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HEHIBEDL 45 T 1990~ 1992 48, TE A AR MBI € (AL55 21°417, KL 101°25" ) i ¥ 2 B E WA
WHEMAPIFT R, 2 R R HREANKELS, & T AR KEFEH BEARENR (S M 20
), P (BEBE, S, Mg 3R) oA — B, S e SWL 3 20°, ¥ 48 600m, B K LU #I5R, F& B A9 SR A 4
PN, HHMRBFEE, KRN, FREFUE. £HXB214C, EETEN 1557mm, BEF
Fe~9 A, FTEMMEWMESHH 264mm A 1293mm, FEHHAIHEE 86%. T AEAE, L ZHERE,
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pH4.0~4.3(0~ 10cm HE, K &).

B EEEY K. S MIREWRTFARRE IWEIK (Trema orientalis) . $2BRAK (Rhus chinensis) .
Ly BE ¥F (dichornea tiliaefolia) %, & KX 2B L K. B & T (Prismatomeria tetrandra). "8 R H ¥
(Evodia austrosinernsis)’%, R JRH KHLE (Eupatorium odoratum). S ¥ (Digitaria sanguinalis). H
¥ (Imperata cylindrica)’%, R YH E BB (Adhatoda vasica) . 8 BB (Pericampylus glauca). T H B
(Gouania leptostachya) % ; 20 K EMFT KR H B F W (Mallotus Paniculatus). K EF (Litsea sp.). %8
¥ (Ficus sp.) %, EARXZHEEW (Ficus virens). BB % (Aporusa yunnanensis) . BB K (Canthium sp.)
HEARA Y E DERE EMD (Thysanolaena maxima) %, IZ 8P E & R (Millettia sp.). MK
K (Fissistigma sp.). T RHEE.

THRABRARMEE, NER SRR 10 7R LRGN — 18, 30 B B 2 A 378 T
E.
1.2 FHi&
12,1 BEEYME AKE AZYENNE 4SYEBRMEFKRRAFERERBEEAR, # T 1.5m 55
Wk, B I — &, &, AR A BB ERAESOCHEEE, By BRBESEEYWREIGE
AR RESREAYE. BEAR EXAEZHBRMEYERENRE 2 x 2 m BH 10 (SRS
M) e ED, S EREFRE, ERENWERAXR 1NN FE, AEYRNERESIHER
w, /NEEY RN E 10 4 0.5m 4, K YHILIRE (4 x HmVPX 54, 8 A WEFE—K.
122 FAFESH AUESBMERAESRAE NP KSRMERA H,SO,—H0,HkiX
(LEFHALM—FIERE), Ca HBKILEMEY,
123 THMAYREM LREATEERE FOCER 31T, FHESBERERAHTRRK
(Hutchinson) I FE PR EFEMBREALBERZWE, RAS LB UEYHRERBAHRFREN
E.

EEALRE IS DAREWE DA R, i B E B WA B M s 4 DA H,O0. 8 2 T, A KMinO, %
SE. FRAEHRHBREEER, HHE COBRKE. AERMMRERAEREITARRER,

2 RS0

2.1 REKTHRFFINGH
211 MOEMEEFSTUER FERRMKERMENBRZXR S AREL 1. BE
FH. ()SBWEKREYR B, X 28.81t / hm?, BEAKR KK, £ MR, 20 B KE
MEEYRE 10801t/ hm'. Q)BENAYEBRIFEESTERAR TARBEYE HBE
SR 80% ML, ARKBKA, RRKEEWEN S LEMAK., G)EF 5 FRAEMNK,
EYRBREAFRBKRFHSHE-TARE > EXE > EARF > BHEY, MEF 20 F/5,
EYRMDHR.TTRE > BARE > ZHEEY > BAZ, /TR, ABEKWEE, BERE
Y, EAEY .

EHBENEYDRF. TEEREER LK. AR 2EBH, KA UHFEERHKENAS
MaHEREEEBN A REELA L. O)NPK CaEEREXFEVHTH
BEURAE RARERTENUE SHESEAER 80% MU L, BEABREK, FAEE
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R1 RERNENRERRSH (t/hm?)

