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Abstract: Understory vegetation plays a crucial role in sustaining biodiversity and ecosystem functions, as well as
contributing to forest biomass. It is inevitably affected by land use types and seasonal variations in the tropics. This study
investigated the understory vegetation of five typical land use types, namely conventional management of rubber plantation
(CR) , natural restoration of rubber plantation (NR) , artificial restoration of rubber plantation (AR), banana plantation
(BP) and secondary forest (SF), in Xishuangbanna, southwestern China. The study aimed to examine the response of
species composition, diversity and biomass allocation of understory vegetation to different land use types and seasons. The
results showed that: 1) A total of 50 shrub species belonging to 41 genera and 31 families and 88 grass species belonging to
79 genera and 45 families, with perennial herb accounting for more than 60% of the total grass species, were found under
five land use types. The dominant group of shrubs were mainly leguminous, and the majority of grasses were of the Poaceae
and Asteraceae families. 2) CR and BP, where anthropogenic disturbances were stronger, significantly altered the species
composition of understory vegetation and the distribution of dominant groups, as well as decreased the average height,
coverage, total biomass, aboveground and belowground biomass of understory vegetation compared to SF, NR and AR,
where disturbances were rather weak. Meanwhile, belowground/aboveground biomass ratio of shrub under CR was obviously
higher than that of SF, NR and AR, while there was no difference in belowground/aboveground biomass ratio of grass across
different land use types. 3) The community structure, diversity and bhiomass of grass exhibited greater susceptibility to
seasonal variability than shrub. The average coverage and height of grass under CR were significantly higher in rainy season
than in dry season, while the Pielou index of perennial herb and annual herb diversity under SF were significantly lower in
rainy season than in dry season. In addition, the biomass of understory vegetation and its herbaceous layer in all rubber
stands were obviously higher in rainy season than in dry season, whereas BP showed the opposite trend. There was no
significant seasonal variation in belowground/aboveground biomass ratio for shrub and grass, with the rainy season resulting
in an increase in belowground/aboveground biomass ratio for grass plants, due in part to a greater contribution from
perennial herb. In conclusion, changes in tropical land use and season had distinct effects on understory vegetation diversity
and biomass allocation. This study will provide a scientific basis for biodiversity conservation and sustainable management of

artificial economic plantations in tropical region.
Key Words: tropical region; land use type; understory vegetation diversity; biomass allocation; seasonal dynamic
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1 #MR57FE

1.1 BRI M

FERE A5 0 PO 24 R 136 0 5204 0 20 A0 B 228 1 R 06 520 X (22004—22° 17N,
100°32'—100°44'E) . P4 X E IR 26.6 hm?* | = ZEA-4P LR I ARChy F 0 00 AR A 25 R 98 ST 7 A Bl
Yy, BIX PG R AR AR, MU 2E R DA AR L S T A AR 1] 32, T A TR DD, 2 B 220K R L R
539—2304 m, PZXJBILHGFIRIE A% AF R 20 °C L AFFE T 1350 mm, R R AR P, 5—10 AN
W2, SARBIRIA B h T2 RAEREK Y 85% , 11 H—IR4E 4 AN B2 BRI T3 F RO L L1,
pH 220 5.0, 1 2B 1 m,
1.2 FEHBIRE'E FETE A Jhe iR

2022 =] 43 5l AE H AL 4 B AR ( Conventional management of rubber plantation, CR) . H #R & & i #k
(Natural restoration of rubber plantation, NR) | A\ T#%& 42 i #K ( Artificial restoration of rubber plantation, AR) .7
FEM (Banana plantation, BP) LA MK MK ( Secondary forest, SF) FLFH + oAl FHZE A i & 3 AN ALK 20 mx
25 m MIREHL(FE 1) . S TERE N EEHL PRI O 4 2 mx2 m VEARKES U b o RS 3 AT HES , AT
B3 AETT, RIS R NEARE T 22 EAEE 1A 1 mx I m FAREET, R TR AR 15 4 AR
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CMHET R EE, MY R, A5 FEARN AW R HHAEY AP A ALY i
1.3 HdEb S5t 5t

YA & B (Margalef $840) ML#HE (Simpson $8EUH1 Shannon-Wiener $5 %% ) 144 5] B ( Pielou $5%%)
RRAEAEYIRETE Z RN Wb =55 B2 S e T AR N Y0l Bl 1 2220 s D388 3 5 S Wt st 9 45 b 22 T A4
I3 BC S8 SR R A R EVE SR AR 58 N Y AR 5 2495 8 SR s N A5 0 R AR H oy GRS S0 R, R
At E AR T

