tree height Defoliation ~thickness  density/ Altitude . Slope Slope
N density DBH/cm 3 gradient .
/ (#€/hm?) /% /em (g/cm’) /m position aspect
/% /(%)
Gl 900 85 15.37 16.61 55 80—120 1.56 532 10 Lk VYR
G2 700 76 17.63 19.76 50 30—60 1.51 556 10 T [E3
G3 675 65 13.61 16.44 60 40—60 1.54 540 15 22873 g3
G4 400 60 18.07 24.39 55 40—80 1.58 553 6 Rt dtk
L1 1200 55 16.46 19.22 70 20—40 1.40 520 20 i [iig|#)3
12 800 75 15.03 19.19 55 40—60 1.35 548 5 Tk [liig#:7
13 760 75 17.93 23.38 60 50—80 1.51 553 5 g [l
14 990 80 16.54 18.85 55 80—100 1.56 560 3 b [iig#3
L5 1100 50 17.66 19.50 60 40—60 1.54 570 6 ok [}
L6 1280 70 15.21 15.78 65 20—30 1.41 581 0 B pw 4]
L7 800 85 17.88 20.45 50 60—90 1.57 565 3 YT il ap2
L8 1100 50 16.98 20.16 55 50—70 1.52 559 5 b3l 3

G [ ZEREH G stands for permanent plots; L I AL L stands for temporary plots

2.2 Bk

P R W PR 75 i AR EEHIBENLAG 13 5—10 D HALAR 1 mm A9JE B MBURAY 1 mx1 m Wit
W, BT SO em &, B CEE 2—3 Wk, I Be By I SE6 5 Fehh sEAT T B AR R R R (k) (R
BRI HLREE (GdEfeae B 28R IUR) X415 SRR 2 A G HHHE 85 CHLAR b T 2 HE 15314526
o BB JRI5

FHBET YRI5 380K 43 76 45 Hi 3k 45 7 A O 05, B 3R 8654 0—5.,5—10,10—20 ,20—30 ,30—
40 ,40—50 ,50—60 .60—70 F170—80 cm R4 ZHUFE 2—3 K, &2 2—3 NEE ;& 2R KL 80 cm, N
B LR I SEE0 2 1E 105 CHUR Pt B, e T E R Ak R,

FHZEE A 7= B 81 435 ( WeatherHawk 232) WElIARAM G, A FGREFN & (mm) JEFEZE K& (mm) K BHEE
SFERRE (K)/m*) A SRE (C) VS SR RE (% ) JGE (m/s) AU A, B Smin 10 5¢ 1 REE
2.3 HdlEaba

REEHE H Excel 2003 25181, F SPSS13. 0 #-47 ir 7 5 A MAE - 24500 H s P 5 1 &K E &
— 0 3 P R 5 A 5 6 A A B YR G T 1) Pearson AHSE AT
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3 GEROW
3.1 KZEHETFARMK

2010 4EREZKER 1118 mm( & 1) 2k 24 FH(E , Hd Ll 4 6 F17 A &£, 5300 182 165 F1 143 mm,
2R R P AE B AEZE & 5t 1176 mm, Lh 7 8 H i, 705124 170 #1221 mm, H 7—9 A 3978 % w I W& T 1%
K I TARE, AERIE 18,5 °C, H R AU SR BHER S R i A A R 2 < rrde” 8 7E 7 8 H ik E|
K, AR AN 55.3% , 7 BIAHXHE R I sh /N, — A 50% A4 A0 7 .8 AR fmAIR , 3 F itk [a] B 7K
> FERZ R HRETTRA OC,

g 250 % 12000 - —
EE 2F
£5 200 = < £ 9000
=5 BEE
(5] r S el
@g %é_igsooo»
TS 100t 2 E= S
Es “MmL 25 %500
€% sor [0 HH | %3 H H H (
2 AT | AN RN IR IR NIRIRIAN
1 2 34 5 6 7 8 910 11 12 1 23 456 7 8 91011 12
£ 307 . 80
O P r
@g 20 gg 50
=§ 15 £ 8 40
VE gl Ei 30
RZ = 20
e H H RE 10
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 456 7 8 9101112
H 1 Month H 4y Month
E1 SKEFE2010 FHEAKNSE
Fig.1 The distribution of monthly average of meteorological factors in 2010
3.2 j:i;gﬂ(ﬁijj?{l}:/ﬁ/ft - 25 —o— FIEEKE > HEY R 1.60
SRR 0—80 om R KA & BEAE 2010 4FH T 2 1% ME
» y e = g2 100 B2
AR (K 2), o, 6 H 6 2R dsh7E 22. 5% — 5 5 0% §5
i ) 25 w B2 0.60 5 &
24.5% L HHAR I ReRS FLRGE. (17 AR, s B2 2 040 = 8
, N B 020 4
WL SRR R IFAE 8 A R AMERIRAR, — B 10 A F el > L L o 0

