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Prediction of potential distribution of Sophora flavescens
in China under climate change

ZHANG Tao', HU Wan', JIA Tianjiao', ZHAO Sanzeng’, KONG Danyu', LIU Yi'"

( 1. Lushan Botanical Garden, Jiangxi Province and Chinese Academy of Sciences, Lushan 332900, Jiangxi, China;
2. College of Tropical Crops, Hainan University, Haikou 570228, China )

Abstract: In order to understand the changes of potential distribution of Sophora flavescens in China under the climate
change and to explore the relationship between bioclimatic factors and the suitable distribution pattern of S. flavescens,
we investigated the distribution pattern of S. flavescens in China under the three climate scenarios (last glacial maximum,
current climate, and future climate) , and analyzed the dominant ecological factors affecting the growth of S. flavescens
with Maximum Entropy Model (MaxEnt) and Geographic Information System ( ArcGIS) by collecting the geographical
distribution points of S. flavescens combining with 19 ecological factors. The results were as follows: (1) Under the
current climate conditions, the average temperature in the warmest quarter (biol0) and the precipitation in the wettest

quarter (biol6) were the dominant climate factors affecting the distribution of S. flavescens. (2) The suitable habitat of
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S. flavescens accounted for 35.90% of the total land area of China. The optimum areas of S. flavescens were mainly

distributed between the 800 mm isopyet and the 400 mm isopyet in China. (3) From the last glacial maximum to the

future climate, the suitable habitat area of S. flavescens in China gradually decreased, and showed a trend of moving to

high latitude. (4) The suitable habitat area of S. flavescens under the current climate was 0.3% less than that in the last

glacial maximum, and the suitable habitat area of S. flavescens under the future climate was 0.75% less than that in the

current climate. In conclusion, global warming plays a negative role in the potential distribution area of S. flavescens, and

leads to the reduction of suitable habitat and the narrowing of actual niche of S. flavescens, which is not conducive to the

growth of S. flavescens to a certain extent. The results of this study provide the theoretical basis for the rational

distribution of wild conservation and artificial cultivation of S. flavescens.

Key words: Sophora flavescens, MaxEnt, climate change, ecological factor, potential distribution area
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ABIEFE A R ) = g s B (R U vk 3, 24
HTET ] RSB ) S 1 F 48 B R Ak
Y5 2 ( WorldClim , http: //worldclim. org) , £l 5 19
AN )5S B (biol ~biol9) (28 1) o AR WEE UK
W AT A E AR CCSM4, B 5 /Ny
e 2.5 (5 kmx 5 km) 5 24 i A% 4F £ & £
1970—2000 ( version 2.1) ; A& R 4E 3 £ 2070, K
AR IPCC 56 5 0 sty i 4 3 04 A< > g

*x1 RETE

Table 1 Environmental variables
CBEAR "
I Bk
nvironmental Descrintion
variable esenp
biol AR AR

Annual mean temperature ( °C )

bio2 BRI 22 A HE

Mean diurnal range (°C )
bio3 SEIR M

Isothermally [ (bio2/bio7) * 100 ]
bio4 TRLIE 2 PR AR fl b v 22

Temperature seasonality
bioS e 7 B vy il

Maximum temperature of the warmest month ( °C )
bio6 et F Ay e (T

Minimum temperature of the coldest month ( °C)
bio7 AR AL

Temperature annual range ( bio5—bio6) (°C)
bio8 B i 2 i 2l

Mean temperature of the wettest quarter ( °C )
bio9 I TP AR

Mean temperature of the driest quarter (°C)
biol0 I 2P 343

Mean temperature of the warmest quarter (°C)
biol 1 el Z IR

Mean temperature of the coldest quarter ( °C)
biol2 CREFIS 3

Annual precipitation ( mm)
bio13 Il A Oy KA

Precipitation of the wettest period ( mm)

biol4 ARk E

Precipitation of the driest period ( mm)

biol5 [ K AR 53 R B

Precipitation seasonality

biol6 R K
Precipitation of the wettest quarter ( mm)
biol7 I T ERE KR

Precipitation of the driest quarter ( mm)

biol8 die 7 K

Precipitation of the warmest quarter ( mm)
biol9 e 22 K it

Precipitation of the coldest quarter ( mm)

SR EAE e AR = HEBCN S0 RCP8.S (1) 6
YA O 1 S B2 4 BEE 0 307 (1 km X
1 km) ., HEEE T2 A B REMMMBIEE SRS
3k ( http : //www.ngce.cn/ngee/ ) o
1.3 MaxEnt 2% E K& M

MaxEnt # 5 2 8% 2 & H MaxEnt %K {4
(V3.3.3K), B 1L I 3 HE i 20% , e K 25 AR Uk B
1 x 10*, & £  ROC M AT v)ik, Lhi
N R PP AR A R T8 BV L, DL ROC 4k K
M2 ALY AUC ) PE R ADRS B, LA T U0k
G 0 AR S R A R
1.4 BT EFiE

TR SRR AU i 114 45 R b T AR R K B Y B
B BRI AR,
1.5 £EXEER X4 %A GIS

TR A AT 2 B g5 R R ASCIT S
WL ArcGIS H 6 X FE A T 255 A6 b 4% SCF
SRk 43 25 T LG IR 2 R AT A2 DT
FPIE A R o i 5 S SR R 2 R [ b X
B AR B8 B, T P RoR, DA SR B8 AR B, B
HO~1, 2% 2007 B4 1 BUF [ SR L&
12 5122 (TPCC) 58 VU IR PEAL HR45 X A 2 1 9
SRRy | A SO BIE 5T X G AE 4 [ 3 A 45 9
TR 4. P<0.33 RAEEA250.33<P<0.66
R3&E A2 s P=0.66 i i A

2 R 594

2.1 MaxEnt &2 Fi 45 &

MaxEnt #5570 0085 B DL ROC filt £k ™ m AR (B
AUC 1) a8 bR, AUC (BB K 3 HA AL 75 T30k
B, PEMFRIE: 0.5~0.6 BB R 2K ;0.6 ~
0.7 #24;0.7~0.8 —f#;0.8~0.9 1F;0.9~ 1 IEH 1,
FEF S 725 AFEA A0 05, B MaxEnt B8 7E 1
25 YRR =R A H X 20l AR X AT
T, 55 ot & AR Ak SRS R I R A
T AR S A I S 2 A 2R 50 4 ) AUC
SERME Ay R 0.858 (& 2. A) . 0.857 (K 2:B) |
0.863 (& 2:C) , F W i MaxEnt BRI F 0 (1) 15 2 A=
AIE EME A B e B A E R, T TS
TETEIE A X A3 A B ESE
22 EBEBENHRESSERET

LT 1015 (Jackknife ) 266 5645 Y 32 55 2% 3R |
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W 54 Mean +/-one stddev
M 1 (i 7 M Pandom prediction
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1.0 B
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=08
i B
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205
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W Mt Mean(AUC= 0.85T)
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W 1 h FiMPandom prediction
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1o} C

B it Mean(AUC= 0.863)
W i £5 5 Mean +/-one stddev
W ) il1 fii M Pandom prediction
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4% ¥ 1 Specificity
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A. Last glacial maximum; B. Current climate conditions;
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K 2 MaxEnt BN H ROC 43 #7246 56 Tl

Fig. 2 Prediction validation using ROC
curve in MaxEnt model

S AN ) B 858 728 5t X6 T 40 A1 3 45 1 BTk R /N,
METEME ST 19 AR AR 5 19 57wk R HE 51 A
11 TTHRR > 1% ) KR biol6 ( Fe i 2= &K i,
mm) \biol0( F M PR °C) (bio6 (% H

B EARIEEE , °C) \biol5 (FE/K & Z=A8 53 R EL) bio9
(I TR, C) (biol 1 (5% 2= 8V Xk
JE,°C) biod (i B 2= AR L AR HEZE ) (bio8 (1R
7 fBE 7 ¥R BE,C) | bios (% BB Ay & iR
J£,°C) \biold (T H M FEKE ,mm)  biol3 (i
A KR, mm) , Rt STk 338 96.8% (£ 2) .
L5 19 DB AR B I AH CHE D HT 45 R KB, biol6
(B EREKE , mm) F biol0 ( Fx IR 2 EE R
FE,°C) SR Y AR T S0 B AR B A ) AR
K ( B BTlRIE 72.4% ) , HiR 2 bio6 (5% H
W EARTLEE , °C ) \biol 5 (FEK R ZAE 7 R L) bio9
(TR ,°C) (biol 1 (¥ Z ¥R
J&,°C) biod (IR F=T5 AL AR IE2E ) (bio8 (51
7 S 43R L °C) | bios (B BB 1 B I
BE,C) biold (T H O FEKE , mm)  biol3 (il
HOyBEK R, mm)  HETECRE RPN/ (£ 2),
SRyt — 2 W S AE Y TR SR T R
T 5] 1 56 R, 43 5I0KE A g A% B 7
T MaxEnt A5 7 b B0 A% 22 ah] AR 15 ) 7 iy
L(E3),METTEMA ESFSERF 0 EAE,
FEAERER KT 509% B, % i 25 B [ 7K 1 (bio16) fi%
5 H U R 400 ~ 800 mm , fy BB 2% B OV ¥ R B
(biol0) fH } 20~26 C ,
23R BTEUEHFTESEFENEEEST
FESMEARATE SR, A MaxEnt #5528 B0 T
T W S AR R UG VK R R ok AR
(2070) =Aid B AE SR 40 A X, R AR 2
S5 S () ASCIT U 3 AreGIS Hr % X F5
A T 5L A M A S, 22 1 A T B s e 30 A
SlERE M NEEEE (K4, K5, EFe6) K
B € RN A A B U 0 2 1, 3 AR R ICME B
KR HIZ XI5 5305 B 43 A I A SRR 2% IX 3k
BP hy 5 2 B AE A DX 3
24 SETHUNEEETSEEREES TR
FESMEARATS SR, I MaxEnt #5528 F 1
T 2 A0 R WO vk R R ok AR
(2070) =Aid B AR SR 40 A X0, B = Dy s B
MHREA R (K4, KI5, K 6) it &4 T H X
K2 AT 0 %143 . P<0.33 AR X ,0.33 <P
<0.66 HKIE L X, P=0.66 Nk X, 15 %)
=AU T W S 2 E IS
B (B T, B8, B 9) R, sk AR E
AX | EENREE X g hmiEd X, EmAX
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Table 2  Contribution rate of each environmental variables

in MaxEnt model under current climate conditions

B AR
Environmental

~ ik
R Contribution

rate (%)

. Description
variable P

biol6 I i 2 BE K A 53.9
Precipitation of the wettest quarter ( mm)

biol0 Sl 2 Y3 18.5
Mean temperature of the warmest quarter (°C )

bio6 It Ay AR B 6.7
Minimum temperature of the coldest

month (°C)
biol5 RiK ik 278 S R A 3.8

Precipitation seasonality

bio9 T AR 2.7
Mean temperature of the driest quarter (°C)

biol1 et VPR 2.6
Mean temperature of the coldest quarter (°C)

biod L ZE AT AR bR v 22 2.3
Temperature seasonality

bio8 S 25 - R 2.3
Mean temperature of the wettest quarter (°C)

bioS Il H G di R IR 1.9
Maximum temperature of the warmest

month (°C)

biol4 T A Gk 1.1
Precipitation of the driest period ( mm)

biol3 Tl A Gk 1.0
Precipitation of the wettest period ( mm)

bio3 LR 0.7
Isothermally [ (bio2/bio7) * 100]

biol8 Il 2 B K A 0.6
Precipitation of the warmest quarter (mm)

bio7 AR R R AR AL 0.6
Temperature annual range( bio5—bio6) (°C)

bio2 B 2E A B 0.5
Mean diurnal range (°C)

biol SR 0.3
Annual mean temperature ( °C )

biol9 R R 0.3
Precipitation of the coldest quarter (mm)

biol2 AR K 0.1

Annual precipitation ( mm)

biol7 T EE KR 0.1

Precipitation of the driest quarter (mm)

ARSI S EE A X,

FRPFAEAILE T | AR YRR vk 3 I 4 31 R ok = A
(2070,RCP8.5) =M ARG T, 5 S 7E & [H (1) 3&
B A B TR R /L B U AR Y, HR R
[ e 26 5 1l DX S 3l 1) A, RS 4K FBLAE/IN ; i i
A B TR FEE I, AR AR R R AR AN, B

B B (1) ARUBEVK IS 2 03 B A 52 1 AR F
7% X TH R 36.20% , iy i FLAE B AR i IX
BT 4.22% , (2) B FA T &S iE
B AR B 1 AR A 9 X e A AR 35.90% , 38K Y%
VKEII 0.3% 5 SR S5F B Sy el B AR
TR R P AR5 XS TR R 1) 2.43% , 388 R W U vk 33 ik
P 1.78% , (3) ARRAMEFRM T E S0 HABE
P 0 T ALY 35, 15%, 8% 24 B A6 i 2
0.75% ; A RSG5 AF T 15 2 1) 15 38 B A B2 1R
TS DX I T AR Y 2.87 % , 8 S T A T 0.44%
(K 7,K8,K9,%3),
25 ESAESEBEESHERAERSEIT

£ ArcGIS Holg = AN [A] Iy s B B A 45
EORTA Y £ e = v I X (1 s < A < S D= R T}
L, AU UK Y A A MoK R A N By A=
ST AR 3 9 A 348.621 5x10°,345.280 1x10°,
337.867 6 x 10° km*(# 3) .

3 WwsE®

BN SBETUEHTESEREEES HRER

ERIPORTEE i VS RPN (Ul s
ROC 4 (AUC #:) , AUC {E B2 N R A 257 A
RUPEM SR 1 fe AR PP 8 45 . AUC 17 B ¥ T A
0.5~1, HBEHEF |, BRDR BB, ARBFIY 5L
TS0 725 AP A 55ORT 19 AR R
F MaxEnt 15578 Fil i 245 B R 58 (ArcGIS) X% 2
TEAR U vk 24 AL R Sk A% (2070,
RCP8.5) =M1 50 T 46 8 B 01 38 AR X 43 A5 4%
JREAT RO, A2 TARRAE A 26 R, = A i
B (SRS E T, MaxEnt 551 1 25 42 003 4 60
AUC I YK F 0.85, W& T Bt AL 7500 A4
AUC fH(0.5) X 156 B st Y ASE 76 T30 1) s B4 5 A
W SR G R, LA SR T, T
e E R =

BEAYZE L 7R MR RO vk 0 I 4 31 oK ok X
2% (2070, RCP8.5) = Fh S IHIR T, & S ik |
Az B DXl 32 AR T A A R R E R S -k R -
2N -7 B - RLAE LU AR R i — 29 AR R R
X, RUEKH 2 YA ST, W ST
DR e SRR = Y D 1 3 A 5 0 A o AR /N
FEZR G JEORTRE W LD kAT ) JE A B g i 34, i
SMEERBARTEIERT , SSETR IR
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Fig. 3 Corresponding curves of dominant climate factors
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Fig. 4 Suitability of Sophora flavescens in China under the last glacial maximum
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Fig.5 Suitability of Sophora flavescens in China under current climate conditions
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Fig. 6  Suitability of Sophora flavescens in China under future climate conditions
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Fig. 7 Division of suitable distribution areas of Sophora flavescens in China during the last glacial maximum
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Fig. 8 Division of suitable distribution areas of Sophora flavescens in China under current climate conditions
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Fig. 9 Division of suitable distribution areas of Sophora flavescens in China under future climate conditions
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Table 3  Suitable area statistics of Sophora flavescens

in China in different historical periods

ik [T 528517 N G R TR AR I
ingiti] B Area Suitable
Historical Reclassification statistics area
period (10° km?) (10° km*)
i 2% Past JRiE A X 614.116 3 —
Unsuitable area
it & Past AR AR X 308.034 7
Low suitable area 348.621 5
i 25 Past feE AR X 40.586 81
High suitable area
4 Now JEidE A X 616.533 8 —
Unsuitable area
2T Now RIS A X 321.888 7
Low suitable area 345.280 1
4 Now i A X 23.391 39
High suitable area
KK Future AR A= X 623.350 8 —
Unsuitable area
A Future R A X 310.296 5
Low suitable area 337.867 6
K Future R A X 27.571 04

High suitable area

L D39 b 50 P 5 4 9 R AT L DX 3 B P R
(N L N B L N D S5 R [ 3
DX 5 LR HR TS RIS 2 8 L T 95 7 o 22 B0 g
R L DX LA R T R iR A M X B A, R
K 2 A RS B, Bedb i I il oy Y
E R L DM g 788 ) R AT L P 28 LB AR B
TLZR 15 A b DX o o B A 5 DX b . TR
A 158 28 R SR U, LU RITEL AR~ B X3 e
TEELAE BT 0 A DX AL R KB Ly DX P i X
FI8 R AR 58 23 A1 DI D T R 2R B AR L B Y
P BTN RS H DR TP LS A AR A
3 X AR 15 1 I PR 45 s DX A T A B B R
BLAESE A X

R AR ADLAE 2R T DL 5 LS A9 52 PR IE BT 7
] FISE R, ik — 20 4R R R W S 8 B S o A
DXCH
32 8 BREUMESEBESHTREBHMFNZSH1E
SEoEA

UGEAR A T N 2 25 T I 119 5 A 7 I 114 B 55
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P, BRRF IR) A AR A % 11 28 5L 2 50 LA
(intergovernmental panel on climate change,PCC)$§
A EE T 1850—1900 41,21 20 A 4 BRI 3 i
[ et 1.5 °C ,7E RCP6.0 AT RCPS.5 f5 & T, iR
JETF Rl e 2s it 2 °C (Alexander, 2013) , U8
XM AR K R T M PR A R b e e /N5
AR r= A K52 (- Alan et al., 2006) , ok
2 5T R B, A A8 B VT R 23 S SO P R X
T BN/ IN (XA 2009) | AS AR Py 1] = V4K | 55 26
FEHL X IT R ( Wardle et al., 1992; %45 2011)
SR, SR AR AL XA R Y 19 52 R — 8, Rk,
TF 53 A 0 % A 728 A 14 i 17 Xof £ 470 A= 40 22 A 1k L
AHarEENEY,

ARG SAE AR TE 52T, A MaxEnt #5571
TN T 5 27 R OB VK S RS R R R
(2070, RCP8.5) = /™3l B M AL 885 40 A X 3k, AR B
RREAUZE L A YRR VK9 T i 31 o o <A (2070,
RCP8.5) =M MRIEEE T , WS eI H 1Yl H A 5
T FR 2 ek /L | S 3o ik 114 R 4, LA AR 1) i
JEM X F Sk s, MEr AT S E
A B8 TR R B VK BTk /D 0.3 % , A ok A f A5
NS A AR 8 v AU AR I D 0.75%
XA BB TR A AR 8 VT b T AR 2
DX AR B o 20 B b DX T A 2, (45 IR A I 3 IR 4
JEETE A X AR BT GE AR K e RS AR X, JROA
1o 5 P AR A X AR B T AR A X, AR AR
W X 7 2 W AE 3 A DX ELAG B B 5 ) I 4k
SPRAE BN AR TFEHSELR,

AR ST, ¥ S i A X BRI D
Tl WA A8 2 05 2 B 47 5K A T A 2 e, A A5 IR
AR, ERBEARERE T, TR S8
B b 5 B M IX [ K B AN [ B 4 [ 4% M
DX it e T 6 50 B, 4R AR S 0 RS
Az IR N, v A X L ) 4 b X RS
(R EESE,2008) , XATA WS E AN Y
R

WHE] 21 el R ARG SN, P E P
T X K R B X R SRR
ANTE B A DX NS T K (R R E
FEMRAE 2016) , X5 A 5T HE R i2 B 45 5] = Ff /<,
WG BT v S AR 18 A DX a1 AR % 1 o ) 25 R —
H, W5 Wardle 5 (1992) 15 3| (1 A5 A2 18 23 #1715
) 1 VAR 4 M X AR A B SR A e — K

3B EYRERFEESEESHEAMNXER

MaxEnt #5754 77 U132 K6 56 #1 3= 5 AL e o7 i
LM R, 35 5 10 T 63 AR X 43 A0 5% T 38K Y
SR R e W 2 B V- IR BE (biol0) | f it 2R i
R 7K & (biol6) , Hodpe i B X [8] 43 51 4 20 ~ 26 C |
400 ~800 mm,, AJ UL, i B RN R 7K 8 02 5% 5 2
A SR T TR AR KA S S B AR
TR R () A B SRR AR A ARV L 2 A
PEFNF ' 5

TS ZEM AR R 7E 7.8 A Oy ik AP A K
M BE, 7E 8 H N A FP 7 FL2, Bl A FP 7 K
BrBe,9 A LA Rl 7 58 i, JER TR, Bl T4
W EE AR X — B B IR i S R E R
X R 25 B A, M 20 ~ 26 °C H fe % 25 5 -1
AR T35 S R0 1 ZLRGRUBE K, AT 52 i)
MR E F o ms R, B, Es S a4
S, 7E TR EUVE S 3E U0 BT I Y AR i s
BUVE R IR R N ARG 5 TR B R R 2 T B
)38 B U 7E 20 ~26 °C 22 (8] (1 b s,

FEXSF 1 5 38, 35 2 0 0k 32 57 5 5 ) o
el AR A S g R S R R A
T KA (KOS 2018) 3 ELFEJE AY I K T
DASRHE 72 2 A oK o 0 fR E A A A K, HK 43
HZH T E A Y AR A, R K S
SR LA 22, R R I AR, N
FIFRAEREE ., Rk 2K 50085 &R E
A ) T TR A A e T TR ™ e B
ST, AT 5% Wi JFC 7 b B RURE 1 19 0 A % Jm)
(Xin et al., 2016) ,

IRE SR BIL R, 2 26 B K, MY v 25 W,
— SR I S R K R R R T AR XA
HESHZIER, H10.800 mm &5 K F 24 2 b E
T RE I X AL Ty 2 IR XA BB A LR 400
mm A5 [ 7K 2K T R 43 Sk 2R R 2 W X
PHHRT 5220 T R X 43 5 17 200 mm 55 FE 7K it 26
DRI TEX, U TREX(EEES,
2020) . FREREK W5 50 A A5, ] 43
L&, BEREKE 2 3 E G X 2 ZE oK
di RAERREK B AE 40% LA I B BOBERZ & T
s NZS [8] 16 2R i T V6 i DX R K 33l P L P i
Hh X R OK D (%45 ,2015)

P AR B &5 SR R, = A D s i A R 1
B R S e R ol AR X3 20 A 7E 3R 800
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mm %5 K2R 5 400 mm SRR R 2], Rk
S ST T S 03 H AR B 1B Y A A ek D
0.75% , X 5 AR RHEHCRE 5T, FRIE 400 mm EREIK
OB & A VO R AL AR BB 5T 45 SR A — B (e
2156,2020) , B, 795 S 0 A = s v, 7E i L
Ve BT 24 A A G M P Y K B,
LB E O U O 7R R OK 0 IS e BUE 7E
400 ~800 mm KL

R, 0 A7 7 AR S 0 20 1% A48 S 1) I i il 2
W ) S B — RS AR R VR SR S A TG Bh %
FN AR BT AR B (PR T R EOR 2 M b
ZAF5E) BIEEA M, BB, e &5 S AT A Ry )
SRR ERZRIXLRNSH,

34 ESERETEENMNRPMFA LT BHEY

TF 5T HE 9 50 A 4 Js W S A A AR R R 1S, T A
A 1) A 5 SR B FL 5 40 ol b 3 A (BT A 6 R
X R YR G R BB B s, $E A
(I Fp 2 BEVE AR B ok s S S FR R ARSI R S
W HAEEE X ( E455,2020) , Fl2EH00 2
FHRE 038 B A3 A DX, I 0 4] A 7 B A o ol 9 R
BRI X, O B PR3 25 A 9 95 U5 0 — Rl A
AR ( Yan et al., 2020) .

AR5 38 I AR R O A B, A Y R S
TS 4 [ AR B X AL R A AR R T
AR By AU AR AGS 55 30 77 7Y R 0 A AR 1L DX T
b5 1 P4 A2 4 B R AT L DK I Ik G R L H A v
G e i O L A e 5 S s 5 P e R e
R IR B VL5 e 0 | 22 008 w38 ) 1 XL %
TLPG PR A XA R B o A, X LR U Xl 5 S
A 23 H 0 A X A A S TR A A A
X, BRI SEEREX,

SEARWRE 5N, AT S T S ER
] 1143 A 5 T B R R B vk 9 > 0.3% , ok
S AAF T 5 S 1038 B A B 1 B A 2 /R e D
0.75% ., ARFSMEFMT 5232 m, 1)1
PR B I AE R PERE B Ry v 238 S A Y
JRUBS: Hiy X, 356 426 it X ) B A 0 2 0 R 7 A R 20
SRR BT MR A

SR 5T, 3 S 00 3R 1 A X AR 2 1 =
T A X R B A A VG A AR LA XN 5
PR AL TR S M X, A 5 e XA AR AL
A5 Jr SR G, 1 — 25 s Ok g B S A AR AR A
DX, 28 kR WS 2 RIEE ST )17 (9 95 2 R

AL PRI T A

AHIFFE B AR 4 [ B Y 6 S AT T
A3 DXRGE B AR S AT T IO AN 4 B, A5 A ER
AR X 1 S U AE 43 A X HLA — S T 52 1Y
S50, BI AR AR AR 2 11 S0 AR A B 46 0, SE PR
SR, —ERE LA THRSERK, &
FARMTREE R, A S 0 AR = S, W 255 % 8
TEEE A A S, BN B E N B
e T 05 1) ol A o 3 Y b R R AR S
VB P d5 9 2 i S 1L 13 B HRE AR 20~26 C 2
V) P e 35K 5 7 3 BB 75 o J50 245 A 190 o L L b o 2 3
ROY K, DB SO R R R K
FA) 3 B HU(E 7E 400 ~ 800 mm H LI
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climate change and human activities. Here, we aim to simulate the changes in the geographical distribution pattern of
A. multinervis since the last interglacial (LIG) and to explore how climatic factors restrict the potential suitable areas, to
provide a reliable scientific basis for habitat protection and cultivation of A. multinervis and its surrounding wildlife. In
this study, based on optimized MaxEnt model and ArcGIS software, we simulated the potential suitable areas of A.
multinervis and its spatial change pattern. The importance of environmental factors that constrains current geographical
distribution was evaluated by percent contribution (PC), permutation importance ( P1) and Jackknife test. The results
were as follows: (1) The prediction accuracy of the optimized MaxEnt model was extremely high, as indicated by the
value of the area under the receiver operator characteristic curve over 0.97. The potential suitable areas of A. multinervis
for the present distribution were mainly distributed in the Yangtze River basin at the junction of Guizhou, Sichuan and
Chongqing, of which the best suitable area was around Chishui River basin in Guizhou. The key environmental factors
affecting the potential distribution of A. multinervis were mean diurnal range (bio2), annual precipitation ( biol2),
seasonality of precipitation (biol5) and range of annual temperature (bio7). (2) The potential middle-high suitable
area of A. multinervis in current was 2.692 6x10* km’, in last interglacial (LIG) was 2.277 3x10* km’, in the mid-
Holocene (MH) was 2.831x10* km®, in four future scenarios were 2.159 6x10* km’( 2050s RCP2.6) , 2.605 1x10* km’
(2050s RCP8.5) , 2.330 4x10* km’(2070s RCP2.6) , 2.460 4x10* km*(2070s RCP8.5) , respectively. (3) Under the
four future discharge scenarios, the newly increased area of A. multinervis was concentrated in Sichuan and Guizhou,
while it was concentrated in Chongging in the mid-Holocene. All the above results indicate that the distribution range of
A. multinervis is narrow and the potential suitable area is very small, and the unique topographic advantage of Chishui

River Basin may be the main refuge place of A. multinervis.

42 %

Key words: Altingia multinervis, MaxEnt model, potential suitable area, environmental factors, refuge
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R AR K B A 1) 5 7E b B 3 A
22 METEMNEEHY

IRBE AR i 9 2 2 5T kR (percent of
contribution, PC ) F1 & #t & % {§ ( permutation
importance,PI)Tﬁ*fTﬁEﬂzfﬁ,%iﬁﬂxﬁijﬁgﬁ?ﬁfﬁﬁ
KR 2L T AR K EA BAR 43 A a5 R 15 A
W= K E M) MaxEnt #4531 HA 5
A 1) DT R R 4 O B E /N, R L 1%
WAL 10 M FE IR AR SE(FR ), 7T
BRAHT S A B AR OO B R 22 A ¥ {E (bio2,
36.09% ) AEREKHE (biol2,25.38%) WK 245 Pk
54k (biol5,12.29% ) | i JE 4F- 45 2% ( bio7,9.50% )
)2 IR U (-pH-H,0,3.82%) , 3 5 4 5t
B 77.08% , B EEHAT S NHFIRKOEE
W2 H ¥IMH (39.41%) AFEREKE(19.22%)
KRBT (16.34%) e T H B K i (biold,
7.69% ) IR BE AR 2% (bio7,6.91%) , 3 7 B i &
BEN 89.57% , FEIVIE H (E 1), AL AR
5 (with only variable ) 43 #7F, AUC {8 H {3 ) IR 5%
e i 25 A ¥IE, 5 = A B 43 5102 5
TPE (bio3) (Fe T H FE/K it (biold) Al T 2= ¢
KA (biol7) , F WX PU A~ FR5E K 1 X6 25 7K 3543 (1)
SPAAR KRB, £ E BRI 2ZE A YA
(bio2) FIAERE K (biol2) 252 M 2 7K 3 A% B4 7%
PO B ST, BEK B AR 4K (biol5) iR
JEFRE (bio7) He T A FE/K i (biold) FIRJZE 1
R E (t-pH-H, 0 ) X 2 7K A 1 Vs 76 43 A ke
HEZEEM.
23 PR FEMARBEEER

HR A MaxEnt BAL45 5 | A7 7K B A I 7E B
AR X AR R 6.547 6x10% km?, 49 45 5 il A X
0.252 7x10* km* &A= X 2.439 9%10* km® fiKiE
A 1X 3.854 9% 10* km®, W AE S 42 X E AL 4 AR
FE S DU R ER B A8 S 4 K VT 3 SR B, e S
PAIR KT S o0 A e R 8 (R 2, K1 2:C) o IOR
YR IA]KIH 21) BLAR, 2R /K B8 0 v 7E B35 A Xl e )
%) 5.409 4x10* km*>( LGM) }#§ /i1 %1 7.540 3x10* km®
(MH) , 2R J5 F &3] 6.547 6x10* km*( current) ; [A]
FE, B 2R X AN 0.535 3x10* km? ( LGM ) 4 i £
0.579 7x10* km*(MH) , Z J5 K& F 5] 0.252 7x

R1 EWAKERAREBEESHH
10N ESHEETE
Table 1 Ten dominant environmental variables influencing the

potential distribution of Altingia multinervis in modern times

SR B [ ke T
Environmental variable Code PC (%) PI (%)
BRI 2E M bio2 36.09  39.41
Mean diumnal range

KRS biol2 2538 19.22
Annual precipitation

Rk AR AL biol5 1229 16.34
Seasonality of precipitation

i e A 2 bio7 9.50 6.91
Range of annual temperature

LB T IERRRE t-pH-H,0  3.82 0.74
Topsoil pH (H,0)

A2 t-usda-tex-class 3.15 4.79
Topsoil usda texture classification

&1 H Bk E biol4 2.87 7.69
Precipitation of the driest month

MR Elevation elev 2.12 2.58
Sl bio3 2.07 1.54
Isothermality

RN R biod 1.77 0.58

Temperature seasonality

10* km*( current) , Hoid 2PN/ T RAE £ (%
2,1 2:A-C), KK 4 FhOA R S E 5t (20508
RCP2.6 .RCP8.5,2070s RCP2.6 .RCP8.5) |, #R/K
B EE AR X 239 5.170 4x10* 6.413 1x10*,
5.352 6x10* 16.999 7x10* km? , X 3 W %5 1o Vi 5 114
HERUIE oA R T o 7K BRI 2R X BB 4 K,
24 FEMRKTEIEF[EN

FEF AR IR 7K FE AR 7 05 A 43 A7 8 L, R Uk ]
PRI AR IS A X A 2 O 1w B R, o 0.872 0% 10°
km?® | (5 B T AR X TR Y 32.55% , 32 2% 1 AR
F2 B A A AR K ZERY Y v 7 A XA e b
uig (1 3:A,%3) o MO, Bt b 314 R ]
UK 20505 RCP2.6 ,2050s RCP8.5.2070s RCP2.6
F12070s RCP8.5 MR #E 1 Ak DX B3 T AR /N T3
R, Ak T 0.407 2x10*,0.551 7x10*,
0.092 4x10*,0.358 7x10* .0.226 8x10* km*, K IX
dP BAR W R S A X AR A 15.20% ., 20. 60% |
3.45% 13.39% 8.46% (3 3) , 437t b 1) v 14
TR PR AR AR v AR PR 4, 5 At B AR
A K A B 3001 9 o A ) e B HE OIS ST, ARk
BBV AR A Xt 2 1 TR T2 AR v 7R EE B
DX, T BT 185 %) T AR A o 7E 1R B 43 X B
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(K 3), (EAEEEE, 6 BT d K U a vk
WEAE A8 A OB T R R Ok T B (AR Ak R
15.20% ) , H R AR IE A X A AL 38 L e 3 3t 2% T
TR 22 i 4t v 10 0 5 o 3 2 DX 1 1 AR
Tk WA (203 5.41%) , B4y R4
FEIAC AR 7K BEAR (9 08 7 3 AE X 1y AL o ( 2 PR 43 )
(% 3,F 3. A B), X #0458t A A T4k
TR Y A AE RV LA, R R BT 4 A T R
ANTF R R T AR, IR B HE IS 5t (RCP2.6) 22k
1AL 2050s 9 20.60% T F# %] 2070s # 13.39%,
1111 75 9 BE HERCT 5 (RCP2.6 ) 3245 i A By 2050s AY
3.45%4" KF| 2070s () 8.46% ( F 3) , X F WK
1) RCP2.6 HEi 1 S ul i N 1 RCP8.5 HEik i 5
T AR KR R AR R A X R AR TR
FEETN

3 WihkE4E#

3.1 FRAEREBEMESGREFSHERTF
FET Rk B AR 434 L, 18 MaxEnt #5544
TN T A A X L B T 5 R T 3 3
by Fe A TS AR XA A A SN 5 U )1 R 3R A
Gy XA — WA, BT AR K B A B 0t AR
BIEE R BRI o7 21, 5 5 H A ) 2L 2R (257
RATE/NT, 2009) , 8505 Bl BE Si2 B 22K — 2
X5 Lin 25 (2020) X 12 Fb F A A A 0 25 SR A0 —
., BEAN AT K B K R T T O R AR
VR B A HE RO SR B A A, B AR KT I 3
RF 0 B AT S50 ] B 2 AR 7K EE AR Skt 1) £ 223
B o TE SR R R AR K SR A B i R RN BT AE AR 8 1Y
FRERME , (A0 A Y B AR e 28, R, ZE A [R] s
SR AR KR A ) - HE R P AR AR R, AN 4
AR By 5 1 1 R AR 7K E AR 43 A X AR AR ] RE Y
Ji PR S R 1 Tl 2000 3, DA R N 20 Bl 1)
FTHEE,
SRR FE , A 28 Ak X AR K R B R ke T A
TE LI 5 ) R L A A R I HE O
T, BGE AR X S B e A, b B IS AR X
FEIZEAIR MR & ( RCP2.6) HE R 5t T Bl % I [B] i) 4
R 100 A7 Jir 3G, &5 & B (RCP8.5) HF 701 S5t I AH
., R E MaxEnt #5800 25 3, B &R 22 H 1A
(bio2) | 4F [ 7K & (biol2) | B /K 2= 95 4 28 fk
(biol5) FIIREE4EAE 22 (bio7 ) 4 AN 7 X o 7K H A

