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A PHENOLOGICAL STUDY ON M
MONTANE HUMID EVERGREEN BROAD-LEAVED
FOREST IN AILAO MOUNTAINS

Xie Shouchang Sheng Caiyu Li Shouchang
(Kumming Insttute of Ecology. Chinese Academy of Sciences, Kumming, 650223, China)

Abstract This paper deals with the phenology of fourteen main tree species in montane humid
evergreen broad-leaved forest in Ailao Mountains. The main phenological characters of these
trees were observed, the phenological spectrum was described and the relationship between the
phenological rhythms of the tree species and the environmental factors of light, temperature
ect. was investigated. Through the principal component analysis(PCA). it has been discov-
ered that the main meteorological factors, which are most closely related to the pheﬁological
performance of these trees, are the mean temperature and == 5C accumulated temperature of
- different phenclogical period. The light duration and temperature play an equally important
role in the induction of flowering. and in the leafing period. the precipitation and light play a

leading role,
Key words: Ailao Mountains, main trees. phenology, environmental factors. the prin-

cipal component analysis.
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ErEER/LERLKMIMEEL, TBL, BFEAT L. ERALSINSEENE
WS HHARFSHERPLBENREHK, ZEFRERSIHEB R DTS
“EETATY, REMZEBEAY ST KA REERERY LR, wEdLER
FUNHEKERERHARGEAREFHABRE. @HLY20.22ke’, HEXKEHA
#178% . FEHEREVEEMANERMBE LT HERESREE RIS, A 1081 F
ﬁtﬁi&ﬁﬂilﬁiﬁg, EHBETFRETEY. siip. S&. 18, R HMEDSEHNH
3. ZEARMHELNANEE, SET RO RS, £ XCMMRF N X LR
SEMT KA EERFH TR, FERANDRSGE, KD EE. FEZHSTRETOTE,
MESEMAESERANTEREASK. BSHRE TRMXE. B4 1988~1992 F#)
PRI R T E, HEARTRNE S RET RO .

1 BEESCRIAE S
1.1 B ZN
B UL AL B A o LR R 4% W R AR SR R (Lithocar pus xylocarpus) . BOR G B

(L. chintungensis), B8 (Castanopsis Watid) A AR M E ERBBITHK, SAELSE 24 )

31'~24°35', £ 101° 01 ~101°03', MK 2400~2600 m BYEM . HHMRE LK LB
BEXEMERBLE. $4ILNHEE 00m BEA. HES S, HEIEHHR,
pH 4. 1~4.9, RARBREY icm EH . LERE. FILHE SRR L BIFEE (1 ~270 cm)
H113. 66 %:EA TREE] 0. 9% D), S EKRERMFEIA, #F 1982~1993 FMMM B H, F¥13
KB 10.7C, BERE-8.4C, HBMMBE24.1C. £FEHHEAITE 1268.6 h, FREHLE
4323 MJ/m?, EREHE 1841 mm, EHRAE 2.4 m/s. EHBEMNTREZ S, HEG~10
AWk EL SEY 2%, PEEHEI AR I0AY, BE—REZFFN 4L AWM. T
£ H 180~200d (F# 1),

- *®1 HFLHRABE TR RRE1952~1993)

Table 1 The main meteorological factors in Xujaba region. Ailao Mountains

Ay Months SiE SiE
ME  Items 2 2 4 5 6 7 8 9 w 1un 12 FH &t
Jan. Feb. Mar. Apr. May Jun Jul. Auwg. Sep, Ocr. Nov. Dec. Average Total

SiEcC 45 6.2 9.1 11.%¢ 14.0 152 14.% 14.% 13.3 10.8 7.4 5.1 10.7
Air remperature
HFERE: C) 7.0 9.0 12.2 135 17.5 181 17.3 17.8 158 138 10.3 7.6 13.3

