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Spatiotemporal dynamics of forest arbor layer along an
elevational gradient in southern Gaoligong Mountains

LUO Yahuang'™*°, MA Liangliang'*, GAO Lianming"®, WANG Xingjie’, ZHAO Wei®,
YANG Xingliang*, MA Shaobin®, SHI Xiaochun®*, LIU Jie'”’"

( 1. Key Laboratory for Plant Diversity and Biogeography of East Asia, Chinese Academy of Sciences, Kunming Institute of Botany, CAS, Kunming
650201, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. School of Life Sciences, Yunnan University, Kunming
650091, China; 4. Gaoligongshan National Nature Reserve Baoshan Bureaw, Baoshan 678000, Yunnan, China; 5. The Germplasm Bank of
Wild Species, Kunming Institute of Botany, Chinese Academy of Sciences, Kunming 650201, China; 6. Lijiang National Field Station
of Forest Ecosystem Research, Kunming Institute of Botany, Chinese Academy of Sciences, Lijiang 674100, Yunnan, China )

Abstract; A better understanding of the spatiotemporal dynamics of species composition and biodiversity provides
significant insights into the distribution patterns of biodiversity and the prediction of biodiversity fate in a global change
context. However, how species and phylogenetic diversity change along elevational gradient with temporal scale in mountain
ecosystems is still unknown. In this study, we used census data (2004, 2008 and 2013) of an elevational transect
(elevational range 960 — 2 878 m) covering eastern and western slopes of Gaoligong Mountains, SW China, to investigate
the spatiotemporal dynamics of forest arbor layer (DBH=5 cm) species composition, species diversity and phylogenetic
diversity. The results were as follows: (1) Species diversity was hump-shaped along the elevational gradient, while the
phylogenetic diversity increased with increasing elevation. Clustering phylogenetic structure was observed at low elevations,
and over dispersed or random structure was detected at high elevations. (2) Overall, temporal species and phylogenetic beta
diversity analysis showed no significant difference among these three investigation time points. However, we found a higher
clustering of phylogenetic structure along the temporal scale. (3) Spatial beta diversity showed that there was a significant
loss of species at low elevations (960 — 1 381 m) on the eastern slope, where the vegetation had been disturbed or
completely converted into farmland. The main lost species including Terminalia chebula, Quercus acutissima, Pistacia
weinmanniifolia, Hovenia acerba and Ilex wattii. In contrast, the change in the western slope was mild at low elevations,
only observing species abundance increasing, which including Cyclobalanopsis oxyodon , Symplocos chinensis, and Taiwania
cryptomerioides. Therefore, we speculated that the dynamic changes in species and phylogenetic diversity of the arbor layer
of subtropical evergreen broadleaf forest might be related to communities succession process and climatic change in middle
and high elevations, while the communities at low elevations were seriously impacted by human activities in Gaoligong
Mountains. The results deepen the understanding of the mechanisms of plant community dynamics in Gaoligong Mountains,
and provide new insights to guide precise conservation strategies in the region.

Key words: community dynamic, elevational gradient, Gaoligong Mountains, species diversity, phylogenetic diversity,

spatiotemporal scale
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1 BEHHEREERSHHAEMT (WFHESEMSER 2004 FHEHHE)
Table 1  Basic information and dominant species of each plot ( species
richness and abundance were obtained from year 2004 )
§ [ ] oy PR Y -
e 1 g B e i PR RERE gy
I . . Elevation . . Ownership Disturbance Species
Aspect Longitude Latitude Dominant species . . . Abundance
Plot ID (m) of forest intensity richness
El 7 Eastern  98°49'42"E  25°16'08" N 960 - MM T 1 1
Terminalia chebula Communal Medium
forest
E2 7% Eastern  98°49'17" E 25°16'32" N 1180 AR VN 2l 4 18
Quercus acutissima Communal Medium
forest
E3 7K Easten  98°48'25"E  25°17'26" N 1375 AW NG A %% it 1 1
Schima wallichii Field edge Intense
E4 7K Eastern  98°48'05" E  25°17'18" N 1381 AR N w3 2% 5% 1 1
S. wallichii Coffee agroforest Intense
edge
ES 7K Eastern  98°47'22"E  25°17'38" N 1 860 TCILHE BRART BAEA Rk T 21 118
E Communal Medium
Castanopsts orthacantha , forest
Schima argentea, Litsea
panamanja
E6 7R Eastern  98°47'18"E  25°17'43" N 1928 JCITHE w1 RifIX 5 10 44
Castanopsis orthacantha , Protected area Weak
C. delavayi
E7 /R Eastern  98°47'14" E 25°17'49" N 2021 JGYTAfE A 72 A PRy 5 13 118
Castanopsts orthacantha , Protected area Weak
Lithocarpus hancei
E8 7K Eastern  98°46'40" E  25°17'48" N 2273 JCILHE S i A AR X 5 12 75
2 Protected area Weak
Castanopsis orthacantha ,
Machilus shweliensis ,
Stewartia pteropetiolata
E9 /K Eastern  98°45'24"E  25°18'03" N 2 486 FIRERT | 25 g ARG RyIX ] 8 98
Lithocarpus leucostachyus, — Protected area Weak
Olea tsoongii
EI0 7% Eastem  98°45'52"E  25°18'14"N 2653 HURRT  CHEE RS P R IX 55 7 207
Schima argentea , Protected area Weak
Rhododendron delavayi,
Betula alnoides
ElIl 7% Eastern  98°4435"E  25°17'26" N 2878 FIRET | 2 B kA PRI IX 5 9 132
Lithocarpus leucostachyus, — Protected area Weak
Tsuga dumosa
W1 7§ Western  98°41'42" E 25°17'21" N 2096 N TN T AR = S SN Gl 2 54
A Communal Medium
Schima noronhae , forest
Symplocos chinensis ,
Taiwania cryptomerioides
W2 74§ Western  98°42'05"E  25°17'42" N 2 200 TR | V4 TR P B Al PRIFIX 55 7 26
Schima noronhae , Protected area Weak
Daphniphyllum himalense
W3 7§ Westen  98°42'00" E  25°16'05" N 2238 et 27 X TRyIX 5 10 63
Lithocarpus hancei , Protected area Weak
Cyclobalanopsis oxyodon
W4 74§ Western  98°42'24"E  25°17'16" N 2511 B FEA AR PRI IX 55 10 51
Lithocarpus hancei , Protected area Weak
Symplocos dryophila
W5 7§ Westen  98°42'38"E  25°17'11" N 2710 L N N UL NI TS Al Y 55 7 144
A Protected area Weak
Rhododendron delavayi,
Salix tengchongensis ,
Pinus armandii
W6 7§ Western  98°43'45"E  25°17'25" N 2 860 FIRERT 5 A PRIFIX 5 6 54
Lithocarpus leucostachyus,  Protected area Weak

Skimmia arborescens
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Fig. 1 Study area and plot distribution along elevational gradients at different aspects

JE R 960~2 878 m, BEHE 11 AEET, FUs (1 44 5
JE9 2 096~2 860 m, f4f 6 SFETT, BASEETT Y
ALK /NA 400 m*(20 m x 20 m) , ARBFFEE
1) R T e ORI 7 IX 3l A 2R 2 1 Al 2IS 76 i il
PR BE AR R 0=, AR5 AR AR IR 4
MEEHL(E1-E4) A7 T A28 T H0AR 98 49 DX 88, PABR
R R BEAL IR AR MR 32, F7 R 2 09 4 A gl R A 1k
Fi 70 AEZASIF G A FLh A WA & v R 2 48
XL YR AE B B AR ) B S AR
1.2 #%RAE

AT TR BRAAREE V5 9 I T AR 2 8 SO BER Y
M4 (DBH) =5 em [AE AR , 3% L84 (400 55 1 X 5k
oA AR B R A R AR SRR (R 1) . T
20042008 1 2013 47X K 11 A B T+ AR Rl FE AT 4
B, T N BRI E =5 em TR AREITH
T 25 RN B A R A 7 2 A 30 R T B S AR R Ay
AEERRI A, AN AR M m AR
FE R SE A BRI AR bR, geit 3 RiE A
B TR T AR YTl R RS R SR TR
oK
1.3 7 & REE R0 F 4H AL

AW Y A E & JE (species richness,
S) .Shannon-Wiener 8 4% ( H) ( Shannon & Weaver,

1949) il Simpson 840 (D) ( Simpson, 1949) FL1E
Yikh Z e

H==3(PInP,);

D=1-P},

Ldr: POWER AR A ARE B T IR
MBI LE A S SRR DT H B IR L

FATA AR B & £ 48 R J5 3% ( non-metric
multi-dimensional scaling, NMDS) 43H7rHE 7 A 4
Pl B, s BT R ELIE F 2 W Bray-Curtis %
(Anderson et al., 2011) , EHCE 1 % 2 4 JB/R
HEF 45
1.4 RELXE SN

I R %S Y V. PhyloMaker £ 9 (%) Scenario
3 D7 AR T AR B B 10 R G867 B AN N B AR 1
(REUE o, XERETT N 83 AN ARAAE WA R 4
K BMW,V.PhyloMaker 5 T 4Bk 74 533 Fp4i4s
YIRS K ERE (Jin & Qian, 2019) , 75 7E1k
B b A AW ST 3 K m) Y, B AT A TR TR
— YT S B RERER D, BHRS L
B Z 1% (phylognetic diversity, PD) Y Hg X} #E
2 (mean pairwise distance, MPD ) F13F- 35 31 45 {4
5 B ( mean nearest taxonomic distance, MNTD) 3 4~
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88, Hd PD BT TR N A RIS R 4r 3
KB &% &P T A o KW B ( Faith,
1992) ; MPD JZ B T #¥ J& 9 4 Bl 2Z 18] 19 °F- 24 R 46
KEBEE; MNTD e Bt is N R 4B IR Rk B #E
% (Webb et al., 2002) , AHF5EH 3 PRGELE
FEBGEAThR AL AL B, B BTV N R B8 &
B MR IR S BT LR Ao T A
KH R Gk F WK i i P Fh BE BLE 4 999 Ik
(Gotelli, 2000), 3k 1§ SES. PD, SES. MPD , SES.
MNTD, 24 SES KT 0 B F R & #, /M F 0 B F#oR
REE (Webb et al., 2002) ., IHEARXWT .