Table 1 The biomass and layer distnbution of secondary forests

W FAR % AR % =8 %  REMEY % RAPER %

Age of Tree layer Shrub Herb layer Inter— total

trees layer layer biomass
5 2488 86.4 2.53 8.8 0.87 3.0 0.52 1.8 28.81 100
20 100.79 933 6.12 5.7 0.08 0.1 1.01 0.9 108.01 100

HRLENVEEHRK BERCEEZHARAKEEY. QBEABRER, REKZEEFHRT
EWTFREERAK KD FTARNEARFOUEREER, MEAZLEMNRE L. 3)
BEBNPKCa4MEFRTENCEMFEN Ca> N> K> P, BT HEREE/N.

K2 REKMFIBEFEREERSH (kg/hm’)

Table 2 Nutrient accumulation and layer distribution of secondary forests

LN B

N % P % K % Ca %
Age of trees Layer

frRE  97.07 81.3 14.59 91.8 63.08 87.7 118.90 83.1

EARZ 14.47 12.1 2.74 5.6 6.67 9.3 19.32 13.5

5 AR 7.93 6.6 122 2.6 222 3.0 4.79 3.4

B E 10947 100.0 48.55 100.0 71.97 100.0 143.01 100.0

FARE  293.07 88.9 141.90 95.4 207.28 92.7 343.02 87.7

EAR 3592 109 6.74 45 16.10 7.2 4781 12.2

20 BEERZ 0.73 0.2 0.11 0.1 0.21 0.1 0.44 0.1

B OR 32972 100.0 148.75 100.0 223.59 100.0 391.27 100.0

212 MAoEKBEFSRWE  EUENKERMERKBERESREERNE 3 ME
4, B34 REFH: (DFAHKRBRERERKEHERSAHUTABRMNERK GHE LS,
HRREAR, EABRMZRBEYERKRD. Q0 BREANAERKBERSIBRKETE
WRT SBRENK ERKEENHB S FEEFERAR. LHEBXRE MO ER/N. (3)
N.P.K.Ca 4 T EMEBRKBERKNIFH Ca> N>K>P, 5HEFX 4 M LELF
B K /ANMIFE A .

®3 REHMEKBERRSH (Vhm” - a)

Table 3 The growth and layer distribution of secondary forests

LN FRE % EAE % AR % BEEY % BE %

Aée of trees Tree layer Shrub layer Herb layer Inter—layer Total

5 6.62 73.8 1.38 154 0.71 7.9 0.26 29 8.97 100

20 14.89 84.0 2.42 13.6 0.08 0.4 0.34 1.9 17.73 100
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F4 REKFSHIFERYER (Kg/bm® - a)
Table 4 Annual untrient uptake of secondary forests
i BE
N P K Ca
Age of trees Total
5 65.58 12.28 26.65 96.50 201.01
20 114.40 2549 47.10 162.27 349.26

213 FREYE GFHIAERE RS FOME FOIURARERNEREDE . 5F

SRR RERFFoHEFRI AR S K6 MR T,

M EFR CENTE TR FE B GEMBEET R REIRE, AR SEFH, EREY D
I 4 R ER 4 (60% KAL), BEAK IR I K, ME W E I, M Mo EZRMH. A
ROBEH . HHHMERTESEEHEE NP K. CaZ L E EE (80% U L) Bid )3
BT, B AR BB, B K, KA E R T RITERIE K, B3
EHMEREEEN. TR, EZRESERANYFRERHEAS, HFEEEMHRBST.

x®5 REHHEREYR(Vhm® - a)

Table 5 The annual litter fall of secondary forests

LoN: ] i35 % ot % HE HERIEKE
Age of trees Branch Foliage Total Titter fall/Growth
5 1.87 39.6 2.86 60.4 4.73 52.7%

20 2.03 28.0 521 72.0 7.24 40.8%
F6 REHKMNERTRATE (kg/hm’ - a)
Table 6 The annual nutrient retum of secondary forests
b8 H4y ) it
N P K Ca %
Age of trees Component Total
HikL 3.75 1.13 2.63 9.94 17.45 18.9
iy 2598 2.00 6.28 40.26 74.52 81.1
5 BEE 29.73 313 8.91 50.20 91.97 100.0
PERYL 3¢ 0.46 0.26 0.33 0.52 0.46
FhRL 4.23 1.35 2.86 10.33 18.77 9.9
il 60.26 4.20 14.60 91.52 170.58 90.1
20 BE 64.49 5.55 17.46 101.85 189.35 100.0
PERLYLTe 0.56 0.22 0.37 0.63 0.54

