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(Kunming Institute of Ecology, Academia Sinica, Kunming 650223)

Abstract

Following a sequence of field research and observatdon for many years, the above-and un-
derground stratification of the seasonal rainforest is hereby discussed.  The result shows that
there are seven above-ground strata and also seven underground strata corresponding respecti-
vely to the environmental gradient of climate and soil in the seasonal rain-forest. Differcat eco-
physiological features, above-ground canopies, and the morphology of underground root sys-
tems are formed because of the effects of environmental gradient. The young shrubs and herbs
(including epiphytes) exist in the layer where they are poorly illuminated, but with little ch-
ange of tempereture and humidity. Above the young tree and shrub layer is a layer of environ-
mental gradient with strong sunshine, and variable temperature and humidity- Rapid flow and

energy transfor as well as circulation and storage of substances occur in the soil at 0-—100 cm
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i depth where is an active bio-activity functional absorption of the fine roots. Under the abo-
ve-mentioned layer, there is less exchange of energy and substances because of the function of
the layer roots is mainly to fix the plant. Measurement of carbon dioxide concentration soil in-
dicate that rainy season is the best season for the flow of substance and energy transfer and for
the growth and development of rain-forest during the year. The highest growth speed of rain-
forest occurs in August and the lowest in January. In addition, in accordance with the structural
features of rain-forest, some noteworthy problems on the reconstruction of artificial economic

forest after deforestation of the seasonal rain-forest were discussed.
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SHNAHBARBENERETE. SEZEEENBH, ~EHhBETHREG—4H).F
ZG-10 D FF U112 B)Z4, BERMNER. DR AHE (1958—1961), #HE
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subaequalis), 3§ M ¥ (Xanthophyllum siamense). & 4 (Ardisia yunnanensis)\
KIRAK (Symplocos cochinchinensis), KR (Baccaurea ramiflora), |# (Capparis
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assamica), XX R# (Lasianthus walli-chii)‘ K& (Clausena dunniana var. ro-
busta), FEILIZE (Prismatomeris tetrandra)y, BN T Bk (Pleocnemia winwii), 5%
1 (Eurysolen gracillis), ZHLEL (Geophila herbecea) K, HWINEABT R AT
(Entada phaseoloides), ENIETF (Combretum yunnanensis), 72 B 54k (Strychnos
nizidz), FEME S (Dalbergia stipulacea)o
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Table 1 Synusia of the seasonal rain-forest
B
= A Ntﬁfbker H2 (%) sttlf"li‘t-:‘tsml-le1
Synusia of sp. Percentage (%)
A|B|C|DE(F|G
#ig Evergreen 31.6 ||+ |||+ {+|+
1. 7% A& Trees 70 | —
#MH Deciduous 1001 |4 [+ ]+ || +]|+]+
LHFNAHZER =
Autotrophic plants %4t Evergreen 6.5 2l
with chlorophyll 2,34 Shrubs 15 N O
A, Tty &M Deciduous 2.4 F |+
Independent it e et
#4¢ Evergreen 10.7 +|+ 1+
3.8 K Herbs 20 | ——
%t Deciduous 1.2 + |
4t Evergreen 13.2 +i
4. A Lianas 5 #M Deciduous TN I N L R
Branches 1+
B
F Trunks + |
B. JEHITAY . 14.9 | )
Dependent 5. Epiphytes 25 i+ Leaves EREREN
k%4 Litter 4
6.t 4z Semiepiphytes 7 4,2 A+
7.4 Strangles 3 1.8 +|+
8.3k Semiparasites 1 0.5 +4
2.RRMREHEE 9.2 4% Parasites 2 1.2
Heterotrophic plants =
without chlorophyll 10.fZ4 Saprophytes
/J\[H’ Hour

BEF Height(m)

Fig. 1 Vertical distribution of light intensity in daytime within forest
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H10m HBHOE,EEERMEHBHERE, D12, BNREE, RRAREEN>H
B, HRK, MR FHER 5%, BEHE1—-2%°, BETUBHEHL CbRER
0.5—2.5%, 4L 0% 0.90—0.18% ) N AR (R b Jt5& 0.83—0.77 % )4 K, %W
MREEMR BB RGN, KIESEMREANKN—, BEAPH & A A, WA <R
m, 8 7 iR ER T 1°c, 130T 1.3°C, ¥ 1 B EAEN ZTHRE 08C, &
BEERSEELTE, 1.5m DL EELKR, UTFEMNGE 2)0 W HEF R, —FHMHE
PHSEERTY M 0.6°C, . FFK 0.7°C, FHREMR0.3C,
%2 HASASASH

Table 2 Vertical distribution of air temperature (°C) within forest

5 Time (O’cloci. | 7 9 11 13 15 17 1
-
g 25 22.5 27.5 31.3 33.6 32.5 30.8 21.2
= 15 21.4 26.8 31.0 33.1 31.8 30,5 21.3
= 10 1.2 26.5 30.8 32.3 30.6 30.2 31.5
o 1.5 21.2 26.1 30.6 32.2 29.8 28.9 21.8
?ﬂ% 0.2 2.5 26.0 30.6 32.3 30.0 28.9 22.0

