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Abstract; Land degradation and soil deterioration are key environmental problems in dry-hot valleys of southwestern China,
where vegetation deterioration and soil erosion have reached critical levels in these fragile ecological zones. Restoration
programs in these valleys depend on scientific information about which tree species are best for rehabilitation programs, as
well as the responses of edaphic constraints to these tree species. To date, knowledge about the amelioration effects of
different plantation types on degraded soils in dry-hot valleys is scarce. In this study, we evaluate five monospecific tree
plantations ( Leucaena leucocephala, Albizia kalkora, Acacia auriculiformis, Azadirachta indica, and FEucalyptus
camaldulensis) and one self-repair treatment established to restore a degraded dry-hot valley. We conducted this study to
improve our understanding of the effects of vegetation restoration on the soil amelioration process and to provide a theoretical
basis for the selection of tree species and restoration practices for rehabilitation programs in dry-hot valleys. Soil
characteristics associated with each of the six regeneration treatments were investigated four times over the last 22 years of

vegetation restoration. Results show that both regeneration treatment type and elapsed time have significant effects on the soil
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characteristics of the degraded soils during restoration. Although most properties of the soils associated with the six
regeneration treatments improved substantially over the last 22 years, soil fertility and particularly the soil structure were
still less well developed than those of undisturbed soils at equivalent sites. After 22 years of vegetation restoration, soil
microbial and chemical properties of the degraded soils had ameliorated to >90% and >60% , respectively, compared with
those of undisturbed soils; whereas soil physical properties ameliorated <30% in all six treatments. During the entire
restoration period, soil physical properties were only enhanced by 3.0%—20.0%, which is significantly less than that
observed for soil microbial and chemical properties. The percent of soil amelioration success via self-repair mechanisms was
63.6% , which was higher than the amelioration success for plantings of Albizia kalkora (54.3% ), Azadirachta indica
(54.9%) , and E. camaldulensis (53.2% ) but was less than that recorded for plantings of L. leucocephala (68.2%) and
Acacia auriculiformis (67.3% ). Thus, the different tree species clearly affected soil amelioration processes to different
extents. During the process of soil amelioration, soil microbial properties were regenerated first, followed by improvements
in chemical properties, while physical properties improved only slightly over the 22-year study period. This study also shows
that manual restoration of vegetation (i.e., afforestation) did not always accelerate soil amelioration relative to natural
restoration (i.e., self-repair) in dry-hot valleys. We conclude that L. leucocephala and Acacia auriculiformis are the most
suitable species as pioneer trees for soil amelioration of degraded soils in these regions. Cost-free self-repair of degraded soils
is also a practical option for soil amelioration in regions where afforestation is difficult to carry out. The results of this study
need to be further evaluated using a wider range of vegetation types and other degraded valley-type savannas with different