K25 i R R B R O R B B R, BT LA — MR TE TR P B R AR KL O
ZHEILHP N AZAREKCH L. WIFE C/NRE30/ | LA, AR
C/NEKTF 90/ 1, Friithnt 52 24 5 e AU WA BE S A MAY., AF78/H,



422 + : | & #t 34 &

KT REKIHPHFREF4ER (kg/hm?)

Table 7 Available nutrient content of secondary forest soils

i A HLH (0~ 30cm) A3 & (0~60cm) BB (0~ 60cm) & (0~ 60cm)

Age of trees Organic matter available nitrogen available phosphorus  available potassium

5 92870 698 52 646

20 61065 617 11 289

T HE A LB AN, P, K BEAR I3 R AR, A R R R D, X T BE S 20 #¥ KA

ARET TR T A BT & LB BOR (3R 5) A X, Rl BT L FBOR R AR IRAEM, £ N.P.K =F¥
BEFRTET, NKITEEEK, 13:E / R REE, BREEABRIE R, KRB REE.

P.K ZJR &ML / WU HERE/N (R 6), BT LRAPSTRMEEN N> K> P, BEFE

TRP R E BRI, SRR BT RE — MRE. BB EYLR. H BN P K EEAH

%47 R Accumulation WK R, LA BEE R ERE R, EHRT

CEHE)  Bioanss) EREBUHFETHYES (R 2, AR

FIHE), LRI DM RAZ, HEAE

e K, B RTINS R
ISR Return bR AR ERERRNAEY B
E&ER) (Litter fall) fE S,

22 REMKMENHFSBR—RLED

L. LK Soil B4 BB
WY BVER Microbe decomposition ﬁ&ﬁﬁiﬁ})&ig*u&q&%%,
BERBREN -8BV ETEYEF,
Bl YR SR8 MR B—EENAEY (EERMM)JFE

Fig! The biological cycling of material and nutrients o, T L b A U 9 0 i
Y E SRR R A REBE YRR R, X3t A R A PR AEYER (B 1), L 8%
EYH o BERREYFBATATRON —NEERY,

MEFNH HYNLRPRUBRIZELH 50% LA TR IR BEMFIILHNESE
), BMER Y 0 BER B IEEN, WHRRK -8 GI 50%) CFETEMRF, BT,
Y& RAE AR B S MEYR S BER, ENEREINEREAINY RE
BRFAHH BB

EH BB EN, ELEAYRERT, EERIFELREBES MM T 5 1%
AU AR AR, Uhe, TEMAEYRKEER M2 AR IRRENBRE BE. EESEHET
BEAMAEYERK, U SXMEYEEETELRRE, REMAYHEE SRS
BH 85% LA E, BEE TR, A BRERER D (XR8). AN, HEWERERHK
A LB A, REE BEK 6 T 2 28 E, B AL T AR 0 B BT T R AR,

221 RAKRELEHEYHENZI AL SHRITAAEKEUTARS. 11 AK
Z 4 ARG, 7 A, WS SRAEY S 95% Ll b, AR LT E2Be A E ML
FHEML, NTA-11H 48, lBE RS KB RE AEHEHERED, AHEHHEYVER
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B LBl B Z B R. FEXURAT. . BEWE, W (6~9 A) MK, RS KER,4 A
AT E,[ETH DEEKEEMR. ERE GRNARFEFEORESKEE YT
X, 3t FIF S A A 1R S BB B K 4 O IR RK B 50~ 75%" . RILL AN
ERIRE, fR i 2R E ARk,