Temperarure on

ground surface -

=5 CHiR 72.4 138.0 283.3 352.6 421.5 454.8 462.4 462. 7 399.8 336.7 209.4 124. 6 3718.8
=5 C Accumulared

Temperature

=10C MR 0 18.3 139.1 302.8 417.0 432.7 462.4 462.7 383.0 245.9 40.3 0 2944. 2

210 C Accumulated
Temperature

RETH # (mm) 13.3 286 221 BL.O 108.4 328.5 441.3 233.7 258.0 224,6 98.1 23.1 1841
Rainfall
HAEE VD 76 63 &0 n 83 94 6 397 93 92 83 84 a3

Relative hurmdity

£ OO0 http://www.cqvip.com|



http://www.cqvip.com

£ OO0 http://www.cqvip.com|

14 WHEF: HFELFURETEAT K EER O OERT 33

1.2 MEAETE
REERKEFMAMAUEN@RLEEE, RSHTENNE. A CFEOHHFRE
x4 RAF, ErEA. Bt RE, REFESENTEENLREL. YHERTEL
MM EREY, MEYMEDHEFH, BHPMFEYN, EER—RAWE K. AT
. FR. b aifEe SN S8 g 3. 11, 19, 26 H#TWHN, HBFERRESm
e, BE. RESNESHMIINERE, SR UENEEESEREE. YBRRHIRE,
EITEEARER, FLUENAMEZHEE T HTRERE SH A/ EHT. WRIBEAREE
MBS RWHE, UEEEYNBESSZHTHXE. TS, AN HREREER
LR EMFARTOFREEWEAREHTRAY, SHEREE S~8 k. HET
SErERTE N A, ERENIRE 13N Imx 1l m HUCESR, 5 HBCENEY
FosCHEF 24 h M THE. FAEFAL2 M TENEEDBRBEES KB FRERHET
S, R BEm RO EERTF. RE
MEERHEF 41, 25E: KEAGH
{ Lithacarpus xyiocarpus). B F A (L. [ asen [ [z[s[¢[5]s][r]o)o m npe
chintungensis)) . B ¥E (Castanopsis wattii) . LR L
% M K (Machilus viridis), 21 16 A& %
(Manglietia insignis) . 1B AT (Schima noron-
hae), ¥ 3% (Hartia sinensis}, B H £
(Skimmia arborescens)., B AR BT (Litsea e-
langata) . FIE N\ B (Hiicium macranthum) .
& B W (Acer heptolobum ), WL E B &
( Styrar perkinsiae ). E W1 ¥ ( Populus
bonatit) . W A (Meliosma kirkii}, BP RIS
4 FogE R R
2 HR5F%HRH
2.1 WEEELNY XML :
.45 2 47 A BEEELL o L1089 R MR L

S. mrbarescens

L. elangala |

R SEEEE

sC_] 71N -k 222 EEE

FERFRYERE, 5 EREAEEN
FHELSH THFREE LY 14 MRS M1 1 EERMERRER
-{E%(E 1}, ﬁﬂﬂﬁ:ﬁmm@ﬁ’ ﬁj‘uT Fig.1 The phenuln‘)gical specnjum of the fourteen
BENMEENCRE. KEHEMDESR L wa R mal_"'":i;?;:‘q Lt

. esurrection: eaf expansion;
. WRERAR. I, 2K Growng: 4. WG HE  Leaf colour
2.2 ﬁ?*%ﬁ-‘?ﬂzﬁﬁt&ﬁﬁj&% changing; 5. fE M #1 Leaf sheddng: 6. JGR+#A

AR EMRT ZHEIHNEMNEY  Leafes; 7. REH Budding; 8. 4] Bloom
ﬁﬁ-:ﬁ&ﬁﬂﬂ‘- ﬁ%ﬂi?‘&ﬁﬁ’ﬁ%-{*ﬁ}% ingy 9. LR Frux bearing| 1o, FBEE  Fru
MR, F2AHT 4 AW EEYE e
B4 A5 >5 CHBIR. TH R, BREA KN, THERRAMEESE. BRTH
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2.3 WAREBRYBRIG TR 5