" S-1
Margalef e85, M = ( ) (1)
InNV
Simpson $E%4 D=1- z P; (2)
i=1
s
Shannon-Wiener $5%% . H =- Z Pn P, (3)
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Table 1 The basic situation of different land use types

Feb G

. 27 LY FEIFEAM R
Sample Longitude . .. . .
. Altitude/m  Transition pattern Main tree species
plot and Latitude
100°41"28'E, 1997 AEH ZAR PR IAMG TR, A% o - .
CR 22°8'27"N 681 2.5 mx8 m 0 ( Hevea brasiliensis )
100°41'30"E, 2015 AEFE 545 Sl MR HEAT 8 T, B B BEAT . 0
M 2°8'9'N 6 Jo8h WS PIRLE F1 48 0 5 BRBECH. brasilensis)
- ; . e B (H. brasiliensis ) . 4 F& ( Ci
100°40'29"E 2013 AEAE R BCAR PLELRR R T 7 48, % 5% lti?i;jrie() 4k gsé l(??::a)morj:ujj t(amitrzza)mogljr:;
AR eamy 677 AR B RAR A5 AR Aol R AT B A N ;. , LT
22°7'54"N P ( Toona ciliata ) . ¥& Ai % & ( Dipterocarpus
turbinatus )
8P 100°40°09°, 2018 AFHR T MBI SR Tl , B P
22°7'56"N 2 mx3 m
IINERLAE ( Castanopsis fleuryi) TRAHE( Castanopsis
100°41'14"E, ik 5} e e e e - mekongensis) Mk H- 5 ( Archidendron clypearia) .
S J5 SRR I AR .
Sk 2208'5"N 755 VRIRARARSZ A DG TR AR A 2R AR W 4 K ( Cratoxylum  cochinchinense ) | H # 44

(Aporusa yunnanensis )

CR: ¥ HAEHE M Conventional management of rubber plantation; NR; H #RVK 5 e AR Natural restoration of rubber plantation;; AR N TR E ik

Artificial restoration of rubber plantation; BP . FHFEHK Banana plantation ; SF IR A= bR Secondary forest

TR AT TC RE S AT )X PR B AR A R M 7, PR AR 40 A R R AR A W 3 B3 e T S S
FLAE ( Ratio of belowground biomass to aboveground biomass, B:A) fji , IHE AT .

B:A=— (5)

K, W, R AR, W, o AR

MR AR L W REIS A ZREVELE R 1B S (3.6.2) " A Wil T vegan 4028 §EATHE . SRAIMIA E
T3 25 AT RIS ) -t A 7 ORI 25 AR AR T R B R 9 254 22 e A i B L L R (4 ST 5 38 BB
N, SRR ZE I 2001 Tukey's 258 LA LR R 4 MR H 7 sURIAS [ 22 AR R IS S E 2 5
DL BRSS9 48 H SPSS 20.0 14458 1, 1 KA 00=0.05; FIH Origin 2021 A4

2 HRES

2.1 AS[E ORI 7 AR T ARV 4 S 454

ANT] A 3 A FH O 5 AR R B RV A A AR B I 25 5 (ARG =E BERT Y AR R AR, R 2) . TR
JER 3 HIHEAR JZ I LA R IT- 73 ( Flemingia macrophylla) A FN, SF W& £ IR% ( Smilax glabra) , SF I
WEAR 17 B, 508 T 11 B 14 J8 ;AR FINR 43 5IAG AR 19 FpA 14 F 20000508 F 17 B 19 J&F1 10 £ 13 /& ;CR
AR AL, BT TR TE.

