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BIOMASS AND DYNAMICS OF SOIL ENVIRONMENT DURING THE EARLY
STAGE OF VEGETATION RESTORATION IN A DEGRADED DRY-HOT
MOUNTAIN AREA OF NANJIAN, YUNNAN

SHENG Cai-Yu LIU Lun-Hui and LIU Wen-Yao
(Xishuangbanna Tropical Botanic Garden, the Chinese Academy of Sciences, Kunming 650223)

Abstract This paper presents the results of a study on above ground biomass of the major artificial (revegetation)
communities at early stage (3-5 years). It also describes the fluctuation of soil moisture and soil nutrients during vege-
tation recovery in a degraded dry-hot mountain area of Nanjian county, in western Yunnan. It shows that, 1) many
introduced plant species (Tephrosia candida, Pueraria wallichii, Eucalyptus robusta, Acacia richii, A. mearnsii,
etc. ) were strongly adapted to the dry-hot climate: they grew rapidly during early stages, with a fast canopy closure
occurring in 3-4 years; the total biomass of these artificial communities were higher than that of the local secondary
shrub (Dodonaea viscosa) community; the above ground biomass and gross average productivity of the introduced
plants were 3-16 times and 5-20 times, respectively, as much as those of Dodonaea viscosa; their growth was also
faster than that of the native species Pinus yunnanensis; 2) the soil moisture under the artificial community was twice
that of bare slopes; topsoil moisture increased by more than 200% during the rainy season, but in the dry season the
soil moisture under the introduced vegetation was close to or even lower than that of bare slopes; 3) soil nutrient cy-
cling also improved after vegetation recovery; while organic matter and available K increased ,there was no significant
change in total N (it dropped slightly) ; available P and soil pH decreased. Changes of soil nutrients occurred mainly in
the topsoil. These results show that restoration of this artificial vegetation community and the associated soil ecosys-
tem was still unstable.
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Table 1 Characteristics of the major man-made and secondary plant communities in the back hills of Nanjian (July, 1995)

T E
B % & K it 5t [ i ® .E Mean basal jizifgﬁ BEE
Community Planting method Area Stand age Density diameter Mean height Total coverage
(hm?) (a) (ind. *100 m~2) (m) 73]
(em)
W+ HEFREN
Dodonaea viscosa A Natl,.lral 3.2 5 92 1.6 1.3 60
. regeneration
+ Heteropogon contortus community
- A
ZHLBE . K4 Natural 5.6 16 79 8.0 5.3 60
Pinus yunnanensis community regeneration
LB HE B3 Direct
Tephrosia candida community seeding (DS) 12.0 4 215 31 3.0 100
KHBR
gﬁﬂiﬁ% . . Bagged stock 2.1 3 138 3.3 3.5 100
Pueraria wallichii community
transplant (BS)
KRR HKHBR
Eucalyptus robusta community BS 2.3 3 169 5.6 2.7 70
famﬁagﬁg . REUBR 4.7 3 206 2.4 1.6 40
Acacia richii community BS
KM+ LERBEHE . S+ B
Eucalyptus robusta+Tephrosia 3.0 4 131+213 4.2,1.8 4.0, 2.6 100
. . BS + DS
candida community
B+ IR R R
Acacia mearnsii + Dodonaea W 2.7 3 1174175 2.4, 1.1 2.0, 1.1 50
. . BS + DS
viscosa community
SEHE+EMBRERE
Acacia richii + Dodonaea ﬁB?I]EDf 4.3 3 2004275 1.5, 1.2 1.6, 1.1 50

viscosa community

s B3RS AR A BIRFERER AKX R
BN, WRAZRFAERREREYRYEYE
RMEREREMEDR BEPHOERNEY R BWIE
WEMAHE BEAFEBEETEE R EHBRNEY
g,
3.3 +EkAHBE

FREFH1.3.53MAEME. 10, FEH M . 3K
ML ERBEEGFRUNLEEATLE.R.-F
PR IR A M B A G 3 b P B 3 B4 B
430~20 cm,20~40 cm,>40 cm 3R B, BT/
HEPEHKRE AR/ TRE ITEE L EH
FKBIHX TGRS BB
3.4 L1HESESBNE

R — L3, TRl (R B A L4, 1990
FEIAMATHEHSE QLB EHE, 199841
A, 5l dma £ R, #%0~10.10~20,20~
40M>40 cm 4B WK E LB RT #1752
307 .pH 18 A VLR 2R EM B R,