soil characteristics to test the general applicability of our conclusions.
Key Words: soil amelioration; vegetation restoration; self-repair; afforestation; tree species
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Table 1 Stand characteristics in the vegetation restoration regions
SRR A% 5 e ik WALWE
Sampling THE Tree mortality/  Tree height/ DBH/ Tree crown g ) masey DR CEN B
time Treatment % N m diameter/ (Vhm?) C:N in leaf litter
(m X m)
1997 FARE WA TH 2.7 3.3 4.8 (0.30)b 3.4 x 3.4 7.8 (3.09)d nd
pNL i SYNEW 2.7 3.5 5.4 (0.48)a 3.5%3.5 7.7 (8.14)b nd
I VBN A AN TR 2.7 1.6 3.2 (0.25)¢ 2.8 %29 2.9 (3.01)cd nd
EIARN T AR 2.7 2.3 4.6 (0.28)b 3.0 x 3.1 3.6 (3.21)¢ nd
AN AR 2.7 4.2 5.6 (0.37)a 24 x25 6.6 (8.75)a nd
A SRR R 3 nd nd nd nd nd nd
2005 HTRLG LK 3.1 6.1 10.7 (0.41)b 5.0 X 5.0 36.2 (8.17)b nd
K AH N T AR 3.1 6.3 12.2 (0.55)a 5.1 %52 474 (26.54)a nd
PiNREAS e S NI 3.4 2.6 6.9 (0.47)c 3.9 x 4.1 11.7 (9.01)¢ nd
EBR A AR 3.4 4.1 10.3 (0.45)b 4.0 x 4.1 22.3 (8.97)b nd
Akl N LK 3.4 7.7 12.7 (0.49)a 3.0x 3.0  48.8 (24.45)a nd
A SRR Rt nd nd nd nd nd nd
2013 HTRE ALK 3.1 7.8 15.5 (0.60) b 55x56 719 (19.77)b  21.1 (1.82)b
K AH N AR 3.4 8.1 17.8 (0.75)a 57 % 6.1  108.5 (21.25)a  28.5 (1.98)a
DiINREAS SR SN 3.4 3.1 10.0 (0.47)¢ 45%x 4.6 221 (10.93)c  21.9 (1.88)b
EBR A Ak 3.4 5.4 15.0 (0.71)b 47 %49 547 (11.78)b  23.8 (2.27)b
AN T AR 3.7 9.7 18.4 (0.81)a 3.1 %32 1159 (30.38)a 322 (2.58)a
H SRR S A b nd nd nd nd nd 20.7 (2.52)b
AR nd nd nd nd nd 20.9 (2.44)b

BRA RN T L. leucocephala plantation ; KA E N TR A. auriculiformis plantation ; 71 [ 12 W5 4x & KN THK:A. kalkora plantation ; ETHR A
THK:A. indica plantation; 75 4% N T8 E. camaldulensis plantation; [ 9% & & £ 11 ; Self-repair site; A i L #£ b ; Undegraded site; nd: A& no
determined ; 55 W EUECAPRIEZE (n=4) , G FRAH R R H 22 F AR K E B E /KT (a = 0.05) Data are the means of four replicates with standard
deviation of means in parentheses, and common letters followed the means among the treatments at different sampling times within a column indicate no
significant difference according to the Tukey-HSD test at a = 0.05; * F T @i & & & A REEY T 2011—2012 404 Litter for the measurement of
C :N ratio were collected during 2011—2012

T A A o
TR )G, £5 AL B 38 pH (A28 & AR A B 2 (HA A BRE b+ A Pk 2R/ Ak A
BRSO R R B i R e, ELAR SR 2 R B KT (3R 3) . AMA L MR HTR AR T
MR DA B AA SR (B B 85 86 & atdmem , FUOh R AN AR, B AR S R b AT EN RN T
PR Z IR VB A RN ARA N AR i i, BR WAL, 2013 4EXT AR M 2SR e R B m A 5%
REFRAY 1.0—1.6 15,

FAERE IR I AL BN [GERAE B B A MLk 2R A R0 & & A RN FFEEE M (% 3), Bk,
TR 0SB 3 KT I T A S T R S RN R I AL N TR, e N TR, ] s
6a i (1997 4F ) B G W TR 3G BLA 5 5 b 258 0, i kil N PR - 34 AL A 7 ok Wl 25 34 in e 0 1) B
[8]°4 14a(1991—2005 4E) .

24 TIEHAEYITER

AR PR B2 %5 T AT 20 AR A ST A= W o (e 0 26 ) et e R | T SRR T I g CO, ) A I 355 ) (3R
4) o FAEFRFE D - SERUE Y A W (R U ) A - S A P S B SR I A, g COL A i . A | R T
SRAE B BT AR A U R AR SN TR LA B [ SR VK 52 1 - 336 A 4 A i R S BE R P i o 1 ot 3 &b
MR 22a J5 , 4540 FRAEE 3+ SESREREIE IR A1 ¢CO, 5% BAREH 22 R 38 | 38 A W A b 42 30T o i 25 A1
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Table 2 Soil physical properties in the vegetation restoration regions