®S REKIHUNEVBBNBEESH" (B x10°N/ET )
Table 8 Vertical distribution of microbes in secondary forest soils (x10%/g * dry soil)

i L3 40 7 Bacteria H W Fungi LR Actinomyces 4P Microbes HERTHHBEC.DM.
HE BB =2 KB &H=ZE KB &L= ¥R L=E & & =2
Age of Depth By B 58 E’\ﬁ') =t
rees  (cm)  No. (%) No. (%) No. %)  No. (%) No. (%)
0—-10 2280.0 86.5 9.9 943 93.9 949 2383.8 86.8 14.1 94.6
5 30—-40 2522 9.5 0.3 2.8 2.7 2.7 255.2 9.3 0.6 4.0
70—-80 105.2 3.9 0.3 28 23 23 107.8 39 0.2 1.3
0—10 52036 86.9 15.7 849 91.8 953 5311.1 86.9 36.4 93.1
20 30—-40 6445 10.8 1.9 10.3 3.1 3.2 649.5 10.6 2.6 6.6
70-80 1434 24 0.9 438 1.4 1.5 145.7 24 0.1 03

* RFERTE: 19904E7H; a): percentage of tatal number including three layers.

R REKRTRREDYBOFFEL (B 10N/ FETL)

Table 9 Seasonal variation of microbes in secondary forest soils (x10*/g dry soil)

i SR HE B 8] #0 B§ Bacteria H W Fungi Mk ¥ Actinomyces  WAY LTRSS KE
Age of time B HREY 8 3 HREY ¥E HHEAEY  Microbes (%)
trees (A) S8 .8 <8 5% B¥ Soil water
(months) No. (%) No. (%) No. (%) Total No.  content
4 4939 77.1 38.1 5.9 109.0 17.0 641.0 24.34
S 7 2280.0 95.6 9.9 0.4 93.9 39 2383.8 49.27
11 1222.8 939 38.0 2.9 40.8 3.1 1301.¢ 29.40
4 587.4 78.9 S1.6 6.9 104.6 14.1 743.6 19.06
20 7 5203.6 979 15.7 03 91.8 1.7 5311.1 30.93
11 1610.9 95.6 338 2.0 40.9 24 1685.6 22.31

* REEHHE: 0~10cm; b): Percentage of total microbes

HEEHENTASHEMRR, N7 ARD, lEF RS KBEROREEANTA-11H -4
), BEEE R SHAEY SR LH T8, RE—ERE LR B K E T Mt L8
ARETEREBNEYE. WEIRIKERR, AN BERRRK EHEEANZE
%,
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ML RLL 4 B8R, X 5HEHE TR/ R ORES X,

—BOA, FERE YR R R, B LR AR EE A LR SR EE
MBCHFF BB S 1, SRR 5 4 RSy, TIRRBAEKE, RENELAS
AHAKASYERRBHEAURZESNENBOHA S5 BYRGSH. BEN
TREZE, Z58% K LABRE LY REED R AR) MRS, 7R N
EREBE, LR — R EFOERBRE, HYERIER, XA R BRI E
FUR(E, ELTEFHLSEBEREE?). B—HE ERXRESRANEREYER
NNCHFERROEFRTR (X2, FLELISFHNRAELRITE HE, SHEYHRE
B X By TR A, BIURAKERSESERXRTREE L REHEY A A,
Xt LRI AZ, AR RFEREROREAREH2HA, TERN YHBBHREN
R SIRFAF I —FIERL. BEARE IR, A E FIT KT E RN 0, 38 / R HL R K
(3% 6), IXTE SRR B b I B o UK A AR B SRR B VBT S K, T8 038 97 24 40 R VR 6 R T - 4 3%
MR ZMERISE. BT EFKGMHE, ERERRARKG RS RGEREE 1~5
H. X—BrEafERE, & & T9 AR 20~ 30% i & 4 Pl Fol s B o i e, A
RBEEENTRE. -, WEIE, @OY 8ERSE, EEREEN, 2HMa%E
RAFEREACRULEY, LR —LHYREEYR. FERALGER. AR
RBY AR KR HEMERRECRKE, BT MY R E A, 5 0k g,
REE TRIFIR, B AW 20 BB R RN, RAAEY PRES RO RS, X—E
RERBERK, B3 XA KRBFEEYREAA LR 25 REEY R EH T,
WL, SRBAEMMEYEREAR, HEKEH S B REY IR %A% i
SR, {598 7 0 1 40 AR R