F KRB ERS S PCAOFE, 3 14 MRFEEEDN. BT ENS R, B
ESSKATFRTT EERLN, BEMERESL LR, EEIREREHEN
WEEFHERT, HERREAERRER. PCA it BEEMYL L. W3, B,
FEMNERS HERDIFIFIT R 3~ 5.
3 Tt 5S4l
3.1 EERFRWRFST

REH 1R, 4 IRAFRURELSHFRERFHN TR A
3.1.1 WHH SRETFHHEINHESERF, HEHARENEHNRFEZATH
E3ASY. MHRAEHRE, MAERENAREE | AWBFHED, HKEXKK
MG, £1 ATH; MAHREHRLEA, T3 AL TAFFERK, WHRAFE
P4 AL, EHAEEDMNEFREGRNERECRESHEAE. X THHETAHEHRK
AR, HERNTHSER, B2 CRENMBRFHIHAMSR, NOEAE. AR
F.REES, HHEMWA, EROTFHEER, 25CRAMNERAIRROES,
miEA, ReTEREE.

%3 HRWFREFHE s M HRHAHR
'l:lbles 'l"helludhgofenvlnnmml factors 1o the first four principal components in resorvection

* 4+ Principal component

HF Factors
Y, Y: ) £ ¥, Wt
FHRRE (mm) —0.5911 0.7183  0.0598 —0,3626 1.0000
Mean precipitation
25CHEC)
G, , 3 . :
>5C acc ved t rature 1201 0. 5753 0. 0367 0.1321 0, 9845
BROHBC
The highest temp. in a decade of days 0. 7522 0. 6434 Q.0194  0,0397 0. 9818
REGHEC)
¢ 7 —1{0. —q0. —1{0. 3
The lowest mean temp. in n decade of days 896 0. 1369 0. 4174 0. 0404 0. 9588
w_ﬂﬁﬁ{ C’ . . 0. 9645 0. 2417 0, 0964 G, 0193 0, 9984
Mean air temp, during resurrection
FHRRBC G, 9710 0, 1598 0. 1425 0, 0917 ¢. 9970
Mean temp. on ground surface
REH®edfh) _
Accumulated sunshine 0.7833  0.5643 0.1531 0. 1959 0. 9938
Eﬂ:.ﬁ(i]) 4, 2202 2, 3022 0, 2521 0. 1903 6. 9538
Eigen value
0,
fﬁﬁ.'ﬁ'ﬁ‘ H (26 60. 29 32. 89 3. 32 2. BS
Information percent
REFEBEH W

i 50. 29 593,18 96. 50 99, 35
Information surmmation percent
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&4 RHBHEXEFHN 4 MTHRHRTR
Table 4 The loading of environmental factors to the fivst Tour principal components in resurrection in leal expansion

F7#+%® Principal componen.'l

H-¥F Factors
Yl Y! Y: Y.q h!
ot MERMA D —0.0442 0, 7532 0. 5016 —10.2531 0.9553
The duration of leef expansion
Rt R E R C) ‘
Mean temp. for a decade of days 1n beginmng of leal expan- 0. 4004 0.7461 —0. 3254  0.3034 0. 9921

sien
BH=5 CEEC)
225 C accumulated temperature

RSB FHSE O

Mean air temp.

