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HCO; x84 4 K % B & R 5 112 it 16
FRHE, BHAR
(1. P EPBEPE BRI I Rk 24 R S 90865, SRFH 550081 2. FREBL B k2%, dbat 100049 )

¥ E. EikIREL (bicarbonate, HCO; ) SRR EE A £ AV AE R XA B 7= 9, B IR ZI M ma AR Y M A K &
BHEE X A AESIREE . DIEIFIE RARICHE: HCO, X A= 1 A0 w2 mm , Qi il A 9 e &1 A
FRAG R A S B v M IR B P 55, 0 A S Y A KA B VE A . 1 ST SR AT
WA R 2538 T HCO M HE M A KA AL EME . © A i9WF 9 TAE Wos HCO AMUAE T 545 00 52 8
T A AR P B I A B U K R AR LTI IR A A T L e 9 Atk A O B il I AR A
Y ER A AU, 25 R R s T Ak 0 R0 D A5 52 2% 1 A R AR 5 A HC O 30 38 2o 52 i ) 2650 4 36 L
Ak, B L R T 7R A A R B PR PO A 2 1 0 T, LA A SR AR 4 (R B0 BE ), AT 3K BUAE FF AL . HCO; (3%
SR AR R AN 2 B8R A AR 4 A B AR A0 S B BRI EL RO S OB S E I A A A ME B9 4lasy e B
HCO X WA K AT RIBWRAEH , vl AP s S RS A Y 2R ffa et ik s £ S 24
DI REFEAEELIS AR T .

K. EmkmEy, MY, EK, A, Rl

FESES: Q948 XERARIRAS . A X EHE 1000-3142(2022)06-0895-08

Promoting effect of bicarbonate (HCO, ) on
plant growth and metabolism

TONG Chengying'?, WU Yanyou'”

( 1. State Key Laboratory of Environmental Geochemistry, Institute of Geochemisiry, Chinese Academy of Sciences
Guiyang 550081, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract; Bicarbonate (HCO; ) is the product of karst weathering of carbonate rocks, which profoundly affects the
growth and development of plants and the ecological environment in karst areas. Previous studies mostly focused on the
negative effects of HCO; on plant growth and metabolism, such as inhibiting plant photosynthesis, reducing the activity
of key enzymes in carbon and nitrogen metabolism, and damaging ion balance, while few people paid attention to its
positive effects on plant growth and metabolism. Based on the results of previous studies, this paper reviewed the role of
HCO; in promoting plant growth and metabolism. Previous studies have shown that HCO; is not only provides short-term

carbon and water sources for plants under stress such as drought, but also promotes stomatal opening and restores
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photosynthesis. At the same time, it also promotes plant carbon and nitrogen metabolism by regulating the key enzyme

activities of carbon and nitrogen metabolism, and participates in the regulation of complex physiological processes such

as carbon assimilation and nitrogen reduction in plants. In addition, HCOJ can also change the distribution of glycolysis

pathway and pentose phosphate pathway by affecting glucose metabolism disproportionation, so as to enhance the stress

resistance of plants and obtain survival opportunities. These positive effects of HCO; not only make it a key factor to

promote plant physiological metabolism, but also become a link connecting photosynthesis and karstification. Clarifying

the positive effect of HCO; on plant growth and development can provide a theoretical basis for maintaining the

biodiversity and stability of karst ecosystem and optimizing the function of karst ecosystem.

Key words: bicarbonate, plant, growth, coupling, metabolism
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HOCOS

HCO;+H’

UG

451 1 5% 0 241 B R

CO,. —HfLhk; HCO;. TIREMREF; P680. SRS T (PST) Wil Ry 680 nm 4k ; P700. SERZE(PS ) WUk 4Ry
P& 700 nm &b HY. A #F; H,0. 7K; C(H,0). BKEY; PGA. =M H MR ; RUBP. 1,5- B IZ N

CO,. Carbon dioxide; HCOj. Bicarbonate ion; P680. Absorption peak of PSII is at 680 nm; P700. Absorption peak of the optical system (PS
I) is at 700 nm; H*. Hydrogen ion; H,0. Water; C (H,0 ). Carbohydrate; PGA. 3-phosphoglycerate; RUBP. Ribulose-1,5-bisphosphate.

Bl 1 HCO; X6 A 1E FH G RN S0N, AT e B8 VAR (R0 A& 45 ,2018)

Fig. 1

W CA B3 ¥ HCO 43y CO,# H,0, 2 5y
P TS FLAZ 3l , TR AL P T 800 o,
BERAS R T AR BUE FERL 25 (R U &, 20115 H
£1%,2016; Shahsavandi et al., 2020) . Stefan %5
(2010) B9 R, = HCO, BT T AW S BB
B FliE (SLACY) g 30E R F C1 sk NO, ™ 45 [T
THE o4 A, R B R UE R AL G ( AtALMT12/
QUACYT) HE 3= R 2, UL 4b, HCOS /2 Bt 7% 2
(ABA) BRI ZA5 5, 1 ABA 18 i 06 2 H %
fitf (RHC1) 2235 Ml M A 11 (HT1) R 35 IE
T 5 B B T3 0 A 11 (OST1) |, 4% 34 200 Jf HE L0 B 25
-, T 38 755 A ) i R 19 <AL 3B Bl (Meyer et al.,
2010) .

HCO; compensation effect on plant photosynthesis and carbon sequestration

2.2 @A i

— U IRAE T HCO, 2 5 0 35 Bk Z AR 8
WY, R IAE T 19 B B A OGS i A HLAR AR
R O 5 PR Gk 4 (18 3) . — U T,
HCO; 5 & Bt #i B a & 1k B ( Acetyl-CoA
carboxylase, ACC) Fl ff f2 ¥ B N i /2 #R 1k il
(PEPC) %5 3L R 2 5 Uyl hl Wy e A, BB 7 1R /2
Z 5 = RIRIGA RIS HIN A IR 96 W 0 1 B
BT ( Yukiko & Yukio, 2004) , % 5l 2 M ()
& AR ( Nikolau et al., 2003) , i HCOS W 38 5
S ACC Ak SRR A FR AL N, 4% IR I R
FIAA TN Z B4 B A ( Malonyl-CoA ) BT 1, 5 —
Jrifi, HCOZ5 PEPC A= 5 C4 il CAM HHY 1Y
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CA. BRFRIFAE; ABA. Bi#% 2; PYR/RCAR. ML % ABA
ZAR(RCAR) BB (PYR) P83 #1843 ; ABIL/PP2C2. fiit
EIRAEURAE AR EL C2; HCO;/RHCL. i = ¥ 1Y
CO, , I} MATE BI%%i2 8 (g HCOS 3% ; HT1. M H =il
i ; OSTL. Tl LI F i ; SLACL. 18 B 7 il
IE 1; QUACL. PR e T8l 1,

CA. Carbonic anhydrase; ABA. Abscisic acid; PYR/RCAR.
Pyrabactin resistance (PYR) regulator component of ABA receptor
(RCAR ); ABII/PP2C2. Abscisic acid insensitive protein
phosphates C2; HCO;/RHCI. Resistant to high CO,, MATE-type
transporter specific activated by HCO; ; HT1. High leaf temperature
kinase; OST1. Open stomatal protein kinase; SLACI. Slow anion
channell; QUACI. Quick anion channell.

Kl 2 HCO, MM < fLlizsh
Fig. 2 HCO, regulates the stomatal movement
of plants (Charlotte et al., 2018)
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Fig. 3 HCO; regulates carbon and nitrogen metabolism in plants ( Charlotte et al., 2018)
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Fig. 4 Schematic representation of rhizospheric HCO, modulates glucose metabolism and stress tolerance

of paper mulberry seedlings under simulated drought stress ( Yao & Wu, 2021)
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Fig. 5 HCO, regulates the water-carbon cycle of “rock-soil-plant” in the karst ecosystem and its interface
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Research progress on carbon cycle of karst
vegetation in Southwest China
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(1. Key Laboratory of Karst Dynamics, MNR/ Guangxi, Institute of Karst Geology, CAGS, Guilin 541004, Guangxi, China; 2. College
of Environmental Science and Engineering , Guilin University of Technology, Guilin 541006, Guangxi, China; 3. International
Research Center on Karst Under the Auspices of UNESCO, Guilin 541004, Guangxi, China )

Abstract: Because the karst critical zone is an important part of the Earth Critical Zone system, the vegetation in karst
area is an important carbon sink of terrestrial ecosystem, and the aboveground part of the vegetation in the karst area
sequestrates carbon through plant growth, the carbon storage in the underground part is also very considerable, the

growth of underground biomass and decomposition of litter also increase soil organic carbon and inorganic carbon
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content. Therefore, vegetation carbon cycle in karst area is one of the hotspots of karst carbon sink research. Based on
the reviewing of research literature on carbon sequestration of karst vegetation in the past 40 years, this paper expounds
the unique physiological characteristics of karst vegetation in Southwest China, and focuses on the following four aspects;
(1) Evaluation of vegetation biomass, productivity and carbon storage in karst area of Southwest China; (2) Temporal
and spatial variation patterns of vegetation and carbon source and sink effect in karst area of Southwest China; (3)
Special mechanism of vegetation carbon utilization in karst area; (4) Prediction of vegetation carbon cycle model and
carbon sink potential in karst area. The problems existing in the current research are put forward, and the future research
direction is prospected. It is proposed that the future research should be carried out in the aspects of systematic
determination of relevant parameters and mechanism process of vegetation carbon cycle in karst area, fine identification
of vegetation landscape types in southwest karst area, quantification of carbon sequestration process, and correction and

modification of karst vegetation carbon cycle model. This paper provides a reference for in-depth understanding the

42 3

temporal and spatial evolution of carbon cycle in karst region and for exploring regional carbon cycle mechanism.

Key words: karst area, vegetation, carbon sequestration, biomass, carbon cycle
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FARSEANGE T v AR AR B SRS ) 7 v
5 () A= ) it R B A it S L AR AR B O R R VR
TR ZE R B BEE R R AW &, BEE AW
TN 4l MR RE V& Y 48.17 v - hm™ B P OMCEE VK 1
113.47 t + hm™, PR 2 E MRBEVE 19 242.59 t + hm™,
EMAEB RGN AL B, PN 236.69 t -
hm? | FORFNG MR H AR & A1, 43591 225.17
t+ hm?H1224.76 t - hm?, X7 %K% (2020) F /1
B B OO AL T R E VY R SN R A
WX AR E AR (122,81 t - hm?) | FF ARG
T EA AW 10 7 FE A B AR A 9 X 2% A
X AR A= ) AR SR . A RL B4 A AT LA
F i BV R — 858 X TR B R [\, iz
Y N = ISR PSR

12 BaBREREEE AT WREAAYERER
AR Y R — s, R R A A K
RE S R AR, X HEVE (D T RE M M A &
— BRI (BRI 2010) o AR H M
o i) PE MR 5 1T 7, e VS ARPROBR T - M O % 22
PEMS AN @R R S mBEN, SECE Y
AT DA 232 DN B A A 2B,
T — 203G 0T 3R BUPR MK 58 B MR 3R A ) it 1 i
FE (U H R M AR B R B9 A2 AR ) (X1 373k 55, 2018)
SR, T IORE A RIME M DRI H i 2 R &R
A= A R A O 5 R A/ (A AT R S e A
HR 2R A=) e A R R A =2 6 A | DT 5 5 1 e 5
FROR A B S RV AE B I A 45 Jr i D e ny B, B
T, A7 PO AF 53 2 SR FHMAC 325 X8 Bt ) v 0 X3
ABEVE AW 58, O 7.76 ~ 23.06 Mg - hm?,
SN 14.38 Mg - hm > (J& BRI %4, 1995) ; 1
TN 22 AT AR AR E K A RO 3P X, R TP 3
PR UEAR B A o 15 X AR R AT SR 4R, oA T H A=
Yy i AN AR R AR G 4y BO A% Ry Al HE T 2 ]
B4 AT B, 5 0 X b T A2 ) DR B VR )
2.63 Mg « hm™ 3450 ToUAR AR AR V% (1 58.15 Mg -
hm (B RS ,2010) 5 3 F A 4 it 01 7 B4 55
W TR XU R T A IR A MROR A A ) AR &
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YRR 22.72 Mg - hm? (X 37k 4, 2018) , 5
Liu %5 (2016) ) FH A 42 41 75 BF 55 1) [6] — 75 1 7%
ARIIAR Z2 AR W (20.27 Mg - hm?) $53T ,

1 FAR R A= W i 19 43 A7 22 B 57 Hh Ak 3
KA FFE S LIRIEEE YR B SRR (%
ZRMEZE 2010 Ni et al.,2015) , PRI [6) 4 1984 4%
R B ) B 2 () BR ) 23 5 AR AR R A K R )
HH R 5000 (REHESE,2019) , N, B RIS
(2010) F1 Ni %5 (2015 ) FH A28 LW T 52
N P U DA b A S S AR AR AR R A W i, &6
B AT 1l 5 v D B TS AR I AR R AR R
TMEAETEAR KM 25 57 o 32 PR3 2 A1 1) 00 5 R 5 R 1)
P T 25 5% W, AR ) Q0 ) T O 22 0 AR ) i O3 T
BWAR (B LB ,1995) . Jones %5 (2021) i
ATl T Bk T2 X5 /0N 22 R B L R W Y s
Wi, 55 A AT T A, 45 5 1 s e 1 465 o A
() /INZE L R A R RARL ) /N 22 4 ) 22 77 1 409% L)
A HL A A 509% LA BIAR B AE W) (Jones et
al.,2021) ,

ZE LT AE SO B S A VY R A T
HIX (Guo et al.,2020) , 75 VA AR W) Fh 20 15 52 2%
FARTTHA R 5 BUR T KW 5% SOk A g okt R
P b B35 4 | M S 0 1 A W e 1R 5 VAT
SRV K AL, B HIE6 A i XORE B A W ) A
GERR AT, 3K S 5 HR OC T B RURR 43 BB
A ) S AN AN B 9 HL R S — e ] B A
PEREVEBLAE I AR i, B = R BRI 28 ROBE B X
BEIE AR Wi, R i o 19 s AR b AT I 5%
PRI, o i AR A N [ S UL 2 A8 O[] A 77 750 A o 25
TF W 22 K 30 O LA B &5 4 38 R Hb R TR Ok 45
BEab AT 50K 20 (R 0F 5, R A DT Ak v DX B
BT 2 A 0 om T 5 ) S At 5 B
1.2 HEE &= TR

NPP VBN A 25 2 50 ) e 1 B 2248 b, BE 1T LA
J BRAE B 1) AR R B, SR W AR S R Sk R
AR AT A4 25 0 B ) B LI T, 7E 4 Rl M XA A6
IR JRE AL (Field et al., 1998) . A i Hb X 8
B NPP FF 5% 2 9 Pk A 1 i 2 itk L ) [
F I R T AV DX A AR AR S X AT
SR REEAEEE L, B, & XA K5
F LA AR R TR TR SRR 8 NPP I
XF e R 2 AT A B, L B R AF (2013)
T A R b X T R SRR i v 5 I R 43 A

SR AT 5N b [E FE 5 A X NPP 7E 2000—
2011 A [R] ) B 23 AR AL R, 25 2R 7R 2000—2005
AR BESE X NPP {H SK 2 - FH e, 2006—2011
AE[H] NPP {H AR 2 NS 5 X NPP 28 1k
W RE IR K T AR A X, X 5 0 A% OO B
2000 4F- DI ofe St 45 30 AR 25 TR AR P I B 5 Al Bl
KR A G, il 2 145 (2014) A T A 3 R
ALK 2001—2010 4F4E (] PUAE B NPP I 25 ¢
ik B Hosg m PR HE 4T T 0F 5T, K 304 35 3R R
AKX NPP B[] A8 A A 2, A2 T g F1 s YL %
(2020) 1£ 5= 45 B NDVI B4 s fi i JL w1 32
CASA BRI 53 M 4 H 7Y 0 DA 32 b X = 20, W] i
B 2015 4 X BRI A 9% NPP, & BAE Bl 7 15
SR B RAEDE NPP 0y I B A E ARk
RUNTAR B NPP (1425 [a] 43 A HA7 2 W dil4E .

25 LN TR AV X ROk 0 & L R v, R
ZIRLZMIAEE A T Z BB B AR, BN Z L
LU RGN XA NPP A5 I0R ,  2 I
A AL IR B T AR RS K4
1.3 EE R IEE R ITMH

H R, X6 B B i 1 10 AF 9% 7 1k 22 R DB A=
Wyt 4558 Ry i i B 1) 7 R (56 AR 55, 2011 5 5K B
P45 2013a; 227545 ,2019) . TKBIPHZE(2013b) Fi]
FH 38 JEGEAGBUHR SR FH R 27 5 0 A B8 DX 3l 4 A 5 4
R T1 . MR = 55 (1996) BB ST R, A
PRI YR REOC R el ok A ) R A
Py i SR Al B3 DX SR B A i, P R UAEL W) ik R
(0.45) I ZoRIGMAR R, TR, BF5E KR
PEdLAE 1990 4E 2000 4 1 2005 4E 3 N 4E4 1Y F
IR 43 5k 14.82,20.38 .23.49 t - hm?,
WIBHAE (2013b) RAARl i A B0k R 32 2800 U8, 45
A LB A G T | R A e T
R LAAE B A5 Wy ik 3fe L e 5 £ i B30 SR A5 4 9 1) o
i, s 3S FRM B I b TRV (T A A
T, 3 23 AN BT ) Mk 9 2 ] oA S AR Ak
B % 1 2005 4F 1% 4.19x 10" t 3% Jin £ 2010
AEHY 4.27x10% v, MBI BN 29.04 t + hm >34 Jin
#29.57 t - hm?, ZJ5, 5K B H% (2014) & F
2000—2010 4FELE 11 a W38 BB, 15 1+ —4F
[ 4F 35 NPP Fl A 38 R G047 J1 (NEP) 43 5 8
396.61.370.58 g C - m™ Jfil i 13 DEREEH 7Y
1 377/ B s B %o A 7 b v DX i 23 2 (1)
G3A HE e R R HEAT TS, K A B 2 B
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(i) 53 A P 52 Wil e Ry 2 A 2 B S A BRAREAY
AP FIAR B 248 78 45 T 38 O A A TR S MR IR R
FEIRAE (2015) 2R AR T EWESE 1 V4 B 2 1 X0 A
MR | HE A AR AR T A bR 4 Tl A 2 B ik
& Ry, D B it AL T 1o R A e i £ A, 4 A
P 2 A A 38 & G0 B Bk it & 43 0 Ol 13384
160.79 .179.08 .261.24 Mg C - hm™ , H: Ak g ok i
4 5.02.6.59.20.87 .60.20 Mg C + hm™, it #k
R 3Bt A 1.76.0.95 .2.60.0.82 Mg C -
hm?, d7 BARAH =Y 0.32% ~1.45%

25 AT A R I OC T U XA kit
TR T — R G 5T, (B b T 75 5 R B 451
FE AR S i Be 55 G B 1) sy 8 728 S P 1) 7t iy V52 A 5%
o PR, iR R I R A I DX o ok At o 1Y) Bl AR AR
RAF5E T AE

2 AR R ARG BRI N

H A, A 38 & Ben] LR AT KA
BB A (Guo et al.,2017) . WHWEZWMEME T H
2000 4F Lo [E 1R 22 #b (X 52 B A Ak R 3, IF i B¢
hFE 78 55 138 I ( Zhao et al., 2020 ; Hong et al.
2020) AR AE SO0 S R SR 0 T VY A
M DX, AR B B[] 7 271 1) T3, 28 U0 3000 R 4SS 75 i 300 7
i R R R G AL e (Tong et al.,2018;
Xu et al.,2019; Liu et al.,2020) . H. 40, &8 09 #F
TN, 1982—2016 4, H [E VY g A i L X (TR
=) Bikgfbia e, 52 % 1 (1982—2000
AE) AL, H 2000 4F DL v [ 2% 95 BT S5 it 45 20
A TR I E G, 57 b X0 R B A4 K
B, AEAR I (2001—2016 4 ) 4 Ak 3 5 1
. (Zhang et al.,2021) , WA I (8] 7 3] 32 a5
BB G A 5 e T E0E 45 45 A BLRL B i
I8 R IRAE R R 52 45 B Bt 75 e b X 2R bR 7
(=5 m) B 1982 4E1Y 21% 34 3 2016 4F
) 38% ,2002—2017 4F- P4 55 M X AE 4 b b A= )
[ 55 R (0.11£0.05) Pg C - a™, Horb g g bk
TUHRIE 32% ; AR M/ TR MR R 1 8.8% ,1H.
[ 22 T 0 95 X 20.5% BBk, J2: A0 X e RE 1 5k 22
2002—2017 4E HAR I (T 5.4% ) F N T35 Ak
(TR 7.4% ) 19 [ B 348 53 33K 0.01 Pg C « o' FlI
0.021 Pg C - a™ X484~ X B WAL A B3 ik K 49 1)
9 14%F118% ; WFFT X 2017 4E By A 7= 2 2003

AR 3 A% AH N TORR R AR DXl iy A 4 A AR SR BT
HR T2 16% B98I, AHEE 1980s—1990s H [E £ Ak
0.075 Pg C - a” A M Pl E S RSE190.177 Pg C -
a™ B [ Bk BE 7, P RS M DR B MK I B A D 4 o
(Tong et al.,2020) ,

25 BRI BA  TE FVR E IX P e
VR b, DX At DR800, AT s 2 T 22 g R IO, (]
B, s ] )3 50 38 8% AR X T R X3 R A ]
FE VK S 15 Tt T 10 [ e B, iR 75 445 4 38 JEk R B
s Ko DR BE 27 2] SR K A TR 31 A B K O S WSS A
— Al [ o AR R H A S MR 55 RN, 48 R P e
T b DX DX A AR AR S R R s TR g 1) O B O
SIHETF

3 & E RO B A 4 R AL

3.1 HRRFREEMBBNF AIRRZE

WP AER TR E N, TR RS PH
CO, , [FIB} i BE A FH 40 i b i) HCO, ™ 1 hy il 119 1%
Y,k B S5 T AU RR W, i Bl 2R A 4 HCO,
B FH 32 A T Btk R T 1 ( CA) B 4 e 1 15 4
FHIRFERLSE 2015) . CA DAHAE IR ER ARG
BN BREE T — B e R A
CO, il HCO, ™ Z [a] o AH B 5% Ak S B R R AE o 3%
AL YRR Z R B TE LR B LR &
BRI (S US KAE2011) . AW T2
FIA T 5 RS e B, 5k R AR B DL IR TS
HLE IR 0, S BURAL T B 5 G 1, A
R A2 S Y COLHE A 20 i (7SR5, 2016)
R R T 07 Kol R 3 o AL 5 B 0 /N L 28 O P s o
BIK A CO, AN PR 38 T 0 B H g2 B CA
7] T g A9 i PRl 2% 3K (Hu et al., 20115 2 8% & 45,
2018) , JHiEs TAHI B9 CA [F) T B 1 (R0 A4,
2004 ; Wu et al.,2009) , ¥k H 1319 HCO, 1k
9 CO,FIH, O, BESE I 1 XF K< CO, R, 3%
T XF HCO, MR (RIE A SE,2018) o b4k, 7E
TR AT, U DORE P ek 2 <AL B B 6 AR
FLIkE GBS VB S , WAt B CA 16 1
HASR | CA BEF 4N PN A HCO, #%4k R CO, 1 H,0
(RS AAE,2011) , HFE MR AME Y6 G VR
B I K R ) AN 2 3 4 0 B 4 F I O 8 i
7o [ARE  FEJCoRAR X ARG LT, 8= i CA
TR A 7 Xl AR A R HCO, AR &
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P RETE R E 5 T B B 1 G RE A 20k
(RAEREE ,2016) . HIL, AP X HCO, 9 F) H BB
TN CA T J7 UL AR 0 5 0 18 A A o
It HAHYRE B A ] HCO, VE I e WL IR ( = U%
KA ,2011) , FR IR & B, AP X HCO,™ 11
R FH 2 W AL 400 10 7K 3 DG 2R, DT 5 T A 90 % R <
CO, A, [al i+ 3 i HCO, ™ Hk B 52 1 3% COo,
W X PRI [RAESZ 2 CA B9 15 7  ( Nathan &
Ammini, 2019 ; Price et al.,2019) . {H2 HHI, X Fh
522 B2 BL R VA SRR A
3.2 ABRXKEEYHRNF HiRE

TR DK 50 A K AR A e R Bk
FE W e L HE A R K AR B TEHLAR 40 HC O, ™ 1 Ay il
JEEATYC AR, S8 T 7K A AR P AR 7K A58
T BTl 3K 1Y COL MR S ke U5 1 A% G2 A (] Fi A
4,2007 ; Liu et al.,2010; 5K 58 ,2012) , X —4=9)
o R R R TR AR 2 A A 1 — 38 4y T ML A
Bl b K A= R AR BR 0 A A W) B O R AT R E
HA L 5K, Wang %5 (2020) #F 57 2B ¥ 76 K [H]
HCO, MR B A K P i s 2 0 25 R R B
WOKBEL R i KB HCO,™ A7 AE A AL R UK
FE A R FR SR 2 i TE AL T EL L 1) R 5%
WK €O, FRATE S AR IR g% T
ANERTEE TE 55 I 7K IR S5V 7K T R IS AL B 1 3%
AR K /INER AT L K AR 309% 1Y TE AL ik
AL A LY, 27 K R 8 /N B F TEATLRR 1Y F5
LR E I8 40% ( Wang et al.,2014) . 7F i 3k R
e T ZH DU ARV 25 IS TS YT R kb 4 1
FAHBE TN G, R R E B R 67 R BRI R T
T KRN A RT3 P I K A B 1 R ik [ A7
F BT R T ) S OB A A T R E M b
W B T U0 K A 0 %5 v K v e LB G R SR s
(Wang et al., 2017); [A] B} & Bl T % fit 5 3%
(Z1.201610710672.0) Jf & 8t 11 55 T K A 90 1 7 Xt
HRRIC L& 48.61% , k& P45 (2021)
T T 2 Al A 18] 7K 2B 48 9 0% & 1 1 e
HCO, My LU, I AR PE A it 85 C 1 28 AL AR A1
Z5A NP LEF RS, RIS R M 3 oK A bl
Py B A 1 A A FH 3 ok AR R I K 4 R R
B AR B &, LA BB 45 UL iR K
H ) TE AL 38 2 5 A A FH B 7K A A W AL 1 TR A
TR 3o P —Fh B E A BT

L5 ] HL, R AE A DR W R Ak ) R

BL A T — 5 1 kR (EE TR RS i LS TR
e ADEE TR AT HCO, ™ A H AR co, F)
Ak 2ER OE 2R FR I CA N SRS RS T
i (%) 3 8 2 AR AL o) 25 T 30 5 B S0 A T

4 HRERXEHREAREFTN G
AL

IR AEREES S5 T XU G 8
T AR A T KR A R RRAE DA R R B A 5 K
BB T AR X YRGS SRR EE (E 1),
FT AR E O A IR IBCR R CO, , AR A L
B AL 20 0 A A TR) s 30 o R ) i 2% Ry b T
AR A AR R A ) M o RN MR
O3 HERAEAE [ (4B A R e AT 400 R 5 A
T it 2k B8 v OR W AR A LB RN E AL R E A £
ORI T EE N ESRY R, MERRE
KRR W 2, A PR & 2 Rl 2
T X PRER 43 1 ik it A7 AE 3 rp ) — 3o K AR
TEAEAE R RRE A LR , 350 0 6 )5 T8 B TE LK 5 53
— R TERE YAE A BB CE R R, s £
BTN R, AR ST O A AE FH I TR
ST AR T A ) A4 240 L P ) A LA A —
ROV T 220 S Ak o, 5] B R ik g i, 7™
A COLHE AR, 3R FE J7 75 ¥ b X3 5 [ TR
s, AR T, R R A AR R A
R A HE A LA A HLRR E A LR K KR
F G0 3 B B BT R A AN R A

CO, M B T 25 42 UE AL W B 56 & 77 W 1) AR &R
AYTC, AT B 1 ki b 2E 2 2R 5 b T B 43 1) ik 3 [
FER (R R LEE | 2009) , FEAERIX, CO, M
JEE (R T R X AR 2R A a1 5 g DR el R AR 5%
St A COMBE I Fh i R i T A I AR R 1Y
JEE (R EEL ,2020) , AIAR R B R W 1R
(Prior et al.,2012) . MAh, WA — LA 6] 69 B 55
Z55% 40 Arnone 45 (2000 ) 38 33 X Hi 5 XA K
P HER AT T oM 2 a MOAR R JE LR 45 R
R CO,MRBE TR AT 22 18 em 12 AR I 4=
KFMIET-F MR 2 L 4R a3 1
48% FET-HI A A2k, [FIFE, Niklaus % (2001 ) F
FHYC R 2R BRI F 98 T Fi o 0 XA KM £
R COL MR TH o X AR 28 20 I 5 RV I s i, &5
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IR CON AR W A= W d A ie DA R AR %%
FERA LA ¢ FPC BRI AAEAE, £
CO, e B T R AR 3R 43 Wb 5 ) 76 T A S 35
X AR AV XA U8 T ) oy i R A
RAR N, I (2018) R FH BT &1 W 48 43 fige 1 XoF
TR DRI R 5 XA RN 2 R A AR R b 47 T Sk
W1 a BYIRTE M3t LS I8 % B, 72 AN [ b 7
50N 2 SRR I o3 i B R A XN T
AV X, A R b BT S AR B R A A ] O vk
o3 il 50% F1 95% ), 5 5 X M K BT 55 I 18]
0.85 a F13.384 a, & AN T 5 0[] 24 2.61 a Al
10.83 a; Ifif JE 75 7 X M A T 75 B (8] 24 0.82 a A1l
3.376 a, LRI A 1.73 a #16.97 a, Xl
HP T DX A 00 % e SO0 L A 5 0 XK R
TR 5 DX Y By A A3 i st 1) L AR R XK
A DX AS [ Ll 20 70 X6 - 398 %) IO W8 3 SR AT L
R R, ZHEE (2010) XF 55 BHARR X BFE + 1 3

U DR O P R s B R

Schematic diagram of carbon cycle of vegetation in karst area

A A gt N T SRR A N T4l Ak 3 )2 1 HE
A=A e Bl 0 O R R A 2 A ) A
FELE TR, AR W e B W 0 38 R
B R A R TRV 1 E A S S R AR AR
e A Wy i h W3 S5 T L MR AR AR
(2004) 53 M7 T REFR 46 A B FE PR R IR AR
FH AR, A4 F8 B 3K A 56 W] AR T8 22 1Y B
HE R A WF WA A 43 WA RN = S A= W 06 D0 1Y
P R co MR, Hh WA+
A ELARAY R 148.08% . 75.01% , 1 - SFE IR 1
HERL CO, B & 00 43 5 45 35 175.75% (171.14% 5 B
FE B 7K HE T (4 T BB TR A AR R 77.78%
72.119%, HE it 19 5 i o G 4 S 166. 49%
153.81% ; A 24 58 BE A 38, A+ F B 2 £ 4 19
RURE 7 e, WA b AR AR R 2.84 £ FL A R
w1.36 £, LHEMPIE SLEH HARRERAE . B4
il LU XA B - 25 45 )2 CO, MR BE H 8 R 3l 2
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PIRIFFE 45 SR B, A AR B A COL VR BE 1Y
B KA BAE J= 4.00 2 A7 i b T AL 3 5 B
- SR I AE = AR B CO, e B Y BTk K T
AT () I W A FH 3 i 1Y) CO, Wk BE 18 in &=, €O,
W B AR B AE AR 13,00 22 A B MRZ X 2
FH T B AR R 2 I e A VR B B T AR
TR CO,( BRI 4,2005)

5 AL EZ

FRX MR T2 AR RN H 2, B
A R 0 R 25 F R A B IO T R W B M
AR R A Y 1 4 T 32 BOK [ 4 e
R B B2 ) BRI, R O, R A D S AL B
FLAFRIR M RN A2 2, B 7E 3E 5 1 X ST Y A
WG S BN 8 B4 v F T 7 1 DXRE ik 0 2 4%
BT BN XA Bk R B A 56 S BT &R
GEINE , X LB B A TR SY

VG 7 T i DX VR R, AT B 2 R K
WX R s K B ) A AR X 4 TR X
$oft RUPE AN [) o O A2 5 it A T s KN, AR T 4
B 8 BB LA SR JEE 2 20 SRR A0 A 1 Wk 52
SOWZEAY | — 2 Ak A i R A H AR S IR 55 Ak
I, 7% P R 2 v b X DX I A SR A o R R R
W IR S 7

S DX B i A AR R K AR AR 2T L JR] i )
FH CO,F1 HCO, #ATEEVERT, =& 0y L il R e T
o TR T 8 114 355 A R 3 58 v T MLl 19 7 7 T =X DA R
FE 0 A BRRRAE S5 (R B AT, XF 52 i A 4 )
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Abstract: Leaf chlorophyll content is central to carbon, water and energy exchange between the biosphere and the
atmosphere, also to the terrestrial ecosystem function. Quantitative estimates of leaf chlorophyll content with
hyperspectral imagery can provide scientific insight for assessing plant’ s growth and stress as affected by abiotic and
biotic factors. However, few studies have been conducted on the application of spectral indexes in estimation of leaf
chlorophyll contents of plants in karst areas, especially in South China. After a review of the application of common
spectral indexes in estimation of leaf biochemistry parameters, we found that most of the common spectral indexes were
developed based on the difference, simple ratios, normalized difference and inverse difference formulation of leaf spectral
reflectance. Therefore, we firstly measured the raw reflectance spectra of leaves from four typical karst species, namely
Vitex negundo, Rhus chinensis, Celtis sinensis and Alchornea trewioides with a ASD Field Spec 4 ( Analytical Spectral
Devices, Inc., Boulder, Colorado, US) spectrometers. We then used the above-mentioned four formulations to process
the raw reflectance spectra and their first-order derivative spectra. Finally, we analyzed the relation between leaf
chlorophyll contents and relative leaf raw reflectance spectra and their first-order derivative spectra, and tried to propose
the best spectral index for estimation leaf chlorophyll content of plants of karst areas in South China. The results were as
follows: (1) Among the common spectral indexes, the modified normalized difference vegetation index ( mND705)
performed well in estimation leaf chlorophyll contents of four typical karst species in term of the determination coefficient
(R* was equal to 0.45) and root mean squared error (RMSE was equal to 0.26 mg + g"). (2) However, most of the
common spectral indices were not suitable for estimation leaf chlorophyll content of plants in karst areas. Thought the
prediction capability of fluorescence ratio index (FRI1) and chlorophyll absorption area index (CAAT) were almost the
same in estimation of leaf chlorophyll content of plants in karst and non-karst areas, their accuracy of prediction was
relative low according to the determination coefficient. (3) The spectral indices proposed in this study performed well in
estimation leaf chlorophyll content of plants in karst areas either based on the raw reflectance spectra or their first-order
derivative spectra compared against others common spectral indexes, especially for the difference spectral index based on
the first-order derivative spectra [ dD (760, 769) ]. Its determination coefficient was 0.71 and the root mean squared
error was 0.19 mg - g"'. We, therefore proposed that the difference spectral index based on the first-order derivative
spectra [ dD (760, 769) ] can be used for estimation leaf chlorophyll content of plants in karst areas. Our results
indicated that leaf chlorophyll content of plants in karst areas can be quickly and quantitatively estimated using spectral
index combined with hyperspectral remote sensing data. These results can also provide scientific insights for estimating
plants’ growth and their adaptation to environmental stress.

Key words: chlorophyll content, spectral index, spectral conversion, hyperspectral model, karst areas
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2 SR BR A, A a3 T B A XA i e g
R B LG8 £ (Rei & Quan, 2017)
DL AR S A T M A e S R DA ) o e i R
B i A R TSR BT ST IR AR X

IR ] V4 1 8 TR b X T A Bk = R R AR
H a3 X AR K (29 54 U7 km®) K B iR Bl
(1) 3% 1 R ok R 6 o b IX ( E R 45,2017 E e
MRAF,2019) o % H XA D BRIT K P R i T 19 O
ke, SRV 38 S 7R B W — 26 [ s Yl 3 ) b
25 DX, AR TR A A AN R R X, X 4 R R L
KL N s 2 A m A SSHageRAg
FEEE T (BREEFASE,2018) , (Hizh XL )E T+
Z .0 S, BRI S A EASEES, P
BT SRR A A 558 DX TR DX 3R )
FHF S AT R B A JE MEVEH (Zhao et al.
2020) IR ST R AR ) I I R S i AR A
S0 1 JOE A SR AT, N AT D R B 2 A
W ST R MG 5 A A8 R R 0 Bl A AR Ak, Sk e ST A I 5
B RG Y Re VR 4 1 B B, I ATy g B
i 55 11 28 R U X AR AR A 5 NS S 5T R
BERF AR

TE RS UAEAE Y R A A S 8006 38 e i DG
T HE B ST Y HE Al b, AT A 25 L e —
o LA R AR B2 A8 1 O 15 i Bory O =00 i SR B 1Y
4 T A W7 KR A W) —— B0 ( Vitex negundo) (3
FRA ( Rhus chinensis) KM ( Celtis sinensis) F141.75
LLFRFT ( Alchornea trewioides ) W B Ji 46 Y6 ii% I Bt
(400~2 500 nm) 9 3§ 5 T JE— i S (5 5
I AR ) R it 2R i R AT O T 40 A, DA A
B e A1 i BT AU I B T SRR AR )
i Eg R R 0 E AR SR ST, S T AR AR )
RS 38 5 1 S H AR ) AR A 2 B0 i RO
SRR PR AR 5 BOR S

1 M5 *

1.1 FHFREX

ABEFERE AL T P EEAR T R S 0 3Ry L
H1(110°19'49” E 25°03'16" N) NI & &
S A R MR (0 S0y R 0 AR i s 0 AT D b 55

TZH X R T B R KU X AR R A 19
C AR 2 1 900 mm, H R # R T &4E
3—9 H ., HHEISR N wE i A R ) 2T (6 A R
Z X E SRR B DATE AR T AR SO W ok R 0
JBE ( Bauhinia championi) .4 ¥ ( Rosa laevigata) .
TR R DL R 2T 75 LLRR AT 45

UEAL, A B 85 [R) — 40 £ W 30T e IR R B
AT R AR E e A R SO 22 S, TR
K & IR RE ML 24 15 km A9 o LR} 2% B i bR A
Wl N (i 3R X ) 2R AT R R AR 0 4 b et
B B O e B )25 I A 0 BRGRR . B
ANFEHB IR B B, AR BT L A A O 1
AR HEMFTAFFRE LR RE. KRS
i Oy B AR W SRR 1) M AR R B A KA R
2 R VA Ay B R (0 0T R A i v [ R
27 BEEE MO ) e B N A AR R P T R IRE,
LR A 7 A ORI FAGHS 8 4 s bR, AR R R 32
ka1 o3RRS o 288 AN TR) RN A 1R 22 5 R 28 06 512 56 o
SIS M) R 3 A DX DL A S A ol L A e B
FEX A AT ER AR AN LT L BRAT 4 4>
BRI G0 G2, I e BRI M A% | el MR A5 AE X
—E YRR TN (R 1)
1.2 EYHH REXEFIHEESENE

ARG I R R B B R G ) e A JR]
BRI NEKS (2017 FREFT7T—9 H) , JF e Erg
PATC = M IE - AT 00 4, 6 S0 A s Y B B 4 Fp
W ST R DX DL AR ) —— 8 0R)  ER AR OR AR RN AL
T LLBRAT ; TR FPAE DI BEALIE £ 6 ~ 8 B, RE AR LR 3
F A S e R i R )25 A i R A
i) A s R A, b ik A RIS S s
K FE ASD Field Spec 4 18 48 2 ) G4 (9%
BEEHI N 350~2 500 nm) Al %% 4 F 35 i S K A
JCIER I I, PR 485 = kb ) D65 AY 350 ~ 400
nm A B it RO 3i S 5 R 045 5 M AR R 7R
SEBR AT B R B B 400 ~2 500 nm i B
FS 5 R 25 0 W R P o e S 2 T K
., B REZNE 3 K6, K E R 3
F B BT 3 BOT- A AR A v R OGS SR
MR AE 32 BRAEA, 96 N R LGS R SR

MR SRR SRS ARG A (2000) B T
2, RIS A4 6 BE 11 (SPECORD 50 PLUS)
o MR AR ER e D PR ] — R I
SIS 3 B TR A S BURE I
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Table 1

Basic morphological characteristics of four species

WAL X Karst area

JEms L X Non-karst area

W Fh . ~ o -
Species B B et MR i iz B =i et MRk LNt
Base diameter  Tree height Crown size Tree age Base diameter  Tree height Crown size Tree age
(cm) (cm) (em X cm) (a) (em) (em) (em X cm) (a)
A 6.45 407.50 219x181 5 6.60 410.00 235x186 5
Celtis sinensis
H I 2.57 178.33 129%x119 3.25 2.47 304.33 172x152 3
Vitex negundo
EhERAR 4.57 360.00 241x216 6 5.30 323.00 234x267 6
Rhus chinensis
207 LLRRAT 1.95 226.75 80x85 2 1.77 187 115x122 2

Alchornea trewioides

1.3 A E

1.3.1 ki A L #3 MPOLIEIRER R E L
HIRES ARHIF] (Xue & Su, 2017), 38 i STk
LEFNRET N 130 22 FHAE RO 1 48 B0 i 12 H
15 A S HERE 3 ) RGBS 8 (3% 2) , TR
WX SIS 48 B TR A I S R
AR,

2 2Ok e AT By 25 M B AR AL
(difference vegetation index, DVI) | H {H #H #% 5 %%
( simple ratio vegetation index, SRVI) JH—fbLAI#E$5
#(normalized difference vegetation index, NDVI) LA
Ko A5 K 2% (A 9% 48 2L (inverse difference vegetation
index, IDVI) o PRIt FIH2E A | AR 0 —AR DL R A2
K2y 00 i SR 4R 1) 0 0 R 1 ) i e D R Ol
5 48 e H— W S B 5 () 280 D s A v e
LR O TR P oA, R R B RO E I Be
B TR EOHY | JE— 25 BRIk B T 4 450 W e
TP it 2R B i Z ALY DG AR, LA hy g 30 e A
Pyt Jr S 2R i PRHUE A S AR T S YO8
TETRE, 228 Ol H — b LA S BB 22 (DG 45
Bk = (1) (2) (3) Fi(4) Frs .

DVI()\,,/\Z)=RM—R“ (1)
SRVI(A,,A,)=R,,/R,, (2)
NDVI(/\I’)\2>:(R>A1_RA2>/(RA1+RA2) (3)
IDVI(A,,A,)=1/R,,-1/R,, (4)

A RIS B R, X I I B R R

XA R B 0 ' i S Sk AR R AT i 46 0 B
P e 3 T OGIE HE O X AR ) AR AL S B SR
FEEE (Dawson et al., 1998) , [Ht, AF5E R H 558

WAl v P IR G TS S S R e i O — B B, T
W T — B T BB A A 1 D63 48 803 0l w44
dDVI dSRVI,dNDVI #1 dIDVI, — 5505 46 )5 1)
S e B Rk S IR OGS T8 B— 2, UK
P RROETE S AR R B 0 I HR DG 1 S S R — B
FHUH dR

132 ATRERKGHEATH TR LT EZTZZH
HEdE O TR EER T OGS IR Bl A A )
SRR S ORI FRATT LA S50 2 I i i i
R oy A, R UOE REC(RY) My i 22
(root mean squared error, RMSE ) PFAf 3 TG 148 44
R SR 5 R I SR A A T R R R B R A B
AEJ) . TRIE FR B 7 iR 22 i He Rk =X
(5) F1=L(6) Fi7n (Zhao et al., 2017) .

(5)

(6)

Ay AP A R S Sy,
TSR G A 2 3 S A 5, 5
I R I,

2 HER G oA

2.1 IR R TR I M AP R RSB R HE
TE4FAE

I R A S AR A AR AR | B IR AR R I
ZRER SRR FE S T AR IR X B (P<0.01) 9 MH
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Table 2 Spectral indexes used in this study

IR EE

Spectral index

E3uy:¢ EE DTN
Formulation Reference

U — floAt i A AR

Normalized difference vegetation index ( NDVI)

Z (0 ) — A IS AL

Green normalized difference vegetation index ( Green NDVI)

R AT A — A B 4
Modified red-edge normalized difference vegetation index ( mND705)

02 A PR LL (B 5K a
Pigment specific simple ratio (PSND)

SR HUR G R

Structure-insensitive pigment index ( SIPT)

o RIS RO R

Modified carotenoid reflectance index ( mCRI)

B SR
Physiological reflectance index ( PRI)

26 LB HE Bk FRIL

Fluorescence ratio indices ( FRI)
FRI2

ol A8t - 22 WA A L 248 4L
Transformed chlorophyll ratio index ( TCARI)

=HIEAE AR B
Triangle vegetation index ( TVI)

-2 2R TR AL T R i 4
Chlorophyll absorption area index ( CAAI)

LRG MR FOLIEIR R

Modified transformed chlorophyll absorption ratio index ( MCARI) to

optimized soil adjusted vegetation index ( OSAVI) ( MCARI/OSAVI)

(Rgo-Reso ) 7 (RygootReso ) Rouse et al., 1974

(Ry50-Rss0) 7 (Rys0+Rss0) Gitelson et al., 1996

(Rosp=Rons )/ ( Rysp+Rogs = 2% Ryy) Sims & Gamon 2002

R B()O/ R(\RO

RX()()/RA‘GS
R0/ Rz Blackburn, 1998

(Rggo=Russ )7/ (Rypo—Rego ) Penuelas et al., 1995

R7sn/ [ ( 1/R5|0) _( 1/Rssn) ] Gitelson et al. , 2002

(Rs5=Rsy0) 7/ (Rsy +Ryy0) Gamon et al., 1992

R 600 / R 690

R0/ Ryoo Dobrowski et al., 2005

3[( R7OO_R67O) -0.2
( Rmo_Rssu) ( Rmo/Rmo) J

0.5[ 120( Roso=Rsso) =
200( R670_R550) ]

Haboudane et al., 2002

Rouse et al., 1974

[40(Ryp~Rgz) =30 # (Rgyy—Reze) 1/
|: (70( R7lm+R(ﬂl)) :|

LA 2006

[ (Rwo_Rsm) 0.2 % (Rwo_Rsso)
(Rmo/Rem) ] (Ron/Rez )/
[1.6* (Rxoo_Rsm)/( R800+R670+0.16) ]

Wu et al., 2008

Sy IARZE 1.08 1.12.1.05 mg « ¢ (I 1), Mizriy
RFEIE it RS B AEAR SR D 25 A B E
(P>0.05), &) 2005 2 E IR, A
PInt BOGTE I R 24 5 3 (P<0.01) , JUHUE AR
W5 HA 3 AP I R B SR 2 B B A AE
EVEZEF (P<0.05) . ARIEY)Z I Fr 615 R 5
RS FE IR A LE ] WG B 530 ~ 590 nm | iT
ZLAME B 750~1 300 nm .1 600 nm & 2 200 nm
BT (B 2) o oAb, R —HE i o s g R A
MR S AR TR AR SR AR E R, b i il
JRAT B ) 2 5 A /0N | i R KA FAM R 119 516 35 i
ST,
2.2 ERHFEYIM R R R S E 5L SRR
W R A i SR i SO R R

[i] P9 R G B gz BN [) 22 S B R (TR 3) o i it
TG S S S AE Y i SR 2 A OC R Ak
(r)fE1 661 nm PEAL K, 2 0.53, MR JE IR
A - RS S R SR TR
AL TE &R 43 b B B G 34 5% | FH 56 22 50046 X (K
T 0.53 A% BEIk B 270 A, 46 (B B K AE H BLTE
2 384 nm Bk, R 0.78,
23ETHRERALERFAEZRE—MESHERN
R HEEHERK

R 2 B AR ME R 2 — F o Ak 4R
BOE A TR 5 AR e S0 R X AR Y ot SR
S mA A, B, WIS A TR XA
M R ER R il AR 0 OGS R B R i — 20
WFSY, 0 R 7E A B3 50 R ik 1 i 07 A IX ke,
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FE BT, s BRI 0.71, BT AR LN 0.19
Way wm R4 Non - karst mg - g,

8 T R 24 EFERBRBOBHH-I A HEES

g W R B {5 ERE
<o B LB ABEFEFTRIN 15 Fo DG EOR— 238
=Z 20 B TR A 0 4 2 i S 5 5T (R
£ 10 4) . WD B TR R 2 A
= il ] __ F 5t A P R ) R 3, e R BL(R®) S 0~
Qo UM sk AR 0.45 , R HUMDA B 1 I i R 2130 0 — AL R ol 48

sinensis  negundo  chinensis  trewioides

W ST DRy O S W M A DAL D AR AR Sl R D v [
e A AR AR 0 el 1 o 5T A DX A ) AR A, TR () 5 ab 3055 X8R (1]
FEAKE 0.01 /K25 540 8 35 5 a R Kk [ BEARZE 0.05 7K
FREFALE, BRI N FIE « bR (FEARE R 32) .
Karst represents the samples from karst areas in Dabu Township,
and Non-karst represents the samples from Guilin Botanical Garden,
the same below; a and b indicate extremely significant differences
at the level of 0.01, and a indicate no significant differences at the
level of 0.05 between different areas. Each point of data represents

xs_(number of sample sizes is 32).