SRERt ] e ) iﬁiﬁi .iﬁEﬁEEZf i%é%@:ﬁé KRS &

Sampling time Treatment u den:lty/ Soil compa(;tlon/ Total porosity/ Macroaggregate
(g/cm”) (kg/cm”) % (>250 pm) percent/ %

1991 TE AT e 1.68 (0.04) 30.45 (1.12) 36.60 (1.51) 34.77 (0.96)
1997 BRI TR 1.67 (0.04)a2 30.07 (0.83)a2 36.98 (1.51)a2 35.62 (1.10)a2
KA E A TR 1.67 (0.03)a2 30.20 (0.91)a2 36.98 (1.13) a2 35.57 (0.82)a2
TR VE A A RN TR 1.67 (0.04) a2 30.17 (0.87)a2 36.98 (1.51)a2 34.89 (0.82)a2
I GNEI 1.68 (0.04)a2 30.19 (0.76) a2 36.60 (1.51)a2 35.11 (1.12)a2
FRFEN TR 1.68 (0.04) a2 30.30 (0.82)a2 36.60 (1.51)a2 34.84 (0.90)a2
SRSV RS 1.68 (0.05)a2 30.11 (0.97) a2 36.60 (1.89)a2 35.16 (0.77) a2
2005 BRSO TR 1.65 (0.03) a2 29.51 (0.80)a2 37.74 (1.13)a2 37.10 (0.84)al
KA T AR 1.64 (0.04)a2 29.84 (0.82)a2 38.11 (1.51)a2 37.25 (0.96)al
BN RS A= NI N 1.65 (0.04) a2 29.69 (0.73)a2 37.74 (1.51)a2 35.76 (0.63)a2
ENBN T AR 1.66 (0.03)a2 29.74 (0.71) a2 37.36 (1.13)a2 35.92 (0.82)a2
ARFEN TR 1.66 (0.04)a2 29.91 (0.77) a2 37.36 (1.51)a2 35.85 (0.58)a2
R R 1.66 (0.05)a2 29.60 (0.80)a2 37.36 (1.89) a2 37.24 (0.70)al
2013 HTRA U TR 1.59 (0.03)al 28.84 (0.79)a2 40.00 (1.13)bl 41.78 (0.89)bl
KA E A TR 1.58 (0.03)al 29.08 (0.80)a2 40.38 (1.13)bl 42.25 (0.84)bl
I VERE &AL 1.61 (0.03)al 29.14 (0.75) a2 39.24 (1.13)bl 37.91 (0.85)cl
EV#R A T AR 1.62 (0.04)a2 29.25 (0.79) a2 38.87 (1.51)b2 38.42 (0.82)cl
AN TR 1.62 (0.04) a2 29.52 (0.82)a2 38.87 (1.51)b2 37.77 (0.80)cl
A SRR S A b 1.60 (0.04)al 29.01 (0.79) a2 39.62 (1.51)bl 41.57 (0.74)bl
AR AL H 1.45 (0.08) bl 25.22 (1.12)b1 45.28 (3.02)al 69.56 (1.30)al

5 W IEUE AR IEZE (n=4) 5 7 REAR [ R W 22 57 R K 2 27K (o = 0.05) , FBEE HAYET 1 12 73 53R 2 9H 5 1991 4R

MRATHE D22 T3k 8 AR &8 3K (@ = 0.05)