R FH R C)

Mean temp. on ground sorface

ot RE HAE b

Accumulated sunshine

0.7394 0. 5140 0.4278 —0.0915  0.9943

0.6363 —0.6142 —0, 4058 0.1437 0. 5682

0. 8366 0. 3928 0, 3726 —0.03B1  0.9947

9.9155 —0.3532 —0.15589 —0.0680 0.9918

ﬁ%m#m! 0.9172 —0.3051 -—0.1340 —9.1259 0. 9681
Precipuation

b .
FRAER A 3.4931 2. 2147 0. 9975 Q. 19%0 6. 9043
Eigen value

BRELN)

Informarion percent

REEETSH YD

Information summation percent

49. 90 31. 64 14. 25 2. B4

45.90 41. 54 95.79 98. 63

3.1.2 BHH BHMBRINEHVNGEROBABES S — FZRWEYRGHFHHES A
TH. a~5 AARMEN, E6 ATASHUW SRR, RHEESEFEARFRELR
T REF. CHR. HUHS. 293 H1~6 B BRMRUHEMN. WWHAKE. 9% 4
H2~6 H. RA-MIXZ5 CREA. & R RUFSHERGERER AR LEAE,
BAAEF. AFER. AAHE. FEXFHEEFERE. SR FEHHEREK, B
REENERELE. CHE. RUEZERES, BHFEHRE, CIEREREARER
AR, BRRMEERRRMHOARAH, REAH, BrESt LRAKEE FHERE
T,

3.1.3 FEW WEEENOELRECIR2EWDRIARER, EREFFFERYRRT
FEEMEEEARE. AWHF. KEAS, HEFSIMHMIE L1 FL2FALI~12 -HHHRE
%, ZE 2 FHEFTE: HE 1 MRHHERLYERE, UEFE. ERBRAEEHH TR,
AREGH, REAE. B, SoHia. LAEAE. RILRAES, LEEMRE 4~5H;
ERFPFAEZEHUEXEAAC AL B, KR AEUBCE H2s H), MEFG A 21
A, LHWG H 26 H)F#F, REHNRBEARN. LEX. ARAAETGT A 11~26
0. B FRERFHERZRER, FERHRFOCEAR) MFHIEMNZCR
BOBEREHNME, BERAD -SREMFBNE; FERHPHEGEAXRY. ARALED)
WREWERERBEWCEHER & EFREHFIRTREF O FHRE.
WEHFUEAHREREM A2 CREMKERIRBEERTS.
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% 5. FRMFRET 4 ~EHBORTEHR

Table § The loading of environmental [actors to the first Tour principal componeats in biooming

4% Poncipal component
Y, TY: Y Y, h?

H¥ Factors

FHEEBEHELA L BEN

Duration from 1 st Jan. to the date of bloom beginning

W~ TS CRBOC)

225 accumulated temp. from pregnant va bicom 0, 8987 . 2605 0.0744 —90.3314 0.5909
beginnting

FHEE=s CRR(C

25 C accumulated temperature during full blooming

FIERFR SR C)
Mean air temp. during blooming
THEMZEHE )

Mean temp, on ground surface

FE~FHEGHAREH B )
Accumulated sunshine from pregnant to bloom begining

0.9566 —0.24BB 0.0127 —0.1346 0.9953

0. 6964 0. 6602  —0.1433 0. 0B46 0. 9456

09116 —0.0565 0. 3008 0. 2320 0. 9785

0. 8850 —0.1118 0. 2760 0. 2911 0.9744

—0.0212 0. 8674 0. 4188 0. 0264 0. 9288

TR A Chy
Aorralatod somshine 0.6764 0. 608D 0.1583 —0.0105  0.B535
FFHMATH A BEH EEN
Mot acvumulated daily sanshine 0.5420 —0.0193 0.1856  0.2477  0.9837
8~ TP AR 0.5773  0.1868 —0.7337  0.2361 09622
Precipitation from pregnant to blooming
. A
FHER L 5.5182 1,739  0.9661  0.3885  B.6125
Eigen value