5SEMER, hNAE EEE S ZEERNm D, FRELSF 9B, T4 3R
AR E/N, 130K 20%, LUGH /. EE HEEEKBERN, BRWHE,
REBENT: EEMMSTHRHE28%, WES 18%, THES 11 %, RETHREKRM
AMIEE /N AHZRER". S LR, WG R B S I B ARE, R ifn B A B AR
EELETEL R .BEDEHNRTRE, MARNMBEBCRREREDFEAZIHLEE,
BEDEMNKRT IR, R ZERK/GEEN S HOKREIRE,

(=) MTFERRER

LBRAAEE BEENTHER.OIAREMH KPR RHE. 8%, BEAK
{Memecylon polyanthum) KIRARPIBR.EHESF|REA.B,C,D.E\F,G&E,#
FBEBMRARMAE 2)o WESE, (DEMBREX, ERARLENVEHEREEE; (DM
MREWEBER ETH RS ARG (DNREBEREENE KK (D EBREENHR
FENARER EHE R

RARALTSGER: GR, BHEBRARAL0LI0—015m; FE, FEEERAA L
0.25—0.38m; E B, PR AL 0.15—0.25m; D B, KRBT . BEAARHEAEAT0.80—1.2m;
CE, AR KEARAATL 2—3.7m; B B, HEM . THMIBRAL 4—47m;A 2, &
BABRAALI-3Sm, ME3IE, HRAALRERREXR/NGH EEKRNZERN
T e, {8 EER . BIR KR AA LRAR, RERRAEYN ENZERERAAER. BE
AFAAREBEERABNTAERRRA, RPSSRALREARAESHEUD. SXE
ENARSEAEEREEABRRE S BEAREEN 2ERKE. #RASE R 1In’ 8
L5m B ME(E 4) B KNBEBRLREH D, 10—30cm LERE, H k30—
60cm 1=, MRTZRETRE A, RREKBMRLH<0.lcm WML AZE 010

" 1) BEAEWTRIT,1963: SEEMRR,
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Fig. 2 Diagram of root systems of the seasonal rain-forest
1. Antiaris toxicaria 2. Clousena dunniana var. robusta 3. Gironniera subaequalis
4. Symplocos cochinchinensis 5. Pleocnemia winttii 6. Xanthophyllum siamense
7. Geophila herbacea 8. Memecylon polyanthum 9. Baccaurea ramiflora
10. Eurysolen gracillis

%3 REHEE.CERLARRE

Table 3 Height and the amplitude of canopy of representative plants and
their depth and the amplitude of roots

5374 - Eig (m%) B (m) i@ (m?)
Re resﬁnﬁﬁ\% lant Number of H?Eh?(nnz) Amplitude of Depth of JAmplitude of
prese pla layer 18 canapy (m?) root (m) root (m?)
Antiaris toxicaria A 35 98 3—-3.5 10¢11.5
Gironniera subcequalis B 24 95%4.6 4—4.7 5%X5.5
Xauthophyllum siamense B 18 4.4%4.1 4—4.6 5%4.8
Baccaurea ramiflora C 4 4,5%3 3-3.7 4X4.4
Symplocos cockinchinensis C 5 1.5X3 1.8—2 2X2.5
Memecylon polyanthum D 2.5 1X1.5 1.2—1.3 1.2X1.5
Cleusena dunniana var.

S D 2 0.4%0.7 0.8—1 1%1.3
Pleocnemia wintiii E 1.3 0.8%0.9 0.15—0.23 3X1.5
Eurysolen gracillis E 0.6 0.540.6 0.35—0.40 0.3%X1.5
Geophila herbacea G 0.1 0.2%0.1 0.10—0.15 0.2X1.6
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Table 4 Distribution of root systems in soil strata

D;ﬁp%n ((ccr;)) g/cm? t/ha Diam. (cm) g/cm? t/ha
0—10 380.85 38.1 <0.1 356.76 35.7
10—-30 459.27 45.9 0.1—0.5 470.49 47.0
30—60 147.93 14.8 0.5—1.0 132.15 13.2
60—100 90.84 9.1 1.0—3.0 214.46 21.4
100—130 37.74 3.8 ' >3.0 — —_
130—150 24.71 2.5