FF A e A B 88 B 43 J@ T 45 L 79 J& . CR NR FI BP ¥JLL35H} ( Asteraceae ) FHA ML, i AR Fl
SF MIJZRAFE} (Poaceae ) 9, H AT AT +- A NP LA ZAR A BAM Y R 2 | 5 BFE0N 60% Ll (£ 2) .,
NR BAAY B2 , & 28 Bl 41 J& 43 F, HIKE AR H1 CR, 43514 26 Bl 41 J& 42 FhFn 21 Bl 33 J& 35 Fl;SF F
BP f5/b 4354 19 B 23 J& 27 FhA 15 B 25 J& 26 F, B R R 5 2 AR BE R 1 B A A ) A 5
RN REEA —E 2R,

FEARBEIE ZER AN AZ M A P 7 200 25 5200 ( P<0.001) | T HEASFETS 250 (IR 21 X i BE R 2 i A1) =2 +
HA 70 = R W #38 BAR R0 2 5200 ( P<0.001;35 3) . Kb Rk 2 Z A5 T NR AR HI SF,
CR 2 FRAR T VEA I 35 3 030 3 5 7 BP AHAS T Ho A 28 70 5 S5 RIS 1 RS 9% 35 8 0 S8 (P<0.05) o A I
TEARTFIE S5 270 22 5 AT (B CR FEACTHE 94 109 o 28 R ey B2 R 2% W 2 3 T 5% (P<0.001 )
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Table 2 Dominant species of understory vegetation across different land use types
HEH A Shrub HZK Grass
Sample s R R R TR
plot Species Dry season Life form  Rainy season Life form
CR KT FF4R Flemingia macrophylla B34 Piper sarmentosum ZAEE SRR 0. undulatifolivs — A
RABRTE Paederia cruddasiana BBk Cyclosorus interruptus LR B P. sarmentosum ZAFH
B Desmos chinensis ZXBR Tectaria subiriphylla ZHEE BIK C. interruptus P2
JCTERS Ficus sarmentosa var. impressa MR Commelina communis —iEH ZNBR T subtriphylla 2R
NR KT I3k F. macrophylla 1B P. sarmentosum LA B P. sarmentosum S
RABRE P. cruddasiana KKK Oplismenus undulatifolius —AEHE BRE C patens — A
BRI D. chinensis S BF Cyrtococcum patens —HE BER C. interruptus LA
1% Boehmeria nivea BB C. interruptus 2L RAHES. uncinata LA
AR KT F4k F. macrophylla KK 0. undulatifolius —4E RAHES. uncinata LA
% Camellia sinensis REH Selaginella uncinata 24 HBiZE H. speciosa LA
FIREI Maesa indica IF1%§2% Hellenia speciosa LA RKE 0. undulatifolius — 4
B IR Rawvolfia verticillata EHR C. interruptus ZAEE B C. interruptus LA
BP TR HFTRTE Crassocephalum crepidioides — 4 YT C. crepidioides — 4
SR Gaphalium affine —4FEH DJF Digitaria sanguinalis —AEE
K% Erigeron acris B I E. acris L
i34 55 Oxalis corniculata ZHEE SRE C. patens —AEA
SF K% Smilax glabra 215 5% Alpinia galanga N AHEA gadanga L
L Smilax china B Diplazium donianum ZAEHE B Dioscorea polystachya LA
TE5 55 Heprapleurum heptaphyllum KRB 0. undulatifolius —AEA & L. japonicum SR
WA Canthium horridum 14V Lygodium japonicum AL T Cyperus rotundus 2
®3 ARIHFAAAXNTHTEEEELEMNSZTE
Table 3 Seasonal changes in community structure of understory vegetation across different land use types
K Yy Rh HiHE Coverage/% 75 £ Height /cm
Sample plot Species type FLZ Dry season MiZ% Rainy season 5.7 Dry season TiZ% Rainy season
CR AR 5.63+1.45¢ 5.56+1.34¢ 21.34+3.45cB 35.00+5.39cA
AR 45.11+2.15abB 79.74+2.67aA 17.81£0.84cB 28.66+1.55bcA
NR HEAR 39.89+3.40a 40.70+3.81a 191.12+22.01a 200.49+24.39a
A 54.33+2.03a 64.07+5.25bc 64.58+5.06aA 40.37+4.15bB
AR HEAR 17.30+2.39b 19.07+3.55b 100.22:£13.50b 133.36+13.37b
AR 50.00+4.15abB 66.48+3.49abA 41.93£2.20b 41.09+3.08b
BP HEAR THEA
HIA 40.41+1.86b 33.26+4.04d 21.49+1.38¢ 23.08+1.67¢
SF HEAR 36.70+2.41a 38.19+2.19a 113.31=18.00b 110.00+14.03b
A 48.67+1.79ab 50.78+2.37¢ 72.81+7.56a 67.51£6.91a
F i urim HEAR/FiAR 112.77*** /21.03 *** 57.39*** /48.40***
Foss HEAR/FAR 0.27"/30.72 *** 2.46"/1.89"
F g HEAR/ FA 0.06™/12.31 *** 0.63"/4.94***