*3 EEHREXRTEFENFER

Table 3 Soil chemical properties of the vegetation restoration regions

RAENT[H] b Fibluk £ B AR AR AR AL
Sampling Treatment pH Organic C/ Total N/ Total P/ Available P/ Available K/ Available Ca/ Available Mg/
. reatment
time (g/ks) (¢/kg) (g/kg) (mgkg)  (mg/kg)  (mgkg) (mg/kg)
R 5.99 2.95 0.23 0.080 0.75 24.09 214.77 89.77
1991 &R
WL T (0.19) (0.24) (0.02) (0.01) (0.09) (208)  (1173) (7.38)
6.09 a2 3.87 al 0.31 al 0.082 6.61 bl 27.89 edl 234.58 al 122.33 al
. PaSv 4
1997 AT (0.19) (0.28) (0.02) (0.01)a2 (0.61) (1.76) (12.57) (7.00)
6.14 a2 3.39 bl 0.29 al 0.074 5.19 cl 34.21 al 240.09 al 125.68 al
L ED S NI N
KIFAEA LA (0.18) (0.24) (0.02) (0.01)a2  (0.46) (2.19) (12.05) (6.85)
6.10 a2 2.92 ¢2 0.24 h2 0.080 6.21 bl 30.29 bel 237.94 al 120.39 abl
TR 4 A
ATV BT (0.16) (0.21) (0.02) (0.01)a2 (0.55) (1.93) (11.60) (6.95)
BT A 6.21 a2 2.98 ¢2 0.24 b2 0.079 6.91 abl 28.77 bedl 235.53 al 111.25 bl
(0.20) (0.21) (0.02) (0.01)a2  (0.60) (1.83) (12.31) (5.93)
6.21 a2 2.93 2 0.24 h2 0.073 7.56 al 26.88 d2 253.64 al 97.56 ¢2
AREEATAR (0.16) (0.20) (0.02) (0.01)a2 (0.64) (1.79) (13.56) (5.71)
6.01 a2 2.99 ¢2 0.24 b2 0.081 535 ¢l 31.24 bl 242.93 al 100.56 ¢1
RIS B
ARG (0.14) (0.22) (0.02) (0.01)a2  (0.45) (2.04) (11.86) (6.59)
X 6.20 a2 5.53 al 0.48 al 0.08 11.55 abl 39.87 a2 255.64 al 120.37 bl
L Al
2005 FREALA (0.17) (0.32) (0.04) (0.01)a2 (0.78) (2.02) (12.85) (5.28)
6.20 a2 471 bl 0.40 b1 0.074 12.57 al 40.25 a2 249.87 al 117.77 bl
AT
KIFAHEA LA (0.19) (0.28) (0.03) (0.01)a2  (0.89) (1.99) (12.34) (5.13)
6.19 a2 3.62 cl 0.30 d1 0.081 9.10 cl 38.87 a2 261.21 al 135.46 al
F T oAl
ATV LA (0.16) (0.21) (0.02) (0.01)a2 (0.62) (1.97) (13.89) (6.19)
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SR ] e ALk 2R B ARk AR AR ARk
Sampling Treatment pH Organic C/ Total N/ Total P/ Available P/ Available K/ Available Ca/ Available Mg/
. reatmen
time (g/kg) (g/kg) (g/kg) (mg’kg)  (mgkg)  (mg/kg) (mg/kg)
ETB T A 6.30 a2 3.89 cl 0.31 cdl 0.082 10.54 b1 39.64 a2 248.76 al 122.56 bl
(0.19) (0.23) (0.02) (0.01)a2 (0.71) (2.10) (12.20) (5.49)
. 6.21 a2 3.67 cl 0.29 d1 0.077 10.91 bl 39.11 a2 250.37 al 119.81 bl
HREATH (0.13) (0.21) (0.03) (0.01)a2 (0.75) (1.92) (19.08) (5.15)
6.14 a2 4.57 bl 0.35 cl 0.081 10.87 bl 38.99 a2 248.16 al 120.64 b1
IRV H
ARRE L (0.16) (0.30) (0.03) (0.01)a2 (0.75) (1.84) (12.40) (6.51)
6.20 a2 7.67 bl 0.73 bl 0.079 14.74 al 58.94 abl  267.16 al 148.48 abl
3 gk
013 HEERATH (0.19) (0.36) (0.03) (0.01)h2 (0.88) (2.34) (10.96) (5.94)
6.22 a2 7.03 cl 0.69 bl 0.084 14.60 abl 5474 edl  266.91 al 143.37 bel
R TR
RITHRBATH (0.17) (0.34) (0.03) (0.01)h2 (0.89) (2.20) (10.67) (5.95)
6.30 a2 4.55 el 0.39 d1 0.079 13.25 cl 52.19 d1 230.54 b2 131.83 dl1
W %:{ {\A e
STTERE AR TH (0.21) (0.22) (0.02) (0.01)h2 (0.76) (2.12) (12.09) (5.29)
6.24 a2 5.71dl 0.42 d1 0.081 13.54 bel 52.62 dl 247.91 bl 130.62 d1
E
PHATAH (0.18) (0.26) (0.03) (0.01)h2 (0.75) (1.89) (10.84) (5.48)
. 6.30 a2 5.07 f1 0.38 d1 0.074 13.88 abcl ~ 53.87 cdl ~ 245.67 bl 134.54 cdl
HEATH (0.19) (0.25) (0.02) (0.01)h2 (0.76) (1.98) (11.90) (5.64)
6.19 a2 5.96 d1 0.49 cl 0.083 14.85 al 56.32 bel  274.56 al 140.25 bedl
IRVREZFEHb
AU (0.16) (0.28) (0.03) (0.01)h2 (0.79) (2.12) (12.81) (6.18)
SRR 6.50 al 8.18 al 0.81 al 0.152 14.77 al 60.49 al 267.55 al 155.43 al
(0.21) (0.34) (0.04) (0.02)al (0.83) (3.41) (13.78) (12.26)