B AR T E AR, 55T M (2017) X &
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B, FIAh, N A st A P AR Al 2 ik i A 2 2
KV Z— , WRESAR A IK B A 2 (Tang et al.,
2021) , HABFE NS 3 53 R 80k 52 1
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NI B 2 18] 4 52 R o 2K FE R Y 9 AR o0 A, B
TR J PR3 5 10— 25 23 BT R
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PR K B 3 A AR T 2 Rk A 2 Al
A SRR (PREA D) o R B XA D s 7K A
3 AT AR R O R X, TR 2 W R B X
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3R T E S AR DR DY R B i s AR
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FEURE T J& s K B AR %) ¢ T 9 A 0 20 285 1600955 3y
Ji e A 7K TR o A 7 A R S R B T, [R] IR I
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Jackknife test for the importance of environmental variables

®2 AERBRKEMNBEEEERTREN(RAM: x10" km®)

Table 2 Changes of potential suitable areas of Altingia multinervis in different periods (Unit; x10* km®)

. N - ‘ 2050s 2070s

T A X e RWEPKE A AR
Type of suitable area LIG MH Current

RCP2.6 RCP8.5 RCP2.6 RCP8.5

&R X 3.132 1 4.709 3 3.8549 3.010 8 3.808 1 3.0222 4.539 3
Lowly suitable area
e A X 1.742 0 2.2513 2.4399 1.883 2 1.791 5 1.858 7 2.112 8
Moderately suitable area
e A X 0.5353 0.579 7 0.2527 0.276 4 0.813 6 0.471 7 0.347 6
Highly suitable area
BB X 5.409 4 7.540 3 6.547 6 5.170 4 6.413 1 5.352 6 6.999 7

Total suitable area

. LIG. KKK ; MH. 255t P38 Current. B ; 2050s. 2041—2060 4F ; 2070s. 2061—2080 4F-; RCP2.6. Ji = A HEM
WERARMTHOLT ; RCP8.5. = UHRBOR RS AL T . T,

Note: LIG. Last Interglacial; MH. Mid-Holocene; Current. Modern; 2050s. 2041—2060; 2070s. 2061—2080; RCP2.6. Low
concentrations of greenhouse gas emissions; RCP8.5. High concentrations of greenhouse gas emissions. The same below.

fieAs A BN S 23 K o R A= A B b B BA 05
ZA, VL BAS By (4 S [R] i s ry, mT AE Y B 4 R
ABE AN JE Mo d A A X, TR, O R 24 i
58T 2R K TR B8 98 A o0 A 3 R A 1k — 28 0y
T TR A M B s [ A, 1% 5 R A A% 8 110 ]

AR, AT R A TR AR, Ay 3t bl R b AR 47 4T
I SEat, F 5 (2019) F A MaxEnt #5271 7 i 4
JINFRREAE 4 PF B R R 00 T AR A A X, 40 AT S
oAy 3 5 B, X O 7 DR b A b DR 4 Y
TR A B AR, X AR P H B — 3
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G. Greenhouse gas emission concentration is higher in 2061—2080. The same below.
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Fig. 2 Potential suitable areas of Altingia multinervis under different climate change scenarios

104°E 108°E 104°E 108°E 104°E 108°E
A B C [#%) Legend
30°N i il @il :
Sichuan Sickiinn B REX Reserved area

26°N

[ #8mX mcrease area
I % [X Lost area

0 100200,

30°N

26°N

i

1]
Sichuan o

Sichuan

30°N

26°N

104°E

108°E 104°E 108°E

104°E 108°E 104°E 108°E

B3 S [ b 300 ol 2R A 3 A X2 ) A2 A g

Fig. 3 Spatial transformation pattern of Altingia multinervis suitable area in different periods
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Table 3 Spatial variation of suitable area of Altingia multinervis in different periods
THFH Area (x10* km?) ARAE 3R Change( %)

38
Period TRER B N L34 73] B SR 314

Reserved Increase Lost Change rate Reserved Increase Lost Change
ARIKIETPKH] LIG 1.809 6 0.464 8 0.872 0 -0.407 2 67.55 17.35 32.55 -15.20
AR MH 2.1559 0.661 5 0.516 6 0.144 9 80.48 24.69 19.29 5.41
2050s RCP2.6 1.902 9 0.2310 0.782 7 -0.551 7 71.03 8.62 29.22 -20.60
2050s RCP8.5 1.889 8 0.701 7 0.794 2 -0.092 4 70.54 26.19 29.64 -3.45
2070s RCP2.6 2.009 6 0.304 6 0.663 3 -0.358 7 75.02 11.37 24.76 -13.39
2070s RCP8.5 2.009 3 0.450 3 0.677 1 -0.226 8 75.01 16.81 25.27 -8.46

T HCBHEEAR RO B, B AR 0 2% i 31 T AR 5 B A IXTIAR 2 LE, AR 2K B I T A2 X = 0.5 Y TR ARy 2.678 9x

10* km®,

Note: The reference age of comparison is modern, that is, the rate of change is the ratio of the area of each period to the modern suitable

area. The area of the potential suitable area =0.5 of modern A. multinervis is 2.678 9x104 km’.
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Abstract; In the recent years, with the significant increase in global temperature, global warming caused by climate

change has attracted widespread attention. Climate warming will change plant phenology, and the changes in flowering
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period can directly reflect the adaptation of plants to the surrounding environment, especially alpine plants are more
sensitive to climate change, therefore, exploring the flowering period of alpine plants is more representative. In order to
understand the changing characteristics of the flowering period of plants under the background of climate warming, and to
develop reasonable plant protection measures. We took the famous alpine plant Meconopsis as an example, based on the
data of 3 056 alpine plant specimens of Meconopsis from 1880 to 2017 kept by the Chinese Virtual Herbarium. Among
them, the attributive years of flowering specimens were 104 years, and there were 1 539 specimens of statistical
significance. Correlation analysis was used to study the relationship between the flowering period and year of Meconopsis
plants distributed in China. The results were as follows: (1) Under the background of climate warming, with the
increase of years, the flowering period of Meconopsis showed a trend of postponing. (2) There were differences between
species, among them, six species of Meconopsis, including M. integrifolia, M. punicea, M. racemosa, M. henrici,
M. lancifolia and M. chelidonifolia, showed a trend of delayed flowering period with the increase of years; the flowering
period of three Meconopsis species, M. horridula, M. quintuplinervia and M. impedita showed an earlier trend with the
increase of years. (3) Among them, the number of days of delayed flowering period was M. punicea, which was delayed
by 6 d on average from 1880 to 2017, and the most advanced number of flowering days was M. impedita, with an average
of 5 d in advance from 1880 to 2017. In conclusion, the results of this study indicate that the flowering period of

Meconopsis trends to be delayed as a whole under the influence of climate warming, and the flowering period of most

42 3

species is delayed, while the flowering period of a few species trends to be earlier.

Key words: Meconopsis, flowering period, climate change, alpine plants, plant specimen
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Table 1

30 species of Meconopsis plant specimens

Statistics on the specific information of

W g REREHL
Species Amount Max1.mum‘
collection site
LN LRYIE Meconopsis integrifolia 264 2z Yunnan
ZRNGGE M. horridula 191 Hif Qinghai
FIKEREE M. quintuplinervia 168 PuJi| Sichuan
SVRERGE M. racemosa 168 HiE Qinghai
LIS E M. punicea 128 PuJi| Sichuan
K Y TE B Meconopsis Vig. 95 P Xizang
NIVEERGEE M. henrici 51 Ui Sichuan
K-S M. lancifolia 49 PUIl Sichuan
ELVGLRYE M. impedita 35 PUII Sichuan
W SRERGE M. chelidonifolia 28 PUNII Sichuan
KIRGRGE M. delavayi 20 7P Yunnan
F5 GRG0 M. venusta 20 =M Yunnan
AL E M. simplicifolia 15 FEJ Xizang
FEE LG M. betonicifolia 14 P Xizang
LM LEGE M. speciosa 14 zF Yunnan
PEAESRGLE M. concinna 12 P Yunnan
MR M. oliveriana 7 BEPE Shaanxi
HEFELR S8 M. paniculata 7 PO Xizang
WHYTER S0 M. forrestii 6 ZF§ Yunnan
JEWURERSLE M. napaulensis 5 PUNII Sichuan
AT LR IE M. pseudovenusta 5 P Xizang
KACGRGE M. grandis 3 VUL Xizang
BRLYE M. discigera 3 PE Xizang
ZENFERGE M. lyrata 3 2= Yunnan
JEHNRGE M. aculeata 2 FUJK Xizang
WS GNE M. isangnanensis 2 PG Xizang
TS GE M. pinnatifolia 1 P Xizang
KIGEREE M. barbiseta 1 Uil Sichuan
L GE M. pleurogyna 1 PuJi| Sichuan
YFELRGLE M. gracilipes 1 PO Xizang
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Table 2 Correlation analysis of flowering period with year

Pearson HHICHE ARy A
Pearson correlation Year Flowering period
Ay Year 1 0.321 ==
A6 Flowering period 0.321 == 1

s FORLE P<0.01 7K (CRUI) - AR 4,

Note: *#* indicates significant correlation at P < 0. 01 level
(bilateral ) .

Color photograph of a digital specimen of Meconopsis integrifolia
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Fig. 2 Flowering period overall change trend charts of
30 species of Meconopsis from 1880 to 2017
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Fig. 3 Flowering period delay trend charts of six species of Meconopsis
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Analysis of elevation pattern of seed flora on the south
slope of Budanla Mountain in southern Tibet, China
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Abstract; The ecotone of ecological communities is usually rich in species and complex in floristic components, which is
regarded as a key zone. Budanla Mountain is located in the transition zone of semi-humid to semi-arid ecological
environment in Tibet. Because of its special natural geographical environment, it has rich mountain plant diversity.
However, the composition and floristic characteristics of seed plants in this important ecological transition area are still
not well understood. In order to clarify the floristic composition and vertical distribution pattern of seed plants on the

south slope of Budanla Mountain, the floristic characteristics of seed plants on the south slope of this mountain were
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systematically studied through field plant community quadrat investigation, laboratory specimen identification and related

literature review in this paper, the richness pattern of advantage genera and geographical composition along the altitude

gradient was also explored. The results were as follows: (1) There were approximately 316 species of seed plants

belonging to 45 families and 156 genera in the south slope of Budanla Mountain, in which there were the most abundant

single species and small genera of seed plants, the temperate distribution type was dominant at the genus and species

level. (2) In the vertical distribution gradient of geographical elements, the temperate distribution type had a peak value

at 4 000 m, including 53 genera, and showed a downward trend with the increase of altitude. (3) The nature of floristic

geographical elements and the vertical distribution of species richness in this area might be mainly affected by the local

semi-humid climate, local environmental factors and topography. The results of this study can provide important basic

data for the study of plant diversity protection and resource utilization in this region.

Key words: flora, altitude gradient, plant diversity, phytogeography, Budanla Mountain
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Table 1

Grade statistics of the genera of seed plants

in the south slope of Budanla Mountain

% ¥ Percentage
& JE AL T in lotalg Percentage
. Genus  Species in total
Size of genus genera .
number  number (%) species
’ (%)
PN 3 41 1.92 12.97
Large genus ( =10)
A m 9 64 5.77 20.25
Medium genus (6~9)
/N 40 107 25.64 33.86
Minor genus (2~5)
BN 104 104 66.67 32.91
Single genus (1)
&1 Total 156 316 100.00 100.00
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( Rhodiola) & 7 # \ZJ& ( Persicaria) & 8 ™ . &k
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Fig. 1  Variation trend of dominant seed plants genera along the altitude gradient on Budanla Mountian
HANLEERFEYEN S R LR
Table 2 The genera areal-types of seed plants in the south slope of Budanla Mountain
il mac
a-ype renus total genera (%)
TL. A ( 5746, Widespread) 23 —
T2. iZ #7434 Pantropic 3 2.26
T2-2. B YN AR A & P = R S FI BT Trop. As. , Afr. and C. to S. Amer. Disjuncted 1 0.75
T4. IEHEF G434 01d World Tropics 1 0.75
T6. iy W AT AE P 2345 Trop. As. to Trop. Afr. 1 0.75
PN 51F (T2-T6) Total of tropical distribution 6 4.51
T8. dtif# 534 North Temp. 24 18.05
T8-2. Jb#le i1l Arctic-Alpine 7 5.26
T8-4. JLIEHE FIRG IR A MW 204 N. Temp. and S. Temp. Disjuncted 28 21.05
T8-5. BRI AN 7 £ MM [BIWT Eurasia and Temp. S. Amer. Disjuncted 7 5.26
T9. ZRW AL SE K434 E. As. and N. Amer. Disjuncted 6 4.51
T9-1. ZR AN VG BF £ P[] B E. As. and Mexico or C. Amer. W. L. Disjuncted 1 0.75
T10. [HHFEH 5340 Old World Temperate 15 11.28
T10-1. Hurpyfg PE3F (B PV ) FIAS W (8] BF Medit., W. As. (or C. Asia) and E. Asia Disjuncted 1 0.75
T10-2. Hi1 g A s R AfE [ W7 Medit. and Himal. Disjuncted 1 0.75
T10-3. BREFEGFBAEM (A A KPEM) BT Eurasia and S. Afr. (sometimes also Australia) Disjuncted 2 1.50
T11. WAL 53 70 Temp. As. 5 3.76
T13-2. TEE & SR AEAEPER C. As. to Himal. and SW. China 6 4.51
T14. RS (REDHHE-HZA) E. As 1 0.75
T14SH. " [E -5 SifE Sino-Himal 19 14.29
IR 83411 (T8-T14SH) Total of temperate distribution 123 92.48
T15. FE4EH 34 Endemic to China 4 3.01
B (REHEF) i) Total (excluded the widespread) 133 100.00

PG00, a5 e 2 s,
(D) MF AR (T FHE 2. A AT R

A7 B B T A 0 FE A RS S O R A i 4k
3 900 mhAt H Bl S 18, J5 218 F %, AR fbta $asF
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Table 3  The species areal-types of seed plants in the south slope of Budanla Mountain

S K o EEEIE
Areal-type Species ereentage In
total species (%)
TL. J7 A (1574, Widespread) 2 _
PS4 (T2-T7-1) Tropical distribution 5 1.59
T2. Z #4374 Pantropic 1 0.32
T4, IH{E S 434 01d World Trop. 1 0.32
T7-1. JRH: (SCIRT3E0E) B ShifE =4 m | PO AWk 228 Java (or Sumatra) , Himal. to S., 3 0.96
SW. China Disjuncted :
L 534 (T8-T14S]) Temperate distribution 222 70.70
T8. LI 4346 North Temp. 7 2.23
T8-2. b~ LI Arctic-Alpine 6 1.91
T8-4. AL IRHE FIRG LA M Wi 204 N. Temp. and S. Temp. Disjuncted 5 1.59
T8-6. HuHIF ZRIF BT PG 22 FIER PG 5 — B B[] Wt Medit. , E. Asia, N. Z. and Mexico Chile Disjuncted 1 0.32
T9. AR AIL AW /3 4 E. As. and N. Amer. Disjuncted 2 0.64
T10. IH{HF 5345 Old World Temperate 7 2.23
T11. WAL 53 70 Temp. As. 6 1.91
T12. Hi i P =Pl 4F Medit. ,W. As. to C. As. 4 1.27
T13. 534 C. As 7 2.23
T13-1. FERF (SKHPFBITI) E. C. As. (or As. Media) 1 0.32
T13-2. HiE 2 = DHHEAIAEPERT C. As. to Himal. and SW. China 7 2.23
T14. RS (REDHRME-HA) E. As 1 0.32
T14SH. 1 [E -5 GH0ff Sino-Himal 167 53.18
T14S]. H[E - HZ Sino-Japan 1 0.32
Al rp [ 55 A 4> 7 43t Non-Chinese endemic species 229 _
T15. H EFEH 434 Endemic to China 87 27.71
Bt (REHEFT M) Total (excluded the widespread ) 314 100.00

% HLRIFIR A 55 100 m B AR ARG
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Fig. 2 Variation trend of geographical components of seed plants genera along the altitude gradient on Budanla Mountian
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Abstract ; In this study, the functional traits of annual branchlets and leaves of Michelia odora, an endangered species,

were sampled and measured along five different latitude gradients in Guangxi. The variation of biomass distribution and
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leaf functional traits along the latitude gradient were discussed. The results were as follows: (1) The total branchlet
weight and total leaf weight tended to allometric growth relationship with the increase of latitude, and its biomass tended
to the construction of branchlets. (2) The functional traits of the leaves showed a certain rule, i. e. increased with
latitude from south to north, and its leaf area and leaf mass decrease of with the increasing latitude; leaf thickness, leaf
dry matter content, stomatal length, stomatal area, stomatal density showed a trend of gradual increase; specific leaf
area, leaf water content and stomatal width increased at first and then decreased, and overall showed a trend of gradual
decrease, leaf tissue density decreased and then increased, which indicates that M. odora can respond to changes in the
geographical environment through the plasticity of the leaf shape. (3) Specific leaf area was significantly positively
correlated with leaf moisture content, but negatively correlated with leaf fresh weight, leaf dry matter content, and
stomatal density. There was a significantly negative correlation between leaf dry matter content and leaf water content,
which means that M. odora can respond to the change of geographical environment by adjusting and balancing the
character combination of leaves. (4) CCA analysis showed that slope was the most significant variable affecting the
functional traits of M. odora, the mean annual temperature also had a significant impact on the functional traits of
M. odora, the mean annual precipitation, and relative humidity had a certain intensity effect on plant functional traits,

but not significant. All the results are helpful to understand the adaptation characteristics of M. odora to the environment,

and its response mechanism to latitude variation is of great significance.

Key words: twig, latitude, biomass allocation, functional traits, environmental factors
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W B ) /M (twig dry weight, TDW) ,

7/ N WS VN S T A TR

specific leaf

area, SLA) M T#) i & i (leaf dry matter content,
LDMC) W& 7K K ( leafl water content, LWC) A1 r}
ZH 2125 FiE (leaf tissue density, LTD) .

AL PR AR AL HE ALK FE (stomatal length,
SL) <. L % ¥ ( stomatal width, SW) < FL m 2
(stomatal area, SA) < fL % J& (stomatal density,
SD) . s HAAD B # o 38 A B ) IR R T i
FAHE (1 em® B EFF K LT 5
75 W JIC RS A2 i FEY o4 AR 70 I JBCT il e 7 0
F B R FDGAE BB TE 40 A5 )55 R 10 %5 H
BTSRRI i, B — A BELIE$E 3 A
e s ALECE AR LT N A AL ECR TS SD,
[Fi] B 7 4 0 B ) R b BE LR 3 AL, AL
ImageJ 1.8 3 Ml i ALK & AL, AR
SCLASAL A 08 T 40 i ) Bl B2 (o ) 0 Bl G
JE (um) RS 58 B AL T AR AL
KA HHEREYTHE AT

Fert B (SLA, m® - kg') = MEET AL/t T 8
MRS R (LDMC, ¢ - kg') = M /il
FEETE ; &SRR (LWC, %)= (HiEE -5/
- fif X 100 ; A ZU% BE (LTD, mg - mm™ )= T
/(M AR |
1.4 HHE40E

KM R 3.5.1 #EATER G5 B, BB R
75 22453 BT (one-way ANOVA) Fil LSD % #E4T £ 5
B (a=0.05) 43 HrWOEA 5 AN KK 73 A a0 25 1
AR 25 5 B LA AN R 26 B2 B 1 Dl Re 1 AR 1 22
S, H Pearson AH G 43 Hr 12 X 4% Dy g M AR (7]
KA AT A O o3 B, [W B A R 3.5.1 BF Y
“vegan” fLHEAT LRI AH O/ AT (CCA) |, AT D ek
REHER TR R . R S 34 K5 R X Y 4
AR R BB R A Y s e TR R, R
KAy = bt WEEAL R 1gy = 1gb + algx , 3
e x5y FoR 2 DMEFESE R 1gx F 1gy 1R
bR o A KR E, ANt ¢
FRE (S a= 1B RHFRAERK, a # 1 BT
AR, A R 3.5.1 89 “smate” £ FE 47 b5 UE 1L
& | I8 4 7 ( standardized major axis, SMA )
(Warton et al., 2006) , 737 £h B 28 A # h /A
THRE MR ] 9 S 2 KOG &R Jl 3 WG AR > 4 4R
AR S R A ) AR BN St
BT, T8 Rl 455, JfEad Warton ( Warton &
Weber, 2002)
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Legend
@ s 0 50 100

Sampling point

GP. 717 JIX. £F &, YF. k4@ E; LC. )11 & LS. k- E , GL. BT ; LZ. M1y ; HZ. ZUM 1T ; WZ. #5075 ; LB. k&
T ; GG. Sk, YL, EAKH; NN. BT, QZ. ZUNt; BH. Jbifgti; FC. P ; HC. /i, BS. T A ; CZ. 4272

W, TR,

GP. Guiping City; JX. Jinxiu County; YF. Yongfu County; LC. Lingchuan County; LS. Longsheng County; GL. Guilin City; LZ. Liuzhou
City; HZ. Hezhou City; WZ. Wuzhou City; LB. Laibin City; GG. Guigang City; YL. Yulin City; NN. Nanning City; QZ. Qinzhou City;
BH. Beihai City; FC. Fangchenggang City; HC. Hechi City; BS. Baise City; CZ. Chongzuo City. The same below.

K1 DEAREE S A K

Fig. 1

07 12 00 R AR AT S B A B . SR R 3.5.1 AN
SigmaPlot 10.0 £ K15, SCHh K R E 48 4 - 1
6 = PRifEZE

2 HEREH A

2.1 NEBEBTES RFEA KX R

BRI P, GP JX  YF . LC LS WOt A 24
AN T ERMA L LB AT E DR 2
Fi7R o

JNEG ) L FE AN TRl 46 5 1, 6 AR /NG 5
A A RSB A 280 3R 3 R, GP /ST
EHEMTEMSERARKEREENT 1.0(P=
0.005) (1 2:A); IX /M T3 5 @t T 5 1 5 38
A RKAER Z/NT 1.0(P<0.001) (K 2:B); YF
TS BT E S A KSR N T
1.0(P<0.001) ( 2:C) ;LS /MG T8 5 it T &

Distribution of Michelia odora sampling sites

1S AR KR E R /T 1.0(P=0.071) (&l 2.
E), 4 MRMX /M TES A TEHES
AR R BN FE A 3G 0 R KT R
i, 0 LC /M T E R T A A K
H51.0XBEFEZES(P=0.119) (Kl 2:D), &%
2.2 ARG EHMRX WA ARINEE R E RILE

T 25 W 3B, R[] 45 8 b XU A 17 i 5
TR AR A T A L = S i Wy A N T
25 RILEEZES AW, BHE(3)ATAL, N
[ =S o A P ol TR ALY o ) sl
BT REAR S i R B T i i AL
ALK RALE E R B TR R i
R K R AL e S R R N, RR 2 A
AT R 3 s I 21 9% B Sl N R R
2.3 MAARZ hEEMEAR 8 A9 K 1%

X AN [) 45 B b DX 7 UL A 119 ) g kR 2R A7 A
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Table 1  Geographical environment of provenances
' AR SEH R BOPEE AR EE
72 z
b s, = g ,J;E '%TE Mean annual ~ Mean annual fiﬁfg Crown Relative
. - Longitude Latitude R Slope . 1
Site Code Habitat ) ) temperature  precipitation °) density humidity
() (mm) (%) (%)
FEFT GP by 109.99 23.52 21.40 1 726.70 26.33 50 80
Guiping City River bank
eHR JX BEINs= 110.09  24.14 17.46 1722.20 11.67 76 82
Jinxiu County River bank
KA B YF M 109.83  25.20 19.20 1 963.90 28.33 57 76
Yongfu County Forestland
RN 5 LC KPR IX 110.16  25.63 19.40 1 992.60 34.33 77 75
Lingchuan County Water source protection area
Je e LS NS 110.21  25.89 18.33 1 550.50 60.00 70 90

Longsheng County River bank

eGP HRI; X, & YF KA LC. R LS. s, T,
Note; GP. Guiping City; JX. Jinxiu County; YF. Yongfu County; LC. Lingchuan County; LS. Longsheng County. The same below.

R2 IIREYESE

Table 2 Biomass allocation at twig level

N ) p=y!
we o mw Awrm SR
o Latitude  Altitude Twig dry weight .
Site (°) (m) () dry weight
(g)
e 23.52 380 2.07 = 1.25 5.04 = 2.03
GP
&7 24.14 510 1.12 £ 0.60  5.10 + 2.13
JX
AR E 25.20 474 0.51 + 0.26  2.35 + 0.86
YF
R)IE 25.64 300 0.71 +0 .20 2.74 + 0.64
LC
e B 25.89 345 0.74 = 0.28 2.99 + 0.82
LS

KATHTEE TR, i A i R R
IEARSE, 5 R 0 S A A OG5 e T A S
KA W IEM O, SF T 9 & & A 8L
JERALE MR R OO RAL RN
SALKEE RALTE B 5 IR A G i A
5K R 2 B E RGN
2.4 MAARMIEEERSHERTFHXER

X CCA Z5 R AT 54 R P Ko, B Mo
0.001 , BB HEP /Y 25 3 mT LU 32 3R 858 IH 7 XA )
REMIR A M R i, (LR 7 DB F 225 4%
B4 3, 95 AR 3 B4 2R 858 IR 1 30 6 2 A 1k IR
LA 5 R, DR I o PR AR e gk — AP Tk,
ZoAT RN WEA D RE IR B A 3 5 R %) 2 B
FAESR (R 4) .

£ 3 FEMRNMESETREHMESER SMA 517
Table 3 Biomass allocation between different

provenances of SMA analysis

" -
i1 Léﬂ% ﬁlﬁﬁﬁ 95% 5 IX.[f]
Site atitude omeltric 95% CIS

(°) exponent

X EFE
RAE KFE
R’ P

Rl 23.52 0.81 (0.52-1.28) 0.56 0.005
GP

&FHH 2414 0.77 (0.64-0.93) 0.93  <0.001
JX
KAEE 2520 0.74 (0.53-1.03) 0.77  <0.001
YF
RINE  25.64 0.89 (0.49-1.59) 0.23  0.119
LC
TR 25.89 0.70 (0.40-1.23) 0.29  0.071
LS

CCA M =4 HE 7 B o (B S) , 3 &5
WA T BE PR A fe (35 A8 o A 23 B XU
FEAR T RE R A E AT 5 5 ) 5 4F 28 [ K R AH
XoF 5 X A ) 1 fie MR B — o R EE Y s {H
AN 35 5 40 5 R 45 5 X A ) T R R
L

3 Wik 5 4k

3.0 MG EME S IR

ANTRIED JE M DX A LG AR 24 4R AR /N TR 5
M BR LC X5 A5 A KO R AL, AR SE #l IX
PR RKR, HEEE S EIH #1458 50E
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] 8
B "3‘ E‘-’ 6
£g '
s T &
B} ,j‘ iS5
3 TE 44
B =
i =
&=
LI Ll Ll T 1 1 ]
0.5 1.0 20 5.0 0.5 1.0 1.5 2.0
IEE TR Total twig dry weight (g) BT Total twig dry weight (g)
354 e
3 230
z =5
& 5 2
2 K 5259
fE o = ==
3 a3
m 8 =
d - -—g 2.0+
e =
~ 104
8 0

T

T T T T T
0.5 0.6 0.7 0.8 09 1.0

A BT Total twig dry weight (g)

Ll Ll T T T Ll Ll
0.3 0.4 05 06 07 0809
AEETE Total twig dry weight (g)

4.0

3.5

cight (2)

3.0

i

ot T
Total leaf dry w
o

o

T T T T
0.4 0.6 0.8 1.0 1.2

BT Total twig dry weight (g)
A TR (GP) /BT T 19 A4 P T 2 I A K6 R ¢ B, 475 B (1) /b T 49 4 4 F 2 0 S K6 5 C. ok
WE(YF) /M TES S TEZEMREERER,;D. B (LC)/MITHES S F THZAMSFEAKERE. EER
(LS) /M T HE S EM I THZMAMFEAKLR,
A. Allometric relationships among the twig weight and total leaf weight of Guiping City; B. Allometric relationships among the twig weight and
total leaf weight of Jinxiu County; C. Allometric relationships among the twig weight and total leaf weight of Yongfu County; D. Isometric
relationships among the twig weight and total leaf weight of Lingchuan County; E. Allometric relationships among the twig weight and total leaf

weight of Longsheng County.

K2 /T ES A T EZ R AR KOG R
Fig. 2 Relationships among the twig weight and total leaf weight

il RIFERIT ST X N B4 B2 B ), A i o P O
Z# T/, AW S RS Sun 55 (2006 ) BF
FERIPI AR E (M 25 R AF S B R O 1 5 1Y
A — 2, 33X ] BEJE WL A 73 A1 M 42 30 9T I e

B, T ARAT ST AL B K MRy, M B AR s B
(97K 73 RE A B D 78, AR o3 T S {8 1] /)
Botby s, T 5 B A A7 52 2 KT DA RN O 25 I R
FRIRZ IR, /NS 2 T 22 A ) A 80 58 LA X R
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AR TR R 22 5 B3 (P<0.05)
Different letters indicate significant differences (P<0.05).
&l 3 N[El 2 EE WA I T RE PR IR AR fb

Fig. 3 Differences of leaf functional traits of Michelia odora from different latitudes

Rz B W Nk A 2R 4 Y 52 T ( Niinemets (2018) A58 —3, W T LC s X WA Ab ik 7K
et al., 2007) . MMifE LC X WA 24 4E 4= /KL T TARPIX, H B SRR B A X R i HLAES 3 I 1Y
FEHAMARTEEFHEEARKR LR, 5HFME Gz X T8 2 FiE T W e AR A KA 5,
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Ry TP Y B
-0.29%% 0.01 | LT

y
D O 0.6
0.83%* |0.94%F| 0.06 | LDW O Q a D / Pl |

SABPRIIINT R T N3N N
- 0.2

0 0.12 |0.33** -0, 71%* LDMC . O I> P D Q
0.03 0 =0.12 |-0.33%k 0. 71%k | —1%x | |WC 0 <| q q O

o | B BRCRB

0 o q | _0‘4
0.97%%| SW 0 ik

-0.15 | 0.24 [0.97%%|0.96%k| SA q

1.0

0.89% | LFW

-0.03

0.05 | 0.21% | -0. 19%| 0. 41%*k -0, 71%*K 0, 68%* -0, 68%*

-0.14 |/ 0.01 | 0.24 0.04 -0.36 0.17 -0.17  0.22

-0.06 | 0.12 | 0.29 | 0.13 | -0.41 | 0.13 | -0.13 | 0. 21

-0.09  0.06 | 0.22 0.08 -0.37  0.15

0.08 | 0.25 | 0.56% 0.32 -0.67 0.35 -0.35 0.18 |-0.08 -0.06 -0.07  sSD

-1.0

* %%/?E%PFE?Q(PG) 05), * = FRW BIEAE(P<0.01) , T, BN EF 7w AL FEA K, B4 D7 ARG 5
R, R HOAR DG B, SR A 1 DR ) 378 JEAR SG 1, LA. mHii A ; LFW. M & 8 ; LT. M /8% ; LDW. FH“JFE;
SLA AL LDMC. 5% i, LWC. FF5 K3 LTD. 4 ZU% s SL. LI ; SW. UL E; SA. AL FL; SD. <
LEE,
# indicates significant correlation (P<0.05), #* * indicates extremely significant correlation (P<0.05). The same below. The clockwise
direction of the circle represents positive correlation, and the counter clockwise direction represents negative correlation. The larger the filled
area, the stronger the correlation. The unfilled circle means no correlation. LA . Leaf area; LFW. Leafl fresh weight; LT. Leafl thickness;
LDW. Leaf dry weight; SLA. Specific leaf area; LDMC. Leaf dry matter content; LWC. Leaf water content; LTD. Leaf tissue density;

SL. Stomata length; SW. Stomatal width; SA. Stomatal area; SD. Stomatal density.

Bl 4 WEA D RENEAR E] 44 1 2 B0 ]

Fig. 4 Matrix plot of correlation coefficient among functional traits of Michelia odora

PR, >4 /N A W A A R 0 45 1T A0 0 1)
PEPEAR /I LAIR B R AR 22 55 43 TR (Moles &
Westoby, 2000) , FEAS [ A5E A, A 1 3 K
X /NS B A8 ¢, AR LA Sy 3 JEE T 1% B A
XA PR U B AT DA R A AR (O A AR

2019) , /5 A F A4 B V& 19 B MR RN R 9 e 3

ﬁ;

3.2 TH%‘ X B9 3 2 I Th A6 MK B0 R B4R
SSEA T B 23 A X 392, H AR A K ) ST

5 S BT 22 S5 b SR 2 T EORP BETE AL B AR S 0%
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Table 4  Significance of environmental factors and
functional traits of Michelia odora
CCAl CCA2 R’ Pr(>r)
RH
Sl -0.919 0.394 0.591 0.004 = = S| "7 o
#)) S
"
MAT -0.901 -0.435 0.537 0.016 = — 0 =
e 3
Lat -.0791 0.612 0.188 0.291 °F
pict
CDh 0.890 0.436 0.186 0.300 =]
= o3
o~ =
Lng 0.920 -0.393 0.173 0.344 73
MAP -0.997 0.072 0.135 0.451 z
S
RH 0.980 0.198 0.118 0.502 °l°
-0.5 0.0 0.5 1.0F
CCA1 (0.035%)

E: CCALF CCA2 PIIBIrx 17 9 {2 PR 58 R 747 % 5 HE P
B AR ARTZAE, FR R T 5 HE e b A DG s R SRR IR
Be R F X043 A 1 P 8 R AL, RPN FOR 1Z 3R B R T o Al
Py RETEAR B /N Pr 378 BV, SL B MAT. 4Ry
i RH. AHXIME; Lat. 4 )% ; Lng. 4% ; MAP. 4 ¥R K
H; CD. MM, T,

Note: Values corresponding to the two columns of CCAl and
CCA2 are the cosine value of the angle between the arrow of the
environmental factor and the sort axis, indicating the correlation
between the environmental factor and the sort axis; R” indicates the
determination coefficient of the environmental factor on the species
distribution, and the smaller the R the environment factors have

less influence on plant functional traits; Pr indicates

significance. Sl. Slope; MAT. Mean annual temperature; RH.
Relative humidity; Lat. Latitude; Lng. Longitude; MAP. Mean
annual precipitation; CD. Crown density. The same below.

PEITH 34k (5 i PR AEAE 1835 22 5 ( Roscher
et al., 2018) ., Zoih K0T 4 1 AR B 3 N7, 4k T
A [5) A 355 48 ) Ao 40 o 2 T BSOS [) %) el 2 o 05 (22
e 55, 2015) o WG AR Ty RE VAR R BUAR X AN 2
FE T RE SR TS [F) 46 3 1 XK I 2% 22 55 o 3,
el A= Wy 7R /N 1Y 53 TC AU R 5 305 R ] 2803
FEAE2E 57, 3 B e B WL R Bt B 28 45 40 1y it
T AR I H R AR B R AR A, AN TRIF 5 b XU A
WA AR P LG AR T B AL R
NGB 35 0% S 3K AT RE S HONE B AR A K H B
Bi S Ry BUR 5 BN R AR Y S IC
A3 BTG AR BA B 1 i 8 25 ] 9
LR 6F Mo BR3P 5 28 A (B 1 55, 2019) o AL
Pk F 85K o R ROR T ZE 18 VR H DL ROG & HE
£ 2% (Franks et al., 2017) , AN [F 385 B 7 % < L
JEPE RS AN TR WG R B e T A e R
SALE A A5 (Yoo et al., 2013) . AW A
AL B 22 O B 3 R AT BE 2 T 5T M K

CCA =41l P 5k i) K B 3R 8 B 1R, 36 5 P Rom
HEA MR T 3 T 2

Length of the arrow in the CCA three-dimensional sorting chart
indicates the strength of the variable, and the bracket indicates

the percentage variance explained by each axis.