PD, -mean(PD,, )

SES.PD = ,
Sd( PDrandom )
MPDnbs_mean( MPDrmuinm )
SES.MPD = ,
Sd( MPD random )
MNTDnbV 'medn( MNTDmndom )
SES.MNTD = : o

sd(MNTD.,,,4,,,)

s obs R SEFRIN HIME ; mean 27~ FlAL
B M 5 sd RARBENUR AL YR IETT 22
1.5 RS

N T AT IR Y M 2R R T
ZAEVERY S ATAS SR A BT TS 42 3 A4 ) A i Th] 553531
HEAT 43T, B T 1y 722 s %) B 43 A R A SR
T 261 1R A =AY (generalized linear mixed
model, GLME) 4313k XA M R 5 & & L2 ANk
M2, b WP =F & B SR H Poisson 43, HAR
me 1o 25 % B Gaussian 7374 (Luo et al., 2023) .
TR FE 5 Sy (8] 5 50, B AL A8 0L A T 4 | 3
], PR S BOR ff B, Horp marginal R*(RY)
AN A B [ E RO ) R, conditional R* 55 [ & &0
FEEHLRE N 1Y R* ( Nakagawa & Schielzeth, 2013)
PRI 48 B8 21 ) 22 RE A 1 A2 AL PT e 2 AR etk 2 Ak
FATT R FH — YU — 3 o3 AT 5 SR 05
AlCe /IR AL E SR AR YRR

T 53BN TR RUBE b iR AR BT L AR I A K
JEVIFh Z R R G R B Z R 2 L AT
FERHECRT 1 ¢ K36 53 501 U 3 AN ] sl ) b 2
PHMRGE LB RN 2R, B TR R
JEE L AN ) R SIS 1) 8 R AR Vo5 £ ) b 8 1 1Y
A A FE B TTER R AR5k
Legendre fil Condit (2019) H /7%, #&F Temporal
Beta Indices (TBI) $6%, SR 5 K 0 H @ 2 1, HAK
& %05 200 LM AR MR DT 7E T1 A T2 i [A] 51

AR AR Y 22 e 1, G 35 PRS2 3, BRIV o
% (species loss) FIHFI 3145 ( species gain) , iX P4
IRt — 20 TR R 3, %05 2] L
FHT HOHEX WG A4S 21 7 78 1 b 550 8 A 7 1Y
ZESEERRY . BA 1205 HLAE 20042008 12013 4F 3
AN ) S 25 5 %07 adespatial G191 (%) TBI o
U plot. TBI PRELSE R (Dray et al., 2019), ik
A 4 AT 76 R 3.6.3 (The R Development Core
Team, 2019) H15E i .

2 HEREHAH

21 FAEYMEHUENEXELZ T SHENITE
HERS

TEREDT AL 45 B DBH=5 em F9FF KW Fh
83 Fi MK APG IV R G, KB T 54 J& 30 M),
T T6E AROB6 B2 ) A 22 FE 1 (9 B 2 & B2 | Shannon-
Wiener $5 40 Fl Simpson 45 %% ) 4 B 505 53 71 4% Ry
itk ZREPE RO (181 2) o Gl it 5 YR I SR GO0
R LA T AT AT L8, R AR HEAL B R 5
kB Z K (SES.PD  SES.MPD | SES. MNTD ) V5 ¥
WHEEE R BT S B ARG LTEREMN
S50 R BENLE R B A (1 3) .
22 MMBARRE SIS ERENEN

] RUBE b, TE X 14 ¢ A6 6 25 SR R ], 2004 —
2008—2013 4F-H& A% f) BR AR v 77 A JZ A8 0 b 22 B
PEMRG KT ZHE IR R E A B4 (K
4) o HIE, RGLKH G M Bl A I E) 0 HE R 5
IRE RS (E 4)
2.3 BERBE EAEHEYM AR TNL

2004 ALY A2 71 DPFE 1 205 D HEKRA
A ,2008 43 £ 5] 76 DHFP 1190 A BRASE,
2013 4EJH A F) 76 A 1 164 R K, A
[Fi) 35 1] FIAS ) ¥ 4K AE W) Al 2 B 25 S K. 1K
BERE b, ARBARIF IR (960~ 1 381 m) X4 1 4 A4
FEOr B0 E YR ek (| 5) , KA # 5t
a9 B M BT B AR H oA, BR BR ( Quercus
acutissima) 18 B A ( Pistacia weinmanniifolia) \F12
( Hovenia acerba) FMBHEL T (llex wattii) 55 0 E &
MR M (R 2), MR, BT ZEMN B 21T
Gy B, W R R A 32 AR b AR T B AR 4R
3AETT (5, fk v b 45 6T B2 2 0 i A0 By Ao
FHE NS HNK ( Cyclobalanopsis oxyodon) . 11111
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Fig. 2 Variation trend of species diversity of forest arbor layer along elevational gradients in southern Gaoligong Mountains

( Symplocos ~ chinensis ) Fl & 1 ¥ ( Tawania

cryptomerioides ) 55 (3¢ 2)
3 b

I Y MERMENRELXESHEENEEHE
&

Kt B9 35 B AE ) 22 MV T AR B 1Y) 4
A7 2 2t 0 B 3 AT A% Sy L W L7 1 F 9 L 4R Vg
AR BE v 6] 4 R B AL B (Guo et al., 2013), K
T, A5 AR Ak TN 2 3 3l 45 28 25 0 fB i AR 3 Al il
HAEY) 2 K PE 19 T B 53 A6 4% )5 (Hisano et al.,
2018 ; Peters et al., 2019) . AHF5T H T 345 66

Yo Z2 A P 52 BRI O3 A A% SRy, 5 i AR T L A
AR A 1) 7 TR B B2 4% JR ((BRLIEE 3B 980 ) (Luo et al.,
2023) RBA —E, HHE R A BT S T
DR T A B, 4 0, 55 ARV A5 BN Y
FET5 R RE SR TE I S0 A A Jm 1 T B2 LN, TR
A I T ) 25 SR 3R B W) ol 22 P 1) B0 A A
JRI IR e A i 2 R 3R B R R R Y AR AR U
TeARZ Y FH O ZHE ARG E . 59
2RI, RERE Z R L 15 R
FPyFfR] 1) 555 2 G R AN Herp TR T Al A A
Y Z AR O SE 0T R ST B 1 )2 B ( Faith,
1992; Donoghue, 2008; Cavender-Bares et al.,
2009) . JEHTXTE >k 75 S F s /AR R AR I 1 T
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Fig. 3 Variation trend of phylogenetic diversity of forest arbor layer along

elevational gradients in southern Gaoligong Mountains

P BE B 5 78, A8 v TR B R R 1) [)
VERIBUE B VS R K B 45 2 B Bot 3, i 7 T
LN Fr b RS 1) R G2 8 B 45 0 ) 22 R AE o A
( Culmsee & Leuschner, 2013) , 5% W 55 AL, A
WHoE h R AR 2 I R G R B 5 5 il & Rl L
A BIF 58 45 R SCHF Pl A2 A AL AR S PR AR
(tropical niche conservatism hypothesis) ( Wiens &
Donoghue, 2004) , X AJ RE FH T i1 g 44 b X 19 1) Fib
X Bt IR ) S SO A, A T RE S 9 R
ARG, S TINAL B ALY RS K B 45U
EPRR L N B R R SR AR Y 25 R AN A] (Yue & Li,
2021) , FRATTHEN | A 09 1 H0 AR T 4500 45 X ds

T RE RS N R G KB REN F LR
PRI, 33K AL 15 7S 15 B8 BT 111 g A R b A A DA 3
JE R PR B R 55y T AFTE R R 22 5+
32 MEHEMRAELE SHFEENKREZHES