B AR XSO AR 7 i 2 R & A Al
Fig. 1 Leaf chlorophyll content changes of different
vegetations in different areas

i 2508 | HUAE A — b A B {880 22 (G5 48 80 S 45
WE A A 7 X R B, 78 500 ~ 800 nm 4k
1 500~1 700 nm #:LL K 1 900~2 100 nm 4t 4 FE
TR B0 H A Be 21 A A e MR B 2 (K
4, d BH X 283 [ I B O 1% X AR A g R
AR RO U, MR RS S R R g it —
WS BUe s S gk R S AR R
ETE 8 B E X mEd (E5), H,
500~ 800 nm % B J& 5t T I iR o6 % I 3 R — B
BAE R 2L E | FUAE 3 —Fk DL R B8 22 {8 63 46 40
S SRR X 85K

BT R AR 6T S AR A R ARG 45 4L
KEAE 1 642 nm Fl 1 665 nm [t I /9 9% B 44 5%
R (R3) € REUR K B iR 22800,
A AIERE B v W R AR Y i SR 2R T i
ARG B B A — 3, Yo R L 0.6, (HI
JR ARG f R 28— B S BB S L4 PR
TR RO I TR ) i S R S A
FEREA B 4w, v DU R i 46 D6 35 B 5 R —
WS B Y 22 OGS HE 2L [ dD(760,769) G 5HE

(mND705 ) 14 2 W i 1] B 3% 4 210 ( CAAL) ,
Hige® 2500 9 0 0.45 F10.43, T iR Z 1k
0.26 mg « g, RAMFE I EXF EvE W R YT
M2 R O R AT AN M RS B Uk R B, S
T — AL AE B AR £ | 5 2 14 5 LU B 45 20 ( PSNDa F11
PSNDb ) A K Az 3 5 5348 %5 ( PRI) X E W5 37 4 A 4
W i 3R R AT A A B U B AT I RO R?
BITE 0.4 UL b, 156 BH 0 265 B35 8 5007 R w& iy
GEL/IN NS & Sl i (i A el o BTl £ I (NN
FEVE HT R Y ik SR R i AR OIS AR
W EARZOE A E (FRIT) FIH- 28 R Wi T
FROGTE H8 B0 2 12t Ak 580 % 30 e 5 A s 307 o i 4 o
F i 28 DR BE AR S (H DR E RBORF L
i 5558 10 AR XA
25 B EYM A EESETEHERRIE
EHIEE

ZAH G +8 ZUAE 400 ~2 500 nm [H] 4F 2 P A~
PB4 A is BAH L HA 3 28 AL 1S #r &
IR HE Sk 0 iR A P i R i SR S e A TN
JEETAE(E 6) . 226G 48 505 v R 4l 1 it
AR R A 5 RECK T 0.70 a3 45 204~ 5L
TEM F IR LR 6T I R ik 36 734 A, M FE M
JR IR G G R — i 2 EUE ik ) 61 876 4, ik
TEPL T HAh 3 AL ECR L, HAE 3 b
ATVE W, JER 5L T ik 7 TGS O 5 I G R A S
FE— B S BOME, LA A 1 ' 5 48 B O 22 1 3%
FRE, UL 4 otk Rs B, 2 E ORISR BOE S A
TR R AR i 2 i AR

i 3 R R R TR AR A RO g =
NSRRI (R S5) R AL ) i RO 20
NPT BB IS W B, FE AT 34 20 50 1 FL g 1
Ko [V, AH E TR v e X, s 107 4 Al 4 ot
FEREBRLL 7 LR A, W A R A
H—EMZ, WiF2HE LR EE 5 =i
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Table 3 Optimal combination of spectral indexes based on raw reflectance
spectra and first-order derivative spectra of leaves
JEIg Al FGTEHR B A WE1 B2 WERR WHRIEE  BRE
Spectra type Type of spectral index A A, R’ RMSE P-value
JEEROERE (MR 1 642 1 666 0.63 0.21 0.00
Raw reflectance Difference vegetation index ( DVI)
spectra FE A A4 B 1 642 1 665 0.62 0.22 0.00
Simple ratios vegetation index ( SRVI)
I — A B B A AR 1 642 1 665 0.62 0.27 0.00
Normalized difference vegetation index ( NDVI)
EIHCE A B H 1639 1 666 0.61 0.40 0.00
Inverse difference vegetation index (IDVI)
— WO 2EE R A 760 769 0.71 0.19 0.00
First-order Derivative difference vegetation index( dDVI)
df“"j‘t‘rwe FE A A4 B 16 53 1781 0.67 0.49 0.00
spectra Derivative simple ratios vegetation index( dSRVI)
5 — AL B 1 i K 942 1 655 0.63 0.44 0.00
Derivative normalized difference vegetation index ( dANDVT)
RIECE A B HL 642 2317 0.63 0.44 0.00

Derivative inverse difference vegetation index (dIDVI)

F4 BERAREEHNEYHREMHEEREEEMERERIE

Table 4  Accuracy performance of different spectral indexes in estimation of plant leaf chlorophyll content

FEHTRRHBIX. Karst area

AEwE T RE X Non-karst area

SR %L

Spectral index e RAL B iR M AH RE BB ¥R M AH
R RMSE P-value R’ RMSE P-value

IH—fb A B HE 2L NDVI 0.00 0.35 0.99 0.44 0.18 0.00

(00— AU B HE 4L Green NDVI 0.32 0.29 0.00 0.21 0.21 0.06

o BT 0 — B A S 5 mND705 0.45 0.26 0.00 0.21 0.21 0.07

3 i PRLLL(E S 4L PSND a 0.00 0.35 0.99 0.44 0.18 0.00

b 0.26 0.30 0.00 0.44 0.18 0.00

c 0.00 0.35 0.81 0.29 0.20 0.02

SRR R R AL SIPL 0.00 0.35 0.86 0.29 0.20 0.02

R ZEEA S b R AHEE mCRI 0.11 0.33 0.07 0.29 0.20 0.01

A BUTHE %L PRI 0.18 0.32 0.02 0.53 0.16 0.00

PG AR 2L FRI FRI1 0.24 0.31 0.01 0.27 0.20 0.02

FRI2 0.24 0.31 0.01 0.03 0.22 0.79

H A 2 K S LR 5L TCARI 0.16 0.32 0.02 0.18 0.21 0.12

=MICAE B TE R TVI 0.06 0.34 0.19 0.04 0.22 0.70

A 2R AT AR A CAAT 0.43 0.26 0.00 0.45 0.21 0.00

LA ZOLIEFE B MCARL/OSAVI 0.29 0.30 0.00 0.20 0.22 0.06

SRATERZ B I AR 3 AT BE S 18 e W
R A 2 2K R E R A S AOR AN AT A i
Pz — o % He g 3r s 55 A g 3 e ] — AR 1 1
L AR R B, i 30T AR i L T AR A (EA

(150.1£12.03) em® - g, ARG HrRRAEL Y 0 1 LG I T
FRIME M (118.81+4.46) em® - g, I E A B £ H
FE— TR B U B[] — R 0 1 I R 5 4 o e B
FESAEMC TR XA T 25 5 . AR I A R 2
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K3 Reflectance (%)

%4k £ Correlation coefficient

S T R XD A F
X 2T R IR G T R R R — B S B

1 1 1 1 | 1 1 |

0.6
= L1 (LR AT W% WE 4% Alchornearewioides/Karst
g WA Vitex negundo/Karst
0.5 - = kb % W4 Celtis sinensis/Karst |
bk AC/E W 4% Rhus chinensis/Karst
"""""" ST 95 1l B FE /W W 45 Alchornea trewioides /Non-karst
o W R/ W8 Vitex negundo [Non-karst
0.4 o bbb Wi 4 Celtis sinensis/Non-karst P
o bk A Wi d Rhus chinensis/Non-karst
iy
0.3 1 . |
0.2 7 L=,

T T T T T T T T T
800 1 000 1200 1400 1600 1 800 2000 2200 2400

% K Wavelength (nm)

2 MEWAENE RS AR SRR D RS RO R 2R S

Fig. 2 Differences in leaf spectral reflectance of plants in karst and non-karst areas

| 1 1 1 | | | 1 |

0.8

— Jibi 6% Raw reflectance spectra
0.6 7 —— Py FEOEW First-order derivative spectra

0.4 L f i

0.2

-1.0

T T T T T T T T T T
400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

% K Wavelength (nm)
3 R AR A S UG G R A N — B R AR S
Fig. 3 Correlations between leaf chlorophyll content and spectral reflectance

(raw reflectance spectra and the first-order derivative spectra)

4 P2 RDERE R EO7E 400 ~2 500 nm I B 7 T
FREI(FK6) ML FENTHREX  AEVE IR IX 4 FioE
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ik J¢ Wavelength (nm) ik | Wavelength (nm)

K4 BET R A S S5 A 22 (EAR SR £ (a) |, FLEAE IS E(D) |
H— AR AR L () AR 2 (EAE AR 2 () AHOC R B i ]
Fig. 4 Correlation coefficient distributions of difference vegetation index (a), simple ratio vegetation
index (b), normalized difference vegetation index (c¢), and inverse difference vegetation

index (d) based on the raw reflectance spectra of leaves

2500 1 2500 1
2300 | 0.9 2300 0.9
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B
=
=
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=
5
£
R4
=
500 700 900 l]bﬂ 1300 1500 1700 1900 2100 2300 2500 500 700 900 1100 1300 1500 1700 1900 2100 2300 2500
it § Wavelength (nm) % ¢ Wavelength (nm)

K5 BT R IS 52 58— B S RUE ) 2 A B TR A (a) |, HUMERE R R (D) |
H— A B 2 () FIEIECE (AT £ (d) AR SCHE 2R 8005 A K
Fig. 5 Correlation coefficient distributions of difference vegetation index (a), simple ratio vegetation index (b),
normalized difference vegetation index (c¢), and inverse difference vegetation

index (d) based on the first-order derivative spectra of leaves
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00001 st SN et al., 2014) [HIXEH FGIE 803 2L THEvE i
5 600001 Raw reflectance spectra TP BT R AR 5 iR H R R R
= 50000 —hesos FET A, X T TG 1 K0 W T AR e B
£.8 First-order derivative spectra et e e e L K .
s 2 40000 36 734 SR P 1 BT B B B OGS 4 G N A 5
£ < 30000- B2, T [ TG 0 B X R 2 54 T
2 20 000- km? , A BRI AR T4 IX ALK, AT &
Z 10000 sssi T saorl L SBU EGRPLEMEZ T R AT SR B S
o1 Eﬁ : uf . MRS X (F AR, 2019) . WE IR IX £ )2
Diﬁ'érence Ratio No-m'.alizcd In\-'cr;c. 7«% , ii%é';%@j ﬁ’rﬂ)ﬁ Eﬁé@ , E_ /E\‘ﬁ % E E(J i ﬁ 7_—5 IEﬂ jEJ"r

difference  difference

K6 Sty iR SEMCRERT
T 0.70 BDLIE R R
Fig. 6 Number of spectral indexes that correlation
coefficients values are larger than and equal to 0.7

with plants leaf chlorophyll content

x5 BERSIERITEEDM F XL =R SHTL
Table 5 Comparison of trilateral parameters of leaf spectral

reflectance of plants in karst and non-karst areas

RSSUNE = ¢ WEATREIK AR TR
Trilateral parameter Karstarea Non-karst area
sk 522.03 521.07
Blue edge position
W R 0.00 0.00
Blue edge magnitude
A 629.11 628.10
Yellow edge position
IR {E 0.00 0.00
Yellow edge magnitude
EAR vk 709.19 707.27
Red edge position
EARuL e 0.01 0.01
Red edge magnitude
Wi A 0.06 0.06
Blue edge area
TR -0.06 -0.06
Yellow edge area
EARUNIIEiA 0.49 0.41

Red edge area

TR B e OGS R BB B A 1] e A SR 7 1wl
sl M BL A, WAL LLAMR T A2 3l , R IE
T ARG TR AR W R R R E AL S A D60
FRBOAN—E A TR

3 it b s

AT 38 b8 HoE A B ks R
B AN 35 % RS B (Main et al., 2011; Croft

Tt (CRSFHE, 1997) o FRIA A0 R 3R A 35 Jilp a0 i I
BT 538 B A 3R VY R 0T R b XA ) A K
B0 0 EZ RS F T (Liu et al., 2011) , 32%F
PRV SRR AE B R, AR K T TR X A S R
W STl L DX AL R B, A 2 R AN [ A )
IREFAE ( Geekiyanage et al., 2017) , ANW& T REAE 9 11
A B B G A T BE T RUK 20 R FHASCR (Fu et
al., 2019) . YN R I 2% o AT AR Sy AR X s
) A A B LK B85 Tk 300 1) 7 149 48 735 8 B ( Zhang
et al., 2008) , AL, AAFFEAE A48 LI I TGS TR
BOWAE Y A S 808 AR SRR oY R AL L a2
{8 OB JH — 1k DA R B30 88 22 (EDG 5 8 B0t 2 7 X
X RAEN 4 Fh ARG M REAE M) —— 0] EREROK |
AN FIZLTE L RRAT I D 4 D' 335 8 B (400 ~ 2 500
nm ) S K — B R 5 [ 250 i 2
R b T i A A, B E AR R o ik Be &
P ECRAY | IEA LN T 0% B Re A Pyt 4 %
i A,

ARWFFE P B 15 P SR R A X E
SRR, R 20 13—kt i 5 (mND705)
X SRR I I 2 A TR B A
AT g2 R A A R 4T 70—k 6 33 45 502 Al i
FELL R Sk s ) ) SEUBR R AT, BB B 4T b
TR R ot it R 5w = AR
(Main et al., 2011) ; M HA 5 FIGHE S Bore ws iy
R R I S 25 o 11 5 Ak B b R L R R My
XA RORE B R 2% WAHIF 9T o, 3T I3 — b R
FEEL A5 R AR B L B — MR i e B e
S S R SRR A I i 2 I AR 11 e
ERE(R) ¥R 0, ZHPI R 454 25 Rt
TR ), SR FH 28 ML 1) VA — AR A W 8 B0 8 i A
T 2 250 it RS B AIG T A ' 35 48 25
28 2 A 88 45 22 ( chlorophyll vegetation index, CVI)
(Frazzi, 2011) , FEFHCHEHE BOWAE Y e S5 0E
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Table 6 Optimal combination of different types of spectral indexes based on raw reflectance
spectra and first-order derivative reflectance of plant leaf in non-karst areas

gAY i B WE 1 B2 R ¥ior iR 2 HEZRAH

Spectra type Type of spectral index A A R RMSE P-value
JE B i LAEALHE L DVI 597 2176 0.48 0.34 0.00
Raw reflectance spectra HoAE A 45 4 SRV 641 2 203 0.49 2.73 0.00
H— LB 38 % NDVI 709 2193 0.45 0.43 0.00
BB 2 (EAE W 4R 2L TDVI 475 478 0.41 0.47 0.00
— W RHOLIE ZAHMBEFEEL dDVI 539 1953 0.62 0.35 0.00
First-order derivative spectrsa o i eokte dSRVI 487 2230 0.56 0.79 0.00
H— LB AR E INDVI 539 1991 0.61 0.88 0.00
BB 22 (EAE B 45 2L dIDVI 1752 2 345 0.60 0.68 0.00

A 3 — A B4R BT E — B A %0 ( Khadka
et al., 2021) , MSCHFFEHRER T = MILLIGHE
UNLER7/ I s SR i (ER S =R ]
(LG5 2016) , P, 7RO IE 18 B 174
WHEACS BOE AL BT TR B2 RO e F ) i
Pk, VIR R 25 E SR TR S S AR i
TR A B IR 25000, X 0T e R S B0 iRy 5 Ak
R R 6O B S 2R U E AR — i SR
I, FE TR R IR bl DX AR 4 i Rl S G e St
2R R i 2 ) 56 &R T BOG I 8 BB B — 8
GG T W AR b DXCAE A i i R Y 8
i,

IR B B B G O A R R IE X 2 Fh
ZFE (XI55 ,2016) , i B A 2503 O g 57
SIS RE BRI A G, ADF I I 258 L L L d
— A DL R BB 2 1 1 0t 1 g s Ty X g B R A 4
W DR DG S S 3R R e — B S BB ] 28 D
A g R B T e D s R B, T
T R B AR 6T B S 2R — B S R Y 22 (D
FEE [ dD(760,769) ] RESEAR Ly b Al 508 SR AE )
MR a3 S i, HORS B2 O T oAt i HIDG 35 48 2
dD (760,769 ) Jr % £ 1) I B #2340 % 3 21 AR X
X — DX A i Rt R B — o A e TR
IF X5 4 o R 46 4 4 8O BURR (Jacquemoud &
Baret, 1990; & JK 7% 2014) . W45 5 Ak wg 1
FEXAH EE, K 0 F 2 S s e R 2K, AR A TR Y
BT, W5 1 DR B 5T 25 5 32 B K 43 1
38 (FRAT4E 2011 ; Liu et al., 2011) . TS F
P R RN R AL MRS A 2L 2

KRR (TS 2018) |, I B R A I G RE
F 5% 5 3% 2% 5 ( Chaturvedi et al., 2019) ., Z<HF
FEXT B A AR A i 4 e X (%) [] — A 4 i ok
TEARRAE B A R B AL 25 R, Ae vk ke S R g e
AL T, W —EY R b R ES
B U LI X G 1 30 £ A0 i B FLAURR
B, BT RR IR A B 1 i 40 A DX, P i S T
TP SR 3R o A S S R
B, BEAh, B2 REAS B DL R X 38 FR ] A9 5 0, S BF 598
JITHE I T AR v R TR AR 6 R R — B S8
I ZEEOEREFE B [ dD(760,769) |, 5 B AEA [
e TR AR 5 DA RO WA ) R R AR I 2 R
O R AL B 2D AR IR, DL AL
W B Kl P

TR I B SR K M H A AR S 8
SE AN SRS BE A B R, R D DT R
DAY Az AR 50 B %o B 358 Jby 30 o 7 AFF 5% )
Sl ARSI R X 4 T LT e 4y R A g S g
F R TS RS R 5 W 28 e it g R
WZESCR ATV, B TRy R G
i SR — B S EE A 2 E ISR A [ 4D
(760,769) 1, 3 BT R FH T W& 307 4 A 4y - v o
R siia, STy BRGSO
F— B FEE R 226 CIEE L [ dD(760,769) ] 7E
e TR AR ) P R I A 3 o A B ARG B S A
FHAE SR8, F 8 T % Wk e oot
SR F B B OE w5, O RS R e 4
D SRR A ) it R it R O i S A A T 2 HR
PR ARG 5 E AR Sy
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W OE N TSR IR A Bk b DR D) R R B s R R D R s X A VAR PR 5 1 38 N AL
P 3% LA R v S e DR A L X A YAk (Juglans sigillata)) R %t 52, #8m H5EFR Xt R 45 4 A0
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RAEREARE . (2) TURG TR L3R5 BEUE IR B 37.4% MGG HEARAE 5 5 53.4% I 4544 PRk AR
S, Hor Bl R PR LR R 6B IR e i K T el 45 P DR 5 i e B 3 A e SRR RO L (3) L
W TR 0 55 T 5T e B SRR DG, SO A R A S TR AR O i JRE 5 A U R e 3 RO
KRR S M) CO, M B AL S AR 28 TE ARG, 7K 43 I i e 5 25 6 % la] CO, Mk B AL 3
e i 35 ARG DGR RITH R 5O G HUR R E TEAN G, BIFIT S5 R R W L A% Mk Ay 3 7 s 307 e A VB4 114 Ry ik
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Effects of soil nutrients on functional traits of Juglans
sigillata in Kkarst rocky desertification areas

YANG Shan, YU Yanghua, XIONG Kangning ", ZHANG Shihao,
LI Tingling, WANG Zhifu, QIN Yao, HU Tinghui

( School of Karst Science/ State Engineering Technology Institute for Karst Desertification Control, Guizhow Normal University, Guiyang 550001, China )

Abstract: To explore the characteristics and influencing factors of leaf functional traits of plants in karst rocky
desertification areas, and to reveal their adaptation mechanism to rocky desertification environment, this study reveals
the effects of soil nutrients on leaf structure and photosynthetic traits in Juglans sigillata from the karstic plateau canyon

areas of South China. The results were as follows: (1) The functional traits of blister J. sigillata leaves decreased with
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Key Science and Technology Program of Guizhou Province ( Qiankehe Pingtai Rencai[ 2017]5411); World Top Discipline Program of
Guizhou Province ( Qianjiao Keyan Fa[ 2019]125) ],
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increasing rocky desertification grade, leaf area decreased, specific leaf area increased, leaf dry matter content and leaf
tissue density decreased first and then increased, transpiration rate, intercellular CO, concentration, stomatal
conductance and light energy utilization decreased and then increased, and the trends of other traits were not
significant. (2) Redundancy analysis ( RDA) showed that soil nutrients explained 37.4% of the variation in
photosynthetic traits and 53.4% of the variation in structural traits, with total phosphorus and dissolved organic carbon
having the greatest influence on photosynthetic traits, while the most significant effects on structural traits were alkali
hydrolyzed nitrogen and available phosphorus. (3) Specific leaf area was highly significantly negatively correlated with
leaf dry matter content and highly significantly positively correlated with net photosynthetic rate, leaf thickness was
highly significantly negatively correlated with leaf tissue density, transpiration rate was highly significantly positively
correlated with intercellular CO, concentration and stomatal conductance, water use efficiency was highly significantly
negatively correlated with transpiration rate, intercellular CO, concentration and stomatal conductance, respectively,
light energy utilization was significantly positively correlated with net photosynthetic rate. The results suggest that blister
J. sigillata adapts to the special habitat of karstic desertification through a pioneering growth strategy of enhancing growth
functional traits while improving resource acquisition capacity to improve resistance and adaptation to environmental
stresses.

Key words: Juglans sigillata, photosynthetic characteristics, structural traits, soil nutrients, rocky desertification, karst

42 %

FE P DR IR T 32 FH T 000 R A 4 A 45
PRI T I A 17 I 25 R P 78 A B T8 179 38 1o
PERFIE (1805 55,2007 ) o I A2 R 8 1 EL X 4b
TP AR Ak SRR, MR i AR W B Dy R R
Z—(Wang & Chen, 2013) , Hrp 2B FEMHOIRIA B T
R AR AR B A AR AR G AR R A AR
Kk H EEE ) TR R R (2 AE,2018)
T 285 A P PR R A PR B 2 R 1 PR R AR G R i 2
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2 AR R FE ) D Re R 5 BR85S B I T 9%,
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Vi 3 A5 MR DR 28 52 ) o' R OK LI R A R 4y
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( Eriobotrya japonica) 48R 4¥ ( Lonicera japonica) 5%,
1.2 LWH*E

12,1 3k B 5 RRHATHAESME 2020
A T—8 HAEAETL A o M —al b A7 iz B Ah i A
HRAIE W 307 45 A 955 4k ok R O3 % b oE (BB R T 4R,
2002) , 455 S E A B0, 78 [R]— b B[R] — AR
HALRZ AR IR B 12 1> 20 m x 20 m FRuEREH , 5
ANFE A BE ES > 20 m, AF DAL B W TR A AL
(potential rocky desertification, PRD) %% i f1 {5 4k
(slight rocky desertification, SRD) . H B 1 3%k
(moderate rocky desertification, MRD ) FlI5# & 1 754k,
(intensity rocky desertification, IRD)4 ™46 &4~
BEEE 3 ANHA EFEH R R (26 B R B
o] BRI SFHAFE R (R 1),

®1 HMEXER

Table 1  Basic informations of sample plots
§ LAY ) R i3 o
o FRIEEES 2 i TR S s bl
Sample plot ocky desertilication Longitude Latitude titude ope Aspect Slope position
grade (m) (°)
YDI 7E Potential 105°64'46" E 25°65'82" N 773 9.7 VU3 1 Middle
Southwest slope

YD2 1B RE Slight 105°64'27" E 25°65'83" N 775.3 45.3 P 3 i Middle
South slope

YD3 HHEE Moderate 105°64'30"E 25°65'92"N 737.3 29 3 b Middle
South slope

YD4 3 B Intensity 105°63'86" E 25°65'60" N 810 33.3 P 1 Middle
South slope

H. YD AREAEH, FIF,

Note; YD stands for sample plots. The same below.

FERE AR ERE M N BE R S R A R 3
FRAEAE , 7EA 56 1) 5 5 10 AR PN, okt I it AES 9 (T
P My AR BUA o N 82 1w M VE ) KA K R A
Va5 336 B | T A B RD AR A DU D T4, 4
FELS MERFRZ 0~20 em 3% IRAIEHUL kg
Ui e A% ML % FE M T ET e A BT R
H AR T T B 25 2% 5, BB AR v it 1 mm 1 0.25
mm G, 05 4 Ak 2 v L R A LR

(dissolved organic carbon, DOC) & FH = &% R 8 4
PR AL 7 (1Y% 55,2011 ) 5 2 A (total nitrogen,
TN) %ﬁﬁ%ﬂ&fﬁﬁ@i(lﬂ”ﬁ, B A A ( ammonium
nitrogen, NH;-N) Flfif 2 % ( nitrate nitrogen, NO;-
N) >R HI 3% 22 3 8l o0 B A0 2, 5 A AL (alkali
hydrolyzed nitrogen, AN) K HORFEY HEEME | 20
(total phosphorus, TP) >R HHCIO;-H,S0, H & - 4146
UL E | 3300 (available phosphorus, AP) 2K
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FHBRIR S IR B, SHER T L 0 | pH SR T LA 1
€ (4 H,2000) .
1.2.2 B & A A Zeym 2 A FMIR A
SET 2020 4F 8 A fE 3 A LE R R Y 9: 00—
11:00 am# 47, FIHOGA I (LI-6800, LI-COR Inc,
USA ) BC 5 R i 2, 0 7 1] BH 4 B | il 284 B 58 73
JEIF B 1 M R B A RR AR 75 I G i LA A B A A
A T g s SO B RS Y BE M, CO, T
J£°4 400 pmol + mol™ ¥ 3 A 600 pwmol - s, Ml
ESEAFEEGA K (net photosynthetic rate, P,) |
ZE M (transpiration rate, T.) < fLFE (stomatal
conductance, G,) . i [8] CO, ¥ & (intercellular CO,
concentration, C,) ., 115 M F Bk i 7K 43 Fl FH 80R
( water use efficiency, WUE) = 64 80% /28 15
<4 , JeEEF H & (light utilization energy, LUE) = i
He b %R/ A A SR T (photosynthetically active
radiation, PAR) ,
1.2.3 vt i s MR g AR ey ml s DR ERE L A
PERER SR A BRI 3 BRAE PR, T 17 11 AR
RARFEIF RETT TO R A BRI Fr, g o B AR S
BT RS b, D A R AR BRI
(fresh leaf weight, FLW) J& F 1 $ 1 %4 - F g A2
(leaf area, LA)EAT4IHH , i 1 AR R FH A 485 =X - 1
BULCYMI-D) P, SR F B W b < R (T Bl
TTIN-101-10) P48 -2 - rf R I BE AR A 521, B
HEAE R F IR (leaf thickness, LT) , il i 52 J5 ¥
MRE TS T A RK R 12 h e, WK 408
W T K 53 W T JE R EE 3 AR A T (leaf
saturated fresh weight, LSFW ), it + ® ( dry leaf
weight, DLW) 2R FE i TR0 E . o T8 5
%12 (leaf dry matter content, LDMC) = I+ 5/}
i 7, LI 1 AR (specific leaf area, SLA)= I Fl/
8, A 7KK (leaf moisture content, LMC) =
( W E - ) /0 E R 2 S8 (leaf tissue
density, LTD)= it/ (T AR xR L) ik
IR A 7 FE S B Cornelissen 55 (2003)
1.3 HiEA R

% F Microsoft Excel 2010 %4 3 17 538 41 &
REBH W SPSS 22.0 GEiH A REAT 43, SR AT
K ZE 25T (one-way ANOVA) X 4% Bk G & 4=
PESH 25 M D Re VIR R 3 R S HR AR AT 25
PERTIS {8 H Pearson AH M43 BT 8 5% i 45 44 D 5E
PRIR O G A B S R 1 6 &, i3 1 IT &R 4 i

(RDA) #RFE A W) T i 1 UROF - 498 5% 43 22 8] ) AH G
PE. HEAT RDA 2 5 HE T 43 B B 5 22 4 5 4l A
INEEEE 2 DG AEHE T Z 00, X RT A R [A] 49
(S BUOhR o AL AL B, 75 B A5 0 HE P T o i
AR AR R ) B K T LR EAREE N T
X oy R B i R 1 /N P Sk e A RN A )
DREMEAR AR M A etk . BARINTR . 23 MR
0°~90° B, P A% & [H] 2 IEAH R R R MM N
90° ~ 180°H} , 2 ] &2 11 AH OC & R ; I f ol 90°
B, R BB EMLECR, FHERBEA N
S bR AE 2, W E VK BEE N P=0.05, 1)
B KR E N P=0.01, f# F 34 Origin
8.6 Al Canoco 5.0 YEKI,

2 HER5 A

2.1 it R zhge Ik

2.1.1 st MR ME 1 TR AL Bk DLW,
LSFW LA BEAT BEAL SE 3 3 2 MR ta ¥, & A
AL A 9 IR) 22 5 1k 0 3 (P<0.05, T IA]) 5 SLA
LDMC Fll LTD Fifi f3 V52 Ak 55 9% 38 Jin 52 45 B )5 T 1
LT LMC 5 LDMC \LTD By 728 fkita #48 )2, %6 Tt
Jrakk, FLW DLW  LSFW LA LDMC fI LTD 7& %
FE A AL ARG IR B e, T AE 5 B A AL SLA
iAF % =, FLW DLW | LSFW . LA F1 LT ik % &% fi%
HE 1),

212 vt A AEERSAE HER2FH,T C, .G,
F1 LUE Fifi A7 Ak fin ) 522 56 R Js (R AR Al 34 | ik g
ABALR T . C, .G, 5 H AW H A Bl 2 vk i 2
Bt A1 DAL R B 38 0, WUE s R 52 S 388 5 ek 1 4
PR AL A S G AR 25 R W P,
TEVSTE A A IR B 5y, 2 B8 A AL L IX. P, SR AR,
SABERERESRE, EREARAT T C,.
G,iA¥ e, WUE B fil; TR B A BAb b IX T, C, |
P Ml LUE H3URANE , WUE 35 2 i =l

2.1.3 vhAR SRt L Esd HmE3
HLLLT 5 LTD #% 8 3% Al ¢ (P<0.01, ), 5
C,LFIEA S, DLW 5 LSFW  LDMC  LTD #% i 2
IEAH G, 5 LMC B & 3 104 ¢ SLA 5 LDMC |
LTD DLW # & 2% A 5¢, 5 Ptk i 2 1F A0 ¢
LTD 5 LDMC # R IEAHG, 5 ¢, B RA ;T
5C, .6 EBEIEMX, 5 WUE H i #EAAHXE; P,
5 WUE B E iM%, 5 LUE f B FIEMX,; ¢ 5
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Yar
30, 12,
w25 ’i.?" 1.0¢4
_Tj,z.o L w-_é” 0.8}
mZ 15 2 06}
£5 £ §
_— -
=Z 1.0} =041
i A
Z 05 02t
0.0

WA g dE  E
WAL FE T T
PRD MRD

0
BEE  RE hE W

AL FEE AEdE fBi

- i o
Leaf saturated fresh weight (g)

=
o

W R

it JEE
Al mpie [ fde

SRD IRD PRD SRD MRD IRD PRD SRD MRD IRD
AL ER F1 RS A AN
Rocky desertification grade Rocky desertification grade Rocky desertification grade
160 ~250 ¢ =067
140 | = g o
R= =05
<120 § 200 £
EE osol g ‘g 503
B G 2 | =
El| e ' T Eo2
40 t 3 50 =
20 | - | < 0.1
0 = 00
EHE R PE BRE i BB PE R COE RE O E SRE
HRAL AL e ABie fHe miEde mEdE mise ABAE FE A A
PRD SRD MRD IRD PRD SRD MRD IRD PRD SRD MRD IRD
AR A1 iR 2 AL SR
Rocky desertification grade Rocky desertification grade Rocky desertification grade
0.40 - _07 100
E ~ 0351 a E 0.6 3}
E030¢ 205 &
w0251 o £
22020 04 ﬁ o
Z - 1g
3 -‘:' 0. il: =
= = 015} =z
— = C
E 0.10 0. g
0.05} 0. 5
=
0.00

e B E HAE  RRfE P SR WAE R E SR

AL FEUE AL AL AL FEE AL AR AL FEe A e

PRD SRD MRD IRD PRD SRD MRD IRD PRD SRD MRD IRD
TAL RS (AR

Rocky desertification grade

AR TR FRR 25 B (P<0.05) . FIA,

Rocky desertification grade

Different letters indicate significant differences (P<0.05). The same below.

AN [l A DX AZ B S5 A PR AR

K1
Fig. 1

G BEIEME,WUE 5 T .C, .G & TmAHxX,

G AL L b

Rocky desertification grade

Characteristics of structural traits of Juglans sigillata leaves in different rocky desertification areas

28 SRR, HEE Lo

2.2 TIEF NI

HI2 4RI, Bl A0 A0 R B 3 m NO, =N
AN . pH F1 DOC SEl% 5 Ft, 7658 BE A7 B Ak Ik 5] F /)
{H,AP TP 54 BAL IR AU OC R | Bl A Bk
YN, AP TP & Wi, H TR B
ML, pH K 6.03~6.82,DOC Fl AN 75/ ] 45

17.03 ~36.80 mg - kg .150.50~259.00 mg - kg,
1M NH,"-N | TN 72 ft ¥ # A U] 5 Z0E /R
0.91~1.72 mg - kg . 1.48~4.31 mg - kg,
2.3 MInBEERE LIRS X ED

RDA HE/F 40 b7 B, B3R5 RE R RE37.4% 1)
Fe AR (B0 TP>DOCSTN>AN) (K 2:a)
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Table 2 Characteristics of physiological traits of Juglans sigillata leaves in different rocky desertification areas

i N R Ot R METEl CO, He AL K5y R LR JEREFI AR
Sample T, P, C, G, WUE LUE

plot (mmol - m? +s™") (pmol » m? - s™) (wmol + mol™) (mmol - m? - s™") (wmol « mmol™) (wmol + wmol™)
YD1 3.534+0.351b 8.314+0.238a 202.793+9.106¢ 0.109+0.011b 2.366+0.167b 0.006+0.001a
YD2 1.155+0.252¢ 4.340+0.739d 163.716+11.821d 0.033+0.008c 3.789+0.181a 0.003+0.001b
YD3 3.019+0.372b 7.139+0.395b 230.942+25.532b 0.030+0.006¢ 2.381+0.16b 0.005+0.001a
YD4 6.971+0.715a 6.193+0.128¢ 325.257+3.107a 0.223+0.023a 0.894+0.075¢ 0.005+0.001ab

T B R B RoR 22 52 B35 (P<0.05) o T,

Note: Different letters in the same column indicate significant differences (P<0.05). The same below.

F 3 B RkrIhee R B B9 B Kt
Table 3 Correlation analysis among functional traits of Juglans sigillata leaves
it o . - Ko okfg
: , 46 A0 e TR A MR B fokd I co, KA
P i i X i il o e [l s N : ! !
bR MR TR Cere TR mm Cam akx s ExE EE k9 f@ @@
- LSFW SLA  LDMC LMC LTD T, P, C. G, 2 &
trait WUE LUE
i JE 0.068 0.058 0.053 0.027 -0.041 -0.029 0.029 -0.410" 0.328 -0.317 0.474* 0.254 -0.335 -0.276
LT
- fief T 1 0.765™ 0.840 0.810™ —-0.220* 0.004 -0.004 0.024 -0.266 -0.063 -0.290 -0.188 0.278 -0.038
FLW
- 1 0.832™ 0.805" -0.589 0.534™ -0.534" 0.395™ -0.361 -0.232 -0.339 -0.306 0.361 0.006
DLW
I ik H 1 0.920™ -0.166 0.122 -0.122 -0.004 -0.312 0.168 -0.326 -0.321 0.260 0.218
LSFW
ETTEA 1 -0.068 0.143 -0.143 -0.080 -0.081 0.311 -0.071 -0.142 0.014 0.323
LA
LT AR 1 -0.729 0.729" -0.779 0.346 0.464° 0.312 0.274 -0.386 0.194
SLA
T 1 -1.000" 0.687* -0.248 -0.342 -0.182 -0.270 0.241 -0.001
LDMC
R KR 1 -0.687 0.248 0.342 0.182 0.270 -0.241 0.001
LMC
21 2% i 1 -0.428 -0.243 -0.484° -0.306 0.468" —0.029
LTD
N R 1 0.322  0.942™ 0.936™ -0.975™ 0.129
T,
AL G AR 1 0.206  0.184 —0.451" 0.700"
Pn
Tl COL Yk 1 0.834™ -0.945" 0.103
¢,
SALE 1 -0.858" 0.074
(;.\’
IR F FH %% 1 -0.269
WUE
. Y RIRTE 0.01 KB T RIRTE 0.05 KT BE,

Note ;

1 53.4% )25 R DIRE AR AR 5+ ( AN
TN .DOC \NO, -N&KZ) (Kl 2:b) ., ZhaEMERYE -

MK, AP

* indicates significant at 0.01 level; " indicates significant at 0.05 level.

FAP KRR T T, .C, .6, 5 TN IEMHK, 5
TP AN DOC fi#3¢; P, LUE B TP /TN B4 i
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Table 4  Soil nutrient characteristics in different rocky desertification areas
Fedh AR HER Bt A 2R A X TR HLK
Sample Hlot NH,"-N NO, -N AN TN AP TP pH DOC
e (mg-kg')  (mg-kg')  (mgokg')  (gokg')  (mgoke')  (g-kg') (mg - kg')
YD1 0.920+ 1.950+ 169.167+ 1.937+ 0.907+ 1.980+ 6.593+ 22.387+
0.01b 0.238a 21.385b 0.145a 0.045a 0.131a 0.143a 3.089b
YD2 1.423+ 2.320+ 232.167+ 2.960+ 0.533+ 1.800+ 6.753+ 32.783+
0.285a 0.723a 24.831a 0.337a 0.114b 0.219ab 0.059a 3.719a
YD3 1.250+ 2.067+ 189.000+ 2.023+ 0.463+ 1.580+ 6.320+ 28.620+
0.177ab 0.73a 18.187b 0.237a 0.191b 0.115b 0.079b 2.548ab
YD4 1.303+ 1.957+ 176.333+ 2.563+ 0.363+ 1.310+ 6.167+ 24.470%
0.363ab 0.651a 17.552b 1.527a 0.107b 0.132c¢ 0.118b 7.532ab
f/IMA Min. 0.91 1.23 150.50 1.48 0.24 1.16 6.03 17.03
% KAH Max. 1.72 3.13 259.00 4.31 0.95 1.99 6.82 36.80

Ham b DOC Ay i/ ; WUE 5 AN TP . DOC
IEAISE 5 TN fiAH2¢; SLA 5 AP NO;-N IEAHE,
5 DOC AN Fil TN ffi#H5¢; LDMC \LTD Bfi AP F 55
Mg/, B AN .DOC TN 3 ¥&jm, LA 5 TN 1E
HIE, 5 NO-N fafE,

3 W5 Ew

3.0 AR % KA E X 8 i 4 Bk i Ih Bk 1k
o

LT RS 1) o7 A 1 4 2 ad IR i AR b 3R
PR (MBS, 2017) o ARBFFR SRR, FLW
DLW LSFW LA Bifi 41 5 £k 19 i Jil i A, 3% 5 2%
FE(2019) DR FT 45 S — 30, UL B A A0 i aa
A 358 5 i A% B 235 4 M IR A 8 L R T R
JEIF RN AT e 1 Ak A S B LR Z K
i A R RE B /AR B T A A A SR B
WD IR A B T A LA (R PR X, 3 8 4/
() LA 7 R T80/ 0 A 0 78 6 R OE R, DAk 20 4 A4 7K
G R AR R AR OK o T, X5 kA S
(2019 ) X AS [ A7 Ak 3t IX P 34 Rf i R ) F 5%
SER 3 B LDMC F T 19 3R A ) T 58
fiif 52 DA B SR oA O e (et R %, 2021) L 1%
W95 LDMC Fifi A 355 16 i ) 52 5 0 s 389 6% 728 1kt
PR T AT X HEB 7 AR, K A A
[ S S A, i T i R K A 22 R ) LA A
(18 ) K SRy FAR B A K AR A R AR T T 1Y 3R 4 K
oy, AR S S BOR Y R AR AL 52 2%, i LDMC
B WA Py X 5% 43 6 W 3 AR Ak s B0 I UG

AN TR) 45 2% A Ak b IX - 3 52 40 A8 A 5 2%, AT
i1 LDMC 2846 55 (A B, 2017) . SLA [ BiAE
W3R OGS SR AY e AESROETF [ BR AR DB fE
71, SLA 8 K B H 3R O R 9 U5 A0 RE 7 B | A
YA K R IR G I S A0 B TR (R % B S
2011) , AWFFEIAZHE SLA BEE 1 54k 14 fim ) 52 30
T A B B A T ) 3 A% Bk 3R BOR 1
fE 73850 A R U v 114 A A R SR G () B i
JeF AR AYBE S AR, X k5 %
(2019) Fidh X5 34 45 (2018 ) Xof 16 307 4% b 1X ) 0 3
TR 45 B LT, AT BE & I 58 %t 42 A [, g 307 4 o
X AN 2 by 8 G i) R UG A= K R 57 3R
W SR AR B AT VIR (X 4 B 45 ,2012) , i Bk R
FIE R A A7 SR 1 T SLA = {H 75 A 4 S
i 3 B i G A AR I n R A K B4 AL (4 T 9 R
fifidE (Grime et al., 1977) , 1M T2 Z= 5 R IIE 0
17 S LA 7K o3 75 W R 3 N B . IR AT R = A
VRLAL R R, A 0 B 5, 4R o A U
FI R AR A= B8
MG A BEAL IR P, R - T -
B A AL b X R AR, — T, P, AR A
R P A N A AL ER B R 3K R AR G 4
(SRI% 4255 ,2017) , A BEAL PR BE XA Ak P, 5%
Wi 458k 2 2% , 7 e B A0 AR i X, Pt IR A IR B,
T, .C. .G AHMEAR, T A% S FLRR & 2 DL
ZE N TR AR A T A AR R R N ) s
NS AR G BREI T CO, o FRYEA PRI
& T, .G REAR AT RS, 3 7T A 2 v A pk /e 18
5D 4 A5 2278 1 A AR B 8 T AT AR G R X 5R
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S
a 25 TP
B KAEREE LUE
WRARKP,
2
<
o~
7
KA FI %R WUE
SHTN MR T,
1 : a i
2 ML LR DOC R
-0.8 1 Axis 1 0.8
«
= b BEAF AN
W& LDV
. S LTD
"1:-.
o FEREAT AL DOC T FiZH NO,-N
E LN
= SHIN & ' —
T B BLSLA
B LA
’ A
© wH Ak LMC e
<
-1.0 1.0

Bl 1 Axis 1

a B SR RN O E A BMEAR B 4k RoR R HESR 43
b TS24 ROR TSR O, B A ROR I A DY REMEAR .
AL BRFTR A o

The solid lines in the figure a indicate plant leaf photosynthetic
physiological traits, the dashed lines indicate soil nutrients. The
solid lines in the figure b indicate soil nutrients, the dashed lines
leaf structural and functional traits. Horizontal and vertical

coordinates indicate loadings.

K2 WENDEE AR (a) SSTIREMER (D) 5
TR RDA S04
Fig. 2 RDA analysis between soil nutrients and
photosynthetic physiological traits (a), and structural
and functional traits (b) of Juglans sigillata

W, WUE BE Sz WA W)/ I FE A A 7™ ) 22 8] Y 56 &
(5 B S5, 2021) , £E 7K 73 5 Sl I 4 4 36 o 4 3
K73 % AR 3 VAN R ERBE 0T 58 BE R A TR
AF RGN WUE Josid ) 0l , 7652 B A1 B AL a8 2 4
FE XS TR N RN T PR, AR R
WUE 7 , 28 1 K FDOE S Bk [R) A X K 23 19 58

A FERE T 58 T WUE $2FF ( Verslues et al. |
2006) , AR A AL WUE 2 # FEAK, JA ] g
S A AL R BT o 38 0 R A R A B 8l A OF- i
AT, & Jr mALEE TR, K O R AR & T
R, 3 5 T 2 W3 N A S 98 45 AR AT (R AR
25,2021) , 3 T REA) T RE IR A N R A Ak
i X T A IR A 22 1) IR BT 2 BN TR 17 )
A () Hrm A ,2011)
32 Ak RN RBES TERFRSZEKN
T RR R R A 3 b R o0 =4 45K ()
Wi 1982) , H iR o E e K, A AR, T2
R H A AN (RERE T ,2015) , 370748 S XA
A K K ((F A 2 BH 5 2007) . RDA HE
JEaAT R, 43R5 Re MR B 37.4% 6 A MR AR
S (LL TP J& K ,DOC TN AN ¥R Z) Fl 53.4% 4%
FHIRAE S (52 AN>AP>TN>DOC) . X 5
ZWFFTEE T2, 9 4 . SOM HT TN 2 5% 0 ¥ 5 il
YIZE 3y e IR Y 3 IR R N (kG AT AR
2019) ; SOM Sz il £ A [F] A 1% Ji BE AR SD LT 19 3
BN (BB IE 4 2017) 5 /N2 (2018) BF9Y &
A5 SOM TP | AK 2 A [] A& 1% AU ) it 2 i
R EZEZ WA, TP AN DOC FE/ERERR
55 e U 0 B 19 2 2 RS 4, 4 R T R R
TREAEEYW, KRB /RT . C .65 TN
WEIEAHSE, P, LUE Rfig5 TP TN 34 3 i, J&
e & P 25 =B 17 (ATP) %5 1Y 6E &= X
i, )OR AR S5 A% 17 R 0 2224 4y fE R b A 1
FH U W AE bR % A AR AR (P AR,
2005) . ARFFRFWEFRICER P XL EIERNE
AR K (VT /1% ,2000) , P, 5 LUE & & 2% (% 1E AH
KX R, X SRS (2021) X T 2 XA G A
R 5 PR B 7 06 R A IT 45 RAHAE , Pl ol 52 i)
P, AT LUE, N ZXHEY Rt ae % eh
A8 DL K I 1 5 B A5 4 A B J S e, L 4 )
AR TS (904 ,2005) , — kT &,
HYIIFRAER R T, .65 C LR m i, i
T .C..G2:Wf TN ARk AEfb, BRedsR A28 s
(1983) YR EIEI & B N =S4 m Yy i A
N ZKF, N AR N ag , %A o R Bl 2 4 5
SLA 5 DOC AN fil TN {3 A 56 | iX 5 8 7 45
(2019 ) XFEEMCE 7 A1 1L T XL RI B I5 R 90 25
AL, 1B 55 3 K R A ) B (2015) X2 E



6 ] Bas o W S £ AR X R 3R 20 XA D RE VAR B 5 935

(2017) ¥R [RI3 [n] + 3% 00 7 i 5 M ) D e MR
KRBT RAFF, — WOk UL, TRy & &
(4 SLA ZLRF 3250 T4 A1+ 219 2 B8, A SOk 9%
RS ZNAE, T RE R R TR i R e b X, /N AR
BER % N2 AR SCHIF ST X6 4 R it bk, DRy i
M B A B 1y P i L TR 5 S R v 3 TR A
F UGB T HEY SLA (AR RS TSR B A ¢,
32 oAl DI R, EL AN B A a8 AL R R A (45
754 2019) , LDMC . LTD 5 AN . DOC 1 TN i %
IEAHSG 31X 55 5k Hg Al 45 (2020) 78 AT 57 i 5 2R 58
5 R4 T e R B 45 A BL, LDMC  LTD %
WA EY A L EGAVLRE L 540, 1
158 AN DOC 1 TN &5 i1 &0 F 48 9 38 1 $2
LDMC 1 LTD 34 5 0% I 09 PR 77 B8 1, A BB 2L
TR ERESEARFRNEE, KA L
BRGIR G IR F A R4, 78 LDMC #1125
P 2E G B B AR (R 45,2017 ) o W
AT AL b X PR B AR AR N A 2 FLIE 55, e
Yo BBk A 55— HBm I8 K 52 IR 3 | 30
R P A Ak 3 BRSO 5 g A Al o T By
R TR P A A7 B 85 SR IR I o B SR, B B
A A B LS T e vtk . Hod TP I AN &
B A kO A A BEMOIR 5 4 T RE R A B R
TR, R, 12 XAk R B g A K
EEPEIR , $2 i W VR SR BCAE 1 B FF ¥ A K R,
DA 2 X A5 3 4 A A O

SE .
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Abstract: In order to reveal the effects of different vegetation restoration modes on soil microbial communities in karst
areas, this study took pure Dalbergia odorifera plantation (PDOP) , pure Acrocarpus fraxinifolius plantation (PAFP)
and their mixed plantation (MADP) as research subjects. The soil microbial biomass and microbial community structure
of different plantations were analyzed by chloroform fumigation extraction method and phospholipid fatty acid (PLFA)
method. The results were as follows; (1) The soil microbial biomass carbon (MBC) and microbial biomass nitrogen
(MBN) contents of PDOP were significantly higher than those of PAFP and MADP, and that of PAFP was significantly
higher than that of the MADP. (2) The contents of soil fungi, arbuscular mycorrhizal fungi (AMF) and total PLFA were
not significantly different among the three plantations, but the contents of soil bacteria, actinomycetes, AMF and total
PLFA in PDOP were higher than those in PAFP and MADP, and those in the PAFP were higher than those in
MADP. The PLFA contents of bacteria, gram-positive bacteria, gram-negative bacteria and actinomycetes in PDOP were
significantly higher than those in MADP. The ratio of fungi to bacteria in MADP was significantly higher than that in
PDOP, but there were no significant differences between MADP and PAFP. (3) Redundancy analysis showed that soil
cation exchange capacity, pH, and C : N were the most important factors affecting the functional group composition of
soil microbial community. From the perspective of soil microbial biomass and microbial community structure of the three
plantations, MADP in karst area don’t show the advantage of mixed forest in acid soil region to improve soil microbial
community structure. However, the ratio of fungi to bacteria in the mixed plantation is the highest, which is more
conducive to improving the stability of soil ecosystem.

Key words: karst, vegetation restoration, nitrogen-fixing tree species, soil microbial biomass, soil microbial community
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PAFP) I T SR A x [ 7 8 A8 R 28 Ak ( mixed
Acrocarpus  fraxinifolius
plantation, MADP) g ifF 58 %F 4, R F & 17 22 78 42
Y A AR A 7 R 12 AIF S8 AN ) N A B A 4 2 A
Xof SR A W A R R I Y S S TR
N TATH I 30 A4 A DA N T 2 0K AR 5 b 3 7
AW A 25 D REAE B 50 B A BRI SR O D e
e DA b N AR B 18 52 v (A o AR 6 1Y
PP PR AR

1 AR5 7%

1.1 R X TS HER

WFFE AL 7 PO % AR X Sl B BN
Wree SR & &, W s 4 A 5 B ALY
68.89% , H A WAk T A & M S T R Y
15.08% , v 55 A AL T AL 82.02% , 4 ) 7Y
A AR B X Z — (B —#,2015) , HEE
FABALE G IR B S H (IRIZ 65 ,2015) . %
Hb DX T BT 2 KU X G RE TR 2 T A
i AR R K BN 1 667.1 mm, B4 i E 4—9
A AEZE R 1 400 ~1 800 mm , AH XTI 76%
AN 21.3 °C, e T E 38.9 C L IR
JE-0.7 °C, =10 CHEsh BN 7 126 °C P340
TR 343 d, ZWX L FEHKREARE
AL A K+, 2% A ERE R, Sl

and  Dalbergia odorifera

B e b DX D A A B R T R I BT R kv
MR A MR, 52 N 2606 sh g, K 2 JF e fokE &
Ko 2000 45, i IR 58 SR St IR A AR (I
I4F,2013)

N o L (VAR = N T = N = BT )/ N <)
(108°22" E,23°69’ N) , & 2011 4F i ] P Kbk
27 e 1Y) W R R B 48 A AR 1k e AR T
L2 66 hm?, R FFEHLIX 41305 3031, & 5 X
A, A XA REALIE B 3 FAR ), RIS A o 1 4l Ak
(PDOP) | TBURARZEM (PAFP) | THUR A x [ 7 B 1
IR W (MADP) |, 5 A4~ X 41 45 Fl bk 43 10 A 3 ~ 4
hm?, 2011 4F5 2, R N T42 708 i Jr =008 B
MRHE AR B T, 7E 25 DX 2 A AR A3 i AR 3R 1 B, i
PRV RE 3 1) A ) g AR T %) i A0 X8, i) 152 1
A~20 m x 20 m [ ERE ML, SRS+ HERE AT £
AL BT A IR A ASHIFSE AT B b 15
A, B3 bRy BRI AR 5 AN A, FEIEAT 1
FRARAE %) A IS 0 A s, 150 7 S AR b B AL ok
FE 3 AKAEL, R 100 cm® B JTEL 0~ 10 em 12
() B, - e PR R a2 . AR A SR A
25 em [ JFRRICE B BENLER L 9 A~ RAES 0~ 10
em TR A KEREWIR R XA 0K, H 9 4 RAE
MR RA N 1 ANRE R, T 2 mm fLER
i B RE SR 2 0y, — 1 T e R A
PERR, — I RAF T 4 CUKFI T H S A NS
RO R E . 25 PR [ #3724k
JE e 1, N 3EBRALME T 0 7 22 e W ok B L 456K
gy R IEPRAL P A AR Y JE B35 25 5+ (P>0.05)
1.2 #AES HIEFRRE

2019 4 4 H |, 0F bR S0 [ 5 A 1l rh i) AROK 3
TR AT A I Wi 72 AR v VAR PA) B2 4% AR 43 I
RIZHEVE RN L3 2, BETE SN IE W 1, R
5 HEAC G A AR R Y 5 VA AT A R AR
K 100 em®FRITEL 0~ 10 em + 2B H 4, FAHE
HBEHLIC 3 A~ a5, FH T 4 e B A a2 5 ok
WA 5 em B JEURE 4 5 BE AL 9 > RAE AT 0~
10 em H20 8, KRR R K A8k, 5% 9 4
KRS EFERSIRA N 1 NRE LM, T 2 mm
FLARTG AR 3 0, — 0 R 0 e 4 3
PRACPERT, — Iy R R T T o0 A 13 A= 9
FEV% W5 BB BB 7 T2 ( phospholipid fatty acid, PLFA) ,
T3 RAET 4 CUKFE R T0 HIERUAE Y A
R A RES A ARG R,
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R1 FAEEMTIEBEERAKRE
Table 1

Background values of soil physicochemical

properties in different plantations

=13

S D P D D D
Variable PAFE MADF PDOF
SWC (%) 39.14+ 37.78+ 35.92+
5.70a 6.53a 8.03a

SBD (g - cm™) 1.21+ 1.16x 1.15+
0.16a 0.16a 0.13a

pH 7.43+ 7.07+ 7.33+

0.46a 0.49a 0.49a

SOC (g - kg') 25.65+ 25.17+ 26.47+
3.45a 4.03a 4.76a

TN (g - kg") 2.05+ 2.08+ 1.95+
0.39a 0.65a 0.65a

TP (g - kg) 1.09+ 1.00+ 0.98+
0.28a 0.37a 0.36a

TK (g - kg") 9.98+ 9.97+ 9.05+
3.91a 3.47a 2.80a

NO, -N (mg + kg™) 4.46+ 4.35+ 4.28+
0.85a 0.51a 0.75a

NH,*-N (mg - kg) 24.25+ 23.57+ 23.41+
2.83a 2.42a 3.61a

AP (mg - kg) 10.45+ 10.64+ 10.08+
3.29a 3.58a 4.03

AK (mg « kg") 60.98+ 61.97+ 60.52+

17.91a 13.47a 13.80a

CEC (emol - kg™) 21.46+ 21.90+ 21.10+
2.21a 3.29a 1.51a

ECa (cmol - kg') 20.51+ 19.24+ 19.09+
3.99a 4.0la 491a

EMg (cmol - kg™) 5.45+ 5.38+ 5.85+
1.68a 0.86a 1.06a

{E: SWC. hJeskit; SBD. HIEAT; pH. T IERRmIE;
SOC. +EHA HLIK; TN. &% ; TP. &#; TK. &4; NO, -
N. i & 2; NH,"-N. % & &; AP. #0ik; AK. # A8,
CEC. [ # 7 5 #fe if; ECa. 504t Pk 45; EMg. 58 #t 1
PAFP. [ K 46 bk; MADP. T A x [ B 80 AR 52 Ak
PDOP. R BELiMR, AR /NG 15378 A [ bk o3 18] 22 5 12
#(P<0.05) . I,

Note; SWC. Soil water content; SBD. Soil bulk density;
pH. Soil pH; SOC. Soil organic carbon; TN. Total nitrogen;
TP. Total phosphorus; TK. Total potassium; NO, -N. Nitrate
NH,"*-N. Available
phosphorus; AK. Available potassium; CEC. Cation exchange

nitrogen ; Ammonium  nitrogen;  AP.
capacity; ECa. Exchangeable calcium; EMg. Exchangeable
magnesium; PAFP. Pure Acrocarpus fraxinifolius plantation;
MADP. Mixed Acrocarpus fraxinifolius and Dalbergia odorifera
plantation; PDOP. Pure Dalbergia odorifera plantation. Different
lowercase letters indicate significant differences among different

plantations ( P<0.05). The same below.