1 2 3 4 5 6 7 8 9 10 11 12 1

HRIAMKE B 6 H K X &K 7—9 A ki, 4 Month
BB, A0 IR LHOKD BT gy i o sem +Ra0+EAS TR BENE 200 &
WriksZ, 52 11 H B AR E 28GR 4 A BKRIEN  jgss
K SR R K B8/ T IR 2848 T 1%, fH il T28K Fig.2  Variation of soil moisture in the layer 0—80 cm of sample
D TR K AR SR . FT L, 7—10 B 3 4F {5 1. plots and monthly litter-fall amount for Masson pine forests
K 4375 B, LA 8—9 i TSt B3 n 2010
3.3 JAEwERH

POy NI R R N VCIA . W NTE =22 U7/ RRE B % IR S5/ R 7 7 STER - A D = N I = s VI ==Y /A |
VIR N S 0T Y PR AR 1—T7 AR R 22 5K AR R A IR K - (< 0.40 v/hm?) , Jrfr,
2 Ay a5k, 42 0. 15 v/hm? , (B8 A Jdis i 20w B, — BRIk B & 4F e, i 1.37 v/hm® ;746 9 H A
WRIRAL T8 =5 7K, 24 0.93 t /hm? ;8—9 k4 U T PR T AF N 43 A (e U™ 76 10—11 H 4y, 99
RS BE T 1—7 Ay, 7812 A4, AREEERE 2 &g HHE 1 EEKEZ, R 0.65 /hm®,
PN P A TE 1 8 .19 12 H A I ¥ & 5 AR VA 19 49. 56 % |, B2 —2 , U HH R TR X 32 3 I AN AR UR V& 4
B R LA 3 S H Al 3
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3.4 VWA R

SRR 2010 AEJHTE Y B EN 5.96 vhm® (3R 2) Al sEA M i 2 (2. 89 v/hm®, ( 48.42% ) ; k)&
PIAE(1.77 t/hm*,29.72% ) s A ALIEIE B2 ( BBk ) A k20515 11. 86% 4. 13% 1 3.79% ; 75 & i
(0,12 v/hm? ,2.07% ) o Zh ERAAMRIETE B0 45 20 50 B AP SRt it > A > A AILAE T >3 12 (BRSEL ) > i, 15d B
Erit R H e A IE DA 5

F2 DEMM 2010 FEEYAENISE
Table 2 The composition of litter-fall of Masson pine forest in 2010

FtAEEt it I - BBz BRAE A EET

S P A% &1

A Dead Dead Bark and Green ﬁmﬁ%hﬁ )ﬂﬂﬁ it

Items Debris Twigs Total
needles broad-leaves cones needles

V&R Litter-fall/ (t/hm? ) 2.89 0.23 0.25 0.12 0.71 1.77 5.96

L5l Proportion/% 48.42 3.79 4.13 2.07 11.86 29.72 100. 00

3.5 JHEWAS A S

& A URIE YR AL o el 22 S OR (6 3) . 5, MisEAr I A TRVE R LI 8 11—12 A £ ,3 1~ H
0y b AR JRVE AR BEAT IR 1) 48. 04% ;4—6 A i/l , 5IRVEY) B A AR LA — 30, 4 H TSR PE £ i
2 H WY B L BIEILL 1 —3 A0y 11—12 A e, 39 75% DL b BB L (Rl 0 R 7% P ARG AE AT ok 32
BARTE , 2 A IRTEARSCE T 525 7 P8 959 8 ek 0 A 88/ (18. 40% ) 4b, Hods A iy ¥ %k, 78
32.8%—95.7% .