I () JRUBE b o 5% MR b, S it < 300 10 %
PR A Z FEPE I 2 AL A2 38 R G DI RE 1Y 5% 72 DA
KHEMET RGN AN E MY AEA EEZ XL
(Liang et al., 2016) , HGHr 045 R L KTE
PRORRARAE 55 5 1 20 722 2 5 N A ) 3 A1 Y 3 TR
AR CERBK B 77 (Guo et al., 2018) , ZERIHL, A
W BRI R R T Z R R SR E
ZREEIF AR B AU BRI m A ST
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Fig. 4 Differences of species diversity and phylogenetic diversity of forest arbor layer across different

census years along elevational gradients in southern Gaoligong Mountains
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T AR 7 s 1 A DR A i R S B R
SEMIREVE A, R, b F AR B X D AR 1 vk 2B Ak
B BRAE I B AR AR, AN A 3% 960~ 1 381 m
VR X 38 B AR PR b, AL TR P X DA AR, —
A7, = R A AR (R B R B R RR RS 42 B AR
85 ) ELHERE AR AR P AR 1 1 58 Al s 5

—J7 T B A RGNS B O B AR
IR T K 25 A AT sk B 4 35 J0H) b 22 RE T
5 AR, VU 30 M 22 e A i e RO B 5 T
(W, —J7 1 PG 3 B AR T 4k X AL T T 3R 1Y
IR B B s 73— D5 i, 5 A Ik 3 X I 47 R
BB MRAE TG S8 DIAR G, al UL, 2R PY S AR T 4k IX
SRR AR K 2 B 5 2N N O, X A
FARHUE T AT AR Z R YR AL Z A (H
P—PE R, 1983 4F W R STl @ 5 A AR RIIX,
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Fig. 5 Variation trend of species composition (species loss and gain) of forest arbor layer across
different census years along elevational gradients in southern Gaoligong Mountains

fo TIRARREE SR T B, 4 R AR B IR B
Hn P Bl A R VR O 09 R AT, B AR AR 4R X
B, D\ 2008 4 LLJS W) b 41 B RV B 22 1 AR A A
AN G S XIN F Z RE RS RS T BE
Ab B B PR A Ak B R R R PR A X R VR 1)
o AT B — 20 o

FERF RUBE |, R G R & 2 M0 A2 {5
FIFFE 2 24 rh 7E AR S R G b, B A i 5
FEWIBEZ I )86 B (2000—2018 4F) | FF 2L i 5
WK TR RE R B ZHME TR (LD et
al., 2020) . SR, £ ARARAE VR b, J0 FLO g 4k B
EERMBEIE MR R KT 2R WARGE
ABWFFEUESE T R 2R 5T 1 2004 & 2013 4F FR KBV
MWRALET ZHMER TR BERTEE D
TR R IR B 7 R N E Bl R AR A R B A
HWELRA R, S5IHE, RFENE S T
AKJZ 2004—2013 422 fa #2013 4F 5 X 2L 4%
MRBETE SR A T el A5 Ak ATh 5 45 & B — 42 i 1A
AR T R A3 M AR AR T, A Sk B9 BiF 5% K
1 EE R,
33 AR EMEENDFHARTH

TE LM A= 25 R ge v, 3 I A3 A3 2 52 e 4 ) 21
BRI Z A 1 3 A 22 5 1) — A QR IR TR 7, 4% Bk
e 38 K FE RO B 7S T RE AR R AR
75 ( Winkler et al., 2016; Dearborn & Danby,

2017) , FgIEGE 1) Y i AR T L A2 2 P R 7 1) B
FERRA S (An, 2014) , B AT SR A9 55 X2
N, SZRBEH L, P A A R = R K (221E
45,2000) , 3X A] fEHE— 2D B Sl AR 74 S A 2H Y
ALl SR Bk AE A B S R R A A T 2R X
5 T YRR ACRTIR B2 A2 Ak, 3K 3l T AR VE 3 B H
MELT G A2 ( Taxus wallichiana) B Fh 04k, 80T
ARV A A AN R B B (Liu et al., 2013) o 35X
FPGH AL Y 3 RGP AE A B 5 BOAS [ 3 ) AL )
XRA M 7 5 AW FESE SRR, KPG8 e E
Yy o 2H A7 AR R 22 S, 1 v i T 450OAH ] v 1k B
W PRI W R 2 RE PR T AR B, FRATT AR X ]
RE S VI B A B KRB KA G, — 5T, B 5l
(R KK AT RE 42 B T AR ) ) %2 53 — T THD
R Ry S v PN 19 2K 3 3 AR 2 B8 22 i W A Ak A
(Jiménez-Alfaro et al., 2018) ﬁﬁ%{f%ﬂ"]%, 53]
TR AR Vi TR b - b A 2R R ek s — 2E
AT 53 A5 0 W) R A0 5 RRAR T R R AR R
A4 55T 2008 4FJ5 78 Be Ak IR AE PR TR R 2
HiE e, B, N — 25 B W) 2 P AR 4 v ax
Py 5 BT DX R R AT O A, AH B, P
WAV R AR T, R v R R 3 G A ) Al
FE & X AR LA G IEAZ S Horp 85 XA
AE LRI B S PR HR 8 I vl R 5 A T TR E AR A O
I, W Jm T IZ R B Be i A R SR T, BB AZ
NN, BT A RNEmEER, Ak, AR
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xR2 ARAEEHD(2004—2008—2013 £ ) FAKE
MHFEEENTURER
Table 2 Changes of species abundance of forest arbor
layer among different census years in our

study plots (2004-2008-2013)

%ﬁ: ﬂjﬁ? 2004 2008 2013
Species Family

R e 1 0 0
Pistacia weinmanniifolia Anacardiaceae

IR 7534 B 12 0 0
Quercus acutissima Fagaceae

B 2R 2 0 0
Hovenia acerba Rhamnaceae

BELT 3578 1 1 0
Ilex wattii Aquifoliaceae

5 A TR 1 0 0
Terminalia chebula Combretaceae

A BER 0 2 0
Rhus chinensis Anacardiaceae

ZIFTES R} 0 1 0
Lindera latifolia Lauraceae

] e o 1 0
Lithocarpus pachyphyllus Fagaceae

ek FH 0 0 1
Broussonetia papyrifera Moraceae

AN I ZRBERE: 0 0 2
Cornus controversa Cornaceae

AR A%} 0 0 2
Cunninghamia lanceolata  Cupressaceae

LLAEARE AR 0 0 1
Manglietia insignis Magnoliaceae

27N 7o 5t 0 4 14
Cyclobalanopsis oxyodon Fagaceae

/NI 5T PN 0 1 1
Ligustrum quihoui Oleaceae

BHARLT e 0 1 2
Litsea mollis Lauraceae

AL LA} 0 2 5
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Abstract ; Species abundance distribution (SAD) combines species richness with species abundance in a community and
is an important indicator of community structure. Although many studies have applied mathematical models to fit the
SADs of plant communities, there are still few studies on the changes in the shape of SAD (i.e., the skewness of the
SAD curves) along the environmental gradient. Especially for forest communities, it is still unclear whether the model
fitting and shape change of SADs are consistent in different vegetation types. Here, 28 plots of 20 m X 20 m were set up
in Hynobius amjiensis National Nature Reserve according to the main forest vegetation types. The species composition and
abundance of each species were surveyed in each plot. The logseries model and the lognormal model were fitted to the
SAD in each plot, and then the best-fit model was selected based on the corrected Akaike’s Information Criteria
(AICc). The a value in Gambin model and the 7 value in Weibull model were calculated to reflect the shape of SAD in
each plot. The A value in Weibull model was calculated to reflect the scale of SAD (i.e., the range observed in
abundance ). The relationship between altitude and the shape and scale of SAD was analyzed. The results were as
follows: (1) The logseries model fitted SAD better than the lognormal model. (2) When all plots were included, there
was no significant correlation between SAD shape (« and 77) and altitude, but there was a significant positive correlation
between the A value and altitude. (3) There was a negative correlation between altitude and « and 7 values in the mixed
evergreen and deciduous broad-leaved forests, and there was a significant positive correlation between the a value and
altitude in the deciduous broad-leaved forests, while there was no significant correlations between both a value and 7
value and altitude. The results indicate that the model fitting and shape change of SADs along the environmental gradient
are related to the vegetation types of the forest community. Therefore, it is necessary to consider the vegetation types
when analyzing the relationship between SAD and impact factors in plant communities.