TSN IEUE R (n=4) ;5 T 7 BT R WS AR B B EK T (a = 0.05) , FEYF IR | 12 A 0IFR% 5 1991 E3EMATFEb 2% Sk i
FEMAREKF(a = 0.05)

F4 EEHRERTETEHEMER

Table 4 Soil microbial properties of the vegetation restoration regions

TRenfl AbgE TR AE Y YR Microbial biomass/ ( mg/kg) Basffigjion/ j:ijiu(f:%ﬁ
Sampling time Treatment (g CO,-C kg™ (mg CO,-C
¢ N P soil h™!) h'eg! CL)
1991 T MR 5 HlL 26.9 (2.5) 2.1 (0.2) 1.1 (0.1) 0.06 (0.01) 2.2 (0.2)
1997 HER AN TR 106.0 (3.6)al 9.5 (0.2)al 4.6 (0.2)al 0.13 (0.01)al 1.2 (0.1)bel
KHHEAN T AR 94.9 (2.3)bl 9.6 (0.2)al 4.7 (0.2)al 0.12 (0.01)al 1.3 (0.1)bel
I VBN & AN T AR 95.7 (2.7)bl 7.6 (0.2)cl 3.5 (0.2)bl 0.11 (0.01)al 1.2 (0.1)cl
EIBA AR 84.9 (2.7)cl 8.5 (0.2)bl 3.4 (0.2)bl 0.12 (0.01)al 1.4 (0.1)abl
AR T AR 90.3 (2.2)bl 8.0 (0.2)bel 3.4 (0.2)bl 0.11 (0.01)al 1.2 (0.1)bel
H SRR SR 4 75.2 (2.6)dl 7.6 (0.2)cl 3.6 (0.2)bl 0.11 (0.01)al 1.5 (0.1)al
2005 EERA W T AR 158.8 (3.4)al 15.1 (0.3)al 7.8 (0.3)al 0.15 (0.02)al 0.9 (0.1)al
K AHE AR 147.8 (3.5)bl 14.3 (0.3)bl 7.5 (0.3)abl 0.15 (0.01)al 1.0 (0.1)al
PINRESS SRR S PN 144.2 (3.9)bl 13.6 (0.3)dl1 6.2 (0.3)cl 0.14 (0.02)al 1.0 (0.1)al
EIAR T bk 132.6 (3.3)cl 14.3 (0.3)bel 6.1 (0.3)cl 0.14 (0.01)al 1.1 (0.1)al
ke N T AR 140.0 (3.9) b1 13.9 (0.2)cdl 6.0 (0.2)cl 0.14 (0.01)al 1.0 (0.1)al
A SRS A 164.4 (3.6)al 14.6 (0.3)abl 7.1 (0.2)bl 0.15 (0.02)al 0.9 (0.1)al
2013 HHARA N TR 184.7 (4.2)al 18.3 (0.5)abl 9.1 (0.3)al 0.17 (0.02)al 0.9 (0.1)al
KRR AR 180.5 (4.2)al 18.5 (0.4)abl 9.3 (0.4)al 0.17 (0.02)al 0.9 (0.1)al
I VBN 4 AN TAR 170.83 (3.98)bl  17.4 (0.5)bcl 8.0 (0.3)cl 0.16 (0.02)al 0.9 (0.1)al
Z1 PN W N 168.9 (3.6)bl 17.1 (0.3)bel 7.9 (0.3)cl 0.16 (0.02)al 1.0 (0.1)al
IRFEN T HK 166.9 (3.4)bl 16.7 (0.4)cl 7.7 (0.2)cl 0.16 (0.02)al 1.0 (0.1)al
H SR S A b 178.6 (4.3)al 17.8 (0.7)bl 8.6 (0.4)bl 0.17 (0.02)al 1.0 (0.0)al
ot HEAE 185.2 (4.5)al 19.2 (0.7)abl 9.6 (0.4)al 0.17 (0.02)al 0.9 (0.0)al