£3 TRAHGSEMRWEZYHESFFE

Table 3 Litter-fall characteristics in different months for Masson pine forest

HhEEEH It it R Bk H It AL R Twi
Ay Dead needles Dead broad-leaves Bark and cones Green needles Debris wes
Months W L £ 45y LA (¥ gl (¥ Lfl [I§h Ll [I§ L

/(Vhm?) /% /(Vhm?) /% /(Vhm?) /% /(Vhm?) /% /(Vhm?) /% /(t/hm?) /%

1 0.2223 81.84 0.0043 1.58 0.0049 1.79 0.0008 0.29 0.0049 1.79 0.0345 12.69
2 0. 1465 95.69 0.0002 0.13 0. 0000 0.00 0.0011 0.72 0.0053 3.46 0. 0000 0.00
3 0.2673 88.35 0.0011 0.35 0.0069 2.29 0.0009 0.30 0.0114 3.77 0.0150 4.95
4 0.1132 35.38 0.0298 9.32 0.0132 4.11 0.0110 3.42 0.1388 43.39 0.0140 4.38
5 0.1281 32.82 0.0516 13.21 0.0235 6.02 0.0126 3.23 0.1027 26.31 0.0718 18.40
6 0.0950 42.96 0.0225 10. 16 0.0174 7.88 0.0058 2.63 0.0350 15.82 0.0454 20.54
7 0.1632 47.31 0.0129 3.74 0.0319 9.24 0.0108 3.14 0.0829 24.03 0.0433 12.54
8 0.4903 35.75 0.0212 1.54 0.0996 7.26 0.0442 3.22 0.2643 19.28 0.4517 32.94
9 0.1712 18.40 0.0131 1.41 0.0214 2.30 0.0081 0.88 0.0293 3.15 0.6872 73.86
10 0.1940 36.32 0.0139 2.60 0.0107 2.00 0.0091 1.71 0.0131 2.46 0.2932 54.91
11 0.4019 85.30 0.0296 6.28 0.0108 2.29 0.0140 2.98 0.0129 2.74 0.0020 0.42
12 0.4952 75.72 0.0262 4.01 0. 0060 0.92 0.0051 0.78 0. 0068 1.04 0.1147 17.54
1—12 2.8881 — 0.2262 — 0.2462 — 0.1236 — 0.7074 — 1.7728 —
ERAM 0.60 0.77 1.29 1.13 1.33 1.48

Coefficient of variation

IV - 75 4 A2 B MRS T R 2 I Sk R AR o G 7S A AR Al < R AR (I i) 5 0 Y 0
WA AR 1 mIgE kA 4—6 H0r,5 A il Bl &4, 0 0.0516 v/hm® (524 H IREWE 19 13.21%
FAFRVE T B 22, 80% ) , 33K 2 H I b R AR b AR R AE S (HAE 4 5 A R R i Z SR BT
B AEAE— AR S A s T 35K 15 T8 L ) B W AR 5 R s A R R A R — B, fE 11—12 A Ay,
HTIRLBE TR, KRN s/D , R IE T4 22 T A 150 2 SR8 R e (o AR JR & TRl = 1Y 24.65% )
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PR (RS ) A B I 25 H R 95 RN (2 0 JR VR 0 EL AR /N BT E 0—9. 24% |, 5 A TE
0.29% —3. 42% , % F F 85 7R 275 0. 01 vhm® LAF o 8 A G ms i ( ok ) Fns st n i 1 7% &
®Z, 53135 0. 0996 t/hm” F1 0. 0442 v/hm?® , (7 HAE 5 Wit 1 40. 44% F130.76% ., 75 BOEF -7 KABZ 51
FAEEE (TR OKE JEXEE) BSEE T I 8 A B (e 5 WE 2) 8,

LB AEYI LA 4—5 A A8 A% ,4—8 A0y 524 H &Y= i LB R 15.82% —43.39% , H
o 4—5 Ay S RIMEAL K &7 R IR TR R T WA B ( Dendrolimus punctatus ) 1 & 7 A3 2 113558 H 43 Il ]
e ST RMNEA I, WATEEYLL 8—10 A% 9 A isElE K, 7 0.6872 v/hm*, 525 H &Y LAY
73.86% ,iX Al HEfE 7—9 A MM iFse T 55 ER .,

2 A AR BCAL T - 9R P50 AR S R BN 0,60 0. 77, J8 Fh AR S T R I5 W 4 0 AR S AR
KT 1, @A 1,

3.6 VEW S EHOKSHAEE T
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AR T RIS Y 4 /0 YR R B A2 ) R e Bk i i, FLZ R H J2ANIA], Hor AR BEEF IR V5 9 5 40—
50 em K AR I 3 TR OC s B (SRR ) AT 5 30—40 em A 40—50 em - HE S K430 AR
& WA R A TEY S 30—40 em A1 40—50 em IS KR WA GUAHE 5 H T LR
K AU F7EY) 32 30—40 em 37K 53 10 5000 s AV D TR 5 40—50 em T3/K A AN AHOCSHE, 5 H
BASE K A 1 R R OO VR A BR 5 0—10 em F120—30 em KA SN, HSHE
B = R W T i S A i i i e % A 12 1 R IS TER - AL LS NN T i L i B 7/ RS R
K AT BIAS KB ZE A DG 10 B X - 7K 43 it 1o AS SRR IR P R i D R IE B 22 S B A A AR R