Key words: community species abundance distribution, models, vegetation

subtropical forests, structure ,

types, Longwangshan

(1. College of Life and Environmental Science, Wenzhou University, Wenzhou 325035, Zhejiang, China; 2. Zhejiang Academy of Surveying and

YiFkh £ B oA ( species abundance distribution,
SAD) FA 2 Hi DIk, 5¢ T W b 22 J3 o A1 B L A4 BF 5
— H PR A B KI5 N S 22 — ( Fisher et
al., 1943; Bazzaz, 1975; Magurran, 2005; Ulrich
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30°25'12" N) |, I 44 % 35 e F 1048 9 A SRR
X, 7 W VLA JLEB Y 22 B8 o, b 1 v [ AR
W L 2k s, 5 R B Il E R % H AR R IX
HHEAR, JE K = M XA ) 2R R E X 2
— . BT 587.4 m, S AR H AL B Al
Bl o A B VIR RO B R R T AR e
H AR DL SR | LABR I Ry 5 UL %) 9 o o P op
LRI RSN 3 5 A AR A LA/
% X ( Quercus gracilis ) . # ™ & K ( Q.
stewardiana ) 555 ULFP 0 1L MY B 2 i AR DL
T UL LA ( Pinus taiwanensis) SN W H AR ET I
RN H S 5 R S MRS PR KR W R
VR 2 S, AR IR 15,5 °C, AR O o g iR
39.9 C , Wim iR -11.7 °C , LR 225 d, 4EF
KIRE /K21 640 mm, FEERTE 6—7 H (HRE%%,
2014) .

1.2 g EFAE R &

VERELE T /NI E K A SRR X 4 AR 1Y 2
FEERARRE R 27 | Ry PRI 45 R 9 S R AR T 4R B I
HURE R 7840, b RO A 28] 5 o W A, R 00 45 A
RAFY A5 BT, 2L E 28 1~ 20 m x 20
m K/NEYFRARE 2 Wa AL (32 1) o RO
SR B ASGHATRE I bR o, HEAERE DT 10 4 A H
IRV AR IC , E AR B e A, A
20 m x 20 m AREHL SRR 16 5 m x 5 m [R/hEE
J7,Lh 5 m x5 m /NRETT N FEA BRI A I AT
JCHLTE A 975 (DBH) =1 em BIARAAEYME, iC
Y4 DBH 5 BE A KORI S5 B, S5 500
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A5 (2020) X AEGETI] 73 75 1%, R FIARE DT A ) £ 2]
Wy %) E AR R/ NI A T B R A A 3] 1 AR AR A B
ARy R i 2% 1@ AR (evergreen broad-leaved
forest, EBLF ) | # 4% 15 7% i §d i 1R 28 bk ( mixed
evergreen  and
EDBLF) | # £k £f K ( evergreen coniferous forest,
ECF) | &t 51 i 5 & iR 52 Ak (mixed evergreen
coniferous and broad-leaved forest, ECBLF) . & &% 41
55 % - [ 7R 22 K ( mixed evergreen coniferous and
deciduous broad-leaved forest, ECDBLF) | 7% I [ ff-
M (deciduous broad-leaved forest, DBF) & 41 Ak
( deciduous coniferous forest, DCF) , F A 45+ g 25 14
L 1.5.6.2.1.12. 1 METT (B 1) .
1.3 IMEEFNE

FIFHF4F GPS AXHERE Ty 1y v o7 i Ah )
ANFE 7 BT AE 28 25 B Mg B BE | B AL R0 B )

2N

F oo

1.4 &t

F AR Z 80K 560 ( Mann-Whitney £ 55) 75 %%,
A3 AT AN R A 4 200 (e R R B 22 5

XHRE TS T A TR A 2 DBH=1 em B ARAAE
YIAT B, R AR 2 B T XS RE T )
Wy B8 22 B OKOF M s 2R HE ST, AT 3RS Rl -2
FE £ I, Bl Whittaker [l ( Whittaker, 1965) . 4%
G R - Z Bl 2 vT B T )5 2k SAD BRI L&
3T

hy il DR [ 1) AR AT B 2R 0 SAD i A5 75 41
H IS —B0X — BB, 7E Whittaker [ 9, B4
ZASBIRT] DL R LG WA 2 B o0 A, A58
TE I S5 H R R A BT B R X R 0E A A
(Sukhanov, 1991 ) FXF £ 9% B 5 AU ( Fisher et al.,
1943) , 43 548L A5 B AN RE J7 v i ) Bl - 22 B 43 A1 il
2 (RAEEESE, 2011) . BEARBORIINT

deciduous  broad-leaved  forest,

£

SPROEZS B A, = e e @OV (=7 2,
3, ) (1)
SRR ERER . E = aX"/n  (n =1, 2,3,
S/N=[-In(1-X)] [ (1-X)/X] (3)
a= N(1-X)/X (4)

s IPBOESRA T, p A6 735 R IEZS
Or AR RN T 22, N R IS0 22, A, R FET5
S LR 2 A, WP B, SRR R
TS n MM EZE E, o F1 X ISEL 550 H

(3) F(4) B4, S ARETTTh Ry S YA, N R DT
AR

R 53 T W 22 JBE 3 A1 HSCHE Xk o B8 5 B8 R R £
EZS A LA ROR | SR IR NREA #4718 1E 1
2R {E B 2 W) ( Corrected Akaike’ s Information
Criteria, AlCc) % £ % 4L A L A ( Burnham &
Anderson, 2002) ., =4SRS3 AT FE AR, BAY
/N ALCe {BL B 155 58 Ry 32 22 18 B8040 0 A 1) e 0 U
HREAL,

AW R T TR SAD TEARAE AR ( 2 i e
JE) SR BE IR OC AR JE SR FH A B AU 1Y
Jrid R Gambin AR A Weibull A5 ffaf DL e
SAD [ e 242 AN W) b 22 32 22 S B2 B W) S 006
7 SAD FFEAR . FIH R A4 gambin” £, FR Y fir_
abundances ()" £y A X B A FE T H Y SAD L&
Gambin %! ( Matthews et al., 2014) , i1 5E 1z A
rha] DA e th 2 O A EE 19 280 o {H . Gambin %!
254G T AN A A ) I HORE 77 75 (Ugland et al.
2007 ) , IZAHLXS A ] i 58 2 A AR B i 405 ROR
It BRI o S8, T AR S 3 S e BT 45
A AR (Matthews et al., 2014, 2019a) , —fi§
M o K, SAD O ] T X OE 2704 5 T o
(BB /)N, SAD il 28 ) T X5 B 8o A, e it
SAD [ A i o R B A, 5 DL AR (A 3t P> 44 AH
X 22 BEFNH AR BAR B R ) Le B, o UL b
(FEHD A ARE T 22 B2 v HLHR BRI A 8 (9 ) ol )
e %5 /N (Ugland et al., 2007) , 46, AT [ i
{1 55—~ T SAD BT ¥ Weibull RS i) 2
(A A) B SAD JEAR . FI T < sads” 41 1 Y
“fitsad ()" AL Weibull 458580 331 8% A5 A
9% n Al A (Ulrich et al., 2018, 2022) ., Weibull
BRI 28 R BRI & i &L I IR, 5
Gambin BIEIH 1) o [HEAMFIMESFE X, 1
(BN, SAD HZR AT ARFBESE AN 5 24 m =2 I B0A N
R R BOEAS 3 A1 5 2 = 1 B, X By
fii . Weibull BB 280 A Rox Wb 2 12 092 4k
RERHE A EBOR , FoRFEE il 2 B 1 22 e A
RO, AT DA & — DRV R b 2 R R 2R
Fil. YT, Weibull ALK > S 800T DU 8
W 2 B AR T 38 A L X TR R AR R
7% 1P 22 B2 73 AT R A AR & 19485 B /) (Ulrich
et al., 2018, 2022),

T AR AL B 48 G 4 R T e ) AR
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m 10 A, B, FRATIE AR WA EUR T 10 R
7, B et 5 J - IR 2g iH iy 1 SRR,
BT 5 143 B P (Ulrich & Gotelli, 2010) . #%
28,27 AFEJT BB R A T EOR (KR 1) .

S W1 SAD JE AR ARk 51 4k v BE 22 (R DG &R LA
FAEAN[F) FRAAE B 28 B0 v B B AR AE 22 5, ARIEA
FI S 1] A AR X BT A R B 6
AFETT I SRR AR R Sk 5 T TR SE AR DA
Wt ot o o N o711 B o TR 7 i U A5 W T % e
ZH (o M AME) SRS EZ P ER

AW A AT ITE R 3K AT

2 HER G

2.1 LB FARIFR

T A X 2 /N SRR X Y R
PRMA AT IR IR BARAAEY) 166 Fi, H
UNGIEEE: &3 B /b 654 S =0y A~ 3 il o
ISRy A NN = A ) N 2 S
it 5 mHRS M (Bl 1) .

354 Aoy p—
" labe
2304 :
o
i: b ——
“5{1 20 i E
R =
Z 154 ]
I
1
10 —
T T T T T T
DBF DCF EBLF ECBLF EDBLF ECF

DBF. 740 @4 ; ECF. #4414k ; EDBLF. # 4 57%
M iR 22 bk ECBLF. &% &1 it 15 i R 32 Ak
EBLF. [ i#k; DCF. & -5k, AE 9284 H] B A
ARG TR R R PR 3 25 R (P<0.05) .

DBF. Deciduous broad-leaved forest; ECF.

coniferous forest; EDBLF. Mixed evergreen and deciduous

Evergreen

broad-leaved forest; ECBLF. Mixed evergreen coniferous and
broad-leaved forest; EBLF. Evergreen broad-leaved forest;
DCEF. Deciduous coniferous forest. Different lowercase letters
among vegetation types indicate significant differences in the

numbers of species (P<0.05).