1.3 TEBALMERONE
Z: BB 3R AT ) ) v g 4 1 PR AL
PR (81 H.,2000) , R JIEDE A E

(soil bulk density, SBD) ;2% F & & 0 & + 3 &
7K & ( soil water content, SWC) ;R K+ (2.5 :
1) 70 4% pH {H 5 >R ] B2 5% R 4 45 1 1 -
AR L I 2 4 8 A HLAK (soil organic carbon,
SOC) 5 2k JHHIL G & A 2 & + 3% 42 A (total
nitrogen, TN ) ; >R G0 R IR 42 04 DN 2 A A
[ #75 %, ( ammonium nitrogen, NH,"-N) Fl1fifi &% &
('nitrate nitrogen, NO, -N) ] s R - SHERPL L
{0, 5 133 4B (total phosphorus, TP) 3 5% F XL
1% (HCI-H, S0, ) ¥ $& — 51 86 Pt Lb 10 15 ) 22 3 200
(available phosphorus, AP) ;% FH KU G BE 20 2
+ 24 (total potassium, TK) ;2R H £ R £ 1= #1t
I 5 3 AU (available potassium, AK) ;2%
TR i S8 48 = D~ WAL 3 016 16 B 2 U+ 4 58 4
P #5 ( exchangeable calcium, ECa) . 3¢ #t P4 B¢
(exchangeable magnesium, EMg) ; & H Z R 41— k.
G FE VR DN 5 1 198 FH 15 2 46 it ( cation exchange
capacity, CEC) ,
1.4 TIEMAEYEDERR. AHNE

KA B ZE S UL I E H IR AE Y AW &=
% ( microbial biomass carbon, MBC) . T34 Y 4=
)18 & ( microbial biomass nitrogen, MBN) ( Brookes
et al., 1982; Vance et al., 1987), R$#£00 3%
TH VR 1 AT HLBK (total organic carbon, TOC) 43
A A 5 B A W R R i L L. MBC Al MBN 1
R/

MBC=E_./0.38; MBN=E,/0.45,,

Kb E M E ) 3RR B8 5K B L)
52 2206 ,0.38 1 0.45 Fom e R AL
1.5 TEREYREZREMRRNE

SR FH0 i P T 2 1ok DN . - S8 A 2 W R 9 ) 24
A% ( Frostegérd et al., 1991) . & H MIDI( Microbial
Identification System) & 48 X} + e i A= W S e i 47
BB E . H nmol - ' T AE KA PLFA &
AT E AL, AEE R A 4 H (mol %) A S~ HLA~
PLFA AH X = B 09 3t & 560, A #BF 58 28 B
percent> 1% [ FE AE T8 A= W 47 53 Fr . LA 1140,
al5:0.i15:0,i16:0,a17:0,i17 .0 &7 # 2% [T BH M
& ( gram-positive bacteria, GP) , Ll 16:1w7c¢ . cyl7:
0.18:1w5¢ . 18: 1w7c cyl9:0 $8 7~ # 22 [C P
( gram-negative bacteria, GN ), LI 10Mel6: O,
10Mel8:0 48 7= it £k I ( actinomycetes, ACT), Lk
18:1m9¢ 18 :2w6c FH/~ B (fungi, F),LL 16:1w5c
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Table 2 Characteristics of tree layers in different plantations

, i W i Wt s W i
Moy Rk Densit C DBH Heigh Basal are:
Stand Tree Species enst y’2 overage eight ;ibd dlei‘:

(tree » hm ~) (em) (m) (m* « hm %)
PAFP TR A 1 360+483.35a 55.42+4.52a 7.90£0.57a 9.36+2.05a 6.85+1.74a
Acrocarpus fraxinifolius
PDOP Wik A 1 510+166.40a 61.58+6.35a 7.66+0.43a 7.74=1.87b 7.630.58a
Dalbergia odorifera
MADP TURAHN e 7 2 4 1710£171.94a 60.12+5.35a 7.60+0.80a 9.12+1.00a 8.18+1.90a
Acrocarpus fraxinifolius &
Dalbergia odorifera
TR A 1 100+£251.87 7.50+1.90 9.81+1.83 5.15+£0.94
Acrocarpus fraxinifolius
Wik A 610£255.32 7.75+1.99 8.41x1.56 3.03x1.34
Dalbergia odorifera
T —FRo R SR BB i i) 8 5 B R ST
Note: — indicates the coverage of individual tree species in mixed plantations is not measured.

s BT AR BT (AMEF) L L 16:0,18: 0,117
l1w9¢c  10Me 17 1w7c 8 7~ H Al & B (other) ( Yan
et al., 2020;Bai et al., 2020) ,

1.6 #iES 20

JHH SPSS 19.0 Bk b A7 Bdm e it o b, &
FHEA R 2 250 HT1 (one-way ANOV As) #6556 A [6] A
3 e AR TR 0 A S A W A A Y 22 R
PE, R LSD i i 2 H I, W KT B ol
P<0.05, £ R 3.5.1 1) vegan B 40 v | UL + 52 3
TR A A W i S i R i SR T TUAR A B

(redundancy analysis, RDA) K& 7 22 4> f& 53 ¥
( variance partitioning analysis ) iff &€ 5 Wi 1 3 13 A=
Wi 72 5 1) B 1 SO R

2 SR E M

2.1 AEATIHA T EHR

oY & B, BAR = AP N TR X £ 48 % K &
(SWC) .+ HEZ 5 (SBD) . A MLk (SOC) . 4= &
(TN) &8 (TP) 481 (TK) B R A& (AN) L
BE(AP) HUSCBER (AK) & &2 Mk Wb (C: P) (A
BEEL(N = P) (s e f 1 35 25 5 (L 58 pH |
RALL(C: N) FHEF ¢4 it (CEC) |\ sZ 40 M5
(ECa) SZHtEEE(EMg) S A (NO, -N) LSS
A(NH, -N) & AP 7E 3% 22 5% (R 3) . MADP
i)+ 3 pH & & K T PAFP 1 PDOP ( P<0.05),

PAFP 5 PDOP 273 A B3 (P>0.05), MADP f#
13 NH,"-N W & % & T PAFP 1 PDOP ( P <
0.05) ,PAFP 5 PDOP 253 A 3% (P>0.05) ; -
% NO, -N ¥}y PDOP>PAFP>MADP , = k43
i) 2% 5 i % ( P<0.05) ., PDOP /¥y +48 C : N 3%
T PAFP(P<0.05), 5 MADP %2 % R # (P>
0.05) ., PDOP ()13 CEC 1 ECa i Z /X T PAFP
A1 MADP ( P<0.05) ,PAFP 5 MADP 27/ g &
(P>0.05) ; PAFP () -1 EMg 12 3 & T MADP Fl
PDOP,PDOP I % = T MADP (P<0.05) (£ 3),
WA, FEE S AR ZNHEF RN FEAN TAREAEAE
4k, PDOP ()14 SBD ' TK AN (AP AK & &
C: P [t T PAFP 1 MADP,PAFP 1Y 13 SWC .
TN.TP I N : P /& F MADP A1 PDOP, ifiif MADP
1) R R 2 A TR (R 3) .
22 AEANIHEEMEMENE

TR Y Ay e R, AN TR
SEf A W) R ) R (MBC) & B A T 368.46 ~
719.61 mg - kg Z 8], G AE W) A W i A ( MBN) 7
AT 43.68~106.39 mg - kg Z 0], (A= W1 A= Wy
HAR AL (MBC : MBN) 4 T 6.80~8.71 Z[f] ( &l
2), PDOP #J + 4 MBC Al MBN & & & % & T
PAFP fll MADP,PAFP i 3 & T MADP ( P<0.05)
HHJZ ,PAFP Fl MADP {4 14 MBC : MBN {H &
22T PDOP( P<0.05) ,PAFP fl MADP 2 [i] 2% &
ABE(P>0.05) (K 2),
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Aﬁﬁﬁﬂiﬁﬁ.ﬂt E ; Table 3 Soil properties of different plantations
Pure Dalbergia odorifera plantation
T AL ¥ £ _?\ 3 . " -
FRAe | i PAFP MADP PDOP
Variable
SWC (%) 36.32+ 3591+ 35.15+
2.12a 3.70a 3.29a
SBD (g - em®) 1.25+ 1.28= 1.28+
0.03a 0.09a 0.06a
pH 7.42+ 6.53+ 7.28+
0.12a 0.31b 0.36a
SOC(g - kg') 29.32+ 28.77+ 25.36+
2.12a 4.61a 3.88a
N (g - kg') 2.95+ 276+ 2.69+
0.25a 0.33a 0.37a
TP (g - kg') 117+ 0.98+ 1.00+
0.23a 0.50a 0.35a
TK (g - kg') 10.45+ 10.35+ 10.55+
2.78a 1.46a 1.51a
AN(mg + kg™) 30.03+ 32.36+ 39.35+
6.75a 10.91a 6.53a
AP (mg - kg') 14.16% 13.50+ 15.78+
3.94a 3.42a 4.21a
AK (mg - kg") 68.14+ 77.69+ 83.50+
13.85a 13.30a 13.64a
C:N 9.16+ 9.95+ 10.67+
0.52b 0.37ab 0.30a
C m%*xﬁﬁﬁﬂﬁﬁﬁ C:P 30.22+ 25.96+ 32.10+
Mixed Acrocarpus fraxinifolius and Dalbergia odorifera 11.884 6.62a 12.25a
plantation
S — N:P 3.33+ 2.62+ 2.99+
: 1.35a 0.72a 1.10a
NO, -N (mg - kg") 487+ 2,53+ 13.42+
1.01b 0.90¢ 3.84a
NH,"-N (mg - kg')  25.16% 29.83+ 25.93+
5.83b 10.46a 4.09h
CEC (cmol - kg") 23.40+ 26.34+ 20.01+
2.45a 2.20a 3.44b
ECa (cmol « kg") 23.50+ 26.46+ 19.94+
2.91a 5.31a 2.41b
EMg ( cmol - kg™) 10.14+ 1.99+ 5.94+
0.81a 0.44c¢ 3.60b
B AN [FAEBAE 52 R 1 1) S SRR AIE W AN A C: N HIEAHR S 2A S R2IL; C:
P. DIEANRS 2B ERZIL; NP LIESR 520 & i

Fig. 1 Photographs of different vegetation

Z I,
Note: AN. Available nitrogen; C : N. Ratio of soil organic

carbon to total nitrogen; C : P. Ratio of soil organic carbon to total

restoration experiment plots

phosphorus; N ¢ P. Ratio of soil total nitrogen to total phosphorus.

23 AEAAIMRTERMEYEERIEERIRSE
WEAG G Wi B2 ( PLFA) & & 43 A 45 R = 0l (&

3), AN TARM E I (F) PLFA ARR R B M —2, # % 4 PDOP & T PAFP Hl MADP,
(AMF) PLFA F1 B Wi A5 0 I B2 (tPLFA) & # G PAFP & T MADP, PDOP 1+ B GP GN.ACT (¥
FEX5F(P>0.05) HEAFANTHMHME(B) H22  PLFA S WF 5T MADP(P<0.05) ,1fi F : B Hff
IRPHHPETE (GP) 2[RI (ON) (i W BF(ET PAFP Fl MADP, HAZES AR E (K 3),
(ACT) EHWHMEW(F: B)MEBAAEREER 24 AEAIKTEMEMEELEN
(El3), T3 B, ACT, AMF Fl1 tPLFA & 817251k PLFA FHXF & R E1M (K 4), =FfA
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o 271 B ! 10.0 -
100 -
ﬁﬂéﬂo- =~ + 75 4
o B o ﬁ;z '
R E w754 Db B2
& £ 400 - §5 ¢ g? 5.0 4
& = 50 #H " 25
25 4 = 2
0 - 0 - 0.0 -

PAFP  MADP PAFP MADP  PDOP PAFP MADP  PDOP
A/NG TR R RIS ) 22 57 B 2 (P<0.05) . T,

Different lowercase letters indicate significant differences among different plantations (P<0.05). The same below.

Bl 2 TR A S A A R i A

Fig. 2 Soil microbial biomass carbon and nitrogen of different plantations
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e &3
H 3 Bz
Ll=-. [_ "2 E
L 2
0 0
a F Fo025
25 A
_ L 0.20
‘{_MZ.O' b
2
£ L
o E 15 4 915 =
< =
25 L oo §
== 0 4 10 5
ﬁ"" . ‘K
Z3
< 054 L 0.05
0.0 0.00

PAFP MADP PDOP PAFP MADP PDOP
GP. W4 [CRHPER ; GN. 2 [CHIPER ; AMF. AR ECH s F. 2034 B. 00, R,
GP. Gram-positive bacteria; GN. Gram-negative bacteria; AMF. Arbuscular mycorrhizal fungi; F. Fungi; B. Bacteria. The same below.

K3 AR L ERUEY) PLRA &6
Fig. 3 Soil microbial PLFA contents of different plantations
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TARE3E R B LIARE (GP .GN) & S, Hik
J& ACT FIELHE RIS, AMF BEVE /N, AT bk
TR VIRV B AE 2 . PDOP R HEAH T
(RN 2 B 3 5 T PAFP Fil MADP , GP i 3 5
T PAFP(P<0.05), 5 MADP 2 % A i %, PAFP
5 MADP 2 %W A E (P>0.05) ; PDOP 1 GN
T PAFP fil MADP,fH2: R R & 3 (P>0.05),
MADP + 3 ACT Ay AH X} 3= B 1 2 Ik T PAFP Al
PDOP(P<0.05) , 5 Mi# 25 A& (P>0.05)
PDOP + 1 5 & i A0 X & B 2 I T PAFP I
MADP ( P<0.05) ,PAFP 5 MADP 23 A8 3 (P>
0.05) , AMF HIZEM K MADP &% T PAFP( P<
0.05),1f5 PDOP Z S5 AR E (P>0.05) (Kl 4) .,

[ b - h =)
=1 o = o =
o
=
®
s
)
=
L]

(=1

I T DU A A A = i
Relative abundance of PLFA (mol %)

=
e

N

=
9]
—3
-
==
=
-

ACT. & . T,
ACT. Actinomycetes. The same below.

Bl 4 AFEIMRG R S RERERY PLEA KIXE 212
Fig. 4 Relative abundance of soil microbial functional

groups PLFA in different plantations

25 AAAIM T EEUERERMEYBELEN

T R W, LAY BEVE , BLF,
ACT AMF .GP il GN .(PLFA &5+ pH(F &
H8Y TN (ACT B 4M) .MBC #1 MBN (F [&4h) & &
ERERWEEEMK, 5 CEC(F i) 2%
B B A 56 (P<0.05 5% P<0.01) (£ 4), It
Ah,F 5 SWC,SOC & i 2 o il 1 % IE A 26 (P<
0.05 5% P<0.01) ,ACT ,AMF [ PLFA % & 5 EMg
SREDEFEMAE(P<0.05),F: B 5 C: N,
CEC .ECa 1 MBC : MBN £ ' 2 sl & 2 1IE A%,
15 MBC Al MBN by i 3 sk il @ 2 67 AH ¢ (P<
0.05 2 P<0.01), GP : GNEM NS5 +IEC: P
R RFEMIK(P<0.05)(£4), HRln54h

) A0 A i 2 (P>0.05) .

DL - 39 1 A 0 o i R £ A A e R AR R - g
A B AR T 04T RDA 404, 45 W, 56— |
A Rl 43 ) R A R AR ) R A R S
) 56.83% 13.79% (K 5. A) . &5 RIEHKL,
pH.TN.C : N.C : P CEC.SWC MBC : MBN 7
SR - 9 0 A W A A A Y TR T e A e I A
A pH CEC . C : N S22 0 = i A= W i 75 41 1 1)
B EERWE T (£5), pH BEEI ACT AMF
GP,CEC 5 C : NN EZMm F X PLFA, J5Z57
AT R, R EE YRR AN R R
i PR 280 [ 4 38 1k~ 1 5 A 0 7 B (A R R A
40% ) 38 b 2 Tk ORI B A B R T A B 0 R R
(fRREZRN 25% ) 5 1 W B 5T (%) A 57 %500 1T A
il R - B A W B A A RS S 14% T 3 )
P 5 R A AR W R BE A8 I W] A R - AR
YIREIE A 511 2% (K 5:B)

3 Wik EEw

3.0 EHEERFIEBX HIEMAE M E IR,
REENZM

PR o A IR 3 2R AR (1% el A ] e B 3 R e
A HL Y R A R ST S R S e - S A AR
Yy = W) (Santos et al., 2018) , KEMBIFR TN,
TR X AR SN TR B8 R T - A A
YriE i 52 i e 245 SR AR — B (X E ARG, 2011
W22 A2 5E 2015) o 76 FE 7Y b w307 AR e DA b, X
BN FEAMR AR R AR AR AR 48 Y 5 B
26 W] | 3 MBC FIl MBN 22¢ 30 9 A bk > 5 A=
MRS TR A B> BN (22 255 2015) , T 76 4B I #Y
T S =2 1 i R b DX 0 3R 3 A D A RS T R AR
A AR > BN (X R AR S, 2011) AR B 4E
(2013 ) FEFE VG Ib W& 1747 e DA i J5 AR bR TR A b
NI REX B BF5E KB, 121 MBC #1 MBN [
KNP H 35 3 TR Sk B A R > Uk A b N T bR R A
X, PR A (2015) BIRFFE 45 1 5 Z ML, A R
MRS TR A MRS AT AR>S Sh R A N TR > BL ML, 3 3%
HIRE B A ARE S B b, O T IR A MROFIR
AR I TR R TR, 4 IR A
PEOET T R U PRI AR S R R TR
PE(XIEARSE,2011) ;1 A TH B E S/ T, A
TR b A A R B — R W B S AN AN
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Table 4  Correlation analysis of soil microbial PLFA contents with microbial biomass and environmental factors
B
Variable tPLFA B F ACT AMF GN GP F:B GP : GN
SWC 0.394 0.381 0.545° 0.321 0.417 0.379 0.378 0.139 0.061
SBD -0.319 -0.305 -0.389 -0.309 -0.302 -0.274 -0.331 -0.068 -0.267
pH 0.650 " 0.625" 0.457 0.739 ™ 0.690 0.602" 0.638" -0.229 0.088
SOC 0.3281 0.2844 0.705 ™ 0.173 0.332 0.273 0.292 0.348 0.048
TN 0.568" 0.542° 0.664 ™ 0.473 0.574" 0.534" 0.542" -0.004 -0.031
TP 0.159 0.144 0.053 0.137 0.291 0.206 0.080 -0.147 -0.486
C:N -0.256 -0.297 0.284 -0.393 -0.249 -0.305 -0.285 0.647" 0.138
0.055 0.060 0.219 0.038 -0.109 -0.017 0.134 0.190 0.559"
N:P 0.099 0.115 0.113 0.121 -0.065 0.043 0.184 0.012 0.497
AN 0.363 0.388 0.094 0.461 0.265 0.343 0.426 -0.242 0.408
AP 0.216 0.225 -0.019 0.281 0.285 0.243 0.204 -0.186 0.002
CEC -0.552" -0.574" 0.024 -0.652"" -0.541" -0.587" -0.552" 0.709 0.259
ECa -0.318 -0.353 0.240 -0.417 -0.322 -0.391 -0.310 0.703 ™ 0.464
EMg 0.483 0.450 0.362 0.563" 0.599" 0.465 0.428 -0.143 -0.194
MBC 0.546" 0.574" 0.086 0.645™ 0.531" 0.566" 0.573" -0.576" -0.031
MBN 0.523" 0.567" -0.008 0.622" 0.473 0.563" 0.563" -0.667"" -0.087
MBC : MBN -0.322 -0.371 0.134 -0.390 -0.264 -0.390 -0.348 0.590" 0.291

. GP. HE X IHMER; GN. B2 [RIAPEE ; AMF. M TRMR P ; F. B ; B. 415 ; ACT. MEH, " Fm B EHE(P<0.05)

" FIRM B FEM R (P<0.01) , T,

Note: GP. Gram-positive bacteria; GN. Gram-negative bacteria; AMF. Arbuscular mycorrhizal fungi; F. Fungi; B. Bacteria; ACT.

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

x5 MoTERFSHIFHBEXE
Table 5 Correlation of soil variables and ordinate

axes in different plantations

R S FORRHC it
RDA1 RDA2

pH 0.490 0.872 0.835 0.001

TN 0.372 0.928 0.124 0.430
C:N -0.983 -0.184 0.447 0.028
C:P -0.592 0.806 0.088 0.563
CEC -0.977 -0.212 0.593 0.010
SWC -0.014 1.000 0.106 0.519
MBC : MBN -0.991 0.136 0.348 0.074

JE A PRRIR A A it I | 80 B 55 N Sl T el X 4 38
PRAEAE S5 R ), a0 1 5 ) - R A T (O
SR AF,2015) , FEABEFE T, PDOP /Y £ 1 MBC F1
MBN 3 & F PAFP, X —25 5150 B, A [a] A% A Xt
W ST R b X - AR W A i s R R L Y, S

" indicates extremely significant correlation (P<0.01). The same below.

TURAHH LL, B SR ) T4 = LI A=Y
i, AW R I, MADP -+ 333004 W A4 iy W 3
fIlXT PAFP F1 PDOP, iX 5t + b X 5 R AN <214
TRASH L HE MBC 1 MBN #5351 2 50 T S R fa i
ARRD 21 4 2 bR B AF 5% 45 SR AR — B0 (Wu et al.,
2019) . FEILE TR OK 5 R A IR 2, & 4R
J& T GRHE i E A R R 0 ELANME 55, TR
PR, P TR 38 AT BE 52 M D) Re 1 2E W i 2 AR, A
6T Y 58 A9 L 2650y X AAAS B, DAL Vi 58 A 1 45 MBC
A MBN &5 5 AN AR2lAR ; 172 R AA ST A o 55 21 4 ]
AR FPIEE S, U8 V% 0 1 BRI 5, A 8502 35 R VR )
A A ST B, PR A T B = TR SS AR 1 MBC
MBN &1 ( Wu et al., 2019) , A58 45 5 1 5 7%
A=) HE 0 e A A A VST R DA A A VB A A B 1B
A2 AR AR R S H B e R AL T ELS A
2 EHEEEMMMAUN T EREDEHEDN
A0

TIEBUEYI IR EE M ANE (E R
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A B
1.0
pH®
S 05
=
P
= F
&
5 MBC : MBN
& 0.0 —
E CN L]
* o
% CEC
“_ GN
g 0.5 . '
[ ]
®  PAFP
1.0 4 e MADP
e PDOP
% 35=0.44 Residuals =0.44
0.5 0.0 0.5 A <0/l Values <0 not shown
H— RS RDAL: 56.83%

* IR P<0.05; 7 FR P<0.01; ™ FER P<0.001; SP. Y BT ; SC. i b2aE i, SM. +HERA ER:

“ indicates P<0.05; ™

microbial properties.

indicates P<0.01; ™

indicates P<0.001; SP. Soil physical properties; SC. Soil chemistry properties; SM. Soil

K5 HIERUE YRR S A I TR TUAY M B 7 22 03 ik o b

Fig. 5 Redundancy analysis and variance partitioning analysis of soil microbial community and soil physicochemical factors

FORAPER) W (AR AR ER) |
RS, HIEMAEYRE RS S S LA
BUT i B Ak 25 2o A 5 ) = 38 3% 40116 20 9075 D
¥/~ 13 )8 (Huang et al., 2014; Santos et al.,
2018) , w16 2 A RIS AR 2 5 ) - S A A
EIEZN R, B H4E (2019) WFE KRBT, ILPE 35
SRR AN N T AR 40 B R B | 2 G Pk
T NE AR LA PLFA & i 8 8 T i
FWFGE 2 e R, 5 ok - R TR 4
AR LL R A N AR FEHC 1 542584 5 AT
EREE 1| 54 R0 =Rk 2 N RE B
P IR BH M B 2 ER B TR R B E
A AR ECB SR PLFA (158 (Li et al., 2018)
TEAHIEGE H, PDOP - 3840 B | 4k A AR TR AR L
W& S PLFA & & 2% F PAFP fil MADP, ifif H.
PDOP 19 18 20 7 A1 48 1 I 3 751 T MADP, iX 6
A =R MO -3 IR 1 5 e A — 3, 31X
5= RN RV B R BT AN A G
T3 F - B HAEE W RV LR YR
WP E SR AR Y AR e H AR RSN
Fa € 1 ( Boyle-Yarwood et al., 2008), 3 F : B
FEAE BB, A LA C 0 N ECRR AN TR 19 C

N 43590k 10 F1 4) i 45 BB & B W 3 o )
F P RUR YK BAR, B RN, WA B
KW F = B EAE 45 20 0 A= ok D R TR I 22 14
W% | 5 OB o i B el AR K, R SRS
TR TR0 /D, PR 4 4 AR S R S Ok R e
(de Vries et al., 2006; Bardgett et al., 1999;
Bardgett & McAlister, 1999) , % k% (2014) 7£ iR
P X AR FTIA R, 5 Al AR L A AR 5 o AL
R LI F - B HER K IR A FF
Pem HIEABRENRENE, TEADSE T, MADP
+HEF B HAE R E ST PDOP, 15 PAFP JC i
FES R E AR L b X R A2 KA RO 5
T T T iz P 2 T N i B T e =R B N e R
AR A K TRE | 9 R RN BT O R A
K (e AT 2015 BEE £ 4% ,2021) . MACHFSE
SRR TR A ) A W R A W R A
My F 5 W3 4 b X MADP 3K 7R iR v £
i X IR A MR R SR A W e R
AR S5 R e (IR AC ARG F 2 B H A I
L AR TR AN R R,
33 TEMAYEHENEEY WA TF

HEABIF G & B, AN (R4 28 AL A (] o ol J
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20 R e 6T JoT A A5 R T o | AR PR Ak 2 FE: At
S VE B R A AN ] B9 52 ) ( Russell et al., 2007 ;
Frouz et al., 2013) , 155 AR 1Y - 1A W BE
7% ( Prescott & Grayston, 2013) . AW A ICA 5
Pra& W], pH (CEC \C : N J&52 i L e A M e v 4l
MR e EZE T, 58 pH (H R A K
FE MR — A E R R X L ERE Y R Y R
TRV T 45 9 AT I35 52 W) (Hackl et al., 2004;
Clark et al., 2009; 5K M55 ,2012) , ARHFTEH, 1E
W iy Ao 0 PN b 8 0T b DX A TR R T L R
PLFA Bt + 3 pH {H 34 hnmi 384 i, iX 55 Cao 55
(2009 ) 7E R W R N AR (0 BF 5% 45 SR A0 —
B, M5 B EAF (2014) TERRME 1 b X XF B B AR A
AREAR S R SRR T A — B, X 368 - R
YiRtvE S pH Z IR AYAHOCOC 2 al RE DR T 43828 1Y Ak
IR RBIRANFT A B 22 5 . HIEBUEMRETS S+
B R S A OG0 T - g U S e A
YA K AR R (IR ATSF, 2012) . AT
FEH, PDOP W& H ) pH, 85 B9 AN AP AK & &
HEFS T BRI BUE Y A Y BR T HRE PLFA i
Hb, CEC 5 H At + 58 G A W 45 F 241 43 5 18 35 sl
WE A SEC R, PDOP B LAY CEC & i Ay A
TR A Y Y, ARSI A B, AR
N TR E R T 1 AP &5, i 38 AP 5+
HER I PLFA 5 10 28 A ICOC R, 2 R HERUE Y it
HM ZE S EEZWS N 1, 78 s i
Hh B X Wl Y iR Z R BRI DT TE £ S BB Y R
(Hinsinger, 2001) , PA 0@ 04 A 250 2 52 ) 4 0 K
S EZR R 2 Z — (Zhang et al., 2015) , ¥
TRHEY) 51 A R A A R G, BB i i AR ) [
RAE B & AR A &M, T A= ) [ RS B A IO
HZEH (Tian et al., 2020) , [& %0 ZBHE 4 FHE
TR 2 T BB 1, JF AR AR B O 7 5 | A AR
br 2 AL, 38 0 B 5 ¥ 1 % % ( Tang, 1998;
Hinsinger, 2001 ), 2 /& £5 i 1 Y€ 8% 09 A 24 vk
(Aguilar & van Diest, 1981; Richardson et al.,
2009) , AT i - SEAR AR M 9 SR AL 4 3 ) 4K
2 (Wang et al., 2019) ,
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Seed germination characteristics of Keteleeria calcarea,
a precious tree species in karst area

JIANG Haidu'?, XIE Weiling”, CHAI Shengfeng'”", TANG Jianmin®,
JIANG Yunsheng”’, QIN Huizhen®, WEI Xiao'?

( 1. College of Tourism and Landscape Architeciure, Guilin University of Technology, Guilin 541006, Guangxi, China; 2. Guangxi Institute of
Botany, Guangxi Zhuang Autonomous Region and Chinese Academy of Sciences, Guilin 541006, Guangxi, China )

Abstract: Keteleeria calcarea is a precious tree species in the mid-subtropical karst area, this species has a narrow
distribution range and very few seedlings in wild populations, which severely limits the natural renewal of the
population. In order to explore the causes for the endangerment of this species and provide reference for its protection and

utilization, the cones and seeds morphological characteristics of K. calcarea were measured, and the effects of
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temperatures, light conditions, soil water contents, substrates, storage temperatures and time, and different geographical
provenances on seed germination were studied. The results were as follows: (1) The average seed setting rate of K.
calcarea cone was 7.45%+6.54% , the seed wing length was (2.27+0.32) cm, the average seed length was (1.55+0.15)
cm (excluding seed wing) , the average width was (0.62+0.05) cm, the average thickness was (0.46+0.04) cm, and
the average 1 000-seed weight was (214.81+14.76) g, the average water content of dried seeds was 15.28% +
1.66%. (2) The optimum temperature for seed germination was 25 °C, and the germination rate decreased significantly
at 20 °C and 30 C (P<0.05) ; Seed germination did not need light, but the germination rate under periodic light was
significantly higher than that under continuous light and continuous darkness (P<0.05); The seeds could germinate
under the conditions of 10%—30% soil water contents, and could withstand a certain degree of drought; Peat soil and
perlite with loose texture and good air permeability were suitable for germination; The seeds were not resistant to storage
and should be sown in time after collection; The seed germination rate of Sanjiang population in Gongcheng County of
Guilin was the highest among the three geographical provenances. The seed setting rate of K. calcarea cone was low, the

seed germination was strict with temperature, and the seed was easy to lose vigor, which may be an important reason for

42 3

its endangerment.

Key words: Keteleeria calcarea, seed, morphology, germination, storage
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PFOAPRE (R ) BRI = BT 1, BT
A5 R A TE T R R4k O R 5 A e T 1Y el
TAER#EH .
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Table 1  General profiles of sampling sites

FE TR s 28 ik B

. . . . Altitude .
Population Location Latitude Longitude (m) Habitat
AR IR KR =S 25°50'26" N 110°05'47" E 670 WE TR AT L
Gongcheng, Guilin( GC) Sanjiang Town, Gongcheng County Karst mountain slope
ER Y i DX LA o 25°12'47" N 110°11'51" E 160 W ST L 3
Lingui, Guilin(LG) Chengqiao Village, Lingui District Karst mountain slope
EEAME L R 25°4-15" N 110°17°57" E 170 Mt 1T 3

Yanshan, Guilin( YS)

Guilin Botanical Garden

Acid soil flat

1.2 SRR R FRSIFERNE

T ISR E B BRI FAD 1 (B 1) R H
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Table 2 Morphological characteristics of cones and seeds of Keteleeria calcarea

B Tif i il ¥
Cone Pericarp Seed wing Seed
(L ) P
Population KE JERE KE i B KB K SE JERE i “Seed
Length Diameter Length Width Length Length Width Thickness Weight i \
(em) — (em) (em) — (em) (em) (em) (em) (em) (0
GC 14.50+ 3. 71+ 2.65+ 2.74+ 2.23% 1.54+ 0.61+ 0.47+ 0.21+ 14.89+
1.30 0.17 0.26 0.18 0.20 0.11 0.06 0.07 0.05 1.82
LG 12.73+ 3.23+ 2.50+ 2.54+ 2.00+ 1.50+ 0.63+ 0.49+ 0.21% 4.90+
0.98 0.29 0.14 0.18 0.15 0.05 0.08 0.01 0.02 2.67
YS 14.47+ 331+ 2.85+ 2.58+ 2.58+ 1.60+ 0.62+ 0.43+ 0.20+ 2.58+
1.75 0.15 0.26 0.13 0.32 0.26 0.02 0.05 0.06 1.10
458 Mean 13.90+ 341+ 2.80+ 2.60+ 2.27+ 1.55+ 0.62+ 0.46+ 0.21+ 7.45+
1.43 0.28 0.25 0.17 0.32 0.15 0.05 0.04 0.04 6.54

A, BRR; B A C AT
A. Cones; B. Pericarps; C. Seeds.

K1 EAGHAZ R AR TR

Cones and seeds morphology of Keteleeria calcarea

Fig. 1
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Tl ¥ Refift 98 22 1 5% 43, B T Fh - 8 & F 4 i
AR (RS, 1985) D% R R GR35 4 F
B2 S I T D < I 7/ I e N [ B N N
(Dech & Maun, 2006) , ' %% I i #5 A A P Fh

T . — B SR A= R LRI e 3, 5
L X U NG AN i RV B A A B VA
R4, 2008 ; S AR 5, 2020) , A P, #E AR
AR KB 1.55 em (RS ANE) | P2 58 B
0.62 cm, V- 0.46 cm, P HF & 0.21 g, MK
FIRARM Tl 1 T 1~ F- 3 # 5 0.328 g ( Silvertown,
1982) (A 5[5 J& i = B i AZ (Bl FE &4 0.099
g) (BEEWM %, 2010) T RGMAZ (Fh T E &2 A
0.107 g) (##5 AR5 ,2020) AH LL , 8 K42 19 Fp 7
ERRK, W TEZYMBRRE(TREN
33.92 ) (HVT 1% ,2003) ML S LA A2 ( Tk &
}16.96 g) (FEIEEESE 2001) . A8 A REAY BRI
iR RN 14.89% , IEAEFIEE R 4.90% , % T [F] )&
TR I AZ (49.35% ) ({1 22 % ,2017) , 1]
DA I AZ BN ) T A 7 i KRR A R
W, ASINFPEE R HATE KRB R KM, Al Z
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Different lowercase letters in the figure indicate significant
differences (P<0.05), the same below.
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Fig. 2 Seed germination process of Keteleeria calcarea

under different temperatures
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Fig. 3 Seed germination process of Keteleeria calcarea

under different light conditions
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Fig. 4 Seed germination process of Keteleeria calcarea

under different soil water contents
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Abstract: To explore the variations and internal relations between the carbon and nitrogen (C and N), and the carbon

and nitrogen stable isotope (8"C and 8" N) with succession proceeding. Four succession stages about forest communities
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in karst plateau gorge area were selected as the subjects, which were herbage-shrub, shrub, tree-shrub and tree. By
measuring C, N and stable isotope ratios in leaf-litter-soil to analyze their interaction effects among different levels. The
results were as follows: (1) The 8" C values of leaf-litter-soil in karst forest were —31.31%0——28.23%0, —29.96%0—~
20.07%0, —26.83%0——21.14%o respectively, and the corresponding 8N values were —3.41%0—1.54%0, —2.61%0—0.99%o0 and
5.36%0—8.63%0, generally, the soil showed a more enrichment effect. (2) With the succession, the leaf 8"C and soil 8°N
values increased first and then decreased, while the soil and litter 8" C values decreased, and there were no obvious
changing rules about the leaf and litter 8N values. (3) The leaf-soil 8N values at the tree-shrub stage was the lowest,
indicating the stage with low N saturation and relatively deficient N content. (4) The correlations among the leaf-soil C, N
and their isotopes were strong, demonstrating that the both cycles were closely relevant with the significant inhibiting or
promoting effects. In conclusion, in order to improve the self-regulation ability of the ecosystem to resource utilization and
nutrient absorption, the tree species with high water use efficiency, such as Lindera pulcherima, Triadica rotundifolia and
Cladrastis platycarpa, should be applied for ecosystem restoration in this area.

Key words: 3" C value, 8" N value, leaf-litter-soil continuum, forest succession, carbon and nitrogen cycle, karst
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NGB T, S A Al B B A i B IR | YR AR A AR
N TR A 22 (FEZ A, 2017) o R EY A5
[F) R E 4% K it 2k i AR RGN A

FEE Y BL L B R 4G ( Vitis heyneana) | W Bk
( Phyllanthus urinaria ) . % & K ¥ ( Indigofera
amblyantha) %5 Jy 3 3 HE AR By Bt LA 89 8% ( Lindera
pulcherima ) AP JE B (Itea yunnanensis) 5
K ( Pistacia weinmanniifolia ) %5 Y54 5340 3 T H#E By
BLL AN ( Celtis sinensis ) . & /\ i #R ( Alangium
kurzii) (LUBRFT (Alchornea davidii) J& 22 ; T3 AR B B LA
M % 44 ( Triadica rotundifolia ) . ¥ J& FF
( Cladrastis platycarpa) A F , g & 2 ( Choerospondias
axillaris) KW ( Broussonetia papyrifera) 5784 734 o
1.2 B#%RAE

2019 4 7—8 J  TEXWFFE X 247 42 Tl s 4 1Y
LR b, B 5K KA (2015) %o g 3 R Ak v R
W B B3 0 0505 K AR D e v R o3 O BEE ER
TRREMTEAR 4 DB H B (R 1) o B EE
BWHE 320 m x 20 m Y A AR M (4K 810 ~
850 m, Z8 5 £ BE AN B 22 S BRI Btk — 20
BEATRE W) TE 75 7 W A, A2 0 07 A M R B | 12 2
A T SR R b TR b 3 1 5 i) SR R R A L ) R
BAE N >10 m, #EAFRD AP A 4 7 KAMR I
10m x 10 m 1 m x 1 m, ZERAFEHL PN E 4 4
TEAR/NFEDT N 4 A FEAR/NRET W iE <2 m I ARA
=R 7/1 R TRl SRT 7 N T L B T 1o N N =N
1 R HER AR A MR TR AR R
S PR, AN T ARSI
WY B A
1.3 R ETE

TR L 25 A7 I8 A 70 A 09 ZE Al bR B
KT 0.2 B FRE g 0 Al 454> R L BEHL L I S
ROGHFD UK (g PG b 5 AN O 6 Tk
F R I IR 1 R R A T
48, BFEHLAR S P PR LR B R Ol 2K i I
AT RE U T ) (4200 2 R v ) LLOAS RE B R RD
FARRIE U 58 50 22 0 PR HE ), AL 1 MR &
FEREAJE 48, [R) I 78 R 46 4 V& W) i 3 7, R 4R
0~20 cm T8, IR A H4F SR TG 43 125 £ BE fif
125 0.5 kg, 4 BB BAEY) A TE YR

BERE A 12 03 (4 DB B x 3 FRiEREHD) o
1.4 FmAES 5

FE i Al 8] 52 06 % S, W R R YR W AE (65«
2) CHJE T T ZREH 5, By ar i i 4 H 5
ST R R &Y A SR sh i sk ik, &
FEWN A KRR T, S LR 0 9 4R 0GE i
2.00.,0.15 mm #ii , 2 A& F BB v 25 P DR A7, 1
TWE C N & MEERMER HRFE,

MR- - 1 C N & 8 C RPN
{EAE FAR BRI SR = A T S g % R T R
3T A - & M TR A2 R BT S ALK B ( Vario
ISOPOTE Cube-Isoprime, Elementar 2y 7] ) 5% i, il
SE , AL R AR T 23 FE SR (%0) TS 7R

3"C{HLA PDB & PRARMENE Iy 2 5 b ofis 155
AT

8C (%)= [R(®C/PC ) /R(PC/ZCrpy) =
1] x1000, K H, R (P C/"% Cppy) 2 BR b5 HE )
PDB( Peedee Belemnite) 4 C [A v & L AE, 8" C {H
B9 70 ARG 1 R 0. 2%

SUN (HLLZ T NAE NS H bife, 3" N 15
ARTF

8N, (%0 = [RCIN/ N ) /RCEN/UN,,) -
1] x1000, =4, R(PN/“N, ) 23S N, N [A]
(LR LR, 6" N H MG +0.25%o
1.5 HiELE S50

A H B K J7 2255 M1 ( One-way ANOVA) K 5
ARMAS ] 3 B Bt - P - 3 ¢ N
RT3 C 8N HfEZ Al 22 53, Bl 4/ B8 3 22 55
% (least significant difference , LSD) #4172 # FL#¢,
K FH Pearson FH 3T ¥4 X 2 B A7 A G MR 55,
By s o pr i 25 R B Microsoft Excel 2010 |
SPSS 20.0 , Origin Pro 2018 X458 A% .,

2 HER 54

2.1 AEEREBMEMNHE C.N 22X 8°C . 8°N B4

AN R B B AL S5 Fhvt i € LAVE R B B R i
/N(402.55 ¢ - kg, BB HA ALY S =, R
WRTER) C BUE AN ELES , w8 C EH AT HERY Bt
F AR (=31.31%0) , H SR FEAR T AR B ]
25 W3 (P<0.05, TIA]) , B R R Se N e 1
i, 2 WIAE 4 7K 43 ) FH 2550 23 Bl e R AT R AR TR
Ay IHEE N S SN (EMK YK 11.97 ~29.35
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Table 1  Basic situation of plots
BB o3 e = Mean Mean ground
. Coverage Height . .
Succession stage Forest type (%) (m) diameter diameter
° m (em) (em)
HiJ#E Herbage-shrub NS P N 95 1.8 — 1.0
Phyllanthus  urinaria  community and
Indigofera amblyantha community
#EA Shrub NBIREREE 90 2.6 — 3.4
Lindera pulcherima community
T+l Tree-shrub B/ AR 90 7.0 6.2 3.8
Alangium kurzii community
F¥ AR Tree MM E 92 9.0 11.5 1.9
Cladrastis platycarpa community
T — R AR, R HARIE R A Z e, TR,
Note; — indicates that there is no data, the ground diameter in the table refers to the ground diameter of the shrub layer. The same below.
a
~ 30~ I
~ 600 o b
< =
2 500 a QB ] ‘ b
=) ab b
= ab o 1
. I HE 20 T
g o= 400 | ét ]
g ! %5
& § 300} oo B c
) 3 I
3| St
5w} < st
[ w
3 0 . ; : . =0 r T T T
Hijfli A Frifl e N i A Fritk BN
Herbage-shrub ~ Shrub Tree-shrub Tree Herbage-shrub ~ Shrub Tree-shrub Tree
=26 a
a
2. . ]
274 a :
: ] ik b l
.. 2 <28 L —_ ’_I_l
J r=3
. = | Z S . . r T - r
2 90 | o Z . A FA
= 3% _j [Herbage-shrub  Shrub Tree-shrub) Tree
-8 a0 =5
= 0 3
b 21
31k
| { | 3k
-32 . - . - T ~ T T
il A Trith BN 4L !
Herbage-shrub ~ Shrub Tree-shrub Tree ¢

T B Succession stage

AR BE R R TR B B 2 (A A 2 25 57 (P<0.05) . R[],

Different letters indicate significant differences among the succession stages(P<0.05). The same below.

AN TRITEES B BA M v R C N 5t B AR g TRl 3R fE

Contents and stable isotope ratios of C and N in leaves of plant communities at different succession stages

&l 1
Fig. 1

g - kg =3.41%0~ 1.52%0 , Y5 LA T¥E B BE b B A,
Bifi v R R AT O AR AR AR A A N S 8 C
SUN R AR E KT RI(E 1),

22 AEEEMERAEY C.NEEXK 8°C3"N
EHHE

VY C & UM B i K (475.9 ¢ -
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6 1]
60
e
=< 500 a
= b :
4§ Wt * :
=
ggzm-
B8
= % 200 F
100
=
0 T T T T
Rl A Frifh B
Herbage-shrub  Shrub Tree-shrub  Tree
a
16 -
20
o &
g5
=28 + T
1 b |
=32 l |

il A Frifl BN
Herbage-shrub ~ Shrub Tree-shrub Tree

IR

=~ 25¢
;‘“ b a ab
20t T T
g 15F J.
: | c
g 10t I
g
|
3
=0 : ; ; :
Bl A Frifl BN
Herbage-shrub ~ Shrub Tree-shrub Tree
2r b
a ]
1 s I
;i % 0 JIcrba;_fc—shrub : : | |
RZ A Frifl A
i ® -1 F Shrub Tree-shruby Tree
= 2
S2F l
a3l ‘ l
=4 L o o

M BE Succession stage

K2 TR By BORL DRI v 4 C N 5 d R Al A

Fig. 2 Contents and stable isotope ratios of C and N in litters of plant communities at different succession stages

ke, o3 TR HER R KB B, R TR
BEARTAERRGFR WA, HEY N &5
TRHERTBE /N (10.55 g - kg, BHEFITR R E
ARFTE AW B Z [0 3T i 3 2% = (P>0.05, F[A]) .
JA7EY) 8 C (5} —29.96%0 ~ —20.07%0 , L) FE HE By
B e B TR HEAT S R IR e 10T 9% W v
BHIATE G T o0, MIEY 8N E N -2.61%0~
0.99%o , Fifi i 5 A A2 e B0 M IE | F (B 38 85 o B B
L RZENEFRER(E2) .,
23FREEMBELE C NAER S°C.3°N &
HHE

3 C N F KK N 57.3~147.65 g - kg™,
5.45~16.15 g - kg, BRI A HEA T A B B i
1, IR B LR, B B B AR, BT C N 2R
ZHMAERHEMNMAE XR, LHEICHEN
~26.83%0~ —21.14%o , W 18 47 522 PR AR R 4,
FEY B T A 3 AN B B, R - A L

oI, T4 85N N 5.36%0 ~ 8.63%o,
Bif VR HE AT SR DR/ S A OR, B b, BT R
HON B R AR, L BN 4
MR (1 3) .
24 MHE-AEYM-TECNEER S°C.8°NE
Z BHHERX KR

A2 A0, iF A -1 C N K CH R 2 2 ()
FETE RS WA Sk | 2 B ) — 1 398 2 [A] 33 20 116 34
FETE 2 0GB 0 3 P W) sl A A 2, A 9%
PIN.87C 18PN HIHABFEIR B T B FMH LR,
JATEY) C 511N SUN 20 3 2 W M B 3 A
X(-0.777.-0.845) , Ut IR W 5 L 2 () 1Y B
YEX R TIEY S50 A

3ot b4

3.0 M E-AEY - EESAE 8V C 0 N EHHE
A SCHIFGE X ERAR 4 AT B Bt Fo s P CIE
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Table 2 Correlation analyses between for C and N contents and 8" C and 3" N values
of leaf-litter-soil at different succession stages
FEh5 Index  Cyy 3°C,, Nis 3 N, Cer 8" Clier Ny 8" Ny, Cui 87, N
3°C -0.789" 1
Nica -0.449  0.324 1
3"N,.s -0.728" 0.516 0.725" 1
Ciiver 0.624 -0.592  -0.777" 0.845™ 1
8%C,.  -0.084  0.306 0.361 0.180  -0.592 1
Niier -0.688 0.609 0.287 0.629 -0.301 -0.454 1
3Ny  -0.232  -0.490  -0.457  -0.583  0.746°  -0.645  —-0.099 1
Coa 0.988 -0.789" -0.449 -0.728" 0.624 -0.084 -0.688 0.232 1
8°C,,  -0.789° 0.988~  0.324 0516  -0.592  -0.306  0.609  -0.490 —0.789" 1
N -0.499 0.324 0.988 ™ 0.725" -0.777" 0.361 0.287 -0.457 -0.499 0.324 1
3N -0.728" 0.516 0.725" 0.988™  -0.845™ 0.180 0.629 -0.583 -0.728" 0.516 0.725"

W T RARM I E K (P<0.01); "FRAREMEL(P<0.05); Cpp M HBE & Ny MHESE; Sncleaf- (TN

61leear- LIe) SISN; Cliller' {Jﬂ%%ﬁi‘}%ﬁi, Niiter- da%%/ﬁgi’

N, FHURA R, 8°C,,. 1HE0°C; 8°N,,. 8 N,
Note: ™ indicates extremely significant correlation ( P<0.01) ;

- Leaf 87 C; 8° N

Litter 8°N; C

soil *

Niar-
8°C

Leaf nitrogen content; 8" C
Litter 8”C; 8"N

leaf *

litter * Litter * soil *

—31.31%0~ —28.23%o , 15 5t i L1 =1 0% H7 45 2R MOt 1F
(F3), AT RE R H— o X8 T s 7
T R T A L A A R A R R E s b
U, 8 T AR v R b X, - e 20 = 2 Ry R 4T
| AR KO il A e S e X A i 2 o 3 L K
(1955 mm) 7R Fi% X (1 100 mm) , ff £ 58K
srfa TR T TR SRR R A bR
e+ IR o= & I 1 DR R U R (AT s el S D
PR A R 8P CAE ¥ 5 AR OC (Xu et
al., 2017) , ¥& b4 W 12 X G A8 K 43 ] ) v &
ot eRCE I F L, MR 3N {H N -3.41%0 ~
1.54%o0 , SV H N T AR P 0t B A B AR 1 (3%
3) , RWNZF R X R B R G N A F0 AR B2 AR XF
B N B AU E I R R R e 4 X
A BEMESS , R IR AL BE ) A X R = A e A A
XU I B 4 B ) R 38 N X — R ER AR SR R £
FoHTaREmE,

AR 4 A BERVE Y 8 C {H A —29.96%0 ~
=20.07%o, 1= T B VIR AL MROL R V5 4 67 C
(R 3), R AT R 2 V& RIS Sk g S Pk
AR 22 57, N2 R R BE X A B K 43 o A0 R R
REESE PR, S T R VE W 3 i R R R

* indicates significant correlation( P<0.01); C
Leaf 3" N; C

Soil carbon content; N

813C"""' P 87 Cs 8llemer- %Y 8°N; Cor- ek i

- Leaf carbon content;

Litter carbon content; Ny,.. Litter nitrogen content;

Soil 3" C; 8"N,,. Soil 3" N,

litter *

. . 13
wit- Soil nitrogen content; 8 C;. soil -

FE . P58 N (H N -2.61%0~0.99%0, 125 T % 455
2E(2014) 7E SNV B ST O 45 0 (36 3) | SR R AF
FE DR IUT MR AR GRS MR R RSB S
TP it , A 0 R VR & A IE [ R RS R G A
T ER, R E YA R 0 ZREL R R, A
B 2 ED o iR m e, B R FON EER
SR, T S BB R E Y 8N 8 s (%
BEAE 2011 ; B 2E5R% 2014)

ABEGE X 4 A B L HESEC H N
~26.83%0~ —21.14%0 , 3 i FE i f) - 3w 1E (% 3) ,
J R AN R 9% DR LA AR 22 7, JE i) )
o SR R ki P A, T 9 X I BT R KU A
T IR A, R AR R T R s e, i
AL i BRI (JH Bk A, 2019) , HE 0T
FHAFS TR, IS NIH N 5.36%0 ~ 8.63%o,
BN LR L3 D v (3R 3) X S5 T W o0 Ak
T AME ISR S AT 56, Collins %5 (2008 ) #F 5%
ICAREY) C BREI &0 T, LT L BN 18
T AR SCEE R BoRATEY C 5 4% 8PN Ak B3
TG, 54518 — 2, T PR g 07 A v J e 451X
R VE D) 2 B B WG (5B AAR e 2, 43 1
TN I CRRAR, FBOL ¢ ST
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a
= E 150} b
4z
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= 100 c J
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— S0t J,
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0

il A Frill BN
Herbage-shrub Shrub Tree-shrub ~ Tree

X | A Frill Fik

Herbage-shrub  Shrub Tree-shrub Tree

I3 5°C
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20k
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25k a
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T

-30k
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T 1
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T |
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[25]
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T
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=
T T

w
T
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a
10 T ‘ r
281 | I

5 = b
2 e
8] 1
2‘_;4-

2t

0

il WA Till A

Herbage-shrub ~ Shrub Tree-shrub Tree

B BE Succession stage

K3 IR B B A e v 48 C N & B R As g [ R A

Fi

—

WE TR X, R 2 C ORI 0TS RN 4y
YGRS UN (IR,
32 MA-AEY-THES"CONESHETEMN
KERBEERENXER

ARER ] C 5 A8 S 400 3%, I A AT BE
Je s Ho— Bl TR R R R R v A5 R RN/
i LA e I v 0 60 B A b R g R B0 55 2k AR
AR B A R SR O N R (RE 2 A
2016) ; L= ARG C N TR Z A & % 1%
B, [ C BRI 2 FRT LI N Ry (257
F45,2018) 2 i 4t SRS T AE N RE T 4
W R B FEAEM, Bk C & EAEFIC YR,
AN AR R B 7 - P 7 ) - 13 8 C 3N
W v e A T R A, W] R AR R R R
AT RIEER o B PR R B R e A i SR AR B
B ORIRGEAE LA B A 25 R G SR 0 0 BC A S 2 349 A
TESLE 22 57 W) 9 15 VL BRI 4 35 A AT IR R L
T AHRE A8 T R R P FE O SR MG, B R
SRR AE A7 R O AL AR T R I A

g. 3 Contents and stable isotope ratios of C and N in soil of plant communities at different succession stages

W23 [ A2 Ak, 5T 5 W AR AREE € C N A& o3
TRAIL] , e & PB4 5 87 C 8" N L Fif 7 5 i
A AL RS S o AELRE 0 o A 2 AT 3K 2 S
C N [FJAL 2R 7318 i o TR AIF ST

AR FE S RAE W7, I B BOr W) B I
B3V CEEAR, R JE T HEARTR M 2T
AR e ot B4 1 3 AR R 3 6 4L
BRI O B iR B AR R AR (XK 55, 2014)
HAEOEERES TR, MR R COME T, S 2L
C./C Fhim SUCIHFEML . BFP KT I, it 8 ClE
AT RAE A )4 A oK 23 A AR (Yu et al.,
2008) ,F57n [E C FEAK LA, IR B8 PF 4 A 4 X 36 358
BY3E I fiE 77 ( Hussain et al., 2018), @ %, M H
8" CAE MR A, 7K 43 F AR B iy, [ C A 7K A ik
fIK( Yu et al., 2008) , & & A [F] %= C FrifFER) 7K
IR o ARBIEGE R B AT ST XN B | (B
FEURA S T MR A AL AR i 8 B CIE R, RITIZ X
TEARTN AT AR B B iy A i 5 35 8y 19 7K 43 1) H 2%
R OCEVEE C R EAEBAL, & WK o3 Whia AR
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Table 3 8"C and 8"N values in leaf-litter-soil in Guizhou karst forest communities in comparison with forests of other regions

W H Item TS IX I Region 3" C(%o) 3" N(%0) SCHik Reference
A Leaf F M FURS Southwestern Guizhou -31.31~-28.23 -3.4~1.54 K This study
J"ZR 55 Dinghushan in Guangdong -33.37~-29.19 -4.78~-2.29 AEFESF,2016

#E# K IR Changle in Fujian -31.68~-29.32 -5.55~-2.17 EERTY 2018

J7%Y) Litter SM VU ES Southwestern Guizhou -29.9~-20.07 -2.61~ 0.99 A 3L The study
IS Dinghushan in Guangdong -30.43~-28.84 -5.19~-4.02 REFES 2016

T 2T Bijie in Guizhou -31.50~-28.84 — Iy BHAE4E 2018

BeJHE4E Qingzhen in Guizhou — -4.49~-1.83 B 2R, 2014

14 Soil FMESVERS Southwestern Guizhou -26.83~21.14 5.36~8.63 A3 The study
J"ZR 5L Dinghushan in Guangdong -27.31~-21.38 2.52~8.19 REFESF 2016

ALK R Changle in Fujian — -4.68~-2.98 HEE RS 2018

F[YEIX Source region of the Yellow River -25.42~-24.20 3.37~4.61 /NI ,2016

BERIRE 1, VR A A S R G E M R

M AWFSE W, 7 F0 48 8N (B AT RALFE
EARRG N AR, A5 U N fEf K, 2k
DAL WAL N I (Pardo et al., 2006; FBIK 5
5,2015) . AR BN, HEAR B HRF A
T SUN EHH K, RIHZT B AE S RS N (IR
JE ARG g, IR AT RE R I B B N R T 95 R, N
g 0 B s L REBE A N OB AL AR B AT NOS Y Ik
2 (Huang et al., 2013; KRB 55,2015) , LR
ZWMNBTFESRS, SR M A 8N T
B [, R R R IR A ZON, R R
(N B AE IR R A e R T A T N B
WA 3 0 B R 6 B R A 41 g H ( Craine et al. |
2015) , Ff38 2 AR FR AP M A P9 HE s, fie 2 aE A 3
T, SO SUN AT IE, ZE LT, i
FE DX P B AR | (5 % P 0 320 % A 45 A e B 3
FH v s = R s X R E S R

SE .

COLLINS JC, DIJKSTRA P, HART SC, et al., 2008. Nitrogen
source influences natural abundance “N of Eschrichia coli
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Effects of different land use and ecological restoration types
on soil enzymatic C : N : P ratios in a karst ecosystem

ZHANG Runyang'*, QIAN Qian'**, LIU Kunping®, LIANG Yueming’,
ZHANG Wei’, JIN Zhenjiang'*, PAN Fujing'*"

( 1. Guangxi Key Laboratory of Theory and Technology for Environmental Pollution Conirol, College of Environmental and Engineering, Guilin
University of Technology, Guilin 541004, Guangxi, China; 2. Huanjiang Observation and Research Station for Karst Ecosystems, Huanjiang 547100,
Guangxi, China; 3. Key Laboratory of Karst Dynamics, Ministry of Natural and Resources & Guangxi Zhuangzu Autonomy Region , Institute of
Karst Geology, Chinese Academy of Geological Sciences, Guilin 541004, Guangxi, China; 4. Collaborative Innovation Center
for Water Pollution Control and Water Safety in Karst Area, Guilin 541004, Guangxi, China )

Abstract: To explore the effects of land use and ecological restoration types on soil enzyme activities and C : N @ P
ratios in the karst ecosystem, we selected three land use types [ disturbed land, pasture grassland, and orchard forest
(loquat) ] and four restoration types (evergreen forest, deciduous forest, evergreen-deciduous mixed forest, and natural
restoration forest) , which are long-term positioning observation experimental plots of the Huanjiang Observation and
Research Station for Karst Ecosystems, measured the activities of four soil enzymes [ 8-1,4-glucosidase (8G) , B-1,4-N-
acetylglucosaminidase (NAG) , leucine aminopeptidase (LAP) , and alkaline phosphatase (ALP) ], and analyzed the
relationships between activities levels and the C : N : P ratios and soil-associated physical and chemical factors. The
results were as follows: (1) Enzyme activities were higher in the restoration types than in the three land use types. In
addition, the activities of the four enzymes, enzymatic N : P, and enzymatic C : P of pasture grassland were higher than
those in the other restoration types. The BG and ALP activities in the deciduous forest were significantly higher than those
in the natural restoration and evergreen forest, and NAG activity in the evergreen forest was significantly higher than that
in the other three restoration types. The enzymatic N : P ratios of the evergreen-deciduous mixed forests were
significantly lower than those in the other restoration types, as was the enzymatic C : P ratio of the deciduous forest. In
addition, vector analysis of the enzyme activity measurement ratio showed that all land use and restoration types were
limited by P. (2) The activities of the four enzymes were positively correlated with soil organic C (SOC), ammonia N
(NH;-N), and nitrate N ( NO, -N), whereas negatively correlated with total P (TP). BG activity was positively
correlated with available P (AP) and ALP activity was positively correlated with total N (TN). (3) Redundancy
analysis (RDA) showed that the levels of TP, NH;-N, NO, -N, and AP explained 38.3%, 9.5%, 9.3%, and 8.0%,
respectively, of the changes in soil enzyme activities and C @ N : P ratios. Based on these results, the different land use
and restoration types in karst areas are shown to generally exist under the limitation of soil P, which implies that the
fixation and transformation of P should be the focus of soil quality improvement in the land use development and
restoration process. Furthermore, soil enzyme activities, C : P ratios, and AP contents in pasture grassland, evergreen-
deciduous mixed forest, and deciduous forest were higher than those in the other land use and restoration types. The
result indicates that forage and deciduous plants are important for soil nutrient cycling and should be considered in the
process of karst land use and restoration.

Key words: karst ecosystem, land use, land restoration, soil enzyme activity, enzymatic stoichiometry
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FEGHE C 2 P OEGAE, 1 In( NAG+LAP) : InALP N
G PE N @ P H{H (Sinsabaugh et al., 2008)
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2021) , FHEEWGE T Ao KB (Vector L) Fll
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Jiao & Yuan, 2019) .