K5 WDOEAM DIREER S A Kb 35
HF CCA =4EHER &
Fig. 5 Three-dimensional CCA ordination plot of leaf
functional traits and growth site environmental
factors of Michelia odora

/T 1/ W R e { I 0 D O\ v B e A O DI |
6] s N L BE S 26 5 19 T, i T R 3SR A 1 %
AR A AR 4 8 BHAGE 1) /N A A2 ) S 4 5 O 4, S 3R
I R (14 A ) i 2 3 /0>, i 24 ol i T AL I R
B 5 A A TG A B, 5 e 5 3 AE (2018) A
F—FGHEE YRS E ALK LR
N AL B R B LR 5 R A
(2019) W78 — 34, S WeAE B 1 % 24 358 W 31 3 3 344
SER G 7K A3 SR 43 00 DR AT RE 7 IS 50 6 3 RK
A3 R FHRCR LI e A e %
33 FEMaEEREIXER

ABESE T bt T AR S 2 U R A )
T Er A AR e 3 ) SORE G 5RO — 3 (K
FNAE 2014 F840 55,2015 ; BUAEHE S 2015) , R
L i i AR — i 2 0 R L e T AR -
S [B] AU A O 2R, R RSO O Al o X i R A A
PR R AR DA AN [F) 4 BE R . I 7K R 5 L i T
FRE I 25 TE ARG, 5t T T & i 522 o 25 A G
5B AF (2017) K Ry, i &K R 5 T AR 2
WEIEASE, ST i R UM DG — 3L
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F WA AR AN IR 73 70 A2 3t DX 6 A i 557
7K A RE DR 357 76 AH X B2 KO B3R 53 fig S B
el A B IR AR IR L i T
R B ETAL 5 Roa-Fuentes 55 (2015) W55 —
B, X LA D it JEE R e B T 4 n e e T AR
BB B SR, T LA AR ) %5 K G 5% 43 FIOG S
BRI A A T 4R O A VR RE O (O 9% 4,
2020) , ALEE S EE R BFIEMKS, 51
TR AR 2 R OG0 B R R JRE ) g ORI A
W 24 A BEUREL 1 722 Ak A ) e AR I 1) fil AL
0 R N e BUAE X — 72 Ak, HLARE B i 30 R
GEUR, $i 0l R i 2t L i T AR/, 5T
WFS R e AL 2 B A A AR R A s AL S EE DG
4 3 R —F ( Drake et al., 2013) , X FpALHT ¢ 22 I8
P T AEY AL PR AR BRI % 1 P Ak
( Franks et al., 2009) ,
3.4 DEEMRKEARMMBERE FRIXR

CCA 7R W1 WL AR - ZhRE VIR 5 H AR 4=
KM BB AR IR A B2 A OC M, mT R W
JEARN T RE AR T A2 AR Y RS A5, A
WEFE 5 A~ B AR AR b e 1] b 52 B A 4
BB A3 WG I e R 2 B —E 19 26
JERS SR, 15 8 AR (2007 ) BiF 98 45 SR — 2, KR
7S A, BB L2 5 MR A ) 1) A PR S RRAE

ST W6 A By BE R R B 5 ) e O 2 B
JIE 1 22 S 52 A s A 5 %) 2 [ 8 S R0 X AR ) g
PR B9 078 | 0 5 B2 A S A (2013) BFSE R W, 3
JEBCR G SR %, R A K&K R0 ik
R TP A AN B AT A G R A R R TR R
T K R R KA b DX R /D[R] 3 R
W 35 T 42 G of ) 6 32 344 B G 380K 43 N SR
UL 2R B 2 T A AT 3l B R 1) ) 2 TR E
T RE % e 2 DG ISR B AT AR, BRI = 5
HARAE R Hb b T3 B 1y 25 S, O AR X HE
JCFR FIAE HIL BT 2t W WL A% 238 A [] DA 52 el A 49)
(T REPEIR | 2438 B 55 KB, M A0 1) T4 AR
PRI R AR Hy T o ik 5 AR 1 K 20 SR R
(TAESE,2010) , [A) s 9815 Be ot o AR R ) o
YOG AR, DT B s A AR N 3R DR A RE T, 4
PR S My ae ek 2R EMCHE S
Kamiyama %5 (2014 ) #ff 58 — 2, X 7] B & WOt K
INKAE AR R SRA G (0 S5 T A= W B R T 2 [ 1
S3HC, HK SR 78 2 I A6 ) i Fr 7K 43 RE FR 45 AH

XPARE HAR 47 i S ik 5% it it 7oA e v A o U
FI R 5 o 2 B WL AR AT LG 2o 20 A8 i 78 28
A AR AIE Ok 38 1V e T A B | AR ALK 2% 1V 5 B 7 1k
TR ZK A B, 4R 10 0 AR B TS 8, 5
A5 (2007) FMHEE(2014) BF5E— 50, @4 ESF
P71 by DX A 4 i R A TR R A K 4y AL
5 B DR T g 20 20 25 0 LA R o B B A RN B 1k i
KA HICR 5 SR R 78 A0 2 52 i i 9 A K Y T 2
N7 (Costa et al., 2017) , ik FR ' & VE H BT
BRI N DL K BT R AR N s, S
Hrert AR - E AN LR SRR B
AHOCHE | AT DAHE W > 1 B2 T v B AEL ) 28 0 A
P FHYA T D KA IS S LSS AT S X
T FRBE A — Bl N R, 3X i — 25 UL AR Y
AR AEAAORRET A S AR H54K
bbb BEPAR R - 0] OC R ), AT B Y 3
TR WA Y I PR U K R S R T
P F i 3 AR Ak 1 G 55 1, 3X AT RE TE AR AR L AN 4
BRACHR T A 0T 7 AR Y BT I X iE B
TG S T RV ) T RE R 2 ] DG B R AR 1) IE
ik

AR I 5 6 2% AH B % 42 1) G R A,
BRI B (R AR ) Ay BCER A IR R RS
Pyt 3 T 3R W B it A R A SRy BB A 5 4 A, A A
FEARMGE AR BRI TF S R T RE & P e R 22, A
SCH TR BRI S AN 5T T A 4 A T TR — 2 2
I, EURRGY TR AR B B 25 S AN K, T AN LA
DA e 5 1 RE FK 43 AH S R B IR iR A T 9
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Abstract: In order to understand the limiting factors of photosynthesis of Phyllostachys edulis seedlings under nitrogen

addition and change of short-term light irradiance. The light response curve and CO, response curve were measured under
-1

*s ), and

an improved FvCB model was used to study the photosynthetic characteristics of P. edulis seedlings with nitrogen

different short-term light irradiance conditions (high light:1 200 wmol « m™ + s™, low light;200 wmol + m™

fertilized. The results were as follows: (1) Biomass of P. edulis seedlings treated with nitrogen fertilized was significantly
higher than that of control, and light saturated maximum net photosynthetic rate ( P, ), carboxylation efficiency
(CE), maximum carboxylation rate (V, ) and maximum electron transport rate (J ) were significantly higher than

cmax max

those of control. (2) CO, saturated maximum net photosynthetic rate( P, ), CE, mesophyll conductance (g, ), triose

Cmax
phosphate utilization rate (T,) and carbon dioxide saturation point (CSP) of P. edulis seedlings under high light level
were significantly higher than those of low light level. (3) g, has no differences after nitrogen fertilized, but it reduced
60.31% while the decrease of short-term light irradiance. In conclusion, P. edulis seedlings with nitrogen treatment
increased the quantity and activity of ribulose-1, 5-bisphosphate carboxylase/oxygenase ( Rubisco) protease in
photosynthesis process, promoted photosynthetic phosphorylation and NADPH synthesis, and improved the regeneration
rate of ribulose-1, 5-bisphosphate (RuBP) through higher V, and J

. in order to fully assimilate photosynthetic
carbon, promote the high growth and biomass accumulation. Therefore, it could be inferred that the content and activity

of Rubisco and regeneration capacity of RuBP were the limiting factors of the photosynthesis rate, for the control
P. edulis seedlings with no nitrogen. To sum up, light heterogeneity affect the photosynthetic physiological and
biochemical changes inside the leaves of P. edulis, the decreasing of light intensity effectively regulate the changes of g,
and T,, indicating that the photosynthesis of P. edulis seedlings are mainly limited by g, and T,. The research shows that
nitrogen fertilized and the change of short-term light irradiance affect the photosynthesis and carbon acquisition of
P. edulis seedlings, and also affect its growth and regeneration.

Key words: Phyllostachys edulis, nitrogen treatment, light irradiance change, limiting factors of photosynthesis,
FvCB model

B e (SOREPY i K7/R R NIV S TPy k7 K S D
RES LA ALY RS L, S A ) AR B 10 A I SR AL Rk
B0 AT A ZERE RS AR - A T, Farquhar 55
(1980) # i | Ffl Farquhar-von Caemmerer-Berry 4=
Pk o6& BERL (FvCB AR A ) AU B I 7 oA
OGE A B A Ak S 3 7 43 B AS [R) 3R 58 45 10 T
WY E RGN NTEA A, DFIE R, 52
C APy M R D65 ik Sy 19 3 28 R 43 4% Rubisco
it 5 fE A RuBP (9-FEAERE ) A KOG A 7 ) —
WEIR P MHZ H SRR Y E ) ( Farquhar et al., 1980;
Manter & Kerrigan, 2004) , FJF FvCB #i#  5] AH
Pyt A B89 Rubisco i RORLH AR (V) \RuBP
R (J,,) BERPTRBRI% (T,) Ak
R (g,,) S6A AR BRI S BN AR L i s, nl
DA AW 6 B B2 1k, BFSEAE YOG & R
TEXT R85 A8 Ak B e [ ( Sage, 1994 ; Evans & Loreto,
2000 ; Tholen et al., 2012)

BN AR Coma Yy, R A K i

JT AT A T — A 2 AT T R (B K
45,2007, WF5E BAT BY GG RRAE ] 8 ok B 1T AR
28 PR BB AR I . BRI
M AR AERK M KREZENER, AEXNEY
JeG A B 1Y A RN 1 B A AR AT
FERW M E & i 5 MR Rubisco i % & 52 1EAH
FHeZ& ( Yamori et al., 2011; Xiong et al., 2015),
M TRI B3 W0 1 - Rubisco B A9 R AL fiE 771 ( Nakano
etal., 1997), AN, MR AGES g, BIEMHK
( Xiong et al., 2015) , Kb, AT DAHEWT iF 80 & &
A REIE AL PR g, 98 AR S e A ) 1 OGS PR
MOCR R AT LA DR ERZ
— GRS AR XHAE Y RO G E R A &
B, U H IR ARG TEAR T 222 6 5 b 1y %)
BT o AN [EIAF )0k B 55 510 R ol 82 728 A 1) 3t 17 P A7 7
TRK 25 Ot BRG FE A AR I 23 52 el AL ) 1) O 54
FH WA AR R E DG IR SR B 5 v L AT RE

TG TS AR Y 1O G T RE . BFSYOG IR I
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42 %

XAl B 1 B S2 E  Br ol B 35 8 Al X
AL A A 0 BRI B8 520, S 3 PR o 8 56 R 25 A
BC ', DL AR bR 28 A B B PR SR AL . AS 5%
Ve B AT 4 AT It AL B, AT TR AR
G LA CO, M 7 £k (A/C i £R) /Y E |, JF %
BT A B LA AN B AR BRI SF 23 500 5
A/CMEe ARG A R &0 T BAT A RO & R
SR LR B LU LA IR (1) AR BB A7
2Jy i Ao R 8 BIR S A R ) Bl R A DR A A I
(2) JE I ]G B AR A ke 2 T8 R 2 W A AR 1) DG 5
PERT AL T A FDE G T 594 i HOE & BRI 7
St 205 (3) FFR S IR I ] O BEAR1F  AE A
e R BTN g, R/,

1 B 5 M I BB 5 T ik

1.1 #F R HER

TR TR B T VLR VR AR AR AR 2 R G
M 5¢ o, #b #A7 B O 119°56'—120° 02" E
30°03'—30°06" N, J& T 7 3 #hoiy 28 XU0A B K
el A K B 1 441.9 mm, SRR A 4R
BIRR 16.1 °C, M i B i I 40.2 °C, B i S A
—-14.4 °C ( JAA % ,2008)
1.2 AR AE
1.2.1 &#44%eRE4LE KK T 201444 H
FrG 50 AR KNS BAT 2 A AR SR
A DT 20 Bk, 42 0% 2 57 WA 5 5 Y [ RE A b
1) LI TF At 1 em BN LLBR AU KBTS
HFE T 45 35 em, 7548 30 em A2 AR ZL
RpA 129 5 kg, 4l 47 ) RE Rt 80 R AL B
2010 FR . it AL B ZH rhohn Al R B R, i A
I A AR MR 0.2 ¢ - kg'( 1)
1.2.2 M & 7%k 2015 4F 9—10 H (B R) B4
9.00—12.00, B A HRERE 5 PRA K R4 B9 A8 bk
VBRI e % 42, B8R ) T0 3 1] 575 = Bl 20 70 7 52
432G A, Sk 98 E Licor 24 A LI-6400 %!
4 2O G AR AT 6 57 il 0 5E |, >k F
BLI 6 5 1%, G A AR 5 B 43 B 18 S
J&, BAK 5 2 0001 800.1 5001 2001 000,800,
700,600 .500 400,300,200 150,100 .80 .50 .20 .0
pmol + m™ « 57 BEAN SRS BE R Y7 i B E]
120 s, 2% &5 (2007) 17 B BAT L
B MR DGR X RIETRIA

W BT R CO, M 7 R 2R B 30 7 B ] A
Jr R O e 107 ith 2 AR 8 06 A 4R TG R A
FE RS EIRFE DGR AE 1 200 wmol + m™ - s,
J61ES 30 min, FJH Li-6400-01 W 1k 8% 3 45
Z ot = B COME B, CO,MRIERRE N
400,300, 200, 100, 50, 300 . 450 . 500 . 600 . 800
1 000.1200.1 500.1 800.2 000 wmol + m? - s,
B COL VR BEHRE BEF (9 7 B 6] 5 120 s, P 5 I
ICSREA COREME T P, ,

T AR R AR O G A B A A R

AR, R Gu & Sun Bk FvCB YA (Gu et
al., 2010; Gu & Sun, 2013), 3KAFAEMRAI V. .
S & T 550G S 80, BUI B AT i R 3G MO &
REWMNTE A B A, INGEXT BTG A
B A R, X AR AR A TE YA RO A e 1
CO, M A, F G A - CO, 11 28 56 455 78 1E 474 11
(FEBE,2007)
1.2.3 FvCB #A&  FIH Gu & Sun B#EAY FvCB ¢
AR B0E C M)A A IR Rubisco i 2h 7% 4k
(K AK,) , T FvCB B A G 0] GE A7 76 L&
MG, — Al T AR b A 8, e SR AT AR AL DL 5
A SR AR s B R 3G T TP A (Gu
et al., 2010;Gu & Sun, 2013) ., ZPE T E WK
T Rubisco i 14 R il B Bz 2] RuBP -4 3 2 FR ]
W B A v LA K RuBP P AE SR BRI 2 7 R e
e s o3 N S K] o3 0 R i, L ARAS Y g B B g
BUZH AW AT 53X 3 A B B iy SE BRI | 2 — A
LG H 1 (Gu et al., 2010)

TG FvCB B TR B8 AR T AL
G R PR 2D BR

%% € >(1+3a) T'",

A=min{W_, W., W }(1—1”‘)—]{,1,
o W, W, C.
cn=ci—io
8n

X, ¢ FRMER N CO, 00 K ; a Fom G
HoRIR [l ZBERR T & C I He) T eon it iAk
W CO, M ;A R COLEIRIEER ; W 7R Rubisco
BT R AL % 5 W3R RuBP FRAE BRI R 19 9R
A W FoR T, BRI BRH A R, 3R i
MR CRRMIA] CO, 00K g, Fnit A CO, T
Vena G
C(,+Kw;

W, =
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A J Rl TR IR R RN ORH
TALZ B A T KR ABOCRIE ;0 & — i H Bk
SrECEDE ARG | ADE RS b Al A G 1 it R
MRS IS EL; 0 Je— DR SHL

3T,C,
W="—""">
" C,-(143a) T

AT, RN BER AR, 2 o 9 0 1Y,
A, =3T -R, A FoRBE T BRI T 1 CO,5mR IR,

AR B R Y FvCB BB AL, 2% Gu %5
(2010) BT A A E BB
1.2.4 A4F e AP 180 d J5,F 2015 4F 10
HAXSBAT 4R 4 v AT B R, T A T ==
KA ZR T B (em ) 1R R &0 B 1Y Bk & 5 B AR A2
W UEIE THERE 80 CHET RIEE RIS A A=Y
i (TE) B,
1.3 HiEAE

BT E R AL B E]DG & S8 22 5 K A H
R v R AR ) B 1 22 S R 0 B SR T SE RE AR ¢ A 56
( Independent-Samples ¢ test) ; AN [ Fa 46 4 7K X
BT YEDOCE S HOW 22 57 R I EE 1Y ¢« K
5 (Paired-Samples ¢ test) #4707 .

DL B B ge it o i A I A A 3 SPSS
13.0( SPSS Inc.,2005) F1 Microsoft Excel H15¢ i,

2 HERE5AH

21 BRMNEMSEXEGEENZI

RAEAFW AT P, FR R L3R
( carboxylation efficiency, CE) 8 & K F X B4 1,
HeAME2 15, (light compensation point, LCP) 2 3 /N T
X FEAE AR , 10 B 260 2= Ak 381 45 A PR 1) ARG O FAIG
WRE CO,RE ST, TEMFDGR TG A e iR, A=
KRER, HARAAMMRLE R, g, M T, LIS HL

IR AR TR REAR bR 22 S5 R R (P>0.05)
Voo F1 T S 28 I F X BRAE BE (P 43931 0.043
0.047) . 5540, AR A B R SR AEBE 19 CO,
TRURD A5 R0 RN A5 FEA AT CO, MR R, il SUAE #
P AT RRBTE B3 22 5 (P=0.062) , 5B CO, ik
JIE R 386 00 AT AE — 5E AR b ko U i B 2 A SR Y
(K1), WEK FRE A 180 d FARR
TR AE AR TC Ve 7 e A A AR ) i B8R )y T AR
PEFXF A bR (2 1,P<0.05)
22 AR REHEANEMHEREGSHHEN
12 2 AT, B AT A i TE S AR R RO S
RS A/Co 2 ARG R AR Y g, T,
P CE 310 25 /N T o BOKCOF B #E R (P <
0.05), CO, #p £ #5 ( carbon dioxide compensation
point, CCP ) b 3 KT i ) BUK P A #k (P<0.05)
Vo F1 0 U TG B B 25 57 | R0 0l BEOKOE FMIG ' K
S AH R 1Y Co, 1 F1 5 ( carbon dioxide saturation
point, CSP) fE7E I At i M (P=0.052) , =G K
SPRERE Y CSP 5 8, AA RON A S ] B B A
BTN g, FHWAT 60.31%, T, /T
46.44% , CCP ¥4 Jil T 94.56%, P, W /> T
54.63% ,CE I/ T 36.84%,

3 W54

REXHEYA B WA GRS 5
A P85 VE FH ( Maroco et al., 2002) . ¥ EBATHY
RAEIRGE AT, AR A B AT 4 3R
K, g g, WHOGG S 8000, /2 Ak S R
B Py, CE 3 KT X B4, vi A co,
e R A KRS, R AR v, T B
KFXF BRAEARR (P 43510 0.043 F10.047) , X [A] A
NIRFE 25 AR ], R Bl i i AR & = i
i, 6 1E B9 2 B B —Rubisco & & 5 8] kb £ 1
Ty e w7 e KRR Ak A A A N Y R
( Maroco et al., 2002) , M2 2% & &t [6) F 6 38 n

B 45 ,2012) , 0 R fie K H T 1% 3 o b 25 AH
B4R F (5K 45 O b JE OF, 2009 Evans &
Poorter, 2010) , {HA KA HAERTE R, g, FI TPJL
TSHL LIS R IRl B AR AR 25 SRR R (P>
0.05) , i Al C A1 (Y 3 26 F 5% 25 S I9F A — 3,
Sawada %25 (2005 ) 1 Chen 45 (2001) B W 5% & K,
Jith 8 PT FEAR IR AL = W R 3R S S e gy bt R T
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Comparisons of photosynthetic parameters between nitrogen fertilized and control plants

significant differences (P<0.05) ;

Fig. 1

X1 EMHEEMMBLEBEEKKEMEYSIE al., 2011) , FATAYIELEE 45 R R L Frx 2458,

Table 1  Comparisons of height and biomass between j‘ﬁ TS Y R Rl B 2 S s R 4E S T H
nitrogen fertilized and control plants ﬁ F SR — AN R A
N )
Jis: | 31 i TR SERZ I CO, 5> Fi2 ) (Sun et al., 2013) , A
Treatment Height (cm) Biomass (g)

Et,ﬁﬁkaIK%T EA SR PFEHEE’JH*F‘]?HJH@?FF‘F

28.5+4.6a
43.03+2.72b

Xif B Control 17.04+4.54a jt/J

FAN R R M BRI R MR AR B CO, T A,
FRMZ S ARk, /R A B B AT %) i i
?xth’J Vo KT AR T A AR 0 A K 1l

it 2L Nitrogen fertilized 56.27+10.66b

. FIIARNG FZ R RR 2 5 83 (P<0.05)

Note: Different lowercase letters in the same column indicate

significant differences ( P<0.05).

DN T A 2 T2 R 68 16 547 P 8 B ] 341 ( Zhang &
Dang, 2006 ) ; L6457 3K W] g,,,‘@ﬁﬁ”fﬁ’fhf%’?ﬁi
AL 2 2 5 (Bown et al., 2009; Yamori et

o AR AR Py AR B T AR 2 T X IR )
B (P<0.05) sEE VR S AT S A
64 1E FH i 72 T AL Rubisco 45 P B9 80 FE
PR AR HE TG A BER AL A1 NADPH 19 & AR, 42
{5 7 RuBP WP (R i BAT 4 BeA8 72 40 i
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Table 2 Comparisons of photosynthetic parameters of
Phyllostachys edulis control plants under
high light and low light levels

M7 A

eSS Folt ot (s AmE P{E

Parameter High light Low light #iit s df P value
2

Vi 66.6+ 69.94+  -0.111 2 0.922

(wmol - m? - s1)  8.34 11.82
S 72.62+  56.59% 0.510 2 0.661

(pwmol + m? - s") 3.98 9.14
R, 1.28+ 2.11% -0.718 2 0.547

(pmol + m? +s™) 0.2 0.81
g, 1.31% 0.52+ 4.828 2 0.040

(pmol + m? + sM) 0.2 0.03
T, 5.34x 2.86+ 13.216 2 0.006

(pmol + m? - s")  0.51 0.33
CCPp 4434+  86.27+x -11.215 2 0.008

(wmol + mol™) 4.23 4.43
CSsp 1064.97+ 823.59x  4.202 2 0.052

( pmol - mol™) 56.7 41.61
P 12.21+ 5.54+ 15.477 2 0.004

(pmol » m? +s")  0.87 0.45
CE 0.019+  0.012x 7.738 2 0.016

( mol - mol™) 0.001 0.002

T RS BAARDLIE 1,

Note: Abbreviations in the table are shown in Fig. 1.

eI, 2, %A 2815 50 28 B8 i A
1M 7 , Rubisco & 12 36 PEF1 RuBP 1% 7545 T 2 0]
JEHEA MR T

HRMYARK AEREENATRFZ—,
PRI, — LRI DA Ry 2 A 0 i R 1) 2 AP 5 o
H g E 4 R AR B N T 22— (kNI
2010) , —ME B AT MRS A 1ER L A
T4l AR AR (R 2 B B AN ) 45 2 3K
YRS . FEEORAM T TR T
BTG AR B B 2 i AR Wy i BB bk
(King, 2003) ; M7E =GR FAET | b E 2 B A4E Y
B AL A T XK A R K £
AW e B A Y AR SR (Poorter, 1999) , Hi BT G4R
SIBUE 2 1 BAT i LA VR R, X0
FEBATY G A B ARSI A K B A
ER . TEm MR ZOEA 48T, BATZE 1 —
B A SR B 2E T (£ 3), BRI EHL
SR MR Py, CE g, T, CSP ¥ .2 R TG
HROKSP- I AR | 25 SR 3 WO BROK S T AR AR Y
G RE It THUNK g, T, 2, BIAL T A F]

JCIFREE N W BATHI T, M R 40 A B RN IR O W 1Y
Mg R R O A R - BFgE B, )R] Py
U8 OISR B2 1 AR RE B8 A RO IR g, 1Y
K/N(Douthe et al., 2011,2012; Xiong et al., 2015;
Fini et al., 2016) . FRATHIBFFEA A IO REREE A 1
200 pwmol + m™ + 7 MK ZE 200 wmol + m? - s f#iF5
BATLH g, FEIFEILT 60.31%, AT ANBIBFGR R
W, SCHERT o, B2 0 | T 8 2 380 0 52 e i 2R A 1) i
B WK 46 /N B (Loreto et al., 2009) ; 1A
i 58 N R OGITF E & 25 52 0 g, ( Tholen & Zhu,
2011) ARG T, ERE R8N, BRI g,
R ABRAREZ W g, %5 B A9 IR 1 ( Douthe et al.,
2011) , HRTE RE S 0P T AR 4 40 i A 52w, A B
T ET b T A AR ) 4 R R RN AR KON O PR B el
A 7, K AR BACHE Y 1) BEBT VR, AR ) 2 R Y 4
R A HEEME L,

AR R I BT R BT YOGS
FEMER LS, R B (1) AR B D P,
CE W35 KT XF BRA 1T, 3 W] HAE ARG8T R 4k
CO,BeJ7 s il Ky v, T RIS T X
AR AR (2) AR OB BT P, FIXT
PRAH 22 5 AN 2, DA VR BE 1 CO, W] R AN AL R
YGRS AT B 5 (3) 43 A e AR PR RO & 250k
AT X RERERR Y A/ C MR mT AT, s T AR
(4 P CE g, T, .CSP 2 3 K TR K- 1y
TR , 45 SRR IEOG BACE T A AR OG5 e T
S THRYNGY g, 1T, S (4) AR BIF AR UL
EHIEHY g, /N, T B S T %) R AT D) A A
0 g, 18T 60.31% , HALBRA A 1 Tk —2L 0158
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B AL A (N, O) Sl S M IHLAE & & A, F P H £ N0 M E S THLA S EZ MR R, ZCUH
SRIETT W kXt B 152 2 P vEVE /K /K W ( F R K B 1Y 75%) A W, ( FTRREK B 85% ) , 45 B AUIE
(N 300 kg + hm™) 15 4 FE#EREAE LB F o 100% 318 ) (Fy (50% 308, 50% B AL ) (F,, (30% 301, 70%
THHEIBIE ) (F(10%FEAE ,90% i HEE AL ) | I AN [ A 3 AR RE P e A MR (ST bk HEZE ELAR A
ARCEERD) 3 F W 5 N0 ME D FIERAS A TS A MBS AN SR, SREW. ()W, Fy,
W, F A BH REF= BB, 700 102.4 ¢ - hm” 1 97.8 ¢ « hm ™ AR K BT F AR 43 N, O HEHGHE £ 4
ik, (2) FEH 4458 N,0 il &5 S A o i 2 ] 5 5 3 A G, M DG R - 0.497 (P<0.05,n=24) ; 5 3
F14) % it A A9 A RCHRE oo H = i R b 358 N, O A9 HET ., BRIIA kSR R A R E R AE el 5 2 5
(A3 AN A R R AT 15 7=, T EL B I /0 1 38 N, O HENL

FER . A, HREAE™, LA, BEEAL, N,0 HEk
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Effects of fertigation under equal nitrogen on ratoon
yield and nitrous oxide emissions in soil

ZHAO Guosheng, LI Fusheng, NONG Mengling *
( College of Agriculture, Guangxi University, Nanning 530004, China )

Abstract: In order to get reasonable water and fertilizer management measures, the effects of different fertigation
proportions under the same nitrogen (N) rate on the yield of ratoon and nitrous oxide (N,0) flux and inorganic N
content in soil at the different growth stages were studied, the relationships between soil N, O flux and inorganic N
content were analyzed. Taking natural rainfall (W) as the control, two drip irrigation levels, W,(75% of field water
capacity) and W,(85% of field water capacity) and four fertigation proportions at the same N rate (N 300 kg + hm™) ,
F,,(100% basal fertilizer) , Fs;(50% basal fertilizer, 50% fertigation topdressing), F;;(30% basal fertilizer, 70%
fertigation topdressing) and F,,(10% basal fertilizer, 90% fertigation topdressing) were designed. Agronomic traits
(stalk weight, plant height, stalk diameter and effective stalks per hectare) and yield of sugarcane, the N,O flux and

the contents of nitrate, nitrite and ammonium nitrogen in soils at the three growth stages were determined. The results

Wi B HA: 2021-07-20
EEWB: ERAKBFIEA (31760603) ;7 PE R TR - F 3t A1 A A £ 30 (AD17195060) [ Supported by National Natural Science
Foundation of China (31760603 ) ; Guangxi Science and Technology Plan-Base and Talent Special Project( AD17195060) ] ,
E—EE . BEM(1995-) Wi, FENF KT IEAH SFHFETT TS, (E-mail) 1966446028 @ qq.com,,
BB R W, BRI, F2 K IE B R A U5 T A5, (E-mail ) mengling189@ 126.com,,
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were as follows: (1) The ratoon yields in W, F, and W,F,; were higher, i.e. 102.4 t + hm™ and 97.8 t + hm?,

respectively; Soil N,O emission flux in F, was lower under the same irrigation amount. (2) There was a significant

negative correlation between soil N, O flux and ammonium nitrogen content, with a correlation coefficient of —0.497 (P<

0.05, n=24); A reasonable fertilization proportion with drip irrigation can effectively increase sugarcane yield and

reduce soil N,O emission. Therefore, the treatment with a fertigation proportion of 5 : 5 under the same N rate can not

only have a relatively high yield of ratoon, but also reduce the N,O emission from the sugarcane soil.

Key words: nitrous oxide, sugarcane yield, inorganic nitrogen, fertigation and fertilizer, N,O emission
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THEFNH REA P PR A B K U EAR A

1 #HEF*

1.1 #5038 08 s At

HESRH RE RS 42 S5 55— AR TR RE

AN [ 7 TR R 7 2 R it AL L 53R 6 A T P R
Bl TS b A7, %A S AT L o H 9 £ Jk
AR SN AL By, 3k ) 30 i sl E R A ROR . B
T A AR A48 06y 8 1 4% i B 422 A7 W K (X R Ak
B RANE WIS RS Bl 0 B8 i A 4 9 Ay 2 A2 T
I, PR IR AR R R 0~ 20 em BEE £
e F AN T AT 1.42 g - em™, H[H]
FrKE 24.9% ,pH 6.62, 2% 1.3 g - kg, HHLIE
17.39 g - k', Bl f# & 94.52 mg - kg, ¥ B
99.78 mg - kg, EALH 85.6 mg - kg, 4R (A
H R R A X L T 1, R 43 B ST e K 0 A
LA A T 43 ) 183.8,662.0 ,64.6 mm, ik I
18] SR R 910.4 mm
1.2 WA EFERE

L E SR B FR AL BE W kg 6 IR 35 Sy 2 ol i 8 v
IR B W R W, 43l 4 K AR R AR
P[] 35 7K 500 75% 1 85% , 7454 3 it Fi X A4
F£(22 500 kg - hm™) | BAL(P,0, 180 kg - hm™) Al



X JPE S - A5 ST JRE 0 T AR ™ B S S AR T SR HE B 8 52

415

[ /i Bt Rainfall (mm)
(5] £ Lh
o= (=] o o

(=1

L J“l |

60 W

r—

I [ [ Rain 7 35
iREE Temperature

[
H #3i Mean daily temperature (°C)

0

T = = = 7
2 = = = =
(i - o -

= - e = o

¥ =
o0

A i Month
K1

Fig. 1

FIIE (K,0 240 kg - hm™) fERENE AL | 454 AUIE
(N 300 kg - hm™) T, 15 4 Ffrif o it AES L. 451, B
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Wt 10% 53 BEW 20% AR 60% (43 2 WA,
BRI 30%) , JEET I 10% , BERHE A . AL 56
RATEABENLIX AL, 4t 8 A-Ab B, b HAR S 43501
WOFIO \WIFIO\WIFSS\W1F37\WZFIO\WZFSS \W2F37
W, F o, Hod W F R xd B EE ) A b BEIE ST
3N, S 24 AN N E ALY 8.64 m*(3.6
m X 2.4 m) , /NXZ B HIK VRS (JE 25 cm, 3§
80 cm) F&IT , M2 #5 Ab BE A K 73 A B R B I

9 R it TS IR S S i T K b B I R 5 L
{915t A % I A B HE A BE K o3 3 N A TR
Y SR TCE R, DA GRTE 7K 43 FAE R Y 5
S ARTE T REREAR PN, A% A 4R A 45 5 1
7K 43 P #2 4X TRIME-PICO-IPHTDRAZS-100 ( i [
IMKO ) LI 338 5 7K &, FHK R4 K 72, AN A
VE KK 25 25 B B K B R R K it L3R 1,

RIS 4= 26 (A HLE 14.3% N 0.76% P, 0,
0.85% .K,0 0.59%) , BN K IR K (N Ji it 53 50h
46% , B VG B AL AL T8 A BR 2 | 7= i) |, w

,_
(=] L

9 H September
10H October
11 H November
12 H December

TSR ) R A H R

Daily rainfall and mean daily temperature during experimental period

RSN (PO BTt 73 4CH 18% , = B R FHBE I
J A BR T =), B0 S i R B (K, 0 Jit & 43 5
R 52% , T ARKEAR TABRA A=)

R T 2019 4E 3 H 16 HAMNE,3 J 31 Hif
FAE 4 A 10 HiBM R WAL, 4 F 24 H Bt 5 B8
.6 H 22 HiE T, 8 H 25 HiBE
R IAE 11 A 11 HaB G s AR AL, 12 A 1
H 6 /N SR T A R, I S PR H e =
1.3 MR EFMNE
1.3.1 AR ERNE  HEEHE, B/
DX Bt LR E 10 Ak H e FH 20 6 90 RL 48 A T (S 52 )
HREIER A o 76 H R BURUS ¥ B>/ X5
PRICHY 10 Bk H AR & R, W0 H R Y B 25
RN ESEREID IR s

T B X /0N DX 4 3 H R R AT R A, DU
AN SEBREZE P O TR R, R R R
ZEYIK 50 em A/ NBE L FRERRE I i, B
12 P RO a2 H 7R i 358 2 7 25 0T oty 1% o5 B8, R
ZEEAR RS R RO 2 H TR AR R 13 i AR i
BB, O YIE , FERE S O REREZE R R AN
DAY R, BT (WZB 35, B i 4 B
AR A PR T ) b AT WA B A I

R 20 T H 58 0 2L B 2 (%) = MR T x
1.025-7.703 (#E5Hi% ,2018) ,
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X1 AEFEEAEKTENEEERLEOXBZTESHEKE (467 mm)

Table 1

Irrigation amount at each growth stage under different drip

irrigation levels and N fertilization proportions ( Unit; mm)

HF YA AW Growth stage and date

T K SYEENI TS fir ki ES A RS LEE
Drip irrigation amount Whole
424 H 6 15H 7THI15H 8H 18 H 924 H 10 29H growth
24th April 15th June 15th July 18th August 24th September  29th October stage
W, — — — — — — —
W, 114.8 121.0 106.3 107.5 118.1 115.3 682.9
W, 147.0 137.7 131.6 140.5 138.2 137.2 832.2

W W, HSRFERT; W, WK 1; W, HEE KR 2, T,
Notes: W,. Natural rainfall; W,. Drip irrigation level 1; W,. Drip irrigation level 2. The same below.