1 AEEREER R TE

Fig. 1 Numbers of species in different vegetation types
22 AEEHREBENMM S ESHRE

A XA [FRE T3 HR 4 0 b 22 8 23 A LA X R
OB TN BOE AR L B A BT T )

Tt 22 J3 43 A 1 42 40 B8 T 47 b 485 X B B AR
AH Gt AR Y 1 SRR D RE BT b 40 A X EROE
BOMAERI(E L),

23 M ESHERILGERNXER

Gambin BEHIH1 1 o ZE0FT Weibull £ Y H (1)
n SEF Y Fh 2 B oy A I IR AR . FEAE
FEH o (H I m (B Z [ A7 7R 3 i AR G (1A 2.
R*=0.372,P<0.001) , 3 B P A~ 55 78 v 11 2 5507
R 2 B i SR 0 AR A B — Sk,

AL BT A R DT I S ) R 22 B A A th 26
FEAR A Gambin LAY (K o {E[ B 3. A(R*=0.005,
P>0.05) ] A1 Weibull # %I (%) o {E[ & 3:B(R* =
0.025,P>0.05) ] 53k /& B 2 [H] JC W 35 40 G 1
i S W) b 22 B2 53 A1 22 5 B2 FE ) Weibull 458784 (1)
SR EZ B EEME K 3. C(R =
0.14,P=0.05) ],

AR B S R v w2 AR B Bl £ R Ay
TR (o (H AT m () 513Kk Z 8] TG & 2 A0 ¢
P, HE S E MRS o ([ 5IR S EZ
[i) 2% 4 35 00 A O 5 V3R e FE 5 i (] [R] A 22 17 AH
K, HEABS MR . X T 3%l ik, A {8
S B W IE A OGN o (R {H SR
R BT A M (R 2) .

3 WihkE4E#

3 MBEHBERMIHESEEHRAEE
SAD W&

T g R /NG R G F AR DR A X P BB
&Y 22 B 43 A (SAD) 43 5k A7 X5 B0 BORT %t %
TEZS KR AL | 45 50 8 30, X6 B0 BB Y L % %
TE S ALY ] B 4 W 0L 45 R O TR SAD, U3 4,
ARWFFEIE KL, Weibull B ({1 n B/8F 2,60
HAE 7 o Y SAD 8 T 4 b 815 X B G B o A
Ulrich %5 (2016b) 75 23R N [ 41 X 52 Hb Al ) BF
BT 25 Y BE B A b 40 A S b AT A B VA 1
Wik 2 i RIAREOCE SEIR SER KR/ TR
JIE 1 VA A S i A TR AN I TEYRE SAD A
X [AIF, Ulrich 2 (2022) 7E 55 M F B AF 5% & 91,
o 50T 785 A R AR o ) R B B T M o o
SRR S BT R ARR KAy T R O B A
EIR RS R BEYE S [R5 R ) BV 0 F
45 (Whittaker, 1965) , 76 HVHE AR 2R AK 10 BF
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Table 1 Number of plots in different forest types and the number of SADs optimal fitting lognormal model or logseries model
v N 1 Bkl b Rl A T
Vegetation type umber ange o ogseries ognorma
of plots elevation (m) model model
Y& [ K Deciduous broad-leaved forest 12 649~1 450 12 0
H G5 AR Evergreen coniferous forest 6 618~1 483 5 1
H AR 5YE M R IR AR Mixed evergreen and deciduous broad-leaved forest 5 656~ 848 5 0
e 5 R R AR Mixed evergreen coniferous and broad-leaved forest 2 675~717 2 0
w5 I AR Evergreen broad-leaved forest 1 753 1 0
V&% HK Deciduous coniferous forest 1 639 1 0

L ]
y . //),/
5 o
.},;—_.' - —_"-=.—-.—"__'_-'4
I -
0 .
0.75 1.00 1.25 1.50
nfi » value
B 2 Gambin #E fh o {E50 Weibull # ! fh g
nEENZEXER

Fig. 2 Linear relationship between a value in Gambin

model and 7 value in Weibull model

FEHp, Rk B 58 2 B0 B0 O B e e
AU AE T M 104 26 BRE 9 60 SAD ( Morlon e
al., 2009; Ulrich et al., 2016a) ., Wu 5£(2019) 7E
P ARHF A AR P e BRAE A R RUBE b0 80 4 0B
B[ AR AP 45 SAD . AT 5T 45 SR A b /s Xt 4R
&3¢ RIS A A/ O LK e | o0 2 P e SR T R e
AU SAD, Zf R W, X BB R XS T AR AR A5
FEBES RV IGE . 55 4, X B B R A, iz ik
WEFERRAREE V& Hh A7 78 DR 2 (0418 DL Ao 0 /0 i 199 6 L
T (Preston, 1948) , 5l 45 (2008 ) Af 5% & B
TR Hb, DX FRARTE V% T B 05 4 37 50 22 A0 UL 1 25
WA,

32 BAMBFEESAD EREBESEZENXE
IR ST DX BR AR 75t X B30 0 e 20 )
SAD ¥ EA T4 LG ROR B2 2 SR & 1F B
8 S o 1 4 PR R S R B B BT RS R R R Ak
SAD JE AR W] fiE 2 A7 75 i 22 72 4k (Ulrich et al.,
2016a, 2018; Arellano et al., 2017) , EH UK X
B VR A B S5 P ((Avrellano et al., 2017) (S
ez F + 1€ K -7 ( Matthews et al., 2019b; Ulrich et
al., 2022) . HiJE #1 5t W ( Matthews et al., 2017;
Ibanez et al., 2020) %5 ¥F 55 A+ LA M 7 o2+ 3¢
(Matthews & Whittaker, 2015) % 4 2> i & 5 Wy
SAD WIEAR . 4N, BE & i 280 BE 1Y A2 1k, BRAREE
T 10 SAD Hi #2300 0 BCEHIRR Y (1 7 4R 28 % Sy
X R E AR R Rl 2 0% 4R A} BE [ MK ( Arellano
etal., 2017) . SRMIEANFEH, X405 Br A YR
i IR K& B SAD B IE MR 55 v 45 86 BE 22 [R] Y A8
TG ME I S W & O W 22 52 8 A IR S [
(RN A BE VA =5 B B TG I, 3 15 W B o i
PR FE RGN, Wy FhAE 22 B /KT b X8 B0 45 1) o 3
RV A T A v B 3 3 T R R A A
PAAERT 22 B i 35 38 T AN A N T i T AR )
HIAH T 22 FE FEAIK . Arellano 45 (2014 ) 78 #4H7 #x AR
R B A R RS BRI TR R WA e 5
PR R R/NEEDIAR G, AR B AR TG, B,
AWEFE RS AS[R] /Y BRAR IS B INF ) %) 0 & 5 %
- o] YR SS AR 5, BB T AR08 0, o AT
0 A4/ 10 B T 44 v JEE A 05 o UL AR A L
s /b, A8 UL AR e 1S fm . 3X AT BB T BE T
T BE RGN, gk ] W AR T 328 AN 3 L T R T
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Fig. 3 Relationships between altitude and a value in Gambin model (A), 1 value in
Weibull model (B) and A value in Weibull model (C)

K2 AFREHZEEF Gambin HE S H o E,
Weibull BB S ¥ » EF A ES5EK
ZHEEMEXRARBNER
Table 2 Results of linear relationship between a value
in Gambin model, 7 value and A value in Weibull

model and altitude in different vegetation types

flHE 22

i 2
Estimated Stardard HiH 5 fis
o t value R value
value deviation
EEZANL N
Evergreen coniferous forest
a 0.001 0.001 0.735 0.118
n 0.001 0.001 -0.038 0.001
A 0.001 0.001 1.880 0.469

W P R AR

Mixed evergreen and deciduous broad-leaved forest

a -0.003 0.001 -2.644 0.699 *
n -0.001 0.001 -1.952 0.559*
A -0.001 0.003 -0.397 0.050
I
Deciduous broad-leaved forest
o' 0.001 0.001 0.290 0.008
n -0.001 0.001 -1.089 0.106
A 0.002 0.001 1.755 0.235%*

. *FR P<0.10,
Note: * indicates P<0.10.