W ST ik TR e e T ks T ol 110 2 e 55
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KZ, MBS ] b R I 28R A 2k A = %
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WFFE X AE 1985 AFRTZET T A0 B A KB R
ST EH A A AL, 1985 ARERFSE X N F A TE R
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Table 1  Plot conditions of different land use and ecological restoration types
ENTEV I E TS DS S KRNI e SR e )
o titude 1 . -
Land use type Treatment method Soil disturbance (m) Hillside trend ~ Vegetation condition
BT BEAE 12 A6y, i EAE R ATE] = 310 FN:) PYSEON- Tk I EY TN R
Disturbed land B AR High Southeast LY/ DR
In December of each year, mow Mainly herbaceous plants such as
to remove root vegetation Imperata  cylindrical,  Microstegium
vagans and Mallotus barbatus
MR FERIEIR AW, 2, K5 oy 296 AR HH1 =
Pasture grass MR 1 5 S B E S Medium Southeast Pennisetum purpureum cv. Guimu-1
iy
Removed the original vegetation
dug the roots, then planted
Pennisetum purpureum
cv. Guimu-1, and fertilize
after harvest every year
SRR AP S 22 3 a BRI H 299 ARE PAREAE S 3, JLF- 304 R AR,
Orchard forest TRAE B, BRAR , S R Medium Southeast L AR IS Y
WIHERTE T Mainly Eriobotrya japonica, there is
After planting Eriobotrya japonica, almost no underground vegetation,
remove the original vegetation and there are many loquat leaf litter
and roots for three consecutive on the surface
years, pick and prune the branches
after the ripe fruit
WERT AN AP MG 2L 3 a R ik 297 R DL KBRS 32, 3T B A 2R
Evergreen forest JRAR R, BRAR Low Southeast i, T AR
Remove the original vegetation Mainly Cyclobalanopsis glauca, with
and roots for three consecutive a star-shaped distribution of
years after planting underground herbs, and the litter
Cyclobalanopsis glauca layer is very thin
IR AR AL B 5 ELE 3 a KRR {(iS 296 e VMEE R £ T FA ik o A
Deciduous forest TRAE B, BRAR Low Southeast PR W) 2 45
Remove the original vegetation Mainly Zenia insignis, the
and roots for three consecutive subterranean herbs are distributed in
years after planting Zenia sheets, and the litter layer is thin
insignis
WEIEREA R KARAE S5 ELE 3 a (IS 297 KRe PME S R MIBR D £
Evergreen-deciduous 2% R AR HEBY , BRAR Low Southeast Mainly Zenia insignis and
mixed forest Remove the original vegetation and Cyclobalanopsis glauca
roots for three consecutive years
after planting Cyclobalanopsis
glauca and Zenia insignis
EES/ER SRR, H AR x 305 PN TR 5 2 75 T 90% , ZHEAR,
Natural restoration Original state, natural No Southeast FH FEIEA RN B A , R
forest succession I PIE N 7 NN INEEY IO\

Pt ARG | I v )2 s

The vegetation coverage rate is higher
than 90%, there are many shrubs, and
there are abundant vines and weeds on
the surface. The main vegetationare
Rhus chinensis, Vitex negundo,
Mallotus barbatus , Pyracantha
Sfortuneana, Zanthoxylum armatum,
etc., and the litter layer is thick

2 HEREHAH

21 AETHFA B S REEN TIEF SIS
H 2% 2 Al 3 Fh A A 7 =0H, Soc #n TP

SRR EES, BETHX L8 TIN &8
i H At = R O =, {2 NOS-N & 2wk, 4K
T+ 4 AP I NH;-N & S, Hp AP &8
LR AT X SRR At 433 /55 78.31% .51.29% ;
NH;-N & & iR 4k T 48 s Fn 5 B AR 43 0 &
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LRG0 0 5 L SRASARHL; IV, SERTEARK; V. IR TRAM, VI HERiE RS VIL AAWEAM. FIE .

I. Disturbed land; II. Pasture grass; IIl. Orchard forest; IV. Evergreen forest; V. Deciduous forest; VI. Evergreen-deciduous mixed forest;

VIL. Natural restoration forest. The same below.

B RO ER
Fig. 1 Sampling method sketch map

13.03% .96.76% , A pRHl 3 B AT I &5 19 NO; -
N Fra, 20 51 H AR Ak i DXORD 0 5 b 5 180.48%
31.91%, 7 4 FRE B, SOC F1 TP & i JC i
FRS IR M EA B NOS-N Fil AP &
i, o NOS-N & i H R SR T AR o ek IR 32
M E SRR E B4 5 39.60% . 34.59% . 51.13%;
AT IR AS bk 3 TN I NHD-N & &2 e i,
oONH,-N 6 L SRR AR 42.82% ; H AR IR
MEY NH;-N 1 NO;-N &&= ff, 54,3 Fit i
FIH IR SOC, TN TP \NH;-N NO;-N fl AP &
IMES 4 MR ERM AR E 25 (%K3).,
22 AELHAASHEENR HIEmBHEEREC
N:PLEETHL

&L 2 AT, 3 b A b R 5 = e b 1Y)

NAG I LAP Jif 15 4 45 8 3% i F Hofth + oo A O
3, R PRHL NAG il 3 1 S 25 0% T H At = i R
J7 = BT BG RS P B 3 I T HoAth £ b A
FAI7 =, R B A 7 =8 ALP i 36 M B 3 2
o TE 4 PR R T8 TR ARAR Y BG i TS
38 T A SRR SRR 4% TR AR K R A AR
1) NAG BETE PR 3 i Tl = Ak &2 B o 4
TrAMANE G 7% IR AR LAP Bl M 2% & T
T TR AR MR F SR K AR, V& i TR AR MRORI 8 287
IR AR ALP il M 5 25 T SR IR AR AT B R
PR, R 3 T, AS [k 2 A5 X O A 4
8 2R AN [ - MR O S A

T o1 I N i e o S ) e W R e W
SERGTEE C N @ P HEARAE 3 25 5% (P<0.05)
FEANTR) = A 7 =X b 3R Ak R b 1 i P C
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Table 2 Soil basic physicochemical properties of different land use and ecological restoration types

HERIE

. -y - o SR AR
- BTG i RER ORRSAR EibRAs sk HAKER
. - Disturbed Pasture Orchard Evergreen Deciduous Evergreen- .
Physicochemical . . . . restoration
ot land grass forest forest forest deciduous forest
propesy (D) () (1) (V) (V) mixed forest e
(V) (V)

FHLAK SOC (g - kg™) 47.91+3.04c  48.37+£2.5¢  48.24+2.33¢ 50.83+5.09bc 52.82+2.48b 53.64+3.89b 57.53+3.04a

£ TP (g - kg') 1.15+0.09a 1.1+£0.06a 1.09+0.16a 0.79+0.04b 0.8+0.04b 0.83+0.05b 0.85+£0.07b
2% TN (g - kg') 4.8+0.18ab  4.24+0.16de  4.01+0.35e 4.32+0.3cd 4.57+0.2bc 4.92+0.23a 4.62+0.43b
AL AP (mg - kg) 8.9+0.63¢ 15.87+1.81a 10.49+0.95b  8.42+1.62¢ 15.25+1.66a  10.35+x1.4b  15.25+1.16a

F XA NH,-N (mg - kg™) 3.76+0.26¢ 4.25+0.47b 2.16+0.34e 4.59+0.33a 4.67+£0.33a 4.87+0.5a 3.41+0.11d
A% NO;-N (mg - kg™) 4.2+£0.33d 8.93£2.39¢  11.78+2.24b 11.54+1.61b 16.11+x1.46a  11.97+0.8b 10.66+1.5b

pH 7.56+0.06b 7.23+0.1d 7.75£0.13a  7.32+0.24cd  7.45+0.12bc  7.51+0.16b 7.78+0.16a

o ARING FREFR IR AN ) L A TR A SR E 0] 25 57 B35 (P<0.05) . T,

Note; Different small letters indicate significant differences among different land use and ecological restoration types( P<0.05). The same

below.
80 i # F #738 Land use type  mmm 222545 5 B, Ecological restoration type
0 — 120 —
1401 a ab ﬁ 100
i 120 J be g
e~ ¢ =
== 100} i &= 80
":'ﬁ-'-'m E =
&L 80 EZ 35 60
EE B E
':I'. g 60 |- N E 40
<8 401 g
201 2 r
0 0
| 1 111 IV \" V1 VIl 111 \Y% Vi
) 2 A A S st Lp ) E i J{.ﬁl’l_.-..\ﬁiiiﬁht
&0 Land use and ecological restoration types i Land use and ecological restoration types
~ 60 < 600
= ¢ o
= e
2 o0 €
S 40 d d & 2400 ¢
8 2 e
% = ®z
RS20 < 200}
0 0
I 11 i \Y \% Vi VIl | 111 V1
- H A A7 A A Ak S R j_i'lﬁllfﬁﬁxfﬁlﬁz,m’rﬁcﬁﬁﬂ
Land use and ecological restoration types Land use and ecological restoration types

RIRV/ING T Fe R AN TR) = i A FH A AR 2 2 4 ) 22 53 |8 (P<0.05) ,

Different small letters indicate significant differences among different land use and ecological restoration types( P<0.05).

P2 el i A2 AR AR

Fig. 2 Variation characteristics of soil enzyme activities
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Table 3 Mean values of soil physicochemical indexes
and enzyme activities in different land use

and ecological restoration types

TLA T 5 A BRE R
Physicochemical +- b 5 =X Ecological
property and Land use type restoration
enzyme activity type
SOC(g - kg) 48.17+2.54a 53.7+4.36a
TP(g - kg') 1.11£0.11a 0.8120.06a
TN(g - kg") 4.35+0.41a 4.61+0.36a
AP(mg - kg!) 11.75+3.26a 12.32+3.37a
NH;-N(mg - kg™) 3.39+0.98a 4.38+0.67a
NO;-N(mg - kg") 8.31+3.67a 12.57+2.51a
pH 7.51+£0.24a 7.52+0.24a
BG(nmol - g" + h™") 77.57+19.46h 106.57+17.34a
NAG(nmol - g' - h™) 43.44+9.74h 72.42+11.55a
LAP(nmol - g' + h™) 39.31+5.32b 57.7+8.95a

ALP(nmol - g' - h™) 315.52+37.64b 471.92+104.37a

N: P HE R R B M C 2 P Al
N : P AR Fem, Hrp s vE €« N I R
TPl =y 12.48% ; R MRHLEG I % C © N HE
e B TP & 12.92% . 76 A A% R =
W B SETRORAREETEE C : P FIN : P (B R i
B TR TR R MR BTG PE C 2 N ORI C 2 P ER{H AR
L BT R N 2 POHO(E B AT A 5 A R
G VR A MR TS PR LU (B B BAIG A SRR A AR Y
it % 1 A S8 e v o AR TR R R O 2Uh ) 2R
TR bR b 1 it 3 P LU A % K B (Vector L) 13
THAW AR I X, AR EZ B I% 0t
TEARBRAN H SRR K Vector L i 2 5 T H AR
BRI, IrA bR 5 ORI R A Y S o A
JE (Vector V) KT 45°,
23 TEMEYEREC:N:PLLESHERELE
FHXZR

A AT R B, BG B IG5 AP NH,-N Al
NOZ-N 4% 8 # 1IEAH K (P<0.01, T IA) ; NAG Fl
LAP [5G PES NH;-N F1 NO;-N S i & 1A%,
LAP 55 TN S 3% EAMH & (P<0.01), 5
pH %2 A1 ¢ ; ALP i 1% 5 NH;-N 1 NO;-N 2
e .35 IEAH G (P<0.01) ;4 FREGTGPEXS 5 TP 241

BERAFK(P<0.01), BEC: N W{EHS AP 1 pH
SR F IEASE(P<0.01) , 5 NH}-N S 4% i &
MK (P<0.01) ;[ C : P FL{ES AP 1 NO;-N 2
W EIEAI L (P<0.01) ;i N : P {5 NH-N
A FAHSE(P<0.01) , 5 NH]-N 514 B & 1F
K (P<0.01) ,5 TP W ERHKE(ES), A
= H A 5 R A X S I M R A2
5 T IER AL RV,

TUARGTHT 4> BT 2 BH | - 458 P Ak T 6+ 9 il
T A 22 B B AR B RN 66.6%
R T AR 65.8% 45 iR TS &
1 0.81% (& 3), Hd , TP(F=37.9;P=0.002) .
NH,"-N(F=11.0; P=0.002) .NO,"-N(F=12.9;
P=0.002) AP(F=13.4;P=0.002) & 5 Wi 1 1 ity
T R AL 2 T B B R T L R
S50 38.3% 9.5% 9.3% 8.0% (% 6) .

3 W

31 TEBEAMREC: N PLETHUREZE
& &

- g I M St b 52 A B A BT ek AR
B S0 , 7T S B AR B Y 2l 22 5 A A 7 =X
¥4k (de Oliveira et al., 2019) A8 8 Fh 2 00 28 1tk
(Wozniak, 2019) BEBAHIE . AMFIEH, 15 45
DX ] i K A5 = TRl 2 240 1 8 v T
A T7 =, B[R] A 3t ) 3 7 R 2 i
SR M AT BRI 28 5 o 3 A (] - 1 A1) ] 7
TP A AR A - T8 il 0 1 2 A AT e A LR A A
Z:(DS5 M AREA L, BT HEITA
R TR TR AR 2 T R SRR B AR IR AR 2
BT H0AH F TSR0 AR | PR AR AL T
M5, R U v ) [l 05 B Y 50 A A AR SE T Y
A= B 2 BG E SBEAAE AER R SR O Y
A A (Philippot et al., 2013) , #0i +- BERL A Y i
5 S A i (TR AR A5, 2019 ) |, B2 MR I i 11 25 Bk
A W R 1) SRR (A e il 45,2020 ), R T | il
WEPERAE . (2) SHY 0 A B AE SRR A K,
WOREHh AR A 2 0T B BERGE OT B A R A
AR ZR T 7 A ol 11 32 2 3% 7 55 g L 8 g ¢ R
AR Ry | AR A A JR 91 3% 40 S e 1 3R e
I B R (E RS, 2020) o X T
Hu pH 8 B R 5 WA G OO AR )
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Table 4  Soil enzyme activity C : N : P ratios and vector characteristics in

different land use and ecological restoration types

LA T C:N C:p N:P RERE KAE
Land use type Vector length Vector rangle( °)
1 0.92+0.028d 0.697+0.022d 0.758+0.021d 0.441+0.031¢ 69.96+2.261ab
I} 0.984+0.034bc 0.784+0.023a 0.797+0.017b 0.531+0.043b 65.133+1.556d
I 1.039+0.028a 0.773+0.025ab 0.744+0.015d 0.583+0.035a 68.419+1.89bc
v 0.904+0.031d 0.77+0.031ab 0.851+0.028a 0.435+0.042¢ 61.776+3.408e
A% 0.998+0.03b 0.753+0.015be 0.756+0.013d 0.526+0.037b 70.667+0.823a
Vi 0.953+0.043¢ 0.74+0.032¢ 0.777+0.018¢ 0.473+0.057¢ 69.786+2.202ab
VI 0.981+0.038bc 0.775+0.02ab 0.791+0.018be 0.52+0.047b 66.492+1.277cd
SEE 0.968+0.054 0.756+0.036 0.782+0.038 0.501+0.065 67.462+3.576
Mean value
*k5 TEMAMEREC:N:PLESTEREFZEHMEXE
Table 5 Correlation analysis between soil enzyme activities, enzymatic C : N : P ratios and other soil factors
ffji S0C TP ™ AP NH-N NO;-N pH
BG 0.431™ -0.569 ™ 0.002 0.458 ™ 0.351™ 0.659 -0.03
NAG 0.358™ -0.740" 0.132 0.031 0.616™ 0.434™ -0.340"
LAP 0.303" -0.684"™ 0.237 -0.126 0.686™ 0.422" -0.301"
ALP 0.336™ -0.617" 0.336™ 0.151 0.567" 0.575™ -0.062
€N 0.05 0.161 -0.324™ 0.449™ -0.417" 0.286" 0.324™
C:P 0.204 -0.12 -0.387" 0.443™ -0.138 0.333™ 0.017
N:P 0.144 -0.318" -0.035 -0.091 0.334™ 0.018 -0.353"

TE: "R P<0.05; " FER P<0.01,
Note: * indicates P<0.05; " indicates P<0.01.

WA B RS (R FRK A, 2019) A BLBT A e B
1, R R R AR (RS 55, 2021) o R T IR
W MFE S, HY o3 6 K A LT 45 e R
Yy, AR HE AR A R RN A3 I R 2 1) T R A R
FEAy AT R (E R4, 2021) ,
32 AETHFAARMKSEX 0 L IERF
HREC:N:PLE

AWFFEA A6 A ] b R 7 3 e
LR Ak e 1 0 R AR AR b HL AT 40 55 19 NAG T LAP
TG PE DL S W N = P LA, — A, R
Oy B R R R ) - R T 1 S Ak
T AR B2 &R (Zhang et al., 2021), i&
JSEAS [) = b ) FH = A 3 i 1 R G B A 1 AR Ak
FTREA QR WAL (1) 52 3 - Sl R BR 1 Y 52

Wi, FEASHIE ST o, WG RO A R A A+
Hi R S TR 2 2 i e = O BR A b I T T
C: P FIN: P HAA m T HAh A A 7 =X [ B
it 115 14 B A T A S /0N 10 P A b A X
by = b 1 FH 7 22 s B 95 A A A R
SR A O 1) T AR O ol AR O - SR 4 1 A R
PRI A 38 b iy AP & i B S v T A
FIH T 3K B 08 32 Rz R T 2wk BR i ek 55 1)
B X AT R 5 PO RE M ST A Y e AR T 3, A
I 53 1 Kb 70 A8 A5 i FR o A AR (5K Ak 52 55, 2020)
(2)ZENAR G EAEMW R, bk 2] ek
HIREAR, Bk A R EYIE S E A B, 15
TR A R R A R IR T A LT Y A i (BEAS SE
2011) . I, AWFSE &I NAG HI LAP filg 1% Pk 5
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0.5

Hli 2 Axis 2 (0.81%)

0.8

0.9 i1 Axis 1 (65.8%) 0.9

B3 LIERHEYERILC: N P ILES
SRR I OC R A IR 73BT (RDA)

Fig. 3 Redundancy analysis ( RDA) of soil enzyme
activities, enzymatic C : N : P ratios and

physicochemical properties in soil

ko6 TEMEMRHEC:N:PLREMNZWEZER
Table 6  Factors influencing soil enzyme activities

and enzymatic C : N : P ratios

ampppy S
Et=2 i Explanatory F{H P1{H
Importance .
Index i quantity F value P value
ranking (%)

TP 1 38.3 37.9 0.002
NH;-N 2 9.5 11.0 0.002
NO;-N 3 9.3 12.9 0.002

AP 4 8.0 13.4 0.002

SOC W FHIEMAHL, W EAKBIRER, 4R
W HARA A TN RE X, N UAEAE 20 I T 2 1Y
fitg , 2543 W T £ (9 BILY 45 T A W Bk 4y b
JK fi B, SLIW] 43 1% A HLTE ( Avellaneda-Torres et al. |
2013) , NH;-N >k HF 13 TN B0 1k, 405 i +
HEXT NH-N (R0 i PE s, 38 R/ R A4 4 i T HiAlh
R 2 (WS, 2021) , I, ASBFSE
13 NAG Fl LAP B{GEPES NH;-N &t B3 I
MR, 5 LRk, 5 H A + 1R H 7 XA
R 1 EL A B A SR A FRIR O

FEARTRN R B2 A5 v, 9 i IR AR PROR 5 & 9
TR EA B i BG FI ALP BTGP, BAT HAR
N = P RIECR 1Y 2R 1t 1 B 16 I V% I ABORT
B S5V TR S MR 32 Tl B ) 7 5 o) L Al Ak A2 82 =X

FEEE, KFPAE LAY & A, A T BE S T AR W Y A
AR —ERFR, HBWT. (1) HFETEY N E
PRAFAE A B0, V&Y B A R e ny A KR 4
FERIRIEAE I BURE X R R,
4 ey 3% o A HIE AR, AR S o W T 2
1Y il ok $ = A AP 57 4 B9 Ik 0V ( Zhang et al.,
2019) , (2) S5RIEYIHEA K, T ARMAHE
SR 5 R 38 MR R L At K AR AR A A v 1 R TR
L ONAE ) RO AR BUSR r RE T T R A
ML, SRR 22 0k U 4 58 ML 1) 43 ik A
WAk, 3% B 3o B A 5 40 i 6Ok o8 B, A BF SR 45 AR
KA EEEYES SOC BB F IEAC, Z5 LT
W & AR G TR Ah BB 4 AR AL AR H e
Xof W TR A A K 52 v A e R 1 [T R A S
(B A RN XS HE ,2017)
33BEEMERC:N:PLETHKHIRIEE

AHIFGE Sz BRE Wi A B S M R Ak AT H Y
BF N T & TP NH-N NO;-N Fl AP, 1, TP
X HERE G S € 0 N s P OHEE R RO, H P E
H937.9, IR O 4B S B R A S TS
P C NP IAE A E % R (Hill et al.,
2010) , il . I/ 1 304 (2012) DL 4 & U B A
AR B TR M F SR 0 52, & B0+ 38 NAG B IG5
NH;-N 1 NO;-N £ i 380 ¢ ; #9155 (2021) 38 3
WF5E T I b X E K Hb &k B+ 58 B NHE-N Al
NO;-N 32238 £ 5% e [ 2030 A= 90 28 1 5% i NAG
I LAP B0 PE, TP & 4 HEmk 19 B 6k 2 B AR A g
50 4 e - R 2 A AR K7 fH 5 TN 1 SOC 14
G LU 56 2R, A0 SR S il 3 1 1 TR B RE  [KL -, A
FUHL X SZWERR G, AP AT LAz e - S0 37 4 1 1T
P BT BN PAT BILBE 7] JC MBS 5 1h 1% 5 % | A
FEL X TCHLBE WU ( Zhang et al., 2021) , IEAb,
TCAR M £ 7 Fl (SOC, TP, TN, AP NH,"-N
NO;-N . pH ) FEALAE 5 AN [] 4 b ) FH 5 =Cfn 4k &2
PR O M A AR 25 T B i N 66.6%
XS IR R BT T R A R Y S Tk R
TE W 30T = R R A A R rp Ry % B T X 2 R
ENIECT T R EC

4 i

AR SC 1 X7 5 XA ] s 4 O ORI AR 25
PRIZ A LSS P S € 2 N = PG YT
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LU E58 : (1) BFFE IXOR R B R 1 4 il
T P AR i T AN () R 7 5K (2) B 98 IXAR 8%
FE B 4 e R, e A AR R
FRALRY SCHE 5 (3) FEANTA] bt ) 5 RN 2 A5 =X
ORI R LR R L C s N P
FOARLZS AR R 52 MR P J3E BTG
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Species abundance distribution pattern of plant communities
in different terrains in subtropical karst area
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Abstract; In order to explore of the species abundance distribution (SAD) pattern of plant communities under different
terrains in subtropical karst area, to reveal the SAD formation mechanism of the community under different terrains, and

to enrich the theory of plant community construction in this area, the arbor layer and shrub layer of plant communities
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under four typical landforms of ridge, trough valley, saddle and depression in Maolan karst area of Guizhou Province
were used as the objects. The empirical cumulative distribution function( ECDF) was used to characterize the SAD, at
the same time, the Wilcoxon rank sum test was used to analyze the differences in species abundance between different
terrain. Then different ecological models were used for fitting, and Kolmogorov-Smirnov ( K-S) test and Akaike
Information Criterion ( AIC) were used to detect model acceptance and goodness of fit. The results were as follows:; (1)
There were differences in the number of individuals and species in plant communities under different terrains, the
number of individuals in saddles was the most, the number of species in depressions was the most, and the number of
individuals and species in ridges was the least. (2) There were significant differences among shrub layers, between ridge
and saddle, between ridge and depression, between saddle and trough valley, and between saddle and depression, while
there were no significant differences in the SAD of arbor layers in plant communities under different terrains. (3) The
SAD of the arbor layer under different terrains was well accepted by the neutral model. The ridge fitted best, but all
terrains were poorly accepted by ecological models, only the ridge and saddle passed through the two niche models, and
the goodness of fit was not as good as that of the neutral model. The shrub layer was also well accepted by the neutral
model with the best fit of the saddle, but it was poorly accepted by the niche model, and only the depression passed the
broken stick model. Overall, the arbor layer was more acceptable to the two ecological models than the shrub layer,
probably because the SAD of the arbor layer had more obvious imprints of ecological processes. However, the difference
in the goodness of fit of the shrub layer under different terrains is greater, which may be related to the more drastic

changes of the shrub layer species to the environment. Consequently, different terrains lead to different ecological

42 %

processes of community construction, and the SAD pattern gradually adapts to the terrain.

Key words: terrain, species abundance, model fitting, karst forest, Maolan

NV ) A ) S T R A ) R 4R 4 DA
K BRI — 7 ] A ER R — EL AR [E] 0B, B oA
JETEVE A 25 2E 0 5 A S& B 7 W] ( Chun et al.
2017) , XFRX—d MR =ETIFLZHIES
a5, e fe B I 2 a8 AR A 6 Bs 5 o v 3
1 (Dawn et al., 2017) fE5 5 S0 B 46 AE VR
H T A AR A LA LA 3 B H T b A S A7 9 4
b, &4 b K HL T A IR 5T AR 5 i f) 45 2R ( 56 K A
FHER ,2016) (AFEWF ST R B oy, LS Py b A= 25400
(18 A 25 PR = A AR R 1 T B R T AR A AL
(Ning et al., 2020) , R i FH 157 2 o e, R TS
HPE B B 4R 2 Hubbell 25 AU B 75 0 4%
PR AT AR S TR 1) 22 5%, BE ML A4 5B
il A SR PRl o> A T R R X R
FEREVE A R 58 v 53 R BR AR, W A% B0 A 25 60 W A
(R R BRI T 45 A 52 38 B4 b 78 U B, 2 ok B
Ve 5 O B AL A1 T T 22 A e o R 1 R
(XEMRSE,2020) , R i 27 e, R o
FRERIETE £ AR 438 v 2 W A0 058 3% |, (H 2 #0 A
RESE M REVE AT R BIS L, Bk k£
BB KB AE T PR BRI () G i e 1) T
PP BRI R 5 (4 58 B 55 ,2009) o

TETE W) Rl 22 B AR Jm 76 B 7 A 28 24 5 R AR

FFERNRRIE 2 — | S R W) R RS R R A
AR SCHE T B, MR T 2R R B TLRE VR AR
PERIVE T, W) Fl 22 B2 A& Ry 43 B B R 50 ( 95 0
2015) . cHIIFD £ BE A% SR T 3h ) B 5 45 A4
R, a5 AN Y REVE A1 s BEVE W) Fh 2 R o R
oA B LS SRR SRR T REE Y
Tl 22 88 43 A5 0 WF 5 05 %, B ST W b 22 0L A5 A AR
SIATREVR A Y AR A A AR B T AT AR T
%P G, 2019 ), #5703z B AR 25 4 38 AT LK
AT LA S AR S ALY MR 5 R Al e 1
B =R M2 i G PR ALt F A %
S BT ( ZE 445 2019) , BRI R R 5 A 2
N AR B A R ) P 22 B 1 PR R R R A AR R
GRS, BT s 2 58 5 iF 50 3 45
THEVEACE R FIOK | BT G 00 Z 061
XFF ) Tl Z2 BE N AT AE R B R an AR A AR A
(2011) BF5E T Wb 22 BEAK oy X BRORE RO 1 i o7
T SR DL R B R R R A AR AL, B
IRAF (2012) WEFE K B Fh 22 B 53 A . 32 B % TURE
By B s, e ah , R A T A (I AR S, 2021) |
s A5 ol EEAB) ()42 85 45 2020) 25 R & b 2 W fh &2
FE A 45 ] R R (R ) Bl 22 A Jm 1 4 2 —
AN 210 E R OO it BB 5 18 2 A B



6 P 345 SRS I 30 b DA [R] M JE AL P 7 v 1 b 22 52 0 A A% ) 985

FWAN 4y, E RN E E 2 il 28/ R
XA EZ W R T, g %%
(EFMLE 2018) , Ju HHIE 5 Bt 2 5w 75 )
it 22 A5 Jey 7 2 R 2R, (H 2 H A 63X T A A 5T
B X BRI T FRATT HE e R R ) Bl 2 A SR AR
CINIESEIS AP

H TP 2 45 W b 22 B A A ) R R (P
65 2015) M S 2 B DO LR
Gy (B4 24 2020) BE VR RRAE (GBS 55, 2019) |
I I BEMEIR S (R4 ,2015) , M S m 75 &
REVE 523 18] 20 A HFAE , DR I 3T S5 S5 ) 8 9 A
PR 4 BIF 55 L8 S ], {2 X J T A9 i 5% 22 4K
AT R A S, X 05 R Y S5 4 O T
Bl HES (i RARSE 2011) MR TR A, 5
HIAES A RER, B BEAANE, HIL 558
BRI A e A R (25 ,2021) , 5
FETSFRAE 0 CTRPE 0 S 25 Dk o v B g
I ST b S o B A B — 7 T R S A b
HLAY A A A (AR 5, 2015) , XML IX
TR E A BRI AR S, R T H
I B A0 (% 223505, 2020) |, 76 3K R P i A=
B, gt KO, B R T LAY | R IG AG wE
BRI AR MBI . XX W b 2R A B
AR B R N Y MR BT HOM R VR 25 S
T ML — T2 R A 2 3 R 5 1 EE S, H2 24
P X AR T 4 T K B R TR Bl A
T Y% (ZR R Y55 ,2018)  (H R XHZ L IX BEVE )
Tt 22 BEA% Jmy (0 0F 9 0 B A /0 T 6 132 b IX 1 T
SR 0 Fh 22 B A R A T 5 R R B, 3k B il
T FRATINE S B 0 IR R VR S 2 B A AL Y
I, Bt BRI T FRAT TR IR B R X T REE Y
Fift 22 FE A Joy BRI 520D

AR FE LA ST 5 2% [ R G H AR PR DX s 4
THURE 25 bR BE V& 0 BIF 9% IX 88, AR 46 3% b X 1L 3 A
A B TR M 4 b R mE R Y N AR AR,
KAV R EAE S Z2 B RIS 0977, il i3 Wilcoxon
FRARE S K-S K56 | o b 5 15 o DU AG: 96 A 5% 445
PR LA T [, (1) 1 IO [ RE 3% 2 Fh
2R AN ) HUE T W Rl 8505 A R B0 BOE R 3
(2) 4 Fhs AT wE TR b 2 T BEVE YR £ B A SR 1)
2R R (3) ANFEMWIE T REE Y2
PR AR A FAT R DS 7% T X i S o
T RETE YR 2 B4y A R AE S W) Bl 2 FE ARG SR TR i

T, D S BAGAE W T  R PR AR A A e R ) T O A
(L3 ih708 2 i

1 HRRXBRE 7 &

1.1 ARXER

WF5E TF R T 53 0 48 B 50 14 0% 2% B R ) R AR
PIX (1) P24 5 N 107°52"—108°05"
E,25°09'—25°20" N, PR3 X 5 i 13K 5 AR
K245 600 m, F-E¥EHR 800 m ZoA7 . L HLIX (1)
Wi A8 R B, I HL 322 X el 1 E i, A 7
T AR RG22 AR PR 15.3 € KR
T, AAE R IA 1 750.5 mm, AR 3 X 2R AR WAL
WEL, AR ZYFEE TR 28, 25 8] F
S, TR T FE Bk b [6) 4 B by /0 UL 1 e 3
1.2 g EFY AL

2 L R 22 B R G AR DR A DX 1S L
2 SR B R A M A IR SR R 2 A Y . S
R0 (2011) XF B W 40 R b 35O A SRR AE 1) A
SE LA O SRR A, e A A B 4
Fofr L AR 03 17 4 i JE | b 22 () ) B K T 150 m HL
PRz N4, i i B L A — 1 AR 20 K
P, 152 bR A /N T AR 900 m?, H IR ] A
HECRR MR 2 &R B0 K 30 7 0 J7 %) (GB/T
33027—2016) HEYAH S & B AE L, B Fh HL B
BWHE 330 m x 30 m AHIE A BRAERE L K R
HZI 53K 9410 m x 10 m FEJ7 .

FEAS e B, % b X RV 40 )2 B 5, ksl A
M)A ROIR B0 5 R e T I 25, TR 2 IR 2 IR 4
(2021) ¥R KRG 2, LLEEE TR ARAHE Y N
X4 I (H) =5 m B2 (DBH) =5 cm i3
RIARZE W@ (H) <S5 m HIgiE<S em BIARAAEY)
HEAR)Z, kgt itst s, T AR (H) =5
m EFE<S em AE R IR ARFIFATEAR)Z W5 <5
m HIE =5 em BUAEBEIITH ABERZ  TESITHY)
FhRNAS BREC MAe  BEAR e BE B[R] 90 Si B
TR B | IR A EFER (R D) .

1.3 YUMESERTAE

Shy I SRS R SR AT B8 A 3R i R 23 1 A
PRIXGE T 3 DL LG A 5] 189 40 b 43 A3, PR A F 52 R
H 2 24 5 45 A PR %8 (empirical cumulative
distribution function, ECDF) ( BEI&R4,2018) ,f# F



986 OO0 M W

42 %

B3] Legend

B 5236 X Experimental zone
2% M1 [X Buffer zone

I #%:[X Core zone

, Wf 9% [X {7 B Location of studyarea

108°6'07 E

108°6'0° E 108" 12107 E

10780 E 1075407 E 108° 00"
B i XoR
Fig. 1 lustration of the study area
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Table 1  Basic information of sample plot
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S50 e K S5 4K AR
Terrain type Altitude Slope Aspect Soil type Investlgatzlon area
(m) %) (m*)
LIL# Ridge 759 45 4 South £ Kt Limestone soil 2 700
F 4% Trough valley 850 40 ViR Southwest £ K £ Limestone soil 2 700
A Saddle 869 21 4 South £ K £ Limestone soil 2 700
#E M1 Depression 845 13 4=]1] Omnibearing £ Kt Limestone soil 2700
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(1) XTECH AR (log-series model ,1s) (73
WA 1997) AT

S(n) = aX; (n=1,2,3,4--) (9)

L S(n) RIRZHN n BIYIFE o RETETE
WA Z R

(2) X % IE 25 43 A1 £ B (log normal model,
Inorm) ( Preston, 1948) , /AU T .

A = lE@d Hes@re (i1 2 3 ... ) (10)

AP w NIES A s AR 254,
5 i MR Z R,
1.6 BLEMRKI

K HL Kolmogorov-Smirnov i 5 ( K-S ) > £ 56 5
RGO, 8 ) R4S B R 50 Y I 5 PR R
(P); K H 78 it {5 B & W] ( Akaike Information
Criterion, AIC) AKTERL 4 (1 , A U Y, AIC =
= 2In(L) + 2k b2 AT YRR H A )
ZEMPE BRI, AIC FEAE M AN SRtk A<4aF
SR AL S 73 TR AR Excel 2010 H5E AL, 1L
AR5 2K R-3.6.3 Ak T, Horp B
TG 22K AIC K30 7R sads” A P 58 B, K-S £
I 7E “ Matching” £, 52 B, ( Anchi, et al., 2019) ,

2 HXRERM

2.1 BEEYFARN

TE 4 il P B 9% 4 3t A 698 £ B FR KR 1 442
th ORI R EEAE (R 2) R ARRAATEH
#AR ( Boniodendron minus) . b & W ( Platycarya
strobilacea) Y6 B A ( Cornus wilsoniana) (W P85
JZ ( Clausena dunniana) % ik & X ( Cyclobalanopsis
multinervis ) 5 3= 5L W) B 5 )8 A 2 HE AR 9 005 ¥k,
AKNIZA LB EF (Murraya exotica) \Fd K AT ( Nandina
domestica) . 1| #£ ( Cinnamomum wilsonit ) | 7)> I #ifi
( Diospyros mollis ) . ¥ 16 7% %5 1€ ( Echinacanthus
lofouensis) %5 FZ W) s 4 P IE 0 BE 95 SR 50
PR AL WLZR 3, B3R 3 AT SRR S AR B
e (3 483 #k) . HLRJEME AT (2 864 k) .\ ILH
(1 626%k%) , MAKURAR A S HHE (2 474 BR) , AN [H]
B YR EBCRAFAE 22 5 FETR R 2 WA B T
ST > B> LR TERE R W) R Ul
S BN ST > 1R, PR 2 IR TE Y AL
SRR RS R, AR Z 1 W) R B W] 3 B
T T IR ZE /YY) R R, Frb b R I R AR
B SR D E R Y R i o 8 (Fe AR 65 i,
K140 By 1 LA R 593 9 SR80S WA RO
Bk,
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Table 2 Main species composition of community
il ZA VN HEE HEAR HEE
Rank  Tree Importance value Shrub Importance value

1 ALK Boniodendron minus 7.08 JLELFE Murraya exotica 17.17

2 WHER Platycarya strobilacea 6.60 B KA Nandina domestica 10.97

3 HEEBRA Cornus wilsoniana 6.58 JIIE: Cinnamomum wilsonii 9.52

4 K5 K Clausena dunniana 5.99 JNI A Diospyros mollis 5.46

5 ZWkH X Cyclobalanopsis multinervis 4.51 WALAVE AL Echinacanthus lofouensis 4.57

6 ZERLTH Evonymus dielsianus 4.48 ¥ 17 Clausena dunniana 2.78

7 KU, Acer wangchii 4.03 BB Lindera communis 1.82

8 INSRIE R Machilus microcarpa 3.86 Kok B BERY Distylium myricoides 1.80

9 BkME Sinosideroxylon pedunculatum 3.28 Bt J5 45 Chimonobambusa angustifolia 1.64

10 JNIEAT Diospyros mollis 2.80 BAEW Myrsine seguinii 1.39

xR3 AEMFEEENDFAR
Table 3 Species composition of communities under different terrains
S I/,\_ﬁ;;@z Te KJZ Tree layer HEAJZ Shrub layer
Terrain type ndividual
number B Family J& Genus i Species B Family J& Genus i Species

1% Ridge 1 626 30 42 47 50 76 92
HE4% Trough valley 2 864 34 41 53 61 100 132
B Saddle 3483 30 41 51 63 105 134
7 i Depression 2 474 39 55 65 61 105 140

22 AEAME THEDHESENHIER
B LW TR AR 4 Rl e 0 T
YRR BT A ik 2 Bros, mE 2 AT,
AR HTE T FE 75 B b AR K AR B ECDF 2 S 8l —
SERRRERY S B BT M T BV YA B 1 A
FL A5, HAS W) % ™ B 95 (0 % A A L AR T i
ARIZWEL BT AR Z &, ARG Wilcoxon Bk FILAS
A3, R MY T BETE 1 TR K2 ECDF Z [8] 378
BEMEER(P>0.05) ,4 FiE FREEEARZ K
WHZEZERAEREES, HPILBFESEK(P=
0.049) JEHB(P=0.004 8) 55 B &, B 54
(P=0.001 26) JEHB(P=0.000 1) tLAFTE W& AR,

23AEMETEHEYME EEANE
2.3.1 REBOT D BEE RN E DAY 5 EAFEAR S
4 i R B TR Y R AR AREE T T K2 1 R
ZIE A RS ORI R 4, 4 K-S K56
5 AIC K23 & B, 1L 1 B804 00 B8 P Sy o A5
RIS el Ge i1 A > A A AR AL Hop o 2 A R &
22 I AR A 4 32 i 0 (AIC = 242.1) | X W fE A

T LB 3 ( AIC = 260.9) |, 111 % T JLART 9% B dss
BIEZ e (AIC=1 862.6) , N 3 i m] B A
e A B B W) 2 B S S LR R R £ i 4
REPIEROR, R ILE B T YR 2 8
HLHIAANL 52 vh Pk o B 4 1, 3 52 — o8 R 1Y A 38
7S TR 5 W) 5 R A X6 T v PR AR RS B 4 AR R 42
ZRAT, H PR A 8500 22 AR/ X T A=
BRI 37 350 2% Wi iR BE R ( $UL & 1 319.1,
fE2 T LA GOBOBE RS | U W32 bR R IR R 2 B
FhZ By gt = DL b M B O ) W AR AR AR 3R
YA AL o R A R HE AR T LT 9 B B AR 3R 1
T AR A T BT 5 8 350 X6 AN ) A5 AL 4805 RO 5 1 A
oL, [A) Ik 32 A 25 00 ad F 5 v M R A o #0650 B2
BN Sk v PSS A > 4 G T B Y > A2 A A A A o
P R AR B 1T b (SO v P A TR 4 A7 A
FEL T P Fofr A 2507 A5 TR0 R 4400 4 1 R e %) X6 I
AR R W% MY Py Fh 2 B A i A A A
T R AS WY i B A T, MR ek R R R 32 AR AL
il o EIRATEN, LA X PR R T IR R
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Is. Log-series model; Inorm. Lognormal model. Observed value represents species abundance. The same below.
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Fig. 3 Species abundance distribution and model fitting of tree layer under different terrains
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Table 4 Model fitting of species abundance in tree layer of different terrains
Tieﬁzifst)%e [4 T*e(ﬁ;?/rir\n}ejt}{lzo 1 mzsm Volkov bs gs Is Inorm
11174 Ridge 14.94 0.88 AIC 242.1 244.2 260.9 1 862.6 242.22 251.8
D 0.022 0.022 0.217 0.261 0.022 0.174
P 1 1 0.227 0.0873 1 0.49
T4+ Trough valley 15.93 1 AIC 287.9 289.8 319.1 2 537 287.8 297.7
D 0.075 0.075 0.245 0.321 0.075 0.17
P 1 1 0.082 <0.05 = 1 0.43
i HB Saddle 19.65 0.88 AlC 296.9 299 318.5 2342.6 297.1 309
D 0.086 0.086 0.224 0.241 0.086 0.19
P 0.98 0.98 0.109 0.068 0.98 0.25
HEH Depression 26.54 1 AIC 344 345.9 386.3 27329 343.8 363.9
D 0.081 0.081 0.257 0.324 0.081 0.257
P 0.97 0.97 <0.05 = <0.05 = 0.97 <0.05 =

H. 0. R Z R EG m. BHEER R AIC. JRifE SN

D. k-s ISt ., * P<0.05, #* P<0.01, %R 46 4% 44

mzsm. B A WEEZMZ XA Volkov. Volkov #i#Y ; bs. Wit AR ; gs. JLATZCHRARL ; 1s. XTELCHARAY ; Inorm. X4 IE &40 70

R R,

Note: 6. Basic diversity index; m. Community migration coefficient; AIC. Akaike Information Criterion; D. Statistic of k-s test. * P <

0.05, #* P < 0.01, indicating that the model is rejected; mzsm. Metacommunity zero-sum multinomial distribution model; Volkov. Volkov

model; bs. Broken-stick model; gs. Geometric series model; Is. Log-series model; Inorm. Log normal model. The same below.

(1) 22 FEAS FEAL ) b B2 2%, 32 WO FR AR 25 2 o R 4
(iU ERNE 5 YU o s SR C R O o o A AN
ﬁﬂﬁﬂ%?ﬂﬁﬁ%ﬁﬁlﬁlE’J%Eﬂjzﬁ‘i?‘é%ﬁ( 6 5iF
P RE m, X 5 W W R Hb XA 1Y AR IR R T
AKX,
232 RNETHEMBELZLEKEMF 5 FEAER DA
4 g SR SR b P R BRAREE VR VR )2 (1 ) Fil
ZREEAT ARG BRI G RCR WK 5, 4% K-S ke 5
ALC K 30 A B, LU Xof T H P A A 5 dafi 45 1148 80 452
By S ey N TN (R RO o LG SR IV
R WS 5 T T 3 B BRISERL A LA 2
B0 LA AR L, X5 T v M A AL b 2l 455 A8 A Y 4
ZA T A A AR Y b X PR R A 5 i 4 A
R4 32 507 H0 48 A 250 308 1 JL AT B A
A Z Wi MR A B A 48L& (P =0.574) , R 19 b v
KIZYIFP 2 B (R e 22 ka5, Wil
AR ENAESH I BEEAS —E/EA(E4),
M LR AT 4 R IE TR REEEARZ Y R £
JEXT LR BRIS AR () 4 2 G 1 L 5 T K2 M
oL, rh PR AR TR Al 2 AR AR (3 O AR A B
AR 4 P T8 N A W) BE VR HERZ Y R 2 B

Pl LA P B 3 R Z W) B £ X
TSR IR Z 15 0L I AR R B 22 R AR DS
RS FRAE 4 Fh AT T AR )2 Y Fh 22 B A i A 1
538l EMERAE 78 o T LEAS [ IR R P 2R
RUFEYI ) P b 22 B2 405 (LR B, 57 AR JZ 0 T 45
MG EZA THAZ  HEAZ YR 2 RS
{EREHIE AR B sht S, AN [l i T AR W
Vi BT JZ AT g A SR 2 REPE R L

3 it E4®

3.1 BEMAF AR

HEVE T2 LW op 2 B R T A v 1 o A A B2
2, I H (R R A A i v ) b O B B R 9
PROBRMS A, 2021) , AR, T AREAAAE AL
A TR OLERRA Wi B B 2 ki X 45 B
Yofb e R JZAF SV T (g R AT IR /it
Fili B AR A AL R SRR BRI 00 3 LR IR AT AE
ZESE o WML X R AR RE 5 A B M EEROR,
BOREVE AT AE 18] B o A 4 b P (A 20 1 25 1] [ ot
B DX AR VR AN ) A A B R 2 A 22 S5
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Table 5 Model fitting of species abundance in shrub layer of different terrains

W Ke) , Kot Jrik ol ) 1 1
Terrain type Test method mzsm ooy s 8 s form
LI Ridge 20.1 0.72 AlC 635.8 636.3 723.5 11 579 634.9 642.4
D 0.076 0.076 0.315 0.359 0.076 0.098
P 0.95 0.95 <0.01 = <0.01 #x* 0.95 0.77
T4+ Trough valley 29.1 1 AlC 862.9 863.8 1049.4 17 933 861.8 887.4
D 0.128 0.12 0.383 0.451 0.12 0.15
P 0.23 0.29 <0.01 = <0.01 #x* 0.29 0.1
0 Saddle 9.44 0.22 AlC 341.2 334 351.7 5035.3 340.9 319
D 0.25 0.182 0.341 0.318 0.273 0.182
P 0.13 0.46 <0.05 =* <0.05 =* 0.08 0.46
HEHb Depression 35.36 0.23 AlC 498.9 497.3 521.7 42285 499.2 505.7
D 0.071 0.051 0.111 0.202 0.071 0.172
P 0.97 1 0.574 <0.05 * 0.97 0.11

ANIE T T B % A & A 6 P A o8cE: 5 A8
TE W 345 L DX 398 25 FL i 25 b 3 7 0 PR ot K
AR AT Vi A 47 T v R B0 a 1 B 22 25 F ( Chen
et al., 2009) , M WA Jm TR BBV,
AR TR A 2R | DA I PR 85 BE SR B 2 M
FEE WA K it 2R P, PRt 5 | ke I 2 1] 1% 3
EAMARECRE 22 . TEVE A R R T, TR R
2 SHEARZ VYRR & T AR | 230
S A ) AR SN, W R A S AR T AR
SEPREE (EHELL AR, 2020) , 18 45 5 0 3 7 b 3 I
AUTFRE , FLL5F WIS A K o3 O g, R I 9 b
PR B LR T AT K - 3R 40 AR 2 R
il R A R SRR
32 AEME TR EYMZESH

FITA L0 R A B 2L S Wilcoxon Bk TS 55
AT DLSR BT 95 TR v 19 ) Bl 2 B2 O A 22 S R R
T ol — B RN UL A %) 2H B8 R A ( Thomas et
al., 2015) , ASHIFFE 45 AR, 4 Flog Hir 5 S 72 1l
BT RETE T AR 5 HEAR 2 A 8w W A L
1, 5 A 45 (2016) 7 BRI 45 (2021 ) X 7] 2
JEE TR A MU T R B R 22 R B ST A SR AR AL
12 b DX 1) e 764 e 17 20 b T T 0 R OB 7% A1 5 15
RS o I PR A 3 T O S - VA Rl o
WA X, 52 2R e 22 RRE ), FR AR S i, S A ) AR
KA LR 53, M b X 25 ) S o PR e, PR T 00
PR Y E, AFRA R ARE T LSy — SRR

T 55 A v A 328 T B R AR AT B, TR M M X A AR A
Wt B Fh, BEAN, B A FR A BT LR
HEREYFMZE TR R EB, XN RES
(2020) 7EXF H 5 . e FE 5 a) i A7 Fh 9 BF 5T B 2 50
E 3 28 Wilcoxon FRFNKS 50 & B, 4 Fh MR T #f 75 7
KRIZH YT 2 B o3 A0 A FEAE 0 3 22 5%, v RE 5
X G B Rb T[] — M X, 32 4 X AR 3SR Fl /L
{HJE: 70 2 AT B G IR IR 2 12 s X ) SRR
A% 30 5 ) T SR B A b 4 4 T A 9 U )
I T AR JZ WY Tl 22 B2 A& R B8R A2 b TE S i
PR (R 20 K WIS N A T S B A X
UGS JRRRAE o T HE A 2 22 18] 14 ) b 22 5 i 1 JE
255 I 2 AN ] T R 2 1 i gk R 4
W), IEA T A KB B, PRI ) 3t T S M A Ol A E
T 22 5 1 i g SR B
33 AEME THEDMSERIME

4 Fh LR Y T BE TS 10 ) Bl 2 A% )R B AR 4
Hi e A7 v P AR A 5 2l G T AR A | ELAS ) b X A%
AU G 0 B A7 A 25 5%, T 6 A 25 (o 455 A 42 5%
W2, BARAGITEIALE SR SRS AW
LA BEIE YR 2 BEAS JR) X T i fb A A 2 ad
T RAEFER Z AR (B i B A ) Fh 22
JERI PRI R REA R . AR 2l T B8 X )
FhZ LA S5 R, 5 RAEMS 45 (2021) SRERAR
(2021) FERFFREE R AL, £ 5 T I B8 015 A E
Bl AR P 5% R 08 UE 1 o o B A 0% M IX 2R PR 5
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Bl R H A A i A A A AR 32 5 Y R R R
Z bR T ORTEENS B BIHT B T BRI EEA
B BORE BRI Y J5 vk | 3 R DA e D e vtk
AR R W a5 i 5 45

SE .

ANCHI W, XIANGWEN D, HONGLIN H, et al., 2019.
Responses of species abundance distribution patterns to
spatial scaling in subtropical secondary forests [ J]. Ecol
Evol, 9(9): 1-10.

BAI HN, NIU X, WANG B, et al., 2021. Distribution pattern
of different life form tree species in evergreen broad-leaved
forest of Dagangshan Mountain [ J]. J Trop Biol, 12(1):
49-56. [ FItE, A7, £I%, 45, 2021 KRG e
MRANTR] A 375 AR o 22 8 A ks Jm [0, B A= 241,
12(1) ; 49-56. ]

CAl YF, YUE M, 2016. Research progress on plant community
construction mechanism [ J]. Acta Ecol Sin, 36(15) . 4557—
4572, [ Bk, EW1, 2016, HIVREK A HLHIBTFIE0E R
[J]. HEZS254], 36(15) : 4557-4572.]

CHEN C, LIU DH, WU JJ, et al., 2015. Relationship between
leaf traits and topographic factors of Quercus liaotungensis in
Dongling Mountain area [ J]. Chin J Ecol, 34(8): 2131-
2139. [FRfR, XUPHEE, SHE%E, 4, 2015, AR R XL
AREFMHARR S HIP N TRR (1], ARG AE, 34(8):
2131-2139. ]

CHEN J, Al XR, YAO L, et al., 2018. Responses of species-
abundance distribution to varying sampling scales in a typical
forest community in Mulinzi Nature Reserve [ J]. J Hubei
Univ Nat (Nat Sci Ed), 36(2): 130-133. [ Bz, £
fiti, Wk2=, 45, 2018, AMRTRIRKE AR BLRE K Y Fh 2
AR R I RUBERKONE [T, AL R B 240 ( F1 SRR
2FRR) , 36(2) : 130-133.]

CHEN X, ZHANG ZC, CHEN XH, et al., 2009. The impact of
land use and land cover changes on soil moisture and
hydraulic conductivity along the karst hillslopes of southwest
China [J]. Environ Earth Sci, 59(4) : 811-820.

CHENG JJ, MI XC, MA KP, et al., 2011. Responses of
species-abundance distribution to varying sampling scales in
a subtropical broad-leaved forest [ J]. Biodivers Sci, 19(2) :
168-177. [ FefEfE, KMAL, HviF, 2, 2011, SR
L NIt AR 7 W ol 22 2 0 A A% JR Xk BBORE RUJRE B4 ) 7

[J]. AW ztedt, 19(2) ; 168-177.]

CHUN Y, LING ZT, CHUN YZ, et al., 2017. An alysing
taxonomic structures and local ecological processes in
temperate forests in north eastern China [ J]. BMC Ecol,
17(1) : 33-42.

DAWN MK, ADAM DS, SONYA B, 2017. Multiple phase
transitions in an agent-based evolutionary model with neutral
fitness [J]. Roy Soc Open Sci, 4(4): 5-20.

ETIENNE RS, 2010. A new sampling formula for neutral
biodiversity [ J]. Ecol Lett, 8(3) : 253-260.

FANG XF, YANG QS, LIU HM, et al., 2016. Species
abundance distribution pattern of evergreen and deciduous
species in Tiantong evergreen broad-leaved forest [ J].
Biodivers Sci, 24(6) : 629-638. [ 77, #Pcks, XIfi
B, %, 2016, KZH SRR RS S YRR ) Y R
ZEARE R [)]. R, 24(6) : 629-638.]

GUO YD, ZHANG HR, LU J, et al., 2021. Species abundance
pattern of spruce-fir broadleaf mixed forest on the northern
slope of Changbai Mountain [J]. Sci Silv Sin, 57(5): 93—
107. [SERAR, skaxfil, 5%, 45, 2021 KEAMAL =%
IR ARE I TR Z RS Jm [1]. Ml Bler, 57(5)
93-107.]

HUANG MZ, LAN JC, WEN LQ, et al., 2021. Response of
soil quality to ecological restoration in karst rocky
desertification area [ J]. J For Environ, 41 (2). 148 -
156. [ WY WE5RE, SCHIG, 4%, 2021, Mirkef1 554k
X A FTR AR SME R RN ()], BRI,
41(2) : 148-156.]

KANG JP, HAN L, FENG CH, et al., 2021. Species
abundance distribution pattern in different habitats of
riparian forest in Tarim Desert [ J]. Biodivers Sci, 29(7) :
875-886. [ FELENS, il , MBEME, 55, 2021. B HUATEEE
WREMAR SRS Z B fitg R (1], A2
4, 29(7) ; 875-886.]

LAROCHE F, VIOLLE C, TAUDIERE A, et al., 2020.
Analyzing snapshot diversity patterns with theneutral theory
can show functional groups’ effects on community assembly
[J]. Ecology, 101(4) : 2977-2989.

LI QD, LIU WX, XIA SJ, et al., 2019. changes of species-
abundance relationship along slope direction in alpine
meadow communities in South Gansu [ J]. J Plant Ecol,
43(5): 418-426. [F 4, X2 &E, HRIE, 4,
2019. H B e FE R REE YR - 22 B R AT S m A A2 1L
(1], ARSI, 43(5) : 418-426.]