F B PR E £ R S s AN R)/ING FEREER R [F]— Z 15 AN R) L bR Oy 20 R) 25 53 8 35 ) R R K S 52838 ] — = b 00 O =04 [] 2715 i)
=5 ﬁéﬂﬁﬁg’?u?ﬁ({%iméj‘%Kﬁ%, # P <0.05, %% P<0.01, =% P<0.001 \Hsﬁﬁgﬁj@r;Fijmqm \F§T; \Fijﬂ/ﬁ{]}:ﬁxé*ﬁ oo A
FH B0 R HAE 4

2.2 N[ R D7 B9AR T AR A A
IQ%?%*B’J Pielou $8 £ A1, FRH M9 £ W Fh Z A6 P 4 £ 32 4 H R O =00 8 25 52 (P<0.01; &1 1 AN
Kl 2), TieRELEMZE, CR M T SF W& FEL T A )Z M Margalef $5%4 , Simpson $5%UF1 Shannon 5%k,
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Fig.1 Seasonal changes in shrub diversity across different land use types
CR: ¥ #LAE LK Conventional management of rubber plantation; NR: F #A¥K & ik Natural restoration of rubber plantation; AR : A Tk & KKk
Artificial restoration of rubber plantation ; BP ; ZF /K Banana plantation ; SF ; X 4= #K Secondary forest ; Bl H 554 F -S4 + FRifE i s R IR NG F R
R RN LA 7 2 2 5 B3 A RS PR R R [ — LR 7 SRR 2 W 22 57 B3, TRE FRHRE M RR Z R A R
EF Fo F 3 2RI Z5 RO TAE I ZE AL s # P < 0.05; # % P<0.01; ##* P<0.001;nsJC .34 22 57

ZAFLEFAAHYIY Margalef £ %0052 4 0 A J7 X 715 B H W35 52 AR AT . 38 52 (P <0.001 ), T
Simpson $8 %L . Shannon 54U Pielou 801N 32 1o Al FH 7 =09 B 520 (P<0.05; 181 3) . AHE T HAZS A,
CR F BP @Ak L AR T R 2RI 22 247 A BRI Y Margalef $85VL K 225 (1 Shannon 5 H1 Pielou 844,
B2 %) Margalef ¥8 015 HAE X Shannon $8 TG M 4N , —4F- A S AKE Y 10 2 R PE 48 B 2 L 7
=W LA H AR 500 (P<0.05; 181 4) , AHAL T HABZE AL, SF & AR 1 52 AR = — 4R A F AR
T Margalef 48 %L K B 22 Simpson 8 %X, Shannon $8%UH1 Pielou $5%% ( P<0.05) . B4k, SF M Zx 2244
FAKEYIY Margalef 154082 5 T 2% (P<0.001) , T} Pielou & KW AR (P<0.05) I H—~4FEFANY £
FEPER) 25 LT 53 (P<0.001) ,

2.3 A[E R D5 SR AR R A

AR R S L REA 2 () G AR e b b8 03 S T &R 0 A= ek Y 2 - s R T O =X R B R A ELAR
FH 5 25520 | TTHEA 225 A Wy i 41 53032 - HOR T 7 X520 ( P<0.0015 3K 4) o FE547% A4 T NR AR
SF,CR 1 BP R FEME T AR A gE R Wi M b5 R 3 A Wi s e 3 T AR BEMR 2 AT BP AT SF
Yo E iR m TR TR Y 0 (P<0.05) . MWHERJZORE , CR ARG M b 53T o R Wy e
BT HAMER , WNRARZERE, 5 CR mASAEY & 5 F a4y ML T HAab s
AL TR R W AR B, A, TG R AR 73 AR P AR B M R AR R & A R AW R R Em T 55
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Fig.2 Seasonal changes in grass diversity across different land use types
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Fig.3 Seasonal changes in perennial herb diversity across different land use types