W AEBE A WA, AN Fo T & AR BF ST IX
Hf T2 A AT ) T R T R 2 I R R A BN,
BT A (BRG] T 6 B S50 A ) |, Ul A Bl

REAAC R JEE F) 3 0, 3 7 DN R B AR 22 B2 O A
TR 5T, BIHE DL A4 L5385 0, 2 W1 % - I - bk i
AR L R SEIN , B 7R R AR 1R O ARE
3.3 ZRMEWHFRPNEE

AHIT TR I 45 5 0 p = B M o 22 2 9 1
S YRl 22 B2 A A Y, e BRI AR 22 3 /N B
FEl 5 SRR AP DX B BRARAE T SAD 2 AT G %)
PO TR B TIUI , 156 W Jb DX 3 2R MR 7 TP Y
Pl 2L LA WA (AR 2 BEA ) O L 4R
PR AT AR MK A O 37 R4S BEOA RE AN Gl 3 $E 7  T]
P57 FCHE 15 AR MK R 0 5 UL Ao A B Rl B 0
KIEM IR, 351, £ X5 AR SAD I AR Fn
AR TR 22 W R SAD YN AE AL, I H.
XF T AN [ B R 1 2 R 9B 4 e BE X SAD IR B 78
M ANTR] o R, B AN [R] 4 A8 B4 28 R 7 AN [
(Y i FACR R AN () 0 O 4 A8 BILE it 5
X5 TR A E BRIV A g R Ak
W TR Kb, Bt VR4 2 BE SN, o (ELF mp {EL 270/
Wl W LA DL b L 491 5800 DAY 0k v i A 3 DX A 9 52
AR 245 B PRI 5 TR T v i ol ik A B T 4 e
BERTIEIN , o (ELAN A (ELHE N, 158 W ARV 45 23 A 1) 7%
L NS SR R SR I A< R L VA S SR
IR X B . BT LR 4 Rl DIE I, A
FH SAD JEAR B AZ A , BE B TR A M 53 B ) i = &
I 22 J8 55 22 4k J3E 20 A P X B 35 DR 1 ) Wi 7 5 AH %52
TALH L&) B A2 5 L o) B 22 RE A5 B (LR v
SR Z MR R AT B T AR v 2 R BDIR
AR BRAR A A B AR BT ST MR

B R RAKRFHEFHERR, N
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Abstract; To analyze the community characteristics of tropical monsoon forests with different succession stages, four
different plant communities named A, B, C, and D were investigated in this study, respectively, in a typical monsoon
forest of Ehuangzhang in Yangchun, Guangdong Province. The species composition, biodiversity and spatial structure
were analyzed, their maturity levels’ differences were detemined, succession direction was predicted, and suggestions
for optimization were put forward. The results were as follows: (1) The forest layers of the four communities were
single. Small diameter at breast height (DBH) class trees and lower forest dominated these communities, owning 1-3
obvious dominant species. (2) The Shannon-Wiener index ranged from 2.72 to 3.74, Simpson index from 0.90 to 0.97,
and Pielou evenness index from 0. 74 to 0. 89, suggesting that their diversity characteristics were significant
differences. (3) Their dominance ranged from 0.49 to 0.51, uniform angle from 0.56 to 0.61, mingling from 0.54 to
0.83, forest spatial structure index from 60.57 to 71.44, forest spatial structure distance from 53.15 to 68.53. (4) The
analysis of community basic characteristics, diversity characteristics and spatial structural characteristics indicated that
the maturity levels in all community ranked D > A > C > B. In conclusion, four communities are currently in the pre- or
mid-term succession stages and the development space of DBH and tree height is large. The four communities are in the
moderate growth state. All trees show a slight aggregated distribution, and the tree species are moderately, strongly or
very strongly mingling. Besides, there is a distance in spatial structure between four communities and ideal forest with
the development of maturity levels. The four communities continue to succession with intolerant tree species as the main
dominant tree species, and gradually and preliminarily have the typical vegetation characteristics of the district forest
climax community. With the development of maturity levels, the four communities’ biodiversity and mingling will
increase, the spatial structure will be optimized and the stability will be enhanced. The results of this study provide
scientific basis for community construction mechanism and forest structure optimization. In the future, Ehuangzhang
tropical monsoon forests should be more regulated and protected, while the ecology of vegetation and biodiversity
conservation in the area should be widely monitored and studied in depth.

Key words: high rainfall, succession, importance value, community structure, biodiversity, spatial structure
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Fig. 1 Tree’s species-area curve of four communities in monsoon forest
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Table 1 Plant density, average DBH and percent of each diameter class of four communities in monsoon forest

e A B (o D
Community

[

SREL 767 1387 780 857
No. of total plants

e

Average DBH (cm) 4.66+0.15a 3.68+0.09b 4.48+0.13a 5.50+0.21a
Plant density ( plants - hm™) 6392 H58 0300 .
2~10 cm BHEES L

Plant proportion of 2=10 ¢m diameter class (%) 90.48 93.10 9383 8390
12~20 cm BREARE L L

Plant proportion of 12—20 c¢m diameter class (%) 8.87 447 238 12:60
22~34 em YRS N 0.65 0.43 0.77 3.50

Plant proportion of 22-34 ¢m diameter class ( %)

I R —AT AN FEACER AR 2 M 22 R i, TR,

Note; Different lowercase letters indicate significant differences between plots in the same row. The same below.

B2 ZEWHh4FMBEEFRNEREN

Fig. 2 Tree DBH structure of four communities in monsoon forest

2.4 WA E B % B9 = B L HFFELL i Ui WAV PR K P20 A1 A Jr 41t B ORI LR

H12E 6 Al A, R U bR 4 FHIEVE AR H D VR RER AT, 4 MR 0T iR a0
PMAE /N LB T, UL B 4 R e h % S IR FR eI 225, D RV R B B o IR 2, LAt
SHBA M IR NZE AW, MO AR P YRR SRR AT, UL D R b s A
MAERORAS 4 FBEVE P M RER R F 0.5, S, RIARRAE R AEMEREAR , B TR ACHR FE it
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Table 2 Tree height distribution characteristics of four communities in monsoon forest
M2
Forest layer
TR 2 A LR TR
YK Lower forest Middle forest Upper forest Average
Community h::ri;it
-4 15 -4 15 -4 1
TEME g wwm TR e e THIRE tpl ()
verage verage verage
! No. of Percentage ! No. of Percentage : No. of Percentage
tree height tree height tree height
(m) plants (%) (m) plants (%) (m) plants (%)
A 4.84 672 87.61 11.48 93 12.13 16.00 2 0.26 5.675a
B 4.47 1288 92.86 11.03 99 7.14 0.00 0 0.00 4.934¢
C 4.78 745 95.51 11.07 35 4.49 0.00 0 0.00 5.063b
D 4.85 713 83.20 11.75 129 15.05 17.63 15 1.75 6.113a

e F =P AR RN PR R R 2 MR B, TR,

Note : Different lowercase letters in the same column indicate significant differences between plots. The same below.

®3I FTHHRIMBEEREMLE
Table 3 Number of families, genera and species of

four communities in monsoon forest

BEYE Community

432 Classification

A B C D
A} Family 32 35 36 38
J& Genus 49 53 57 68
Fh Species 57 59 69 99

F 4l FSSI K FSSD %5 5L 3R B, 7 1a) B AR MK 43 45 14
BRI HERE L D BV e S5G, SR G IR IOERETS AL
C.B,
2.5 EWHAEBENHAEESIE

H 3R 7 AL B VR BE AR | 2 AR R RR AR A A
[ G5 A R AR HE 2 SEAER S D>A>C>B, MR B
A, AT o ] — 3 2 B B R, DB T LR B
L, SR JE UG A LC B,

it

3.1 #8 LB 2= W #K 3F = i6) 45 49 4 4iE RE B 2R Y
T

IS [R] — TR i B A [) JSC 3 3 T 1 R 9 A
MR S5, A Bl T 580 1 fifk B v 19 4 & BOIR A
T 7 1), ASBETE R 4 eI Ak TR Y
R P 30 2 O B — R R ARG /MRGUR

3

FiE e/ AR N R A RO N i I N N s o
T e J% 1O B o 0 B A2 A 3R R e s ) (o R I 5%
2022) 5 SR i kL B B AR R BH A AR G B A
RO FLE W bk KR | S I A AR A LR R
VT I SR T AR R DRV I T LD R
ey S U [ 2 NI N 3 Ry NSRS = R I 573
JI A o v, LA A B 3 e T AR A A
— It BB o T AR AFE VB B (5K R IREE, 1999)
DKL, 0T P 4 T 9 00 15 4k 252 L) BH M A o oy 28
— H B P — R TR

5y T AR TR, #0280 AR R A 4 I S 1
PEBFR (N7 5 ,2009) . ABFTEH, 7E B B
iKY B BEVE A 3 RS b B B 4 B, LRI
NEEE N R A F, AR R E A EEEHE A
9= A FEE A ATLEME T )2, AR 5 K
e v VT T RS /I, b B TR e i A B (R
L% ,2019) X HHAE A FEE A7 AH S
Bl 2 B R B =, A BEVE RN COBEVE T Ih Hh R
B S P AR A M RN G 2 e i D RE S R
ALY EE A B, DA 5 1 18 A 4K
T B v T b T /MR G R EE ) AR T R AR
ANRFON 5 = S A U0 I AR G 2 P B R
BETEVE I B ALK S I BB (E A
4 2022) .