LI ZF, 2011. Karst landform zoning in Guizhou [ J]. Guizhou
Geol, 28(3): 177-181. [ 5%, 2011. SN W Hr s
A3IX [T]. MM, 28(3) . 177-181. ]

LIAO QL, LONG CL, XUE F, et al., 2020. Soil enzyme

activity and nutrient characteristics in different terrain of



994 OO0 M W

42 %

Maolan karst forest [ J]. J For Environ, 40 (2). 164 -
170. [ B4, ey, {E K, 4%, 2020. 82T AR AR
ANFIHIE LR SRR [J]. AR S BREE 24
40(2) : 164-170.]

LIU KC, LIU YN, SHEN ZH, et al.,2009. Neutral theory and
niche theory of community construction [ J]. Biodivers Sci,
17(6): 579-593. [ 432 &, X BT, WWiFER, 5,
2009. A PE RS RAE SO [ ], R
P, 17(6) : 579-593.]

LIU MX, LI QD, JIANG XX, et al., 2020. Contribution of rare
species to species diversity and distribution pattern in
subalpine meadow of Gannan [ J]. Biodivers Sci, 28 (2):
107-116. [ RUISEHE, A, $EMERT, 45, 2020 H L
FERLRTRA RS W0 Z RV R Fh 22 B2 43 A1 A% Jmy 1 Uik
[J]. E¥ etk 28(2) ; 107-116.]

LIU MX, ZHAO L, LI N, et al., 2016. Relative contribution of
rare and common species to species richness pattern of plant
communities [ J]. Biodivers Sci, 24(6): 658—-664. [ X%
i, BT, 2508, &, 2016, A FORE DLRNHAR MR T
Yofh - BERS J5 AR X STHR (0], LEMZ RN, 24(6) -
658-664. ]

LIU XJ, SWENSON NG, ZHANG JL, et al., 2013. The
environment and space, not phylogeny, determine trait
dispersion in a subtropical forest [ J]. Funct Ecol, 27(1)
264-272.

LUIS BDA, PAULO AVB, STEPHEN PH, et al., 2012.
Spatial scaling of species abundance distributions [ J ].
Ecology, 35(6) : 549-556.

LUO SQ, ZHAHG GQ, GUO QQ, et al., 2020. Updating
composition of woody plants under windowof evergreen and
deciduous broad-leaved mixed forest in Maolan karst
[J]. Chin J Ecol, 39(7): 2131-2139. [ B 435, I 27,
SRR, 25, 2020, )% 2= WIS S I e TR A AR 7
AR EH AR [)]. EEYARE, 39(7):
2131-2139.]

MA KP, LIU CR, YU SL, et al., 1997. Plant community
diversity in Dongling Mountain, Beijing, China Ill. Species-
abundance relations of several types of forest communities
[J]. Acta Ecol Sin, 17(6) : 573-583. [ D5 F-, XIAlsk,
TR, 55, 1997, JEHAR R L XA IS 22 REPE BT
F¢ ML JURPERIZRARAE VR OB -2 R R SE [T ). B
2F4i%, 17(6) ; 584-592.]

NING DL, YUAN MT, WU LW, et al., 2020. A quantitative
framework reveals ecological drivers of grassland microbial
community assembly in response to warming [ J]. Nat Comm,
11(1) . 20-33.

NIU HD, CHEN Q, XU ZY, et al., 2020. Interpretation of
species diversity and topographic factors of Dacrydium

pectinatum natural community in Bawangling, Hainan island

[J]. Chin J Ecol, 39(2) : 394-403. [ XIik#%5, BRry, #hik
W, 55, 2020. R & F ISR AN R WA 2 HEbE
L MBI T ROMRE (1], JEASE2%, 39(2) : 394-403. ]

PRESTON FW, 1948. The commonness and rarity of species
[J]. Ecology, 29(3) : 254-283.

QIN ST, LONG CL, WU BL, 2018. Effect of topographic
position on community structure and species diversity of karst
forest in Maolan county, Guizhou Province [ J]. J Beijing
For Univ, 40(7): 18-26. [ Z&ffi%h, Je R ¥, RIRH],
2018. HUJEABALNT 5% M 75 =% e e R MR 7 45 4 S )y b
ZREVERENE (1], AERARL R 41, 40(7) « 18-26. ]

ROBERT HM, 1957. On the relative abundance of bird species
[J]. PNAS, 43(3) . 293-295.

SHENG MY, XIONG KN, CUI GY, et al., 2015. Plant
diversity and soil physicochemical properties in karst rocky
desertification area of Guizhou Province [ J]. Acta Ecol Sin,
35(2): 434-448. [BERAR, RERE T, #m M, %,
2015. SRR STRR A1 B Al X AR ) 2 ARV 5 1 e Al
Bt [J]. EASAA, 35(2) : 434-448. ]

SU Q, 2015. Fractal analysis of community species abundance
pattern [ J]. Prog Geogr, 30 (10): 1144 - 1150. [ 75 5%,
2015. HEFEI I Z BEARS SR L IR AT [J]. HuBkAL 72t
J&, 30(10) : 1144-1150.]

SUN YG, KANG J, WANG WW, et al., 2015. Response of
spatial ~ characteristics of island vegetation landscape
heterogeneity to topographic changes — a case study of
Dachangshan Island [J]. Chin J Ecol, 34(6) : 1705-1712.

THOMAS JM, ROBERT JW, 2015. On the species abundance
distribution in applied ecology and biodiversity management
[J].J Appl Ecol, 52(2) . 443-454.

VOLKOV I, BANAVAR JR, HUBBELL SP, et al., 2003.
Neutral theory and relative species abundance in ecology
[J]. Nature, 424(6952) . 1035-1037.

WANG YH, LI SF, LANG XD, et al., 2020. Effects of
topographic heterogeneity on species diversity of monsoon
evergreen broad-leaved forest in Puer, Yunnan Province
[J]. Chin J Plant Ecol, 44(10) ;: 1015-1027. [ Eifas1, 2=
A, BIPAR, 45, 2020, HUJE 5 B Px 25 g I 2 XU
LRl AR A Z AR R [T AW RS E AR,
44(10) : 1015-1027.]

WANG JM, XU H, LI YD, et al., 2018. Effects of topographic
heterogeneity on community structure and diversity of woody
plants in Jianfengling tropical montane rainforest [ J]. Sci
Silv Sin, 54(1): 1-11. [ XM, ViR, FRE, %,
2018. MBI S P Xk e Uy BAAF L) M R AR AR A A ) A 7
SEHE K REERSZ I ()], Mol R, 54(1) ¢ 1-11.]

WHITTAKER RH, 1965. Dominance and diversity in land plant
communities; numerical relations of species express the

importance of competition in community function and



6 P 345 SRS I 30 b DA [R] M JE AL P 7 v 1 b 22 52 0 A A% ) 995

evolution [ J]. Science, 147(3655) : 250—-260.

XU YD, DONG SK, LI S, et al., 2019. Research progress on
ecological
construction [ J]. Acta Ecol Sin, 39(7) ; 2267-2281. [ 44
P, FEHRRE, 2200, 25 2019, MRS M 0 A Ak
BLRIBTTERERE [1]. LRSI, 39(7) « 2267-2281.]

YAN Y, ZHANG CY, ZHAO XH, 2012. Species-abundance

distribution patterns at different successional stages of conifer

filtering mechanism of plant  community

and broad-leaved mixed forest communities in Changbai
mountains, China [J]. ] Plant Ecol, 36(9): 923-934. [ [3]
B, SRR, RFBE, 2012, KL R B B iR
SEARRE T W) Rl 2 BE A ks R [J]. AW AR SRR,
36(9) : 923-934.]

YUAN Q, CAO JY, LIU JF, et al., 2021. Statistical bias of
plant functional traits in forest ecosystem caused by different
growth type classification schemes [ J]. Acta Ecol Sin,
41(3): 1106 - 1115. [ % %, W 5% #, x| gt vg, 5%,
2021, A= KA IP2E T AN Al S BORAMR A A5 R G Y D g
HeRgE w2 [J]. AAAS2FR, 41(3) ; 1106-1115.]

ZANG LP, 2019. Spatial heterogeneity analysis of tropical
mountain rain forest sample plots in Jianfengling, Hainan
Island [ D ]. Beijing: Chinese Academy of Forestry
Sciences. [ JRHIMS, 2019. ¥R & JQURIE iy (L R ARR
FEH A 25 8] S B 20 A [ DL dest: b E AL F 22
Fibi. ]

ZHANG TT, WANG X, JIN 'Y, et al., 2020. Comparative study

on species composition between Gutianshan and other eastern

typical evergreen broad-leaved forests in China [ J ].
Guihaia, 40(8) : 1061-1070. [ fK I, L3, 4%, 4,
2020. iy L5 e A AR 9 S 2 o 2 ] o ) o 2 1
FRAERY LA [1]. )7 PR, 40(8) : 1061-1070.]

ZHANG ZH, HU G, ZHU JD, et al., 201l. Spatial
heterogeneity of soil nutrients in karst forest and its influence
on tree species distribution [ J]. Chin J Plant Ecol, 35(10) ;
1038-1049. [ K4, BANI, B, 55, 2011, MEHirkRede
AR % 43 19 25 T S Jot M B JHC 6 A A 43 A1 1 52 el
(1], MRS, 35(10) : 1038-1049. ]

ZHAO P, QU JJ, XU XY, et al., 2019. Characteristics of
vegetation community and its relationship with topographic
factors in desertification alpine grassland in the source area
of Yangtze River [ J]. Acta Ecol Sin, 39 (3). 1030 -
1040. [ &A1, EAEES, TRIGTE, 45, 2019. RICEX 1L
1o FE R IR T R AE S L S OB I 5C & (U] 2R
AR, 39(3) : 1030-1040. ]

ZHENG JM, LI M, ZHANG M, et al., 2021. Interspecific
association and niche analysis of mixed forest communities of
casuarina equisetifolia and phyllostachys praecoxin coastal
shelter forest [ J]. J Trop Subtrop Bot, 29 (5): 465 -
473. [FBIRNG 2, 5K, 45, 2021, SEIHERTOMRAC R B
FIAE iy 22 77 8 28 AR V& B4 b 18] 5C 56 R AR 25067 0 7
[J]. PP Y74, 29(5) : 465-473.]

(HRfERE F #)



&M Guihaia Jun. 2022, 42(6) : 996-1007 hitp ://www.guihaia—journal.com

DOI; 10.11931/ guihaia.gxzw202102031

EW, BRE, e, % CBL-CIPK 55 RES 5/MITHR TR i A (5 B0 [1]. 7MY, 2022,
42(6) : 996-1007. ¢
WANG HB, LI FR, YANG JC, et al. Bioinformatics analysis of CBL-CIPK signaling system participating in the formation of [=]=%;
cold resistance in Jatropha curcas [ J]. Guihaia, 2022, 42(6) : 996-1007.

CBL-CIPK S &% 5/ MMAFI A4
ERHEYEEFEST
Tmp' S, BEE HAE HHhE

( 1. MoB Ui IR S & TR, = My 655011; 2. ME 4B /M A mK = it
T R A L 2R AR TS N L S SRR, = i 655011 )

W OE. BRI B W 1 (calcineurin B-like calcium sensor, CBL) J& Ca’ 454 %5 14 , i@ f 5 2840 4w
WM B W 3 H A2 I # ( calcineurin B-like calcium sensor interacting protein kinase , CIPK) HAENS Ca¥ 15
S, CBL-CIPK 55 R4 25 7YX 2R s raa i m i 72 SR AT/ F Bt HL
il , ZWF 5T 3T BLAST J3 4 Fo X 09 75 1%, 76 4 L N AKX/ - CBL 5 CIPK SRR R HEAT T %58, I X5
H ARGk SEH S5 Feak it LR HAESAT TR, S5 RM . (1) 7/ 13 4l St 3 e 51 8 A
CBL 3:H 5 18 4~ CIPK 3£ ,CBL 55 CIPK B F K B/ HI7E 211~257 aa 5 422 ~484 aa Z[H], 55 L 5 43 5l 7%
4.65~5.08 5 6.20~9.26 Z ], (2) 734k, CBL B ZHEEA 8~ 10 NHMR T, 1Ml CIPK JE R G015 43 0 b 2
9 1~2 ANFMNE T (11 ANERD) R 12~ 15 ANAMNE T (7 AR ) W25, (3) ZF 40 HEXT R R, /M F CBL & A
HRUEF 1A 14 D IERR IR B2 A AE M8 EF-hand 527 5 3 A BUCER BER[R] (9 L8 EF-hand 5% | T
CIPK & 0G0 & N S a5 A 5 C 3 MR FISL/NAF 254438, (4) Y (oA 7 s, 26 /M CBL
5 CIPK FEORI S MG T 9 SRt fk b (5) sk AU A R W, K84 CBL 5 CIPK B RIAE /M -+
i E M R A KR FR A Horh JeCIPK14 5 JeCIPK18 TEAR IR AN FRET |- 8 33k f ik 3] T 4 b 35 /K F
(P<0.01) ,Z5/MAF PR, 25 L4855 NI R/IMAT CBL M CIPK 3EH D) RE 4% @ 5 I0IR 15 5 5%
FHURITF TSR AE T4
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Yungui Plateaw, Qujing Normal University, Qujing 655011, Yunnan, China )

Abstract; Calcineurin B-like calcium sensor (CBL) is a Ca> -binding protein that mediates the Ca® signal transduction
process by interacting with Calcineurin B-like calcium sensor interacting protein kinase ( CIPK). CBL-CIPK signaling
system is involved in the response of plants to a variety of stress conditions. For insight into the chilling mechanism of
CBL and CIPK in Jatropha curcas, the CBL and CIPK gene families were identified from J. curcas based on the BLAST
method, and then the phylogenetic relationship, gene structure, expression profile, and functional interaction were
analyzed. The results were as follows; (1) A total of 8 CBL and 18 CIPK genes were identified from J. curcas
genome. The protein length of CBLs and CIPKs ranged from 211 to 257 aa and 422 to 484 aa, respectively, and the
putative isoelectric point ranged from 4.65 to 5.08 and 6.20 to 9.26, respectively. (2) Furthermore, all the CBL genes
family contained 8—10 exons, while the CIPK genes family were divided into significant 1-2 exons (11 genes) and 12—
15 exons (7 genes). (3) Sequence alignment revealed that CBL proteins identified 1 atypical EF-hand motif consisting
of 14 amino acid residues and three typical EF-hand motifs with different substitutions, while CIPK proteins contained
kinase domains in N-terminal and self-inhibiting FISL/NAF domains in C-terminal. (4) Chromosome mapping analysis
indicated that 26 J. curcas CBL and CIPK genes were distributed with different densities on nine chromosomes. (5)
Transcriptome data analysis showed that most of the CBL and CIPK genes were highly expressed in J. curcas leaves, roots
and seeds. Among them, the up-regulated expression of JeCIPK14 and JcCIPK18 reached significant levels under cold
stress, which was involved in the cold resistance of J. curcas. All the results of this study might lay a significant

foundation for further studies on the gene function and chilling signaling transduction mechanism of CBL and CIPK gene

(1. College of Biological Resource and Food Engineering, Qujing Normal University, Qujing 655011, Yunnan, China; 2. Key Laboratory of

families in J. curcas.

Key words: Jatropha curcas, protein kinase, CBL-CIPK, gene family, expression analysis, cold resistance

WEREAE A& T -1 B AH 5C HE F B (sucrose non-
fermenting-1 related protein kinase , SnRK) &) 1Z 17
TETHIY) B9 22 2 18/ 95 & R (Ser/Thr ) 28 8 H
Ml % . MG B MR P 9 B R 45 R SnRK K% 73
47 SnRK1 ,SnRK2 SnRK3 =4~ % %, SnRK3 X
BEFR R 2545 4 B W2 i B 3k B AE B (A CIPK
(calcineurin B-like calcium sensor interacting protein
kinase) (Shi et al., 1999; Kim et al., 2000) =k 3k
U 1 SOS (salt overly sensitive ) (Ji et al.,
2013) , KA JEABERREE B W EL 2 A ( calcineurin B-like
calcium sensor, CBL) /& CIPK B9 H 3% I HAEE A,
UL RE 0% S AL Y Ca™ {7 5, 2L [ 41 B¢ Ca®-CBL-
CIPK ZURfE 5 RS, Z 5P B & mEh MR &
TS AR AR 0y 30 55 30 Y e 7 3oE R (L et al., 2009
Sanyal et al., 2016) , fEHN Ca™ ZIKE T, CBL #B &
A 4 ADORSFPEAS [R] 1Y < B8 5E - 5 — IR i€ ( helix-loop-
helix, HLH ) EF F-# ( EF-hand ) 3£ % , & Ca™ 454 Fff
WVF Y ( Weinl & Kudla, 2009) , @B, #8543 CBL &
H N ik B A5 K& M09 N - 55 Bt L (N-
Myristoylation ) 8 N —%# 1 [t 4L ( N-Palmitoylation ) {3/

s i BNZ B AR S I F5 42 ( Batistic et al., 2008)
CIPK ZE 1 N iy 80l 235 4 o b #0605 1 A4S 3800 2R
(activation-loop ) #& J¥ , fii F-DFG-5-APE-J¥ 41| 2
&, Hor 3 N BE RS AY Ser Thr  Tyr 5% 2 J2
T VE KA BT L (Guo et al., 2001) , 1fii C %t £
DT R U A S e A TR A, P 21 324 A
S HE TR 5% JE 2 LAY FISL ( Phe-Ile-Ser-Leu ) /NAF
(Asn-Ala-Phe) Z5 #3802 CIPK 5 CBL £54 9.0
FF3(Du et al., 2011) , IEH#1H BT, FISL/NAF 45
FBRE N i 5 295 A8 S AR AT B A B AR
44856 Ca® IS 1Y CBL 2 15 FISL/NAF
SEMIRLE A5, AT ARBR FISL/NAF 45 F 3ok % 38 il 45
Ty DX A A AR, DT 2% 30 384 3% 4 ( Akaboshi
et al., 2008) , 74k, C ¥t 1 4~ 37 a4k
TR 5% FE 20 BV () PPI( protein phosphatase interaction )
LER B, e E 5 CIPK 45 & B9 & B R B PP2C
( protein phosphatase 2C) Fp2& | 135 4+ 4K CBL &
FI IS FISL/NAF 254 35, i CIPK a1 ) | #) i Ik
5 (Ohta et al., 2003)

HiT, B 28 %) 2 Fh s #7542 3 D5 40 K S k47
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T CBL 5 CIPK ZEN Y% 5E | CBL 4 P 58 15 L 4% .
ARG ST (Arabidopsis thaliana) 10 1~ ( Kolukisaoglu et
al., 2004) 7K #G ( Oryza sativa) 10 > ( Kolukisaoglu
et al., 2004) . E K ( Zea mays) 10 4~ ( 2= F| ik &5 |
2010) . ¥ W ( Populus trichocarpa) 10 > ( Zhang et
al., 2008) ./NZF ( Triticum aestivum) 7 1~ ( Sun et
al., 2015) . J# 3% ( Brassica napus) 7 1~ ( Zhang et
al., 2014) i F ( Solanum melongena) 5 1~ (Li et
al., 2016) 55 ; CIPK H& X X e 614 . A 91 25 4
( Kolukisaoglu 2004 ), /K FE 33 4
( Kolukisaoglu et al., 2004 ; Kanwar et al., 2014) |
FEK 43 ~(Chen et al., 2011) . 27 1~ ( Yu et
al., 2007) ./INZ# 20 > (Sun et al., 2015) . K &
( Glycine max)52 1~ (Zhu et al., 2016) V¢ 23 1>
(Zhang et al., 2014) JifiF 15 4~ (Liet al., 2016) .
SESR (Malus domestica) 34 1~ ( Niu et al., 2018) 5
%] (Vitis vinifera) 16 4~ (i & 55, 2017) | & i
( Lycopersicon esculentum ) 22 A~ ( AU 0 X1) L,
2018) %5, /MMl F ( Jatropha curcas) J& K Bl
( Euphorbiaceae ) JJRIXH J& ( Jatropha Linnaeus) 2 4F
AT /N B TR SR e 3 U b IX (AR I A,
2004) o VR EZRARAMEAE ) , /N 7B 15
MR 35% ~60% , i b 25 F 53 & shHl, H G H
BORFEPRINB] T BRIV bRifE, BA T & 8 I & FH
A5 ( Makkar & Becker, 2009) . H &7, X} F /N
+F CBL 5 CIPK FJ5 (%) R 4 5 B H B AR 53 B ik
K WA, AW FEEE T/ F B 415 8 (Sato et
al., 2011) ,FI A=Y 1% B 27 J5 vk 5 8 /Ml ¥ CBL
5 CIPK A JF X A B i PR 45 4 | 2 P 0k
¥ R G A AR R A K RE BAE #EAT T 40 A,
VLA SE /M F CBL 5 CIPK 3 R 0% (1 Bt i
155 e AL 22 5 JE Al

U AR

1.1 CBL 5 CIPK EEARKHEE

Hi4 Kolukisaoglu %5 (2004) , Zhang % (2008) .
Yu %5 (2007 ) %5 B8 A 4 0w T K A B /N A
TR MM B CBL 5 CIPK 3ERZ 5 F 51,
TAIR %04 2 ( https ://www. arabidopsis. org/) T %% il
AT 10 4~ CBL &M 5 25 4~ CIPK JER 08 1751,
M PlantBiology %¢ #i J% ( http://rice. plantbiology.
msu.edu/) FZE/KAE 10 4~ CBL 3£KH 5 33 4~ CIPK 3

et al.,

K ) & [ F %), M Phytozome %41 3§ % ( https://
phytozome.jgi.doe. gov/pz/portal.html ) T 2 A7 H 10 4~
CBLF:H 5 27 4> CIPK F£ B & H 5y 51, i i
Clustal X #4572 B 5 LA, A Hmmer 3.0 A4
Hmmbuild F& 7K X SCPEAE A CBL 5 CIPK 25435
HIFR Al ¢ HMM £ 59 [R] B, 43 %1 A GenBank
( http://www. nchi. nlm. nih. gov/genome/915/) 5
Kazusa ( http ://www. kazusa. or. jp/jatropha/) ( Sato et
al., 2011) T /M 5~ f B e B A 1 o gl A, ]
NCBI ) Makeblastdb 2 F¢ 4 12404 P2 A #ufk., 1A
NCBI Blast 5 J3* Xt /N 5 28 F 5ROHE 128 28 A7 A Ml
BlastP A#H{LL P b %t (B {E E < le-10, 7 51 A1 ) 1 >
50%) AFEIRIA G 5 9/ i - CBL 5 CIPK 8 5
J¥4, SERLIFA X (self-blast) ZBRE R JFH1, K
B TU A% 19 € 28 )7 51 A ] Pfam (http ://pfam. sanger.
ac. uk/) 5 CDD ( https://www. nchi. nlm. nih. gov/
Structure/ cdd/wrpsb.cgi ) 7£ 2k T. E. 43> ¥t CBL A9 EF-
hand 3575 CIPK 25 1445 #4938 ( protein kinase
domain ) fatE— i 2k , 75 2 /M F CBL 5 CIPK %K
RS [FET 20 0 A 5 R 751 5 mRNA
PO T e S R A58 5347
1.2 CBL 5 CIPK EBEFKEHF 5 54

I ExPaSy #2 it () 76 £k T. B ProtParam
(http://web. expasy. org/ protparam/ ) X} /i ¥ CBL
5 CIPK # AT & BFRECH FLie 5> 71 (Mw) (S5 H
ML(pD) FFEEA SRR 43 BT, B %€ 1Y /M - CBL
5 CIPK EHPAI SR T KA L CBL 5
CIPK #EH ¥ I F F Clustal X #1777 51 AH BUHE b
X, RJE H MEGA 6.0 PRl i 48 4235 (NJ) M  &
SR, IR H B B (bootstrap ) #EATKE 55, [7]
i, Fl A GenDOC A4 X} Clustal X Ho X} &5 S i 47
CBL 5 CIPK & 1 fR~F 45t oyt 55 4t il i
CDS J¥41 ( coding sequence ) 5 FE K J¥ 51 b XT LU €
CBL 5 CIPK JeW W & T 5508 T B 4544, 3t R
GSDS ( gene structure display server, http://gsds.
cbi.pku.edu.cn/) 22l BN S5 18], 5381, e A
2 LA Wu 45 (2015 ) FIEE ) /M 5384 18 Bl P A
B E , IF 8 3 MapChart ( version2. 1) 2 il 3 [H %2 i
&, | F STRING ( http://string-db. org ) ¥£ 4T CBL
5 CIPK £ H 855 BARE M 250 Hr (B8 W] 5 R
F0.7),
1.3 CBL 5 CIPK EHE KR RIED

M GenBank 1) SRA 4 52~ 2/ M+ A ] 45
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B Mlumina 5 38 2 0 2 2088 (' A SRR1639660
H2 SRR1639659 , Fl - SRR1639661 ) , il i Bowtie2
5 Samtools T E R4 5E 2 (1) /M F CBL 5 CIPK %
JGIE DR 5 0 e JOHE R AT LU, 13 345 CBL 5 CIPK
LR A FIE reads B, Z J5 i@ i Cufflinks 27 i1
AR FE A ) F35 B FPKM ( fragments per kilobase
per million ) {H , #E17LL 2 NIRRT EEL AL, If5E B L
BN S E RN TR, BT LR IR ERE
% (hierarchical clustering) . %345, AR AT RT3 /)M )
TR 20 (Wang et al., 2014) 5507 5 [ ki
(digital gene expression, DGE) ( Wang et al., 2013)
Bl SR BRBO IR 12 CARIRALEE 12,24 48 h
) CBL 5 CIPK 5: A 5 if Clean Taq £4M , i ik
TPM ( transcript per million clean tags) PAS PR ALY
FE K 32 34 i (Thoen et al., 2008; Morrissy et al.,
2009) , 13 E/IMAT CBL 5 CIPK SN ZGAE AR Ab
TRy 2E 7R85, FIH R A% (version 3.4.1)
) gplots 5 pheatmap PR %5 22 i & 25 4 #r #4 &
(heatmap) ,,

2 HEXRERM

2.1 CBL 5 CIPK W E R 5 5451

3 L[] 5 4 b A &R FE /N - B R A
2 E R 8 A4 CBL 3 A (JeCBL1 ~ JeCBL8) 5 18
A CIPK 54 ( JeCIPKL ~ JeCIPK18) (% 1) , il at
ExPASy T.E.Xt/IMil T CBL 5 CIPK F 3N k7
HALS B 34T, 85 R R W], CBL 5 3 K FE 47
AiTE 2 172 bp(JeCBLT) ~9 344 bp( JeCBL2) Z |f],
EEFF YK E DA AE 211 aa(JeCBL8) ~257 aa
(JeCBL7) Z [A], % L 5 480 s Bt , /- A 7 4.59
(JecCBL5) ~5.08 (JcCBL4) 6], H4b, CIPK Z %
FER K JE > A 7E 1 522 bp (JeCIPK16) ~9 348 bp
(JeCIPK9) Z [] , 2 1 1 )3 51 < BE 43 Aii 7 422 aa
(JeCIPK16) ~484 aa( JeCIPK2) Z[H], B JcCIPK9 |
JeCIPK14 JcCIPK15 K JeCIPK17, &5 i 35 4 3 &
SRAEE , 434 7E 8.03 (JeCIPK2) ~9.26 ( JeCIPK4)
Z [,
2.2 CBL 5 CIPK EEAM ARG #H L EEEEH

WL MEGA 43 A8 2 /N 5 400G I KA
W) CBL 5 CIPK 3 Rk 2 G (& 1),
GiREW], CBL FEH ZWEE N 1,10, 11, 1V g4
S5 /N i - % 35 PR R 4y il R 3 (JeCBLA |

JecCBL6 . JeCBL8 ). 1 ( JeCBL3 ) . 2 ( JeCBLS,
JeCBLT) 2( JeCBL1 . JeCBL2) (1. A) , 5/ ¥
CBL HHARIGEHMBREE R G (E 2, A) , Hrp
JeCBL3 FE B I h 5 JeCBLI | JeCBL2 B 3 5
I, AE Z2 ) Fh A B b ) e R 1 W R, S
JeCBL3 SR 25 (9 A48 F) AR T JeCBL |
JeCBL2 (10 AN F) —3, 5 4h, CIPK 3 H K
IR 6 AR, /Nl %o 1oz 5 A 4 2 43 )
H3.1.5.2.2.5(K 1. B) W 5/MilF CIPK B[
FKIEHRMBRERYA (K 2. B),

455 /Ml T CBL 5 CIPK HEIR 5k il B8 25 4%
SR GSDS T H 4 #r Hi 3k R 254, 45 3 o,
/NHF CBL 5 CIPK &N R H Wk R A re e 5
AR W) A, N F 8 A4 CBL 3K Y 41 i 7
BEN8~10 1N (F 1), HAM T 5'-UTR 5 3'-
UTR X3k, Hrp % 110 89 JeCBLS (2 501 bp) 5
JeCBLT (2 172 bp) #EL & 9 A+, H B AR
A4 V% IV B JeCBL1 (7 811 bp) 55 JeCBL2
(9 344 bp) #BA T 10 N+, H LA K
(K 2: A). Kolukisaoglu % (2004 ) i i At H: i
P #h CIPK 5 N 800 1) R 2R 45 R 5 55 I 45 4 ¢
&,/ F CIPK £ B4 & 5'-UTR 5
3/-UTR X35, 18 /> 5& [ Ak b1 AR 4 3k (5] 25 44 43
PIRZE, 11 A4 JeCIPK 3£ R AL 1~2 AN T,
H o JeCIPK4 | JeCIPKS | JeCIPKS . JeCIPK10 |
JeCIPK13  JeCIPK16 Fl1 JeCIPK18 XA & 1 4> 4h
W, 1 JeCIPK1 | JeCIPK2 | JeCIPK3 1 JeCIPKG6
52 NMINE T, BN, T A JeCIPK R 65
12 ~ 15 4~ 48 &+, H v JeCIPKT | JeCIPKY |
JeCIPK11 JeCIPK12 11 JeCIPK17 #/40 55 15 4~ 4b
BT 1 JeCIPK14 5 JeCIPK15 9l & 14 D 5
12 M58 F (Bl 2: B),

2.3 CBL 5 CIPK S EBF 5| & &30

Kolukisaoglu 4% ( 2004 ) W 5% % B, CBL &
EA 4R R [ A EF-hand F A1 )7 | 18 5E
- -2 JEVE R EF-hand A LR 25y | o ] 36 (4
Fo12 A A\ R R ok R, R T AR
DKDGDGKIDFEE-) i 1 (X) . 3(Y).5(Z).7(-
Y) 9(-X) 12 (-Z) v IR FR I3 R R 5F , A
FJE CBLEHS A Ca i@ (K 3; A), il
i 8 AN/ T CBL 2 A & IR 7 51
95—~ EF-hand (EF1) # B 14 D2 LR R 5,
AR E) EF-hand 4544, 1M%% 2~4 > EF-hand
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£ 1 INEF CBL 5 CIPK EEREW F FI4H1E
Table 1  Sequence characteristic of Jatropha curcas CBL and CIPK gene families
K < IR % Yu e €
(bp) (bp) number ( aa) P localization®
JeCBL1 105636225 7811 1 246 226 4.65 10 6
JeCBL2 105642436 9 344 1453 230 4.72 10 3
JeCBL3 105641144 5327 1216 213 4.66 9 3
JeCBLA 105628645 4765 2 256 222 5.08 9 8
JeCBLS 105638156 2 501 1320 249 4.59 9 11
JcCBL6 105645647 6 427 1210 212 4.94 10 9
JeCBLT 105631691 2172 1197 257 4.99 9 2
JeCBL8 105646026 2 295 1 456 211 4.73 8 9
JeCIPK1 105648050 3049 2 148 465 8.89 2 6
JeCIPK2 105649679 4015 1968 484 8.03 2 3
JeCIPK3 105639024 2 810 2170 458 8.92 2 4
JeCIPK4 105649678 1 740 1 740 445 9.26 1 3
JeCIPKS 105633501 2 076 2076 435 9.22 1 11
JcCIPK6 105649201 3 104 2168 453 9.13 2 10
JeCIPKT 105634022 6 365 2 346 459 8.98 15 3
JeCIPK8 105637561 2 006 2 006 447 8.60 1 11
JeCIPK9 105637170 9 348 2323 451 6.56 15 8
JeCIPK10 105630316 1947 1947 449 9.06 1 2
JeCIPK11 105642786 5136 1995 443 8.65 15 8
JeCIPK12 105639377 8 199 1907 448 8.83 15 11
JeCIPK13 105638989 1737 1737 425 8.76 1 4
JeCIPK14 105630750 5 880 2117 446 6.54 14 4
JeCIPK15 105643632 4159 1931 440 7.22 12 1
JeCIPK16 105648048 1522 1522 422 8.78 1 6
JeCIPK17 105628484 4503 2249 464 6.20 15 11
JeCIPK18 105632073 1 880 1880 442 8.74 1 1

TE: ML SR E GenBank /M T N LR I ; "ilad ExPASy T HITBZE (A 4% 5 T Wu S M/ 7t 15

T4 L 3 AT YL 0 R 62 (W et al., 2015)

Note: * Gene IDs are available in the National Center for Biotechnology Information ( NCBI) Jatropha curcas ( Annotation Realease

101) database (http://www.ncbi. nlm. nih. gov/) ; "Protein characteristics of pl ( isoelectric point) was predicted using the ExPASy

online service (http://web.expasy.org/protparam/) ; ©Chromosomal localization was completed based on the linkage map constructed by

Wu et al. (2015).

(EF2-4) HAG MM 12 S F MR R 3, H P BREE
137 (Asp) FIES 12 03 ( Glu) 28 R 26 X A 57 4 , H
b EERR A (3.5.7 .9 ) # & A4 T #3 BUAG, B
EF4 EF3 1 EF2 19 2 56 /e BOACCSR B s m .
Bk 55 3 457 Asp (D) 7E EF2 H % Lys (K) B, 78
EF3 g Lys(K) 5 Arg(R) BT, 7€ EF4 g Lys
(K) 5 Asn(N) B %5 5 137 Asp(D) 7E EF2 Hrg
Asn(N) 5 Lys (K) B, 78 EF3 tf 3% Gln(Q) 5
Asn(N) BUR ;55 7 £ Lys(K) 7€ EF2 H Val(V)

5 Tle(T) BT, 78 EF3 F1 4 Phe (F) 5 Try (Y) B
2545 9 137 Asp(D) 7E EF2 5 EF3 th## Glu(E)
BUAR (K 3. B), KA EZ5HR IR, EF-hand2 -4 4544
H R A ) 2R R A SR FR UK, ARIIE T EF-hand 45
& Ca”WRE 1 5 Z Mk, 34 MRAE N i X IR
K, /N F CBL &K % 1) JeCBL1, JeCBL2,
JecCBL3 JcCBI4 JcCBL6 A1 JcCBL8 £1& 16 ~34 aa
R N I 31, HoAE JeCBL3 5 JeCBL8 N i %
7 B -MGCXXSK/T- 1) 5 5% £k )57 51, LA Jn 3% CBL
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A. CBL gene family; B. CIPK gene family. The same below.
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PtCIPK11

IMAF S RIEEST KB R CBL 5 CIPK R KRN RStk 43

Phylogenetic relationship analysis of Jatropha curcas with Arabidopsis thaliana, Oryza sativa ,

and Populus trichocarpa CBL and CIPK gene families

EHE BS54, M JcCBLS 5 JeCBL7 N 40 & #¢
K N P50 (B 3. A)

Y FEA R CIPK £ W FK SnRK3, iZ I i
5Bk SNF1 W FL 24 AMPK [R5, #8 B A N i
VTG 235 A4 S, JHC v PN B IS A (activation-loop ) Jik
JP R AERZOAER . ZE/Mi - 18 4> CIPK ZEFH Y N
— it R % 52 B WE-DFG-5-APE-J¥ %1 (K] 3. C T X
) MR A L)y (R’ 3. C), B f
{R5FHY Ser Thr Fll Tyr ZIEM AR AL (K 3. C ik T
TN) o AN HE C AR % E B CIPK #5H 21 aa A
NI EE P FISL/NAF PR SF -NAF-JF 4 (K 3. D
TRIZkFR), DARIE CIPK & [ 1E % 4 T [ 3
KA
2.4 CBL 5 CIPK EE Rk K E AL

WA Wu 55 (2015 ) 14 2 0y /N 155 95 B a5t 1%

A R 7 G AR OKFE AL/ CBL 5 CIPK
SR EW B S 55 7 SRR A LR
4,26 A~ /Ml F CBL 5 CIPK 3& RS ¥ 5] 43
T o &paik b, Hp 355 11 SQaEkbn
BB RZ 5 A, M 10 S YL @R by 3 AR
B AL 1A JeCIPK6 JER it — 2 % e 5] 9
SYe Rk b CBL R R Y Bk ) AL A
JeCBL6/JcCBL8 , VL J% 3 5 4 5 6 5 YL o {k I+
CIPK & P % T 0y & Bk & i & B JeCIPK2/
JeCIPK4 _JeCIPK3/ JeCIPK13 il JeCIPK1/ JeCIPK16
(B 4)  HEMZ 28 3L & A T 53
2.5CBL 5 CIPK EEMERRIESH

e F GenBank /) #il T 55 5% 4 B ¥, il i
Cufflinks F2)3 15 2] /il 7 CBL 5 CIPK 3 [N & %
26 R R a8 5 RIS (&1 5) . SRR BR
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A JeCBL1 " —— HH—
8 JeCBL2 W i i
JeCBL3  m—i : —— : H
_99|:J0CBL5 EHH——HHHHE.
JeCBL7  IHEHHHHHHHE
" JeCBL8  HHHHHHHEEE
- JeCBI4 EN——— A H1HH—Im
JeCBLG _ —l | = 4
02 0.1 0.0 (I) i é 3; ‘I‘ é I6 I7 IS ;kb
B 63 JeCIPK1  ——
9 JeCIPK3  I— I
o8 JeCIPKG  ———— I
30 JeCIPKY
50 JeCIPKS I
100 JeCIPKS I
43 _:JcCIPKIO . .
G JeCIPK2 L
Ml:JcCIPKB ]
JeCIPK16 M
JeCIPK1S I
JeCIPK15 miliH——HHHEHEHH-HH
JeCIPK17 mE—H-HHH———HHHHHHH
o JeCIPK12 B—B—H-EH 3 H— .
o JeCIPK14 ml——HHHHE S i
JeCIPKT — e
23 JeCIPK1T EEH—HHHHIHH—1 1.
‘ JeCIPK9  mmm——a——1—H - - - e
| | 5 I | ] ] 1 1 1 1 3
03 02 01 00 0 1 2 3 4 5 6 7 8 9 kb
mmm 5 T Exon 5-AES X /3-AR 4G X 5'-UTR/3'-UTR  —— &+ Intron
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Fig. 2 Gene structure features of CBL and CIPK gene families in Jatropha curcas

JeCBL6 5 JeCBLS8 FEFh + M I A7 ik 4k, HiAth 24
A/NF CBL 5 CIPK B:HTEM K R KA #f
H F ik, H h, JeCBL2 . JeCIPK1., JeCIPK3 .
JeCIPK5  JeCIPKT . JeCIPK8  JcCIPK13 Fi1 JeCIPK18
e =R B b Rk A & (log, FPKM>3.5) , H
H1 JeCIPKS #E = Fh a4 B v 32 3K i 0 A o, 400 78
/MiF- Ca* -CBL-CIPK 155 # 5 R G b ik T 0
Hifr, FAIERAFAERS B Rk R 5%, JcCIPK4 1E
I B o= (1 ¢ LR Rl LB 7N - S (1
JeCBLT RAEM 33k MAEM i 5FhFh 3Rk &
T JeCBLA FEM i SR SRk fR B, M AE D+
AR A RIL(ES)

Wt DGE 48 7 Hr 45 2] 9 4~/ + CBL 5

CIPK ZR 5 R ZEAR IR A B 45 14 °F A9 3% 35 Bl (&
6)., SXTEALL, JeCIPK14 5 JeCIPK18 7E 12 C
fRIRARHE 12 24 48 h B LA F A AR 2] T 2
FIKF(P<0.01) , 5/ F BP0 & Pk B3 A G
W48, JeCIPK4 5 JeCIPK16 [ 35 15 15 AL B 55 8] 49
FEK Fh WA B W &, AR AL B 48 h A,
Ay EE T R A 9.92 % (P<0.01) 5 2.10 1%,
G, JeCIPK1 5 JeCIPK2 2 Wi Jj AR 1 %58 B 1) 5k
R R AR TR AL H 12 h Bk B ARk, 4 )
B LRRIR 5.21 55 2.87 £, 2 e KRB E R
W (E6) .
2.6 CBL 5 CIPK EHHI EEM BT

FET /N B SF CBL F1 CIPK [ 5 & 11,



6 1] FEP %% . CBL-CIPK {55 R 2 5 /Ml FH0R B B A Y045 B 22 b 1003

CBL " I L L] L L c
N-Terminal EF1 EF2 EF3 EF4
JcCBL1 1 === MVQFLDGLKQFCAILVNCCDADLYKPPRG---LEDPE 34
JcCBL2 1 - MLQCIEG---FIASLLRCCDLDLYKQSRG---LEDPE 31
JcCBL3 1 - === MGCVGSKVARQFPG---HEDPI 19
JcCBL4 1l e e e e e MSVFSWTIKKDCFCIKRTKYTPG---YEEPT 28
JCCBLE 1 =—=—=—m—mmmmmm e MRAF----- KGCFSLSQSRKS-G---REDPT 22
JECBLE 1 == e e o MGCLCTKQRIKH--——~— KDPT 16
JcCBLS 1 MDFFNNSSR-SSSLTLGEKICAALFPLAALIEVLIYAVINCFDCQPRIQKIS-YRLTDLA 58
JcCBL7 1 MDSTGSSLQGSSYLTIHARLCSVFKAIG---EAVISSFVGCFIFYTSTPKLHCYTFNDLN 57 A
EF3 EF4
X Y Z Y X -Z
JcCBL1 132 INASD TKHDGKIDKEE
JcCBL2 136 IRSJOND T KHDGKIDKEE
JcCBL3 117 DLENTGFIERQE 161 [BA
JcCBL4 SSI DGLIHKEE 126 DLRQTGIE M 170
JcCBL6 SSSIIIMDNLIHKEE 120 DLRETGYIE B 164 |y DGKID@EE
JCcCBLS sssEEpoEg I BxEE SRR TR OTcE T EFOE IR D TKRDGK T DIEE
JcCBLS SESIIDDGLIHKEE 156 |DARXGNGIEEHNEIN 200
JcCBL7 164 |manXeyNe) gy ElN 208 B
N £ i
N e Kl domain ————>f—
CIPK
C e T T

JcCIPK13 154 DRIy Tn—@n:Th-—-———————————
JcCIPKl6 156 I T =) =] [ ——
JcCIPK2 156 [D)EeININYSh—[@nziOom-———————————

JcCIPK1 150 |mINEIMSYNRA N SKIHQOB-——————————— GLLHTTCGTPAYVAPE
JcCIPK3 150 |JEIMSPNRA N SKIEIOW-——————————— GLLHTTCGTPAYVAPE
JcCIPK6 150 |mINEIMSyNR/ - SNCOIB-——————————— GLLHTTCGTPAYVAPE
JcCIPK4 150 |BIAEIMSIANRE DO SRINOB-——————————— GLLHTTCGTPAYVAPE
JcCIPKS8 149 ISR @INaNIp———————————— GLLHT@CGTPAYVAPE
JcCIPK10 160 |BNEIMSYNRD o —@ONSND———————————— GLLHT@CGTPAYVAPE

JcCIPKS 156 IDMYEIMFS - HIBHOR-—~~~~~~~~~~ GLLHTTCGTPAYVAPE
JCCIPK18 178 [YIRINIA: ONDS-———-———————-

JCCIPKT 155
JCCIPK11 154 [MREMINiMSOROG———————————-
JcCIPK9 152
JCCIPK12 152 YEMFNIPOKGYG-—————————————~
JCCIPK14 148 YEMMINAPEQGCYS-—————————————-
JcCIPK15 153
JCCIPK17 149 [NYEMPMIRKH-———————————————

A. /DT CBL ZE 11 N S i, FRIZ KR JeCBL3 15 JeCBL8 1Y N 3 M AL 45 #4488 ; B. /Ml CBL & 1 4 4> EF FAUL)P
FPH XS (EF1-4) 5 C. /MMl ¥ CIPK 25 [ N i 25 14 15 rb i D BE 0 31, #5 L R ST Y Ser Thr Tyr % ; D. /Ml F CIPK
[ FISL/NAF &5 #y35,

A. N-terminal domain of J. curcas CBL proteins, N-Myristoylation domains of JeCBL3 and JcCBL8 were underlined; B. Sequence alignment of
CBL EF-hand (EF1-4) in J. curcas; C. Activation loop within N-terminal kinase domain in J. curcas CIPK protein was presented, conserved

amino acid residues of Ser, Thr, and Tyr were marked by arrows; D. FISL/NAF domain of J. curcas CIPK proteins.

[ 3 /M CBL 5 CIPK S5H385 41 Lo X
Fig. 3 Sequence alignment of Jatropha curcas CBL and CIPK domains

W id STRING 10.5 #4785 (A EAEM 8T, LT % Sidfi, HRIA —XT 2 5 2% — W I AR,
HE50ESHFERU N TREN B MEIDIRE, 45 H, JeCBL1/2, JeCBL3 1] 43 4] 5 12 4~ 10 4
R, EAFEN 0.7 WIEL T, BR JcCIPK1,  JeCIPKs BAESS &, #ED M & 7E Ca® -CBL-CIPK {5
JeCIPK3 JeCIPK4 Fl JcCIPK6 b, %5 4h 8 4~ JeCBLs 5 W 4% v ] E & 4% &4 /E 1M JeCBL6 H fiE 5
5 14 4~ JcCIPKs #f2 5 T A1) CBL-CIPK 5% JcCIPK7 Fil JcCIPK16 B 1E45 & . Al B, JeCIPKT
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Vertical line indicates tandem duplication; Scale is in centiMorgans (c¢M) ; LG means chromosome.
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/M F CBL 5 CIPK FEIH 525 i e A€ £

Fig. 4 Chromosomal localization of Jatropha curcas CBL and CIPK gene families

A

ATLLS Frfy 8 A~/ JeCBLs 454, 1M JeCIPK17
5 JeCIPK18 fYn] 5 JeCBL1/2 454 (K 7).

|

3 WikE4E#

4 A
&a

fLid 2 Ca™ [ CBL il 1 fif 5 5 B0
Ca” ¥k £ 5 43 1ii 1) 78 fk ( Scrase-Field & Knight,
2003 ; Batistic & Kudla, 2012) , 3 4% S 45 4 F iF
CIPK & 3L R4 A Ca® -CBL-CIPK 55 &4 2 5
I F B HT S P i A2 ( Sanders et al. |, 2002) , AHF
FEAE /I F A BE 4 L 25 31 8 4~ CBL JE[H 5 18
A CIPK &R AR R B 35 R 45 40 R A R AR ST,
JUH CBL 5 CIPK & A5 A A B E MR
R S, CBL 2R 1 45 FL s #R S2 IR %, T CIPK 4R
FH 25 R A5 40 B 2 A, B AR B pH 2R BT A&
T, X PR B A AR R LA, TR R AR
FI1E CBL % 1454 CIPK 5 [ FISL/NAF 25 #) 35§
Al Re R AR E AR, R B RE XA 58 S g R
B /M 54 JF CBL 5 CIPK HAEZS &8 £

H A2 XS w0 (Kim et al., 2000; Guo et al.,
2001) , &/ T JeCBL1/2 A L5 12 4> JeCIPKs
454 M JeCIPKT 7] 5 T A % % 1 /M JeCBLs
454 9 Ah, JeCIPKLT7 5 JeCIPKIS 1 4 45 &
JeCBL1/2 1M} JeCIPK8/10 W f &f 45 & JcCBL4/8
AR RS Kim 55 (2000) ) 250, 1 FF 5+
AtCIPK7/17 1 445 4 AtCBL9 ; AtCIPK24 f if- 45
4 ACBL4 ; AtCIPKO 145 AICBL2,, X Fiie 5t
PS5, £ 2k CBL HE AW EF F R g
B Ca®* 45 & HE 77 ( Nagae et al., 2003; Sanchez-
Barrena et al., 2005) . CIPK £ H /) FISL/NAF %%
Ty 1l K 9 i) > %) 45+ 25 S5 ME TR E (Kim et al.,
2000; Halfter et al., 2000; Guo et al., 2001), 5
ARG 12 DN IEFR RS EF F AL R, 8 4~/
HiF CBL #E 1925 —1> EF AP ARH 14 D&
FEMRBR LA AR, B HAD 3 A EF F A IL)P #0745
K, H Asp(D) Z8 Ser(S) B, #E2% 5E v i
T/MilF CBLEHAS Ca™ AEWIZEM T, T /)N
Wi+ CBL & 11 [7) B fff 15 R[5 Ca™ 15 5 1 fig

( Sanchez-Barrena et al., 2007; Weinl & Kudla,
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Fig. 5 Differential expression analysis of Jatropha curcas
CBL and CIPK gene families in different organs

2009) ., 34 CIPK % 1 i FISL/NAF &5 4 3§ 4% &
CBL J& , 530 CIPK BG4S Fa 30 i 00 PR O < 24 2k
PR 5 2 A T B 387G ( Weinl & Kudla, 2009) , ASHF
FE /I CIPK 28 P10 FR A0 F AR 5F 19-DFG-
Y-APE-ZZ [a], H#B % & 2 = A RSP B AR 1L (1) Ser
(S) Thr(T) K Tyr(Y) 5 HAF J BTE 7 15

AR 25 2 2 24 4, CBL-CIPK 55 R G gk ik
SR B BB IS O U A 5 A A a6 2 P )
) ( Weinl & Kudla, 2009) . /N 2 P #4315 B
FEGRI PR UL BE T, (ARG L PR S I 22 ) A
F., CBL-CIPK {55 RGE M5 16 T B It & 4k
HRHUER SOS 142 (salt overly sensitive) , 24481 g It 18

.

2 6 W 38 B, AtCBL4 ( SOS3) . AtCBL10 45 &

AL PR H] Treatment time (h)
12 24
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Fig. 6 Expression analysis of Jatropha curcas CBL
and CIPK gene families under chilling stress

Ca™ T 5 AtCIPK24 (SOS2) 45 AW E HE &
3@ 3T AtCBLA/10-AtCIPK24 345 72 4 45 20 M i 5
WA [ Na® — K" 0 %32 25 111 (SOS1) , % & 1 /Y
Na* 2% 2 2 0 S sl X £k 22 907 v, AT 1K e s ik
v R W8 89 05 F (Zhu, 2002; Quan et al.,
2007 ) , A 45400 e I W) U5 28 1 AR, N A X6 i Y
SOS 4 Bk & 12 A JeCBLA/5/7-JcCIPK12, %t T [H]
R, AT 9030 25 8 B/ F I 5 5 i 2
JeCBL3-JcCIPK15, 11 XJ 1 #84 Fg 77 38 4 AtCBL1/9-
AtCIPK1 {55 2 AT I8N, IFR #F CBF B K
JEFRIR T SE B & P, LA B PR 0 B Y
(Dangelo et al., 2006) , & MK IR SUSRAE Y, /N
FEMBAE T, [ 2 H 3 CBL-CIPK 755 &
Gt AL 2 T PV A O i SR IR - 5 G B PR
BEEAREER, AR5 @il 12 °C iR AL
PRI SR 20 B0 % 5 B 5 /N P v M % DA
Xl JeCIPK14 5 JeCIPK18 , i M 5 4L v [ S Hi
PEDRE % 1Y T B L SCHR R IR b
BT, #IFFIFiE 1 AtCBL1-AtCIPK3 AV 5 514
6 2T WP P AH DG HE Sk L F 40 RD29A (Kim et
al., 2003 ) , i 7K F& £ & K 43 9138 i OsCIPK3 5
ZmCIPK3 VB T8 38 A 5 3 H |, 3 o 38 v % 2L A
R 22 1) i 20 T R RT3 T W 0 T A R S
P (Xiong et al., 2007 ; M4 2008 ) , 1 LA
b HE S T 5 AR S 4R 2 B IE /N T CBL-CIPK
MRIRAR 5 342 NI AL B 2R 5 J5 1l
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Interaction network analysis of CBL and CIPK proteins identified in Jatropha curcas

and homologous proteins in Arabidopsts thaliana
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Effects of different soil selenium levels on growth and
partial physiological characteristics of Atractylodes
macrocephala seedlings
ZHANG Meide', WU Haitang', ZHANG Yajuan®, LI Darong',

XIONG Linke', DUAN Yuanyuan', ZHOU Wuxian'"

(1. Institute of Chinese Herbal Medicines, Hubei Academy of Agricultural Sciences, Enshi 445000, Hubei, China; 2. Enshi
Tujia and Miao Autonomous Prefecture of Agriculture and Rural Bureaw, Enshi 445000, Hubei, China )

Abstract; Although selenium (Se) has not been considered an essential element for higher plants, but moderate Se
plays an important role in promoting plant growth. Therefore, it is of great significance to learn the roles and underlying

mechanism of Se in regulating the growth of Atractylodes macrocephala. In this study, a pot experiment was conducted to
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explore the comprehensive effects of different Se treatments (0, 5, 10, 25, 50, 100 milligram Se per kilogram air-dry

soil) on growth of A. macrocephala seedlings. The results were as follows: (1) 5 mg + kg Se treatment increased the

fresh weight, leaf SPAD value (soil and plant analyzer development value) and leaf soluble sugar (SS) content of

A. macrocephala seedlings by 8.8% , 8.4% and 60.3% , respectively; While decreased the leaf soluble protein (SP) and

malondialdehyde (MDA) contents by 32.1% and 18.9% respectively, as well as depressed the activities of peroxidase

(POD) and catalase( CAT) , compared with the control. (2) Treatments of Se >25 mg - kg™ were not beneficial to the

growth of A. macrocephala seedlings, resulting in a significant increase in MDA and superoxide anion radical ( -0, )

content, which destroyed the antioxidant system. (3) Principal component analysis showed that fresh weight, plant

height, leaf SP content and activities of CAT and POD could be defined as critical indexes to learn the growth condition

of A. macrocephala seedlings. In conclusion, the appropriate soil Se levels could significantly promote the growth of

A. macrocephala seedlings, and 5 mg + kg soil Se level was the optimum. Application of appropriate Se to the soil could

be beneficial for efficient breeding and industrial production of A. macrocephala.

Key words: selenium, Atractylodes macrocephala, growth, morphological characteristics, antioxidant system
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P A A BAT (R sl i AR P 3 R AR 2 sl il AR
FH B T AE ) R N A5 5T 3R B 0 R, — R
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Table 1  Basic chemical properties of the loam and coconut coir
A B B3 AL £ B 2 AR A Y L
Cultivation pH TC oM TN TP TK AN AP AK
substrate (%) (g-ks')  (g-kg') (g-kg') (s-kg') (mg-kg') (mg-kg') (mg-kg')
e+ Loam 6.71 — 45.43 2.64 0.49 14.44 102.8 7.06 29.0
HEHE Coconut coir  5.10 41.55 — 9.63 0.39 1.42 102.4 79.84 4553.5

i TC. &xfk; OM. AHL5; TN, 24 ; TP. &8, TK. 24 ; AN. B AP. B0 ; AK. HAH
Note: TC. Total carbon; OM. Organic matter; TN. Total nitrogen; TP. Total phosphorus; TK. Total potassium; AN. Alkali-hydrolyzale

nitrogen; AP. Available phosphorus; AK. Available potassium.