ES HBRSHEEMER

Table 5 Distribution of root systems and plant nutrient in soil

%42 Horizon A AB B, B, BC C
4+ (c¢m) Depth (cm) 0—10 10—29 | 29—59 | 59—104 | 104—132 | 132—400
AP Organic matter 3.70 2.32 1.66 1.24 0.95 0.18
N (%) 0.30 0.17 0.14 0.11 0.09 0.08
P (%) 5.0 12.5 11.5 14.5 12.0 16.0
K (%) 0.0 42.0 33.0 30.0 23.0 23.0
K.0 (%) 0.73 0.64 0.63 —
Ca0 (%) 0.46 0.44 0.93 —
AL0, (%) 32,75 36.33 36.46 36.38
Fe,0, (%) 17.67 11.94 12.49 12.67
Na,0 (%) 0.46 0.48 0.54 —
$i0, (%) 37.12 36.09 39.55 39,71
MgO (%) 0.51 0.34 0.37 —
TiO, (%) 0.78 0.80 0.79 —
pH 4.20 4.27 4.80 4.89 5.16 5.30
CO, (%) 1.29 1.18 1.65 2.42 2.83 3.79
0, (%) 20.46 20.28 19.60 19.03 18.91 17.51
Humidity (%) 27.27 28.45 38.06 30.58 31.38 32.97
MEd Bacteria (Ten-thousand/g. soil) [ 397.0 186.0 141.0 5.4 18.0 9.5
BERE A°“°°m"::itf>s (Ten-thousand/g.| o5 g 161.1 44.5 0.6 0.3 2.4
¥ Fungi (Ten-thousand/g. soil) 90.6 183.0 34.9 13.7 10.0 11.4

em 42 5 B K IERY 0.1—3.0cm [ 1 97 £ 30—100cm £ /2, >3.0cm A9
HOEIRA7E 100cm LIFEBe B E R, 0—100cm HEE 0+ RAME R RRIKL
WA EE LB,

2. AN G SEMFRBER ERERSEERTASR W@ Fid 3, %75k
Fe,05y ALO;, P\ NaO\ MgO SHRBA LR TR, BHTFRANEIHRFEEE L 1,
N, K, K:0, C0, P;0;, SiO,, TiO, S54RIt 15 b R E 3%, TREIE 518
o TR A PR BB B T3 A M RO BB R 53 1, Bk v SR B 32 R B T
BEVBRER O, BHI W, £ 5%, 0—100cm T EE O, &, #EY. BVl N. K%
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NEENLE. REM O, £, EENEE . BE. . REFNTREDIENANT LSS
Bo fEAMHEYIFFEHER BIRER CO, BERLENR S, XAFTEME CO, Bz th
BEYOLEER A RS, HliZ L EERMEN TR R AT S &R e
WU LR T E=4(1959—1961) MY, L lrh CO, SPig i, F""kg/
ha « h > F#F""kg/ha « h > FF"kg/ha - h, Hrph 8 ARS,! A&kfk. —HHfIH
R B R TRER 8 W= 8 N5, 12 AR ER 8 If 21 8 W&, HE 4 IR %
FFE 4 R ER 8 W&, % 12 % FAZER 12HEFH 7K CO, &R, WER 4 I
EPH7THMESE RHNERAFF 3K, RPFCO,RENEEREFTARE
M, XUARBRMAMK CO, B2, ENR D RENFHEREE R, ERRFEEN
F, ARETAFMES, L s AR, 1| ARE.
SRRl

HLERTE X 09 A EA TS MR o T a5 ARFTRKREEZES
A B, H SRR EARPENE Ao UARSRER, KN THERSIH N /K&
SRR RS, B R S FE R R T RGN RS, RS2 EH
G KB G R TN RMENBE S, B EEDE B TSRS KER
MHERVREVRAZANESERS R, BANENREBEAREETHECRE . BED
ZHIRTTHE MFARED TS MR REANRFLZEL. BE, BELERBRK
FREENKRERH. #TRAMNKLERLEANR BER REERNS> kN, BN
YRR, RPTE YRR B R E R R, TR R o 0—100cm + REFEM
PR B R, AT LS REEGEINZELE,

£ EFTR, ANt R B R0 M AR SE R R4 T T BER:

LEZAT(2PONTGTN BRMRREEUE RN RAR ERELERERE
AT, R R A RHESPE, SEMARRERR, RS R% %Y.

2 AR MERESEEEE BURREBRBALHBREZES W, HARKER,
EEMAEGHERIRAEY, FTEYBERERRR, PEHRARERRARRIARER
7o 35BS B A B 28 05 PH i R IR AR B A R R R AR R A

3. MEREF HARIWFRAEERBE —ERTE, RL EENESE, TEEERBRL
ARIFE , t B SR B3 R TEo

4 Bt7aR A, | A ZMME AR ZRIA, B i e R E SRR LE, B
98, IR R AL W TE A BE M A, (RS (R A RV 2 o

& £ X M

[1] DEI®REER FREE,1980; ‘LCKAIﬁ??EPfJ:ti?ﬂ(H“’ﬁEZQ M BT, (14): 4150,
[2] RH#X,1988: FEIURMBETNIRISMLSH L. SEEYHIE,10: 1--10,
(3] Richards, P. W., 1952: The Tropical Rainforest. Cambridge University Press, Cambridge, pp.

16, 176.

1) BIREHE 1963 £ rgEfnfR.