AR FF DRI TS 3552 30—40 em F140—50 em + R MK SR, X 5 LR R 2
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Table 4 Correlative coefficient between monthly litter—fall of Masson pine forest and soil moisture at different soil layers

= % g e ; " 3 e 24 E T
/em number needles broad-leaves cones needles Debris Twigs litter-fall
0—10 10 0.068 0.051 -0.566 -0.408 -0.413 -0.726" -0.598
10—20 10 0.041 0.034 -0.472 -0.385 -0.389 -0.851 " -0.677°
20—30 10 ~0.067 0.307 -0.641 0. 465 -0.539 ~0.690 " -0.650
30—40 10 -0.469 0.023 ~0.833**  -0.782" -0.672%  -0.840"" -0.962**
40—50 10 ~0.809 ** 0.290 ~0.784" -0.723" -0.468 -0.504 -0.805 "
50—60 10 -0.324 0.315 -0.533 -0.466 -0.204 -0.927°** -0.816"*
60—70 10 -0.055 -0.011 -0.442 -0.390 -0.226 ~0.918** -0.720"
70—80 10 -0.216 0.212 -0.412 -0.391 -0.170 ~0.962** -0.784 "
0—80 10 -0.235 0.175 -0.637 ~0.544 -0.402 -0.932*" ~0.848 "

* RN (P<0.05) 5 # + FRHH ML (P<0.01)

3.7 PEYSRGEHE T

FUCSE (9 B FEFAARE 7 i S R R N s VIR S (R 5) b 5 B e U2 18 B e
ZER | H BOR PR S | H RO BH AR S8 2P 0 0 25 IEAROC RO R B 7E 0. 75 DR B H 28 SUH
XL R G . SRR PP R A G T BRI B S 5 A AN AR A A R AL, AT
SR IR 3 2 S R AR Z M, DT 5 [ sl e = ek 5 it . TR, UG IR 10 5 R A 4] v o ) 2 il AR
RABIIATT AT VA R 7K 3 Il 3 500
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Table 5 Correlative coefficient between litter-fall of Masson pine forest and the daily mean meteorological factors

) v H i AR e ; WIEZE K pNLEEE TPRS H [958 S5 e
WA BEAL H e il 2 R T '& LEE N psSy .szij( L U
Air temperature . o Potential Total solar Maximum of solar radiation
Items Sample number Air humidity i L. K .
max evaporation radiation intensity max
TP Litter-fall 12 0.787" -0.777" 0.755* 0.841°* 0.799*

#* FERAHSE 35 (P<0.05)

4 ZEigfnitit
4.1 FRF L MABRA UR 7 ik i) 5 4 v 7 AR 30

FRARIE T5 40 4E P 435 0 2 PR BR B A PR AN R AR AE 1T S5, 7T DA« B mg e U7 50 0010 g ) o Xl 54
B RS RO AR SR AR A IR AR A ARARE A ey A5 SR N B X R Ak IR A SR BT M e T S AR T
551 PAVEEIELE 4—6 A0y, 55 2 mIAAE AR, 5l AR — 2O BEIIA T Gl R E VS S A,

PERIESE , W fm L N T AZ AR R S A 2 ) I RO R 2 s TR AR AR 1) U T A A PR A A < X
8 1 PO N ) S R == 7/ = Ry 4" 1 O (R S VB N (210 N i B E i/ = S = 3 L RN
W1(8—9 AMy) HARE , AJB T IEH AL R Z 2T S a0 5, 55— 0 BUE AROR R Y 12 A 4,
5 R LR RMRER I 2, JRIEF AW &, 1L, B FE MK U8 7% P A8 A0 T S bl 5 AgUR% , Ho i
T AR,

L EEANMIE T 1 rh AR SEAT IR BT i B i R 7 LU R LR R ARME R BT TERTE IR R 8 H
1y B 06, U HETT WA 8 A AV = 5 4ERY 1/3 DAL X it — 20 R B IR 3 L5 AR I8 V& 43 A %
JR AT ERARL, AR T R T R A
4.2 FRFE D EIRAYAE SR T4 s E R 95