(P<0.01) 1} BP WS AH S #EH

XF FLEY M IC , AR A Wi i 0 /4 b sz R 5 U 2 2520 (P<0.001; 81 5) . TEig 54

http ; //www.ecologica.cn

o [ %71 Y

https://www.cnki.net



9386 AR ¥ I 44 %
Oz WE@WE
6 - 12 -
a b aA
T e T a
b T E.—-I 09 T 2 a a
TIE: Y T F TP
£ = - bB = =
5% N Q - cB I - g g 0.6 - R - E aA
;‘3 ?1) - cA & a. -
§ g Q . EE s H
S5 2f @3 +
Fi=74.23 T 03} F.=17.07
Fs=0.85™ Fs=13.36"
Fixs=19.22""" T¢B Fixs=5.16" bB
O L 1 1 1 - I 0 i 1 1 1 — I
24 12 -
aA
a
sl s a ab 09 @2 a @1 =
5 ab - - ab — B a
3 a0z %5 b2
= = a aba =2 EIEI.
g8 12 . - T2 061 - EI
gg12r T T ‘g B 2z - - -
5 5 T ke
o] - bA 2o
w2
0.6 L FL=1639"" = 03+ F=10.60""
Fs=17.20" Fs=27.71""
FLXS: 1.75m bB 0 FLXS:26,16H* bB
0 . . . - [ . . L
CR NR AR BP SF CR NR AR BP SF

B4 FAELHAAART - FEERENSHENETTEL

Fig.4 Seasonal changes in annual herb diversity across different land use types
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Table 4 Seasonal changes in shrub and grass biomass across different land use types

HEA HA TR
FEHD A7 Shrub/ (g/m?) Grass /(g/m?) Understory vegetation/ (g/m?)
Sample plot Position 1=E [HiES B& ES =S [FES
Dry season Rainy season Dry season Rainy season Dry season Rainy season
CR M I 0.18+0.03b 0.54+0.18b 10.18+1.47bB 132.09+7.25aA 10.36+1.46bB 132.63+7.17abA
T 0.18+0.03b 0.41+0.12b 14.61+2.83bB 168.31+24.10aA 14.78+2.82bB 168.72+24.09aA
B 0.36+0.05b 0.95+0.29b 24.79+3.53bB 300.40+28.59aA 25.15+3.49bB 301.35+28.55aA
NR b 50.30+13.47a 62.69+18.41a 26.77+4.51abB 115.07+13.69abA  76.31+15.52aB 185.64+25.10aA
W 20.25+4.98a 24.11+6.72a 21.82+5.46abB 131.89+33.48aA 41.70£5.34abB 158.76+34.47aA
k= 70.54+18.44a 86.80+25.11a 48.59+7.89bB 246.96+40.64aA 118.01+18.97aB 344.39+50.58aA
AR b 21.86+11.49ab 25.92+15.43ab 44.87+7.59aB 86.27+12.19bA 66.73+13.02a 112.19+25.33be
W 8.63+3.89ab 10.02+4.84ab 44.33+£10.01aB 131.70+26.43aA 52.96+9.68aB 141.72+26.95aA
pes 30.49+15.35ab 35.94+20.26ab 89.20+16.25aB 217.97+32.42aA 119.69+19.98aB 253.91+42.78aA
BP b THEA 10.28+1.04bA 5.49+1.25¢B 10.28+1.04 bA 5.49+1.25dB
W 15.40+7.83b 11.04+2.57b 15.40+7.83b 11.04+2.57b
B 25.68+7.57b 16.53+3.23b 25.68+7.57b 16.53+3.23b
SF b 25.01+13.00 ab 27.13+13.83ab 29.47+5.28a 29.42+2.79¢ 54.48+14.32ab 56.55+12.75¢d
T 9.27+4.33ab 9.94+4.52ab 18.63+5.13ab 27.41+2.62b 27.89+5.82 ab 37.35+5.09b
A 34.28+17.32ab 37.07+18.34ab 48.10£9.97b 56.83+4.38b 82.38+19.09ab 93.90+17.42b
F 4 g W b/T/8 8.037%/10.02 %% /8.53 3272777 /10.62 " /21.35 7" 19.38 """ /12.19 """ /20.76 ***
Fay o E/HTF/E S 0.50m/0.48"/0.50™ 120.12 %% /47.90 *** /89.69 *** 35.74 77" /48.35 """ /60.88 "
Foiwsmsy  ME/ATF/E 0.26"/0.26™/0.25™ 30.12777/8.61 " /18.39 " * 8.28 " /8.527"" /11.93 ***
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Fig.5 Characteristics of biomass allocation of understory vegetation across different land use types
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