A5 T il 28 RO v 6 AT R 498 A R R A A
11 T IRAEENARME LG, AARE
FET AT WG KR 2 h, 2 5 75% 9K 1 345 4
FE 1 min, ZZ 08 K Ve T4 5 FH 3% UGS R B4 = i
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BT A A3 6 FhAS R) ) A S9 A Ak B
0.5.10.25 .50 100 mg - kg™ K il 175 % ) ok o,
Kk A 8 B FE 2 A7, % BE A A5 R B 2% 18 K
OB W, B AL T 4 A B B LR
FESWAE T A W &b, 8RR A K
TS AR, PR EEEE BTN BB KR
PR ELI B LR &) 1 B A 2 0 A AN TR A ik B o
th AR E T GEE 1/4 Hoagland ™ s & F2, FHAR
P AR ARG AT H W AKE B 0B A
0.7.14 21 .28 d Bl & 2 i 2 84608, |5 —IK
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A RKIE PRI E B AR S RE 7 d HE R
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FIE AL PR B 5 mg - kg I, 4 B R R
B B K, 5T REAH LU 38 W 4350 R 4.3% 1 9.1% , 4
fiff b B i i 25 mg - kg BF, R & KRN
-8 3 25 T 0 B i A P 6 B 35 21 100 mg - kg
Bf R R 5 Fe /0N, B R 530 R 15.3% 11 21.2%
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Fig. 1
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Effects of different Se treatments on the growth of Atractylodes macrocephala seedlings

mg - kg Al b B g, LS5 BR AL BEURE L 44k 3
FEMEZESR L 10,25 .50 mg - kg Al AL B 5 % BR A L
TREET, 5 mg -+ kg i kb BR A (A L A
POD 7% P 2 (R T X B AL B 100 mg - kg A 4b B
B ARG B POD 1 1 &8 3% 1 X B Ak 2, H
A S XML R EES ., BECRE, A
[F] v BE G Ak LAY (LR 47 ¥ CAT 5 POD 1% P22 1k
EHFEARMF, ARG E R - 0, & ik
T ) 388 0 JE A B B L T A R, Ho
5.10.25 mg - kg A AL B H AR ET A - 0,7
a5 MR AN B LA W PR 22 R, 50,100
mg - kg_lﬂ‘fiufﬁl‘qjﬂ/ﬂ -0, FEBERE T X
AbF

it 5 T A 3R B 0 T v, IR Sl A b SS
i 5 B IG nE U D Bk g S R A E 10
mg - kg B, FIAR I E M R SS & & AR, M 29.9
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Fig. 3 Effects of different Se treatments on fresh weight of Atractylodes macrocephala seedlings

mg - g AH L T R BB 0E Ol 72.0% , Bt 25 Ak B

WL B, AR gl RSP R

S B R B AR AT AL B EE SR 100 mg - kg'l Bt
FIARZIE - SP & it die i, b 14.2 mg - g7 ML
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Fig. 4 Effects of different Se treatments on antioxidant system of Atractylodes macrocephala seedlings
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H TR ARE 6 & Rt R A W i 2 3T (1
ARG AR RKOR B FZ P ER | A 0F 57 0k B
K M58 MR E L SPAD {H LA K & 5 AE R PEA AP R
B AR 4l AR A S 1 A AR b, AR 2 1)
DL AN [RIA0G A 3R 1R & A 38 AR A ) o 4
0 (PGRI) 17 1F 22 5 5 A [] il b X 11 AR 41 v A=
KILRERN (CE) WA A 1o 2 25 5 AR AT Xt
FIAR L AR 3R K CE il RB/MER 5 mg -

kg'(0.336)>10 mg - kg' (0.013) >25 mg - kg
(-0.370)>50 mg - kg’ (-0.672) >100 mg - kg
(—1.141) , BHEEGAL B B2 () T+ &, CE {H 2 B
SEXAINE TR R I LA S mg - ke il Ak B XS
AR 41 A A AR 2 250 o A 2 G A 3 e B
it 25 mg - kg B, HOR 4 BB A K2 B E
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2.5 BARZ & A A KIEARIAESC S A1 PCA 34
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Table 2 Comprehensive effects of different Se treatments on the morphological and physiological
characteristics of Atractylodes macrocephala seedlings
ach ke o N PV (2
R PRI G
Se concentration CE
(mg - kg") RS 5 3 T2 2R 5 fief T
Leaf length Leaf width Plant height SPAD value Fresh weight
5 0.040 0.070 0.068 0.077 0.081 0.336
10 0.007 0.002 0.078 -0.053 -0.021 0.013
25 -0.110 -0.130 0.009 -0.064 -0.075 -0.370
50 -0.122 -0.167 -0.070 -0.088 -0.225 -0.672
100 -0.145 -0.205 -0.191 -0.136 -0.464 -1.141
®3 BARAYHEEEBEROEXES T
Table 3 Correlation analysis of physiological indexes of Atractylodes macrocephala seedlings
o
g SPAD CAT POD ss sp MDA -0,
Index
SPAD 1
CAT -0.653™ 1
POD -0.767"" 0.754™ 1
SS 0.343 -0.394 -0.225 1
SP -0.780"" 0.901 ™ 0.832" -0.357 1
MDA -0.180 0.413" 0.592" 0.100 0.455" 1
- 0,7 -0.489" 0.446" 0.439" 0.119 0.594 ™ 0.167 1

TR A3 AFRARAE 0.05 F10.01 K 2SS

Note :

MSPEREMBERMLLR, 5 -0, &R
FMA K CAT 1 PE 5 POD 3% PE Al SP & & 2 1)
BEFEMELXR, 5 MDA S - 0, &R B F
IEAHIE; POD {i P 5 SP & & & MDA % &= 2l it
FIEMEER,H - 0, B FIEMHKE;SP & &
HMDA HRERFEMEXR, 5 - 0, FEM
WEIEASE, U A ARG AR Shi Al
ARG MRV E

IS AT LVE 55 —HEF 4l (PCAL) B T 48
MY 64.6% , 55 —HEJF i (PCA2) i B T A8 & 1Yy
15.4% , 851 W3 A~ HE e il B B T AR =11 80.0%,
ff i KR 5 . SAPD {8 . SP . CAT #11 POD %5 PCAl
WFEMI,SS A - 0,75 PCA2 WEH K, XEM
fef 5§ Mk im  SAPD fH . SP . CAT FI POD 450 {E Jy JX
W AR &l P A AR K ) B E R AR, A, AN

“and ™ indicate significant differences at 0.05 and 0.01 levels, respectively.

Kb FRFE 52 2] PCA 45T T A RE 2 o3 BOR 4, R W
ISRV AR AL BT P AR 4 P A A A KA AR 22 5

3k

3.1 WXt B R4 A K FSE & KR 0E
WM R W WY A K AT B A
8RR RO, S AT v B AR S v e B A1 o ) B
4 (Schiavon et al., 2017 ;Zhou et al., 2021) , A#f
FAER DR R EATAL I (5 mg - kg ) X HA
4B B DL N bR e 3 BT R 3 A R
IETE—E R B B3 7 HOR 4 By B AR i
Y R AR B (=25 mg - kg ) WM AR 4
B B A R R AR, X5 A IR A
# ) ( Hawrylak et al., 2015) /N7 (32 5% 2 %%
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LL. Leaf length; LW. Leaf width; pH. Plant height; SPAD. Soil
and plant analyzer development; FW. Fresh weight;
CAT. Catalase; POD. Peroxidase; MDA. Malondialdehyde;

SP. Soluble protein; SS. Soluble sugar; - O,”. Superoxide anion

free radical.
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Fig. 5 PCA ordination of factors affecting the growth of

Atractylodes macrocephala seedlings

2021) LR 482 (R 5E 45 ,2021b) SEEW A K
SO BB SE 2 R AL, T30 WD T o B 1 41 4 X 3 ik
NG i 412 2 7 9 A K B R R IE & L
B, R R R IR AR EZ Y 5, [
I AR Y AT 6 A 1 K R 2 5 e i L ik (&
NBESE,2019) , Hof R AE S I A ) 7 3R R
FOGA BE 77 0 3 ZE A BAS bR (8 25 45 ,2020) , AR
WF5E K B, G b BRI E R 5 mg - kg B, AR 41
- SPAD {B 7z = , it 25 6 Ak 23 B8 4 384 Jin SPAD
{EJ\Z{%—FF%, 241 4 PRk BE SR 100 mg - kg" B, A
ALV R (1 SPAD E A, 06 B AR v B (14 A 4cb #
(5 mg - kg") AT AMEHE ARG A VER 1=
VT AT AL ] (=25 mg - kg ) 23X IR 4 1
A AR HIEH
32 Wi ARG ER AL RER M

CAT F1 POD ¥l ik Nt E AL R G &

LR, AT LA R0 ) 20 i T o o SR AR s g A
Bl R P GR35 B 38 (#4870 45,2016 ) . CAT
BLAFAE T RIS A 2 b R R oy 5 ) o 2 i
A ALY A 0 b Al FEAE R R A AL SR
WK :2H,0,— 0,+ 2H,0, 1 AR N iy it Ak A,
LA 2 H, 0, 1Y 35 3 2 AR W B AR R Y ¢
HEfZ —, POD J VZAFLE THE YR, 26 M
1o Y — A L S PR AE T O G R T B AR
KEZMENERAAEFY LR, MDA BAYE R
Gl it E Ak 7= 2 — AT LA Sk A AR 9 40 i
ARG ZHMEE, - 0, BAEWIKNE S T
2 5L o AR AR B2 I, 3252 — AT IR TR K
P4 A B EE BT DAE— 2P A AR D Al B TR TR Y
A H IR 51 Kt AR R R, X A0 i AN A oK
oy T e AR WERAE A (i ¥, 2016) . (RIIE, - O,°
2 A AR W) AE A2 3 300 85 W 3E B Y T AR B4R
Fro ARBFFELER IR ,5 mg - kg WAL PR CAT Al
POD 7% M35 8 3 IKF X B, 1 100 mg « kg™ fifi b B
) CAT 1 POD % M i 3 =5 T X B 33X 7] BB J2 H
A0 e 8 A A B ) A B85 A BL T X Ak B
EE ARG AR A A ST |, et
SR 1 7K SF- AR 5 T o e 88 178 G A B A T
AR ) R A A A 2 1 AR L R B AR ) A
Jea AR HL , VAR DG R K3k BTG T CAT Al
POD 5, Fifi 5 i b B3 VR BE A 38, (R 2 i A4
PIEY - O, B0 Z W I T R 34 il vk 52 35 31 100
mg * kg-lﬁﬂ‘, . O[ﬁ%%:}:ﬁ‘ﬁgﬁﬁﬁ,ﬁﬁgﬁzg
Tl b B R S E CAT 1 POD 3% P 1 35 88 i AH 4 .
ANFA AL FR A AR 4 MDA & %A 528 1k,
A REE N 0~100 mg - kg™ Ayl b 384 K BE A0 1
ARG R P A T 4 R I e AT R
IR, F 5 SP AN SS Al AE A A 9 40 i DY
BB IR T W 0T, A5 B N K 53 A, 7 T I B
oy AR 25 3 2 7E AR ) R s BLER SP AT SS B
B E T 5T DN I 4 45 1E 5 0 4 M2 35 e, DA 50T
ORI 30 Y 35 N fiE (XA G, 2020) . EARAE
(2019) AIFFE R B, Bl 2 W3 e s ES v B85 A 388, 11
ARG EE A 2R NG TS, &
WA RS AR (2019) RIBFFE 4SS AR B, D 7]
RE-S FAR LN B T 18 27 (0% 396 5% 100 7 B AN TR A 56, AR
AR5 F i i R %) i Ak AT A 1 R 4l 7 A — Fl
T8 AL 3 N SP e 4E R IR H B 41 BB
JE, N RARHZ B . AWFoe Ss iy2sfe 5
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YEF5IEH AN IS i3 T T8 B — Rl AR 9 ML, (H
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33BN ERDEEEEKNEEHM

R 40 ) T 25 AF A0 AR TS B 1T L S A 9 1)
A RKOMR DL, 8 2 A B ) g A IR BT A AR i O X 2
— (BIEIR S, 2017 R B 55,2021a) , E 5
Bridi (PCA ) J& — Bl i 2 % 4t J7 v, 3 ik PCA 3
BT, AT AT 6 4 400 W) 7 &0 53 A B 1) = B A H A K
FEbR , IFHEATEE R 0 438, DT St Ak Ah 5 BR S
FE ) A= A K 0 52 e (Bl 18 55, 2017) . ABFSR
YR AR A B A K R R HEAT T PCA 43 #r, 45
BRI, R A AT A A R 5 W) A7 7E %
I 2, 19 25 AR S AR A, AF B R ), 35 R T 25
ARG AR, P &5 Fk =  SAPD A . SP ,CAT
F1 POD FIAE Ry e (AR 4 e A B A RO 1) T 22
FebR . A B 58 F R 43 0 328 Ok 1 EE B RR AR 4R
i, TTB AN [ G A 36 P AR A 3 A K5 ) ) 25
RN (CE) F8 %, T AL T AN X A 2 i A K
IR, BFFE4S R B R, 5 mg - kg Al AL B X A
i AR B S R VR R A v R A
25 mg « kg BEXF PR A AR B AR R ) 25 A — E Y
TR R it o v 62 1 42 v, 0 4 D0 5 B
i, 3K AT RE 5 A a0 R 4 T A7 3 8%
HEMHM ST AR KA E,

4 i

+jifi 5 mg - ke A TT LLER TF R Ll A
SPAD fi, % HAE KA — & {2 #E AR 1, 3o 2 i A AT
(=25 mg - kg™ ) W2 fff (AR L #1006 & AR BT
SEALR G Z a7 A AR A AR A
Ko W EARE B Al e g L
IR I D PNt R NI = N N = I (R T
F18 it e A R A S BV L

SE .

Chinese Pharmacopoeia Committee, 2020. Pharmacopoeia of the
People’ s Republic of China [ S]. Part 1. China Medical
Science and Technology Press: 103-104. [ [E 24 #L 7= 5
23, 2020. thAE NRALFNEZ58 [S]. —&8. thEBEZRHL

iRt : 103-104. ]

DUAN YY, SONG LJ, NIU SQ, et al., 2017. Variation in leaf
functional traits of different-aged Robinia pseudoacacia
communities and relationships with soil nutrients [ J]. J Appl
Ecol, 28(1): 28-36. [ Brlglr, Rmild, 4+ K, 5,
2017. AN[RIAREE FIRR it D AR 22 57 S L ISR 3 1
KF [I]. PRS2, 28(1) : 28-36.]

HAWRYLAK NB, MATRASZEK R, POGORZELEC M,
2015. The dual effects of two inorganic selenium forms on the
growth, selected physiological parameters and macronutrients
accumulation in cucumber plants [ J]. Acta Physiol Plant,
37(2) . 41.

HUANG SY, ZHOU GL, KANG ZX, et al., 2020. Effects of
exogenous selenium onthe growth and physical and chemical
properties of rhizosphere soil of Atractylodes macrocephala in
Xianfeng [J]. J Chin Med Mat, 43(9) : 2085-2090. [ /&
9, B, BREIRS, %, 2020, SMIRAR X R AR A K
KRR T ARt B s [J]. thEiat, 43(9):
2085-2090. ]

HUANG QS, LI HZ, ZHANG YL, et al., 2006. The research
on the effect of abstraction of Atractylodes on the ability of
resisting mutation of human peripheral blood lymphocytes for
Cr*[J]. Prog Mod Biomed, 6(7); 20-21. [ #i&#S, 2541
B, BRBKF], 45, 2006. 1A SRS B BOSM A 1
KA A BT 2 A8 A IWE ST [0]. BUACAE ¥ B2 o i e
6(7): 20-21.]

HU XY, LI CY, NI ZT, et al., 2019. Effects of selenium
treatment on the growth of pecan seedlings [ J]. J Nucl
Agric, 33(8): 1639-1646. [ WJHHE, 21z, 155 ¥,
45, 2019. AALBXTHETE LA BE A AR A SE R [J]. #%
AR, 33(8) : 1639-1646. ]

JIANG ZH , LIU YX, ZHANG ZM, et al., 2021. Effects of
different selenium contents in soil on main traits related to
yield of wheat and selenium absorption [ J]. Acta Agric
Boreal-Occident Sin, (1): 1-9. [ ZEEZ R, X EFH, KIE
B, A, 2021, IR VA & B /N A T R R
AR R [T]. PEdefl#4ik, (1) 1-9.]

JIN XW, ZHU X, HUANG ], et al., 2019. Effects of selenium
on chloroplast and photosynthesis [ J ]. Mol Plant Breed,
17(1) . 288-294. [ &x/NWi, 4, #ik, %5, 2019. Aix}
MR KO A VEFI R [T]. 2 PR E R, 17(1) .
288-294. ]

LENG F, YANG ZJ, WU YC, et al., 2020. Effects of soil pH
value on physiological and, photosynthetic characteristics and
active component contents of Polygonum  multiflorum
Thunb. under different soil pH values [ J]. Acta Bot Boreal-
Occident Sin, 40(9): 1566-1573. [ 7%, MEH, % —
i, 45, 2020. +35 pH {E0H ] B 5 24 B CHO RS RPN
ARy F AR [J]. VALY 4, 40(9) .
1566—1573.]

LI CQ, HE LC, DONG HY, et al., 2007. Screening for the

anti-inflammatory activity of fractions and compounds from



6 ] SR IR . AN [ b AT A X R &Iy AR A SR AR B S 1017

Atractylodes macrocephala Koidz. [ J]. J Ethnopharmacol,
114(2) . 212-217.

LI XC, JIAN L, HAN W], et al., 2012. Antioxidant ability and
mechanism of rthizoma Atractylodes macrocephala [ ] ].
Molecules, 17(17) . 13457-13472.

LI XQ, YIN GH, HAO HH, et al., 2019. Absorption and
utilization of selenium in plants and selenium biofortification
of main crops [ J]. Gansu Agric Sci Technol, (4): 65—
T [FEFIR, THELL, R, AF, 2019, AEPRG
WOR FH B = AR AR A= s AT e g i [T, HRrll
B, (4): 65-71.]

LIU B, CAO SJ, WANG Y, et al.,
LpNAC6 gene in Lilium pumilum enhancing salt tolerance in
transgenic tobacco [ J]. J Beijing For Univ, 42(4). 69-

9. [XIM, BHA, &, 4, 2020 R A S
LpNAC6 ﬁlﬁliiﬁkliﬂ’]ﬁﬁi"ﬁ RIREISreN DN
42(4): 69-79.]

REN YH, LIU SQ, QI WL, et al.,
oxygen anion in mulberry varieties under water stress
[J]. Guihaia, 37(9) ; 1122-1129. [{Ei0T, XUFATE, #B1H
58, 4, 2017, TRA T RR R AN B T iR e
ﬂﬁ@ [JJ. IPERY, 37(9) : 1122-1129.]

SCHIAVON M, PILION-SMITS EAH, 2017. The fascinating

facets of plant

2020. Overexpression of

2017. Changes of super

selenium  accumulation-biochemistry ,
physiology, evolution and ecology [ J]. New Phytol, 213(4) :
1582-1596.

SHI HT, 2016. Experimental guidance of plant stress physiology
[M]. Beijing: Science Press. [ifiiff ¥, 2016. Hi4)i¥itE A=
PSR T [M]. b, Bleg ]

WANG DD, HUANG Y, ZHOU ZZ, et al., 2021. Effects of

different growth and
physiological indexes of tea tree [ J]. Guihaia, 41(2): 183—
194, [ EFHPE, d0F, B, 4, 2021 AN EENIR AN
XA A AR BE bR S [J]. ) PERE, 41(2) .
183-194. ]

WANG H, ZHANG YJ, ZHOU WX, et al., 2019. Effects of

exogenous selenium on seed germination and seedling

selenate  at concentrations on

physiological characteristics of Airactylodes macrocephala
[J]. Mol Plant Breed, 17(22) : 7551-7558. [ £4E, skAELH,
JHEE, 45, 2019 SN AR5 A S 4 d A B
HIEZIE [J ]. ﬁﬁatfﬁﬁﬁ, 17(22) ; 7551-7558.]

WEN Z, LIU B, ZHENG ZK, et al., 2010. Preparation of

liposomes ~ entrapping essential oil from Atractylodes
macrocephala Koidz. by modified RESS technique [J]. Chem
Eng Res Des, 88(8): 1102-1107.

WILLIAMS P, LOMBI E, SUN GX, et al., 2009. Selenium
characterization in the global rice supply chain [ J]. Environ
Sci Technol, 43(15) : 6024-6030.

YANG SY, CHEN XY, HUI WK, et al., 2016. Progress in
responses of antioxidant enzyme systems in plant to
environmental stresses [ J]. J Fujian Agric For Univ (Nat Sci
Ed), 45(5): 481-489. [ 1747 M, BRIEMH, H3CHL, 4%,
2016. 33 53 il 38T A ) A S A I AR G ) R BT S GO
(V). R AR Z2M(ARBEFR), 45(5):
481-489. ]

ZHOU WX, HE YS, ZHU YH, et al., 2019. Improvement effects
of quicklime and calcium magnesium phosphate fertilizer on
acidified soil cultivating Codonopsis tangshen [J]. Chin J Appl
Ecol, 30(9): 3224-3232. [ JAkJe, f#AE, RERL, 4F,
2019. A=A K AVES BB NI XS R £k )11 58 2 3 iy ok RABCR:
[J]. DEFHAA2E4, 30(9) « 3224-3232. ]

ZHOU WX, ZHANG MD, WANG H, et al., 2021a. Benefits of
partially substituting mineral fertilizers with organic manure
combined with foliar selenium on the growth of Airactylodes
macrocephala Koizd. [J]. J Agric Resour Environ, 38(3):
457-465. [RSE, KK, T4, %, 2021a. AHALE
FRABIIALNEZE S AN IR XS IR BOPEAAEHT (1], ARk BE
SR, 38(3) ; 457-465. ]

ZHOU WX, LIU CJ, DUAN YY, et al., 2021b. Roles and
underlying mechanisms of foliar selenium application in
regulating growth of Codonopsis tangshen [J]. ] Agric Resour
Environ, 38(4): 618-625. [ i, XIAH, Bk,
&, 2021b. HMEBRXT )1 38 2 A 1K 1 50 K CH AT REAE HIAL
il [J]. Al PSR4, 38(4) : 618-625.]

ZHOU WX, DUAN YY, ZHANG Y], et al., 2021. Effects of
foliar selenium application on growth and rhizospheric soil
micro-ecological environment of Atractylodes macrocephala
Koidz. [J]. S Afr J Bot, 137 98-109.

ZHU LX, WANG P, ZHANG W], et al., 2017. Effffects of
selenium application on nutrient uptake and nutritional
quality ofCodonopsis lanceolata [ J]. Sci Hort-Amsterdam,
225(18) : 574-580.

(HfERE FEZEB)



f'bﬁk‘b‘ Guihaia Jun. 2022, 42(6) . 1018-1028 http://www.guihaia—journal.com

DOI: 10.11931/ guihaia.gxzw202106021

SRR, ARTTSC, VRSO, AF. ANIE P e SRR I T SY (0], TOPGAEY, 2022, 42(6) : 1018-1028.
CAI JF, YU WW, WANG GB, et al. Annual growth rhythm of Melia azedarach seedlings from different seed sources [ J].
Guihaia, 2022, 42(6) ; 1018-1028.

AR EREHERTREAR
Red, X, A5, ¥ %
(PR A2 7 B R 5 10, R3¢ 210037 )

WOE. SMEIRES A A R WA e, R i A0 e R R O R R R AR X
X AN [ 72 e R S A A R MR A4S B B AR R AT T HRB b, W 2E 7 T e R v B0 A R . 1S
ASTEHLY 1 ARAE S AR W ORER, XB E MbAR B AR K R AR AR B A A K R AT TN 43 A, OF
Logistics J7 AT A KW ALHEAT THAG . G RERH] . (1) A= M5B 5 AR A 4 25 S5 38 3k W 3Bk AR AR
i ZEA W S AR SCHRR 22 S H IR MK (2) B e A AR A K Y 52 S — P12 Y S T A KL
e, HIAAE 2 AR 0, 5 v A K s e B TR B, b AR A K o e 1 BT [T 58 W 5 (3) Logistic U577
TR R*M 0.976~0.994 , B33k F| e 8 25 AH K F , BEBA AT Logistic J7 FEIA ¥ BRIAAE KT ; (4) Bk B bz
A RS R AR I 20~ 30 d, d6 7 7= b 1 v R b AR A A 0 R A 4] A s U] 2 R T R O M
A S AR BB KR A KR Y 60% 5 (5) 45 LR KAE bR 5 4 B ORI 56 W AR i b S g
TS EARC, HoAb s bR S B AEDC , 25 25RO A AR Rl | 25 A MR A 7™ 1l ) 35
F RSN A K 2 A e DU R ], LA B
A . %T%, ﬁi%ﬁ, Logistic TR, EE‘L/(T’J‘&, HE R AHIR
FES S Q945; S723.1 MEFRIAE . A XEHS . 1000-3142(2022)06-1018-11

Annual growth rhythm of Melia azedarach seedlings
from different seed sources

CAlI Jinfeng, YU Wanwen, WANG Guibin, CAO Fuliang

( Co-Innovation Center for Sustainable Forestry in Southern China, Nanjing Forestry University, Nanjing 210037, China )

Abstract: Melia azedarach is widely distributed in China and has a wide range of genetic variation. In order to study the
growth characters of one-year-old seedlings of M. azedarach from different seed sources, the growth characters of seedling
height, ground diameter, compound leaf growth and biomass accumulation of M. azedarach seedlings from 15 seed
sources were observed, and the growth rhythm was fitted by logistic equation. The results were as follows: (1) There
were significant differences between seedling height and ground diameter (P<0.05) , and significant differences between
root biomass, stem biomass and compound leaf (P<0.01). (2) The growth of seedling height and ground diameter
showed a slow-fast-slow growth pattern with type S. Compared with the emergence time of seedling height growth peak,
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Key Research and Development Program (2017YFD0600701 ) ; Agricultural Science and Technology Independent Innovation Fund of Jiangsu
Province (CX(16)1005) ],
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the emergence time of ground diameter growth peak was later. (3) The R of logistic fitting equation was 0.976—0.994,

which reached the extremely significant correlation level, indicating that the growth rhythm of M. azedarach can be fitted

by logistic equation. (4) According to theoretical calculation and practical observation, the duration of fast-growing stage

of ground diameter was generally 20-30 d longer than that of high-speed growth stage of seedling. The time of seedling

height and ground diameter entering fast-growing stage and ending fast-growing stage in northern locality was earlier than

that in southern locality. (5) All though traits were negatively correlated with latitude, seedling height, biomass and leaf

area were positively correlated with longitude, while other traits were negatively correlated with longitude. In general

M. azadarach begongs to full-time growth type with significant differences in growth traits among seed sources. The

growth was regulated by both latitude and longitude, mainly by latitude.

Key words: Melia azedarach, seedling stage, Logistic equation, growth rhythm, growth trait

TR ( Melia azedarach) 7 ¥R FF ( Meliaceae ) B
J& (Melia) YW FRA, 76PN BT S Bty M X )32
G (ST 8),2004) o B AR ML R IR
e, e B 10 A FH R ] bk o £k A 5 AR
Bz A8 R A CHC RIRAMH] Z K Rm
MARFER A IR A 25 2 — (B RF I, 2005) ;
TR A 3, PUER B Bk, FE R A 0.5% LU
T R BB IE AR R R B A N A X
A= ZSAE PR A TR (PR XL, 2004 ) BRI, 35 BRAE
R ZUIRE T LEG R0 £ Wb 28 i A5 2 A

TR I8 I PESR, AR A T4y 2, A
DX AR S HUE PN B AR, R RER AR AR
W TS L 5= S W T A | a1 T N = A vir 2
L FE G B IR, P A T AR e & AR AN
(i) i 3 A 25 R (R R B RS A, 20055 55 U7 f#
4£,2010) . KEILORAME R FX ARTENR
B, AT AL 0 R A A B SO ) P AR R 2 B
TR 2 0% R IR ™ o, S EORh R TR 5% T
[l BUA BN TRE MR R R Z R &% E
MSEAE T AL B TS 25 N5, PR RS T AR
FEEFI ., P, TF i 3 R 5 5% 5 i 46 5 P il 5
B BIFFETE B A AR R | HE A N [ 7 il ] 5 o
AR MR 2E R T O R AR OR T R A RGE
o 20 tHad 80 AFEAR LI, [ P4 273 Wb vy A v I ik
BAMREF T TAEAT T — RIIBF5E, EZ LM A
RIFIARER & i i & H bR, 9125 0 i 15 & AN W)
HOIX I B AR L R & TG ME AR B bR (R AR A
1994 ; Wk 7% 5 45, 2008 ; 20 8 & 5%, 2015; 1] #5 4%,
2018 ; BRIH A 55,2018 ) , 3 BT KA 4F A KT
AT PR P A B S A R R A R SR L
S FH P R e R T S S s 30, 3 A e v i
WA E HERREHANEZERAN (&,

2013) , EHIT, R i i I AR A T AL Y
WFFEARXT LD | HAS () A 7™ b v A 6 AS ] 3k 5
i DX TR B 0 A K AR A AR R K Y 22 7 (R
WA T 2 , 2006 ; 4R %5 ,2014)

AHIGE UAS R 7= b A 1 A7 AR T R e X 42
XoF P AR A AT R DU | L AN ]
Hi v R A R 0 22 5, R FHECE AR R AT L
ST AR AR R AR A B B A KRR
DAHIUA: S B B 10 01 1 5% O 0o i A ] 450 34
it 5 ] B X6 AN [ 777 b 5 A i 0 A R AR S5 1 O
7RG 0T, IR BB R AT LG XEAS TR 4
A= f R R A OGP R 38 AR AT L4 AT, L
TRIE VLRI, (1) ASTR) ™ M fa] s AR 4 i AR K 25 57
PEARA] 5 (2) 58 1 AR AR W AR R A A5 R K B
BOA AT AR AR A5 5 (3) £ A MR 5 77 b by 38 /<
DKL= Fg A DG 1 o

1 #HEF*

1.1 356 MR R

T2 50 b 15 7 B T K XA RUEE B N R A
F(118°59'E,31°25'N) , +IEH AL, HEK B 4F, Hb
UL 22 = P R W 7 P W 77 | R 3 I L == 2
B EE R 6—9 A, FEAERKEW & 1 037
mm , AR 15.5 C, 24FETCFHE 222~224 d, 1B
AR B
1.2 X3 w1 4

2016 4 11—12 HFEFREAEAR A rh R fE e
XAEH 15 AR SR 7= Mo HE AT R A, 45 SR Af 0 Hh
PR RIS S DL 1, 2R A o5 0k B AR K i
He T T LK B K a5 S0 AR i 1Y SR P B
B 10~20 #, SR BB B FE 300 m DAL, SRAEETE
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Table 1 Location and climatic conditions of Melia azedarach seed collection sites

AR 1 A ¥R TH¥ER AR R .
i Y s 513 Annual Average Average Annual LR
S =R

. . . Atitude average temperature temperature average Frost-free
Seed source Longitude Latitude (m) temperature in Jan. in Jul. precipitation S?i;()m
(C) (C) (C) (mm)

JSNI 118°49' 32°05’ 12~20 15.4 2.0 28.8 1106 237
JSPZ 117°59' 34°21’ 18~32 14.2 -4.1 31.6 868 210
SDDM 115°01’ 35°16' 54~65 13.7 -2.8 30.8 630 215
JSTX 120°03’ 32°17' 3~6 14.5 2.1 27.6 991 215
JXNC 115°52' 28°40' 55~112 17.6 6.4 29.4 1 458 271
HNXY 114°01’ 31°49’ 60~ 150 15.3 2.2 27.4 1 100 225
AHHF 117°9' 31°50' 45~88 15.7 2.1 28.3 1 000 228
SDDY 118°34' 37°25' 3~5 12.8 -2.6 26.8 556 206
GDST 116°39’ 23°19' 5~10 20.0 13.1 28.3 1 600 350
GXNN 108°24' 22°47' 95~122 21.6 12.8 28.3 1310 340
HNCS 112°55' 28°11' 88~180 17.2 4.7 29.3 1 361 275
HBJZ 112°10’ 30°22’ 30~55 15.9 4.1 28.0 1250 255
ZJLA 119°42' 30°15’ 35~160 16.0 4.3 28.4 1614 237
ZJYQ 120°41' 27°57' 38~128 18.5 8.0 28.0 1717 305
IXJGS 115°02' 27°06' 66~225 17.6 6.4 29.4 1 458 277

. JSNJ. VLM 5% 5 JSPZ. YL5FRJH ; SDDM. ILHZR B ; JSTX. VL ZE2%; JXNC. L7 & ; HNXY. W R{ZF; AHHF. %
4B, SDDY. WA ; GDST. I %iilisk; GXNN. J" PR T ; HNCS. K70 ; HBJZ. MJbHIM ; ZILA. #iLIE % ; ZJYQ. #i
TLART 3 IXIGS. TP IE M, R,

Note: JSNJ. Nanjing, Jiangsu; JSPZ. Pizhou, Jiangsu; SDDM. Dongming, Shandong; JSTX. Taixing, Jiangsu; JXNC. Nanchang,
Jiangxi; HNXY. Xinyang, Henan; AHHF. Hefei, Anhui; SDDY. Dongying, Shandong; GDST. Shantou, Guangdong; GXNN. Nanning,
Guangxi; HNCS. Changsha, Hunan; HBJZ. Jingzhou, Hubei; ZJLA. Lin’an, Zhejiang; ZJYQ. Yueqing, Zhejiang; JXJGS.

Jinggangshan, Jiangxi. The same below.

TR T RAORAT B = e AR RS B2 0.1 em A10.01 mm, 43 15 d il —K,

R AFER A T A R AR A R LS 10
1.3 izt BRAZEAT - 320 B AR UE AT 2 ) DU AR VI 2 Rk

2017 A3 A 15 H L RKEFI 3 d,3 118 HifE  MRAEMTEE, WA BLEE, e T8 R L+
TTREFE . RV AR 5,3 /X, 3 MARZEALBY I, 43 b b Al F &6 4), 7€ 105 C
RS MR /NXHERD 10 47,4758 30 em, ®WATHER  THCTEREMEE, 40 E R E 0.01 ¢,

10 47, 46 Fh 5 B R B A0 BE PH I PR, 4 H 25 H A MR 2017 48 9 F i), R AE K IR B AR
A KB F R 2 e R, TR R BRI R A b TTERECE 4 hsksg 5 k&t
BLRMT, K ZFERNE RN, FF R R 10 em  AFEISER S BN EE K E 5 i E K

FE A UEAT AL, BRI 15~20 em, B L, I Pl A% Ak B 3000 2 A o v AR (T ST R

1.4 IEHRME T & 2012) . REF=HL AN /INKORAE 5 O & AT A
Wi AR A AN X BEALE B 10 1.5 BiEAE

PRI, 35 30 BRI A IEATHE R, 1 Ay 1 5 000 % , DA SR i B R e B8 305 6t 45 8 s 00 52 5000 147 1E

2017 4E 5 H 15 HAZ 2 2017 4F 11 A 20 HifiRA B ke, &k AHLKR N ( Pauta criterion , XK
KA b Mk, P RO bR RO s FIs AR, 3o ENN) SR AR 7E S 8 (8 1Y B KR i 1) o 2 55 75
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s (5 HESE,2014) o FH SPSS 23.0 GEi R X
= AR Logistics MG (BRI A 45,2014)

k
Logistics FHZRIUG 2.y = 1

+ae”’
Arh.y A SRR A ERET,
B m al b A2 A K n] B IA B i M FRAE, mT FH 45 24
¥(ri4y) =2 yiyays

S k= 2 kKo
Y2=Y1Y3

] s a b R AR AL, AT I SPSS AR [l U3 73 A
KA, RGBT = BioRT, 13 S ih 2Bt
RIS R R A 2 AN, RV A R 1R s, A

1 1
A SR X, 2, =—1In ¢ — ,
b 2—«/37

’x =
243 7 b

A2 0.
2 BXRE4M

21 EEKERNER

52T R, R P B 1 AR AR
e RBBUE KR 22 R B K (P<0.05) R4
i ZEA Y R A S IR 25 5 28 A B
IR (P<0.01) , B FE bR 048 S5 R ECh 13.22% ~
44.01% , B 7 B AR 25 A 4 1 IR 78 7 Bl ) A7 7E
BEAR(F2), ME2 M, ARk HHE
T WL 2 VT PG H XD L™ M) v R b AR A
Kb RS BRI L R AR e o R A 2%, 1
A Sk TG 2 AT PG X L = M A AR 254 )
AR, M e SRR K R =R
15 BHORITLL AR 2R %68 7 i A= 9 2 B 8 DU X 4 16 B
K5 B KA 43 91 YV XD L R K b
M, 7 LU 2R 2R 38 AN VL I AR N R &2 i B 0 I 251K
T A 7= b5 A P T AR AR KA R VP S XL
TV R T A AR
22 BHIEKTRERSW

Hi Pl 1 TEL 2 R AR TR) = b A i e AR A
KATHIA — 5, R 28— P12 ik 3,
BRI S BRI, WA ET A LA S
ARG bR 22 5N K57 H P ) A K HEA
P A 38 9 H rp g i AR K 25 R B K9
ATaZE 10 H BA), ds A K e, HA K&
FEARE, MEZ 6 HICME, A KB N
Mg HLm b R 22 S AN K7 AW, A Ak KO
FHEE LA 25 SN K, — ERreRE) 10 A

f1510 H AU R4 KBt gL 25 kA K,

FEAS [R] B[R] P 85 8 e | b A8 o 14 K B Y
RS AER A 2 A K &g, BA
[ 7= b 30 A K e D P S TR — 35 (1B 3, BT 4)
W e AR L WAEKSESHEET Ahf, 25
AR T R o UL 38 2% T g {5 B L %2
WA AL ZRZRE B ACIRNN 7 VLG 22 ATV AR
B HTE 8 H WA BEAS 2 AR K g, AR R
W8 AIKE 9 H LAaIKEI 2 AEKEE, &
PR AR A K B AR 1 Uk A K R 0 A X L R A
WY EAE 7 AR AL, BRI R R W R A sk e
ok, B = e 8 H wis K I9H g ,9 H
a9 AR, Ko A A K B 2 ikAEK
R MRS, 5 e AR K WA L, b AR AR
K e U 1 IR BSF [ R X A
2.3 A KENBERERIFESHT

DL 755 R0 A28 O8I0 % # S~ B il ) Logistic 7
PR G W B A A AR (R 3) , thaR 3 AT J, e
HIAIA TR R* 5 0.976~0.994 , Y3k 3 T #L
KA

HR i Logistic J7 2K AN [R] 77 b % B i R AR K
BRI B R A 45 A5 o, T o, T 2 ) S A 2w
ZHCNEW, x, Z 5 MAERKEW, RE
BRAE AR A K B B e U BF ] | 457 2 B (] B e A
KSR LK 4,

H % 4 nT L, 5 AR A L, B e R A A
) R X A e, L5 e A 30 s R X e L, B
AR R S I ) A e, S B T A S A SE bR
B 1 A R R He b AR A 1 20~ 30 d,

AN 7= b T v A2E A R A 0 R ) R S B )
B2 IR R AN R R E = ik A
A RN 25 SR A S R [R) A TV R T M
T A 1 RN 45 AR A S B ) 359 6 A B, A ]
7 M B T A R e ) 25 S LR I, M
i A 1 B ] L RE 2 B ) 22 5 LA B A
TR A 0 0 2 1 R AR T b e R R R R
WIS AR 00 3k 7= b, A 30 4 252 s 1) 45 Y
TH) R (5 BH = M, 47 252 s (] 5 1 (00 2 7 VTG 4 7

2% 4 AT S BRE R R AR K B BEN i A K
FAERE 25, fE4m A KIS B, i & b
BEBUE K &5 5 B A K& 35% ~39%
25% ~38% ,1£ 6—9 J1 1) A= B i A 42 SRR
A K E T B A KRR 60% .,
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Table 2 Analysis on growth traits of Melia azedarach seedlings

42 3

ik P = e =) e gk = H5E g FH
fi g s Buemm EEwR SR s i SURSE - N
7 Hb . - . o Compound Compound Compound
Seedling Ground Biomass Biomass Ratio of . .
Seed . . leaf leaf leaf
height diameter of root of stem shoot to . o
source (em) (mm) (g) () rool length width area
. (em) (em) (em™)
JSNJ 160.49+ 12.28+ 28.98+ 31.16% 1.07x 25.52+ 16.23+ 137.94+
8.78bc 1.04bcdef 4.92BCD 5.31CD 0.18BCD 4.57TEFG 2.84CD 39.95E
JSPZ 147.07+ 12.59+ 31.23+ 23.82+ 0.76+ 23.33% 14.59+ 124.66+
15.66¢d 2.51bedef 5.31BCD 3.65DE 0.13DEF 3.37G 2.34D 40.52E
SDDM 148.34+ 11.34+ 24.62+ 16.85+ 0.68+ 24.06+ 15.17+ 149.4+
15.85¢d 1.38ef 4.19CDE 2.93EF 0.12FG 5.18FG 2.42D 67.54DE
JSTX 164.81+ 11.55+ 17.24+ 23.47+ 1.36x 26.39+ 16.78+ 160.89+
21.23be 3.08def 2.93E 3.34DE 0.23AB 5.91EFG 3.84CD 51.23CDE
JXNC 148.67+ 12.92+ 37.23% 28.91+ 0.78+ 31.39+ 18.14+ 202.44+
16.36cd 2.52bcdef 6.34B 4.22CD 0.13DEF 2.93BCD 1.58ABCD 33.75BC
HNXY 134.06+ 10.25+ 24.82+ 10.49+ 0.42+ 25.68+ 15.42+ 140.43+
16.66d 0.90f 4.22CDE 2.32F 0.07G 2.78EFG 1.54CD 30.44E
AHHF 144.33x 12.91+ 35.32% 25.46+ 0.72x 28.78+ 19.3+ 148.82+
12.26¢d 0.86bcdef 6.01BC 5.55CDE 0.12EF 2.99CDEF 2.35ABC 68.34DE
SDDY 145.95+ 10.45+ 14.09+ 15.21+ 1.08+ 22.31+ 14.94+ 130.24+
14.64cd 1.97¢ 2.40E 4.21EF 0.18BCD 3.54G 3.30D 41.67E
GDST 195.23+ 15.59+ 48.62+ 49.89+ 1.03x 32.98+ 19.23+ 195.13%
13.38a 4.15ab 8.27A 9.88A 0.17CDE 7.46BC 1.82ABC 70.70BCD
GXNN 178.22+ 14.46+ 31.95+ 44.36+ 1.39+ 26.82+ 18.41+ 114.48+
11.44ab 1.23abed 5.44BCD 7.84AB 0.24A 5.07DEFG 4.20ABCD 18.06E
HNCS 144.34x 14.32+ 36.77+ 41.89+ 1.14x 33.67+ 21.90+ 198.51+
5.28cd 2.82abcde 6.26B 4.25AB 0.19ABC 4.13B 2.41A 51.16BCD
HBJZ 147.51+ 12.08+ 21.45+ 22.35+ 1.04+ 25.04+ 15.21+ 130.38+
3.58cd 0.99cdef 3.65DE 3.26DE 0.18CD 2.91FG 1.54D 19.99E
ZJLA 160.07+ 16.12+ 55.58+ 47.25+ 0.85+ 33.33+ 17.75+ 217.98+
7.51be 3.59a 9.46A 8.25A 0.14CDEF 8.17BC 3.08BCD 78.20B
ZJYQ 163.49+ 13.02+ 33.83+ 35.58+ 1.05+ 30.2+ 16.63+ 167.94+
14.50bc 1.06bedef 5.77BC 6.78BC 0.18CD 2.51bCDE 2.03CD 11.46BCDE
JXJGS 157.53+ 14.87+ 50.29+ 47.81+ 0.94+ 42.12+ 21.01+ 274.39+
5.84bc 1.21abe 8.68A 8.54A 0.16CDEF 10.58A 1.40AB 116.04A
¥I{H Mean 150.11 12.98 32.85 30.96 0.95 28.77 17.38 166.24
AL 5 R AL 13.22 21.73 39.61 44.01 33.06 25.05 19.44 40.67
Variation
coefficient
(CV, %)
F i F value 5.51° 3.91° 22,275 15.36™ 7.077" 13.213™ 4.168 ™ 7.607

TE: R B PR E AR R . [FF P ARG F /AR S T8 3 IR TE 0.05 F10.01 KSF T2 2, M 2 BIRORTE
0.05 2 0.01 K- F 2257 1w 3% .
Note: Data in the table are x+ s. Different small letters and capital letters in the same columns indicate significant differences at the levels of

0.05 and 0.01 respectively; “ and ™ indicate significant differences at the levels of 0.05 and 0.01 respectively.

2.4 ERKREOME LS A KAFET 2 MO IS 5| SR 5 5 )

HIER 5 AL B B S5 R SR A
RN 25 AR W 2 (AL DG R 2 3k B B 3 KOF (P<
0.01) , SRR 5Hie RAEY R ZEY R
I A B RO, T s S ARAE Y
K 0 TE B G T FRURE DG AS T 1 B R 1
AR A o R R AR A B R A K
R AS ]

BR TR A St itk MORA I I A i b BRI ok
FMFURTE R T, 3R 6 Al RO
WA N S AR S AR IEAR DG, T HAR R bR 5 22
FEGURSE ; %R AR5 46 B U OGS AF <l
1 ¥ AR 2 3 A I R 2 AR O, B AR
AR 1 H ¥R R, ORI AR B IR
DX, B R MR A AR R AR IR Z
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250 o 40 — BN = GDST,

= JSN] - T —_ - JSPZ = (NN
- I =RER Eusf T ie
5200 T R = A 2l =7
= = - 530 = e
ED - ' 2 25 F
B 150f @
2 320
F 100 S 15F
A I i 9L
iE @ 10T
# SO 5k
D i : : . ) I I I I I I I I I 0 [ i i " " " i i i i e
05-15_06-15 07-15_ 08-15 09-15 10-15 11-15 05135 20013 307137303 18538 130.30° Hoab 12
05-30 06-30 07-30 0830 09-30 10-30 B (F-F) Date (MM.DD)
H# (H-H) Date (MM-DD)

JSNJ. VLR 5T JSPZ. VL35 A5 M ; SDDM. 1l 75 % M ; B3 s E K 2
JSTX. VL5 %% 2%; JXNC. VLVG R 5 ; HNXY. {1 5 {5 P ; Fig. 3 Net growth curve of heights of
AHHF. “Z#&L; SDDY. INZRKZKE; GDST. J7 &Kilk; Melia azedarach seedlings
GXNN. J PR 7°; HNCS. Wi K ¥ ; HBJZ. WL M
ZJLA. #iVTIG% s ZIYQ. Wil AR ; IXIGS. TLFE M,
T, 25¢

JSNJ. Nanjing, Jiangsu; JSPZ. Pizhou, Jiangsu; SDDM.
Dongming, Shandong; JSTX. Taixing, Jiangsu; JXNC.
Nanchang, Jiangxi; HNXY. Xinyang, Henan; AHHF. Hefei,
Anhui; SDDY. Dongying, GDST. Shantou,
Guangdong; GXNN. Nanning, Guangxi; HNCS. Changsha,
Hunan; HBJZ. Jingzhou, Hubei; ZJLA. Lin’an, Zhejiang;
ZJYQ. Yueqing, Zhejiang; JXJGS. Jinggangshan, Jiangxi. The

same below.
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Fig. 1 Accumulated growth curve of heights of
Melia azedarach seedlings
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Fig. 2 Accumulated growth curve of ground diameters

of Melia azedarach seedlings
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Fig. 4 Net growth curve of ground diameters of

Melia azedarach seedlings
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GG S 52 %, K I ) by 2 25 5 FT R 3 ) il
AR FELRR BT, RN b B AR R A [ 7 ey A 0 SR
LA E R AR AR R —
TERE, BN T B it — 250, PRLA X b 22 5 32
TR A b R A SRR M A B gt A% 2 e i
A, Wd B v BT R A AL R R T

AWFFE S R W], v AR 4 A e R AR R K
PIfEAe 2 WA e, HSR | 21 5k w8 i ) s ]
AHE A, BRI e AR KRR T A K
AU X 5 [FBHE Y KR ( Chukrasia tabularis) (M
2013) 145 ( Toona ciliata) ( ZERE4,2017) HE K
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Table 3  Logistics regression of heights and ground diameters of Melia azedarach seedlings
W% Seedling height 172 Ground diameter
7 Hb
Seed source Logistic J5 7% R? Logistic J7 & R’
Logistic model R-value Logistic model R-value
JSNJ y=166.091/( 1+29.772¢ %) 0.976 y=13.800/( 1+11.681¢™") 0.978
JSPZ y=152.706/( 1+24.172¢ %) 0.994 y=13.652/(1+11.489¢ ™) 0.992
SDDM y=152.777/(1+32.343¢ %) 0.988 y=12.098/(1+10.426¢ ") 0.987
JSTX y=168.916/(1+23.906¢ ") 0.992 y=12.372/(1+16.469¢ %) 0.987
JXNC y=154.458/(1+20.683¢ *%™) 0.976 y=13.782/(1+12.277¢ %) 0.983
HNXY y=139.273/(1+20.203¢ %) 0.995 y=10.432/(1+14.814¢™ ") 0.991
AHHF y=149.087/(1+18.547¢ ") 0.987 y=13.909/(1+13.058¢ ") 0.976
SDDY y=150.096/( 1+22.257¢ %) 0.985 y=11.049/(1+7.939¢ ") 0.988
GDST y=201.714/(1+28.586¢ ") 0.978 y=16.870/(1+15.597¢™ ) 0.989
GXNN y=184.879/(1+35.130e %) 0.987 y=15.499/(1+14.874¢™ ") 0.992
HNCS y=150.421/(1+19.460e ") 0.991 y=15.504/(1+13.604¢ ") 0.985
HBJZ y=153.793/(1+22.651¢ *%"™) 0.985 y=12.876/(1+11.246¢ ") 0.977
ZJLA y=164.221/(1+35.632¢%"™) 0.992 y=17.895/(1+12.085¢ ™) 0.986
ZJIYQ y=167.952/(1+42.985¢"%™) 0.987 y=14.264/(1+13.659¢ ") 0.982
JXJGS y=163.857/(1+32.717¢ %) 0.993 y=16.104/(1+13.994¢ ™) 0.976

AL, I 5 7 3% K ( Pistacia chinensis) ( [ Tt
2009) . 7 ‘B Ml ( Cyclocarya paliurus) (¥ 7 &,
2013 ) A5 HAT AL RS B, 4% 7™ Ml v BRI g M A
ARG EIE-R-1E1) S BRI L, Logistic 75 24U
A NE G FR B 7K, B AT Logistic 77 &
X HAE R AT 05 20 B, 5 BRI B 45 (2014)
MZERE AR (2017) WEFESS R —50, BRI 4 &5
B O8I 43 BT 92 B, G R DB AR AR 8T R 43 Sk
B A A A K S T 3 A B B, 7 i) S AR
B B 1Y 5 22 ) [R) A7 A2 0 35 25 . VRT3, L
T3 77 M v R AR R A R A U R 4 T A 1 Y
B B KL/ 07 7 b, 5 R PR ( Quercus acutissima )
(R ,2010) EEA (BREETH, 2009) BF 58 45 2R
FAlo 7 A R I G Y R T g 32 5 R R DG
WA DG, 5 J5 77 Ho AR LG, A6 T 77 b AR K 0 X IR B
(AL SR AR, i AR 4 AR B % T ARl Sk A
PO 7 A5 1 I R 77 b v AR b 7R G AT Y
X A K R I HOBRAR R RE G D 25 FE K AR

M, 5 a3 T00, T LA A 9 248 R

A AR R P B OR T B AR
o ML AR D 2 ) K S R ELEE R AR B
i £ R 0T A A U A A B (7 B i —
2020) , AsiA: it & H bR AT, A 1 09 A K )
AR R BEA ) 25 K4 (SR 55 ,2014) , BRog i
% (2013) BF 5% 45, 4B KO a0 R E
( Manglietia insignis) T fm A1 078 1% A 4K 0 ) oy
AR A K1 58.90% ~ 69.34% Fl 67.43% ~
71.49% , A [GFP IR 8 3 AR LT, 7EARF] 70 d 1Y
AN, HmERAEKER S 2FEAERKEDN
60% ( Bk FH,2009) , A3l 50 45 R W s, 7E 6—9
AR, T WK e 2, B BFE4r, 7B & Al
HEBARKEYHEE B AR R 60%, Ui I # 4k
ST PN A R RN b AR A R B e A R A AR K
AR B AR A K Y S B 0 7R 3 — B D
AL AR T3 43 A HE R, DA SE 1 B R B PR AR
e, AR KA I 45 1k it R a0 HEBE DA T K
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Table 4 Phenological phase and growth parameters of heights and ground diameters for Melia azedarach seedlings

AR A ARKEM
Seedling stage Fast growing stage Late growth stage

L i

Seed Tmit  AvEREE WA RIEE SR EKE R REEE SEKE R

Net growth Percentage Starting Duration  Net growth Percentage Starting  Net growth Percentage
(cem) (%) time (d) (cm) (%) time (em) (%)

JSNI T 26.89 17.66 7.10 61 95.89 62.97 8.31 29.50 19.37
JSPZ Sﬁiﬁ;}‘;‘g 25.45 18.15 6.27 63 88.16 62.86 8.29 26.63 18.99
SDDM 23.13 17.01 6.22 61 86.08 63.31 8.23 26.75 19.67
JSTX 27.46 17.54 6.26 61 97.52 62.29 8.26 31.59 20.18
JXNC 23.98 17.13 6.25 66 89.18 63.70 8.30 26.85 19.18
HNXY 21.63 17.13 6.25 66 80.41 63.69 8.30 24.22 19.18
AHHF 26.74 18.73 6.29 58 88.21 61.77 8.26 27.85 19.50
SDDY 25.16 18.05 6.23 60 86.66 62.17 8.22 27.57 19.78
GDST 35.08 18.69 7.20 64 116.46  62.05 9.40 36.14 19.26
GXNN 32.22 18.80 7.60 63 106.74  62.29 9.70 32.41 18.91
HNCS 23.34 17.17 6.25 67 86.85 63.91 8.31 25.71 18.92
HBJZ 24.73 17.70 6.26 65 88.79 63.54 8.30 26.22 18.76
ZJLA 28.37 18.45 7.10 56 94.81 61.67 8.26 30.55 19.87
ZJYQ 26.95 17.39 7.40 57 96.97 62.58 8.30 31.03 20.03
IXJGS 28.41 18.78 7.20 60 94.60 62.52 8.31 28.30 18.70
JSNJ iz 1.70 14.67 6.22 91 7.97 68.77 9.21 1.92 16.57
JSPZ d?:;g:gr 1.66 14.61 6.20 88 7.88 69.37 9.16 1.82 16.02
SDDM 1.54 14.92 6.16 85 6.98 67.64 9.90 1.80 17.44
JSTX 1.73 16.23 6.27 80 7.14 66.98 9.15 1.79 16.79
JXNC 1.93 16.16 6.21 85 7.96 66.67 9.14 2.05 17.17
HNXY 1.62 17.22 6.22 75 6.02 63.97 9.50 1.77 18.81
AHHF 2.17 17.87 6.24 88 8.03 66.14 9.20 1.94 15.98
SDDY 1.10 11.93 6.10 89 6.38 69.20 9.70 1.74 18.87
GDST 2.25 15.76 6.30 88 9.74 68.21 9.26 2.29 16.04
GXNN 2.40 17.66 6.27 85 8.95 65.86 9.20 2.24 16.48
HNCS 2.30 17.27 6.26 87 8.95 67.19 9.21 2.07 15.54
HBJZ 1.70 15.37 6.18 85 7.43 67.18 9.11 1.93 17.45
ZJLA 2.80 18.49 6.26 98 10.33 68.23 10.20 2.01 13.28
VAN 2.11 17.41 6.27 91 8.24 67.99 9.26 1.77 14.60
JXJGS 2.52 18.01 6.27 87 9.30 66.48 9.22 2.17 15.51