R0 REKTMOEYMUFEIREE
Table 10 The biochemical intensity of secondary forest soils

2P 1233 AR i ERMEN HALEY AEESMHE FRTHEE
iR Respiration ~ W& MHE N 0.1mol/L KMnO: WEHE EmARE

Age of trees Glucose HER Invertase Cellulose Bacillus sp.
metabolism  Catalase consumption decomposition number

(COul/g + h) (COzul/g =+ h) (m/g) (mg/g * 24h) (mg/g) (x10%/g)

5 62.8 3793 16.1 20.9 148.0 66.6

20 65.5 428.7 16.6 238 244.8 80.6

222 RAENTBHOEYA¥IRBE (R0 TREIREABEREE LREYE
PR SRR, T LA RN R T LR s AW A YIS, EENRES B
R, TURYE CO. BB RAB AR KR AR EEAIRE, BR 10FH, AYUER
AN LR YD BR, TP AR AR A R BB BB, O B i A LR L
BRARH SRR ER, XEFSUERIBRBEE WA X, Bk 10 B8 H, 20 KA 11
b s B AR MR A VLR IR RE 1158, BB R FORR, MZ S BRHREW, 4
WA R HE B, T LA VG XURR 48 K A WK B ) 8 10 F 8 BE e bk, Lo, R SR R K B WK EE AR EL O
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BAEREMRERY TR EE R, B8 O/NREMEE, Fotd A B 5 8 L83
VIERE, BT ARG IS A R BEIR . AR 5 AR, 20 IS AE MR E Y P AG T I SR LL 5 8%
WA, InZ V% &, YR 5, BrLA a1 & B V& Wi 4 il BB B,

ARLEBERNER, RO T AR A VRERFEAORDL, W LUH K g £
(R AL BE) 75 1 58 JB SR A I 3B AL R A B 0 0 568 B 5 ) ) R A0 R S O (R A ) V6 138
BRBRIRFBERBGRNEE. AR 10F D, RN K A T EAYREN S
fER SR B BER, T P FE R S R RS, XS UMM BREMGE X, EXURARELW,
AR, O LR R A R R, (R B IR 2 T 6 R 3R 4 BRAR, BT AR
MEASHRERMK. AEEL, AURAMAMRKEKBEREFEFRIER, TEEIR
VRIY Al 5 JBE 38 98, T O TR P8 R BE AL AR K.

FERXREYHARFT R FENAL . AERSIBEMN T ERN D RIERE 8 RAK
REFERM., FRIFEE - LXRFREREMEAEINER KRBT HE—CBRE
ERBRT ERFANRASY RS RKEE. BR 10 FH, 20 BKAEKL 5 8K AEK
TR A AERMAV R G YHRE R, X SIFRIEFREMBEEN I E SRR —
B, 2t — 0 UL H R A AR B SRR AR PRI K, H A MR AR I R 58 B 15

2 % X W
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TEMEREER DRFRAREYERE, 1985 LEMAEWHRE. BEhigit.
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BIOLOGICAL NUTRIENT CYCLING OF SECONDARY
FORESTS IN XISHUANGBANNA

Zhang Ping and Feng Zhili

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

The biomass, growth, annual litter fall, main nutrient contents, and the influences
on soil nutrients, soil microbes and soil biochemial activities of secondary forests in
Xishuangbanna were studied. Results showed the characteristics of uptake,
accumulation and return of biological materials and nutrients in secondary forests, and
their effects on soil nutrients. Microbe decomposition of litter fall and biological
nutrient cycling of secondary forests were also dealt with. The study provided a basis
for further research of tropical forest ecosystem.

The plants grew quickly in the tropical secondary forests. The uptake of nutrient
elements was large and its proportion of return to uptake was about 0.5. A great
quantity of nutrient elements was accumulated in plants with increasing age of trees,
and soil nutrient content was low. With increasing age of secondary forests, uptake,
accumulation and return of nutrient elements increased, the intensity of litter fall
decomposition increased and the speed of material cycling was quick.

Key words Tropical rain—forest, Secondary forest, Biological nutrient cycling.
Soil microbe