TS R BUE PR EZE (n=4) ;5 PR R R 22 R R E B B EAKFE (e = 0.05), FHRUG ST 1 F12 4553 RZI9E 5 1991 4E1%
MRATHEHL 22 T3k 0 3 FUR 8 3K (« = 0.05)
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2.5 THEMRFME

Bray-Curtis HARFHAHIL AR, 5 AR AU b (O BEFE I ) A1 EL, BRI 22 41 J5 45 A0 IR b it 3K 1) - 45
TRl A A 2 P 4 0 R S0 531 R 93.19% 1 61.29% , 1 - 334 B I - 240k BRANHR 26.7% (£ 5) . wliAl
PR AL PRI, 5 AR AR M AH Eb | BTAR A W A SN TR A B AR 52 b = 33 0k R R 7E 63.6%—
68.2% 2 [] , 1M HiAth b BE 3k B RAE 53.2%—54.9% , 2013 AFEAE PR 5 X 438 A Bk B K 60.3%

%5 ET Bray-Curtis BRI ITENERME N TEURE
Table 5 Percent of soil amelioration success for soil physical, chemical and microbial properties based on Bray-Curtis ordination
% B # Amelioration percent/ %

R[]

Sampling oM pmag JobWE BOEME M b a0
time ATk ATk AN THR ATk ATk SRR reatments
1997 PR 4.6 4.0 3.6 1.5 0.8 1.9 2.7
A2 22.1 21.4 18.5 18.9 18.1 14.4 18.9
(DGR 55.0 51.4 46.4 43.5 44.7 39.1 46.7
SFHE 27.3 25.6 22.8 21.3 21.2 18.5 22.8
2005 PR 12.7 13.4 10.7 8.6 7.7 10.2 10.5
A2 B 47.1 41.0 38.5 38.9 34.7 38.1 39.7
LR M B 83.8 79.6 74.0 71.8 73.1 82.6 71.5
RSl 47.8 44.7 41.1 39.8 38.5 43.7 42.6
2013 IR BT 32.3 33.7 23.7 21.4 19.7 29.2 26.7
(it 74.7 70.5 49.0 54.0 52.0 66.8 61.2
TR M 97.8 97.6 90.2 89.3 87.8 94.8 93.1
FHE 68.2 67.3 54.3 54.9 53.2 63.6 60.3

3 iFig

3.1 RIS A R EARRE

AHFFEREBENK I ] (1991—2013 4 ) A4 PRAE 4= 38V o 58 AN [a) R B 1 i o, (H = 3 25 49 FIAE T3 473
AR T AR A, IO L5 (R 2 3R 3) . RUIT I F IR B B2 — KW R, X v] fig &
TS RGBS AT BB ARG B 1 36 2 30 itk , S EOR R AS W R 2 L EE R T
PO 2 1 2 MR S % LR S R Y