{9
fRE TR 51. 31 19. 33 10. 74 4.32
Informarion percent
REMFETAHOD

61.31 B0. 64 91, 38 93, 70
Informanion summation percent

314 BRY SHAMREBRNERASHERAHRAE. XFXE. IFERN. FHER
R, MAENR, ELHG A 21 B); FFREH, FHESERLE. MEARO J 21 H).
MHHERIIRBEERAL 36, § 1 BB HYFEER, LERRKRE, Wy
AW, AEAE, KEAA. LRE. RIVEZEE. Hill. WHEA: £ 2 B8R LEL
B, BERBEE. MARTH. REDH. B, TN, BARET, B3 LY
WAELR, KEARTUERBEE. FIRTFREFVESBRE . mAFER. WEFE. a7
FREMERBOREZAME I~ A, HRLUBAEARZ TR, EFHRTHRM
BEME 4~5 B. REHE. BEATFE/MPEHZRITK, :

3.5 HEAY HSHEARMEEFHENFHEL, CHEELSFMNPE, - FRER
peHEEA, FUENLHER,. RUEZEE. ElUh. LEASENHAE T2HENS
M. 4 MRFEHEAGTGHEERE, HEMELRBHEILEG A 5 AEE), REMHRE
I¥FAI0 B 1R,

31,6 HFWH HREFEMEHIRLTALEY,. BEAYERAERRES, BFTUHEN
FHEL, EHEFHERFTR L, EHHEE - FHEREH#T, BERIMIRIHEY
M RGN, DEEM3I ATEES A LOMEFEM 11~12 5. HHRIFAGFH IR E
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9~11 B, £ 11 AKERE 3 BHEAITHE, HALFRERE. Fo Mt REH,
BABHRBEENENS -S4 AFRESR, S 1 RKENEFEGQ ATE~5 AL, &nt
B LE 34.08% . TERERWEHENFR. X-HNELTREERN. BERWH
ESHT—MMERMETROLSIZETEABHTTAKR: 5 2 KEN S ERE
(9~11 B>, ATEPFEH., BE TR, SA/%, EorR S5 S5/ 33.32%, HPAHNY
— B MR A TR, EH AN AR RERT ML ER RS RS A
,MESIIE

®6 HEHAZEEA SR
Table § The monthly variation of litter production

ﬁ'ﬂ En‘l‘l Mouthly lirterfall (g) gﬂz

G s car 1 2 3 4 5 $ 7 8 9 w 1 1z &t
Jan. Feb. Mar. Apr. May Jun. Jul. Aog. Sep. Oct. Mev. Dec. Total

1991 765 369 Y70 1073 gO3 805 10Y% 510 445 870  VBh 515 87459
1992 323 570 1125 2360 13240 550 3% 450 960 1v85 1925 380 12163
1993 635 550 745 1320 @8Y5 510 505 500 925 1320 1190 545 9620
X Averagelg) 576 496 880 1584 1006 622 §58 487 TYT 1325 1250 480 10181
1# & Obversion

‘443 282 677 1219 774 479 506 375 598 1019 992 369 7832
(kEjh.mz-a.)

3.2 ERAAHRAEESREF

RAERSZTHE, EEESREFH RETARSGDENEZERF. BB IL4
MEEAN ER S 2t BTtk
3.2.1 BB AERITUEL.F1 484, UEHRFEESEMLEREHNE
FHRERBRE W 9710 # 0. 9645, EE 2 48P, USSCHENATANERS
(0,9753), H1MF2 EHBYRBFET A 3. 18%, FERRE. XRPERKH
HHMERST, THEXBREE, MERFFEMCEFFRYIRS, 25 CHERSA
BEMNER. iR, HBERR, HizhEM. HEERE;: HIREN. >5CHRE
RE, HEBKHNER., XE5HRENNMET WS, s TLER, FHRF(EE
SEMHREEDEFRSHAPZINEESRA T, M5 CHBRTHFEIFEERTH
FESLEF. STHE, RELFHHESHINEIEATHREESS, & REH BN
RN EENE T, ¥ 3 ERMSEAKRX T WS R G A, HE AR
ARERFFE, HHRMUBREASHTRA EFEERT ZHE.
3.2.2 B FAMSERESS. H1 483, ATARERRSHERHSNREER
MERH B (0. 9172 #0.9155), H2 F4B+, BFRTERENERMTHIQNE
(0.7961), “ERBAFATESEY 8154, HERBE. X5FX 1. B1HrRE—EM. B
ENRFAEENSER, AHENTEEZ S BFESRKERM, §F2~41 A LYEHF
RESHE, AR LERTEMHE, EAFESASITRERBKES,. RAEHRA
FH—EEEH, IRACEREIEERHHREERT.
323 A MARSTES, Bl EZHEF. THHREARNYN(—0 94205 R
(REBEERHR, 2~ FHPRARMERE NEFRAR S, FHELHEL A 1A