1.3.2 £EN0RESME KB TFTSHLIHMS
H2 H(sEE) 9 H4 BHM9 H S H (KR,
11 726 HFI 11 F 27 H (W)  fE& AT IR
T — K DA R R ) A A A R A R 1 4
N,OS M 2 ¥, A= B IR AR 6 Ik N,0 Rk,

A HE AN 5 B4 ) B, B0 455 I A R A 35 S
a3, G JBE TN A o5 22 [a) G I 40 e 85 =, IS8R Ry OF
T B E 30 em, K 37 em, A M, 75 H REHE
AT — B AT 30 em, JF 52 JEE R R 4 43 (R
TEH AR 35 Pl Bof G 06 rh [ AN B RE A, 4 5
hy TR %5 4 19 1E 7 AR AR & BE 25 em, i1 K 35
em , B i A AR G JORE B 11U BE 45K R/ R
o SREERFIE] N 47 900 TF i, SR AR 46 35
25 VTR A HE il K R IS A b, 4303 F 0,10,20,30
min FH T 545 BORE J5 2 A 050G 4 22 25 10 SR B R
TRAF A7 ] SE 30 = AT E

N,O0 % H] Agilent 7890A 5 AH €5, 3% X ( 25 [ %
FERRE A F]) o ECD AR # 0 5E , AG R R
350 C M 60 C, AW K 40 mL min™, R
M 99.99% i5; 4l R/ EE R (95% A +5% e .
FH 50 mL B8 3 56 i (A T i R = o R T A i
AR A BRI ARE 20 mL, F3h$T A E ECD
Fr 25 B2 SR S AR B ]2l 4.45 min,

N, O 3 #5752 i 507 5[] A 3 o 507 T AR 1Y
N, Ottt , A] AR A8 P A B2 119 28 £ 855 55 B[]
TR,

F:% x H x — (1)

(273+T) xR dt
AP F EEHEN,0 HEiHE & (pg - m? h');

P NFRMERSE(1.013 x 105 Pa) ;M J& N,0 Sk
B BE JR B 2> K (44.0 g+ mol™) 5 H 24 1K & i
(25 em) ; T RSB FE RN B E (C) 5 R
FSARH K (8.314 T - mol” kg!) ;de/dt Ny 4
N, OHEHGE R (L - m™ ™) (25745 ,2020)
1.33 ARt ERNE KBTS H2H (4
BEW) 9 H 5 HOMRW) 11 A 27 H (&),
TEAARE /N X AN L4 (B AR 6 em) #2218 S TE
L RFEERAETEN 0~20 cm )2 T 58, 3
MISC % 18 H (2 mm) 0 /9 51 B 42 50 A7 FIAR
RIGAEELE RET 4 CUKH .

+ 422 0.01 mol - L' CaClL, 3225, i i % &k
b 43 B AA3 (#2[E Bran + Luebbe 23 H])
MERERPESA MAR UHMSASE (B
v [R5 ,2014)

1.4 it o

1256 B4 i 1 Excel 2019 F1 SPSS 23.0 # {4
#7537, A Duncan XA B HEAT L2 E LA, &
SR FE K P<0.05, ] Spearman (37 72 /R &)
AR R B R 1 N, O HEGE & 5 LA S =
Z LA S

2 HER G

2.1 AEILGEXNBEIRESEFMEHEE N0
2% 2 AT AR RV K R T, Ty b B A AR IR
FEa R, W R P B R fF KT
2.71%M15.03% ; W, T F A= 5 F ) F,, FF
KT 3.93% 1.35% F1 10.88% A [A] it AT
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® 2 A EEKE KRG ERER
BBl T HE~EMEES
Table 2 Yield and sucrose content in sugarcane under

different drip irrigation levels and fertigation proportions

i THE

S o
Kiky R g S
. L 451 .
Drip Fertizati Yield Sucrose
irrigation ertigation (t - hm?) (%)
level proportion
W, F 87.2+1.86d 14.42+0.37a
W, F 99.7+0.58ab 13.15+0.17b
Fss 102.4+1.69a 12.15+0.11b
¥, 97.5+2.32be 12.48+0.12b
W, Fi 94.1+0.57¢ 12.24+0.60b
Fss 97.8+0.52abc 12.67+0.39b
Fy 96.5+2.03bc 12.87+0.22b
F 88.2+0.74d 13.02+0.50b

H: Fp. 100% %085 Fy. 50% FE 00, 50% 38 1 ; F,,. 30% %
HE,70% B0 ; F . 10% 3R, 90% 8 AL, 7 Fh B N S 4 {5 +
bR, I EE G 0 A W) /NE 5508 2 53 B 3# (P<0.05,
Duncan’ s ¥5) , M E/NE FHRERZEF AL E(P>0.05),
TR,

Notes: F,,. 100% basal fertilizer; Fs. 50% basal fertilizer, 50%
topdressing; F,,. 30%basal fertilizer,70%topdressing; F,. 10% basal
fertilizer, 90% topdressing. The values in the table were x +s_,
different lowercase letters in the same column indicate significant
differences (P<0.05, Duncan’s method), the same lowercase letters
indicate that no significant differences (P>0.05). The same bellow.

FEB R f MR RE = i I 3R R W > W, 158 B 3 7 o
KA HHES KR R R T R RE K 2 19 75% 4
B H R ™ T HEE K T AT A A AR R R Y
BT A SRR R AL S, A Ab B BE S A 12% ~
15%Z 18], W F | Kb SR 73 5 1 e e, (H At 4b 2
REWE 7> Z (B 25 5 R B 3
2.2 AEAREMBERHEEREHRNOF N

H1 & 3 AHT, FE B 2K T AR A5 7 T, A AH RV /K
KT F BRI S e . 7E W, KT Fog A B
FAZEH I F M Fy 38T 2.55% F1 4.69% ; 76 W,
KN Fo BRI ZE TR F ) Fy FF 4303 1
3.78% .1.05% A1 10.98% , AH [w]jifi AL LL ] T, B.25
FRIN W, >W,, Ui B E K 20 F 3k
TR TE T A K 0 75% A B TR i 28w

TERR A8 bR 07 1, 76 W, K KR, Fo kb B
RS B, B8 OF Al Ry A B3G5 T 13.33% Al
3.33%, TEREZEEAARPR M, 7E W EAOK T,
Fo Ab PHE ZE B AR e K, 3 F o il Fop A R G v& T

7.48%F1 5.02% ;7 W, T, Fo AL BEEZE AR AL F 45
R, AT RCEE BT T, F o b B S B 2R
HEE—5,

ST E K AL PR PR K 2R R AR
PR T A SR B A0 1, Ud B 3 VE A B TR o H R
PR BRI AR
2.3 AEAEX R H T ER AT R HE B E R

& 2 AT RS BE AR AR RV K B R F s
A3 A 8 N, O HEBE 5 4 o Ik, 7E W E K
TR AR FREE F oAb FR A 1 N, O HEBCH &= AT
373.7% ;46 WL HE K 5 T, F AL B B F, FF,
AbFE A4 N, O HEBGHE &5 BIFEAR T 78.4% .80.4%
200.6%, £ W HEKET B Fo b2, HoAlh b2
+ 4% N, O HEjiloE BB A B W B W0, UL F ik
PRI R R K, F AEFR W, W, W, A3+
1 N, O HElE & Y [t A B B s AH e WAk
LW, 5 W, i A HE 3 N, O HE i R R R4
B 1 2 R A o R v R T R
24 AEAEXN TELNRSENEME
2.4.1 BEAR R4 NASTEIHE HERE K 5K P
N[ = I N A= e = 2SRl R A
O, EEH TE W HEKE TR, Fy, A0 3 4 A AR A
SRR, W F, M PR M SASETIE T
2.31% 1 48.42% ; £ W, MK &8 T, F, b PR + HE iy
SRS RS, B Fy, F, M F A MRS
AT E T 6.36% .37.26% F 25.6% ., 1Effi K
B, FER S A A A e —

FEANEF Y, W KR T, Fy, 40 2 4 5
SAGE—HA T REAKE, WU W H#EKET Fy,
PEHEET DR S HIEE SR SR, FEF T, &
A BB RS AT B KT H
SR TR AL L, i 1 37 9 Ak RT3 i A A S R
i, EEAAF, B W, AW, F A H HA
AR 3 A A A i SR T R
2.42 ZAEAR £S5 NRENREHERE K KR
FEEAE L) T 4R B R AR & = Ak
DL, FE5TBE M R K KSR Py Ab 3+ 380
ARG BN TERKY, fFEMKI, 15T
ARG BRI S BN 3, 7fE W, #KET,
Fo A A SR & R P M P 3T T
38.46% 11 5.89% ; W, HE /K B, Fo b ¥ + 32 fily
BAGREF,, . Fy, M F 5T T 60% .
71.43% M 65.51% , BRI Fy 2b 81 7284
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Table 3 Agronomic characters in sugarcane under different drip irrigation levels and fertigation proportions

THHERE K 57T ¥ T A L 5] HZEE B MEEHEAR UNTESIEY i
Drip irrigation Fertigation Stalk weight Plant height Stalk diameter Effective stalks
level proportion (kg) (em) (mm) per hectare
W, Fi 1.71+0.04d 240.7+10.18¢ 30.40+0.57d 48997+1681cd
W, Fi 1.96+0.01ab 265.5+£10.94bc 31.16+0.28cd 56134+1670ab
Fss 2.01+0.03a 300.9£6.22a 33.49+0.68a 60185+2004a
Fy, 1.92+0.05abc 291.2+2.77ab 31.89+0.13abed 56713+£1767ab
W, Fi 1.85+0.01¢ 287.9+10.03ab 31.58+0.61bcd 55556+1204ab
Fys 1.92+0.01abc 286.8+3.64ab 32.25+0.52abc 52662+334bc
F,, 1.90+0.04bc 291.3+5.49ab 33.15£0.65ab 45139+2673d
F 1.73+£0.01d 252.5+16.20c 31.57+0.27bed 49190+3007cd
350
a 220 b OW.F, OWiFss
~ 300} 300 Ow.r,, Bw.F,
= D\\"nFm EW\"—uu
. oas ot
_E 25.0 E“"’;]";: .“"’;I'—:T
=1
= 2200}
= .
EZ 501
2% 100} ,
z 3! 100
Z 0.0 — . ' . L — ' 0.0
} T8 ES RS ¢
S0t -5.0 477/ Growth stage

A H W Growth stage

W,. BREERT; W, iR K 1, W, R KR 2; F,. 100% 3, Fy. 50% 308, 50% 80 ; F,,. 30% 308, 70% 8 0 ;
F. 10%3E0E 0% M, 6o A P e b B: (n=3) . TS. Z0EMN; ES. (), RS. M.
W Natural rainfall; W,. Drip irrigation level 1; W,. Drip irrigation level 2; F,,. 100% basal fertilizer; Fs. 50% basal fertilizer, 50%
topdressing; F,,. 30% basal fertilizer, 70% topdressing; F,,. 10% basal fertilizer, 90% topdressing. The values in the figure are x + s
(n=3). TS. Tillering stage; ES. Elongation stage; RS. Ripening stage.

P2 AN [l 5 R I /K MR FE R AE L9 T BT 358 N, O Hl o

Fig. 2 Soil N,0 emission flux under different drip irrigation levels and fertigation proportions

EEWAME AR, TS A SRR
B W, >W,, 1d B E 7K = B9 38 e DL

ﬁé/u\ﬁa%o

2.4.3 AR 3R 6 IR HERE K KT A
mmmegi WEEESATEN TS

o TEEM L TE W HEKE T, L EESA SRR
Fm>FSS>F37 IR, F A B F o F A3 A e B
BRAEESNIET 62.67%H 85.36% . K,
TWH@KETi%?UEQE%ﬂﬁEQ%>
Fio;7E W, P&+ ERASTRERALE,
e MFE K BT RIS SRS BIA T, >
Fo>F BHE, 78 W, F P AbBE R S A & &

BEF o H o A BE Y 550 TH 8 T 14.44% F1 2.31% , 18
W, FF AbH 3 SR T m, B, Fys Al
F AMBEFE T 7.55% 5.11% 1 3.12% , 1EfK I
FR Y] AH ) b AR Ah B R 3 S A E R B
W, >W Ul B K i A B IR DL e A RS
RO, FoBT, &4 W% oK b 31 1
ARG EY R T HARFET A BE 150 B i v b
AT ARSI e S R A,
2S5 AR ETEHIESUTRAENEES T
HMaaErnExXE

PR AL H B 3 A B WRE B R K
T H 438 N, O HE s & A i AR B ISR
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*4 AEHEEKEKEMEEBRLG T HEBESAEE (A mg - kg')

Table 4  Soil nitrate contents under different drip irrigation levels and fertigation proportions ( Unit; mg + kg™)

THVE HE K o KF- T HE AT LL ) Iy BEL] fi I A
Drip irrigation level Fertigation proportion Tillering stage Elongation stage Ripening stage
W, F, 72.17+7.21c¢ 81.03+8.86hc 28.47+0.36d
W, Fi 168.53+53.41ab 94.45+26.57be 80.70+5.85abce
Fys 116.18+2.31abe 92.03+0.75be 80.38+16.07abc
Fy, 172.43+4.00a 131.50+0.85a 111.41+15.04ab
W, Fi 134.47+19.68abc 113.47+10.29ab 73.18+2.32bc
Fis 126.43+17.67abc 86.57+9.50bc 119.34+£14.89a
Fy, 97.97+2.55b¢ 71.10+8.95¢ 55.51+12.22¢
F 107.06+1.58abc 56.00+2.42¢ 100.59+15.57ab

RS AREBEEKRSKREMEEFEILG TLEIHESRSE (P47 pg - kg')

Table 5 Soil nitrite contents under different drip irrigation levels and fertigation proportions ( Unit; wg - kg™)

T VE T K KT

Drip irrigation level

THE AL L A5

Fertigation proportion

T
Tillering stage

A

Elongation stage

B

Ripening stage

W, Fi 176.67+31.80a 143.33+13.33ab 110.00+11.55¢d

W, F 86.67+3.33b 86.67+3.33¢ 103.33+3.33cd
Fys 103.33+18.56b 120.00+17.32abc 90.00£17.32d
Fy, 106.67+3.33b 113.33+14.53abc 120.00+5.77bed

W, Fi 113.33+14.53b 100.00+20.00bc 196.67+26.67a
Fys 130.00£5.77ab 160.00£23.09a 150.00£17.32abc
Fy, 120.00£17.32b 93.33+8.82¢ 160.00+17.32ab
F 106.67+14.53b 96.67+3.33bc 123.33+3.33bced

19

WA S A M B A G AT E S (£ 7).
FH 2% 7 R, BEF N,O HEMGHE 7 5 + 3 NH," & &
Z[B) 5 4 2 R G A O R B -0.497 1 5 £ 4
NO, Fl NO,” & & Z [ A KA B3

3 WikhE®w

R e M1 T Bl B T R A A R R RO
PSR E YT TTRE S B bR SO 2R A TR E
PUER, BEZE ELAR PR i R BIUA S8 = 502 H ™ i
5 A, X HORE ™ o R Bk E AR T CRE R,
2006) , 5 Hits H 480 E 2 52 BRAE ) e 7 ) 2 A
it 2 — o it T UAE AT LA s A 7 i UAE B it
FH L B 35 1 M A 7 A 3 T (e IS T 4E
2020) , ABEFEEE R E W, £E5F A i H 300 kg -
hm A A5 0F T, 3 Ui A e — U A i it B o

HRE =, FE IR HAH R B 55 /U — Yk o St
SR RE 3.32% , 1 = AR HACR, Bk
AT O A P R i P b 912 T TR o 7 AR ™ Y O
i, BREEIY A (2010) WF 5T R I T E e A F T R
ZEAPRC HEORL, DA S e, AT SE R IR Vi
AbFRH BT HARRE WAL SRR A7
B TN B 28 43 A7 A8 359 040 15 00, B AR 6 U [ L B
M~ 910.4 mm, {H 53 BE B [ T 4 183.8 mm, fiff
HRE 4> BE O D, M5 B0 3028 Fo /> F e
TR T VEE A PR O AR R AR T
FEARBFFE Y, 138 N, 0 HEHGHE & 78 H 5 4 g8
WA 5 R HE R 03X 2 B DR Ry SRt A ) ) BE
kAR J E AR D, Hh R T A B
SN, KhHERL, I H IR ot A 2F 2 1A] it
A HUAE 5 5 25 38 T 4 39 5% I o A= 9 A g i
[ B A MLAE A 2551 Al Ay I il A B A P 4 T Fl
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x6 AEHEEKEKEMEEBEELLG T HHEERSAEE (A mg - kg')

Table 6  Soil ammonium contents under different drip irrigation levels and fertigation proportions ( Unit: mg - kg™)

THVE HE K o KF- T HE AT LL ) Iy BEL] fi I A
Drip irrigation level Fertigation proportion Tillering stage Elongation stage Ripening stage
W, F, 7.92+1.29h 7.65+0.38¢ 13.79+0.09d
W, Fi 13.29+2.53a 8.71+0.16bc 13.92+0.44d
Fys 8.17£0.47b 8.76+0.16bc 15.57+0.08¢
Fy, 7.17+0.95b 9.59+0.24h 15.93+0.55¢
W, F 9.84+0.85ab 12.00+0.80a 17.21+0.28b
Fis 10.73+1.43ab 12.33+1.32a 17.61+0.26ab
Fy, 6.98+0.76b 11.73+0.38a 17.95+£0.67ab
F 8.78+0.48b 12.07+0.11a 18.51£0.29a
x7 BEHIZENOHMBESLTIRA O, B 52 ) 3 N, O By HEGE R (T WA

SEMNEXES T
Table 7 Correlation analysis of soil N,O emission

flux and inorganic nitrogen content

$4H7 Index NO, -N NO, -N NH,"-N

N, O HEfGH & 0.142

N, O emission flux

-0.165 -0.497 =

W o« FRBEHKL (P<0.05, n=24); NH,"-N RREL
A; NO, -N FRHASA; NO, -N FRTERALR,

Note: * indicates significant correlation (P<0.05,n=24);
NH," =N indicates ammonium nitrogen; NO, -N indicates nitrate

nitrogen; NO, -N indicates nitrite nitrogen.

T BEmE g T R AR IR KA BN, 0
HERCHE in (B SCHEAE,2019) o Hi AT SE R W G R
N,O j7 4 b % + 38 I 52 T vy i 3 (BB 78 AE
2012) , MAWF 5 K BLAEH RESCARTIH, N, O Rk
i A B e D AT AR R T AR R AR e T 4 g
A= W A iR B2 DA T A8 A Ak S R A R A PR
th 5 AR R ER ( DNRA) VR TR 4R NO, fEPR AL 4%
N8R Y 5 A ie B o NH, ™ /9 3 72 ( Baggs,
2008) , DNRA i 2Bk~ 4 NH, 4b, 8 & W LA
NO, BB AL R N,O0 HEi, AWFHRARR], 5%
FMEMT, B 5 N, 0 Hes & 5 e S
Aot Z A 5 3 A O ml RE 2 it Tl 56 vh it
AREFIE LEAIR S ®FE, 5 K 4E DNRA
(Morley & Baggs,2010) , 7 25 fiFf iR i Ji i 3% 14 I
Fh B R S RI,N, 0 HEBGE 551 7F B, BN, 0
el 5 TR AR S/ Z R AR,
AR o3 K U BE S e B2 B 3 R R AOIR

2008) , — MU, IR 15~ 35 CoEm ik
FHRA 03 21 A 3 ‘T 3 T (5 g 2 AR o A
2003) , A SEVEY) A= B 10 K 2 B ) - S8 B Ab
FIX— X [A], H R FH i o K 0y g T
FLB B R M (A A KESE,2008) , I F - 3R 1k
YRR HEAT , R 0 2R B bk s 48 2 o /b | 5 35 4
SRR BB, AMREH, LHEMEA T
TEMAI A —EREN TR, PHSA S =S5
KM 22 AR K, T d A &l & & A I BT, 8 H
PRI, AT BB 2 R T A 2 A 0 T X 4 2 I i R
TR GBE G B A A R, [ R T 4 g
S A 2SR S R TR B Y s N A A RN
W AHAS A B A Bk (A2 4% ,2016)

A B HE R I b 5] R AT AkHRE o R T
W0+ N, O WUHER, ABFRTESFERMT i
RHEE LA 7] b B 7 AR H I AEE K K- 75% Fil
85% T A MR IE S~ 43 102.4 + t hm?F197.8 ¢ -
hm? AN X & 77, i HLAE 38 N, O HEGE J 4
1R 0 0 BE IS/ - 38 N, O I HEGH &

T 18 N, O HECHE & A6 A E Y A AN
ADAUMAR SR T B Irds R R
B, R A S RS i B R N, O HERGE

B2
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Effect of inorganic nitrogen supply on the salt-tolerance
of Brassica napus plantlets in vitro
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( 1. School of Karst Science, Guizhou Normal University, Guiyang 550001, China; 2. State Key Laboratory of Environmental
Geochemistry , Institute of Geochemistry , Chinese Academy of Sciences, Guiyang 550081, China; 3. Guizhou

Vocational College of Agriculture, Guiyang 551400, China )

Abstract; The Brassica napus ( Bn) plantlets in viiro were used as the experimental materials in this study. The sodium
nitrate was employed to provide the sole nitrogen source and salt stress. The growth parameters, chlorophyll contents and
foliar 8 C of B. napus plantlets were measured in this study. The photosynthetic capacity of B. napus plantlets was

estimated by the stable carbon isotope value. The relationship between inorganic nitrogen supply and salt-tolerance of the
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B. napus plantlets was studied based on the photosynthetic capacity. The results were as follows: (1) The deleterious

effect of slight salt stress could be counteracted by 40 mmol « L™ sodium nitrate, while the deleterious effect of moderate

salt stress could be effectively relieved by 80 mmol + L sodium nitrate. However, even if the inorganic nitrogen supply

was excessive, the growth of B. napus plantlets was heavily inhibited by the severe salt stress. (2) The chlorophyll

contents of B. napus plantlets decreased gradually with increasing salt stress. (3) The photosynthetic capacity of B. napus

plantlets reached the maximum under slight salt stress condition. However, the photosynthetic capacity of B. napus

plantlets decreased obviously with increasing salt stress. Hence, when the inorganic nitrogen demand is met for plants,

the salt-tolerance of plants will depend on the photosynthetic capacity. Excessive inorganic nitrogen supply can not

improve the photosynthetic capacity of plants suffered from the severe salt stress.

Key words; Brassica napus plantlets, sodium nitrate, salt stress, stable carbon isotope, photosynthetic capacity
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Table 1  Effects of different sodium nitrate concentrations on growth of Brassica napus plantlets in vitro
T BR B e g
SR Sodium nitrate concentration (mmol - L")
Parameter
10 20 40 80 120

Wi 2.10£0.50b 3.26+0.29a 3.46+0.45a 3.13+0.34a 2.01+0.26b
Increased biomass (g)
ZERL 5.7+0.6a 6.0£1.0a 5.3x1.2a 2.3+0.6b 1.7+0.6b

Shoot number

T RPEE A FE « AR, n=3, BT PMRFEFRRTRENZER(P>0.05), T,

Note: Each value represents the x + s (n=3). The same letters in each line indicate no significant differences (P>0.05). The same

below.

x2 AEAHEBAKENHERBRAEEHEESENRTN

Table 2 Effects of different sodium nitrate concentrations on chlorophyll contents of Brassica napus plantlets in vitro

T R Sk vk 2

S Sodium nitrate concentration ( mmol - L)
Parameter

10 20 40 80 120
% a 0.46+0.03b 0.52+0.07ab 0.65+0.07a 0.56+0.08ab 0.46+0.05b
Chlorophyll a (mg - g")
42 b 0.15+0.02ab 0.14+0.02ab 0.19+0.03a 0.15+0.02ab 0.13+0.02h
Chlorophyll b (mg - g")
B R 0.61+0.04b 0.66+0.08ab 0.83+0.10a 0.72+0.10ab 0.59+0.07b

Chlorophyll a+b (mg - g*)
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¥ 4 IR Bk ) 07 2% B R 3 R R A o i
(IR PN

3 w54
T b I 2 BB 0 2 KR P e ) R

PRI IA 1, PRI 7E R 95 - b FiR 1) A A 0 B Dy
W 3E B A7 A T B A R 2 B A, DA TR 5 ]

RAEY 7= 5 (Liang et al.,2019) , 3l %, 18 2 44
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h 3 S 2 A AT R S A A AR A
WA S A R AR R A R I S T AR K
RGN =1 = B R R (PN R A U ) | B B Ao
I Y o ) 2 S R PR 3 D I 3 18 B ( Kaiser
& Huber,2001) , (H7EAF 5T, Bifi & £ 30 7 B
AR AT AR, i S R b 0 B 2 B, S A
IO EE 1) 3G 0 RE 4 e A R O 5 1) 1% ) ((Kaiser &
Huber, 2001 ; Black et al., 2002 ), Zhang & Wu
(2017 ) BYBIFFE 2 B I 6 i 19 A ke ) 34,
WA S A B A B, I,
S AL = I RE £ & RS B 7EER
JRE SR A Y B TC LR AR Y B R T AR ) I
WA &G, RN — s E R RS
325 ] 19 ) J5 A I ) R T8 38 B S A1 52 R ( Carillo et
al., 2005) . HEEER WA AR R K AL I SR 2 By
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40
AR Bl

Sodium nitrate concentration (mmol-L™")

Bn R H TR, BUE R R A TFIME + FRiE2E n=3,
FEBREIHR TE AN ] 7B 378 BAT 35 22 52 (P<0.05)

Bn indicates Brassica napus. Values are x + s (n=3). Different
letters in the same plant species indicate significant differences

(P<0.05).

L1 AN TRI AR TR A e JRE ) i R i =i 4
Bt v 8" C Y
Fig. 1 Effects of different sodium nitrate concentrations

on 3" C values of Brassica napus plantlets in vitro
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Abstract; Naturalization is the basic premise for exotic plants to surmount a series of obstacles and become invasive
plants. It is helpful to prevent and control plant invasion for studying the species composition and distribution of
naturalized plants. Based on literature reports and specimen records, we firstly maked statistics on naturalized plants in
126 prefecture-level cities in 12 provinces (regions) in West China, included all vascular plants, and analyzed the plant
composition and temporal and spatial distribution characteristics. The results were as follows: (1) There were 826
species of naturalized plants belonging to 107 families and 473 genera in the western region, accounting for about

75.16% of 1 099 species of naturalized plants in the country. (2) In terms of time, according to regression fitting, the
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cumulative growth of naturalized plants in the western region was stable before the 15th century, and then showed a

Logistic pattern of growth, and the growth rate was the largest in 1936. At present, the growth rate slowed down but the

proportion of unintentional introduction was significantly higher than that in other periods. (3) Spatially, the number and

density of species were increasing from northwest to southeast and inland to the border, and there was a phenomenon of

strong provincial capitals. (4) Regression tree analysis showed that annual precipitation, GDP, average annual

temperature and cropland ratio were the main driving factors for the distribution pattern of naturalized plants in the

western region. These results enriches the basic data of naturalized plants in the western region, are conducive for finding

out the current situation of alien plant invasion in the western region, and provide scientific basis for its comprehensive

control.

Key words: biological invasion, western region, naturalized plants, temporal and spatial distribution pattern,

driving factor
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This map is based on the standard map of the National Bureau of Surveying, Mapping and Geographic Information, and the base map has not

been modified. The same below.

K1 P AR X 1
Fig. 1 Topographic of West China
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Table 1

number of naturalized plants in West China

Main families, genera and their species

A . Nuﬁlﬁ of & Nufllfb{ﬁr of
Family species Genus species
HFL Asteraceae 114 Ki&JE Euphorbia 20
A} Fabaceae 106 JifiJ& Solanum 16
RAF} Poaceae 88 WJE Amaranthus 14
jifi#t Solanaceae 37 &8 Batatas 12
BEA Amaranthaceae 35 RWIE Senna 11
KA} Euphorbiaceae 28 ¥&J@ Eucalyptus 9
4R} Brassicaceae 26 HWLEJE Oenothera 9
£i1F} Caryophyllaceae 23 RIJE Crotalaria 9
2R Malvaceae 21 AHERE Acacia 8
JEAEF Convolvulaceae 20 KEJE Erigeron 7

T TR e AR P HES , 2 b B IBUR B0 22 1 i T
ARHE

Note: The main families and genera are arranged in descending
order of the number of species, and the top ten families and genera

with the most species are selected in the table.
h 0.24%

a 10.39%

e 31.90% b 13.02%

¢ 3847%

a. ﬁ'ﬁq b. # F; c. EMELL; d. Z5H; e. TEFIA;
LR, B,
a. Food, b. Material use;

e. Unintentional introduction; h. Hybridization. The same below.

B2 o P AR X AR S A I i e

Fig. 2 Proportion of introduction ways of naturalized

c. Landscaping; d. Medicinal use;

plants in West China

HEA 21 40 AR Logistic BE G IR | Y174 &
b XA A P b A F 3 K R B S R B B,
TR K 958 I O 2% A {4, %k 3 R 0 G 2 B A
& AR5 | P28 RS, A =5 L A R4k iy 15 4k

ZPE 4 e Cumulative percentage (%)

West region orthwest region

&) v 3 530 2R 7 4 T L 105 A DX G S, X0 G o X )
VLA 7 L. AF. B EUL B SA. REE
TemA. {EH7 WM ; TroA. #aF Will; NA. LM, FFE,

The figure shows the proportion of naturalized plants in nation
wide, the northwest region, the west region, and the southwest
region. AF. Africa; EU. Europe; SA. South America;
TemA. Temperate Asia; TroA. Tropical Asia; NA. North

America. The same below.

P 3 vl ] 7 S s X ST A A ™ 3 A
Fig. 3 Origins distribution of naturalized
plants in West China
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Fig. 4 Accumulation graph of naturalized

species number over time in West China
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Fig. 5 Graph of origins and introduction ways over time

2019) . LU M AT Iz Hi P 2% 1 A S, N I 3 K
XoF B A2 A ) G I A TR R B NS B, o b
A e T = A SR FR DT AT 5| % 3 A A P
SRR P O bR i RV, A ) A AR B L T e
ZHL,
3.2 FE S WEFES T

12 (X)) A A 8 A Wi 3 ik
Y% e, RAH R RESNE, A5
Wi b MRSk AL A AR ) B R 5 A,
(] — e 3l T A LU, 4 25 T B B S8 S5 1Y R il i
it FVE S R 0 IR T U A A v Bl AR 4 1Y
NN 532 NG Sh gm0 OR, ek 1R &
% A [ BE i 25 A 4 I Aty SR T 2 L2

TSR R Sl T R R ) M R A
=5 A Ui T YR A A [ PR AC U A AR A, 1S
T HLY VAL RS R] B ( Foxcroft et al., 2017) , X 1
SV T B 3 S T U Ak % B e v A SRR,
TRVE RN, OB 94 3 1 IR AL T 23k A

ZHEPE IS H X Z — ¥ Indo-Burma N ( Myers et
al., 2000) , 1y i [ bl 2 A ) 22 A R DR 4 1 G
HiIX (Tang et al, 2006) , 8 J2 P4 55 Hb X )5 £k Ad )
B 2 W 9T, 7 P R X B 50% . H
Jir DRI 1 0 5 1% el BHE A7 RIS R P R AR R AR
Hor i 2 R Z2 5N RAR Y 2 th T A el Y K 5
R IAAL , A7 Tl i B35 Y rp EERE S e 0 B
NPT AE ) el 2 PG XU AN 5| R A Sk A ) B 22 1Y BL
1 (22 5E 45 ,2006) At BE T A 23 A VA AR A
Wi 23 A B DX, ] P B 1 1 2 ) R A
3 000ZE 47 , P4 XU AN FH A el 29 5 000 Fift, H
A 1/3 IS RAEY) (He, 2002) , HEPIHIUCE |5
FRFN AL 2 A8 W) el ) 5 AT 55, K 0 51 i 41 ok
LR/ E TN R7/EY/E A s S EN E N R O
ARSI EE . I, &4 2 s 1l A
Bis 0, HE 400 el 5 | ol 107 B P 455

ST FEEE R — B, A ZE TR AR
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i i Number of species 1 ¥ Number of species
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A, B, C, D indicate the number of provincial-level naturalized plants, the number of municipal-level naturalized plants, the density of

provincial-level naturalized plants, and the spatial distribution pattern of municipal-level naturalized plant densities.

Bl6 o PR M X U AR 4 2 () 23 A ks Sy

Fig. 6 Spatial distribution patterns of naturalized plants in West China
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TP A4k ( Van Kleunen et al., 2015)

SRR T, 1] 7 Sl X R R i
AR RS T I 1 0 10 e Dol M, B SR T K
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Table 2 Similarity of the number of naturalized plant species in West China
A (X)) A
Province Ey] i} )i B MR Bt s Hl P NS HIE TH
(region) YN GX SC GZ CQ SX XJ GS XZ NM QH NX
and city
ZH YN —
J7PE GX 0.69 —
i sc 0.59 0.55 —
BN G2 0.55 0.56 0.65 —
B CQ 0.48 0.48 0.63 0.59 —
BePE SX 0.41 0.42 0.57 0.51 0.58 —
HiE XJ 0.33 0.33 0.43 0.39 0.43 0.54 —
Hifr GS 0.32 0.32 0.46 0.43 0.50 0.58 0.54 —
VU XZ 0.33 0.32 0.45 0.42 0.45 0.46 0.45 0.48 —
N NM 0.26 0.25 0.27 0.37 0.38 0.47 0.49 0.50 0.41 —
i QH 0.25 0.24 0.36 0.34 0.40 0.45 0.46 0.52 0.47 0.52 —
TH NX 0.19 0.19 0.27 0.29 0.32 0.36 0.36 0.47 0.41 0.51 0.53 —

I R EA (X)) MiUE4HES

Note: Adopt the abbreviation of Chinese province (region) and city code.

(EAFHE — 2P 3R, I A /0 i B gl ik = A L IX
ey & H AR W E A, DAIRERSE T
BRZE, Y B X A Al W i 44 S 4 i) S R A IR
AR | 77 2 A A A3 B MR AR

SE .

ANSONG M, PERGL J, ESSL F, et al., 2019. Naturalized and
invasive alien flora of Ghana [ J]. Biol Invasions, 21(3):
669-683.

BLACKBURN TM, PYSEK P, BACHER S, et al., 2011. A
proposed unified framework for biological invasions [ ] ].
Trend Ecol Evol, 26(7) : 333-339.

CABRA-RIVAS I, SALDANA A, CASTRO-DIEZ P, et al.,
2016. A multi-scale approach to identify invasion drivers and
invaders’ future dynamics [ J]. Biol Invasions, 18 (2):
411-426.

DE’ ATH G, FABRICIUS KE, 2000. Classification and
regression lrees:
ecological data analysis [J]. Ecology, 81(11): 3178-3192.

EVINER VT, GARBACH K, BATY JH, et al., 2012.

Measuring the effects of invasive plants on ecosystem

a powerful yet simple technique for

services: challenges and prospects [ J]. Invasive Plant Sci
Manag, 5(1): 125-136.
FAN GZ, CHENG GD, 2003. Reason analysis of the influence

of Qinghai-Xizang Plateau uplifting on arid climate forming

in northwest China (1) : Influence on general circulation of
atmosphere [ J]. Plateau Met, 22(S1): 45-57. [ &) ¥,
REFEHR, 2003. 75 78 it R T 0] P I 5 AU R
AOBEALLCT) < PRI [J]. W G, 22(S1)
45-57.]

FOXCROFT LC, PYSEK P, RICHARDSON DM, et al.,
2017. Erratum to: plant invasion science in protected areas:
progress and priorities [ J ]. Biol Invasions, 19 (8):
2503-2505.

HASSAN MO, MOHAMED HY, 2020. Allelopathic interference
of the exotic naturalized Paspalum dilatatum Poir. threatens
diversity of native plants in urban gardens [ J]. Flora,
266(2020) ; 151593.

HE JY, CHEN K, PAN XB, et al., 2019. Analysis of plant
pest interception at China’ s ports of entry during 2016—-2017
[J]. Plant Quarant, 33(6): 34-37. [fil{Ei&, R, Wk
WK, S, 2019. 2016—2017 4 (&l PSR MPRE I A B0
arbi [J]. FEYIRGE , 33(6) : 34-37.]

HE SA, 2002. Fifty years of botanical gardens in China
[J]. Acta Bot Sin, 9(44) . 1123-1133.