A IR Z 40 A T 25 A0 R R T e S A B
S 2 0 X B (X 18 4F,2009) , B R BLAE
(2021) HWFFTRWAAESE B E WA YA AK, [
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Table 4 Importance value of dominant species of four communities in monsoon forest
BEE 9y *ax?@ﬁ@ *EX»T@%EZ* LD 3 %:%{E
Community Species elative Rel.allve Relative Importance
frequency prominence abundance value (%)

A B Sinosideroxylon wightianum 7.04 21.06 5.11 33.21
A K% 28 Heprapleurum heptaphyllum 4.56 15.98 4.26 24.80
A RIEFA Camellia cuspidata 13.69 3.36 5.11 22.16
A M EEF M Hancea hookeriana 8.74 3.20 4.26 16.19
A INEEAK Microdesmis caseariifolia 5.74 1.58 4.26 11.57
A KRB Homalium phanerophlebium 4.43 3.67 3.40 11.51
A M Gironniera subaequalis 3.26 4.21 3.40 10.87
A B A Ardisia quinquegona 5.35 1.10 4.26 10.70
A S MLAR Macaranga sampsonii 3.52 3.37 2.98 9.87
A AR ET Litsea variabilis 2.74 2.71 4.26 9.71
B B Sinosideroxylon wightianum 9.52 25.04 5.31 39.87
B FUil Ttea chinensis 10.24 19.42 4.87 34.53
B RIEFA Camellia cuspidata 19.11 5.66 5.31 30.07
B K% 28 Heprapleurum heptaphyllum 9.59 12.45 5.31 27.35
B BBEIE A Machilus foonchewi 9.44 3.50 4.87 17.82
B INER Microdesmis caseariifolia 9.44 3.14 4.42 17.01
B IEFE 1T F Garcinia oblongifolia 3.53 5.60 3.98 13.12
B #AT Engelhardia roxburghiana 0.65 8.59 0.44 9.68
B B Ardisia quinquegona 3.75 0.95 3.10 7.79
B P55 Carallia brachiata 1.37 0.59 4.87 6.83
C G2 58 Heprapleurum heptaphyllum 8.08 23.11 4.71 35.89
C INEER Microdesmis caseariifolia 12.56 3.48 3.14 19.18
C BRI Machilus foonchewii 9.62 3.80 4.71 18.12
C IEFE 1T F Garcinia oblongifolia 6.03 7.70 4.31 18.04
C S I Macaranga sampsonii 7.56 6.64 2.35 16.56
C YHEFLYE Elaeocarpus nitentifolius 3.97 2.67 4.31 10.96
C Y% 44 Eurya nitida 4.49 2.58 3.14 10.20
C FIHJAE Sinosideroxylon wightianum 2.95 3.50 2.75 9.19
C MEEFH Hancea hookeriana 2.69 3.88 2.35 8.93
C WA ZE T Litsea variabilis 3.46 1.50 3.92 8.89
D AL Engelhardia roxburghiana 1.75 15.44 1.98 19.17
D JH AT Lithocarpus corneus 4.90 8.63 4.14 17.67
D BeH] L. glaucus 4.67 10.44 2.34 17.45
D IR Syzygium rehderianum 6.18 1.24 4.50 11.93
D K7F Schima superba 2.10 6.28 1.98 10.37
D LA Madhuca pasquieri 2.68 4.07 3.06 9.82
D B Sinosideroxylon wightianum 5.48 0.41 3.78 9.67
D HEHIE Elacocarpus nitentifolius 3.73 0.59 4.14 8.47
D B Gironniera subaequalis 2.22 3.96 1.80 7.98
D K8 3£ 88 Heprapleurum heptaphyllum 1.63 3.88 2.16 7.68
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Table 5 a diversity characteristics of four

communities in monsoon forest

- i 5]
YR Shannon Pielou %) &

" Simpson o
5 e Wiener §§ e 5%
I ki
. . Shannon- . Pielou
Community Species . Simpson
S Wiener . evenness
richiness . index .
index index
A 57 3.14+0.21b  0.94+0.02a 0.87+0.03a
B 59 2.72+0.11¢  0.90+£0.02b 0.74+0.03¢
C 69 3.21+£0.03b  0.94+0.01a 0.84+0.03b
D 99 3.74+£0.05a 0.97+0.00a 0.89+0.01a

R 6 FFM 4 FEET HEHMEFE
Table 6 Spatial structure characteristics of four

communities in monsoon forest

4 T4 Mapasial bhoras ]
A N SV o g T
e MRRRUN O MRUE T " .
HEVE % WA Forest Forest
. % Average . .
Community . Average spatial spatial
Average  uniform L
) mingling  structure  structure
dominance  angle . .
index distance
A 0.49 0.58 0.63 64.65 61.94
B 0.50 0.59 0.54 60.57 68.53
C 0.51 0.61 0.64 62.89 63.12
D 0.50 0.56 0.83 71.44 53.15

IR 73 A SR X i v A= Bl 4 e VR . B
BB AT, BRI (b SCE,
2013) , e B AE B v HL 2 ) S R T I T
o PP Tl 3 3 TS i 0 S e BB (IR 4 7 55
2019) , ARWFFEH, 1R A AR B BEdS o
WA | LR G 5 0 Bl L AT S T L 2 B
PR Sy S ol G i R v L R BRI U R LAY
TR AL R R R R B, B BTS20 B B B
B R AR, A BETE o A T8 R 1 2R
8D S IR I o I < N e (SR I
Fofr, B 1B I R A T ) ol 2H AT R ) A
BT A BETE AU SR XS K B AR BR R Y 3 N
(B LA 2021) DK LT R (49 7K 7 I 3 sk 20
T AT 7K 8 B A A2 77 25 18] ( Punchi-Manage et
al.,2013) . B A 8, D fE 5 vh B 2 (E
e R By #T 22 AR WL AR B 32 S RETS o R I
FrE A DAL RS o AR S| AT Ry S AT | R A A 21 A il
B 2 AR o 58 TR R S5 E BRI, e 1 BE K

®7T ETWHRAMBERAEEIRHES
Table 7 Maturity level indices’ rank of four

communities in monsoon forest

HE#

b Rank
Index

1 2 3 4
P Ey Mgt D A C B
Average DBH
T R HARA L D A C B
Percentage of trees in middle and
large diameter class
PR D A o B
Average tree height
T EEMKR S D A B C
Percentage of trees in middle and
upper layers
RS D o B A
Species richness
Shannon-Wiener $§%{ D C A B
Shannon-Wiener index
Simpson Fa% D A C B
Simpson index
Pielou ¥ 5] BEFE %K D A C B
Pielou evenness index
TR D o A B
Average mingling
R3S 1) 25 B D A c B
Forest spatial structure distance
MRar 2 [ S5 A0 18 4L D A C B

Forest spatial structure index

FE B A A2 B A B s VR ) i A
T AR BIH St ) I MRORE g AR KR AT U0 I AR B
— PRI RN B (B BEAE 2021)

AW A B, Wy oF B AR e A AT T
Ak, B, 5K 54 (2021) BF 5T 3 BH bl 2 7 R
MHEAT , I AR JE B9 W) Fh F & FE | Shannon-Wiener 5
. Simpson 18 £ M Pielou 4 &) JF 3 % 1 32 i 14
K. Howard #1 Lee (2003 ) #1 Chazdon ( 2008 ) 1A iy
— SOREVR ) Bh T R B R R R s HG n &=
W TP S AR A . A BESE Y 4 Fh 22
BT MRIE S 30 ~ 40 A B A b TV 425 i v 0
Be, BRI T 48 T 22 0 A A 6 LATE 78 43
FHEA GEIR, Wy Z FE PR B AN B B (R R AE
2021) , BVE T 4 V& AR AL T 9 Fb 22 B 1 B iR
HEATT B TR B, 7 G 2 R M B TR AT B 22 Al
FRIE . SR, A BF 7% A= 58 A7 70 /0N T AR B I ELAR
TR RN G BRI K 43 55 1 A 320 A0 1A I A A
4l SRR ) T AR G AR (R IR AR R T R 2001 )

A
it
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PRI A BEVR RS T C VR o RIS 8 3 A9 7
TE—ERE L EWl/b T AR i i 2 7 2 [R) B AR
T AR R o A AR, A, R
545 (2011) WF 5% 15 1, Shannon-Wiener $5 %% k.
Simpson $&HO P Fh =F & B S AU, T Simpson
0 H. Shannon-Wiener 35 550 %) ¥ Fip ¥4 57 J 4850%
I, C #EY% 1Y Shannon-Wiener #5805 A FEV% iy 1 e
AEER A BEE R B T C HF & B m ) A
W,

G s PR 2 FR PR 4 iR v 1) 22 A R s BdE
ST o = /N1 17 = v I N =8 N
2007 ; JR2LAE4AE 2018 5 #E K BE 45 ,2020) . Zhang 55
(2016) BFFEF WY, 47 [ K & F0 IR B2 B e M =2 W b
ZREVERY 32 S5 ) PR, A (] A= b 3 X3 ) 32
SEPREE K Zh K AN R, 40 3k [ P R RS 4R A2 B
IR RS P52 W), 3 ) R i 8 2 A B K S i
T AR T AR Ly g ) R AT A Y e B 4
AR 2 B AR B Y D S R | A R 2 A
PEAREAE 5.0 DAL (I IE A2 55, 1998 ) ;7 468 J 0z 4
A 2 R PR LA DI B A A B K e ] Il 3 ) e 5
SR FNEEE BRI NV 2 F it AR T R
LB REAP A AF (A [R5, 2003 ) |, 31X AT AEJE RS Sl
P ZERIAR 4 MR 2 RE RO R R A
3.2 BBEIEFEMM T B SRR ERNEN