5P R AP A EL , 30 W A B 32 R VK A2 s T TR e e | (R 5) . X rTRE R T 4
e A BRI A Y AR AR Y A B AR AL R AR PR VR Y b R R R A OK B SRR TR AR
AR AN R BV W BRI S IR G A AN - S A A TR R T B IR E M S S E T A R SE
[ S 1 P A

H, I AR e i B A R W AR T T A 1 YA A i X ) VB A AR I AT B AR
WA S B A5 i 00 1 75 43 1 (I 498 R AR IR AR T BOA S R A 2 0 B sk A i, R 3R 0 & i IO

NERE X AEBRGAF ARG A LR A RRAE ROR o e R T T R R Ak

FEHL (3R 3) o FRULAT DAAIWAS B SR K 5 X+ 40855 43 & AR A i 2 T R R AL P8, ARk S )5 76+
BN S5 Bk b A LR SRR RO R R R AR e R R A AR e - S e
TG {0 3 AR 3 I 4 T B A7 H IR RE R AR, — H 58 A4 IR b 3 2 - P TR AR ME B e B (FEE A B n
TEOLT ) o HHE pH EREA HE I OB 3E) WAT e 5 A8 K Ca Mg 5508+ JTZ il CEC B E & A ¢,

BEIRMAESRG, T EH bR A S R Y B2 B BR ), LB B AR K AR ARIE RN G R H B, R X
Folr b F R0 A0 Rl 1 i HUR BT (E e T AR bR B (0 7 5K R R R GE R A Y L 5
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A AL AN LE B AR S R GEI IV RN A R v R A A A 2R G AR SR T S A g ] 0 AR
SO 22a J5 T IR RV T35 00 R AN 30% (36 5) , FBAAHIFSE il 24038 1k - 38 A 250k 52 1 iy 2
BRI F i A e A R bR, X — D7 T S A LS R R R IR 5 MR 21 4R A AL A A
FBTE Y AE 0.94—3.22 t hm™ a™" (&1 1), 3 BT SR ARG T FETRT 2 8 9 A0 M DX ) 98 A PR B I Ay 2 o]
AR 55— 5 T 2 DX v T 2 W T B B R A i R T | M A T S G, R,
Wy 5 b SR AN A DA 5%, A 39808 o faed A PR A HIL-JC AL A A W ml i v SR SR AR
G LR R AN AT IR IR AR R, 3R SR AR S R A T sk s M B Y
A AL, AR S URL (T URR 2 B 70 - 3 W ) - S B T A

3.2 FEMARRRG TR A R B R

LA 1 I 18 P S G B 1 T, 5 IS TR 2 2 W) A 285 2R G0 1) 45 M R ) R, 3 T 52 i = S 4 Jo R G i
A2 A S G AT B TR AR KRR R R LE 1) AL — L A ELAE R P R A
RO A S R GTRE A BRI AL B S 2700 ORI MR b e B L R R R, B L
BRI R A IR A R TR 14 38 S AR X BR324 5 A o e B 5 T A IR AL A B R (3R
5) o HURPIA = H— AHUEPIERAR I i S5l L FRAEBA 5 ) A0 00 sl 70 3 Ak O AEL AR 28 L RAR 73
WY, AEAS TR A B B, AR R RIHT AR  UON TR A v 4y e 2 W) S g T LA 3 P N TAR (181 1), R A
I S8R R AR 0 R AR SN T D28 B < 0 ) 1) O 7 00 L AR [T S AR ( EBR A ) S5 5 W o e,
fEHE I R PO KT IR AR R IR B IR AL A LA AR ARRE AR, TR
BRI A AR 25 < 6 O TR 5 2 R, 7 i SR~ PRI 25l DX BB A 28T R R A 2
Y A SRR BRI E R R 0 = AR U TR, B T R S A A VA
AR PR IR g, AR e R KR IR AR N == R XA B TR A IR R, ABFSE 5 Rt
TR Aif e SRR SR R AR el i K, AR TEI R B P et die i (36 1, 181 1) o FHIR D8 I 4 s R
TR AL R RS X ] e HARRI AR B R i A (1) .