4 ZERE5TH
4.1 FIHMFHERREEBELEYR

PRE X AEE MK AEEAEWATFTARH S
BMERX R R EBIFEY BIATHERE
MOMAEKEREBEED LRI BETRKN,

MR B EHERKBUPEHERBORIBFBA
KB AENBNMER ZREKN BB S AFERTTR
Z 7 ARl b AT AR 4 53X — 48 4R 3R EL B R R E —
ERHFTEKHREMER . R2HNERBER . EX
FOHEEMAERBN,SIHMEFHERKRBERBENKS
~20f5 B G . SEAMKH RN FHEKERX
KB TaEh . 6BHEE . BAMNUNSZENER.
T BH X 26 5| g B 38 B R BER, ENESI BT B £
KRE, B E ST XA TR . HRARE.
HERBRPFEA

GBI BRNAYRER T, HER
W3~ 1645 G E R SA YR BUEE T
M+ HEFREE .S A TRERLUUARAMEF (BRI
HROMEYRIT S HARK, B3 FBREYER
T7%~99% . SR W +HEFHENUES
BHRAYRER, X2HELEYENGCS Y FHIH
BN E28% .82 BRW, ALHEMSEMK
HAEDAFEOHES FTHEON - HRFEENHE
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Table 2 Above ground biomass allocation in different layers of the man-made and secondary plant

communities and average p.

roductivity of dominant species

] REMBFH
P BB gemx omxr BIER 0 ue ans R
Communit species Other shrubs Herbs ground Litter Total biomass Average productivity
y hm— 2 hm—2 hm—2 vhm—2 of dominant species
(t~hm—2) (t*hm~2%) (t+hm~2) (t-hm—2) (t*hm™2) (t*hm~2) A,
P+ R
Dodonaea viscosa+ Heteropogon 1.919 0. 295 4.75 6. 964 1. 20 8.164 0. 384
contortus community
= A
Ifﬁﬁ‘ﬁg . . 40. 251 0. 706 0.02 40. 977 14. 88 55. 857 2.516
inus yunnanensis community
WEGTRE
Tephrosia candida community 26.124 0. 075 1. 56 27.759 4. 68 32.493 6. 531
gﬁmﬁg g . 17. 676 0. 615 0. 94 19.231 4. 00 23.231 5. 892
Pueraria wallichd community
L giT
Eucalyptus robusta community 12.224 1. 663 1. 85 15.737 3.36 19. 097 4. 075
£
2 ﬁ*ﬁ,@\ﬁg . 8.125 0 0. 89 9. 015 2. 40 11.415 2.708
cacia rich# community
A+ LUEERERE
Eucalyptus robusta + Tephrosia 30. 543 0 0.33 30. 873 2.52 33.393 7.636
candida community
BN+ HIR R
Acacia mearnsii+ Dodonaea 7. 741 0 2.08 9. 821 3.04 12. 861 2. 580
viscosa community
G B+ R
Acacia richii+ Dodonaea 6.298 0 1.07 7.368 2.52 9. 888 2. 099

viscosa community

£3 TEAHFALMEKBRETHEQ997H)

Table 3 Seasonal variation of soil moi

isture under different communities (1997)

BEER MR THEKBEERTLE %) Soil moisture (% of dry weight, Mean +SD)
Community Depth (cm) 1A Jan. 3H Mar. 58 May 8H Aug. 108 Oct.
0~20 2.7740.16 2.874+0.23 3.2340.20 4.5240.29 4.9340.28
Kl st 20~40 4.2440.09 3.66+0.15 3. 0840. 09 5.4240.31 5.2040. 09
Bare sl
re siope >40 6. 6740. 22 4.5340.12 2.9440.18 6.0840. 11 9.5640. 21
B+ 4 R R 0~20 2.4140.07 3.4140.12 4.0440.13 12.9740.17 12.6940. 22
Dod ;
onaea viscosa 20~40 3.0940.13 3.1340.15 3.194:0. 14 12.2740.11 11.7240. 27
+ Heteropogon contortus
community >40 3.3340.17 3.6940.11 3.6940. 14 12.9140.12 13.124:0. 26
LT RE 0~20 4.3040.13 3.85+0. 22 4.3840.13 14. 4540, 28 13.7940. 52
Tephrosia candida 20~40 4.6640.13 3.6640. 35 4.1240.15 12.594-0. 67 14.964-0. 83
community >40 3.91+0.18 2.98+0.19 3.46+0. 09 12.3640. 77 14.4440. 60
= B 0~20 3.3640.15 2.68+£0.27 2.2240.17 10.1640. 37 11.6240. 44
Pinus yunanensis 20~40 3.7040. 23 2.1140.17 1. 6440.23 8. 3840, 57 13.024-0. 39
community >40 3.66+0.21 2.32+0.23 2.2140.17 9. 47+0.56 12.2440.56
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£4 LESHERASERLWHESTL (1990~1998)7
Table 4 Changes of soil nutrients in Tephrosia candida community (1990~1998)
HHLR 2% HERBE EMH
THREE pH {8 Organic matter Total N Available P Available K
Depth ¢79) %) (pg-g™» (pgeg™»
(cm)
1990 1998 1990 1998 1990 1998 1990 1998 1990 1998
0~10 6. 74 6.18% 2. 06 3. 05° 0.119 0.116 19. 70 7.40% 46. 81 180. 65°
(0.12) (0. 09) (0.07) (0.09) (0.012) (0.014) (1. 88) (0. 66) (2.05) (7.62)
10~20 6. 20 5.95¢ 1.22 1. 33 0. 085 0.052¢ 8. 56 6. 0Qb 22.81 90. 89*
0. 1D (0.10) (0. 08> (0.12) (0. 010) (0.013) 0.7 (0. 60) (2.98) (4. 66)
20~40 6.16 6. 05 0. 87 0.92 0. 063 0. 041 6. 68 3.50% 27.40 49. 70°
€0.07) (0. 08) 0.07) (0.10) (0. 015) (0. 010) (0.52) (0.23) (2.16) (3.91)
6. 10 6.23 0. 62 0. 64 0. 046 0.039 3.38 2.50b 29. 44 40. 98°