AR SCRIFSE 1 FE A PRI I 0 AL L 81 R T I > B > AT LI i > e B kAR | 5 H g b X 5 AN R 95 4 4
Iy I AAR )1 (B AR PR TS MM 5. 96 v/hm® AT TR)— A A0 R bk ok 24 5 S - AR R 4T 1
TRASHR, i TR AR TR AR AR MRHIE AR AR (32 6) o IE BN ARARIA 75 2[RI 52 5 4 L) ARpk el |
RO S 757 PRI A5 A R D B MR AT g (3R 6) , RMIBK I PR T BAM MR B T I5 M v T
PUEE WK EE Wiy A = BRN) AR i, 3 nl e PR 2 b 2247 ™ 5 3 R Ak & 52 31 2 B AR Y
He KRN T A | R ST I 3 7% 56— T 7E 40% —50% 2 [A]') 2 3 AEA4HnE 2 C 7, AR5t & i 5
AW 93.25% 00 T AT i DR LA VA v R T S I Ak LB S AR AR IS R R 1,77 v B T
HE X i % FE MR U 7 40 WA S A 14 D IR T i RS2 KA 7 R AL G FE A B, T AR LR B
Mol A ST 1855, — BB B R L 1 A AR IR i (75 ) ¥ =M ¥ . AWt k3, 75 T 519 8—10 H 1y,
O BIMAIRE Y SR £ 3K 1. 43 vhm® | HEAEJRTE Y ELY 80. 79% , T UL ARV W ) 44 2252 311 R haa
BRI SR TS W) 5 K A ORI G AT R I (£ 4) |, BT =2 ) 0 & A5G (-0, 932) |, iE— B U B iR
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R AR is AL, BB SR e R B = )[R, T AN AR AR A K H 2 [l 3 A 0 B 4 0N, oE— A5 e B 5 A
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Table 6 Comparison of annual litter-fall amount between forest types at different areas

EPRVE YR
W FT L A AR -3 pH & i Annual litter-fall/ (t - hm™* - a”')
Study area Climate zones Forest types Soil pH Ages/a -
S Total  BHAL Twigs %1 Needles

HRER I rhalE A L)X /NN 3.0—3.8 40—60 5.96 1.77 3.01
Wi K 18] rh AR e LGN — 150 13.03 - —

WA 43t i A — 90 11.70 — —

EFRETRACHK — 70 8.39 — —
WK R-2) rh AR L)ET/NN 4.0 50 3.09 0.25 1.67
S e AR W 4R i A T AR AR - — 4.50 - -

W T RE TR AR AR - — 3.51 - —

e SRR IE AR — — 2.91 — —
WA ] LN &S A 5.0 41 3.71 0.03 3.49
Fg = HRTE AT oA 4.4 41 3.43 1.00 1.71
JorE R AT A — 38 4.39 0. 44 3.58
T AR S L 12526 R LA 4.2—5.0 60 3.31 0.14 2.58

— OB

F TR SRR AL 5 TR R X 2 R AR Ay A AR D o3 A e J2 40 3 b SR BT I i A K 431
AE 3, DATHI B 50 38 BT 53 o R S AR 7 % — B AR, TR MORSE T %5k 6. 19% ' %]
PR X FRARAR LIRS U 57 | s SR AR 3 B i) 3K o3l R PR AR 5 B30 A B 5 DA S 3R
A2 T7 2R E AR

AWEFE 7—9 A G T 78 A W i TRk SR AR (B 1), e 3K ik B e 4R, B
FAMRI 7 Py ) 7 3 B0 e 0 (1 2) i W5 DE B R T 1X 5 R A b o] v 6 %) 1 80 BE AR BURY, v | 5%
FEPRIASC TR (3R 5) , il A 5255 R PR S 1 I s DDA G, RIIR 9 [X 52 3 5 RAA MR R I W o ) 52
TR

SR, AN D I, ELASCIE 56 A ¥ 1y ek A g A S5 A 300 0 JO2 445 e , 8 1 W DX 2R AR PR A A2 Ak (- 5
38) 7 A R A ML AP UR A TE R BRAE | 4 0 X R R DX B FE A B I I AR R 06 ) 28I AR /K S5 T g it
— 2B AOHLEL G S RIS, D5 X6 - K 73 AR e A AR A8 4 30 78 6 S, TG S R T DX R MR A A S T
PR PRI ST
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