Bt AR S ik, EARE AT, )R
Wk VYR T WL 2 VAR VPR L
AT 5 5 7 e A 7 3 A 300 B e R M A v 2
RAR PR BR, AH 2R Sk A0 P4 R T
ARTEARIG M AT VR 2R TR b £ 4 6 3t B o i b
AOLSE T RV 42 W7 VLR VLV S X L AL
TR X 4 D HL X AT R AV E

O3 DT AR A PR 3 52 B O W] B 5 2% 1
P18 52 e R e A1 A2 3t g B A A P AS [ 0 A 1] 7 4%
R VN o a2 R I i o C A S NI R R U R i e
AHIF B PR B Z 1T, 0 SR 25 7 A ' 1 b L2 S
(B 18 BH ORI 2L B8 3R, 2005) S [\ Bl TR 46 A B
( Sorbus pohuashanensis) ( FSfdt%5 ,2012) FNLZLAE (2=
BR 4 2017) VAR R VAR Y 52 25 i R 48 B XU 4%
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Table 5 Correlation analysis among growth traits of different seed sources of Melia azedarach seedlings
.- P e e = £ 2 AU -RuiE
A i 5 e MEwR g oL SR o RN Buhi
PEIR . - . Ratio of Compound Compound Compound
. Seedling Ground Biomass Biomass
Trait . . . shoot leaf leaf leaf
height diameter of root of stem .
to root length width area
) 1
Seedling height
itz 0.615" 1
Ground diameter
AR AWy 0.388 0.892 1
Biomass of root
B YR} 0.688 0.967 " 0.830 1
Biomass of stem
ZEMR 0.579" 0.285 -0.135 0.423 1
Ratio of shoot to root
CALEN 0.272 0.732" 0.830" 0.769" 0.042 1
Compound leaf length
SM5E 0.274 0.700 0.658" 0.743™ 0.240 0.837" 1
Compound leaf width
52 TR 0.159 0.605" 0.761" 0.621" -0.069 0.939™ 0.691 " 1
Compound leaf area
xo6 TREHEKERSHMBEBSERFHEXESHT
Table 6  Correlation analysis between growth traits of seedlings and geography-climatic factors
AR 1A TH¥M TR Do
etk 235 S WK Annual Average Average Annual ¥ *tﬁf/
Trait Longitude Latitude Atitude average temperature temperature average mg ) ree
temperature in Jan. in Jul. precipitation season
T 0.042 -0.654" -0.084 0.673™ 0.722™ -0.075 0.475 0.731™
Seedling height
A -0.074 -0.713™ 0.333 0.670™" 0.650 0.351 0.735™ 0.639"
Ground diameter
LY 0.028 -0.605 " 0.460 0.536" 0.521° 0.386 0.734" 0.493
Biomass of root
EVAR kY -0.091  -0.783™ 0.380 0.752" 0.742™ 0.263 0.770" 0.737"
Biomass of stem
ZEMR I -0.064 -0.335 -0.091 0.370 0.408 -0.188 0.165 0.401
Ratio of shoot to root
LIRS -0.031  -0.614"  0.686" 0.514 0.551" 0.214 0.720" 0.490
Compound leaf length
258 -0.243  -0.651"  0.554" 0.584" 0.582" 0.171 0.554" 0.539"
Compound leaf width
S AR 0.148 -0.389 0.625" 0.261 0.334 0.195 0.584" 0.269

Compound leaf area

i, 208 LA BE T o Ry 2, B P AR SV G A
A AT R B T A B TR A RO A AR S ke R
BAEM o [ ( Phoebe bournei) ¥ e A 4K 5 28 AN
R AL E ML, AR K SRE R EN
MO, 5 PR W A OGO R (I S A,
2019) , ABFFEas 2 0 0 A AR A

KETYRMBHSEERNBERME, 54
JE AR SCHE AR B (2, 5 R o8 15 55 (2008 ) 1B A1 55
(2015) WFgE 45— %k, B Mok 5 4 B i A 56
PESZ B E 5 A R 0 i R A R & TG R
B IEAR DG , M 56 A B B AE B T ok — o5, R IR
JEMATERRAE K BB E L /T SCH A R T B
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J& T A A R IR A, G R K R R A T Y
FEA AT ] T R ) 2R R AR M R

EARE R E A 7z, B AR R s R
Mo i TR WA PR BR A, AS 06 B AT I 42 2y
A DX HEATRAE SRR AR AR R LA 48 1R
8T 15 AP HUA BREEA NI 5 45 ie T — &
SR BRI, D fel AT 5 205 2R T ) 2 4 B, A o B ik
— Y ICRATE L, [R] I T FH ] 22 5 3 AR g
PEAT AR S BB A A O B0 S R

SE .
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& B 18 X 32 & # F HE & BY 52 M BF 52
koW, FER DA, AHFEENE, W ¥

( WSS LI YR BEEBE, TRl A S RGP SR EZ ML R E A%, FFATEER 010011 )

T OE. A KB UR AT R A L E K S A 0 BB T AT R e A R b aa . R BIF 5T R B 8 ) BE
( Chenopodium quinoa) P R MR R ZE A K2R IR PSR DL 6 B ZE Sh P (203837 JE a3 7 |
BLIRE GRaHE WHE AEOEE) MR, 2 BILL NaCl Na,S0, NaHCO, X} ## (CK) 4B 6 422
AR T R 2R AR IR ZE A SR SR AR 12 Y 25 R TE X R [R) BE 22 S R B MR R AT 2R
A, 02 0 1k R T £ ik it R P 0 A, 25 SRR . (1) =R ER A T, Na, SO, 6 F 71 & 8 b
PHIAE P S B S, 6 SRS SRR 1) & ZE R AR AR, — LR R E 5% LR BR AL G WAL Hax 4
AN SRR TG ST BN A KRy 0, B B A AN, Na, SO, X Hidy 5 AR L A A IR AR IR 2E400 ) R 44 35 5]
100% ; NaCl X} 85 & F A K i 0 i V8 FH /DN B mT R g AR R 25 A K T B8 2 M s A 32 1k
K FRAE NaCl Zb B R A28 T X B8 A6 9 h Al 21 h B B £ 22 52 IRAR 30461 3R 0 - 28.329% A1-37.57% ., (2)i&
FH¥I 7 220X 6 AFEAZ SRR W & P b FAE KAEFREAT 25 G TN S5 A R | I Z03E 42 XF NaCl NaHCO,
PUHE R, B AT Na, SO, FUER s . £33 DA 25 3R I 3R W30 AR F 2222 b 11 & B K AR TR
AR J3 b, DX PR 3 P A A 8t P R B B A N o i v AR K S DAk BB 2 el bR Ak B A K B R
R R

KR B, Bhn, Mhrik, KRR, ARKE0R

FES RS 0945.78 XHkFRIAED: A X EHS: 1000-3142(2022)06-1029-11

Effects of salt stress on seed germination
of Chenopodium quinoa

ZHANG Na, LUO Yuyang®, MA Yingmei, BAOSIQIN Bilige, MING Ming

( Key Laboratory of State Forestry Adminustration for Desert Ecosystem Protection and Restoration, College of Desert

Control Science and Engineering, Inner Mongolia Agricultural University, Hohhot 010011, China )

Abstract: Reclaimed water can irrigate farmland, but anions in water can cause salt stress to the plants. In order to
study the effects of salt stress on seed germination characteristics, radicle and germ growth of Chenopodium quinoa, this
experiment was designed to measure germination rate, germination vigor, radical and germ elongation inhibition rate in

six types of quinoa cultivars (Red quinoa, China-red quinoa, Tai-red quinoa, Tai purple-red quinoa, Yellow quinoa,

KRB 2021-05-26
EL£IWB: N HRBIEIESE (2018BS03003) ; P15 Al K24 2 I A 51 i BHIF A 235 H (NDYB2017-12) [ Supported by
Inner Mongolia Natural Science Foundation (2018BS03003) ; High Level Talents Introduction and Scientific Research Program of Inner
Mongolia Agricultural University (NDYB2017-12) ],
F—1EE . WKWE(1995-) , WM IE A, LM F K 5 T B B IR 5 T A ST, (E-mail ) 1021840983@ qq.com,

CEBEMEE: BT, L R, EENSEY IR S AT R AT, (E-mail) luo680715@ 163.com,,
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and Tai yellow-red quinoa) under three types of salt treatments ( NaCl, Na,SO,, NaHCO, and control ). The salt

tolerance of different quinoa varieties was comprehensively evaluated by using the mean square error decision method,

and the varieties with strong salt tolerance under different salt stresses were preliminarily selected. The results were as

follows; (1) Na,SO, had the most obvious inhibition effect on germination index of seeds, and the germination rates of

six quinoa varieties were relatively low, which kept below 5%, and growth rates in which values were all 0 in four of the

cultivars except for Yellow and Tai yellow-red quinoa. The inhibition rates of Na,SO, on radicle and germ of the other

five quinoa varieties were 100% except for Yellow quinoa, the growth rates of China-red quinoa and Tai yellow-red

quinoa under NaCl treatment were higher than that of the control, at 9 h and 21 h, the radicle inhibition rates were —

28.32% and —37.57%. (2) The results of the mean aquare error decision method showed that China-red quinoa had

higher resistance to NaCl and NaHCO,, and Yellow quinoa had higher resistance to Na,SO,. All the above results

indicate that salt stress is not conducive to the seed germination and growth of quinoa, but planting suitable varieties in

different salt areas can improve the survival rate and growth quality of quinoa, so as to reach the requirements of

landscaping using reclaimed water as irrigation.

Key words: Chenopodium quinoa (quinoa) , salt stress, seeds germination, germination index, growth rate

H v K S R A e, A XK B IR AR /D T
ARG P2 A 208 I (LR, 2010) o R 4FHD
32 FH A K 5% 5 A TR R A T 18 A i R 7K 9% U e ke
FK TG e ) 0 1) OC SR AR . AR K 2 Ik T v 7k 48
R Y AR T AR E S A R LB A DL R
JUER MK, AT e R R, R A i 5o
R (IE ©EF2020) , SRIMAF TN AR K & A
¥Z HCO,” .CI” \CO32_ Na® Mg™ Ca™ B 1 (¥4
FAF,2017) , LIS 23 3 0 - oy il -k A
oAl AR AR R E . FhIEE R A
I RISCTCHLER B 1~ JE A58 3 A, 7 LB 40 B K
(/N5 ,2013)  (H i ER R85 2L Na Tl A I,
TR YA N B 25 - sh 274, (A ) 7 A= 08 35 T
TE RIS 30 A AL ) 24 L PN S v B A 2
(TR FRMEE 2014) , BEM5EAEY 4 3 (R4
J745,2015) N TRICGR (5KEEE,2008) (BB AR GE(Fh
5645 ,2001) JEA( T 1555 ,2014) S5 kAR, ™
HNTIAEY ZE R, I, F5E T A X £
T P 7, 32 T ) %k 1) P A K 5%
AT 4 K A R X,

# 47 ( Chenopodium quinoa ) 5& 2 Bl — 4F H:
Y okFSeE A B R A B R R TR A
W) 5 %5 5% 97 JC & ( Bhargava et al., 2007 ; Antonio et
al.,2010) N HAUAE P BT e = 107 A4 7 1) 08 2 IR
(ERWIZE 2014) , Kl A E G SEHEA
JURE R K R R, A AU & A, T HL
HBEZ R T (F 6 36 R RO M
HA BRSO A BER: X S0 5 Hi (= 7Y

B AR Y T T Ak, AT R e b A
AR, T Ik T 2 Ak b i kR ) A A S, B
0 HAT — 2 (A R B, AN 5] 5 A T 7 4
EANTR] , {E 3k 53w 2 2ok w8 R A AT S 303 A2 (1 36T
J5i if] 04 45 (2017 ) & I 24 NaCl #& B2 4 0.6% i} nf {2
B 47 5 48 TR T I A K, 2 NaCl R JE N
1.8% IF $h 2E 47 5 48 5 Fh F 5 MR 410 i 2R 4% 3
100% , " EAMFHIFPF A K, B &5 (2017) ©F
8T 3 AL FAE NaCl 38 T 4 A= 3o 7 | &
PBEZE 1 5 7E 500 mmol - L7k T A i MM &
O AR A AR AR S S T
Hofth 2 A A, 2 B A% A A A R4 A T
DRIt , 74 SC3E 5 i 90 38 A AN ) i P ofe R T 38 R Y
B R S AN [ 28 U 27 it st 3 36 % e oz
Y T 22 R T 45 B B 45 R 2R AR b, T
AT Z M SRR B 22 SRl DU S 2227 5 R
T 6 1 75 19 1 el b o Ak AR AL TR S AR B |

1 #HE 7 *

1.1 iR Ar Rt

Bk 6 MR R R M (L1 FE A 4L 2E
FBLUEE ARARELE WEFE GWLAEL)
NS g A w44
1.2 iR IE It

SR UE AR ML IR & 273 9, b3 155 5% 1L H 2818
KIEVET 5 e = iR K 8 KT 54
TEIURFRE 000 | /N — 30, Jo s 3 2L & Fh 1,
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FH 0.5% ) 5 46 FR R T 5 30 min, 2218 K vh P 14+
JEREH . 4 100 RiFh TR F A 2 24t
REgRmd 23 A A 5 mL 200 mmol - L™ # NaCl,
Na, SO, . NaHCO,, DL 7€ 18 7K &b PR 41 1 & X B8
(CK) , B A3 4 REL KRR NLE T 25 CHY
KA h b AT 5 9% 18 6 h )5, 5% 3 h il s Fh 7
B BB, DN IR AR AR 28 A K
1.3 fFHEERITE

Tl 05 & 6 Bn e 40 F 28 200 F AR (B R AR
2001 ; BREFEME T 2004 ; 5 /055 2019) .

KR G=n/Nx100% (1)
o n BT R TN TR N BRI R
RFEEG.=X(G/D,) (2)

X6, o HBE k% D, D9 AL B Kk
%ﬁo

15 S48 80 Iv=SxG, (3)
HERER=L/Y [Nx(D,~-D,+0.5) ] (4)
HR AR il 38 = (X BRIRAR K - b IR AR £ ) /
X R X 100% (5)
ZEAPR I 3 = (IR 2R - IR 2 K ) /
Xt BRI ZF K x 100% (6)

K LR R4 3R & Fh IR AR K
(AT 5 S Ry IRARA BE IR, BN em N, M5
KRB M T4 D, NS n) KEG D, N
i K,

1.4 IBEDH

L4.1 R FeARAREA SR 2248 ek (5 W5 V%

4 2018) B BRI T o bR AL AL R 28 1 b v

TRAb PR BT A HE PR AR 220 2 [0, 1] MY, OF H i

LITA TR AR 5 AL R E M 8 b, Pl 5 et gl 5=

BT 1, mE R T 0, BATEARXWT .
Bi_Bmin

— l:l =} /—;
Gg_Bmzlx_Bly\in(IEm?BitT) (7)
_ BmaX_Bi iﬁr_“?b*#
Gii_Blv]ax_Bmin( o ZF) (8)

A G o FR bR bn HEAL IS B (EL; B, 5 @ 4R
BB E A8 ; B, W ZA8 0 i K AE ; B, W% T8
R H B B/ IMEL
142 K T¥Hor 22 FE A LI ESFN KA
Yo7 20Kkt 3 b e R 6 FhEE A B & fE bn
HATLR AV . BRI IS IELAE 45 PF A F8 b
BEFLAZ 15 7Y (A, 758 S Bl AL A = A 390 X
25 B s ¥y 22 10—k, R A TR AR i AL R

B, fo e AU 2R BRI 45 K 28 Js B Am AL S /Y
{EIHAARER A T 6 R L B Z5 a4 00 (5 G
A, 2018) o BARTTHRLIRANE
(D) B BEYERERIIE E(G,)
E(GJ.)=%§]GU (9)

(2) B 61 Iy 2

r(6)= |1 6600 (10)
(3) B R G 0BT R AL
o(G))
W(G)=— (11)
j;O'(Gj)
(4) ZHARWE FHE
D(W)= S 6,W(G) (12)

1.4.3 2R EFH £ 5% JH Microsoft Excel 2018 %X
PESEAT RGP, F SPSS Statistics 20 4 #E47 54
K% 77 22 (ANOVA) 4347, R ] LSD 1 DUNCAN
B T2 E LM E R (P<0.05), ]
Origin 2018 #XF4H ,

2 EREA

2.1 3 FEBMEXNEEZE R FENHIT

AR PRI BE R 2 18 h J5 e e T
XA, BRI A o) (1) o A A R e i AR
I R %) 40 ) 4 FH 22 5 38K, Na, SO, % 6 S22
s R O A L A B LR 2 R B o I (] 4
R/ B 30, B 2 S B8R, — B TE 5%
IR, ZEELIEZ 30 h BFak i, R 4.75% (&
1:B), 24 NaHCO MY LT R GG G5
LIEEE B ELLEE AT R I R ARG R
Tt (El 1:A.C.D.E) , fEASLLEEH 18 h I & ZF
Rig, N14.5% , 5= [ B A NaCl | Na,SO, 1) 3.87
6.44 5 (&1 1:D),
2.2 3 ME MBI FEE X FIEHM R

28 Na,SO ALBRAY 6 DL 5 Fl k 248 508 hy
B 2), GLBEH 33 h BF Ak, 3.83, 1K F
NaCl 51.03% F1 NaHCO, 75.23% (& 2. C), &
NaHCO b3 (1) B8 2 e 2 48 B0 3 O d5c s (O6F BRBR
G AR AE 33 h AR RO,  16.2, 5
% T NaCl 13.45% F1 Na,S0,34.70% (& 2:.E) .
6 NP, B4, B8R4 AEARFEER N
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= A e = B - C ——NaCl

) DN ) NaCl s .

% 35 —8— Na,S0, % 33 Ix;_\rsm %« 33 ) —8— NSO,

£ 30 +N;.ii§0; £ 30 A NGHCO, £ 30 +N;.Ii;0.

£ 25 —¥— K Water S 25 —v— & Water = =¥k Water
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E E E

515 5 15 5 15

2 2 &)

% 10 5% 10 % 10

R iR #

s a2 o o 5 "? 5

0 o 0 0 il
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B 1E] Time (h) B ] Time (h) Hf 8] Time (h)

_ 40 D - _ 40¢ E ~ 07§

=3 —— Il = 35t —a— NaCl S —a— NaCl

e 5 —8— Na;S0, b 3 —— Na,S0, : 35 —— Na:S0,

= 30 —d— NaHCO; s 30t —A— NaHCO, 'é 30 b —&— NaHCO;

5 25 —¥— ik Water 5 25l —¥— 7k Water g 25 ¥k Water
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10 5 10f 310

= iR S

« S = 5t 3 s

36 9 1215182124 27 303336 36 9 12151821 24 27 30 33 36 36 9 12151821 242730 33 36

I} Time (h) (i) Time (h) BHi] Time (h)

A LIEE B BLHE; C AL, D. ARARL; B WL, F. WAHEL, TR, N/NGFRFIRA R LR HZ
G AR 25 5 W 3 (P<0.05)

A. Red quinoa; B. China-red quinoa; C. Tai-red quinoa; D. Tai puple-red quinoa; E. Yellow quinoa; F. Tai yellow-red quinoa. The
same below. Different lowercase letters indicate that the effects of different salt types on Chenopodium quinoa species are significantly

different (P<0.05).

BT AN]SR O 2 22 b1 28 A 52 (P B e ARl IR 22) |

Fig. 1 Effects of different salt types on the germination rates of Chenopodium quinoa seeds (x+s.)
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Fig. 2 Effects of different salt types on the germination indexes of Chenopodium quinoa seeds (xs.)
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12 h, 2 Na,SO bR B R ¥ & 2F 56 805 T NaHCO,4
W& ZE 36 8512 h Z J5 NaHCO, & 2F #8 B0 & F
Na,S0, (Kl 2:C.D .F); HL & 18 h Bf 4 &4
iR (K 2:B),
2.3 3 FhEh BB X B ZiE N5 G

T 148 B 2 Fh 7 R S R kAT
P ARMA W), AT M FIE 4R
Hodk ey, A B U M B (RS, 2004)
NaCl X 2224 (4 il /E B A P AP R, 6 4~ i
e, [ 21 28 42 X NaCl ot 55, Hoig s 48 50
T A 5 AN SRR AE 33 bR EATRE A I 4R
Bopla G4 %4 B 6RaEER
47.66% (& 3:A) .73.31% (& 3.C) .63.85% ( &l
3.D) .59.90% (|8l 3.E) .75.68% (&l 3.F), 4138
& ELHE UL GERAFEEX Na,S0, 4t
PRI HAG 88050 0(El 3:A-D)
2.4 3 FhEh BB X B E £ KERNF G

3 PR T VBN BE A7 AR A= 4 3 5 i AN [
IRIR VI, NaCl A B0 21 88 37 A K R 3 T4 R
BE R HERS , NaCl Ah B A 21 32 242 1 K HUR A B T
W, B Z4AE 12 h B AR R ORI T X IR 5l 0.14
(30 h i) (&l 1:A), NaCl 4b 38 iy [E 21 28 4% IR AR
A KA T IR 7E 9 h ISk B AR, X IR AY
5.71 % ,{H7E Na,SO, %MW T A KR K 0 (Kl 1.
B). NaHCO,ZbHfY 55821224 7F 6 h A K R
k1 0.78 , 43 Ak [R5 BT Na, SO, 1 2.05 51
9.15 1%, Ml J5 KR T k%, 21 33 h B3 F 0 (& 4.
D), NaCl %% 32 R A= 4 ol 5252 ma AN B 5, % 1
ELLRE A G w2l B R B e - E (& 4. B,
F) {0 Na, SO, 0 il T MEAR A K, B ¥ 22 4 Fl 5
LLRAE Z A0 A 4 A SRR AE R F 0 0 (I
4.A-D) .
2.5 3 FEb BhiE X4 2 AR AR D HI R AR

B 5] 18 4 8%, NaCl X 21 22 32 /9 iR HR 4 1 R
Wik, I 45 12.47% 34 Jin 31 30 h B 85.02%),
NaHCO, #I4l Zts )\ 84.85% 1 fin 5] 98.24% (& 5.,
A) ., NaCl X} [ 21 22 % JR A — B AL F B AR iR
A ELA A FH B R[] 0 38 0 98 55 . 6 h B4 o
R 42.92% ,30 h K 12.11% ,7£ 9 h B A1 21 h
Ao -28.32% F1-37.57% , i W NaCl {2 JE T IR AR
AR (KB 5:B) o O H A 4 M2ty
S, L ) B 9 i 38R 5 | 3L A Na, SO, X R
HRANEIE AR Br 2 2 & 2L B 42 A, HoAth

JRRRAMHI N 100% (8 5:A-D) . EhE B IEAR
0 B2 0 K /NI 4 Na, SO, >NaHCO,>NaCl
2.6 3 FhEh e Xt 32 2 BE ZF D I = A9 52 M

ERFRiE 6 h B, 3 bk X ] 21 B 27 ] R Ak R
100% (P& 6:B) , 1 Xf Hofth 5 A4~ & A 40 il R 35 4
0% (¥ 6:A.C.D.E.F), M9 hid, FhEWBITHM
HIRZEM, H Na, SO, BRI 1% 4 100% (& 6 A-
E) . NaCl 2b 3 i [F 2122 2 7E 15 h B0 308 T
0% ,1F 21 h B 2R A%, 1 -81.25% (&1 6:B) .
Na, SO, 4b B (1) 5 85 21 2 2 | H R 25 fif R 4 il 6 <
100% , LI RS | IR 2500 1 3R 2 N, M 6
h 19 97.47%%) 33 h 1Y 77.49% , FF%& T 20.50%, it
B & LT3 R aa i RE 1 8 m (E 6. F)
27 BEMFHEZEETEN

¥ 7 2 PR ILER G 4 W R AR bR, % 3 Bl
O3 NS W R AT VR, 45 48 AR A5 o0 (8 S HE T
W3R 1-3, it 34 77 22 Je SRk X AN [l W 38 T 45
A W R ARAR I PEAN BB A5 25 5 0 12 1 I 6 M A
UF AR SR, ¥ 2 UKL R, NaCl b 38
B 2128 22 W 1 100 S5 -, T 5 4038 22 W R O B
7 3 Na, SO, A0 T B 22 5 W A1 D0 B i, T 65 213
FHRE W LN B 22 ; NaHCO, 4b R [ 21 22 22
KNG LI AT 5 L1 R 22 B A7 Wi R Dl 2%

3 i

Pl 71 2 e AW A A T I, R AR
Foadh AR R o EE R A M 59 A B B, AR &)
2 B AT BE 00 5 W, I B B 38 X R R
MRS K (ZEH A, 2019) | IR A6 B 1 85 4 B Bt
HEATAE ) ot o TS e O A 2 — PR R A R R T
Ko PFRFR KFEE GRS AKEE
ST B R W R DL E R AR bR, TR A R i bR
Foip 361 36t il 1 4 B 1) (A Rk A, 2019 5 B HE BT 45
2019) , ARWFFE A, 6 DHEAZ SR AE 3 FhEh I WY
TN S S R (= QR DA ) A o ANB T B S LN
SEIHARX B A KR A KE R T S
JEBEAR , K 25 46 85 06 1 6 BBl 2 B (R 2248 T
AT M R 0 30 X 3 22 T Wi & I B i 3¢
AN AEFP I K AR D Bz B R A
B TF IR BBV AR PR A K R RIE
S N i (207 S TE R A BU R S R N )
FTHRELZ , A TFihiE, XfBEhhE 55T
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Fig. 3 Effects of different salt types on the vigor indexes of Chenopodium quinoa seeds (x+s.)
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Fig. 4 Effects of different salt types on the radicle growth rates of Chenopodium quinoa seeds (xs.)
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Fig. 5 Effects of different salt types on the inhibition rates of radical elongation in Chenopodium quinoa seeds (x=s.)
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Fig. 6 Effects of different salt types on the inhibition rates of germ elongation in Chenopodium quinoa seeds (xs-)
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£1 NaClRQEBETEZZEMNERD,(W)EREHER

Table 1 D,(W) values and scores of quinoa under NaCl treatment

i JEMRAE K HRA RIS AT
A KR KRR [EAE = A EEHES EETES a1y HEF
e Germination ~ Germination Vigor Radicle Radical Germ Comprehensive ~ Ranking of
Variety . . . . .
rate index index growth elongation elongation score comprehensive
rate inhibition rate inhibition rate evaluation
EHAK F 0.02 0.04 0 0.05 0 0.05 0.16 6
Tai-red quinoa
k&3 0.18 0.18 0.05 0.03 0.02 0 0.46 2
Red quinoa
EE- Ik T3 0.05 0.07 0.02 0.05 0 0.06 0.25 4
Tai puple-red quinoa
EEE S 0.13 0.11 0.14 0.16 0.17 0.16 0.87 1
China-red quinoa
EE e S 0 0 0 0.11 0.02 0.05 0.18 5
Tai yellow-red quinoa
i =5 0.16 0.18 0.03 0 0 0.01 0.38 3
Yellow quinoa
%2 Na,SO, QB TFEEETEMNERD (W) EREHER
Table 2 D,(W) values and scores of quinoa under Na,SO, treatment
i JEMRAE K A M AT
A K2R SRR [EAE = puiES EIEEES EETES Zatesr HEF
m Germination  Germination Vigor Radicle Radical Germ Comprehensive  Ranking of
Variety . . . . .
rate index index growth elongation elongation score comprehensive
rate inhibition rate inhibition rate evaluation
EHE £ 0 0 0 0 0 0 0 6
Tai-red quinoa
AR F S 0.13 0.08 0 0 0 0 0.21 3
Red quinoa
BRaiEk 0.06 0.05 0 0 0 0 0.11 5
Tai puple-red quinoa
EEE S 0.09 0.06 0 0 0 0 0.15 4
China-red quinoa
EY e 0.01 0.02 0.12 0.16 0.17 0.19 0.67 2
Tai yellow-red quinoa
AL 0.16 0.14 0.18 0.04 0.07 0.16 0.75 1
Yellowquinoa
& 3 NaHCO, QB TEEZZITFMIEIRD,(W)ERESER
Table 3 D,(W) values and scores of quinoa under NaHCO, treatment
\ BREK ORME FK AT
oA R SRR AR £ A EETES EETES LRty HEF
T Germination ~ Germination Vigor Radicle Radical Germ Comprehensive ~ Ranking of
Varieties . R . . .
rate index index growth elongation elongation score comprehensive
rate hibition rate  inhibition rate evaluation
EHE & 0.15 0.14 0 0.01 0.01 0 0.31 6
Tai-red quinoa
LR 0.09 0.11 0.06 0.04 0.02 0 0.32 5
Red quinoa
EE k2 0.16 0.12 0.02 0 0 0.05 0.35 4
Tai puple-red quinoa
Fe 41 2 2 0 0 0.18 0.16 0.16 0.17 0.67 1
China-red quinoa
REOARE 0.12 0.06 0.15 0.10 0.08 0 0.51 2
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A preliminary study on construction mechanism of
vertical structure in Castanopsis orthacantha community

FU Jingyuan'?, ZHANG Qian>’, SU Wenhua'"

(1. College of Ecology and Environmental Sciences, Yunnan University, Kunming 650500, China; 2. Key Laboratory of Tropical
Forest Ecology, Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Menglun 666303, Yunnan,
Chinaj 3. University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract; Exploring the mechanism of species coexistence based on functional traits has become a hot topic of
community ecology in recent years. This study was aimed to understand the reasons for the establishment of the vertical
structure, and to investigate the functional traits of plant leaves at different layers of the semi-humid evergreen broad-leaf
forest in Qiongzhu Temple, Kunming. The results were as follows: (1) All plant functional traits showed varying degrees
of trends at different layers. (2) The Castanopsis orthacantha community was divided into three layers according to plant
life forms, i.e. tree, shrub, and herb, which were consistent with the clustering results of functional traits. (3) The

S.E.S PW values at the tree, shrub and herb layers were all < 0, indicating that the functional structure in the
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community exhibited a significant divergence. In summary, the adaptation of leaf functional traits of different species in

plant communities to different combinations of light and water conditions in the vertical direction of the community, was

the main influence on the establishment of the vertical structure, which supporting habitat filtering is the main ecological

process in the establishment of the vertical structure. Species at different layers had different functional traits, and the

species diversity at the same layer increased through the varying degrees of competitive exclusion. The formation of

community vertical structure was the result of changes in environmental factors in the vertical direction within the

community ; species with different needs for resources were distributed at different heights, and vertical structure was an

effective use of resources, and increased species diversity within the community.

Key words: community vertical structure, community construction, community functional trait structure, habitat

filtering, competitive exclusion
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F V% k) 7 5 7 AH — 22 ( Dimichele et al., 2008)

A UE R R W RN RE S LA AE — A HET T R
‘EATRET 52 A [8] B R 2B W 45 00 BT LABE VR N 0 )
A A LA P IR R A S 7 ( Fukami et al.,
2005) . Horb, WyAh R AE Y BR 1 5 Bl AT g AR AR
B E MY E B ( Pausas & Verdu, 2008) ., #HSz, H
Tra g AT S B AE WA B A S R IR,
Yyh 2 i) B A AR Y A 257 (Webb et al., 2002)
1 3 YRRV v LA W T o A R S AT ) 22
S, AT DL T ik 52 R R v R A A 2K By, AR
LA Wy T PR R A 23 A B AR X T 1 0 3R B g 3R
BENEAR TR 2 AR B ok B e TR A 1) 2 2R B g
AHSL, G SRR BN A HOPEAR IR 2 Fof 1] 58 4 k2 32
YERI (Webb et al., 2002) , HHT, KZHIE T Y
T RE R A TR B AR R RBE 25 (6] | A= BE ok g 7
TS ot R 7R/ RUBE 25 18] N 5 4 4
R F S A4EH (Cornwell et al., 2006; Kraft et al.,
2008 ; Cornwell & Ackerly, 2009) ,

g i PR T SR S 2 — (B
85,2008 , 21 1011 2 ) AR T e D XY
YN s O o= R B S I U SR S
AREE, Hop LLE X ( Cyclobalanopsis glaucoides ) |
WEH WX (C. delavayi) F1 JC VL. #E ( Castanopsis
orthacantha) %5 7 3 B0 5 Fh ( 5 AF i F1 4 K,
1987) o O T &k il I AR 09 3 v AL 2 R0 40 o S 77
RSP E O IR T Ra s (RS,
2013 ; GERTESE 2013 ;4715 55, 2014) , SR, X 2L
WESE K ER ZAN T 1 I P9 T2 15 45 1 X B 9 7 g Fl )
FhIAEHLE B T BESZ A . O T 4 T R L 28 A
X (0], A5 DL ES W b DX 2 9 9 o 2 i AR
[ A T 28 B — T VL HERE V& X 42, 3l 2ok 43 A
T4 10 ) 6 MR 5 40 TE A [ vy B2 v i A2 4k, B E
PRVT 00 ) o 2 ] I AR % 1) 3 B 465 40 R AIE L
B S X R P Fh A7 152
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1.1 #F 5 KR

WX A T 2 7 4 B BT v U A0 B B 2 47
JF(100°66" E , 22°16" N) ,## 2 000 ~ 2 320
m, 2 [ WY 2 S T AR L DX, 32 DX & T I
T R AU AR B RUR Y 14.5 C L, AEF
BIRgEK R 1 035.3 mm, FEOK 3 BEAR 4], T 2
3 ,5—10 H AT 2, bR KE T 85%, 1l
PR AR A R, B T LA PG B 3 o F B 20° ~
40°, FEEZE N A A, TN LI B K
K3 3 B () A8 Ak, A 2 R R - IR ) B A
KARAE , by PR Bl o0 VAR R I 3R B 2 18 0
R AR
1.2 ARFiE
1.2.1 »F R 69 K4 2015 4F 10 A, FEEE T SFHE T
[ JCTLHE AR EEHE 4 Bl (20 m x 20 m) HEATRE
PR R R = 100 m, 2 AK)Z JEAZ
FFAE YA 8 Y AT 03 J2 R AL R A A b
WA 12 (DBH) = 2.5 em BIARAMY) , HA
ZFRERE TR BRI 15 bR AR T 15 Bk
AR R A o TR AR 2 I A M35 5 1w B 1D 9 R 4%
HEARZH AR RE TR R, AR 10 F 5
G0 I e T R MR, S s R T T
DZE M Bl i 5, SRR 3 A SR A £
40T (8] S 55 2 AT MR E
1.2.2 »F R BRI E O T BE B A b s A )
B B 58 PR 3 0, AS B 5 0 o )R
JE AR T AR R
KL AR RS R R T A D) R IR
( Cornelissen et al., 2003) (£ 1), R4 K H
0.001 gy HL - FF I % i v fif 55 {8 A 0.001 mm
B T 0 RO E it /)& BE (leaf thickness,
LT) , 0 Bsf sk o = P Jhk S A0 e & i ok, 0 i 3
U 249085l 1 oot 1o AR ASC I 7 - 7 T8 AR ( leaf
area, LA) ;T T A M & 5¢ U5 ¥R 7E 70 CF
PR EE PR T E, T TR (specific leaf
area, SLA) . I 4] 41 % J& ( leaf tissue density,
LTD) . "+ ¥ Jit &% & ( leaf dry matter content,
LDMC) .M A % /K i (leaf water content, LWC)
LS SR R < 1 g o e A e NG R G
SR EC, KM R 7E-8 CALEE 14 h 5 I

S % EC,, it 7 51 9 3 % % ( percentage of
electrolyte leakage, PEL) ,

1.2.3 e kA2 RHILL ward linkage 715
FEET 2 R 2R (Ward ) # 22 D BE MR A, IF 5 Xl
IR (PAM) AR R (fanny) M T &R &
BRI (GMM) &5 R AT X EE

K B 4 8 4531 & (Hopkins & Skellam,
1954 ) 1B Bl (9 R PERE, = H & Mgil it
ET 1B REH R BT 0.5, 4k 2
WEAHL oA 5 I T 0, B R &) oA, R
R AB G REG G TR SUNSG 1y Ak
FEREFREA
1.2.4 & ek g My R AP ORI B
5 B bR E A SN H8 X ( standardized effect size
for mean pairwise trait distance, S.E.S PW) Fl it
PEAR B B 1 R E b 3% R H8 2T ( standardized effect
size for mean nearest neighbors trait distance, S.E.S
NN) (Liu et al., 2013) , 48 5+ o 26 e A
TR 4 2R D RETE ARG
[]\/Nsamp,e - mean (NN, ...) ]

sd (VN gon)
[PWsample—mean (PW ,hom)
sd (PW_0m)

K. NN R P AR I PEARIE 2 s PW 3RORF
PR HEARBE B 5 NN e PW o TR SEBR LER 1)
NN {EFT PW E 5 NN, o« PW o 102 BEHL = A2 11
999 NEREF (1 NN [EHFT PW {E; sd (NN, ) sd
(PW pniom ) R 7R TR I A o 22 smean (NN .. )
mean ( PW,,,,,,.) (REFHMH, S.E.S PW>0 5 S.E.S
NN>0 FRaAMEIT YR A D BEPEAREE ) AL ;S E. S
PW<0 5 S.E.S NN<O 7y it D RE AR 45 44
H(;S.E.S PW=058{ S.E.S NN=0 F/x Y1)k
PEIRZEFIBEL

AW, S.E.S PWEM S.E.S NN fH , #{f
H R 3.6.1 #4750 ¥, F % H picante 4 ( version
1.8.2) Y ses.mpd I ses.mntd PR 45 5] (Liu et
al., 2013),

S.ESNN=-1x

S.E.S PW=-1x

2 HEREGHH

2.1 AE Rk EE Y Thse IR
AR ILVEE T 34 N FR, R JEF 20 B 30
JE(F2), MWE L T LLE I JTVLHEREE b i &
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Table 1  Information of related functional traits

R A AR

Functional trait Ecological strategy

R SR FGRE BAZ D HUT R KO A ARG

LT (mm) It’ s related to leaf life-span, input amount, anti-interference ability and photosynthesis ( Cornelissen et al., 2003)

T AR ST RPIHTTHERE T, SAEY ARG I BE 97 LUK B K BOP A G

LA (em?) Itreflects the anti-interference ability of plants, which is related to the ability of the plant to capture light and the balance
between wat and heat of the leaves ( Cornelissen et al., 2003)

7/ )rigs i S AR ) 43 BE T A 5 0 HE T HRAR B 28 A L K 1 5 A AU

LDMC (mg * g'l) It reflects the trade-off between plant growth and resistance to environmental change and pests ( Cornelissen et al., 2003)

Nl 21 2 B ST R AR IR AR RE 7 AR W e DR A 7 5 BRI RO =2 (] A A A

LTD (kg + m™) It reflects the trade-off between plant growth and viability, rapid biomass production andeffective resource conservation
( Garnier et al., 2001)

K Mg K 43 ) B AR bR SO AR W 1 S R K SR KT 5 AL A A IR B

LWC (%) It is an important indicator for measuring water content, reflecting the actual development level of plants and their living
conditions ( Novriyanti et al., 2012)

AL NTTEA B T AL B IR ARRE ST, 5 WA A LR CHOR FR R OB R B A LR R A A A G

SLA (em® - g')

It reflects the resource capture capability of the plant, and is related to the growth rate, nutrient utilization rate,
photosynthetic rate, defense input and leaf life-span of the species ( Wright et al., 2004 ; Cornelissen, 2003)

HL g g 6 ST A Ay 118 AU T A
PEL (%) It reflects the low-temperature sensitivity of the plant ( Cornelissen et al., 2003)

1) 7 DohRe R BB, HEEAET AR
JEHBEARZ 5 4 (0.23 £ 0.06) mm, (0.21 +
0.06) mm, BEHTHEAZ [(0.14 £ 0.06) mm ]
(P <0.05), FRARZHMHEH(25.62 + 6.40) cm®
BEEHTEARZ [(7.94 = 3.20) em’] (P<
0.05) ,HEARJZ(17.55 £ 12.87) em’ 5 HAMEZ
B i % 25, FeA)Z MHE A JZ /Y ik 9 i it
39 R (423.56 = 62.00) mg - g, (373.60 =
72.93) mg - ¢!, BE R T REA)E [(195.81 +
51.18) mg - ¢'] (P < 0.05), FeARJZHFEARZH
M2 21 35 B 43 9k (417.96 + 88.80) kg - m™
(360.31 + 91.46) kg - m™, W EF & T HA 2
[ (204.87 + 54.09) kg - m™] (P < 0.05), H#EAK
ERMEARZAMN R & KED R (62.67% =+
7.28%) .(80.42% + 5.12%) , . F & T Iv K2
[(57.74% + 6.20%)] (P < 0.05), #EARZEME
A% e TR 43 3 (160.07 + 64.73) em® -
g (481.37 £ 161.15) em® - ¢!, BE & THAE
[(118.76 + 46.48) em” - g'] (P < 0.05), Ft K
2T HE R 2 0 L R R il (38.93% +
10.61%) . (38.32% + 9.95%), & T & K 2
(44.23%+ 6.89%) fH LB E2=H,
2.2 MR B E

TCITHERE R N D RE TR IR A0 28 5 4 B e i i o

(0.706 = 0.018) ,/-F 0.5 Fl 1 Z 8], HA —EMW
AR VR H R v R, 3R 2 R f AR AL
H ol 2% IR A 05 R PR R HERCH y 3,
PATIR R LT, B I RE AR R M (& 2),
PAM fanny . GMM 5 Ward %) 45 5 & B W) &, 1L
55 91.18% .100% 97.06%

34 YR TE R K oAt 5 1Ay R AR — B
Horpr 7 Wy R AE B 28 20 A it 5 T TR )2 WO A,
g0 9l J& B Bl ¥ ( Elaeagnus pungens ) . F§ il
( Vaccinium bracteatum ) B 1 i ( Tripterygium
hypoglaucum) . I 2% ( Camellia japonica ) . ¥ 3
( Smilax china) KRAMT ( Schima argentea) N M- FR
7% ( Rhamnus leptophylla) o A JZ NP Fh K4 18
RKFE 2 N, DB TR 1 N, AU 2=
I3 AT RIEHE 3
2.3 BRI RS

AR GEARMFEAR 3 AR S.E.S NN 5
ANTFE O, T LA Ty P A B4 Ty R DR 25 4 T R
ARBER EHREARBENEB(P > 0.05) , FERAJZ
KR EE (P < 0.001) & B, ZBEREE,
FHJRZIE S E.S NN HIC R %225 (K 3) o

TR EARFIRAR 3 AR S.E.S PW {HY
/NT O, R ILAE DT N A B R MR S5 TE 3 A2
¥ AR B3 (P<0.01) Sibk i3 ( P<0.001)
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Table 2 34 species from different layers in Castanopsis orthacantha community
.
individuals
F*ARE  JUILHE Castanopsis orthacantha 723 B} Fagaceae HEJB Castanopsis 21
Tree layer AT Lithocarpus dealbatus 72} Bl Fagaceae FIJ& Lithocarpus 21
{118 Photinia serrulata H R Rosaceae Fitii)E Photinia 18
FRAST Schima argentea IIZ$A} Theaceae KAaf )& Schima 9
AR Cerasus conradinae Hi 4Bl Rosaceae P& Cerasus 2
BERAE Lyonia ovalifolia TS AEF} Ericaceae BERILIE Lyonia 4
ZLREE A Machilus rufipes FiRl Lauraceae T8 Machilus 2
SR PU B AE Dendrobenthamia capitata IZE ¥R} Cornaceae VO M8 K& Dendrobenthamia 2
WEARJZR  KIRFE Vaccinium sprengelii FESFER} Ericaceae WA B Vaccinium 9
Shrub layer JE R #5 Ternstroemia gymnanthera FIIARE} Pentaphylacaceae JE 2 @ Ternstroemia 13
11Z% Camellia japonica 1% Theaceae IZKJE Camellia 9
B Lindera communis FERl Lauraceae IEAKBURE Lindera 11
M8 Eurya nitida HIIARE} Pentaphylacaceae )& Eurya 2
¥R E. japonica FHIIARE} Pentaphylacaceae ¥ J& Eurya 13
Z5#:89 Rhododendron siderophyllum KRS AERL Ericaceae FEE L8 Rhododendron 13
£ 111 4% Dichotomanthes tristaniicarpa Rl Rosaceae £ 458 Dichotomanthes 9
LA Pieris japonica KRS AERL Ericaceae AR JE Pieris 7
B L& % Tripterygium hypoglaucum T F Celastraceae FEHINTBEIR Tripterygium 2
BABT Elaeagnus pungens BRI TAl Elaeagnaceae BABT & Elaeagnus 2
Ul Vaccinium bracteatum B8 AERL Ericaceae HAE B Vaccinium 2
~ZE &M F Craibiodendron yunnanense FLBSAER} Ericaceae & W& Craibiodendron 9
75 BALHY Rhododendron microphyton FLBSAER} Ericaceae K8 168 Rhododendron 7
SeM4JAf- Myrsine stolonifera R HHF Primulaceae BATIR Myrsine 9
T A% Michelia yunnanensis A 22Bl Magnoliaceae 5 Michelia 11
= FHE Myrica nana R Myricaceae FE Myrica 2
22 Rhamnus leptophylla flZ#} Rhamnaceae &8 Rhamnus
3L Smilax china PFEF} Smilacaceae WHJE Smilax 10
FARZE A% Cynanchum atratum FATHERE Apocynaceae KEGUHEIR Cynanchum 4
Herb layer o 4 T Viola patrinii HHF} Violaceae HIEIR Viola 7
AT V. philippica Hi3KA} Violaceae HE3KIE Viola 9
SRR )L Ainsliaea latifolia var. platyphylla %%} Asteraceae S JLXUE Ainsliaea 9
FEHE Arthraxon hispidus RAFE} Poaceae & Arthraxon 2
16 8 5. Shuteria involucrata G} Fabacea T ELELIR Shuteria 2
AN Polygonatum odoraium KITLR Asparagaceae W KG B Polygonatum 2

AW, ZEHRAK, &£)Z22 0 S.E.SPWEHAT
TERE (P <0.05) 25 ; 17 Scheffe Z & L5 3
K, TFARK) S.E.S PWHEE(P <0.05)&ET
HARERSTAR EARATREZS (P > 0.05)
(E3),

Wit i

3.1 BEERERHE
HRAEAN [ 73 J2 T7 1 Al 3 v 23 AN TR 2 3K



6 1 AP I 5 o JCVLAE T V% T T 45 1 i #4 ML B R 1045
Aa a b 60FB a ab b 0s | Ca a b . D a a b
03+ T | - : i ES500F i -
£ : 5 = 0.4 l 2 EI i
:02 E 540 o ﬁ :“ H E = 400 | El
= ! T &= F . 1 —~ i
™ I ; =S E i Ro 03 + w300 F 1 1 -
L CTEEPo B el Ta
0.1 4 = =a =4 5
| : == ' = H
. . + 0k + s (L O , e = 100 H ,
TeARE AR HARE FrARE fARE AR KRR MAZE EARE FEARE WARE FARZE
Tree Shrub Herb Tree  Shrub Herb Tree  Shrub Herb Tree Shrub Herb
layer layer layer layer layer layer layer layer layer layer layer layer
H: 5% Life form H: 5 R Life form H i R Life form A5/ Life form
?go.Ea b b _ F a b b — 60 LGa a a
S : % | S
;80- . E ’5600- ESO- 'E' .E_ -
Ei 70 T B 5 » : ﬁ
2 H o 400 ~ é 40 b i
ﬁ 60 ! E é 200 . T e i
E Q E £ <00r Q 2 30+ : T
sop_+ & x | B T i L
FrRE HAKRE HARE i N ¥ N = FikE #ARE FARR
Tree Shrub Herb Tree Shrub Herb Tree Shrub Herb
layer layer layer layer layer layer layer layer layer
A% Life form H: 3% Life form H 3% 7 Life form

AR PR R A G A R AT B EPE2E R (P < 0.05), T,

Different letters indicate significant differences between life forms (P < 0.05). The same below.

A 1
Fig. 1

QN A 7 B I g AT o R T L R T R
Ak T AR S MOE R MO T 2 R T
JZ SR AR R (BB 45, 2019) 5 il f ok
OGN B RS B0 & 400 43 o 2 6 )2 Fn Ak
TR (SR A ,2020)  ASBFSR e W) R BEAR D)
() A 1 R ST TTHERE I o0 e R R DA R REAR 3
2 ZERRN 03 5 T RE R B RS R B A —F
R IE B 250 00 2 5 AR B0 S i Dh Re i A ¢
(Jia et al., 2019) , 2RI, BB R S5 ENFHY
FE B RKE AR BUR BT A, AT R 2 e R HE AR A
T IRARM I 7 D RE MR 5 I AR AL 5 3L
1), EAWAT A R AN Z B Y A B EY)
FHHIE

RN IR R 7 19 S5 M S 3 T AR 9 R
Jital ERBZE AR . A R S RE PR s WA A K
E R T 19 A 6] ( Cornelissen et al., 2003) . H¥)
FEIETEAS 2 22 00) B i e U 8 T b 35 22 e b L
RURFAAE R E2EF (P < 0.05), MRS
R AR AZ D BT Hae 1 LLOGA R

JYTHERE v AN [ Z O R 18] D BE AR AR A5 P

Box-plots illustrating species’ functional traits in different layers of the Castanopsis orthacantha community

FH2€ ( Cornelissen et al., 2003) , AWF5% W BHYE 78
KRR R IR R AR BT AR
R E A E Z MO, SR, BEE Y &
JEEAS WS fin HC BT 5 B ROk B AE IR A R
LT, M o SE A ] T 45 B 2 R BE IR A A
TR DATE I B8 5 BT = A PR i T AR A )
PLTHRAE Ty, S5 AE Y 09 PO R BE 1 LA Kt i
TK P-4 56 ( Cornelissen et al., 2003) | =AY =
JCA AR AE ) AR RS O GHR AR B8 ) LR IR 2 T
BT, A2 G B 58 2, AR ) R vy e ok
otk ae A7 A AR AU, T
JoT B et S WA ) U 0 T T A K 5 40 T T HRAE B
B AR LA B g M B AR, i A B R Y
P RP AT B B i 5 R X T 3 e (e
TR UREL SR ) A A B AR BE T, T R R T
FETE 12 TG B i 35 5 A B g 1 XU 3 m
R AAA TEYHEF PR A D, HHA
B E S AR 0 A R AR AR RS BB R Sk
T AEY Y IR A G5 ( Garnier et al., 2001) , iKY
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— B0 Cluster]
—— B2 Cluster2
W43 Cluster3

FrAE Tree layer
A Shrub layer
K 2 Herb layer

WM Elaeagnus pungens
S ARPYBBAE Dendrobenthamia capitata
¥EkAE Lyonia ovalifolia

“

A

ALtk Cerasus conradinae
MMl Vaceinium bracteatum

R L% Tripterygium hypoglaucum
thi#E Camellia japonica

YLFiERE Machilus rufipes

JCITHE Castanopsis orthacantha

EI#] Lithocarpus dealbatus

PE# Smilax china

fiW§ Photinia serrulata

Z it Myrica nana

#:i % Dichotomanthes tristaniicarpa
FM-2k{F Myrsine stolonifera
5eEAH:RY Rhododendron microphyton
TREA Pieris japonica

AR, Schima argentea

FM# Lindera communis
ZMaM T Craibiodendron yunnanense
A Eurya japonica

ZHE% Michelia yunnanensis
ZEm-#:H8 Rhododendron siderophyllum
LR % Ternstroemia gymnanthera
HARAE Vaccinium sprengelii
M+ Eurya nitida

BT Viola philippica

H# Cynanchum atratum

MEH-EL 2% Rhamnus leptophylia

TEREGe JLIK Ainsliaea latifolia var. platyphylla
F4EHL T Viola patrinii

E£4r Polygonatum odoratum

{5 #5 5 Shuteria involucrata

JFERL Arthraxon hispidus

Bl 2 JUULHERE R B DI RETEIR IR A

Fig. 2 Functional traits clustering tree of Castanopsis orthacantha community

Tree
layer
-
—_

1]

1

MARE  FAE

Shrub
layer
-

1
H
1
i

H 35 R Life form

FAZ
Herb
layer

-]

1 L L 1

-2 -1 0 1
S.E.S. NN

Shrub
layer

AR TR
Tree
layer

=
=

| ....... . ab

3% R Life form

AR
Herb
layer

=
-

-5 -1 -3 -2 -1 0 1

K 3 JCITHEREVX S.E.S NN (A) 1 S.E.S PW (B)$8%k
Fig. 3  Castanopsis orthacantha community’s S.E.S NN (A) and S.E.S PW (B)

-2 2 B R i A SR A Wy P AR 7 5 T
e 14 Pt 2H 2 %8 8 U] 2 % U A A8 PR P X 9K (Ryser &
Urbas, 2000) . AWFFEH, JCTLHEREVE N 26 454
EN k7 RE ) TR AR S N N R 3
JRE 53 v AL R B AR 1) 9 R RCPR AP RS SR T RE AR
J2 I A 2R AR R S 1] T A ) R
AR SR, I R K S e T AR B0 S B R K

S AL R ( Novriyanti et al., 2012) , #£7%
E B 235 R4 P23 AR G 5 K e L i B AN [
JE B A ) X 7K 53 R G BUAS 6], B AR 2 i g oK
et W AR BE K R IR T 78 2 . B T AR
TE—E R F R T M 7 ORI RE ) FaE ot T
i) H AR P EE 71 ( Cornelissen et al., 2003) , FF+ A
EAERMOE E 2 8N L i T AR B T AR R
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J6F AT B AR (Ellsworth & Reich, 1993) , 74
WEFE BEARZ N FLAR JZ A R e T AR 2 A
SARGE S 2 BRI Z2 6 R8T 7 AR 0 A I M AR AE
HiX —FAETEREAR R §FA R Z M A W% %
S, Ul BH P 0 6 RE B R R AR AL, I R
WL T A0 R AT ) B8R B ( Cornelissen et al. |
2003) , IZMERAAAE B3 22 S Ul I H R N T B
Ji i) R AR A TC B 25 5 . ARWESE S IR
KT BN B I T A R, TR
B[] IR B PR 0 A8 Ak, Al T SRR 6] Y ) AR
PUERAERE B AT & B2 . mT DL, A BE o 8 2
SRR H AR R A ST R
3.2 BEANE—RXN YA EE

ARWFSETCTLHERE VS T AR AR F LA JZ N W)
Fofr (%) Ty RE PR AR 45 4 & 8, 100 B 7R )2 UK N ) i 2
Fa) e e HE R AR oy ARSI, AFZE R A
B BE AN (], 3R W1 4% J22 PN o ) 58 4 50 32 ) AN T
R ORI e ) I AV T 3, S T S e ik
AR, BB A5 (2019) MR 58 3% B AR Z
m) b, YR =EE | £ F Fl Shannon-Wiener $8 5814
T FE, Pielou H 5] BEASEAEMIE TR R, A5
FARZHE T I AR 2P A B R B 454, 156 B
WIZE AR s 20 AP ORI Z AR W)
Tt Z2 FEPE L B Ry X R IS MR N 2 W) Fh 2
FEME S I R 7R/ ROBE Y 25 ] b B e 4 1
AH 253K 0 ) ol R 5 5RO [, 45 AR A7 T
SEE IS A B B (P I AE 2014 ) i 5 e 4+ HE
Fr I E — 2R N R R 2R A [F R G
k2352 Wi ) b ) P 3 =2 ) A PR B 5 ™ 2 IS AR
REJT, H ™ AR i P 2 38 5 R 25 S A A T e ek
J% ( Tilman, 1982; van Kleunen et al., 2010) ., ¥
ol I BE M IR 26 3 L 22 0 43 A, 150 B A 25 A7
FaE (Kraft et al., 2015) . AR T2 A MR
FETR A JZ B0 & HI, Ul B RE % T 2 N AR 2 A
Z B ERE,

i BRGNS A [FOK P28 A RO | AR s 5
U SEF AR AR RN, RRE BB
e FE N LISE S HEF i 3 (Comwell et al.
2006; Kraft et al., 2008; Cornwell & Ackerly,
2009) , AHHFFT I o XF TC VT AE B 7 T A5 R B
PLUHI BRI, 2 %5 [A] B i 2 Rl A2 I
P Py o 2H RS0 32 A A A 2R ALY 28 A IR
JETAPRE I K P23 18] B RORUEE , DA AR B3 8o 325 4%

ANJEDS LK P23 [0 B/ RUBE, AT iR o 3

AWFFEEE B HLY D RE IR FN R 75 ) RE IR &5
F 4B 78 1 T HERE v T 25 M R e PR, 45251 2
7 IR 7 26 P8 21 5 1 3 I 2 B v T B 45 M
HE PR 3 25 e PR R AR e i A T T LA A
HEE 8 2 AL, 7 [A] — J2 Uk A ) o e o S 4
FRIR B 22 e, AT e i i ) b s 1 2t
A7 00 V2 2R B o 3 1 25 4 S JE A sl LR A 00 K, 7
A Je I Lt — 2 4 G 2 A0 07 sUR AL AR
U RCHEAE H 1  , A 22 13 B2 20 A A 0 e 9 Tl L 2
Frig AL

SE MK
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Effects of Chimonobambusa utilis management on species
diversity and dominant population structures of
Castanopsis platyacantha community in Jinfo Mountain

WANG Jingmei, ZHOU Lihua, HUANG Li, HU Siwei, JIN Cheng, YANG Yongchuan "

(' Key Laboratory of Three Gorges Reservoir Region’ s Eco-Environment of Ministry of
Education, Chongqing University, Chongging 400045, China )

Abstract: To explore the effects of Chimonobambusa utilis management on species diversity and dominant population
structures of Castanopsis platyacantha community in Jinfo Mountain, the natural community of Castanopsis platyacantha

and the managed community of Chimonobambusa utilis in Jinfo Mountain were used as the research object to analyze
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species composition characteristics, species diversity and dominant population structures in the two communities. The
results were as follows; (1) A total of 84 species of vascular plants in the plots were found, belonging to 40 families and
63 genera, dominated by Lauraceae, Rosaceae, Fagaceae and Theaceae; Castanopsis platyacantha was the dominant
species in the community, Schima sinensis and Lithocarpus henryi were the subordinates and Chimonobambusa utilis was
the dominant species in the shrub layer, which the species composition of Castanopsis platyacantha community in Jinfo
Mountain was similar to other subtropical regions. (2) The species richness of the shrub layer of the managed community
was significantly lower than that of the natural community, and the Shannon-Wiener index and Pielou index of the herb
layer were significantly lower than that of the natural community. (3) Dominant tree species of Castanopsis platyacantha
and Lithocarpus henryi in the natural community were stable populations, but those were declining populations in the
managed community, and Schima sinensis in the two communities appeared to be in decline. (4) The ratio of total
sprouts to total individuals, number of multi-stemmed individuals/number of all individuals and seedling relative
dominance value of Castanopsis platyacantha, Schima sinensis and Lithocarpus henryi in the natural community were
higher than those in the management community of Chimonobambusa utilis. In conclusion, the Chimonobambusa utilis
management has a negative impact on the species diversity with the strongest on the shrub and herb layers of Castanopsis
platyacantha community in Jinfo Mountain, and the managed activities significantly affect the renewal and maintenance
of the dominant species in Castanopsis platyacantha community.