ABIESE 5 TR R b HTER G ORI AR B R 3R 25 G RICR R 1T HHE st A 7= T s A
IEA S R G AT RE R S5 (1 2 A7 1102 TR 300 R AR JE A Sl 516 B A i ok ke R T B 4R Ak
I,

3.3 AHBKAZ T3 2O AT A SRR R A R

EREA ARG RA NAER A B ZHLH], HR L R ol fE R X /b A MBS RE Ty, — Bk, AR E
AR AT REE A BB i [ AR IK AL R A A R R A AR 28 R ST AR R IR e R T EL
TR IR 75 2 A AR A R v, o0 7 SR IO TP Ut 3 5 U 1y T 00K 1 B BEL %
FL ORI Y i IR 38, T 2l AR A B ) AL FRAB B b Ol =2 ) 3 BB B R R R T RE M R S . HE
ABEFEH, BRI 22a 5, IR AL - e B0 R A RCR B A BB BT AR B ORI A BN AR (E e RASCR AR
TEVBR I3 1M 4 B MR N TR E (R 5) o RN AR, N TARBR AL (T FEA
—E RENEGE AL AR R, X ] RS TR S AR S RGP G, (1) BRI AR R B LU 355
AR AR TE A B A i3 5 MR PRI A AR AL IR R i ) AR T R P AR R R RS N TR (L
BT VA B S AT AT 1) o (2) 5 RBEEAR AR BER D A L, SAS ) (L850 ) P v
Py C N HCARXT AR (3R 1), XA B T B A PR A AR 0 B, BE TR SRR M0 RO PR T T Beas SR S5 F
TIRE > (3) B AR R, HAR R IE TR 53 7 B R 0 A BT i v L LB R AR LA
() TEBA PR TIRITEOL T ARG (L) WA S AR RN . 8 A %000 7, 2012 4F FAR IR A 3t
RO R 3R (79% ) SARIBUHEAEIT (84% ) o FH , N TARE i A rp E 26 i AR i mT RE AR - 3 1 1
G0 N e SN A (BR8N TRE RS VR = 5 W Y S S WD =9 TR 91 A TR N N S e

ARG A ORISR O R IR A S i T TR T AR S ORI AR TR S (EL T I ) L )
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BRI 1B RS B M N TAR (2 5) o PRI, 70 888 5t Mo LA S 14l DX ( G R) 2t A Rt ) | S A QA Al
R AR A R G F ORI A el LAAE D f R A A IR AL ) — Rl A7 07 ik
3.4 JH Bray-Curtis FI A% Al 50 e R A7 PP
Bray-Curtis [ FRfl73 Hridk Al 5  E 00 R AR AT 20712, BEZM M A HL AR B 8 00 5 418 s sV S2 418 A ) i
IO, A7 B B et i A AR AR A A B 7 A SR DA A R FEh 609% A Ay T - 4 o ok R AR
E&%%ﬁ@VdM%MEﬁWEWﬂ?%ﬂﬁL%iu§%WEMi%ﬁi%ﬁ% FIR il PR 2% 2 A
B BRI AL BRI 5, BT ARG ORI AR AR B = LU R AR E s RiB AL HHE(R 5) .
JRAE Bray-Curtis H ARSI — PR Al A7 BRI AR S R G AR A7 1 (B AP e T A 2 (1)
AN R A SRS A i (4 BE I bl L B LS ( RIS AR AT R M B PR 1] ) |, IR 05 645 Hh A 45 R0KE (2
IR TESABEEFRE KT 100%, (2) FE U ESBE L ARG T RGBSR L R GES AR 15 b5
AL

4 it

() T RITARIR S RGE 22a BB S 2 B rpr AT = 380 Wy Ak 2 v i 5, e B Pk
MELIBE R R

(2) BB GRS A SR AT A S T AT 2 AR - S0 R A e B Pl 7 i 2 R LA S Py DX, A28
RGE AR S - e AT A5 1%
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