HYNDMAN RJ, MESGARAN MB, COUSENS RD, 2015.
Statistical issues with using herbarium data for the estimation
of invasion lag-phases [ J]. Biol Invasions, 17 (12):
3371-3381.

INDERJIT, PERGL J, VAN KLEUNEN M, et al., 2018.
Naturalized alien flora of the Indian states; biogeographic
patterns, taxonomic structure and drivers of species richness

[J]. Biol Invasions, 20(6) : 1625-1638.



438 L R 7| 42 %
4EFEK A Annual precipitation (mm)
<618.52 >618.52
GDP ({ZJG, 100 million yuan) GDP ({ZJC, 100 million yuan)
< 49235 - 49235 <1 865.30 >1865.30
EBRR
® 2 Average annual temperature (°C) ®©
79.74 (HIFB 107.23 (4% 283.00 (4FI8
Number of species) Number of species) Number of species)
31 (iM% 28 (BRI 10 (ol %
Number of cities) Number of cities) < 16.75 >16.75 Number of cities)
®

P Al Cropland ratio (%)

>0.24

o

250.14 (#Fh¥ Number of species)
13 (3 i~ % Number of cities)

<0.24

4

134.62 (4Fh %L Number of species)  184.21 (#Fh%L Number of species)

25 (Wi 4~%k Number of cities)

19 (3 i 4~ % Number of cities)

K7 o P X R AR ) 22 B 5 2 B A RE 2 PR IR 1 [l I A

Fig. 7 Regression tree of naturalized plants diversity and key social and environmental factors in West China
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Analysis on the differences of light utilization strategies of
four Poaceae species with different evolution degrees in the
south subtropical region of China during summer period

ZHANG Yafang'*, WANG Hailing"*, ZHU Shidan®, ZHANG Xiaoyan'?, ZHU Junjie'*"

(1. Foresiry College of Guangxi University, Nanning 530004, China; 2. State Key Laboratory of Protection and
Utilization Subtropical Agricultural Biological Resources, Guangxi University, Nanning 530004, China )

Abstract; In order to explore the light energy utilization strategy of four Poaceae species, including sugarcane, carpet
grass, bulrush and buddha bamboo, the plants in the field or original habitat were used as materials. We determined the
chlorophyll fluorescence and photosynthetic gas exchange characteristics from fresh seedlings leaves in vivo, and analyzed
the pigment contents during the hottest period of the summer. The results were as follows: (1) The C, sugarcane and
carpet grass had high net photosynthetic rate (P,) coupled with high water use efficiency (WUE) and high quantum
yield efficiency (®;), thus being able to assimilate a large fraction of light energy; (2) The C, bulrush had relatively
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high P,, WUE and @,, and its high carotenoid pool which coupled high nonphotochemical quenching heat dissipation
(NPQ) might help the bulrush to get rid of the excessive light energy; (3) The C, buddha bamboo had the lowest P, ,

WUE and @,, however, its large carotenoid contents and high xanthophyll de-epoxidation level (DPS), coupled with

high NPQ were expected to help the leaves to dissipate the excess light energy. In addition, the light-use strategies of the

four species were also affected by their life forms. These findings are expected to help breeding programs for sugarcane,

carpet grass and buddha bamboo, and to provide a physiological reference for wetland ecological restoration and planning

of bulrush.

Key words: evolution of photosynthesis, photosynthetic adaptation, Poaceae species, hot stress, south subtropical
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Phylogenetic tree was drawn according to the article (Sage, 2016).
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Fig. 2 Maxim photochemical efficiency of four Poaceae species
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Fig. 6  Quantum yields efficiency (@,), water use efficiencies and correlations of four Poaceae species

R1 EMHREREMHXESE CFELIRMERE n=3)

Table 1  Photosynthetic parameters of four Poaceae species (x+s, n=3)
Z ¥ Parameter HHE so HEE R AC P PC AT BY
PS [ AHXF L FE 88 (ETR 1) 111.9+21.4a 64.9+2.3b 51.6+2.7 b 61.5+21.3b
PS T ARXS B T A (ETR 1) 43.9+10.34a 34.4+7.7h 31.0+7.3b 35.8+8.5h
HALF K ZEL(qP) 0.10+0.03b 0.16+0.03a 0.09+0.03b 0.11+0.03ab
Ja ] CO,#efE €. pmol + mol™) 138.9£19.25¢ 165.3£33.6b 156.4x33.8b 287.5+2.5a
5 R R, (pmol + m™ « s™) 2.50+0.68a 1.29+0.62be 2.19+0.66ab 0.42+0.12¢

T8 [T IR/NG SR 2R il 22 52 0. 3% (P<0.05) , T 1A

Note : Different small letters in the same line indicate significant differences between species (P<0.05), the same below.

K2 HEMHAAREVMERESE CFHELRHERE n=3)

Table 2 Pigment contents of four Poaceae species (x+s, n=3)

B 5 I R A 5SSy

PFh Species Neoxanthin Lutein V+A+Z Chl (a+b)
(pg-gh) (pg-gh) (pg-gh) (mg-g")

i so 171.48+30.21¢ 1185.42+46.75¢ 663.59+44.74¢ 6.17+1.15a
HWEH AC 115.97+28.74d 438.21+33.39d 347.93+33.68d 2.13+0.06¢
3 PC 331.46+32.21a 1598.14+36,78a 812.79+47.25b 6.04+0.09a
4T BY 319.28+40.13b 1260.12+42.45b 850.55+45.72a 4.43+0.12b
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Fig. 7 Correlations between pigment contents and photosynthetic characteristics of four Poaceae species
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Abstract ; The distribution pattern of plant community is the result of the interaction of environmental factors and human
activities, especially the elevation gradient is considered as the decisive factor of the distribution pattern of plant
community. In order to explore the relationship between plant community distribution pattern and environmental factors
and its driving mechanism in Qilian Mountains National Nature Reserve of Gansu Province, the characteristics of plant
community and its relationship with environmental factors in the study area were disucssed, using quantitative
classification and DCCA sequencing methods on the basis of field investigation. The results were as follows; (1) There
were 85 species of seed plants belonging to 30 families and 56 genera in 88 sampling plots of Qilian Mountains National
Nature Reserve of Gansu Province, including twelve species of Gramineae, nine species of Compositae, eight species of
Fabaceae , six species of Rosaceae and five species of Chenopodiaceae, accounting for 14.11%, 10.59%, 9.41%, 7.06%
and 5.88% of total species, respectively. These plants could be classified into nine plant communities throught
TWINSPAN. (2) Nine plant communities were clustered and distributed on the DCCA sequencing diagram, showing a
good environmental gradient. Altitude had a great influence on the distribution pattern of plant communities, followed by
precipitation, temperature, slope, slope direction and soil humus. (3) Among the variables influencing plant community
spatial distribution pattern, environmental factors accounted for 25.24%, spatial factors accounted for 13.21%, space
factor and environment factor interactions accounted for 9.03%, 52.52% of the community distribution pattern was not
accounted by spatial factor and environmental factor section, and this part mainly reflected the human activity influence
on plant community distribution pattern in the study area. The results of this paper are of great significance to the
ecological restoration of vegetation and the stable maintenance of biodiversity in the region.

Key words: plant community, Qilian Mountains National Nature Reserve of Gansu Province, distribution pattern,
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Table 1  Quantitative characteristics of dominant species in Qilian Mountains National Nature Reserve of Gansu Province
44 4 J& G GE
Species Family Genus Life form Important value
ABIEEAY Sabina przewalskii FAR} Cupressaceae [ A& Sabina FE A Arbor 201.43
FHHF A2 Picea crassifolia FAR} Pinaceae ZHE Picea T Arbor 230.21
114 Populus daviviana Wil Salicaceae )& Populus T+ AR Arbor 87.43
£IME Betula albosinensis HEAR} Betulaceae HER R Betula Tt A Arbor 90.12
FIKE B. playyphylla HEARL Betulaceae MeAJE Betula FEAK Arbor 82.13
Bt )L Caragana stenophylla T B} Leguminosae X JLJE Caragana HEA Shrub 103.44
M Tamarix chinensis BEMIRF Tamaricaceae BEHNE Tamarix HEA Shrub 43.23
RE AL Caragana jubata HBl Leguminosae B3 JLJE Caragana #EA Shrub 110.76
WM Salix oritrepha MRl Salicaceae W& Salix WK Shrub 56.27
4:@EMF Potentilla fruticosa WA Rosaceae ZE 3T Potentilla H#EA Shrub 98.51
R P. glabra R Rosaceae ZzB )@ Potentilla HEA Shrub 72.61
| Nitraria tangutorum FHHIEL Nitrariaceae H )& Nitraria HEAR Shrub 89.31
LI Reaumuria songarica FEMIE} Tamaricaceae EEEE Reaumuria HEA Shrub 80.10
EITUR Kalidium foliatum #B} Chenopodiaceae LRITUNE Kalidium HEA Shrub 74.87
5298 Caryopteris mongholica JRIEFF Lamiaceae 3EJ® Caryopteris AR Shrub 65.32
BEHREL Ceratoides latens #%} Chenopodiaceae WY AE)E Ceratoides H#EA Shrub 40.19
H 83X )L Caragana opulens ZF} Leguminosae #38)LJE Caragana HEAK Shrub 55.34
B3k B Sympegma regelii #HiBL Chenopodiaceae B3k Sympegma HEA Shrub 67.89
/NHE§ Cancrinia discoidea %%} Compositae /NH 28 Cancrinia Wi4EH: B Biennial herb 110.35
VKFE Agropyron cristatum RAF} Poaceae VKR Agropyron ZAEAHA Perennial herb 95.38
K% Achnatherum splendens RAE} Poaceae F R EE Achnatherum — 244 B Perennial herb 89.38
A 5 Eleusine indica RAEL Poaceae )& Eleusine —AFEAE R Annual herb 94.76
FAEHA Solanum rostratum ik Solanaceae HiJE Solanum — 4L Annual herb 45.67
LR Poa annua RAF} Poaceae HLEARIE Poa —4EEHAR Annual herb 90.24
¥ Stipa capillata RAF} Poaceae )8 Stipa ZAEE R Perennial herb 67.89
BB Ranunculus tanguticus EE A} Ranunculaceae E )& Ranunculus ZAEHE B Perennial herb 56.87
INFEIESY Saussurea parviflora 4%l Compositae T3 )E Saussurea Z A B Perennial herb 89.12
HilE® Hemerocallis kansuensis PHHEEL Cyperaceae W JE Hemerocallis ZAEH R Perennial herb 96.31
B Artemisia tangutica 4%} Compositae B Artemisia ZAEA KA Perennial herb 90.17
FEREPETLF Elymus nutans RAEL Poaceae PR Elymus LA R Perennial herb 89.88
5 ® Achnatherum inebrians RAF} Poaceae B HFE)R Achnatherum — Z4FA:FEAR Perennial herb 54.65
% IKAE Pilea notata R} Urticaceae Y IKIEIR Pilea LAEE B Perennial herb 42.17
RIT A Fragaria orientalis 4 34%} Rosaceae WS Fragaria LA B Perennial herb 39.85
B T IS Pedicularis muscicola % ZF} Scrophulariaceae LY Pedicularis ZAEH R Perennial herb 40.08
LU % Heracleum millefolium AIERL Apiaceae W% & Heracleum ZAEHE B Perennial herb 41.01
H3%EHE Artemisia sacrorum 4%} Compositae B Artemisia LA B Perennial herb 37.52

B 5 B A AR OGO AR R
PR /N B g 1 440 > AF 3 g 7K > 4F 24 I B2 > B >
SR B I > Wl A > W ), R AR — b R B S T

H R AR S A 5| RS R K PR AR IR O I - HE A
TR, Wk ARRIREK 3R AR B R S 2
TR AR AR OGO AR, A SRR R /IN R B AR 4 i
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Fig. 2 TWINSPAN classification tree of plots

JE S AE SRR S FE ST 4K, R WIEH i =2 e 1
MR AR (K 2)

2.3.2 MAKBEZEA T 5L AT 69 DCCA #H4 H
AR Ll A SR ORI XA B RE 7S DCCA o B 45 1 3%
WY (3R 2) , 10 a4 HE 5 b 0 RRAE 18 23 78 0.962
0.643.0.471 F10.371, i T 25 — HE 1 il A s — HE
PRI AR AR X e v, el T BB A R L
BL SR A HE 7 B ECE VR Vs A O S R B A
T DCCA 2B ( 3) 45 R Bor, 88 MEE
ok o AREVE R, HAE DCCA 2 HE v & h
RO, W T 3R - K - B B AR AL, BEM
IXEHE T 95 20— HE e il D\ 22 B0 A5 28 o3 A, T
WM 1500 m #] 3 700 m, KK H BT 2080 3R
DIINNE VI UG D N3 -2 I B Py A | Sy
W OREEAG LSS S S R RS, £
TR BB AR, BEVIZIHE T 0528 —HEP

R AE 28 A, WL T I B R B AR AL
FEJT 5 BR8N T DCCA 4 HE R K 1 W Hb
BT BE S AN FRIMERR (K 3),
DCCA 55—l S WRIE 4R (0 A6 B AR b, DS 13 47 T 4K
WU TR, 5 Hh S B I 8 e B AR Ak, R A
BERR TR, BRI+ A+ B |
FEVE VIR TUR+LL 00+ 2F A 5 ) B IX (A )+ A%
W+ VKB ) T 52 A SE B AN, 43 A 7 T 3R A AR
L 358 v T DX, AR B il BT R A R
At BEVE T CH8 3 18 A + B 77 88 X8 L+ H ol
F) SZ UG I E N R K 5 A K, 0 AR AR AR
B B EERCBE B KA 2 X, BEVE T (4R
A+ B S L+ H R ) B2 i T 3 1 RN AR Y
SO, 5 L3 A E VAR AF T B AN | 1 M A T 4 R
MR, BEE IV (58 =42 + 4 58 i + 30 5l 4 03
) 1 BRI PR R R R B, R AR ARV R A
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Table 2 Correlations of environmental variables with the first four axes of DCCA as well as
eigenvalues in Qilian Mountains National Nature Reserve of Gansu Province
HEFF il Axis

W T
Environmental factor a5k 5 =14 5 Py

AX 1 AX 1 AX I AX IV
WG4 Altitude 0.875 4 = 0.372 1 =#= 0.281 2 0.142 3
AEHJF% 7K Mean annual precipitation 0.742 9 3 0.598 5 0.120 1 0.098 4
Wi Slop gradient 0.465 8 *x 0.372 5 = 0.601 2 == 0.245 8
AFEHJYEEE Mean annual temperature —0.481 2 = -0.798 7 = 0.297 0 0.120 3
B[] Slop aspect 0.357 8 = -0.031 2 -0.153 4 -0.217 2
Wi Location -0.410 2 = -0.132 4 0.023 1 0.018 7
- HEEF T Soil humus 0.423 1 = -0.231 6 -0.173 1 -0.062 3
LR NRIED Eigenvalue 0.962 0.643 0.471 0.371
Yy - PR A AR S 0.957 0.884 0.701 0.629
Species-environment factor correlation
YRR B e 22 25.14 31.08 32.27 33.51
Cumulative percentage variance of species data
PR -FREESC R I Rt E o b 22 64.21 78.34 84.58 89.75

Cumulative percentage variance of species-environment relationship

. #% FIR P<0.01; = F/K P<0.05,
Note; #** indicates P<0.01; * indicates P<0.05.

SHEAG A ST 5R R R R R X TR
V(S A+ B nt Ep 39 L+ HOol B e ) EE 4
FETRE R 35 15 | 3 R I Y 5 A o A A X 3R
TETE T (A7 40 XS L+ L A 0+ 75 S ) 40 A 75 1
VR AR VA X 3K

233 HABE S BB R T 6T 254

DCCA 43Hrai BRI WK Bk R BE BERE B |
3988 5 T I RS2 ) TR 9 IXRE 9 W o A 0 A A
Jay , Mt Borcard 55 (1992) 1 51, X 52 ) H i A 4
L SRR DX TE T4 0 A1 % JRy 10 3 45 2 i) 725 o o o
OYES RIS R IR DR X BT 43 A A SRy 1) i
R5 25.24% , %5 (8] K F- X BE 7% 43 40 46 Jm i B R
13.21% , %5 18] R F- FER B IR 7 58 SUAVE X BV 43 A
MR R RS 9.03% , BETE 43 Aii 16 J& A 4 25 1) [X
TR T R 4 52.52%

3 it
B AL W 0 B 454 25 14 1 B A

F(Aardt et al.,2020) , H R ABE 1L [E XK B R A
X H 3 & WA Y 2 mE v 78 2k b Fe = P SR A A

LA AA EEAEM, AU AR 88 M
Jr v, BIFR AR 85 B, SRJE 30 B 56 JE ., RA
BE ARG R P R e ST X N R X
555 AR LT AR L AR B Y B 8 R AE F 9 4G SR A
h—E, MRXILERTFTAS i, FEUFE S
b3, B X3, 3550 A 76 Hh it Bk 19 2 [
AN B 3, A v T A 1 BE 33 A 2 o A B A )
A, TEWRAS Has o3 A A /D e 20 ME RN I AE , LA 7 3]
AHLBL R B, T IR 2R AE H AR &
INE R A SRR X AL 3 o3 A e/ (5K, 2020) |, in
Z HARA KRN | T U B 4L AR X FR e (K
FEEE,2017) 117 E A J2 R AR 2 A 5 ) ol 22 4 1
A E A 25 T A J2 R 8 A% 3808 TR I A Ak
(KK IR ,2010) o AR H A AR L B AR
DALY ZEAE Y S, DRV 9K 3 e T R A
3 A, A 13 SHEPRZER 15.29%

A I RETS (125 (8] 53 A J2 1 4R T Ak 2 A B8 7
LR 25 5 HE AR08 g 4k Bl A o 2 A
&2 B A A POE TE R R X 555 (2019) Il
RINAAZHEE W25 1] 500 2 W T2k &
WEAE (2020) B9 3R W FR 4R A0 B 5 | Ak 1 8 B R 1
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Fig. 3 Two-dimensional scatter plot of DCCA ordination for woody plant communities and environment

factors in Qilian Mountains National Nature Reserve of Gansu Province
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Abstract: To explain the geographical displacement law and the dominant climate variables between humid evergreen
broadleaved forests ( HEBF) and semi-humid evergreen broadleaved forests (SHEBF ), Cyclobalanopsis glauca and
C. glaucoides were selected as research objects because the both species are the typical dominant tree species of the
HEBF and SHEBF, then the specimens data of the both species and the 19 bio-climate variables map layer were
collected to simulate their distribution area using MaxEnt model. Moreover, the niche differences were quantitatively
analyzed by the kernel density analysis, discriminant function analysis ( DFA) and analysis of variance (ANOVA) to
reveal the dominant climate variables which affect the niche differentiation between the both species, then the
geographical displacement law and the dominant climate variables between the HEBF and SHEBF were analyzed. The
results were as follows; (1) The AUC values of C. glauca and C. glaucoides were 0.995 and 0.986 respectively, which
accurately predicted the potential distribution of the both species; C. glauca was suitable for the subtropical and north-
tropical regions of 20°to 30° N, but C. glaucoides was mainly distributed in subtropical area of Yunnan-Guizhou
Plateau. (2)The results of DFA and ANOVA were consistent, and the mean diurnal range (bio2) , isothermality (bio3)
and the precipitation seasonality (biol5) were the climate variables that promoted the niche differentiation of the two
species. (3) Kernel density analysis showed the mean diurnal range (bio2), isothermality (bio3) and temperature
seasonality (bio4) were the dominant temperature variables affecting the niche differentiation of the both species; and
the precipitation seasonality ( biol5), annual precipitation ( biol2), precipitation of the driest month ( biol4),
precipitation of the driest quarter (biol7) and precipitation of the coldest quarter (biol9) also significantly affected the
niche differentiation of the both species. All the above results indicate that isothermality, the seasonal differences of
temperature and precipitation are the main variables determining geographical displacement distribution of the HEBF and
SHEBF from the niche simulation of C. glauca and C. glaucoides.

Key words: Cyclobalanopsis glauca, C. glaucoides, humid evergreen broadleaved forest, semi-humid evergreen

broadleaved forest, niche model, displacement distribution
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A9 B AR 40 A 5 B K R AR b
fiE( EARIH, 2004 ; 2= 55,2006 5 XM # 55,2013 ;
TR 20152522 ,2019) , 1 Al i BRER A B 42 11
JRA H g 5 2%, A0 4 b B RH B st 15 Ak S L
N b 5 5 22 7 TRT PR 26 (2 H R T RS, 2001 5 22 2%,
2019) , Horb A A 2 TR A KA 9 288 B0 43 A 1) 3
B, IF 5 H A K Bl PR R A EAE FH 5 e 2R AR Y
DIRe A2l 25 1 #2 , DT B Sk AR B AR 20 A T2 i
+ &7 Bl + Z — ( Boisvert-Marshet et al., 2014;
Griinig et al., 2017 ; KR4 F1E 35 20205 Zou et
al., 2020) , B M AE B 0 A 55 A0 0 6 R T4 7 H
s AL X T TR A 53 B A B o3 A B AT Bk T g
AR N AR AR R A B A R NS R X
(Fang et al.,2002 ; Buitenwerf & Higgins,2016) ,

AR SR R AR S ARMAE S RS h i
B oy R E R RGOV SRRE A
FEATEMRIEN (T X EZMRIKE,2004;
Wang et al., 2007) , Hr [ /E Jhy i & i it AR o3 A1
RTZ W E S, T ZR e - UET R LA, 7 98 A DA
KR, nr A R R AN B TR X R A A
A (S AE 45, 1980; Dunmei et al., 2012; Zhu,

2017 ), Horb AR F0E T8 o o] P A AR G S e N v
25 I bR S 0 R A M A P A B R H AR A
A0 0 A0 A R AR (SR AR S, 1980 5 5 AiF i A1
IR, 198725 B 481997 KK B 452005 ; %4 it
RE,2018) , AABFHE SR 1) o B2 218 A 2% 3 FRUAR B 1Y)
B M 2 5% (Ge & Xie, 2017; Elsen et al.,
2018) ,Fang & Yoda (1991 #&7~ T F [H H &% g 1
oA B R 5 A T YOG & A g R R K B
(1997 ) 3 2k X 14 b 53 A7 55 0 fe PR 19 56 R 7%
H 2% A RO A A8 A 1) 52 I A 43 B R TR
BN, HTEVS 45 B o W R 1A A R S A AR b Y 4 B
ANHE Uk B H X 4 A FEFR 69 52 i ( Chiu et al.,
2014) T B e M i) 22719 A8 A EE 2 H R AR AR 1Y
A AR AR U)X A B 4 A 8 S B B R
(Ernakovich et al., 2014; Chan et al., 2016; Allen et
al., 2017;Ge et al., 2019), LA W #FHATE &
Xof SV AR gk o] P b ) AR 0 A IR DL S
bR — B A 5 MR B 1 O R IEAT TR IE
S 1) ) A, AH X ARk S 78 ) R A o A 1Y 2 e AR
et S AR A 52 ma LA, I G 2 A T L AR
3 A B 27 1 A AR A5 i ) B 9 A A i
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B 3 A A PR EC T LAV A 0 R A ) il
FA)3E B A BV L, A A AE AT AR, 38 1T 48 7R A 8 43
A3 B B MR A AR 8, BT AR )2 I T AR S R
P71 A 2 RN A W Ml P 2 S 45U ( Elith & Leathwick
2009) . HAET, BR M A (MaxEnt) 5 Tt H
PPN ZH & #E R (GARP) | CLIMEX B &I A= 78
AR T3 BB AL ( ENFA ) DL K A 875 A5 43 e 38
I 2 GeAs A ( BIOCLIM ) J2 f5c 5 FH 9 T Fh ) Fh 43 A
FEA S Hop ) MaxEnt #5589 0] DL o 99 F 69 © 5 45
A1 BRI AGE AR 1t N7 ) Bl b B 43 A 5 A 2 ]
[ 2 (Phillips et al., 2008) , H.fE1E KR 25 4]
ARICE Z (R E L ST R G A TH B ) R
SRR CRBUE N EENIRERGE (MK
45 ,2018) , & HATYIFI 43 A B0 bl T BE A U
B BERF R AR T (Phillips et al., 2006 ; 8 [ 45 55 |
2010)

FEF RSP G Az A AL K 25 53 50 BT, 8
T LA A 25 5 AR R 24 TR 2R O R A R
PR AR B 5 W BIL X B B e R P R N S
I g o I AR B S 7R P AR A A R A L
BIHNS IS ERAE SC, ST I, AR W5k B Vi A
= W K 4o i) it A o B A R 1 O A o 1Y)

( Cyclobalanopsis glauca) FIE F X ( C. glaucoides)
BESE X B, W B ARAS T3 A 5 B, A TR AR
i, 35 ] MaxEnt A58 L0500 PR 5 19 365 A= X3S
L, 43 B 3 JC 9 AR A A 25067 43 Ak 1 S fBe R 3R
[DEZ3ERIAERSE St N 82 3w N U= A R (]
FH SRR E G FR  38 78 HoE 0 A i
FRHER, AT A AR AT & I AR 0 A5 52 W)
BT 58 38 1 E 2 A Bl A A

1 #R5 7%

1.1 A S HiiE

W £ v 1 207 A 0 b A S diE 2 (CVH hiep 2 //
www.cvh.org.cn) 17 X5 TT XA BRA S B, i bR
REACR AR A SE A ) B A2 O RE A SR BBORS B R AR
TCSR MR AR ER B AR AR, A1 D ) b A B A5 UL 14 SR il
Bodl ., LRI AP R 603 A FRAS S, Hoh A S
432 75 MIARA A 171 MEF AR G (B 1:D)
1.2 SIRTEHRE

i 17 Worldclim ( http ; //www.worldclim.org/) T
BONCER 19 MAEYTUREZ (1) |, Bl =5 6] 7 B
A 30" ( Hijmans et al., 2005) ,

X1 91MEYERETE

19 bio-climate variables

Table 1
fa 5 AR
Abbreviation Climate variable

biol AERR

Annual mean temperature
bio2 B EZE A ME

Mean diurnal range
bio3 Sl

Isothermality
biod AR B R AL

Temperature seasonality
bio5 P H Fe R

Max temperature of the warmest month

bio6 ety A R

Min temperature of the coldest month
bio7 R AL

Range of annual temperature
bio8 I 2 3 R

Mean temperature of the wettest quarter
bio9 b4 R SR G

Mean temperature of the driest quarter
biol0 LT AW

Mean temperature of the warmest quarter

i 5 SRR R
Abbreviation Climate variable

biol 1 S S W]

Mean temperature of the coldest quarter
biol2 SRR AL

Annual precipitation
biol3 i K

Precipitation of the wettest month
biol4 T H K

Precipitation of the driest month
biol5 Ree K S 25 PR AL (7 S R B0

Precipitation seasonality
( variable coefficient)
biol6 Tl ZERE K
Precipitation of the wettest quarter

biol7 kT EBKE

Precipitation of the driest quarter
biol8 L LE ST

Precipitation of the warmest quarter
biol9 B K

Precipitation of the coldest quarter
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1.3 &M

FI D Fp o> A BERL LY AR AR SR 19 SR
o AE i R Kl LA X ST R X GE AR B,
FE MaxEnt 3.3.1 H i F BRI 15 B PFAl Y (9 4
Pk (Phillips et al., 2008) , % & 75% B4 Fh 4> A
SE RN SR i 45, R4y 25% 1 0 38 1K 50 1 4
P4 iz 4T 10 WK H & #1738 B 50 UIE ( Pearson et
al., 2007) ., MaxEnt %% $2 fit 7] 1] 3% ( Jackknife )
h?’\—dﬁﬁraxﬂimﬁﬁﬂﬁ THR 2 (Miguel et al.,
2010) ,ﬁJ#*E?i«n%ﬁﬁﬁﬁ%%}ﬁ%Eﬁiﬁi%ﬁL
BRSO AR TE AreGIS 10.5 ] 4r 25 3 i i
FPE i S 2 3 0 o 5 AN Y AR AR X
0.00~0.02, K& A [X 0.02~0.25, i A X 0.25~
0.50, EiE 41X 0.50~0.75, J i A2 X >0.75
1.4 £ETMERSWT

ARG R =R G T I ik oA i X 5 T X
A 255, |5, M SPSS 22 B4 15 4
BT (DFA) DA A% A A% 8 4 b 43 A 19 53 ik 3
WK 35 H SPSS 22 1, 5 22081 (ANOVA) =&
IR PRI AE 25 A ) A R B b P B R ) 2
S5, 5T Eviews 10 3, %ﬁﬁﬁ%‘ﬁ?/%ﬁ
(kernel density analysis ) B £ A< £ 95 17 #1 &
FIHEARE AR 10 A 5 B PR L, ﬁzﬁ;xfﬁﬂzﬂz

R2 ENEEERI9INSETEH

T 19 AR 1 A4 A 2507 72 AL i JEE
PIPIRIE RS R A PR 22 57

2 R 59

2.1 SRR

T AR A A AEALL S B o 24 AR A A
AUC{EY & F 0.9, Hrp 3 KIBHLA AUC {6 R
0.995 , JEF XL AUC {4 0.986 , & W il 45
T ELA B i 1) T SR R4S 30 0 A R o A S
A XAy A (B 1) o & KA T I #AG Hb
X Rty A2k, LA B HAS g 38 R B BE G, b
16 A X E m&%uﬁw%wu%ﬁﬁwu
B, AT A 1 D AR I (B 1. A) 5
XA oA XN A fE b E VY pg 8 s g L U1 | B
M EE DS PRSI, A R S ROHE L b X el A
DN NS = s el i Nt DT e RS s i [ 5
FECE1:B) . IWPARBIAY s A X (>0.75 43
ML) K E , ZH LT E = w4 3 5 pg
FRIE B B A (I 1:C)
22 EBMERST

MaxEnt #5559 71 ) = ( Jackknife ) 25 H 19 4~

S KRR XA AE X DTk (R 2) .

, i 2

TR A0 P Z (8 F 3 53 4 ( DFA) B9 48 Xt 33 i

Table 2 Contribution rate and the relative contributions of the 19 climate variables in pairwise comparisons of

Cyclobalanopsis glauca and C. glaucoides by discriminant function analysis ( DFA)

Tk Contribution rate

Tifk R Contribution rate

A 11@#!‘)5'—
p o~ » -
(%) (%) ' (%) (%) ’
biol 0.2 0.2 -0.25 bioll 5.0 2.6 0.03
bio2 0.8 0.9 0.73 biol2 22.1 5.8 -0.44
bio3 0.6 0.7 0.81 biol3 0.2 9.3 -0.16
bio4 1.0 18.0 -0.61 biol4 38.0 0.1 -0.63
bio5 0.1 2.7 -0.60 biol5 2.6 0.1 0.71
bio6 9.7 1.6 -0.16 biol6 0.2 0.9 -0.16
bio7 2.4 25.3 -0.38 biol7 0.2 0.1 -0.64
bio8 0.2 0.1 -0.24 biol8 15.8 25.1 0.03
bio9 0.1 6.0 -0.08 biol9 0.5 0.3 -0.59
bio10 0.3 0.2 -0.60
T T XS T XK S 73 09 {82 75 D R 23 1 T D52 19 42 o5 75 (X — 1 7 X AR AR Sl ) (B0 2 75 7 P L o Dk A e v 10 = A

AR,

Note: Values in boldface of Cyclobalanopsis glauca and C. glaucoides represent the top four contributors; Values in boldface are the three

most significant variables for C. glauca-C. glaucoides( CA-CS) .
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B X AE B2 Z i+ H K (biold) AFEFEK
I (biol2) Fli B8 Z=FE /K & (biol8) M52, =& 1Y
TTHRE 9K 38.0% 22.1% F1 15.8% , 23t 5Tk
RN T5.9% , 3% i T K B [ K Y 2T 43 e 2
AL R R S Sl P e g R <13 s o i -
SIRAFAE ARG (bio7 ) | 5 B ZE B 7K 5L (biol8) F
T 25 P75 B 2R B (biod ) B RS , = Y STk
RO HIN 25.3% 25.1% F1 18.0% , Bit simkE N
68.4% , X 15 I VEL T IX] 437 A2 T B TR 7K it 2= 1k
AR A B BRI

i i 340 ) pR BCAr BT (DFA) AT AR H (R 2)
S P9 0 o [60] A 2 S ) = B A A A o B R
(bio3) il 22 H BI{E (bio2 ) IR K it 2519 P42
b (biol5) , H 22 5 BTk 22 (9 48 XA 43 51 4 0.81
0.73 F10.71 ; B 225 125 2h R (biod) et H
i 7 il (bioS ) 8 2 3K ik (biol0) fe T H
BE7K i (biold) T 22K (biol7) FIHRE 25 /%

K3t (bio19) Xt 19 #) i 43 Aii 22 S5 57 ik R B9 4 X (E
YITE 0.6 ~0.7 Z I8, Al UL, Sz W i 3 K Y 2
A s R R B R A 25 S R R

< EL
AR,

UeAh, i 5 7 2 0 i kB, B RIR 25 A A
(bio2) FFIRTE(bio3) (FE/K 2= 15 AR 4k (biol5)
14 ) 22 5 K R 25 5, B B8 22 F K & (biol8)
i) 22 5 15 b P9 22 55 0 O 25 (B AR 55 T LA AR
ROFpEI 22 SR TN 2ZER (R 3), XU EH X
5T XA S 40 Ak B4 T DR 2 1 4 oo 3 AR Ak
W B LA S 8 7K 24 1 T P 8 A7 7 25 S e

A% 5 55 0 BT LWL W 7 S b e 19 AN A
A AESOIREA(E 2) , PYRE SRR 2E
HYE (bio2) FFIRME (bio3) R A8 ) &
B (biod) =A™ AR B0 B B A 4 5 X U
R A N AR Ak e H N A8 fh 25 57 2 s i — 3 4 A
25 50 2 B R 2 PR 25 i A e AR AR Ak

R3I TRASBEEENBERNSEBERNAEST (ANOVA)
Table 3 ANOVA of the different climate variables between Cyclobalanopsis glauca and C. glaucoides

S5 sy FEHES
A Sum of squares Mean square Percentage of variance (%)
Climate
variable Tl ] iy il i) N Tl ] iy
Among species Within species Among species Within species Among species Within species
biol 83 885.36 511 236.60 83 885.36 854.91 14.10 85.90
bio2 106 304.03 70 608.44 106 304.03 118.07 60.09 39.91
bio3 30 553.70 18 393.09 30 553.70 30.76 62.42 37.58
bio4 604 600 000.00 705 700 000.00 604 600 000.00 1 180 093.52 46.14 53.86
bio5 433 523.75 486 933.45 433 523.75 814.27 47.10 52.90
bio6 68 274.61 788 039.79 68 274.61 1317.79 7.97 92.03
bio7 157 713.11 539 908.89 157 713.11 902.86 22.61 77.39
bio8 102 762.38 495 930.34 102 762.38 829.32 17.16 82.84
bio9 15 090.19 923 708.61 15 090.19 | 544.66 1.61 98.39
biol0 394 464.16 441 097.96 394 464.16 737.62 47.21 52.79
biol1 285.64 764 133.50 285.64 1277.82 0.04 99.96
biol2 25 080 000.00 48 790 000.00 25 080 000.00 81 587.61 33.95 66.05
biol3 139 788.96 1 844 872.50 139 788.96 3 085.07 7.04 92.96
biol4 84 199.56 94 874.03 84 199.56 158.65 47.02 52.98
biol5 108 789.61 77 821.88 108 789.61 130.14 58.30 41.70
biol6 852 539.79 12 650 000.00 852 539.79 21 161.15 6.31 93.69
biol7 1 084 009.07 1237 251.63 1 084 009.07 2 068.98 46.70 53.30
biol8 2 590.74 2 590.74 2 590.74 18 694.60 50.00 50.00
bio19 1579 401.18 2011 965.09 1579 401.18 3 364.49 43.98 56.02
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A. Suitable habitat distribution of Cyclobalanopsis glauca; B. Suitable habitat distribution of C. glaucoides
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C. The most suitable area for

C. glauca and C. glaucoides; D. The specimens points of C. glauca and C. glaucoides.
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Fig. 1

i B 45 S AR AT, LA e v A R AR IR (bio6) |
R AR, 58 B T A o Xt e i A1 TR 7D 3 07 2 AH 4B
(IR 2) . 5340, W B b o4 [k AR b 0 Y 22
SRR, T HRTE B K B 221 AR 4k (biolS) b4y
S, BT XA RS K AR & F R
AT RPN, T8 WAV T X R A K 2 R AR Ak R A
TIEN . Zf LTI, B R TR R R AR

e SV R AR Ak 22 5 AT DL Y R AE R B AN R K
AR IR H PN T 22 S AR R T R O A 25 5
1 3 FAEA

T X5 T XA 3 A DX A R AS 7 A 1

Suitable distribution areas and specimens points of Cyclobalanopsis glauca and C. glaucoides

/j"El

3 W55k

H Phillips % (2006) E X 5| A MaxEnt 5 24 i
M FEEAE 2 A 2 )5, b AR 2S00 A BT 52 ok W]
HE ( Kozak et al., 2008) , AN 5T T X FIEL 5 X 4 35
FERL A AUC B 43 %1 R 0.995 i1 0.986, ¥ & F
0.90, XI55 (2018) A K, AUC 15 F 0.9 BEEH M
A i A B T 45 R B B WA AR B AR
YT 757 X5 007 XIS B AR B h, A v ) A
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Heavy metal pollution and health assessment in sediments
of Kandelia obovata wetlands of different origins
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Abstract ; Heavy metal pollution in Kandelia obovata ecosystem is an important part of coastal wetland research. In order
to explore the health risk and heavy metal pollution of K. obovata wetland of different origins in eastern Fujian, this study

explored the content characteristics of heavy metals in surface sediments of different origins of K. obovata wetlands and
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assessed their health risks in East Fujian by using the pollution load index method and human health risk assessment
method. The results were as follows: (1) The average contents of heavy metals in surface sediments of K. obovata natural
forest wetlands were Zn(102.38 mg - kg )> Pbh(101.53 mg « kg ) > Cu(11.72 mg « kg )> Cd(0.91 mg - kg ). The
order of heavy metal contents in surface sediments of K. obovata plantation was Zn(152.81 mg + kg ) > Ph(105.83 mg -

ke')> Cu(16.38 mg « kg )> Cd(1.33 mg - kg ). (2) The regional pollution load index (1, ., ) of heavy metals in
surface sediments of K. obovata natural forest was lower than that of K. obovata plantation, and the corresponding
pollution levels of K. obovata plantation and natural forest were both one, which belonged to moderate pollution. (3) The
non-carcer risk (RN) of heavy metals in surface sediments of K. obovata wetlands to adult males and adult females was
lower than one, and the RN to human body was very low. The RN of Pb element to children was higher than one, it
would cause RN to children. The carcer risk ( cancer risk, RI) of Cd to adult males, adult females and children was
greater than 1.0x10°, and there was a serious RT to the human body. The results indicate that heavy metal pollution of
wetlands in East Fujian was serious. Therefore, we should control the pollutant emission around the wetland and purify

the wetlands. In addition, adding the health risk assessment of heavy metals to the evaluation of K. obovata wetland

ecosystem will help to strengthen the ecological protection and risk management of K. obovata.