>40

(0. 09) (0. 08> €0.07) (0. 09 (0. 007) (0. 005) €0.27) (0.25)

(3.09)

(2.55)

1) 2RFEDTREERER IS4 Soil nutrients are relative quantity to the clay particles {55 P iRHER , EHH LR ¢ RE The

value in the brackets are standard deviation t-test: a. p<C0. 001

b. p<<0. 01  c. p<C0. 05

EREESNEE TERENAEAK, R
KTANK KA B|ASNENHEESF-BLEREN
3~5ATHEEKEBERZEMR, ZEWERMHA0OHADE
IER . WELTHSKEHBERTREE, HERIA3
~4fE 2FTBEEKB I TEERBHEATE,
T REENSKBEHEABARTENERS, T3
TESHLE—# BT BETHR.

¥t KA HE . B THRRAEYN
BmAAYBRERNTEIER, BN L BERNER
EFFELZNBEK T ES KB EEBHE NS
100%,F& T EM L YeH b/ i 2f5 L L BER S,
HTFHEDBARARKKEKS HTEBEM, ™K
Hh A KB SR AR E  E B TR (n
SABH =RIMAD .

B2 UK M B S AR 3 B B K AR K BB A7 3
3%, KRR KR KUE, FR T LEHE
REFEHKEER X —SBREKXEBREEEY
AR, AR B REWKE .

4.3 ANTWEHBE BRSO EL

HRMEE RN R KEGRETRARE
.+ E-HBESREBUKE ER L EFI1E
KBS TLEFHImEE SHEENKRE MY R
MEBRAXLEEIHELEK SFRENEBHWLESN
AEWMERNBEEFTHERETURIA, KEEB
BB R AA T — k. RHA VLR ER
HEREE 2ASEMNARKESRHE , BB
B, HEFM TR, T HEETRE XEELE
EREETHEHNEREGO.D KAAKETEN
pHEAFERK . EXLEZEHE . X RAMEEFH
MAEETREBRTHTBRBAEBAYE, AT

EREBHE, L RREFEERE RN (K
B 19D MHYM AL F LA RE T EWIRMB K E
71, AR AR X + 3% pH HH & K0. 2~1. 284
(FEH%,1987).2) T HENESEMNENMBLEAR
12 FAHE YR AR AR A Y B0 B IR B
REMERAEINERETELE ERRMR E
ELEHME EXREAGL> MAELREREZFE
B.3) TELRPRMANREHEM, KB TR
SBEAGTELHOAE FXLEBERE. B THKEE
RS  XZRBEKGEENEYEROEM, IH
EEH RS W EM (Foth, 1984; FBH%,1987),
4) T RLASEFBAERAIES B WM E
BN SEYE L SEMLK, X SRBMR
WAAEX . BTATREEHNENARSTHEHYE
KBE, ABHWE BFEISTEEBIEN D, F L
BERAMBEYHSBRERBRERE.

5 & it

R IR T B A e R R AE R BRI B DA B
XA S 2 B ER R A R M R AR T
RiRE B REBBHESZERE. HEEYER
/N5 A T FTRAR B R 51 SR A RO R FE MR EAR
BHEALERRD, BEKEMERZBUESRAR
HEW—F,

REPFRMERRE, UG #HM A RBHIAL
HOHEBERPH B BN HERERE
FUMKKEEEAN T MK, R T X &5
MHENEENESEYEEE . XEATHER
PAEKRE, RRRER A, FEREREY,
T FE B RS 3R 35, 42 K 1 Bk, SRR photh + S 5
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