Key words: Chimonobambusa utilis management, Castanopsis platyacantha, species diversity, population structure,
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Jinfo Mountain

Yo fp 22 RE R A2 25 RGBS AR AL, 4E 5
YR Z R E S R GRS E BAT BB R (R
Hidr,2016) . BfE ANZETE 3D H &5 5%, A T4
CL A 52 e AR ) 2 AP 1 FE 2L K (Lefevr et al.
2012; Ribeiro et al., 2016) , FT4EHK, FE N AMXT K
AT Mol 2858 R 1% 2 S5 AN [FDE X iy Ak T
PG AE P T % 5% e (1) F 90 ) 2 (O i 4 55, 20165
Utaile et al., 2020; AR 55 45, 2020) , KB A4 A
N TR BRAREE A 450 S b Z e A B 5
TR RZ R, AN ) B AR % 95 0 O 4 e T fig
A% R, BIFSE N T 0 X R AR T 7% P Fh 2
FE R RE 25 74 1% 52 T, %) 4 S AR5 U OR 4 A
MRIX AT EL 2 B A B A B X,

VR ¢ ) P PR R I L X i B R ) g
PERE A R4 R H B AR S R G 55 Dk
(RAKE,2013) , Ja H#¥% ( Castanopsis platyacantha)
T & S v [ 74 g Lt STV PAGHS o]  pR A 5R
ek — FEE P BN IR = Fg 55 3 )32 40
i (RIK B ,2004) o STAER, S X s 4% 1 7% 09 0F
FEEZAE T T E I FLE L LR, =R
L 52 N S H BF5E N 25 BB AR P e H A A HETR
S5k K Wb Z2 AR R AR R S5 T T (B — 1A
1994 ; £ 4 15 F1 X fE O, 20025 #1755, 2019 ; J 7%
45,2019) o HTAMFTE R, N AT 28 A AR A2 i
BTV A 455 T 11 11 32 22 () i 2 — A7 S AT 3 o Ay

R ER R R P s A 2 R
VF1] 42 1t BELRSHRR N 7 AR 403 e 0 1) 2B G, DT 2 B8R
RBE 0 R AL HUR 2R B U (L et al., 2014;
Kong et al., 2017; Qian et al., 2019),

SR DA B 1L 23 A A 23 SR Y s 0 5 R
& ABET X B 4 1 L e SR A% T 95 R AR 1Y) BIF 5T fif
A HE , B ET A D 8 SCER R B T sk B VR
A L (A, 1998) o Bl Ll A% 1 v 2 2
Sy TEARFE AR 1 700~ 1 900 m (0 Bl Y, 4
W5 47 ( Chimonobambusa utilis) 76 AT < X
A3, FHAEREAE O LR £L 22 2 A (5 R
4.2012) , il & B A E KAWL, 7
REMAE GG A, FLhs B, K
FAT SRR MO PR AE S50 Bl & 2 9 R RS BE AR
( Davidia involucrata) iX 23 55 = 40 F 15t A5 ) P HE 1)
OHTAIAE R P2 A T U 20 (Qian et al., 2017)
HAT, 0 L7 77 AR R TP I 0 #S E 7%
Py 2 0 B 22 R M NI 445 4 7 A= 1) 52 i AT A
B

A ST X 4 b L s A0 A AR VK HEAT T AT Y
P, I 38 2k P B 58 JC 4 kLl O AT & B Bh
B4 T 288 s R % 9 0 400 ol 2 BRI ARG B A A
TELEH , W0 4 b 1L D7 A7 2 38 X s SR % T % 40 o
Z2 AR R R ST B 52 e, LA SRy S AT L
L% T Vi 100 5 BRI AT SRR 2 R 4P R (R AR AR
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1.1 ARXER

Sl B K % B SRR IX AT A E P R
M, ®E PR T RS I X BE N (107° 00'—107° 20" E.
28°50'—29°20" N) . 414 T = 5% i J 1] )i
S M P | R TR 2 238 m, MR 2224 1 600
m, J& T LT W RE A 1% DX T B R
FWAME, ST AR R AR 12.3 C L4
SN M1 434.3 mm (JEALAESE,2019) , t 1
A FBOR W AR K b i L B
i+ (5KIA S ,2017) . B AE PSRN WG H
SRR AR H kA R TR SR L Ll AR
AR T AR B 45 (PSS, 1998)

1.2 g ESHAAE

2018 4 11 H, %4 b 11 - ra 30 1) s SR A
HEAT R 76 e SRURS B V% 9 BB O A X 6 A
20 m x 30 m AIAARE Ty, Hd A1-A3 e RS A
SREEVE (&bl 5 T4 81 8h) ,B1-B3 A4
WINPT BRI (A &ML a8 iGsh, FE N
PRI AT AR TR 30 R 32T AR E A 2 K LU
BIRARGIRAE BTG N R ), PR W3 1, %R
JNITA R T 1.3 m B ARAAE Y 24T 45 A T
2, 0RO, X 1.3 m DL B AR
a0 HL 5 AN 55 ( Tang & Ohsawa, 1997) , $% B8 A
R 1R S5 A A R 0 A AR 4 0 e v (R AL AL 45
2018) , F3 b, it s L 4y B AR A, DN kR B RN 55
MRAERE MR B I 00 H=5 m IR RE R 43 72 K
2, 1.3 m<H<S m (R HEARZE, HAK)

1 ERsHBLUAEETHERER
Table 1  Basic information of plots in Jinfo Mountain, Chongqing
v . A LT P
I 3 St 53
T *ﬂ)ﬁﬂﬁﬁfx\ GpE s ifE 44 A W Density of
Plot area . . Elevation Slope . e
Plot ID 2 Latitude and longitude Aspect o Chimonobambusa utilis
(m®) (m) *) obambusg
(plant - m™)
Al 600 107°11.863" E,29°00.328" N 1897 S191° 15 0.56
A2 600 107°11.846" £,29°00.280" N 1904 ES149° 10 <0.10
A3 600 107°11.845" E 29°00.339" N 1910 EN37° 35 0.50
B1 600 107°11.740" E.,29°00.401" N 1973 NE15° 30 1.24
B2 600 107°11.308" E,29°00.213" N 1987 WS200° 5 1.40
B3 600 107°11.825" E,29°00.206" N 1 905 SE168° 30 1.52

Ay KA R (B AR A 2019) o BFAMRIR I Y
Yy FpH HRC SRS R AR A  IE B TSR
1.3 HiE4IE
1.3.1 s Ara e 2% D w P54 (1995) k4l
(2011) W53 B MR TRA R AR AR
AR ) B A ) RO SR R O B R 4y
Wik o s L3 Fh (Ohsawa, 1984)

TeAJZ HEA 2 E A = (AH X2 3 + R X v B +

FEXT 2 ) /3 (1)
R R T = X S +HXTIFE) /2 (2)
A= 3 (504 507 (3)

L (3) e N YR EAG Y, R R R

FEHERN 5, HETE 10 51 6 9 Fh i) J 20 5« RoR DA
AN 0 1) O SR AR 43 HE s S TR AR Y
HAY L, BDUAR A 1 AR IR 4 SRl
PRARE 43 6 100% 5 Q2R A 2 AN 0 3R, ) 2 AR
AR 50% ; WEARA 3 AL, WAL H 43 L
H 33.3% KR EHE
1.3.2 % SR & RHAYFEEE(R) .
Shannon-Wiener ¥§ ¢ ( H) . Simpson #§ ¥ (D) .
Pielou $§ 80 (E) ( B v F-55,1995; 5K 41 ,2011) if
FORFR R 22 IR Z PR 5

R=S (4)

H=-3P InP, (5)
i=1
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D=3P; (6)

E=H/InS (7)

K(4)(5)(6) (7)H:S Mk HL N 1)) R AL
P,= N,/N;N JFE MR I W P i B 248, NV, 5 i
AN
1.3.3 Fh B2 A AR MR Tl 245 1% O, X e R
PRI B o 30 32E 47 458 RN 15 B8 5 i Rl 43 ( Zha et
al., 2010) . (1) R4 AR AR I/l 43y
I 4 H<1.3 m; I 4 DBH<5 em H H=
1.3 m; M H 5 em < DBH<10 cm; IV KRB 10
em<DBH<15 cm; VKW DBH=15 ecm, (2) &
JERLER RN T % H<1.3 m; T4 1.3
m<H<5 m; I%% 5 m<H<10 m; V¥ 10 m<H<15
m; VI H=15 m, (3) Fr AP0 SR AE bk 4% B 52 A4
ARG A AR5 A GE 3T, TR TR AR AR H il
WAL 28 (RS ) FA B A2 (PMSI) ( Nanami et
al., 2004), (4) 4 M XL ¥ % (RD) 3 %
Ohsawa #l Kitazawa ( 2002) 17 ¥ #E 738

RS = WAL/ S A AR (8)
PMSI=H WA/ SEHE AR (9)
RD:(HL'XCL')/ZLI(H;'XC;') (10)

K10 H RS i MR KEE (m);CoH
HiMEE (%) .,

KL 2 7 22 50 M7 (one-Way ANOVA) il
/NG 22 S (LSD) K 36 P 2R BV &5 2 IR Fh 2
FEMEFRE B E 2R (P=0.05)

2 HER550

2.1 AR BT 4L

Gl 6 A FE D A R AR 40 B 63 B
84 Ft, v BRASAED) 2 B 3 JE 3 i A AR
FERTFHEY LR 8 1 Fh 94 37 B 59 8
80 i, (G A by Fh ALY 95.24% , RRETE I FE A
LAY, VR ) Bl LA RS B (Lauraceae ) F 3% 4 B
( Rosaceae ) i #, ¥ Fh % 43 7 & 10. 71% .
9.52%; H: ¥k Sk 7 3} Bl ( Fagaceae ) . K A& £l
(Poaceae) ., LI ZX B} ( Theaceae) , 73 3 5 7.14% .
5.95% .5.95% ; 73 AN SERNRL (1~ 2 Fl) 47 34 B,
Zt L BEE MBI 57.16% , Hovh 2 R Rl
23.84% (% 2) .

Je % F AR BT I B )2 WA R TR )2

x2 HURREREZYIAR
Table 2 Species composition of Castanopsis

platyacantha community in Jinfo Mountain

R A prechl
Number Family Genus Species ' oborion

(%)

1 Al Lauraceae 4 9 10.71
2 34 F} Rosaceae 4 8 9.52
3 5231 Fl Fagaceae 4 6 7.14
4 ARAE} Poaceae 4 5 5.95
5 I 258} Theaceae 3 5 5.95
6 B EL Aceraceae 1 3 3.57
7 2 B AERL Styracaceae 2 2 2.38
8 $ 3R} Smilacaceae 1 2 2.38
9 BHAF Liliaceae 2 2 2.38
10 ZHF Aquifoliaceae 1 2 2.38
11 GF} Fabaceae 2 2 2.38
12 H:HSFER} Ericaceae 2 2 2.38
13 %%} Compositae 2 2 2.38
14 8FFF Dryopteridaceae 2 2 2.38
15 AR2ZEl Magnoliaceae 2 2 2.38
16  Aj##} Lardizabalaceae 1 2 2.38
17 IHLEL Symplocaceae 1 2 2.38
18 IIZEBEFL Comaceae 2 2 2.38
19  TFFl Celastraceae 1 2 2.38
20  /MEERL Berberidaceae 2 2 2.38
21 FHAbrpAh R R 20 20 23.84

Other single species

HEARZMFARE 3 2, FAARJZE L 26 m, iR
Tl 13 B 21 J& 26 Fh, L sFRE s B s R
F FREAAOC SR S e 05 | OO A 0 A g A
N AE K faf ( Schima sinensis ) . JK ] ( Lithocarpus
henryi) . /N 3 & & ( llex micrococca ) |, = H X
( Cyclobalanopsis oxyodon) , HAREE 4.5 m, 44t
12 718 J@ 21 B, DURASBLFIZE 2} B8 3, @bl
Ty i ot %k 0, & A0 i i B #% A% 2548 (Eurya
muricata) 1| ¥ ¥ 4 ( Machilus chuanchienensis) /1>
e, HARB VY EE 21.67% , YFE T, i
5y, 4kt 26 Bl 42 @ 49 R, & B B R B
( Dryopteridaceae ) . KUl 1€ Bl ( Balsaminaceae ) | 57¢
SR W, oW R 5 B B BR ( Dryopteris
Adanson) | It ® oK ZEF ( Litsea elongata var.
subverticillata) | ¥ 4z R\ ( Impatiens siculifer ) %5 ¥ Fh
MM (K 1,%3),
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X3 RAEBAREZEEREEYHM
RHEEEME (BT A1-A3)
Table 3 Main species and importance value of
different layers in Castanopsis platyacantha natural
community ( based on A1-A3)

JZ WFh HYAH
Layer Species Importance value
AR i HH 0.29
Tree layer Castanopsis platyacantha
AR AT 0.10
Schima sinensis
) 0.09
Lithocarpus henryi
INRAEH 0.04
Illex micrococca
2N 0.03
Cyclobalanopsis oxyodon
HAx 21 0.45
21 remaining species
AR ) 0.61
Shrub layer Chimonobambusa utilis
HEGHE 0.04
Eurya muricata
i H 0.03
Castanopsis platyacantha
JU1 5 1 A 0.03
Machilus chuanchienensis
HAx 17 % 0.29
17 remaining species
HARR i 0.06
Herb layer Castanopsis platyacantha
8% B R 0.06
Dryopteris Adanson
AT 0.05
Litsea elongata var. subverticillata
HaER 0.03
Impatiens siculifer
AR 0.04
Schima sinensis
HAx 44 Fh 0.76

44 remaining species

22 EHUAMEENEEYHH S HFEANRIT
ST T E R M ERZ YA
FART HARHE I, 7 A2 Shannon-Wiener 8 £ 1
Pielou 8405 . K T H AR BEVE , Simpson R G
T H RV (B 2), &t 1L 7 A7 238 % A
J2FHE AR 2 1) 22 FEVE 52 e e B B
23 EHMUAMEENMBEMAEH SN
PR IS i 00 A% 7 v TR R 2 AN S ol R % |
ORI ()42 0 45 4 T v B S 5 0 2 S W

o 1fi AT Schima sinensis

o KW Lithocarpus henrvi

o HAl g Fh Other tree species

il % i ﬁ Machilus chuanclirenensis
a Wl Clumonobambusa utilis
w ki i Castanopsis platvacantba

=]
=
1

o0
(=]
T
|

[=a)
=
T

£

=
T

|

HoE 4 e

Percentage of plant number (%)

)
=
T
|
|
|

=

1.3~5 5~10 10~15 15~20 20~25 2530
4 BE 4% Height class (m)

HE H>1.3 m MPTA AR
Including all woody plants with H>1.3 m.

RV A FS S e |
Fig. 1 Height class structure of Castanopsis
platyacantha natural community

ISR AE v P B4 i SR % RIBR AT A28 20 23 A R oo R R 25
e LT B R R S, KRB —E 1
L I H MBS AN R A AR i 2, R
AR R AT — 72 (4 AR SR RE 7, Rl i 1) A5 222
SRR IRART AR o R A B D (&I i 4 e 22
AR AR T, el 2 R T e
RS BT LR AS G R K i E 9 )N O 2, R
i 1) IR T, PSSR Vi 1) v B R i A4S R g JE
SE R BRI, 2l W RCR e R R L AL SZ B B
AT 1) FEIR B

STV T e SR | P AR R A o A £ 1
B AT AR 4 B AL SR HAT W 22 5
IRB A RREVE > O L7 T2 B e R
BT AT R I AR W AL RE T 4l A K
P EA SR

3 W5 E®w

3.1 £ R 8 BE R 4FAE

G0 1L RS B Ve B R A 2 R 5 G
At b DX i SR A VR AR AL (A — 155, 19945 4
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Table 4 Re-sprouting ratio and seedling relative

dominance value of dominant tree species

Al 7Y
H A% G RE
Y EiEtin Natural Managed
Species Index community community of
(%) Chimonobambusa
utilis (%)
it ¥ RS 29.55 <0.10
Castanopsis PMSI 20.45 <0.10
platyacantha
RD 11.93 0.39
HAE AT RS 25.00 <0.10
Schima sinensts PMSI 3.33 < 0.10
RD 6.51 1.19
JKA RS 77.78 9.09
Lithocarpus henryt PMSI 29,92 9.09
RD 4.70 4.77

[E: RS. HiA%,; PMSL A # K3 SRD. % i A X f
P,

Note: RS. Ratio of total sprouts to total individuals; PMSI.
Number of multi-stemmed individuals/Number of all individuals;

SRD. Seedling relative dominance value.

33 & BUAMEEXIEMMEEANEN
Qian %5 (2017) WHFRE M, &L T 1TIEE
Xof B AR Ao 20 B 7 A B L A BT R I, AR BIF ST
2 B o 670 THT 300, TE S 00 B B 5 O DR AT K L ]
FEAEAE . A5 P 48 16 3h 3 80U % B v 1
SRR 2 G &5 K RN A G 435 K 2y 1] T 0 A, il
BEN A RBEHAME(DBH=15 em) N, T /04
BRI, IWPIRIRE , Jm BIFE 1SR V% T 09
SR A FRE O 1) A e R, FLE R RE 1 S 4
PR A T A 10 T A BRI (HL ) T 4
PG AN FE MR 2, 4 0 Ll O A 228 R B
iR A R O 1) 2 AR R B & 0 1L AT s
I Bl S S T e SR RV DI0 BAR FRE BT R 4
Fio ST ARG 5 TR Y R4l 5 G E
IR 55557, B AL AT e J2 T B — s e JRGHE i, 77 it
P85 4 )2 Me B R i & S ah i AR K A B
HBARA WG48, — 2 AR A BT 41— 2
JE (R U8 9 0 5 68 B 5 )2 RN ) 8 A9 AE K R (Qian
et al., 2019) (HBEHE LA, XSG CERY

RS sHURRERESHFEERSEMMROLER

Table 5 Comparison of diversity index of Castanopsis platyacantha community in Jinfo Mountain to other zones

X FUR e L1 EWil

Sit Wawu Emei Jinfo

re Mountain Mountain Mountain

7R 102°51'—103°20" E 103°15'—103°28" E 107°00'—107°20" E
Longitude

iy 29°31" —29°51' N 29°31'—29°38' N 28°50'—29°20" N
Latitude

K 1 000~2 000 1 500~2 300 1 700~2 000

Elevation (m)
e oI AR T 2 LS A r I BT 2 R A G R T I 2 KU A

Climate
monsoon climate

Shannon-Wiener 35 %% 1.94+0.15
Shannon-Wiener index
Simpson % 0.31+0.03
Simpson index
Pielou 754k 0.34£0.02
Pielou index
Z:7% Sk B, 2018
References LIANG Zheng, 2018

Mid-subtropical humid

Subtropical humid
monsoon climate

Mid-subtropical
monsoon climate

2.00£0.80 1.62+0.20
— 0.30+0.05
0.68+0.14 0.650.09

A iEHE, 2006 EN IS
GU Haiyan, 2006 This study

J A S [ AR AT SR B 3 R, 4 i AR KB T 59
Ak sZFH (Li et al., 2014 ; Kong et al., 2017 ; i§Hil
F555,2017; Qian et al., 2019) . HAb, & @bl 54T
GEAE PR Ry Ak L Ml DX EE B S A R, Y

b B A AT E T TR 4 b 1L 5 AT 2B RO 1]
R AP IR PR B T ORI R,
LRI A B BOF B ER AT 28 AR, A8 1405k
G B A AR A b 1L 5 AT 2B S Y e 0 b
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Analyses on distribution characteristics and protection
effect of wild Paphiopedilum in Guizhou Province

SHI Jinzhu'**, CHEN Hui’, AN Mingtai'*", ZHANG Yang'*, YE Chao"?, WU Jianyong

( 1. College of Forestry, Guizhou University, Guiyang 550025, China; 2. Biodiversity and Conservation Research Center of Guizhou University ,
Guiyang 550025, China; 3. Nanjing Institute of Environmental Sciences, Ministry of Ecology and Environment, Nanjing 210042, China )

Abstract; Paphiopedilum of Orchidaceae is a “flagship” group in biodiversity conservation, with high research value
and ornamental value, and it grows in special environment. In order to understand the resource status and conservation
effect of Paphiopedilum in Guizhou Province, this study conducted a special investigation of wild Paphiopedilum , and the

resource status, distribution pattern, threatened factors and local protection of them were analyzed. The results are as
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follows: (1) A total of 103 distribution sites of eight species of Paphiopedilum are found in this special survey,
distributed in 27 counties, with the southern and southwestern regions as the main distribution areas, their habitats are
complex and diverse, and the natural distribution are uneven. (2) Their distribution areas are sorted from the largest to
the smallest as P. micranthum > P. barbigerum > P. malipoense > P. bellatulum > P. hirsutissimum > P. dianthum >
P. emersonii > P. concolor, the order of resource richness from high to low is P. micranthum > P. barbigerum >
P. hirsutissimum > P. bellatulum > P. malipoense > P. emersonii > P. dianthum > P. concolor. (3) The plants of this
genus suffer from complex disturbance factors and serious threats, among which overexploitation, drought, habitat
degradation and fragmentation are the main reasons for its endangered status. (4) Two species of the genus “effective
protection (EP)” , one species of “well protection (WP)” , two species of “general protection (GP)” , three species of
“less protection (LP)”, two species of “unknown protection status (UPS)” because no target species are found. The
species conservation rate is 100%, but the conservation rate of distribution sites is 29.13%. There are significant
differences in population conservation rates among different species. It is suggested that relevant departments should
enhance the protection intensity of Paphiopedilum plants in Guizhou, and further optimize the protection mode and
scope, so as to ensure the sustainable survival and development of these rare and endangered plant resources.

Key words: Paphiopedilum, wild resource, distribution pattern, interference factor, situ protection, Guizhou Province
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Table 1  Species, distribution and resources richness of wild Paphiopedilum in Guizhou
i B

ST B FTEHR IR =t W 0T 3 X Ve
YIFp £ Number of Number of Number of A R J‘R“ EE' o
Species distributed county-level distribution Number of distribution esource

- L . . L richness

cities and states administrative points points in karst area
units

TENY022 P micranthum 6 18 43 37 = High
JNIFBE P barbigerum 4 10 17 15 & High
YRS P hirsutissimum 2 5 13 11 1 Medium
EHRYE2E P. bellatulum 3 5 9 8 1 Medium
BRI Y22 P. malipoense 3 6 8 6 K Low
KL% P. dianthum 3 4 8 6 X Low
HAESE 2% P. emersonii 1 1 4 3 X Low
[F]€6.50 2% P. concolor 1 1 1 1 2, Rare
WYL 2E P, armeniacum 1 A Not found AH Unknown A Unknown A3 Unknown
CI YR 2E P, wenshanense 1 AL Not found AT Unknown A Unknown A1 Unknown
4 it Total 8 27 103 87 —

T R A AR AT B B AT B TS

A EE R,

Note: The total items of city, state and county distribution of target species in the table are non-duplicate statistics.

S
Chongging

o

Sichuan

L) gijie

= M
Yunnan
4 Legend
——— LY County boundary
53 # 2 provinee boundary
K i Drainage
o1 o My B
Species of Paphiopedifum
1
B 2 é:la? xi — W
(1] 25 50 100 km £ - -
B 1~6 Ron Y2 R A PR EL,

Figures 1-6 indicate the number of species of Paphiopedilum distributed.

BT SN AR B A g 22 AR 0 el EL Bl 00 A = 8 S s

Diagram of county distribution richness of wild Paphiopedilum species in Guizhou

Fig. 1



JE AR DR IR B AR AP S B

1063

6 1 AT A BN A BT AR R =
1 600

_1200F

:‘j; 800 F D - D

=

i

o 400F L

=

1 2 3 4 5 6 1 8

b Species
1R 22 20 NP SRR 30 4B 4. R E R,
5ORREHTEE 6. KOMYEE; 7. AR 8. FRSL S
1. Paphiopedilum micranthum; 2. P. barbigerum; 3. P. emersonii;

4. P. concolor; 5. P. malipoense; 6. P. dianthum; 7. P.

hirsutissimum ; 8. P. bellatulum.

B2 SeONAE B A 90 2w A 0 b A T LA
Fig. 2 Vertical distribution of species richness of
wild Paphiopedilum in Guizhou
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o G R T K, AR R AL IR
PPV ER T BE IR, A A B AR R 22 AR AR N B 4%
AL B WG Y AF LR M2 A B2 A5 B —
FEFEE AR H X S R AN 3 A 7E . Iz g
2RI Z 0 A T W TR L, BR AR AR S R SR
P ANBERE AL i 5 B0 BB AL |l ik = 5 0 55 B
FEIGEUUL , 5 LT A Rl IE R AT, IR B
DM A A O 2 S AR 52 R 1 R 2 A A
JE Y H A

o/: 5l 4k Habitat degradation
o -4t Drouglt
o3 07 Plant diseases and insect pests
@i M 4 Overgrazing
o [.f2it i} Engincering construction
o bR {E TR e {k Forest degradation and fragmentation
iid HER AR
xcessive collection

th o =1 0o

EIAESEFES
Types of interference factors
-

= — [ L

1. BEMR 22, 20 KR 2L, 3. W gE 22, 4. By
5. BREESE YRS, 6. /NI 7 (YR, 8. R @Y 2L

T,
1. Paphiopedilum micranthum; 2. P. dianthum; 3. P. hirsutissimum
4. P. bellatulum; 5. P. malipoense; 6. P. barbigerum; 7. P.

emersonii; 8. P. concolor. The same below.

K3 A A 90 2 R b Y R
Fig. 3 Disturbance factors of wild
Paphiopedilum in Guizhou
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Fig. 4 Population protection percentage of

wild Paphiopedilum in Guizhou
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Abstract: Secondary coniferous and broad-leaved mixed forest is very common in subtropical regions. Studying the
community succession characteristics and regeneration rules of the secondary coniferous and broad-leaved mixed forest
will provide a scientific basis for vegetation restoration and forest management in this area. Using two datasets (2013 and
2018) from a permanent 1 hm’ secondary coniferous and broad-leaved mixed forest plot in Donghaishan (DBS), we
analyzed the community composition and structure dynamics of tree species composition, community species diversity,
species importance values, and size class structure and so on. The results were as follows; (1) Species richness and
individual numbers were significantly reduced in the community during 2013-2018 (P<0.05); (2) In the plot, 1 505
individuals DBH=1 c¢m died, with an annual average mortality of 6.40%, and 71 new individuals recruited, with an
annual average recruitment rate of 0.35%; (3) The community species diversity indexes declined significantly ( P<
0.05) , of which Margalef richness index changed greatly, decreased by 25.03%, and Shannon-Wiener index decreased
by 11.88%; (4) The dominant position of evergreen broad-leaved tree species were strengthening, while coniferous tree
species were gradually reduced; (5) During the five years, the proportion of large and medium size class plants
gradually increased, while the proportion of small size class plants gradually decreased. In general, the community
composition and structure dynamics of the secondary coniferous and broad-leaved mixed forest community in DBS
changed significantly during 2013—-2018. The community is in a rapid succession stage from secondary coniferous and
broad-leaved mixed forest to evergreen broad-leaved forest.

Key words: Dongbaishan (DBS) , secondary coniferous and broad-leaved mixed forest, community dynamics, mortality
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and recruitment rate, size class structure

BEI% B IR AR MR S 2E 9T A P ) 2 —
(Rees et al., 2001) , ZRARFE VK Sh &S F2W MY
BRI BT B AR Al TR LA (AR, 1987)
PRRZE 1 RN RE v 25 A8 2 AR MR VR 1 HE 22 4 AR
gy, TR TE 4500 2h 25 A8 1 Xt B AR ) 2 R AR
JR A A LA B A 25 2R G Y B AN 4 R pL ) HL A
& X (Fardusi et al., 2018) . ¥T4F3kK, B AN &
2 M) AR 309 3 245 W R s (6T SE RSB ) R TR
e RO V% 2 BRI 45 ) S AR DGR 5T, BAR VS e
FEIE DY FR LR, A A% B AR A5 H R I 25
497 T (LGS 2008 ; Anderson et al., 2015 ; 4 I
82018 KRR FEAE 2020) , F T[] 5E FFE H () B 75
LERYSHASHEST H, BIF 5 IX ek 32 B 4R v 7 BT R A
(HERAE4E 2010, Feeley et al., 2011) 7 $HAH5 H
SR AR (A, 2015) il SR AR (Miura
etal., 2001) %, BT ARG WK THEE DT
SRR TR B AR MO I — 2 R R AR AR IR
AR AT AR PRTE R A 2R (SR AE &S, 19805 R 2L
F,2002) , H LT [ 5 R Y BT U A B R TR
SEMRIIHE TR 2 A A 4 AU DB R G T
T A BT RER S AR (2 255, 2020)

YRR A TR S8 A S AT b DX L 1) R AR 2
SRR Sk i I RO A Pk & 2o B b i B
Wy B, 2 R AT A IR A O U AR (PR e
2019) , WA TR 58 R BIF 5T 6 - E AR £

FEPEBIFFE ) N 2 TR B A B 2 (W IE
#6255 ,2008) o AR I LLHIX i T HP O Ry o S ik
b G I b 2l Y i ) L RE R T AR X ( SRAE
5,1980) . Tz SR A (2015 ) 78 [ B b 25 14 3
Bl b RFAR LA B I R S AR VR A A S A 2
FEPEBUIR FEAT 1 BAR I3 A, ABZR L DA R 52
MREYRE TS B — B R WARIE .

2013 4, 2 B ey [ 27 bk A ) 22 A T IR0 2%
( CForBio) By # AR UE ( H 50°F-,2008) , 7E A4 1 ILAA
HARBRY XML EST T 1 hm® K ( Schima
superba ) =5y FE A ( Pinus massoniana ) Y 1R 22
MBS MR, A SCRAAR LR AR 1 hm?
] AR AT X4 7E 1 hm BBV K- I 3l
REXF 2013 41 2018 4 5 A0 i A £ 1y B A S,
AR : (1)2013 4FF1 2018 4F 7R F Lk A & TR
SRR PR URTRE Ve W b 2 e A o) BRI AL
(2)5 a [) AN [F] 3 B 25 4 5 20 A9 22 1 LA an 4o
(3)5 a [AIAA TG RN FE T2/ 4 1) 28 9 45 ) S an o]
AL, AWFFEA BT B AR IO B TR S AR
T 7R 1 TE R AR AIE R G ST AR o Ay A e DX A B K
2 B R ZE 8 PR AR 2R A

1 MHEF*

1.1 HAREXEER
A WA H B SRR Y X (120°22 45—
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120°30'48" E,29°07'36"—29°36'18" N) {3 T-#f L.
BIEE RN AR FH 3 a8 Bab, B L S 071.5
hm” |, FIE R FREK 1 194.6 m, XNPFFE
AU Y AT 179 B 749 J& 1 530 Fh, B &K —
G R E SR I AR Y 8 B, I rp A AE A
1.2 T3 Kk, 2 7 M 5T ¢ U8 0% 40 B (AR KR 4%
2007) ,

IR I A b B 2 XU S A
VU253 WY, R & e, AR E L AR B RO AN R
11.7 C ;BB FEKE 1 541.4 mm, ARG K, 4
AERET B R XER 4—6 H 8 A .9 A LW 4
T 233 d, PRI ZARAR K Fe K 935 260 d,
FEAE 220 d; KN B R ARG 2 88 W A
WA 15 5 Bl (FhERASE,2008)

1.2 Hiig &

Z: ] CForBio B AR IE, 2013 FF7E AR H 1L B
SRR IX B 35 XS 3 57 T 1 hm® 1 [ 5 s A M
I RE L (120° 237 35. 69"—120° 23’ 40. 63" E,
29°34'01.36"—29°34'05.87" N) . Jefisis 1 hm* k¢
oK 9845 100 m (BERZHE B W9 1E 7 T8 5 S AR
K135 m, S @R 157 m, S K& E 2 22 m; /D
WeRE 8, I R 620, SF-¥HEE 34°, 2013 4, Xt
FEHL Y BT Mg 42 (DBH) =1 em A A H ¥ 347 5
A 5 FEE R, I 8 A 5 SR AR 44 BRI AR A
K W e | A AR SR A B, DA AT K QM
2018 4F TEB RTINS — HE T k4T T
SR A, W I C S BT A HE OB PR 1 A O 38 A
FUAETEIRZS , XT38 4 DBH=1 cm B9 (Fb 5
AR I M S YR RO IE SR AR AT
1.3 HIEFEIt 590

PL 2013 F1 2018 4F P U A AR A5 1Y B A0 £ di
S FERY AT RS T A DBH=1 em (I AKRAAE YY)
IR AR E & Y Fh 2 e | B AR R G
Fa) S5 ) AR A A5 B ( Mori et al., 1983 ; Condit et al.
1992 ; Levesque et al., 2011),

WA A B hm® MAEAL N 1 BR BT 4 DL
Flve B hm® MR ECH 2 ~ 10 Bk B9 %) B ( Hubell &
Foster, 1986;He et al., 1997)

LT A YRR S [ AR G AR I B T R
(M) FIAE RN B3R (R LW R I 22 7. M =
(InN,~InS,) /T;R= (InN,-InS,) /T, .. N LK
2013 4 I A B 5 9 i S IR 4k S, = % R B AR
2013 A5 2 B L 1 P ) A7 3 AR 8 VAR 2018

AF R A I R R B A A T R T Y 1] [ B
(Condit et al., 1999) .

K B 5 FX E B (1994) (14 Fh 2 RE P4
BOtT5 2, Margalef £ & FEFEE(R) :R=(S-
1)/InN; Shannon-Wiener 2 # YE 8 8 (H) . H =
- Y Plog,P,;Simpson Z M E (D). D=1-
Y Pl;Pielou A EAEE(J) . J=H/InS, .S
TR EG N TR N B AREG P = NN,
N i DFPER MRS

Z BRAEHR (1980) 7 ¢ H [ RE 8, ) Hhox) 7 i )2
B30 430, ELAAAQ) 43 A Vi 110 2 45 H R MOt )2
(=8 m) WHRAZE(>5m,<8 m) MEARZ(<5m),

S KPR 5 J7 % (Zha et al.
2009; T 3CH 45,2014 ) , R J5 AR 4 I A 09 52 PR
LR LR R R R R T A FER R
(1 em<DBH<5 cm) £ II(5 cm <DBH< 10
em) F2%% MI(10 em <DBH<15 em) 24 IV (15
em<DBH<20 em) f£4¢ V(20 cm < DBH <25
em) f29% VI(25 em <DBH<30 cm) flfE 4% VII
(DBH=30 cm) , # DBH<5 cm & H/NMED;5 em <
DBH<20 em £ N H 2% ; DBH =20 cm & N K
"%,

KA Excel 2016 1 Origin 2019b 1741
WA S52K, RA 25420 m x 20 m FEH A
2013—2018 4F[H] i ) B30 A8 bR BORD B 95 W) b 2
FEPEVE R AR & - 7 FL RS T 3 Origin 2019b H
HEAT t-test K5 5 a [H] ) 22 574

2 HEREGHH

21 YHMARRBETK

2013—2018 45 FEv& A9 4 Tl 28 B AR i
ETH KRR (R 1), 2018 4F4 KA HY) 35
iR T 17 Bl 28 J&, AN 2013 4FEAHLE, S a lA] 2>
T 6 FH10 JE 13 Fl, 3/ i 24 g M A 5008 DL Horp
21 K %& ( Meliosma oldhamii ) | it #& ( Castanopsis
eyrei) 5. J& 4& ( Premna microphylla) 55 8 ™ A i A
Fp, B ¥ B ( Toxicodendron succedaneum ) . 111 3 #l
(Litsea cubeba) %1 (llex chinensis) % 5 4~ 18
DL
5 a [AFEH A ARAAEY AR 5 493 B b 3]
4 059 %k, fB bR B RO A T 1 434 Bk, B IR X
26.11% MAh, #5138 T 71 # DBH=1 cm AY#h 54
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A, 5 2018 AEARAFE Y MK SEL 1.75% ,AF- 3 4b
BN 0.35% ; SET-AMAK 1 505 Bk, 5 2013 4EAE
AR A A B A 1R BB 27.38% , 4E ¥ 98 T2 R 1k
6.40% (& 1) , HEHb Py I Z 500 Fi i) 8 88 A 7R %L
W/NTRETARE (3R 2) o W) Tl BORI AR Ak 507 79
YA ) 22 57 8 35 (IR 1), 2013 4F 09 9 Fp 80 Rn
FEAR B 2 T 2018 4 (P<0.05)

R 1 FAEULRESHFRZHK 2013—2018 £
BHEBUETLER
Table 1 Community dynamics of secondary coniferous

and broad-leaved mixed forest in Dongbaishan

during 2013-2018

A5 & Variable 2013 2018
YR Number of species 48 35

FEAREL Number of trees 5493 4059
#b 5180 Recruit number — 71

BET-4L Mortal number — 1 505
AR B3 % Annual average recruitment rate (%) — 0.35
4EFET- . Annual average mortality (%) — 6.40
J0 25 W I AR Basal area (m® + hm?®) 41.09  43.87

22 BEYMESHEETH

MHETE Y Tl Z HEPE I HR PR (£ 3) 25 a [H]
Margalef 3 & FEFE AU A AL R, AR T 3,145, F
[ %4 25.03% ; Shannon-Wiener FE A 0.21 , K
R %A 11.88% ; Simpson 55X VA ¢ Pielou 35] B 45
BOR BRI 500 6.74%F1 4.16% , PUFNREI& 4
Z VTR RO W2 T % (P<0.05)
IMEREEFUNEEEISTH

Xof TV PN 25 bR R el ) R R R AT 0 A (3R
4) KBS a [EMRIE JZ Hh i Sk e A Ao Y B 1
T 6.41% 49 63.73% , Bt i Fp T 2 AE BEAR T
5.7% 9 33.82% , MIEJE AR RN A HE
( Lithocarpus glaber) .77 ( Castanopsis sclerophylla)
FNHEZE ( Castanea henryi) W) FABA 5 B0 5 17,
R/NHER AN S AR AJE 34 Tl A iy 1 2 A 14 o 2
AR, Ko R fop B ZLE I I T 6.81% , By 2
FEAR T 5.42% . AT AR JZ FOHEAR 2 R A Bk
WA 2542 ( Eurya muricata ) 555 2% [& A4 #4755 8 &
Moz, B AN B S AE B WL, BRI LS a
[ A b, - T L 485 ) i 4 o] AR R 1) B B TR AR

AR, A B A — 25 s i e A R (SR
PASE ) 1) T BE A B W55

AN TR) T 45 4 16 AR AR B0 R AL MO 2
I AR FUR faf (S8 TS R de 22, 430 o0 311 4%
176 Bk, AARHER S = 56T 73 Bk, X 3 A HFR )
BT N TS B 30.56% , ILAN, I RJZESE
TR ZMYF AT 6T T 141 8k, HKCh A8
A, A PETS 43 BR AN 26 Bk #EARZ P IET-A
K% | 2 W W) Fh R KR far K ( Loropetalum
chinense) F1A kK, 435318 301 £k 94 £k 80 #k
24 BHERPENHET K

2013—2018 4F[], 7k 1 Ll vk A 4 5 TR 38 bR
ARG MR R R T BB K, /IMER (1<
DBH<5 em) FIH 42 4% (5 <DBH<20 cm) A%k
W ES % 4y WIS T 938 BRI 640 B, K ARG
(DBH=20 cm) MBI AN T 144 BR(EI2:A)
2013 4EREHLN DBH=1 em O FISE 5 493 £k, %
KM R 29.1 em, FHIHI4EH 8.31 cm ;2018 4F4F
HiN DBH=1 em Y FRIL 4 059 Bk, e KIS A
33.7 em, EHI 424 9.73 em, 5 a [BBEVE P K
Jib) A28 R 35 e A5 (L 2 B Kt 34, RS TR 4%
P RERE R 2013 48 K MR SRS
O3 & AR B 2.38% . 56.75% F 40.87% ;
2018 ARG AL R Won K i NEH AR
SR B 6.78% .61.02% 1 32.20% ., 5 a ]
KRG LA 7 32 T 38 0, /N A 4R L 431
FEB T T

MAFEBICT- ARG S a [EFEHL NS
TR R R E )" B (B 2.B) . RREIER
PIBETMABER I IR K 22 5, K /INMER A FE
TAMERES A 5,541 #1959, FET- AR FEAE
IR T /NE AR, PR T M 63.72% , W& 1%
PR, FET- MR B A A BRI, KRR
AMBFET R  INERARIET 3 2

3 itk g AR

IR I, 2013—2018 4F- 7R Ll FF Hi 47 Fh 4
FMEAR B 25 T B, W00 13 DS Fh £ R TR
AR DL R, X AT RE R B TR PR R A A
BAR L 67 % B ] 20 2500 A A W A A A b B
Jrke 55, I 45 ) 8% 58 G HEBR ( Comita et al.,
2010; Wang et al., 2020) , BRIt Z 4k, 4FFRlaE] )R
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2 FAURESIDRIZK 20132018 FAXEYM S ETH FETHMMALE
Table 2 Abundance variation, mortal and recruit numbers of woody species in secondary

coniferous and broad-leaved mixed forest in Dongbaishan during 2013-2018

- £J¥ Abundance LA FETRL i
Species Abur.ldzfmce Mortal Recruit
2013 2018 variation number number
AKAaf Schima superba 2 727 2221 -506 517 11
LR Pinus massoniana 1132 801 -331 334 3
fi#¥k Lithocarpus glaber 526 336 -190 197 7
Ma254% Eurya muricata 242 248 +6 18 24
W h# Castanopsis sclerophylla 145 51 -94 94 0
i %N Loropetalum chinense 144 43 -101 102 1
LRIE Rhododendron ovatum 130 112 -18 24 6
LA Symplocos sumuntia 81 79 -2 15 13
B9R Vaccinium mandarinorum 44 3 -41 41 0
WaF Gardenia Jasminoides 32 34 +2 3 5
HEZE Castanea henryi 20 9 -11 11 0
[t Myrica rubra 27 17 -10 10 0
WA Albizia kalkora 21 7 -14 14 0
KA Cunninghamia lanceolata 17 10 =7 7 0
SEMRML Quercus serrata 16 11 =5 5 0
FI#E Q. fabri 16 2 -14 14 0
WL Rhododendron simsii 20 5 -15 15 0
MR AL Styrax dasyanthus 18 6 -12 12 0
524 Lindera aggregata 15 2 -13 13 0
FABEAR Rhaphiolepis indica 15 10 -5 5 0
F I Castanea seguinii 11 5 -6 6 0
WA Liquidambar formosana 11 8 -3 3 0
e JIAT Phyllostachys nidularia 10 5 -5 5 0
A Sassafras tzumu 6 5 -1 1 0
VLG A% Vaccinium mandarinorum 9 3 -6 6 0
AR BF R F Styrax odoratissimus 5 4 -1 1 0
BACEE AL Camellia fraterna 8 7 -1 2 1
T AR Schoepfia jasminodora 4 1 -3 3 0
Wikl Diospyros kaki var. silvestris 5 5 0 0 0
A8 Dalbergia hupeana 4 2 -2 2 0
BB Toxicodendron succedaneum 4 0 -4 4 0
AT Pleioblastus amarus 4 1 -3 3 0
WiTTLAT Diospyros japonica 3 3 0 0 0
R T llex rotunda 3 1 -2 2 0
TAT L suaveolens 2 0 -2 2 0
FHAE Symplocos paniculata 2 0 -2 2 0
X Cyclobalanopsis glauca 1 1 0 0 0
WIASH Litsea cubeba 2 0 -2 2 0
X llex chinensis 2 0 -2 2 0
HIHI Juniperus formosana 1 0 -1 1 0
LK 48 Meliosma oldhamii 1 0 -1 1 0
fEithé Castanopsis eyrei 1 0 -1 1 0
M ZE Castanea mollissima 1 0 -1 1 0
N AR Photinia parvifolia 1 0 -1 1 0
AT Lycium chinense 1 0 -1 1 0
1AM Lindera glauca 1 1 0 0 0
HEJEE Viburnum erosum 1 0 -1 1 0
T4 Premna microphylla 1 0 -1 1 0
Bt Total 5493 4 059 -1434 1 505 71
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30 - 400
B a b
15} v
g - b T 300 &
s 20 T S
5 5
¢ T 200
Z z
S0 1 S
ﬁ: J_ J_ =100 =
8 =

0 0

2013 2018 2013 2018
Ay Year

ANRIFERRER B E(P<0.05)  MEFHERESAE
#(P>0.05) .

Different letters indicate significant differences (P<0.05), same

letters indicate no significant differences (P>0.05).

K1 ARE ISR ASHK 2013—2018 4
Prip AR AR L A
Fig. 1 Number changes of species and trees of secondary
coniferous and broad-leaved mixed forest in

Dongbaishan during 2013-2018

R 3 FAEULRESHFRZHK 2013—2018 F
BHEYMESEETL
Table 3 Changes in community species diversity of
secondary coniferous and broad-leaved mixed forest
in Dongbaishan during 2013-2018

Margalef Shannon- Pielou
FEE Wiener Simpson Bty
E20) R R T4 TREL
Year Margalef Shannon- Simpson Pielou
richness Wiener index evenness
index index index
2013 12.567 1.768 0.697 0.457
2018 9.422 1.558 0.650 0.438

B2 Bt 2 B % B8 1) 5 5% 0 ) Bl 2 FF 4 (Chen et
al., 2019) , B —J7 1,5 a [A)BEVE 34 Fh 41 i
FARNAS X5 Ayyappan F1 Parthasarathy (2004 ) |
BEEREE (2012) HIWT 58 4518 — 2, 7T RE AR b rh
PEFA i S AR T BT R 4745 ¢ (Liu et al., 2018), 5
a [B)REAR BB T 1 434 Bk, FEIE N 26.11% ,F
WAET- 301 #k - hm™ - a™'  AEHFET - Rin i T4 &
FHAE B by B LS AR R 2k R AR (TF B AR A
2011) , X AT RES P MR v 248 A R 8 8 B B AN [
A G ATl L, 2R L R ORI VR AR I
VAN S A P I 2 N O R B E T L

% (Luetal., 2021) . AR LA A2 0K KR
ALHRIR |5 a [A1ZAE AL T g 5 B 1Y 3h 528 1k
b R R AH BRI R RIB

5 a [AZR [ 1L A= I TR 52 PR 1 e ) 7 2
FEPEFR RIS 52 3 B, R0 oS LRI 4 i
R Margalef 3= & & 45 %4 . Shannon-Wiener 5§ 503 =
HIZE AR (T HEEE,2018) ,3X 1] BB 5 9 HB FE V% 11
KRB OB SRR A AL, Ak, Simpson
R BRI R B RE 7% 10 A A DL 3 AR 1 Ok, BF v
R )OSR b A AR E— 2D I 58 Pielou 245] B 418 5L
FRIRERATG , TR VR 18 20 BEAE R B, E 2% 0 R A 14 %
WM ERAB R, —E R R BT AR AR
(ARAr 45 DL BETE 5 a (B Fr i om (T 08 4%
2015) . Z5A = 4 REE(2011) X #i VL4 1 B A &
bR — 5 R A T ) R 28 PR A5 i 1 % ) AR I [] Y
WFIEAE R, HE W AR 1 LLRE b ) 22 R P 95 By e
I AT B A2 A V& TR o R b 04 B Be Pk R R I B
B WA T TR S MR 1] e el Ik bR 5 o) f4) A D
B AR R AR 1 LLRE M 1 ) 22 A MK T B
St MR

T AR TN 25 PR B DI B o ) A
308, —J7 i, R BR F LR AR O = AR
P TP LA TR, (H H o (8 0 35 T K fir A1 D R
) T AR AR A B R, MR 2 AR iy A5 ¢ i I A )
L SE R D TGN A LD R AL A AR ) (R
WAL, 0[] A2 v IV A7 199 R 28 11 5 B I AR AE o
25 30 AERY S SR (RIEHESE,2014) , T3 —
D5 T TR A JZ FHE A JZ W) Fh A R 7 R
R (RS 2016) 5 a AUIRA R B, R L
b P A2 FIHE AR )2 v By R A S A5 o
D R AR B 2 AL S A W) R A A A T
JE PR SRR AR R A, AT AT O e R
Tl 55 A 45 1 AR B W R 2 A B O S A, AR
B A TR S MRS 28 i 1 R Ay AR i 55 Ry I B A
o @ it AR (BERESE,2010)

2013—2018 4[], —J7 i1, K, AR AT 16
TR LUAG A 22 3G 0, /N SRR LU 461 76 35 3 T R
SRR R 1.42 em, U6 BA AT ) V5 AR R R
RLAF, o3 — D5 T, FE TR B A2 2 4 A A 2 4R
“J7 74 BEFE DBH 3O, FE T A PR B % e L
FETTAR T 0 A T /ANR G (5 PR T BB
63.72% ) ,iX 5 DAAE 09 A A 58 #H48L ( Chao et al.,
2008) , XA RESEH T/MERMAR R KL | B
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Table 4 Changes in importance values of the most abundant tree species with different vertical structures in

secondary coniferous and broad-leaved mixed forest in Dongbaishan during 2013-2018

2013 2018
JZIK L YIFh Species ERCES : :
=th Layer pecies Life form HEAE HEE T A HEEHT
Importance Importance Importance Importance
value value order value value order
M2 Canopy layer A Schima superba E 41.91 1 48.72 1
LMY Pinus massoniana E 39.02 2 33.60 2
fi#¥k Lithocarpus glaber E 13.62 3 12.87 3
Tiehif Castanopsis sclerophylla E 1.66 4 1.71 4
HESE Castanea henryi D 0.88 5 0.48 5
W I+ AJZ Subtree layer AKAaf Schima superba E 68.83 1 64.37 1
fi#¥k Lithocarpus glaber E 11.92 2 11.36 2
Tihif Castanopsis sclerophylla E 5.42 3 5.13 3
LA Pinus massoniana E 3.57 4 2.04 6
W& A Loropetalum chinense E 1.90 5 3.49 4
W#EAJZ Shrub layer K Schima superba E 41.45 1 27.16 1
M58 Eurya muricata E 12.38 2 17.60 2
Var Lithocarpus glaber E 6.67 3 3.58 8
W& A Loropetalum chinense E 6.52 4 4.55 6
LAY Rhododendron ovatum E 6.09 5 9.07 3
I E. 4L D.
Note: E. Evergreen; D. Deciduous.
2 500 ~ 1 200+
L;‘n 7z [777]2013 []2018 & §|000_ B
_“g 2 000 =
2 2 800-
= 1500 b
3 | — 5 600
E 1000+ ! '{ E
z 7 Z  400-
e 7 %
& 500+ A £ 990
~ 7 &
0 N2 N, 0-
-5 5~10 10~15 5 20 ’?0 25 25~30 ;H} 155 5-10 10~15 15-20 20-25 25-30
{24k Size class (cm) 4% Size class (cm)

AL PR B SETAMA
A. Surviving individuals; B. Dead individuals.

A 2

AR A B R TR SRV AR A

Fig. 2 Comnunity size class structure of secondary coniferous and broad-leaved mixed forest in Dongbaishan

ﬁﬁ,%‘ﬁ%ﬂé@&i@ﬁ%ﬁ%%ﬁ’l\%%ﬁ(Zhu et
, 2015) , [A) ik /NAR AR PR A FHO'G 5 % 55 BT TR
m%ﬁﬂLTﬁﬁfj‘ 5y 32 B o HOE Y R A

(Guarin & Taylor, 2005 ; Coomes et al., 2010) ; It
A JEA BB 53 /N G PR B WA L T T AR A
R, N AR 1 4 2 b D1 URH X 85 15 1Y 48 X K
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T2 AT RE L & NR AT AR FE T R B i 1y R R 2
— o oA Ty, RAR AR BAR D AR BE
% EE A a4 ) LG MR A KB R e |, IR
PUAEE R I B RE ) B0, MASE T B R R D,
Y AT NI 52 P T T RGN
REAR Z Ta], B8 12 & &b T v ] 7K °F ((Smith &
Shortle, 2003 ; Hopkin et al., 2003)

25 LTk ,2013—2018 4E 0], 75 11 1Lk A= 5 1
TR AR T8 2 RN 25 40 SR K A T 380k i
AR, BT AL T U TR S MR ) H AR e
MR R o B, — T, 2% B AE I OR3P it
f 7 B 22 b G T3 U AR B TR SS bR, 2808 4 BN
W N R, R B LB AR 3 R DR AP i ; D
— 71T, ¥ B T ) A R R A5 B A R A
AR AR 32 B D DR I T T A T A 67 WS, O 4
HBHEMN R SRR E R IG5,
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