Key words: heavy metal pollution, Kandelia obovata, sediment, health assessment, wetland in East Fujian
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A e i £, F ¥ AR R 26.81 m, V-3
MEA 1.42 mx1.51 m,FHRE R 1.71 m, HH JE
—MRAE 75% Fe AT (AT AR #5455 ,2013)

2 HFR %

2.1 HRRE

TN A i 5 T U B A KOO DR SR 1 b
. L 0 A5 Sk L A B AR N T 21 AR AR 0 A7 R S SR
B2 (B R P ME RO LA AR ) o HE A AS [R] A Y Bk
FELA AR MR G S PR AR B0 , 7 T B ARGV A 7
[ BCE AR 50 m(FW1) KN 15 m(FW2) bRZk
(FE) #4h 15 m(FB1) &5k 30 m(FB2) #KFk 60
m(FB3) kA 100 m(FB4)7 P REE & INELKE
(0~30 cm) VLAY FE i, DR RE i 359 78 LUAE 55
A5 m x5 m TEENI3 ANEE,
22 MM EESESENNE

BEAF DU R RS R TR B E S, fE
TAFRIL 0.25 g & 100 H i B9 FE i, #E 4% HNO,-HF-
HCI0, 1 B L HEATIH 2 2R 5 A - W i 43l
JE 143 3 %E Zn Pb ., Cu,Cd 4 FhE 48 10 & &,
BEOYRE SR EIE 3 WA BOE YA,
2.3 TR AEIEEE

A Tomlinson 25 ¥ 5 1 75 Y& 7 fof 38 2032
( pollution load index ) Xf#F 5% X 1 T 43 J& 15 YL /K F-
MIFEATPEMY o %48 B0k PF DX 589 41 75 19 2 b
4 I Sy 3 R R B, B B UL b Sz R 45 A 4
X5 G ) DT R R B A RT S EE 4 JR AE B ) A
] & i AR Akt B, B B O (T B R A
2005) , HIFMH A BEIT .

R e — 14 S0 4 S e R AT B v TS

AE(F) BITHR
F.=C/sC, (1)

K FONTR i ST R R C TR |
IS B 55 €, I E @ B9 PE M AR o, AR Sk B
Hakanson ( 1980) $2 i /9 B AL Tk A 1F % UL AL W)
4 Jm SR AR S R (Zn=80.00 g . Ph=25.00
g.Cu=30.00 g.Cd=0.50 g) NPFMARIE,

Be— RS Qe A He 8 (1)

I,,=/F XF,XF,---F, (2)

A1, NHE— K Ts G S 48 80 n WP
JCRBINEL

e — XI5 Y AT IR 2L (1, )

Lo e = Lo XLy XL+, (3)

K1y, A HAR XIS Qe $8 80 n R 2R
R

15 Yt far $8 B0E — 43 4 A5 2% ( Neyestani
etal., 2016) , HIKWLFE 1,

F1 SEROATEHSSEEEZANXER
Table 1

Relationship between pollution load indexes

and pollution levels

V5 YLFEJE Pollution level

<1 1~2 2~3 =3
V5 Y EE G 0 1 2 3
Class
IEE.L Tlshge  BEESTE dmimH MORTS R
Level Non- Middle level  Strong Pole-
pollution pollution pollution strength
pollution

2.4 RN PG

Vi) 2 Bt o0 A AE T BE B R A X, 2
KEET WM EE N —, A b2
XoP AT (it BRE KU VA o RO MR I b 0 AR 4 Y
4 2 B A R A X AR AR S e ((E
ZELE 2009) , I, ASHIFFE 32 B0 7 JER 22 fioh a4 142 45
TR 4 B X AR I R AR . &R e R %
25 1) At R XU 2 15 350 DXL R A S0 XU I R
BELJEILEK Cd g TEUETG R, Zn Ph . Cu J& T
BT RY  HEA KN (EI A ,2020) .

4 A B0 R AU 1 A 5

RN = ADD/RfD (4)

453 Jm B BoE R TR A

RI = ADD x SF (5)
EF x ED

ADD = € x =X 2P o S x SI x ABS x 10°
AT x BW

(6)

FH . RN ( non-carcer risk ) F /8 S Fh 8 4 8 1@

ok B ik 2 85 i A 0 AR 20 KUK (TCENAE) s RD
(reference dose) F&7n JZ IR B EE IR NS (H, 5L
Hmg - (kg + d)?5C RN EE M ST & AL
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A mg - kg ; ADD ( average daily dose) 7~ H 1
FRFE AN mg - (kg - d) T RI( cancer risk) 3
7N 45 Je o 5 ik AR R AR 0 B0 RS (T
T {H ) ; SF (slope factor) 37~ B &R K |

il (kg + d) - mg' o AXPSEAYBUES & LI
RK2,4FEERIEICED RD 257 SRR KE T
W3 3(U.S.EPA, 1996 Ferreira-Baptista & Miguel ,
2005) ,

®2 ESRERBRARITINMENEZESHERESEX

Table 2 Values and meanings of important parameters in health risk assessment model of heavy metals

SH AR T AR P JL# E BN
Parameter Adult male Adult female Children Reference

S 45 5 55 1 1] 365xED(AFEE ) ; 365xED (AEEUR) ; 365xED (AFEUR) ; US EPA, 2002
Average exposure time (AT) (d) 365%70( ) 365x70( B ) 365x70( B

IR E 62.7 54.4 15 RS, 2013
Average body weight (BW) (kg)

RPEER 30 30 6 HIEPRYER 2014
Exposure years (ED) (a)

e RS 350 350 350 HIEPRE 2014
Exposure frequency (EF) (D - a™)

W RREN A B 0.07 0.07 0.20 IR, 2014
Skin adhesion (SL) (mg + cm™)

B k2 5 T R 1701 1701 899 L% ,2008
Skin exposure area (SA) (em® « d™)

B IR R i By 0.001 0.001 0.001 US EPA, 2002

Skin absorption factor ( ABS)

®3 ESENSEESHENEXERT
Table 3 Reference values and carcinogenic slope

factors of heavy metals

P RiD S
]| Metallic [ mg - [(ke-«d) -
Catego element me Bl °
gory (ot (k=] ]
JE B A Zn 6.00x107 —
Non-carcer risk
Pb 5.25%10* —
Cu 1.20x10? —
Jm A Carcer ris - .
HOE MK Carcer risk Cd 6.10

I — KRR NS HE,

Note: — indicates that there is no corresponding reference values.

3 ZR5400

30 ARAFARARBBEMAMKRENRYIELES
=

i) 2R A [] S V5 Bkt AR s K 2 VLR ) 4 R
PRSI R WK 4, KIRBOH AR % 2= TR
Yyrb 4 s 5 Il AR, Horh Zn B9 20
B} 67.98 ~ 144.21 mg - kg, Pb 19 & 75 B K
50.48~152.95 mg « kg, Cu By & EIEH A 8.06 ~

21.78 mg - kg ,Cd W& HILFEH 0.24~2.64 mg -
ke, EX & BHEFE N Zn> Pb> Cu> Cd; Cd By 728 5
ZBOH KT Cu Pb Zn, HEF A Cd(26.37%) >
Cu(15.78%) > Zn(2.40%) > Pb(1.26%) ; k& Cu
Hh R I 3 Fh 42 @ - 33 & S R T R
8B RE %~ Zn(71.43%) . Pb(100%) . Cd
(79.92%) . N T BOmmMIR o R )2 DU Y h & 4
& T B R R AR A, b Zn Y B B L
114.45 ~ 187.62 mg - kg, Pb A9 & & 5 Bl K
52.83~123.03 mg - kg, Cu B9 & L HIH 5.82 ~
25.19 mg « kg, Cd & &=IEHE N 0.30~2.53 mg -
ke, N TR ZDIRY ESE & EH)TP A Zn>Pb>
Cu>Cd;Cd MY748 5 2 . K F Cu Pb . Zn, HE)JF
9 Cd(27.07%) > Cu(18.74%) > 7Zn(5.36%) > Pb
(3.94%) ; B Cu Ak, REIRMILAD 3 Fh 4 J@ 734
Fa T R, BRI 5N Zn(100% ) (P
(100%) .Cd(85.71%) .
32 HEARBEMAHKBERTBRYDFIEELEN
FEESMIFME

I 2% A [ A VR Bk 5t PR M T AR ) o R 4 R
TR ANE 1 B, FERKOI R 2R MR 1l DT
B BRITE Zn Hb, E4JEICE Pb . Cu Cd I
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Table 4  Statistical results of heavy metal contents in surface sediments of Kandelia obovata
of different origins in East Fujian wetlands
FARM Natural forest AT #K Plantation
F8 4% Indicator

Zn Pb Cu Cd Zn Pb Cu Cd
#¢/MH Minimum value(mg « kg™) 67.98 50.48 8.06 0.24 114.45 52.83 5.82 0.30
F KAH Maximum value(mg - kg") 144.21 152.95 21.78 2.64 187.62 123.03 25.19 2.53
FHIME Average(mg + k') 102.38 101.53 11.72 0.91 152.81 105.83 16.38 1.33
H5t{d Background value(mg + kg™) 80.00 25.00 30.00 0.50 80.00 25.00 30.00 0.50
A5 5 2B Coefficient of variable( %) 2.40 1.26 15.78 26.37 5.36 3.94 18.74 27.07
AR Exceeding standard rate( %) 71.43 100.00 79.92 100.00 100.00 0 85.71

HIEMAN 100 m F] 15 m £JZ DI 0 53 A0 46 2 15
Wi hE B, RS 15 m EARG BT M, AR 3
RN 2B T RS TERKO A T AR b T AR
A B ITER Zn Pb F i 50 A AR AR AN B k2
Jeil D JE RN SO, AR TR Cu Cd &5
AR A PR AT 30 K 25 25 W 18, AR 2 B bR N E
TR

33 AEAREEMRMHKINIRYES BT RIS

i) % Y2 B Oa 21 W PR Mo DT AR 4 Fh R 4
J& Z [8] B9 Pearson AHICPEAMHT 45 R IR 5, 76RO
RIRMIR M TR 4 @ v, Zn  Pb Cu Cd PAPH
ZIREIIEAHCKR, K Zn 5 Cu,Pb 5 Cd,
Pb 5 Cu Z B B EMAK, Zn 5 Cd Z 8] % B & A
Ko FEN T RO 2046 MR e DT AL 5 42 &, Ph
5 Cu Z AR B AAHX,Zn 5 Ph Cu 5 Cd Z[H
BB EEMAELER,Zn 5 Cd.Zn 5 Cu LI Pb
5 Cd Z [ 20 B 35 IEA GO &

1) % Y2 Ve A A 1 PR R i R B A 4 S VS
FROEGNIE 2 FrR  RIRMRH R AL S FW1  FW2 (FE |
FB1.FB2 . FB3 W I, A 1 ~2 Z[A], 15 Y55 %%y
1,8 THESY  FB4 B 1, [H/NT 1,150 %90 K
0,8 TII54, NTHAHRFAS FW1 FW2 FB3
FB4 1 1, (HTE 1~2 Z I8 5 Q55900 1, )8 T
V594 FE FB1 FB2 ) 1, {H7E 2~3 Z [0, {5 Y55
2 TR TG gy A R R TR IS QAR T
FKARMR T, DT E— 25 150 B AN [] A 9050 2 A bR 0
JE Bl A 5 Y 0 HE T A 0 RN b 2% 4 AR RS (L K TR
HABRKRES

SRR BT B R B R (R 6) AR
Hi R SR A 2T A% AR 2 )2 DT AR T 4 8 i) X385 Y

IR (1, ) HE T L0 R AR, (E X R A 5 G
SRR 1, R TR TG
34 EEABREMAATBNESEEENK
M

XoF i) 5 K A 210 AP 0 b 0 B ) o 4 AR A fe
AU PE A, 25 SR e 7, 3 a7 B 3 ko 4% ok
B, RN TARGRY Y Zn Pb Cu BYAEEL
AR R B R RN i > RN e ey > RN ey » 32X 5 )L
M IRAT N PR A AR R A G, Hh R AR
AR TARILE Ph 9 RN & T 1,5 % W 1
JoR 2 Mk 14 40 Y b TR 42 Ph XL 3 A7 7 I BUE K
W I B kB ik ik AR Cd Y Bom KBS R B R
RIy >R e >Ry , LR T 1.0x 107 3X 3R
W Cd 3 A Bz Jok 42 i 3k 2 6F N MR AE A 7™ 3 1) B0
UK

4 w55k

4.1 AERBEMAHIRE S EITRISE

Jo]) 2 A ] R YRR T 20 R MR b L FR ) B 4 T
B2 B R BN N TR S AR AR, IXFp 22 57 5K
[ A VA8 Y6 e ) 30 1% HE 35 7 B A AN — B DA B AN T
T VR B AT MR R B B ) AN R A O, 3 5 ] AR A
(2012) 9 WF 5% 45 S — B, o SO 4 v iRk
(2011) PIF5E & BR, A8 53 22 20T LR I 45 R A 5K
Pzs (8] b B OB B, AR S RE/IN T R AR
VR 7 = M, AR R R TR A
B A, AT, RARMIB HLTE 4 )8 Zn |
Pb W28 5 RZEE/N , AR Cu,Cd 728 5 R
K, TR IRARIRHL Zn Pb AR N 51 Cu,
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200 Zn
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BE % Distance (m)
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44 Content (mg-kg™)
=
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i8] Distance (m)

The distance 0 is the edge of the forest, the direction of light beach is positive, and the direction inside the forest is negative.

1 2R AN RS R i P b AR ) o i S 5 e 12 0 A AL

Fig. 1

Vertical distribution characteristics of heavy metals in sediments of Kandelia obovata

wetlands of different origins in East Fujian

x5 MRYHPEEEZEH Pearson X1
Table 5 Pearson correlation between heavy

metals in sediments

SIR PR .
KA N TR Plantation
v Natural forest
Eiston
Indicator
Zn Ph Cu Cd Zn Ph Cu Cd
Zn 1.000 1.000
Ph 0.143 1.000 0.485" 1.000
Cu 0446 = 0.469 = 1.000 0.184 5+ —0.227 = 1.000
Cd 0.197 #x  0.644 % 0.424 1.000 0.248 #x 0.664 #+  0.324* 1.000

* TR (P<0.05) 5 ++ KRR FEAAZ(P<0.01)

* indicates significant correlation (P <0.05); ** indicates

extremely significant correlations (P<0.01).

Cd R IRZ N9 U0 H5m 20, N TR AR bR
F—8, KARMEG AN TR 5 i 5 e RN
TRACHERA WA 1 I, St A — 7 1 mT B S A R
Yy o Wi R 5 A R R R A, TR K B )

K2 REESESEGRAEIEE(,,) E
Fig. 2 Heavy metal pollution load index (/,,)

values of sampling points

AR 55 4 Hh s i 0 DXk, I 3 00 R D8 70 Y
IR (HRME ,2014) ; 55— 5 THI AT B S BK O AR P — L
L) OB AT 7 < J eI BB A ) R T 1 R -
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Table 6 Heavy metal pollution load index of Kandelia obovata sediments from different origins
B3| 75 Y G HR 4L 15 Y52 VYR
Type Pollution load index (1, ,.) Pollution class Pollution level
KSR Natural forest 1.29 1 HEE Y5 3 Middle level pollution
AT Plantation 1.73 1 TR 5 44 Middle level pollution
®7 ARABEMMMRTAVESERERNGIEMNLER
Table 7 Health risk assessment of heavy metals in Kandelia obovata sediments from different origins
KARHK Natural forest AT ¥k Plantation
)BT
Metallic element U B PE BUFE L PE JLE AR 5B 1k AL JLE
Adult male Adult female Children Adult male Adult female Children
Bz R g A RN Zn 3.11x107 3.58x107 1.96x107 4.64x10° 5.35x107 2.93x107
f ski ;
Route of skin contact Pb 3.52x10" 4.06x10" 2.22 3.67x10" 4.23x10" 2.32
Cu 1.78x107 2.05x107 1.12x107 2.49x107 2.86x107 1.57x107
RI Cd 4.33x10° 4.99x10° 5.47x10° 6.33x10° 7.29%x10° 7.99x10°

. M RN > 1B AEBUR S A7 RV < LB, KU/l il 2 A 31324 RT > 1.0x 10° B, 77 726 ™ FE 308 KU ; RT < 1.0x 10° A, JAL

A /Nl T 22

Note: When RN > 1, the non-carcinogenic risk is small or negligible; When RN < 1, the risk is small or negligible; When Rl > 1.0x

10, there is a serious risk of cancer; When RI < 1.0x10°, the risk is small or negligible.

Sh T = AR T 22 i 4 0B I B S AR
Hp R (ERAES,1994) PG, Bl pki £ 4 B
AEEEXL,

AH S 43 M7 AT i) 2 3 100 342 b T AR ) TR 4 1Y
R ANIRAL , TOE 2 [H] AH OGP I 35 sl B 3, e W
TEZ M X e 2 ) A R o & 22 475 % (Guo
et al., 2012) ,ARWFFE K& I, KR F A Zn 5 Cu,
Pb 5 Cd.Pb 5 Cu.Zn 5 Cd Z [0 HA [FJEH D2
BEBYH,ANTHTE Zn 5 Pb . Cu 5 Cd Zn 5
Cd.Zn 5 Cu L& Pb 5 Cd z 8] BA7 [a] J5 o ul 5

A5G, T AR Ph 5 Cu faAH S X2
P B L, FEREMTIRYERZ, A
K RE TG G AT HE BOR B, KIRMOCR A SRS
100 m Joi5 4%, N TR BE SRS FRAM 15 m A
Hh 30 m FETESRIG O AR R KIN AR L 2R ETH
PLAeBiif, HoAh R e SR AFTE P BETS g . AN IX 5
15T BORE , N M5 G H R AR AO™ 8 (H
Yo v B Vs G, L PR — 1T A) BB R AN [ AR R K
HMRRE b+ HE 25 4 11 2% Sk (5K e A, 2020) , A &
X - g 4w 0 B AR RE AN IR S BOHAR B B
i B 22 5 (T AR 045 2012) 5 55— 7 T ] g 2
AN R IR BKAAR BT 32 N TR R TR], i T A

TAREEL i R IX B JE i HES O A TR R £,
S R ARG YL T OO TR B SR TS
YU 52 e N T RIS AR A
4.2 AEREMA KR DE S EBRXE

A T] B X it 5 IR 1 SRR B R, L 2
X TR ) Hh B 4 R 04 A B0 KU AN U KRS
S BURR, BUAT 53 M R B ) R A1 X T I A
(2021) WBFFR 45 R —2, X AT B FLE A /N L &
GRE 1 5 A2 B8 AR A G, BRItk I ok e L
LA T X IR e VR . AR R, N TR X
SRARE 428 Pb YA e BE 100% 8 b , 78 3F 47 1
JRERUBS: A i, Xt JL 2 A R Bom K T US
EPA S5 [E BRALAA  fie KT ez WU (RN>1) , B
HEJE Pb FERUE B S Lt iy RV 41 T HAth
FHAeRICE, TAeJE Cd 1K I e B ™ 53 Ak
(RERM 79.929% FI N T MK 85.71%) , Hoxf JLE 5
N U XS it T US EPA 25 [E PR ML Y I
K AT 432 WS AE (RI>1.0x10°) . B I, T4 )8 Pb
55 Cd WA I 2R K A MR T b A = e XU S TR
JCE . AWFIE SR PES (2012,2013) X [# 492
b 4 () F ST AR LE, T TR 2 02 AT ) AR Bk
ARV T 4 JE 1) A B RE 5 A (R 40 A, AS B g
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TEAS T 5 4 S Xk A A £ BRERURS: T L EE
H5WN BHSLER S AR R T OB A
TE2 5 AEFEAT (e KU AN I, R i o0 AR
DA S AT A 52 B

] 75 K it MR b U R ) TR 4 DR TS e ok
XA AT AE A B R, IO R R SR BT 36 e
PRI, 2 R R 2 5 B SR AN R . (1) X 2T AR A £
B ACRICARIE £ N TARE N R RS
TR 4 A B s N TG Ge L R SR M ™ =, BT
ABEH H AT, (2)58% WNHLHE , % E S
Ji 1 e R XU A1 i ACRK i AR T 1 A S R R
TAE, RHTEFESUFRESE TR (W C) W
W 447 e 5 XU DT ¢ 55 A U AR AN A S
e ST AT B S AR RO AR AR B A RO, A
Bl I Ao pR i A A5 PR 5 R A B
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(1. EEME TR MEERE S TRSB, )P0 FEAK 541004 ; 2. FEAMRIE TR
L XK TG e il 5 K 2 e AR U R BET HRGy, )PE BEAR 541004 )
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W E. NS G SN B X 4 R S e BB IR I DA XA A R AR R A B
A AR XCRAE 30 RO R 4 M AR ZR 4 58 0 H b 13 R SR AR R £ 5E% Cd . Cu Ni Pb,
Zn i VFRA YO T A R 0 RN 2 R T R T LR A A A R T . S5 R R (1)
T-HE WA 1 Cd 9 ik 40.33 43.26 mg - kg, B AR B (MRS 43 B8 0.20 F10.37 8 R
Bk 1.35 Al 116, AR E 4 Cd fIRE S, 4 Cd 15 HIEA — @ MBEH 11, (2) k3 13 Cd,
Zn FEHIH 77.49 .3 557.96 mg - kg, BAAR KA 30 FAEY AR KRME, R—FEE Cd.Zn B &5
AR AR, (3) BRI I N SRR 0.62 mg - kg, B RE(H B M s R R Ik
6.16 1 1.37 , Ffa RUE A Ni 1 —Fp & £ AHY) , 0 T 3 — 2L BE S M LSS AIE , (4) 5850 77 19 FAR R Cd |
Cu .Pb il Zn T &t K T4 B30 J& T A0 EE FRAYAE ) 5 g JE AR b B 38 b R Cd |, Cu F1 Zn 55 42 )@ 75 it
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Heavy metal enrichment of dominant plants in
Niujiaotang mining area of Guizhou Province

DUN Mengjie', ZHANG Yunxia', SONG Bo"*", SHENG Xin', ZHOU Lang', BIN Juan'

(L. School of Environmental Science and Engineering, Guilin University of Technology, Guilin 541004, Guangxi, China; 2. Guilin University of

Technology, Collaborative Innovation Center for Water Pollution Control and Water Safety in Karst Areas, Guilin 541004, Guangxi, China )

Abstract: To select suitable materials for remediation of heavy metal pollution in karst areas of Guizhou Province and
ecological reclamation of mining area. A total of 30 dominant plants and their root soils were collected in Niujiaotang
lead-zinc mining area of Guizhou Province for testing of the contents of Cd, Cu, Ni, Pb and Zn in aboveground,
underground and root soils. The enrichment and transport coefficients of heavy metals by plants were calculated, and the
application potential of plants was comprehensively evaluated by cluster analysis. The results were as follows: (1) Cd

contents in the aerial part of Senecio scandens and Bidens Pilosa were respetively 40.33 mg - kg and 43.26 mg + kg™, the
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480 OO0 M W

42 %

enrichment coefficients ( aboveground part) were respectively 0.20 and 0.37, and the transport coefficients were

respectively 1.35 and 1.16, and they had strong ability to enrich Cd and had certain remediation potential for Cd

contaminated soil. (2) The contents of Cd and Zn in aboveground of Polygonum capitatum were 77.49 mg - kg and 3

557.96 mg + kg respectively, which were the maximum values among the 30 plants investigated in this survey. It is a

potential plant material for remediation of Cd and Zn contaminated soil. (3) The content of Ni in aboveground of

Buddleja lindleyana was 0.62 mg + kg, and the enrichment coefficient (aerial part) and transport coefficient were 6.16

and 1.37 respectively. However, a further study need to be done to test whether the plant for Ni enrichment. (4) The

contents of Cd, Cu, Pb and Zn in the roots of Mirabilis jalapa and Equisetum ramosissimum were much higher than those

in aboveground, which were root-hoarding plants. The contents of Cd, Cu, Zn and other heavy metals in aboveground

and underground parts of Indigofera bungeana were relatively low, which belonged to evading plant. Therefore, Senecio

scandens , Bidens pilosa, and Polygonum capitatum can be used to remediate heavy metal pollution in soil, and Mirabilis

Jjalapa, Equisetum ramosissimum, and Indigofera bungeana can be used for reclamation of mining area.

Key words: Niujiaotang lead-zinc mining area, enrichment, heavy metal, root-hoarding plant, evading plant
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Table 1 Dominant plant species composition
T2 P s & A T A
Plant name Family Genus Biotype
5105 Buddleja lindleyana R} Loganiaceae [0 58 Buddleja K Shrub
WAL AR EE Indigofera bungeana G A} Leguminosae KiEJE Indigofera A Shrub
97 W # Artemisia lavandulaefolia %%} Asteraceae & Artemisia A Herbal
INYERE Erigeron canadensis 3%} Asteraceae F1i 5% Conyza L Herbal

T- B Senecio scandens

FEFH] Ageratum conyzoides
Y% B Bidens pilosa

JEAE Calystegia sepium

SE4EHi Plantago depressa

B EE Melilotus officinalis
9% 7l Macleaya cordata

=k ¥ Eupatorium japonicum
KA Mirabilis jalapa

i %% Sigesbeckia orientalis

JKEE Ambrosia trifida

TR ZE Polygonum lapathifolium
Tk Phytolacca acinosa

=Wk %856 Aster trinervius

LEFHYE Amaranthus hybridus

2% Solanum nigrum

2ZLAERAT Iris confusa

T Sonchus oleraceus

WA Equisetum ramosissimum
5 JNZE Crepidiastrum denticulatum
BT Crassocephalum crepidioides
MK Boehmeria nivea

IKIFR Debregeasia orientalis

Hi kA Pinus yunnanensis

LI faf Mentha canadensis

im% Polygonum capitatum

45F} Asteraceae

458} Asteraceae

HF} Asteraceae
JEAEF Convolvulaceae
ZE A} Plantaginaceae
5 F} Fabaceae

BEZERl Papaveraceae
HF} Asteraceae
KK R Nyctaginaceae
4%} Asteraceae

H5F} Asteraceae

F B} Polygonaceae

R bR Phytolaccaceae
4%} Asteraceae

BB Amaranthaceae
HiEl Solanaceae
BEF Iridaceae

H5F} Asteraceae
AKIEFE} Equisetaceae
45%} Asteraceae

457%} Asteraceae
SEEF Urticaceae
FIREL Urticaceae
FAB} Pinaceae

JEIEFE Lamiaceae
FE} Polygonaceae

T-H )& Senecio
FEF I JE Ageratum
JLEFELJE Bidens
FIWiAEE Calystegia
LRI & Plantago
FRME IR Melilotus
% M & Macleaya
VE=2J® Eupatorium
SORFE Mirabilis
i %5 )& Sigesbeckia
WKL & Ambrosia
& & Polygonum
Rkl & Phytolacca
56 8 Aster

B0 )& Amaranthus
)& Solanum
BRIE Iris
SRR Sonchus
K& Equisetum
B BAZJE Crepidiastrum
P8 Crassocephalum
MR JE Boehmeria
IK K@ Debregeasia
FAJ® Pinus

AT E Mentha

i & B Polygonum

A Herbal
HZR Herbal
HZR Herbal
HEZR Herbal
HEZR Herbal
HEZR Herbal
HR Herbal
HiA Herbal
HiA Herbal
HEZR Herbal
HAR Herbal
HAR Herbal
HiA Herbal
HiA Herbal
HiAR Herbal
HA Herbal
FA Herbal
F 7R Herbal
FEA Herbal
HA Herbal
HiA Herbal
WEA Shrub
H#EAR Shrub
F+ AR Arbor
HiA Herbal
HEZR Herbal

2.5 BES

AU A rh WA — MY RN R
AT AP A IR SE, B Cd T, e 4
A ERY SRR A EY, HE R&E
< B AR A ) A R SE R AR A T A D v O % —
SEPRAE R SRR . O B T L M O 0 X R
HA W 7 000 A Wy, 108 IR AR ) L
Cd 5 5 1Y B KA R N 1 o AR 56 18 RBE A S
B, % 30 FROLEARPIHEAT R AT (K 4) o R
Bl 4, npf A 0 4 ARG, T 9P itadxs Cd

(IFE s 2B KT 2, Db Yt cd 5z
RN T 1~2 20, PP Cd ¥ s RZEUr
T 0.5~1 M, VEFHEYXT Cd iz ZE3 /N
F0.5,4 F3# Cd &5 od MEEMY G A
FLME38/NT 0.04, Horp ) T R YA e 55 R bl
I A YA T HOG e R B30, MK
FEPA SR AL AR #4810 F, IV AR A T
TED EORFAE 12 Fh, Hop ) T b ay e ZE AR
fifi b3 Cd & &/, 2050 R 3.72 mg - kg I
7.81 mg - kg, MPAEY P T HOG REH EFH



484 - 42 15
x2 FRIEBESLEIESHIT (H7: mg - kg')

Table 2 Statistics of heavy metal contents in mining area soil (Unit: mg + kg™)

SN 434 X B K {H Maximum value 114.00 280.65 84.34 3681.71 9 752.12
Calyuanhe mining area 5 ) §inimum value 9.29 14.58 0.10 107.22 1 508.76
FE{H Mean 46.03 54.15 24.52 610.49 4 453.05
AR 53 Z B Coefficient of variation (%) 68.80 129.01 96.65 168.60 67.58
FEASL Number of samples 10 10 10 10 10
KT X KA Maximum value 197.75 14.78 15.56 105.14 1 566.88
Daping mining area F5/)MHE Minimum value 134.88 7.04 7.47 54.96 541.56
F-24{H Mean 173.07 10.28 11.36 75.94 893.77
A5 53 2B Coefficient of variation (%) 13.63 30.88 26.23 44.56 44.56
BEAKL Number of samples 4 4 4 4 4
RO IX f KAH Maximum value 718.88 92.00 37.10 587.15 44 532.73
Mapo mining area /IME Minimum value 36.15 18.55 13.46 241.06 2517.35
SF-H4{H Mean 275.95 43.37 20.72 422.3 18 019.56
75 5 2B Coefficient of variation (%) 68.61 52.30 34.87 25.00 70.36
BEA KL Number of samples 9 9 9 9 9
Wi 434 X KAl Maximum value 434.40 310.85 36.26 761.41 46 909.00
Lion Cave mining area g0 1 oo\ iim value 21.34 13.21 0.10 95.30 1 339.70
SEH{E Mean 225.25 62.23 16.87 283.59 15 576.55
75 5 2B Coefficient of variation (%) 66.22 116.46 60.90 58.97 78.52
FEASL Number of samples 17 17 17 17 17
BB X B K {H Maximum value 884.95 26.05 30.93 1211.84 45 229.89
Xingiao mining area g e \inimum value 43.11 21.23 20.21 80.81 2 659.30
FE{H Mean 464.03 23.64 25.57 646.30 23 994.00
A 5 B H Coefficient of variation (%) 90.71 10.19 20.96 87.50 88.90
FEAEL Number of samples 2 2 2 2 2
FINA - IE Guizhou average 0.24 32.00 39.10 35.20 99.50

X3 TRIESSEEANSEESRIT (B mg- kg)

Table 3 Effective state statistics of heavy metals in mining area soil ( Unit; mg - kg™)

" [X. Mining area cd Cu Ni Ph Zn

32 [ 43 X Caiyuanhe mining area 6.02+2.99 10.07+13.16 = 7.06+9.14 #x  167.77+205.42 #* 728.88+680.08 s:
K538 X Daping mining area 26.12+7.92 2.97+0.97 = 2.54+1.29 w3 23.1025.27 % 84.28+51.69 #x
Iy 438 X Mapo mining area 21.19+14.76 10.03£9.48 = 3.3242.96 #%  58.32£32.19 #%2 647.74£2 463.05 =
Wi 43 %" X Lion Cave mining area 16.71+16.39 15.57+15.26 #x 3.57+2.87 #x 38.39+20.99 =x 1 804.15+1 637.33 =x
BiHF 5 X Xingiao mining area 7.17£1.50 6.66+2.63 #x 8.91+2.64 #x 6.68+6.18 #x 3 476.95+2 996.92 s

e o RRAYEEEETE 0.01 KV LA B AHCE,

Note: #*:* indicates a significant correlation between the effective state and the total quantity at 0.01 level.