£ OO0 http://www.cqvip.com|
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B K ¥C0. 9566) M BHEETHREN LANHBRERFH REMOEM. £F 2 2R
H, U R ~FHEHERIEEO.BTONETFAREES, ERGEEEIE N
80.64%, HEMBEN. H1. P2 IR E-ERETERENAR. METHRERERE. B
BRHE, XENH, IFEEMHBRERE. HREEHRENERPORYEE: FERD,
BHRERE®E, SREBRARYNERLE, I —FRE SN ENAEIEEEHN SR
FiEF ARAMBEESEENAT Y, BAXRANBEMETHER R REHNE
gk, BEREE. ENRAMELEEHEANNRESTRY, BERMBENNTR
TSR GEREAEYRETOROER.

g LBpg, MRl (E LAYBRMSRRAFAXRGE OEE, KBURFESY
B RN, CHEEHEHINA. BB FE &S0 e S 5 5 K IR A H
4, X BT BB I 1L 2 0 (X AR B R S R K g R A, FRRRT 14 R
Aot KA EA SR MEETERN—FHNEEYTROBEEREE, IR FHENE
H, A FEFMHFKIERETLHNERERE, FRTEI—BHESRENHAEILEY
13 B Bt 32 30 AR LB R AE -

Heh, EFEHARRY, RERMFEEREFANEZR ., W FEMRFHEL. B8
SHNEHTLAETRRAOYEFESFRRAHRES . 2D TERFAZHARERER
FEEMEYTREAETK. BESRAFHEDBENGE R, FEERFTESRAT ®#MHE
T2 EWEESERE.

HFFEFSIRETHORANER, 2T &R, BE(EETFHSE. TEHEER
BEMZ: CRESMSUEHNEREA. XEZREY. MHEADF RGO ER, R
BREEEASERNER, REFEFNEIZE . EEHzIBARHE, FEAER
GEFHN, FEX—EROER, NAXESHDFTLATHREREGFT X REUHE
N EKEAERBEELNE, HEETEENEL, TENEZEFEHEORE, BETZEHE
EAEEKE. B BR00, b U BF M OFK 2450 m) 2FE R H B3R
1268. 6h, (LM IUEFFM (B 1162 m, FHR 2106. 8 W)W 60. 2%, HYPHERE
45%. HRHEFTHARTEEA~5 H), P 6~10 A), N EHEERNHRAK
FHEYFHHFN —EHNERBRIEHN. KHRESREHUNEBLFE. 3~5 AR
¥, 52FELEH Y. FRURFHERFEYOAEN. FRA, “EMHTRERH
BrEE, cfgE S CENFE, HFEBEERRERG. URSBRE. XE. KoK
Mt R GMRE R, i
3.3 g .

3.3.1 HELBFMM K S 1SR S 14 TERFEDEHET, REE)
BRI R L RR S FhER T R R A — B, RAEREER B RRATE
BRERURETRFAEIASHTLOKREYRIFCSTRHAARZ S . XIRHAYE
BEAYNERENRARA, CEFPRHEEREN TRBERIERN.

3.3.2 X, B BSS2ETrEEMERECAINFHEN, FHSBEM= CHREER
SMBERANIESEAF. ERATEHNESSLRT, XENEAERFFRFHAENIE
H. Bz ~BraR$, BEEMEENEEESEA.
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