] EP Y S Cd & W 40,33 ,43.26, B4R 43 1.35 F10.20.1.16 F1 0.37.1.65 Al
21.60.22.89 mg - kg B RBAME LR (L 0.28.1.61 F10.77,
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Table 4 Heavy metal contents of plants in different mining areas
o E A
WX it W Heavy metal content (mg - kg™)
Mining area Plant Position
Cd Cu Ni Pb Zn
S 43 X LA EE 1 _E 3 Aboveground 0.39 4.77 0.28 3.69 36.90
Ciﬁf‘;‘;e Indigofera bungeana 11 F # Underground 0.72 5.41 1.36 13.56 72.85
area Lig'a) H1_E 3 Aboveground 22.89 20.43 3.77 6.33 1 503.58
Artemisia lavandulaefolia 1T #B Underground 14.21 9.10 0.77 1.41 326.53
PR i |- #B Aboveground 21.60 11.86 1.08 8.43 223.33
Ageratum conyzoides bR 3 Underground 13.07 9.41 1.35 10.74 361.35
JLER R 1 B Aboveground 13.46 15.27 0.68 8.86 161.67
Bidens pilosa 1B Underground 11.25 25.32 2.76 37.45 870.01
FOR R 1 _E 3 Aboveground 1.24 9.17 0.63 4.67 66.20
Melilotus officinalis ¥ Underground 1.53 8.40 0.63 4.19 108.31
K Hi_E % Aboveground 1.29 4.57 0.69 7.34 388.90
Macleaya cordata % Underground 1.90 3.91 0.64 4.32 669.05
SERA M |36 Aboveground 1.44 5.13 0.49 6.19 137.36
Mirabilis jalapa H T #B Underground 41.45 173.36 2.78 611.10 1 982.72
[iegr s 1 3% Aboveground 1.06 8.20 0.45 6.54 123.06
Polygonum lapathifolium i #B Underground 13.33 21.55 4.50 157.04 613.94
LAE 1 _F B Aboveground 8.15 6.03 0.66 5.35 315.42
Amaranthus hybridus H2 T #B Underground 10.00 6.96 4.23 12.08 333.42
JesE i 1B Aboveground 3.72 12.42 0.90 12.46 107.11
Solanum nigrum HF ¥ Underground 1.59 7.45 1.89 28.27 122.62
K30 X TH6 i 1B Aboveground 40.33 9.31 2.11 7.22 139.62
Daping mining arca Senecio scandens 11 F # Underground 29.91 12.00 1.44 4.77 270.11
JLE A H1_E 3 Aboveground 25.84 12.65 1.12 6.40 104.67
Bidens pilosa 1B Underground 27.92 5.33 0.79 3.68 56.95
JR 1 EFH Aboveground 2.75 6.32 0.95 5.70 59.10
Ambrosia trifida 1 # Underground 8.27 7.81 0.91 3.99 57.25
W Hi_E# Aboveground 9.09 7.47 0.60 5.97 104.24
Sonchus oleraceus ¥ Underground 11.37 4.24 0.99 2.73 72.75
B3 IX fire M |36 Aboveground 0.80 9.10 0.40 4.54 31.63
Mapo mining area Buddleja lindleyana 1 # Underground 1.29 8.32 0.29 2.75 161.00
/NERE 1 3 Aboveground 8.67 7.66 0.61 9.63 423.84
Erigeron canadensis Hi T #8 Underground 7.54 5.36 1.69 14.51 405.34
YL HE M |36 Aboveground 43.26 21.33 0.50 7.39 461.22
Bidens pilosa H T #8 Underground 37.16 26.60 2.79 36.61 1481.94
(150 i |36 Aboveground 7.81 17.53 0.52 9.81 471.36
Phytolacca acinosa H2 T #B Underground 2.75 10.49 1.22 8.78 213.90
2246 1 _F B Aboveground 1.37 1.83 0.16 4.05 76.44
Iris confusa H2 T #B Underground 15.34 4.08 1.93 19.03 1418.58
piyied i |6 Aboveground 26.40 10.41 0.57 5.60 176.68
Crepidiastrum denticulatum T # Underground 34.70 6.99 1.56 20.79 1013.59
TR R H1_E 3 Aboveground 0.28 1.26 0.50 4.91 147.37
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HEE AR
WX i e Heavy metal content (mg - kg™ )
Mining area Plant Position
Cd Cu Ni Pb Zn
Debregeasia orientalis H T #8 Underground 15.26 3.73 1.93 19.05 1402.33
1L A Hu_E % Aboveground 2.72 11.32 0.85 19.46 182.02
Mentha canadensis 1R Underground — — — — —
i 1 B Aboveground 77.49 15.92 6.39 139.06 3 557.96
Polygonum capitatum 1R Underground — — — — —
il -3 438 X i £ 1 EFH Aboveground 1.92 4.76 0.62 4.66 75.50
Lion Cave mining area — p 4 11oio lindleyana 1R Underground 16.48 5.05 4.94 17.88 1 047.29
LA i 135 Aboveground 0.22 3.08 0.18 3.88 19.50
Indigofera bungeana Hi T #8 Underground 0.57 5.73 0.47 0.31 52.39
Liigharcs 1 _E 3 Aboveground 0.45 11.06 0.91 4.07 84.74
Artemisia lavandulifolia 1 # Underground 13.49 10.23 1.31 8.76 1 045.05
/N 1 EFH Aboveground 13.51 15.15 0.61 4.01 482.73
Erigeron canadensis T #B Underground 13.63 6.64 1.42 19.10 658.24
Tt 1 B Aboveground 3.01 9.65 0.73 4.85 105.60
Senecio scandens H T ¥ Underground 12.67 9.46 12.45 12.21 862.21
A M |36 Aboveground 16.02 6.62 0.66 4.40 162.41
Ageratum conyzoides T Underground 29.16 21.59 5.25 47.19 1 063.08
VAR Hi_E % Aboveground 7.16 7.39 0.61 4.01 99.72
Bidens pilosa % Underground 7.47 9.97 2.68 19.65 442.63
ek i |- #B Aboveground 0.41 8.95 0.89 4.36 94.87
Calystegia sepium 1B Underground 3.35 10.43 1.22 1.15 416.08
V-2 i |- #B Aboveground 3.59 10.78 1.21 9.39 298.07
Plantago depressa 1T #B Underground 8.75 20.50 2.01 9.19 772.98
Mk %k M |36 Aboveground 4.86 6.66 0.53 3.41 135.95
Eupatorium japonicum Hi 8 Underground 4.86 7.48 1.05 4.34 263.41
Fii &5 Hu_E % Aboveground 9.89 9.93 0.50 3.67 70.97
Sigesbeckia orientalis Hb T Underground 12.05 9.95 5.13 20.66 212.15
=WkE5E Ml 1B Aboveground 1.15 5.96 0.42 2.25 76.99
Aster trinervius ¥ Underground 3.46 9.84 5.39 18.24 314.30
REREE H1_EF Aboveground 0.15 3.33 0.19 3.26 13.48
Equisetum ramosissimum 2 #B Underground 20.44 42.34 2.67 42.76 1611.86
LigE M I &6 Aboveground 4.55 9.41 0.57 4.24 76.01
Crassocephalum crepidioides 1 F 3B Underground 13.24 12.46 4.30 12.05 194.22
AR i 3 Aboveground 2.11 6.19 0.44 5.12 486.27
Boehmeria nivea Hi T #8 Underground 13.68 10.01 0.58 10.58 1 256.46
AL 1 B Aboveground 3.71 6.12 0.71 4.59 207.82
Pinus yunnanensis 1 # Underground 12.86 9.30 1.49 11.38 654.87
BT X ity i 1B Aboveground 0.32 7.87 0.55 4.02 48.36
Xingiao mining area Buddleja lindleyana T Underground 1.49 6.01 0.51 2.65 152.35
AL 1L 3#B Aboveground 0.23 9.80 0.54 8.18 48.85
Calystegia sepium R H Underground 1.30 21.54 1.08 0.01 99.44

T — R

Note: — represents no data.
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P1. ffa &, P2 i db K 35, P3. B30, P4, N E
P5. THG; P6. &S], P7. WEF#, P8. igik; P9. V%
i P10. BORJR; P11, fifg [l P12, k¥, P13. %3¢
#i; P14. % %55 P15, K& P16, g #int 2L, P17. bk
P18. = k%656 ; P19. SHEETL; P20. JE %% P21, Widb AT
P22. ¥ B, P23, W E, P24, 5 JNSE; P25, BT
P26. % JfR; P27. K BR; P28. b £ A4 P29. 1 i fi;
P30. k2, A,

P1. Buddleja lindleyana; P2. Indigofera bungeana; P3. Artemisia
lavandulaefolia; P4. Erigeron canadensis; P5. Senecio scandens;
P6. Ageratum conyzoides ; P1. Bidens Pilosa; P8. Calystegia sepium;
P9. Plantago depressa; P10. Melilotus officinalis; P11. Macleaya
cordata; P12. Eupatorium japonicum; P13. Mirabilis jalapa;
P14. Sigesbeckia orientalis; P15. Ambrosia trifida; P16. Polygonum
lapathifolium; P17. Phytolacca acinosa; PI18. Aster trinervius;
P19. Amaranthus hybridus; P20. Solanum nigrum; P21. Iris
confuse; P22. Sonchus oleraceus; P23. Equisetum ramosissimum;
P24. Crepidiastrum denticulatum; P25. Crassocephalum crepidioides ;
P26. Boehmeria nivea; P27. Debregeasia orientalis; P28. Pinus
yunnanensis; P29.  Mentha canadensis;  P30.  Polygonum

capitatumd. The same below.

BT M b AfAs T i R R e PHE
Fig. 1 Maximum value/critical value of heavy metal
content in the part of aboveground

3 WikEHE#

A — O 5 R A M b N R
(W W Lo A e A DL BN R R R R
A A AT SR Y . —SE R AR AR TG AR R
e T g DI, 28 AN W AR 6 4 Jm B AT AR
SiR PR TP B 7 T <5 Je 5 LR e A R R

AR X B Y B RO PR

M9 B pza

P20 P27

(il P26

réOa®
=

B2 DL ox E 6 A s B A R (M ko)
Fig. 2 Enrichment coefficients of dominant

plants for heavy metals( aboveground)

K3 DL x4 i s R

Fig. 3 Transport coefficients of

dominant plants to heavy metals

T Ry 1 3 AT X A 2% 1Y) 2B A7 R 55 32 Wi X
Gyl = S e UE I S (RS R 7/ D0 I N T S
Ja W3 1 BB 3 AR T RE ) & AN A TR, AR AR A ) )
TR A Jm 09 AN R T R AR ) 43 Dy e AR R A
Yy R B [ FR AR A ) R SR AR ) — (A A
2005 ; Vaculik et al.,2012)

AR AU RE 0 K I R 4 R T KB #8
FHh EES, X T RIEESEMGHSBE, M
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Table 5 Analysis of differences between

different levels of plants

il e HER
] AL 2 o 2 )
] C C.O,lg (é’@ 'I‘Ahﬁﬁﬁ‘) 41’315%?:@(
Plant category . nrl?. ment rap.sport
content of coefficient coefficient
aboveground ( Aboveground)
I A% Grade 1 plants 0.06+ 0.31+ 2.59+
0.03b 0.13a 0.36a
I 454 Grade T plants  0.32+ 0.41+ 1.45%
0.11a 0.25a 0.22b
M2 HE4) Grade M plants  0.07+ 0.06+ 0.74+
0.08b 0.07b 0.27¢c
IV 2484 Grade IV plants 0.02+ 0.04+ 0.24+
0.02b 0.05b 0.23d

T RRFERR R R Z A7 B EE R (P<0.05),
Note: Different letters indicate significant differences between
different groups ( P<0.05).

SEAR GG & AR, H TR 2 2 X O I
Cf T REDFIE, BB ST 3R (B 55,2011 25K
BESE,2019) | 55 11 23 (XA, 2003 5 X8 15 E 45
2007) ZF B AT IR Cd & A RE S, (B A Y R 5
N HICEE SEBR ) TR b ek ), AR S
BB T HOGAE Sy — b R) e RE ) B A
TR S ¥EE AR KRGS RT B 0IX
1 JLEF B RR TR P40 X0y T BLOG e 3 Cd
SR HIN 43.26 .40.33 mg - kg, it K TE 4R
FEREPI AR N () IE K & i Feis 0 5 1.35 il
1.16, &£ RE (M L5 4) 43908 0.20 F10.37, 3%
A BLG AN BET R AT LA F K 0 XOR 5
Wt X HHE Cd s QiR B AME &, SR T D
O3E XSk AE S - Cd Zn RN 30 Al
Pt R, RISk AE 2 & —Fh Cd . Zn BB 15 5
WEBEMY, THF 559 X L5 Cd. Zn 15
YeIG B, SR T IE 73R 438 XA I A B Ni (R
LRE (M L) Fn% iz R0 00 6.16 Al
1.37, 9K F 1, Hosth 138 Ni & &40 H 0.62 mg -
ke, FEUEERB () KT 1 AR R R
R R I N I, AR A R N A
KB B A e da R B, H I 7 AR Ok IR B
W73 38 X 3 Ni 5 5% 38 T i — 25 (I AF 5 m
LSS IE

AR 1S P R T A ) 2 4 0y b R A - 3 v )
& )E , BARARNE I 4 Jm Wl AR H R A

Ji T AR MRS T AN 1) S A B DT ek 2 ot
YR E . R FWEFI0 500 X0 35 1 B RER
TR 4 X 2SS F, e T IV gUE Y, Hoh
Y HOR L K F MR EE Cd, Cu P B BT
20.44~611.1 mg - kg Z[H], #i ¥ Cd Cu Pb 1Y
FEANT 0.15~6.19 mg - kg Z 6], HRH Zn & &
P 1 600 mg - kg, M EER Zn F RN 140
mg « kg™, BT B 58 S AR A5 1 1 AN (R R
EORGE O v i o O (e oy B Y S L
& TR R AR ALAE )

IR A ) D) 2 R R T X T R i,
T 4 Jm DURRAE AR R R, AE A P9 AR 2D 0
WESJE, R TREW 8 X bR, J8 T
e As 4, iR EB Cd . Cu. Zn BY & 205K 0.72,
5.41.72.85 mg - kg, M 3 Cd ., Cu . Zn B9 & & 53
24 0.39.4.77 .36.90 mg - kg, R B JLA A
Ty I A e JE TR RAE )

R S B TR R sk A, AT T X
B O B R 0055 . R, 4 EA]
FHT W03 434 X, 5% 5 i AT b A 88 w1 ] T2
PEl] 430 DX A B DX 52 B A DA SE 30 XA ]
Fre kR,
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Y& Equisetum ramosissimum —
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Abstract ; Salinty and alkali are the serious stress in arid and semiarid area, which has a bad effect on plant growth. It is
necessary for us to explore the variety of microbial community and the activity of enzyme in rhizosphere of Pennisetum
giganteum( giant juncao) under saline-alkali environment. As a result, we set up the experiment with seven different
kinds of saline-alkali concentrations, analyze the difference significance and correlation of physiological data under
different saline-alkali concentrations with the method of SPSS, and analyzed the diversities of microbial communities with
the method of Illumina high-throughput sequencing. The results were as follows: (1) The composition of microbial
communities in rhizosphere soil of giant juncao differed at different saline-alkali stresses; The dominant groups were
Sordariomycetes (68.5% ) , Eurotiomycetes (16.3%) , Chloroflexia (8.5%) , Bacteroidia (13.5% ), Gemmatimonadetes
(5.6%) and &-Proteobacteria ( 3.7%) at the 12%o saline-alkali concentration; The relative abundance of the
Dothideomycetes (27.7% ) and Anaerolineae (2.4%) was sharply reduced to 2.5% and 0.007% when the saline-alkali
concentration increased from 6%o to 12%o; The Chao and Shannon indexes of the rhizosphere microbial community of
giant juncao decreased with increasing saline-alkali concentration, and were significantly correlated with soil saline-
alkali concentration (P<0.01). (2) The low concentration of saline-alkali stress had a positive effect on activities of
urease, polyphenol oxidase and alkaline phosphatase in rhizophere soil of giant juncao, but activities of polyphenol
oxidase, alkaline phosphatase and sucrase were inhibited when the saline-alkali concentration of soil exceeded 8%o;
After planting giant juncao, the content of soil organic matter increased significantly (P<0.05) and the saline-alkali
concentration were reduced significantly ( P<0.05) ; The neutralizing ability to soil alkalinity gradually weakened with
the increasing saline-alkali concentration, and the neutralizing ability of soil salinity gradually weakened when the
concentration exceeded to 8%o; When the saline-alkali concentration was 6%o, the production of giant juncao was the
highest and the soil had higher contents of available nutrients and organic matter. The research indicates that growing
giant juncao is beneficial to improving the fertility of saline-alkali soil by adjusting the enzyme concentration to better
adapt to the medium and low concentration saline-alkali soil environment, and producing the corresponding dominant
flora to adapt to the environment in different degrees of saline-alkali soil.

Key words: saline-alkali stress, soil microorganisms, physical and chemical properties, soil fertility, salt-tolerant plant
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Enzyme activities in rhizosphere soil of giant juncao under different saline-alkali stresses

K2 B STEA R e T
Fig. 2 Yield of giant juncao under

different saline-alkali stresses
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*1 EFERRIEFBEVERFIIEK OTUs

Table 1 Effective sequences and OTUs of soil microorganisms in rhizosphere of giant juncao
T e e
o H Y] e B 45 g BUTH! S 2 4
Saline-alkali HEAHFS) A i 3 271 A
. Valid sequence Valid sequence of
concentration . OTUs . OTUs
of fungi bacteria
(%o)
0 73 194x1 230.500ab 672+42.900a 60 181+75.000b 1 474+2.000a
6 74 076+869.670a 609+50.540a 66 441+304.450a 1 359+30.660b
12 71 582+782.200b 489+41.100b 61 638+1 547.660b 1 077+61.990¢

. ARIFRFRRSAETLE 25 B3E ( P<0.05) ; HEFREREFALE(P>0.05), FFE,
Note: Different letters indicate significant differences between treatments ( P<0.05) ; The same letter indicates no significant differences

(P>0.05). The same below.

X2 ERERETEMEY Alpha SHEMEFEE

Table 2 Alpha diversity indexes of soil microorganisms in rhizosphere of giant juncao

Sk i

25 Saline-alkali Chao 5%k Ace 8% Shannon $5 %X Simpson %%

Type concentration Chao index Ace index Shannon index Simpson index
(%o)

L 0 806.728+14.342a 783.267+9.261a 4.132+0.209a 0.0360.010a

Fungi 6 724.379+1.799h 726.966+4.427h 3.978+0.029ab 0.044+0.004a

12 620.120+18.401c 604.483+3.779¢ 3.748+0.140b 0.048+0.008a

AN 0 3 752.922+63.943a 3 778.422+62.682a 6.867+0.039a 0.0030.000b

Bacteria 6 3 149.800+236.510b 3 115.390+186.170b 6.397+0.119h 0.005:+0.000b

12 2 211.270+166.890¢ 2 239.660+ 144.270¢ 5.454+0.117¢ 0.002+0.001a

XF = TR R IR A 12%0 5 43 51k 68.5% |
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JO, J6, J12 indicate giant juncao rhizosphere soil when the saline-alkali concetration is 0%o, 6%o and 12%o, respectivity. The same below.

3 MRPR e E R AR LA RS 2

Fig. 3 Relative abundance of fungi in rhizosphere soil at class level
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Fig. 4 Relative abundance of bacteria in rhizosphere soil at class level
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Table 3  Changes of soil pH and salt content before and after giant juncao cultivation

FiAE /S L & kit S pH 2218

IR Jﬁj:i% . ﬁ#ﬁ)’ﬁi,{& . Differences of soil salt content and pH
- . Original soil Post cultivated soil . . L
Saline-alkali before and after cultivation
concentration
(%e) pH i pH fii GES pH fi RES
pH value pH value Salt content (g« kg") pH value Salt content (g« kg™)
0 7.420+0.020 7.210+£0.015 0.533+0.058 0.210+0.006a 0.134+0.058e
2 8.770+0.015 8.610+0.012 1.167+0.208 0.170+0.006b 1.500+0.208d
4 9.230+0.012 9.060+0.010 2.800+0.173 0.170+0.006b 1.867+0.173¢
6 9.670+0.015 9.510+0.012 4.700+0.200 0.170+0.021b 1.967+0.200c
8 10.020+0.006 9.860+0.015 5.733+0.208 0.160+0.010b 2.934+0.208a
10 10.310+0.006 10.200+0.006 8.267+0.231 0.100+0.006¢ 2.400+0.231b
12 10.420+0.020 10.310+£0.010 10.800+0.100 0.110+0.017¢ 1.867+0.100¢
k4 MEERENRELIERBETK
Table 4 Changes of soil nitrogen, phosphorus and potassium before and after giant juncao cultivation
N H e BE N NS .
e R LT HH HUH D LR
A amme-aiat Alkaline nitrogen Available phosphorus Available potassium Organic matter
Soil type concentration Bl -1 -1 -1
(g-kg') (g-kg') (g-kg') (g-kg')
(%o)
AR E HEE 6 0.123+0.008 * 0.075+0.004 = 0.292+0.004 * 0.069+0.009 *
piant tineao cultivati
No giant juncao cultivation 12 0.109:0.010 * 0.073+0.003 0.244:£0.002 0.052:£0.004
FiAE E B 6 0.074+0.006 0.052+0.003 0.173+0.0188 0.111£0.017 =
i Wivati
Glant juncao cultivation 12 0.057:£0.004 0.046:£0.004 0.126+0.020 0.093x0.011 *

. = FRT1E0.05 K EEFEH,

Note: * indicates significant differences at 0.05 level.
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Ecological adaptability of endangered plant
Bhesa robusta sapling in different habitats

ZHAO Lijun, QUAN Jiahui, ZHU Ligiong", HUANG Tong, JIN Yun

( Foresiry College, Guangxi University, Guangxi Key Laboratory of Forest Ecology and Conservation, Nanning 530004, China )

Abstract: Bhesa robusta is a critically endangered plant in China, which also is an important component of natural
vegetation in the coastal ecotone of Guangxi. In order to learn about whether the light factor has the effects on the natural
regeneration of B. robusta saplings or not, the interannual variation characteristics of physiological and growth indexes of
B. robusta saplings under three different photosynthetic habitats of forest edge, forest gap, and understory were
studied. The results were as follows: (1) The deficiency of photosynthesis active radiation affected the growth of B.
robusta saplings, the growth of ground diameter, plant height, and leaf area of understory saplings decreased
significantly, while the growth index of saplings growing in the forest edge with sufficient light was the largest. (2) With

the decrease of photosynthesis active radiation, the contents of superoxide dismutase (SOD) and catalase (CAT),

Wfs B #: 2020-11-05
EE&WH: HEAKREB 34 (31260093) ;7 P4 H SR Bl 2% 3 45 (2013GXNSFAA019057) [ Supported by National Natural Science
Foundation of China (31260093) ; Natural Science Foundation of Guangxi (2013GXNSFAA019057) ],
E—1EE: ALAE (1970-) 11 ¥, FENFM AL A BB, (E-mail ) zhlj-70@ 163.com,
CEEEE . RN, AR, FENFEYIY S 5 AEEA SIS, (E-mail) ligiongzhu@ 163.com,



502

L

soluble protein, relative electrical conductivity, and malonaldehyde (MDA of the B. robusta saplings under forest edge
habitat were significantly higher than those in the understory habitat, and the free proline content of B. robusta sapling
under the understory habitat were significantly higher than in forest edge and forest gap habitat. (3) With the decrease of
photosynthesis active radiation, the photosynthetic pigment index chlorophyll a, chlorophyll b, carotenoids of B. robusta
sapling were increased in the understory habitat, and the chlorophyll a/b ratio of B. robusta sapling was higher in the
forest edge habitat; The net photosynthetic rate (P, ) and transpiration rate (7,) on the photosynthesis physiological
target of B. robusta saplings in forest edge habitat were higher than those in understory and forest gap habitats; The
intercellular CO, concentration ( C;) and water use efficiency (WUE) of B. robusta sapling in the understory were higher
than those in forest gap and forest edge habitats. And WUE was the highest in the forest edge habitat from February to
April, WUE of B. robusta saplings in the understory habitat were higher than those of the other two habitats in June to
October, and there were almost no differences between the three habitats in December. All the above results indicate that
the light factor is one of the limiting factors during the growth period of B. robusta sapling, and the growth of B. robusta
sapling in the forest edge habitat is significantly better than that in the forest gap and understory habitats because of the

42 %

abundant sunlight.

Key words; habitat, illumination, Bhesa robusta sapling, ecological adaptability
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R R AF 5 %6 42, 3 3 % = A A R A 55 R 1Y)
A A LB AT ISR TR IT X LA W] AR B R R
LR AE RRRAE AR BRARE O G AR A K1
b, B8 L0 % 5 A A5 i SR 0 A B Bl 28
AR AR I, DL 7R O TE AT AR ) AR K 8K TR o 7R
e ) IR TP 52 i [ B 2R 5 JRAV A W i S P, A T
SRR A 1) R SR B8 8T, Bl E O 4 F A S R A2 4t
PR

1 MBS &

1.1 FF LR
WM 5 AL F T P8 AR 2% AR BB VL B AR Sk
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A, B Bl 108°07 E.21°32" N, & B 2
RSB IX, WK 20 ~40 m, 8 H 17 52 4 156 i AR
Z MRE AT B A A RR S 3 (1 743+138)
pmol + m? + s (1 363+96) pmol + m™> - s Fll
(176+28) pmol - m™ « s 3 56 {4 AR 2 | AR
W KR =R AR B I pH (o 4.1~4.5 AL &
4 20.96~22.35 g - kg, AN 1.21~1.46 g -
ke HBHEN 4.8~5.2 mg - kg™, HALH H31.88 ~
43.83 mg - kg, ER AR H
1.2 R 58 i& it

I RER B TP AR 24T 2R VB AR Sk R
2009 AE N THEE A SR G A [0 o 2] Ji 1 A= AR Ak
MRS MRET MR = A 5% v Gl SR B Rk AT
NTIER) WEW AL, JF T 2015 4 12 A&
2016 4 10 H A B WA SR 500 T AE K R A R R
FEAR— KRG MREE R = AR A 55 A T R
LB JRR A A Zh A, o) HL A K F8 s (b AR Bk T
BO AT, A AR T LI & 3 1K, ILAME
LI 2.4 .6.8.10 12 H FPAJIE ORI A58 I
FRAR LI A< B PR AL PO A 7 ) B S rh ki 26 T 4~6
R B R ) B B A VK & Il S8R
FHAEBEER AR AE A 8 AR 0 22, 7 56 30 1) B )
X IR AT R B e U
1.3 MEMEE A%
1.3.1 S ARAEKIKARGRE  EREIT UG, 765
RRZI Y FR 25 b FH 2T (0 A 4% 404 b i, FH AR
HBROHEEE R 0. Tem ) I -5 B A A 20 44 AR B0 1E i
SRR . R R R3] 0.01 mm)
R a2 B fR AR ZE AL 1) E AR, IR, iEsR T
BERRA G i i, 8 O i v ARSI e
I MR AT PR A A B 22 R Y
i T AR R e R
1.3.2 »F 5 A& 22 A fL 35 AR gl 2
1.3.2.1 FUE LB S PE 2 & k9 i 1k B
( superoxide dismutase, SOD ) ¥ P4 >R F & W PO mg
( nitroblue tetrazolium , NBT) Y& 4k 8 /L i3 1M 2 , #K 41
NBT 7E)6F Al 8% 38 5, 9 38 U5 (0 4% % 2 78 A fk
YR AETE B AL r= 4 0 NBT # &4k )5 1Y 0%
W SRR £ F R 38 o 0 YRR AE 560 nm Ah Y
JEHE SR SOD 1 M (224 4E 45 ,2000)

1k Al (catalase, CAT) T M 5% I 48 416
W VAL 000 5, 7 PR BsF R Y0 A2 % 4K 240 nm b TR
JEHEE R ZZ{E (Aebi, 1984)
1.3.2.2 AIEMEAMESMER S &ElE  T5E
PR A R % DR W G-250 Y (a3 %,

W YR DI G-250 16 R IR T Hh 8 7 (1 R AR
o i B S A AE A 520 nm Ab B IR % (B R
R EER S = (FE4%,2000)

i 25 ity 2 R o P e = L R ik I a2, 7E
TR IR i R e 3% (4 ik 5L 7K A TR VS T 4 B
i 2B, -0 I 2 TR 1 U v o A UK T TR A T
[V =, A v i, A8 8 f5 in A H 2R B0 S 7R
FEEEE K R 520 nm A 5E W6 B AR (A A
45 2000) ,
1.3.2.3 JFuf# P4 AN % ( malonaldehyde , MDA)
GEWE MDA F & R HACE K Z Rk
(thiobarbituric acid, TBA) Ml € , ¥ 0.5 ¢ WAL Y
mm A 5% B9 = & & B2 ( trichloroacetic acid,
TCA) WFES K 20 2 B0 )5 B WS O A 0.67% 1Y
TBA, Wb J5 BB O, W b3 W AE 450,532,
600 nm A OEAE (256 AE 55 ,2000) .

5 37 P R L S 5 K 2 g KD
— B RN B RS L A 20 mL Y 25
BFK GMA G R R, R T U0, B
PR B 20 min J5 B EEHE B PE 5], F B S
G ) B (S, ), I 58 S5 B B AR A K T
o A SR KV 0 & SR S T A L R S,)
X SR (L) = S,/S,( A 455 ,2000) ,
1.3.2.4 G5 @RME A OE RN -8
TRA AR BRI E (224455 ,2000) ik A T4 R
P ECTR AT R AL AT DL i A T B R A 0 A i A B
B I 2 S8 F A 10 Rk T 465 LA B 95% . T
JE RS AU 1, FH 95% i 2 Bk g 4% b Ay (5
RIEABERI T EZ, R 665,649 470 nm K
AR IAS WG AT RO A AR WRE AT .

Mgz a E.C (mg - L')=13.95 A,,—6.88
Ags;WEEZE b WRE. C (mg + L) =24.96 A, -
7.32 Agsy s

ek ER a/b WRE.C WRE=C/C ; KA E b
ZHkBE.C..= (1 000xA,,,-2.05 C,—114.8
C,)/245;

FHRL AR B (mg - ¢ )= (C,xVxd)/m,

A CON AR B R AR V R R 2 BOR 1A
s d RN FAGE ; m R FE S B
1.3.3 vt b A AR/ 2 R
LEA4(9:00—11:00) , R H Li-6400 Jt A I & {3 X
MR ot A B P ] COL MR EE C, 78 1H
T AT E . IF B K 43 R FHRCR (water use
efficiency, WUE)=P,/T.,
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1.4 #HEAIE
iz Excel /4% BEHE , R A SPSS 25.0 #k

AT R Ak BN 20 A, FH IR 2R D5 22 50 BT (one-

way ANOVA) %54 Duncan £ 56 41 8] 22 5%, 8 H
Origin 2018 FRFL IR . FRAs FE R rh (1) 5
Y4 g - Yy {0 - v Al 22

2 SR E M

2.1 AEIEETRAARYS R £

T A Y A R A0 = B R 3 o AR K b e
B, M 1 AR A 358 B 4 B i T30 30 A0 o
i a7 | W 7 = S I TR AN RS
gty SR ETRi R | B SR WA S o N € 2¥ N2 QDR K7 S
A ROR B Fe g, Ak v A e i AR K R RO,
5B AR R 1 K 2 A TR K 1 2 [A] AR A F
TRFEER(P<0.05) ; EKIEMRG B S B T15
B0 A AR B 3 T AR R, AR 54k
I BERR AR LA B 45 AR K FR BR AR IS B T B 2
S (P<0.05) ,

F1 AEAERTEAAYDHAERKE

Table 1  Growth of saplings of Bhesa robusta
in different habitats
AT A 858 WAHKE  ReRKE R K
Different Ground diameter  Plant height Leaf area
habitats increment increment increment
#hZk Forest edge 12.69+0.50a 0.62+0.01a 3.60+0.19a
M Forest gap 12.91+0.30a 0.54+0.02b 1.92+0.08h
MF Understory ~ 2.27+0.04b  0.51+0.02b 0.1620.01¢

T R EAES F BE AR AR 22 . SR/ NE SRR ORAE
0.05 7K FAbIRH 25 5 W3
Note: The data in the table are x+s. Different lowercases indicate

significant differences among treatments at 0.05 level.

2.2 AN[E) 4 1 Y B AR AR A R A 3B A L 4 1 BD SR BR

SOD ,CAT MDA | 7] % 14 85 1 Ui 25 il 20 2 A
AR HL SR A B AR F AR e AR, B2
MG PR R =B A 55T AR AR A 1) AE 2 A=
FEFE BRI AF B A8 Ak, Horp = A= 355 v G 4 B T 4R
FEBRE G PE | AT 3 AR S O MDA Y 4R
PR A Ak 52t 51 38 I i AR % ke B4, U 8 T TR o i
MSEREAR S 5, K F ARG 2 i A B R bR 5
MR 22 5 83, B K FARE W2 i Sob Al
CAT WM ER 1 A XS HL 3% F MDA & i 7F —4F

WO T, TR R A AR Sl B i I A
PR 5 0t 118 A I (L DU 15 1 AR RN AR 2 B 4l
23 AREEBENBRASR G EBENHN

KA ORRR YR NP EZ L
GRS, AR E A R A 35 7 252 3 196
ARG M AL, HE A G R N & & M4l
RAETWRESML, B 2 R AR BIR ARG
M43 a MR b LIRS MR EBE S
Wil 45 6 A AR G 2 A B 5 ps D S AR
ARG GRS EE —Fh
FHE T ARG R AR BB S AR R a/b 1
(BT A 358 ) 2l W eI
2.4 ANEEBEXTBERALRIT B A £ BISFERI N

WE 3 Fis, B LIB PR T, 0 4 bR AR
R SR JE G B . ARG P TE 6 Ay
KB T e KA, AR 119 P 7E 8 A 4y 1k 31l i
KAE, PREGSIWE TAE 6 AW AR KME, 7£8 AT
K 76 8 HZJa T X IFUR¥E I, i KR A= 55 4 i 1)
PR T AR L 5038 0 5 R AR AY a3 (H AR PR AR
AR, WAL C. A WUE N2 26 P& 5
B R, MR AERGR CAE—Fh B ERT
MG, 2—4 AMZH WUE B 3& & THT 7
6—12 H ,WRZ: 4 i WUE Wi T Ak e FAk T
AN MM AL ) WUE 78 4 H A1 4R i 3
o T H Al P o A 85

3 h 4

3.1 BMRARKERENE

FEY) R T A A7 B3 0 R4 DR SR A Rl | A=
e, Ab TSR ARSI AR bR 00 A 4 S 25 52 2 R 55
TS AT A A 1Y) A 4K A2 B BELAS: | foli ol )
A AF TG M, 55 06 23 5% WA AR ) 1 A K (AT
T-Wy B AR B /D, 5 ) A AR T A6 45 S RN AT PR 7 i
(Parelle & Ducrey, 2006 ) , .45 iff 57 % B i@ 24 19
550G A5 e 8% 8 A PR AE 25 401k, 48 v AR AR 1Y 4B
ZEH( Menzel & Simpson, 1988) . LA, 24 H &
LW Bh o3 AT T ARG PR S AN TR A B AR K
MR EIFTC R E 22 5, AP RE 08 52 B H ) Fh (%) 5558
( Hamerlynck & Knapp,1994) , XU T A[E B )
ol el T A L AN ) Y A BLRE M O6F Ol B 3 1 RE
FTIRA AR, i [/ — Py, b T 6] 9 A 58 i A=
A SR E 2 kA4 B3 B9 AR fk ( Matsubara et
al.,2008) ., AN[F] B AE 5T HP AR AT B PR DR X AR PR
AR R BB R S 25 (2R /N, 2009)
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LY. Forest edge; LC. Forest gap; LX. Understory; SOD. Superoxide dismutase; CAT. Catalase; MDA. Malonaldehyde. Different lowercases

indicate significant differences among treatments at 0.05 level. The same below.
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Fig. 2 Changes of photosynthetic pigments in saplings of Bhesa robusta in three habitats

BRAEY) 7= A 1 a3 1 4R, DT 4 5 A 0 1) IE R
RIS 2h (38 PR 5, 2020) . SR, MAE Y B2 5
A OG5 S B, A P 4 B 48 A il T 1
SXREAR, DT AT A 08 B b 00 B8 ) B AIG, A
YK S (AR5 ,2011) , BEEAK THE
A B3 A TR AR K S B 25 37 B G 6 A A R0 B ek 2
MRT A 55 1 BEAR A 4B 18 SOD T CAT il 3% 7 i
FARTIRG A BT, 6 7 5 A A & A %) I8 4 1
FZ 20 T BRI, AR A 2l B3 B X 40 A B
FERURE T BEAR, AR AR D B AR K Az B, AT
PR A A R R A AR R B E
i, Hetr B R S A QR s 85 ¢ (B [E
4F,2014) 6 REOAN JE 2 (R W A4 P9 14 T 5 1
e FRAR, DT S S5O 4 190 3 AR 1 RE 0 BRI, AT
VIR N, MDA J& 5N AR 9 B ad 68 1 09 38 B
(S ,2001) , AU HE 30 02 I AR ) I 2R 42
RO LA B AE AR bR, A O R S R R B
TP 52 8 T8 FE (RS ,2019)  EAIK S
H BEE AR AR SR IR R e W B2 B e A A
BRI BB D BB AR P B B AR AR TS PR SOD A

CAT & v A M4 1 & & MDA FIAH X)L &%
PR A 0 W R 28 I AR TR AR B AR
TR AR LB R WDE IR R &M, i
PR MDA 5 5 1A B0z B, 2 7 248 it g
G0 BHIE AR , A AR K O A AR RE O 2
FIPEAG ALY A K Z 3] T IH], — S £,
FEPFE S T RS B Il R e Y 2 8 T E
B 285 S, 0l B i R 7 5 o7 A8 JR% %) A AR il 2 R AR 3R
25 i3 4 (Moftah & Michel ,1987) . A8 YT IE %
ZAETT AR PN Ui S I AR AR, (AR A B AN
F A B i i B Il R & sk S R LR,
FEARES A=K T AR B9 AT A & A% & BB AT 1]
BIRRT , B2l B0 B A BOE A R AT E D, Wi, 6 R
ARAER LA K28 T a7 L S
VAL o i w N N U R R NS S it = iy
B ER, DX HUASRI IR EE (R A% ,2014)
3.3 BRI ERERESNYE

I 2R % A ) AR N W I B R R EE Y T, it
SGRGEN S, AR T YOS EHEE K
INCIEARAE 2014) , TEVCHRAS B B3R5 v | A ) 18
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Fig. 3 Changes of photosynthetic physiological indexes of sapling of Bhesa robusta in three habitats

A HE IR DY A I 3R R I 2 DG RE Tl
AR G A VR A R DL G M 58 O A% 1
(R KHEEE,2012)  JEIEAS LI A AR PN Y I 2
R a MR b SRS BE, 54 E a &
AHLE, 2R R b 30 A IR B 4K (Singh & Dey,
1988) , N ILAR T AR BE MY 40 3R a/b &8 FFE, Ui
Sb TSR IR E 1 X TR S RS R
BHA — % 1 E M ( Harding & Shorpshire,
1980) ,JGE A RS AR 55 52 0 1 2RI D R AR
K7L N DR R R o 0 s L S N A
S5 ) T A A 20y 8 42 32 3 19 56 5 A7 RO S e
AR BT 2R R a H2R R b HREFEHE PR
A ARG A B B AR B 2 R, 4R a/b
AME AR Gk e o 0 R T PR T SRR 9 A O 4
A OEE ARG T T E 2 R KB AR, T8 0
TOEME RN & i, RO LR, Y
a7 3 RE B8R ol 55 1 8 5 O6 T8 0 AL, R AR
UEMR N OG5 Al o7 S IE # #E AT, AT 2 e HO'E
B AR LUARIE AR ) RE 08 5T 43 38 AR R AY
Ak,

3.4 BRARDRBNE EEE MM

Y PN T RAEYEA RE T KNG B4
W ( ThopraE,2018) , BRI W P, REAK,
AV S (B A 45 ,2014) . AA
BRI A A Y 0 P, il e R R0 0G 1Y 54 AR
Sy HLE RS KRR A KR T Z B T (e
W55 ,2020) , FEARBEIEH , RG IR A LI 1) P,
SOOI £, AR B FIORR T A 355 10 TR AV K 4 B A
WA 2R 30 3 B AR TR AR B B A R 2 4 R
FHACENR) A A SRS, i) Pl 2k
R 118 e TR il 28 2 A8 SR T MR 1 B g Y il 2k
S50 H TR Y A T A2 98 L XA AR B Y R AR
R IEH AR =4 TE, T2y ET A
Bk 45 B, Ul A R T A0l N A B RE O 9 I 2 4R
bR (CHTTHESE,2007) ,FHYI 00 T.5 P, o 2 1E A
K (#dhn,2014) , FEAIG o, ARF Az 358 AR A
I T AL S P AR — B, A A SUR ST IR
SEINE TR T, KR SR G B s R R
WA ) A B o 7 B4 o A AR K R B 2 F)
TR, C oY e s B HE IR, CO, HE A 41 il Je
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FEZ M YR NG A R S (Flexas &
Medrano,2002) , JE& A BURSTA R, (15K B
TR G - TR 20 M 10 5 6 36 PR R ARG, A FE e A
YRR R HIHFE CO, MY RE T RRAR , MRT AE BRI A
iR C 1, WUE J& R AF A Y A F K 53 66 ) i
MRS, R YK R BT K it
N SR bR 2 — (B4 2019)  HEPI I Y
WUE /2 [ WA Y A B 25 16 4 B R/ 3 g A= B
RE M EE S B (25 5,2017) , SEHREREIAY 4
HE] 10 H MRS HFM G A4 55 1 S, 28 16 1 F i
KA R RCR T B, A& T AT B AR A 4 w4
WUE /&5, 12 HZWAE 2 ARG MM E A 55 4
(ZE IR FHAS 3%, I B2 38 B, WUE & TAR T A 5%
AR AR G, A 05 28 W IRV AR 8 R A 2 K &
A B B A R UE I 37 31 32 2 O HE ) [R] s, 22 kA 5
DGR AT SR K THAE

£ 518 A O NS b 4 B WA DA N L 2 3
A= BT T AR A LB i) AR TR 0 B B A At
FAEBE RSk A 358 A R 4l 45 2 KA A 1 K i
SN = RN 8 S e A | e
o JEREOR I R T MR AR R L A B AR L b
PR TR ARG A AT AR LI 9 K SR TR R
FREERIMR 5 9 B, PRIk Ak T 35 4 1Y O I
WhE, BAEMTHIEFWEREE., B
XoF 5553 G A 358 W) IO T 07 ) 25 5 R R AR AR )
SyBe B AR ZES b BPAMY AR G R AR A K
FARE, R 9K 08 32 B BHLAS, DXL UL, 76 IR A9 K 4
BB A 2k A2 3k R R AT LR B AR L B O R AR T
BORFRAL L 2056 10 AR P B2, 183 8% T P 55 5
TR AR UE AR K D 0 B R T BT, PR E HOE R
K,
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Differences in leaf functional trait responses to
heterogeneous habitats between dominant canopy and
understory tree species in a south subtropical
evergreen broad-leaved forest

SUN Peng'**, WEI Xiao’, YE Wanhui'"*, SHEN Hao'**"

b

( 1. Key Laboratory of Vegetation Restoration and Management of Degraded Ecosystems, South China Botanical Garden, Chinese Academy of Sciences ,

Guangzhou 510650, China; 2. Guangxi Institute of Botany, Guangxi Zhuang Autonomous Region and Chinese Academy of Sciences, Guilin
541006, Guangxi, China; 3. Southern Marine Science and Engineering Guangdong Laboratory ( Guangzhou) , Guangzhou 511458,
China; 4. School of Resources and Environment, University of Chinese Academy of Sciences , Beijing 100049, China )

Abstract; Plant species can adapt to heterogeneous habitats through variations in functional traits. For the plants with
different growth forms, how to adjust their phenotypes to adapt to the environment has been one of the core topics in
ecology. To clarify the response mechanisms of plant species with different growth forms to heterogeneous habitats in
south subtropical forests, we measured a total of eight functional traits involving four structural traits (leaf thickness, leaf
length/width ratio, leaf dry matter content and specific leaf area) and four stoichiometric traits (leaf nitrogen content,
leaf phosphorus content, 8"C and 8°N) of five dominant trees (2 canopy species and 3 understory species) and their
diameter at breast height, in 27 quadrats (20 m x 20 m) at different elevations and convexity along three mountain
ridges within the 20 hm® south subtropical evergreen broad-leaved forest plot at Dinghu Mountain in Guangdong
Province. We analyzed and compared the differences in responses of the canopy and understory species to different
elevations and convexity in terms of functional traits. The results were as follows: (1) There existed some leaf functional
traits in each tree species that were significantly correlated with altitude, but for convexity, only the leaf area of
Cryptocarya chinensis was positively correlated with convexity and the leaf nitrogen content of Blastus cochinchinensis was
negatively correlated with convexity. (2) Specific leaf area, leaf thickness and 8N were generally more responsive to
elevation, while leaf length/width ratio and leaf dry matter content were less responsive. (3) There were significant
differences in specific leaf area, leaf dry matter content and leaf nitrogen content between canopy and understory tree
species in heterogeneous habitats. Compared with canopy tree species, understory tree species had lower leaf thickness,
leaf dry matter content and 8" C. Moreover, canopy and understory species responded to elevation and convexity to
different extents, with understory species having more functional traits with significant differences in different types of
habitats. The results indicate that the degree of response to the environment varied greatly between plants with different
growth forms, i.e., the dominant understory tree species had greater plasticity in the heterogeneous habitats than the
dominant canopy species in the forest plot. In addition, specific leaf area, leaf thickness and 8N are important and
effective traits indicating plant adaptation and responses to the environment in the south subtropical evergreen broad-
leaved forest.

Key words: functional traits, canopy species, understory species, elevation gradient, topographical factors
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Table 1

Distribution informations of the 5 dominant canopy and understory tree species

in the 27 sampled quadrats in Dinghu Mountain plot

IR E B b 2

Species abundance

2 M T A A £ BE
Species abundance
in different convexity types

HAl g bR
Summary variables
in all habitats

7’6&2 4 "
Type rorws e e e T g e SHER
w3 R PR ARIER ™ PN Wtz Total
. . L 113 HIEaS Total % H
High Middle Low . Mean basal
. . . Ridge Slope Valley abund- Measured
elevation elevation  elevation DBH area
ance number )
(em) (em™)
b SR A e 36 (23%) 62(40%) 58 (37%) 66 (42%) 45 (29%) 45 (29%) 23.97 156 124 8098.72
Canopy Castanopsis
species chinensis
et 34 (24%) 44 (31%) 62 (44%) 55 (39%) 57 (36%) 28 (25%) 5.78 140 76 258.92
Cryptocarya
chinensis
MFZERF Jerbiigl 653 (32%) 817 (40%) 572 (28%) 796 (39%) 837 (41%) 409 (20%) 2.48 2042 516  375.7
Understory Aidia
species canthioides
WIRIESEHE 310 (37%) 419 (50%) 109 (13%) 285 (34%) 327 (29%) 226 (27%) 1.89 838 284  80.24
Cryptocarya
concinna
IEETZN 187 (42%) 200 (45%) 58 (13%) 68 (15%) 130 (29%) 247 (55%) 1.91 445 58 14.7
Blastus
cochinchinensis

I ZEIETAREG 5 MR EARZEB AT h YR 22 YR G2 A L pl (ERBAERNZE 2T AT NEL

J£) 5 DBH Sy Mz ; &A% 1300 2 RE PR B A8

Note; Abundance is the number of individuals within all the 27 quadrats; The values in brackets represent the proportion of species

abundance in this type of habitat to total population abundance ( Abundance within order type of quadrats / total abundance within 27

quadrats) ; DBH represents diameter at breast height; Measured number is the number of individuals whose functional traits are measured.
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Table 2 Functional traits and environmental

factors involved in this study

i H kst ] L)

Ttem Variable Abbreviation Unit

I N R TN
Leaf morphological
and structural trait

B R LDMC %
Leaf dry
matter content
L W N
Leaf length/
width ratio

5L LT mm
Leaf thickness
Ltnfﬁ*ﬂ SLA cm2 g'l

Specific
leaf area

A N mg - g’

mass

LL: LW —

LRSI n =R iR IN
Leaf stoichiometric trait Leaf N
content
R P mg - g’
Leaf P
content
Ik [R] 37 R H 3"C —
Leaf C
isotope ratio
AR AR
Leaf N
isotope ratio
ez DBH cm
Tree diameter at
breast height
S % ik — m

Environmental factor Elevation

EIFLYi's —

Convexity

Stem trait

72 b, FOFT AR AR AT I A LR A (SLA
em’ - g ) I TS T E A LU, TR A
(LDMC) J& M- 5 i 5 A1 T 8 A9 Fe (DA B E 5
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FHEL BH FE 5,32 91 %2 ( Shen et al., 2014) . 8"C FI
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ABEFE BT A R 53 A Y FE python (IR A
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Pearson IJHE (Swami & Jain, 2013) , i@ £k B 13
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FRAR T 205 I J5 PR R AR 47 Qw43 4. 43
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BOR R AAFTE 22 57 ORI T A ilr 2 Il i
AR I 1 Kruskal-Wallis J7 30547 401 ) 22 5
(e

2 RGN

21 BEMMK T EMEMMHINEERMANTR
B H i A0 M B A e R

FEMF ARG 7 1H el )2 B A SR R 8PN
ViR ) | TR 1P N = ol s T
(SLA) Iy @ & 5 (P,,.) SR B & A,
M5 i (LDMC) 54K 235 IEA G, AR
R 3 SRR I R IR EE (LT) 34 Bl V4R T
o T A A, N B v A3 fin T 484 i 5 S it L 2 B
WLEFCHERY SLA BE IR FE & miRE AR, ULAh, Ok
W L1 B R (TEAHOC) FRARfr AR (AR SG) it R A
(N, FEIRER DT A, 78 MY B 5
T, A et 2 R R FeRE A SLA 5 1™ 3 1E AH 56, AR
TEMFRRIARR N5 B R G H At A
I TIC BB IE(FR3)
22 BEMHKTERBHMHIIGEERNER A
TR BREFHENER

F WA A KA W A5 T S 3EAT 40 A, A
MRS, AR T R AR 8Tl J2 A A B
ZYyae tE R 54k W& A OC, Hoh DBH LT,
LDMC N, FI18"C 54k i T AHC , SLA FI P
SRR 0 3 TEAE O s E M AN DBH AT N, 5T
P E ARG, 8V C 5B IEAHG, 225750
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Table 3 Correlation coefficients between leaf functional traits and elevation and convexity of the dominant tree species

BT AR LR Wit W e -4 5t i A e LR
Environmental Growth Species DBI; L'I?—x TR i KL it o 3"C §°N
factor form name SLA LDMC LL: LW N P
{273 ek S ) e -0.12 -0.171 0.012 -0.01 -0.154 0.067 -0.084 0.089 0.283 s
Elevation Canopy species  Castanopsis chinensis
ST 0.072 -0.127  —=0.303 #x  0.268 = -0.2 -0.052 —0.247 =* 0.105 0.014
Cryptocarya chinensis
AT AR Tt B -0.003  =0.217 ##x —0.212 %%+  0.08 -0.022  0.144 % -0.014 -0.018  0.267 s
Understory species  Aidia canthioides
R RS 0.094 —0.239 s —0,218 ok 0.094 -0.04 0.004 0.01 0.108 0.429 s
Cryptocarya concinna
LEEDAZS -0.272% -0.543 %% 0.143 -0.194 0.163  =—0.43 %= 0.204 -0.074  0.586 #xx
Blastus cochinchinensis
EIELY)3 e Ei SR 0.025 =0.001 -0.03 0.128 -0.01 -0.084 -0.037 0.112 0.091
Convexity Canopy species  Castanopsis chinensis
S5k 0.029 -0.143 0.226 * -0.067 0.053 0.068 0.03 -0.093 -0.061
Cryptocarya chinensis
M ER R S -0.013 0.023 -0.014 0.065 0.05 -0.04 0.009 0.009 -0.052
Understory species  Aidia canthioides
PR T -0.026 0.025 0.006 -0.108 -0.084 -0.07 -0.066 0.158 -0.062
Cryptocarya concinna
GEEDAZS 0.119 -0.212 0.064 -0.139 0.088  —0.342%x  —0.096 -0.103 0.015

Blastus cochinchinensis

TE: #. P<0.05, #% . P<0.01, ##% . P<0.001; @it i &M A EAR I M (P<0.05) . FIF,
Note: *. P<0.05, #%. P<0.01, #*%. P<0.001; Significant P values are presented in bold ( P<0.05). The same below.

R4 BERBMORTEMMESREETHMME (r(HMZ{H)

Table 4 Responses of canopy and understory species in heterogeneous habitats (r value and Z value)

G HBEH T A KA Wz LS et 4 S0 g B
Analysis Environmental Growth DBE JEEE TR i KL T G 5°C §°N
method factor form LT SLA LDMC LL: LW N, P..
AR 53 BT R 56 AR Rl -0.164 = -0.059 0.113 0.033 0.02 -0.155 = 0.124 0.175 = 0.056
Correlation Elevation Canopy species
lysi ,
o MFERMA -0.162 %5 —0.088#  0.106 xsx —0.192x¢  -0.005  0.068%  -0.071  0.185 ~0.068
Understory species
U]y SRR 0.100 -0.020 -0.040 0.018 0.010 -0.043 -0.045 -0.014 -0.042
Convexity Canopy species
MR 2R -0.05 0.1 -0.02 -0.015 0.033 0.01 -0.043 -0.045 -0.01
Understory species
2 SRS T IR i JA AR T 7.93 1.626 6.006 * 0.495 5.466 9.866 3.161 6.779 * 5.156
Variance Elevation Canopy species
lysi .
(;"i;l::) MR 18.348 wsx 25349 wer 23714 %  68.764 %xx  3.222  8.881+  T.6wwx  27.683wxx  4.642
Understory species
[y g e R A 11.519 1.530 1.352 0.646 1.163 6.199 = 2.728 0.503 1.699
Convexity Canopy species
TR 14152 #5¢ 14.063 #+x 6,096 * 8.579 0.735 3.523  17.385#xx  0.377 1.256

Understory species

. . P<0.05, #%. P<0.01, %% . P<0.001; MK H Pearson 856, 22 5008 R H Kruskal-Wallis 4656 ; Z fH 238 A IR
A A R e AN R A AR T T 2 B B IR 1 4 T 22 S AR 1 Kruskal-Wallis 22313045 2, 2 7 (880K, AR FR WA 22 5 80K,
T,

Note: #*. P<0.05, #x.P<0.01, #+%. P<0.001; Correlation analysis by Pearson test, and variance analysis by Kruskal-Wallis test;
Significant P values are presented in bold (P<0.05). Z value refers to the degree of difference between the functional traits of canopy species
and understory species under different habitat types, calculated by Kruskal-Wallis method, the larger the Z value, the greater the difference
between the two groups. The same below.

Mr 0], R )2 W A A9 DBH LT, SLA LDMC F1  J2BFhAE T L2 MR A0 AS 8] 107 B R 1 4K 55 G 0] A7
P TESEM BRI AERERER, KT ARFEXS SH DBH LT SLA LDMC 1 P _ ;7
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Table 5 Differences of canopy species and understory species in heterogeneous habitats (Z value)
PR e Wi o R ROREEL R TRAR ORI ODRERE R - .
vironmen Type DBH LT SLA LDMC LL: LW N P,.. :
facto !
W R () 94772 s (+) 4.422 % (=) 40.506 #x%  (+) 71.261 #%%  (+) 7.287 s (+) 56.41 =xx (+) 0 (+) 2.765 (+) 0.008
Elevation High
TR (+) 144.366 (+) 0.053 (=) 61.634 #x5  (+) 83. 714 #sx  (+) 21.552 % (+) 43,195 s (+) 0.564 (+) 12,717 =5 (=) 0.332
Middle
R (+) 122.619 5% (+) 13.253 #5% (=) 106.834 s (+) 91.445 s (+) 6.439 = (+) 61.382 %% (+) 15.809 %  (+) 25.556 ##* (+) 4.468 *
Low
[ 1y 4 (+) 147.887 ##% (+) 22.456 #x% (=) 84.09 x#% (+) 114.076 =% (+) 14.331 #*%  (+) 78.06 *xx* (+) 9.186 == (+) 27.948 =% (+) 0.99
Convexity Ridge
IHE (+) 122.646 %% (+) 2.008 (=) 56.884 #xx  (+) 58.99 s (+) 17.388 wxx  (+) 56.976 (+) 3.484 (+) 10.604 =% (+) 0.506
Slope
[TIES (+) 98.608 s (+) 0.72 (=) 52.232 %% (+) 64.299 s (+) 3.038 (+) 34.721 s (=) 3.422 (+) 8.945 = (+) 0.095
Valley

E: (+) R BEMAZERSERTHRTERM, (<) MR,

Note: (+) represents that the average of the functional trait value is bigger in the canopy species than in the understory species,

(=) represents the opposite meaning.

ERFRAL N, FEASTRNUT ™, B A 85 (R A7 A B 22 5
(%4).
23BERMK TERBERMHIIEERERRDE
BETHER

56 )22 W AP RD AR R JZ AP Y DBH , SLA | LDMC
N, AE 3 FEEHFD 3 B MM B AR 35 rh YA A
FaES, MR RKIEW (BRILA L) MSUC (KM
MR A BT ) 70 25 B0 B T Y16 5 R R Fh AR
AR ] A 7R 3 25 it )R P, RIS N
PEIRAAE WP 45 5 55 2 TR A8 M e, PRtk
(HR/NTTF AR TR 2R 5 24 Sk
HA W& DBH LT LDMC \LL : LW . N,__ P, .
3" C 1 8"N, M FHEAILAY SLA(K 5) .

3 WikE4E#®

3.1 M Th g8 MR X i 35 0 U 0 BE B M R

ARG R, Z AL EA G LT FL(SLA)
AU R R (LT) 357 Bl v 4 06 38 T o8 T 0 /), i 5
HTAFFE 45 R — 20 (54K ,2009,; 22 H 6% ,2012)
MRS K Er it SR UM O, R LA T 4R
e AL G R B G | 3 IR R 5 I 2 R P R A R O
BV A A/ N P U A B v e A I 1, ) A
(2017) BYBF5E B, BMEEHAE 7 A 70 m B HE4K
Z5 W T HHOK 050 A0 22 50 AR A K R
oy He B T At 38 A B S A G, RS
FERT V3R 1) T 15, 2 3380K 43 B 57 43 & ik 4 30 T ik
A A R SLA 3/ HOLT 8, i £5 0h  H

A e UK AR AR 7 ) R TR A R DA A% R
SEZ IR B 1k oK o332 2 DA R A 45 1 28 A
Pfennigwerth 55 (2017 ) BYWF 57 A5 HH T 280 EE
BRI SLA R LT Xof B35 2% A SR, Bt B2 | Rk O B
SR AE I e P R S

TP 8N W] R = i T 5 S MR B AR AR [
IS5 AE ) 1 0T R A s KoK o R R
YIFH 5 (McLauchlan et al., 2006) , i % 7€ = i Al
TSP R A & B B 8 N ( Amundson et
al., 2003 ; Craine et al., 2009) , #E 5% S 1l #F
B EORIESSRE AR DY 8N 1 5 ik B
ZHH, X5 Anderson & Gezon (2015) F 458 41
L, 7E B L X 8 N Wi IR M A E 22 5 7
Az 3 S B G2 1% I PR AT R TE T B T AORR B2 S, +
BEFR ORI, T R e hn e,

FEAb 2t B R 7 T, AE S AR 0 i
H(P,,.) 5RO DG, TG Ll B R A
RIESCHER I R (N, ) BRI 28 1k
A, Ay Ry N R P BT R AR R
AR X T PRI AR A AR G LA
BT AR I A —E, Van de Weg 55 (2009) /Y
WHSERII N, 3 1 AR6 3 0 25 1Y SRR G, Tl AT
WHIE LS REW N, IR TC 23 HH O (Fisher et
al., 2013) , X R AT iR R E R [EHF T N P HAY
AN [ B4 i S AL SR A8 T AR AS R W, A A A
] T B N, T R B 3XCRAE A TR
F) % 5 4R BURE /1 ( Midolo et al., 2019) .

ARWTTE R Z AR TR LT SLA 5 AH XS
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VR R IEA G, 5 8N B A OG ik sk fk
S K MR S A R PR AR B AR T A 4 T e
R BV 1) 5 0P 53 A AR 1T 68 55 7K 43 3% o A A
KB, LA R AR IR T AN R B 4 b X 2R
Bi 5 Bk b AT RE A7 7E AH RL A i 1 5 2 (Poorter et
al., 2009) . fHZ, LB B0y i 5 L W 2 & 0t
VAR IR e 1 O T — SOt R AL, A AN R e A
() SLA FIFARIAY N, & IS ™Y B A7 A B 3%
FHCOCZ , Ul B MDY B 55 0 4 ot Dy g MR AR T g
T AR EAR R MR
3.2 BEMKTERABMAHITRESNRENER

AHFFE FT R B 27 ASFE 5 T i AR B S T A
5o, AR 2 B VA A S T R AR A B A HEOK o R R
SSAETER R 25 (AL E S, 2016), M &
(DBH) LT SLA ,itT4# 5 & & (LDMC ) 764 B 5
BT AR AL 35, BE S B AT M AE TR 45 )2 A Bl A 45
A A I AL N ) AR SR JE MR R J2E A A 8 i T
RE P BR X Vi A A0 THT ™Y 5 (%) mie) o R B A AE 3 2
St AHBT R JE R Rl AT 2 A R D e R T
PR JE (%) o) 7 AR BE T vy, O HLAE A [m] [ B A 4
AN AR S T LRI RE A TR )2 A A i Ak
IRBE GRS Bk (U RO IR & T B R A
PRI B A 35 1) 72 A DL A ik () R AU n] YA PR R 2k B B
TN RIS . Read %5 (2014) £ — T Meta 73871 &
L, A TR AR 6 B P % 1 58 8548 AL A7 AE R TR) A i)
REHLE, Horh gl A SLA BE IS T i 0 B i
B R W B g 3k & A 25 A8 Ak, AR B ST aE— 25
BRI BRT FhoAH 3 T 5k J2 oo 24 45 A8 A0 Y ) B
56 2 PP AR

it B A AR R K TR L, R T A
WUH AR BE ( Tsukaya, 2006) , AR5 H, % JZH
FIARE T T BRI FA F B &S K, %R
HIAR T 2R B A 2 AR 2 e 4 i B, X T
REZ TR T J2 19 6 BBl bORE J2 358 o 83k, R U
FEXFETE T, PRF JZ R A Fh & J b 38 4 R F
FEA AR TR DU RO IO A 4 F T 7 17 6 fE 45
F . TR, Se 2 A Fh ab TR A0 2, B S AN A
B 4% ( Akihiro et al., 2017) , T 1 T 25 #k 5 2 7]
28 W K 25 Wk )7 ( Storck et al., 2002) 856
R WO RS R A ELSOG, IF dE R 2 R
A E ( Anhuf & Rollenbeck, 2001) , K Ak F 2
AN RS PR A 8 A AE 2 e R R A
I A ELA % 19 LDMC FI% ARG SLA , i Ak R Ff

WIFECRER S BB B s A BRI, S il i) T4 15
JEE R, Kenzo 55 (2015) % I AT FI AR Y 5 |2
B A S Y B i i AR B A i R A R
C. Weerasinghe 55 (2014 ) il Ichie 4§ (2016) 1 7£
P IR & BT AR AR L 2R L BRI Y L
SARNE S = S N o W eI 2 e QL o N R i
IR —F, LA, BUAT Y K T B R R T, A A
MR A e 2R 23 L 2 T 8 C 8PN 4§
557K R FH A A0 SRR i 23k | ok 48 T L 5
(EINET NI SENT =0 B S N A 5 NS P =S 7 A D S
KWL EAE T, PR 2 R 78 A R A 3 25 A v
PP SLA \LDMC . 8" C 25 - S REMOIR 1 25 5
PRI T XA [RGB 15 1 25 S 7 5 e

Zhou 55 (2013) WF52 & M, 7 2 W P A7 4 B 15
7K 738 i AR | X 7K I A i 2 A A o T g 1)
SR DA S AR BT F A ZE I 1L Hb X AR S R
IKEE T I3 A AN B A By e e 7 AR BB OK 2 AR
AR 0 B 7Kt 1) T AR v, BSR4 2R
M, HIR)Z LR &K T B, S BT B0 a8 g
(Zhou et al., 2011, 2013) , 33X 45 S fifi 55 )2 B Fft 18
B SR a AR R A ST R 2 A
B T e RO I 45 0 BE AT R 1 3% 43 K 43 22 AT
TEAFARL A e 7 7 =, {EA A8 e J2 AR AT 2 AR b
B R X AN () T A A B R T Y 2 AR ) iy B G
2, WoR X IR AR AL s 0y R A AT S FE X
FRIEIE T, AT 38 PE 5T 58 A9 A ) Pl RE A 75 B 0 A 3
Vi RE T, BEAE PRI AR Ak rb 4E R APl AL ASE ) 1 m] 9
PRI 55 0 Wy b R B ] T RO o 1R L B AR A K 4
U . Zhou 45 (2013 ) & B &% ) 1L ZR AR RE 7% 32 JL
A A S I RO R 22 B FR /N B A R RN B 22 B
FKBTTARFHEAR P G e, AR & I
JEFARTT 2 48 Pl A 5 J5 A= 45 v 1% 3R 0 AT 9 1 2
S ,nzoek = AR Z 0 IR 25 R, T BE = i R X
—ME W EHZ —,

25 BRI R S SC A T RE VR AR £f BE X L 0 AT
1A AR o ] I AREE S RTPR TS 2 DC S Aokt
Jry Bl S JBT A= B A e 1 SR M, A BF A R R W],
T2 R 000 Sp Foxed S o 28 5% 10 g o7 2 35 A7
TER R 2E 5, RIMAEM T JZ WA BA 2 1T fig
PEIRTEA [ 28 8 AR B8 F AR AE b 35 22 5%, LR T
JE A S5 o A B v 3 ek T 5 A e A ] 9 D)3
N 2RI A5, S Ah, T e AR e R
JELJE 558N S5 Ty e bR S s b X6 VA 4 R R AF
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Population structure and dynamics analysis of rare
and endangered plant Camellia kweichowensis
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s

Abstract; Camellia kweichowensis is a rare 5-locular capsule-bearing representative species of the section Camellia with

biological importance and economic value. In order to explore the reasons for its endangered status, we studied the
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quantitative characteristics of population structure dynamics and future development trend by combining the sample
investigation and actual measurement methods, the analysis of population age structure and survivability. The results
were as follows: (1) The primary vegetation of C. kweichowensis had typical characteristics of subtropical humid
evergreen broad-leaved forests. While the mixed evergreen and deciduous broad-leaved forest were the main stands, and
the coniferous broad-leaved mixed forest of Pinus armandii + Betula luminifera + Liquidambar formosana + Nyssa
sinensis + Camellia sp. + Eurya sp. + Schima sp. was common. (2) The growth population of C. kweichowensis dominated
the growth structure. The points were mainly concentrated in the small and medium tree stages, and the sum of the
proportion constituted 73.02% of the overall population. Deevey-II type characteristic of the population survival curve was
obvious, the life expectancy of C. kweichowensis was the maximum at the seedling stage. The change trend of mortality
and the vanishing curves of the same plot were approximately the same. The quantitative dynamic analysis indicated that
the three plots had abundant seedling pools, but were sensitive to the disturbance outside the habitat. The probability of
surviving to VI age-class dropped significantly to 36.17%. On the whole, the population structure showed the
characteristics of “growth in the early stage and decline in the late stage of IV age-class”. (3) After the growth period of
2,4,6, 8, and 10 diameter scales, the C. kweichowensis population dynamics tilted toward the succession of middle
trees ( V-Vl age-class) , big trees ( VII-X age-class), and aged trees ( XI-X Il age-class). In conclusion, due to the
limited habitat resources and space, intraspecific and interspecific competition intensifies, which reduces the survival
rate of population seedlings and the number of young, and increased the mortality of adult plants caused by human
predatory logging. As a result, the population renewal and diffusion are hindered, the distribution area is narrow, and
the species tend to be endangered.

Key words: Camellia kweichowensis, population structure characteristics, population quantity change, time series

prediction, species endangered mechanism
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Fig. 1 Natural distribution and investigation site of Camellia kweichowensis
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Table 1  Analysis of differences among three sample plots of Camellia kweichowensis
. e S Ay e 95
59K R AEFITH A H L o P P PG5
S Sum of squares Degree of Mean square .
Variation source (S9) freedom (df) (MS) F value P value F critical value
ZH 7] Between groups 1 307.350 2 218.949 0.577 0.567 3.259
41PN Within group 11 283.336 36 379.658
B4 Total 12 590.686 38

. BEKFE «=0.05, = P<0.05,
Note : Significance level «=0.05, * P<0.05.

I. DBH<1 em; II. 1 em<DBH<2 c¢m; II. 2 em< DBH<
3cem; IV. 3 em<DBH<4 ¢cm; V. 4 em < DBH<S cm;
VI. 5 em<DBH<6 cm; VII. 6 cm<DBH<7 cm; V. 7 cm<
DBH<8 cm; IX. 8 ecm<<DBH<9 cm; X 9 em<DBH<10 cm;
XI. 10 em < DBH < 11 e¢m; X 11 em < DBH < 12 cm;
XII. 12 em<DBH,

NGB

The same below.

Kl 2 SEMZL Il M AR 454
Fig. 2 Age structures of Camellia
kweichowensis population
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Table 2 Static life table of Camellia kweichowensis population
X a A, L, d, q, L, T, e, S, k,
I 132 141 1 000.00 78.01 0.08 960.99 4 723.40 4.72 0.92 0.08
I 140 130 921.99 85.11 0.09 879.43 3 723.40 4.04 0.91 0.10
m 118 118 836.88 70.92 0.08 801.42 2 801.42 3.35 0.92 0.09
v 108 108 765.96 354.61 0.46 588.65 1 964.54 2.56 0.54 0.62
\% 95 58 411.35 127.66 0.31 347.52 1 198.58 2.91 0.69 0.37
Vi 47 40 283.69 120.57 0.43 223.40 787.23 2.78 0.58 0.55
VI 17 23 163.12 56.74 0.35 134.75 503.55 3.09 0.65 0.43
Vil 24 15 106.38 21.28 0.20 95.74 340.43 3.20 0.80 0.22
IX 17 12 85.11 28.37 0.33 70.92 234.04 2.75 0.67 0.41
X 8 8 56.74 0.00 0.00 56.74 148.94 2.63 1.00 0.00
XI 8 8 56.74 28.37 0.50 42.55 92.20 1.63 0.50 0.69
XII 4 4 28.37 21.28 0.75 17.73 35.46 1.25 0.25 1.39
X 1 1 7.09 7.09 1.00 3.55 7.09 1.00 1.00 1.96

s a, ARG AL SIRIGIERECG 1.
S, AR K, WK,

PRUEAEIE S d.. SET-8L; g, FET-%; L. KIAEE; T, KA REE; . B A,

Note: a,. Survival number; A . Survival number of smooth; I . Standardized number of survival; d . Death number; ¢ .. Mortality rate;

L. Span number; T,. Total number of span; e . Life expectancy; S,. Survival rate; k. Vanish rate.

K3 SEMEL LM 1 ith £k

Fig. 3 Survival curve of Camellia kweichowensis population
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Table 3 Test models of survival curves of

Camellia kweichowensis population

i< 7 e Coefficient of F1{H Pl

Curve function determination F value P value
(R*)

TEER L 0.860 67.444 <0.000 1

Exponential function:

y=8.172¢ 70

TR 0.610 17.185 0.002<0.01

Power function function:
y=8.055x""**

e — BEIS 6] P9 A2 77 A58 OR i R AF AR B R, 5N
ARIIP R LR TSt N <k

4 HWikh &k

4.1 EMALFMBEMBERIAIERKE, IR
1B E R MR, TR E R R i >
PR I SR 2 A ol A A A A OIR B A 1
B, SIRAR ) A A7 BRI A58 I S ke, B A
Wy A SR T B2 JE R, LD 28 R AR ) 2
V. A i 2o ] P PRI 3 ¢ 86 T I TP 190 B 22 2 i
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