GG s A S5 M Ok o3 BT BE T 454, A5 B T 48 7R
AR ZS R GU U LA, O A O AR bR 45 4 10 Ak 32
I, BEVR TR AC B4R 7R 25 (R 25 0 50 N 1Y ) A
BB FEIE . AWTSE h , BEE CREE B B, B TR R
SEPEB RGN, X 5 A A N AF (2016) AT I LR
HH—2, X, BYTHNSE(2019) O 1R 2
BN AR T A B 3 N A A T Y R M
BT BEI AN TE P TER A BRI AL B
TOCIES IR B B A BE 4 X (A5 T B B P[] A
AR P EREVE N ) T O AT, A AR
TR AR, B ERARCE AR EE R, )
Z K Ay AR R 5 B M 59 52 0 ( Lundholm & Larson,
2003) . PRI BEF AU A B ep , 68 S 06 2 AR
Ve 52K 43 BE IR A B AT RE R T b BE 4
AR AN [+) 7 0 1) FH 5 s A B ol e & LA 2 it K 3
(X HERAE,2016) , MM $ 5 1 # i ROTR K
—MIA Ry, R AR AR B I BCRAR Y S T £
TR E T AROR 7 18 8 0 400 2 52 WA SR AR )
A7, 76 58 4 Bl TR R AT SR o R e

MR RA BEAIL 3 AT A% = & R (BER B2 ,2007) . A&
WEFE T 4 Fh 2 W ARHE I M RO A 22 80N I 2 g
TR AR, i R & BRI R | 5 22 ] B XA 34
BB RUBE 19 22 50 50 A0 o0 B B TP IR AT (2 A&
HAE,2022) 6 JEIEE 0T 25 B9 MROMR 432 (8] 25 44 45
BB 2 1 3 T 2, 2 B R E MR 2
R AR A BN 2k B b B AR B
WO | S B N PR B R E S R R SR
FE BRSSP TR M (S 45 4F,2013) {0
SRR 25 R G5 A AP AE e — 8 2210, VR i AR TR
Bl R ha e A (2 B4 ,2020)

AN ARG D BETE YRR 2 AR AR B TR A
J& FSSD Al FSSI it & T B %, A R 46 HoAth 35
PRt T B RV, UL R R AR 2R 2 (8] A VR P
ML RS SRR 22 R H R — 2
APEAPE (5K R AE 2021 5 4K 5, 2022) , ELA
TR, > R G B AR AR AN R L 5] 32 v T A
G, 45 S PR AR i 2 s sk 30 B8R AL AR 43 (4
ANEE,2014) X TR A o s 32 A 2B B, AT O
THR/NEE E A KT 0.25, ffi 2 BFHEA K KD
SN iy ST = o R A N
2013) o XF T BLER A0 53 50 43 A i MoK | 228 i
P B BEAL A RS (B P AR S 2013) , tAh, iE
AT DAIE 5| A R B R 3 o B T R Y B
R N 7 4% ol it w5 40 o 22 A 1 1) [ B ik 3 4
HETE [ O 1 5 (BR 4 #55,2019)

25 Ak, 3G R eE 7 W AR B VR A A TR ) —
R, A Al S P T U R oy S5 R BEVR
JS A B 1 R0 43 ke it A R R 10 L A AR 9 LA
B S, SR AS B 5 AE LB 08 R 43 7 3k Bk
B b AETE R R, R — 25 R AR 4 45 48 bR
G T NS G L DA W e 97878 v Rl 1 2
PRAFA R A FE IR IE S Y KA B, i — PR
R AR e B SR AT A A T R,

4 ik

CEA RV MY SR AR | 20 MR AR A A3 ) 4
FAREAESEAT 73 M, 45 4 F e V% Al 20 8 HE 44 1R Ik
H D>A>C>B, I 2= TR ARRE 7% 17 65 1 — i
PR A R S P T A Ry S5 R, H i 4
TR Vi #00 A T TR 1T 00 s e B e A AR o kR
23 B BT R A A T b A 2R RS, MR 3
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LB WOR AR A B SR B v E 5 A 5l R
TRAC, BEE A RYIGIIN , 4 i e 7 R 4k 252 L BH Ak
PR D 3 S B AT TR IR 2 W ) 2
B2 DX St e A TR AR v p) LR A AR AR, B
JREAE TN, 2 W MR v W A 2 BB L O LU
RSN 25 18] 5 A4 DU Ak B R P 1 56 1) e 34
B o AR 2 DO 53 WA 5 R A TR IR X
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Abstract; Shiwandashan is one of the hotspots of biodiversity in Guangxi, and its main vegetation type is mountain
evergreen broad-leaved forest. In order to understand the current community status and the development status of
dominant species population structure of mountain evergreen broad-leaved forests in the region, this study was conducted
in a fixed monitoring sample plot of 1 hm’ established within the evergreen broad-leaved forest community in the
Shiwandashan. Woody plants with diameter at breast height (DBH) = 1 c¢m in the sample plot community were used as
the research objects to analyze their species compositions, diameter class structures, tree height structures, and the
(1) There were
7 517 woody plants with DBH = 1 c¢m in the community, belonging to 52 families, 108 genera and 153 species. The

spatial distribution patterns of dominant species using the g(r) function. The results were as follows ;

dominant species in the community were Clethra delavayi, Schima argentea, Hartia villosa, Castanopsis hysirix,
Engelhardiia roxburghiana, Ardisia quinquegona, lItea chinensis, Symplocos adenophylla, FEurya subintegra, Ilex
pubescens, but the dominant position of dominant species was not obvious. (2) The overall average DBH of the
community was 5.51 c¢cm, and the distribution of diameter class and tree height was approximately an inverted “J”
shape. The diameter class distribution of dominant species was mostly an inverted “J” or “L.” shape, and the community
had a large number of small and medium-sized diameter class standing trees, indicating a strong self-renewal ability of
the community. (3) Dominant species coexisted stably in the community; the dominant species exhibited aggregated
distribution in the sample plot, but there were differences in the location of aggregated distribution among dominant
species. Overall, the community is currently in a good state of renewal , with the existence of dominant species in the top
level community. However, the community has certain secondary characteristics and has not yet reached a stable top
level community state. The dominant species can coexist stably and have the potential to inherit towards a stable top level
community. Therefore, it is necessary to continue to strengthen management and promote the renewal and survival of the
evergreen broad-leaved forest community in the Shiwandashan areas.

Key words: mountain evergreen broad-leaved forest, species composition, diameter class structure, spatial

distribution pattern
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HimiZ A 4 633 tk, SRS 61.63%;
5 em<DBH=<12.5 cm.12.5 em<DBH <22.5 cm,
DBH>22.5 cm WK% 5 L 43 3 2 30.28%
6.85% .1.24% ., W W, #E ¥ LL/NER R A AE Y
AN H b T IEH A RRES

BEY5 T EOAUZ B, BV R AR A YR R (ree
height, TH) £ 43 i A TH<5 m MMEF R % 2t
114 583 Bk, di BAAREE 60.97% ;5 m<TH <38
m TH>8 m M MAE 500 2 113 #& 821 tk, FF
K EJZ WL 12 m, L3R B L, 204
AL LR AR N Z WAL 8 m, & WA A
BRORTAT BT LD BTN LB T HE ( Castanopsis
fissa) (B HE ( Cinnamomum parthenoxylon ) 55 , AR
JZ(TH<S5 m) EZLUNRAR HEARSTR A B ) 1
K, H WRIA 2 B A AR e AR K far A
Wil EYTAS BA .

DIAS[] 9 45 80 43 b U, 53 BT 16 35 %) 45 2%
SR (ELS) TR 4 B, (1) <) 8 LIAR
G 1 AR £ | Bl A% Gk 36 AR B0 i 2
SR P TR Y N Y PN/ T s
MR AL (2) “L" B UL T T E%Ch &, T IVAER
R s B D IR R g B R B AT (3)
RRTER NS VIR (RE AR & N Y ORI R 3 | )
T, B KRG, W= A B BT AL L B
il ABAZ N 5 (4) 2Pk A B FhBESS i R e A F
] 7 RN IR B 22 8], AR T A 32 K02 19 £
PR, AR BB AR AR K, AR G oy A B Rl 2k
T EAE ST ISR JE LA AR 78 31 K A2 94 10 AT REE
PUEAR Ty o
2.3 iBMP = E S HEE

X TV AR R R AT 25 8] 43 A 4 )=y o3 (L 6
7)), K B2 R RS R AR A Ay 1) SR 4 R B A I
ALY RN, = mfE R RS BT AS R
] BRI BLAE 1~25 m ROEE FRENG, B
TE1~17 m RUE FRES 08 Bl P 7
I~11m R ERRENM, BELHE2~15m,
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Fig. 1 Contour map of the plot
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Fig. 2 Cumulative basal area at breast height for the Top 10 families of importance values of woody plants
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Table 1 Top 10 families of the importance
values of woody plants
B A% Jm %L Yok HEE
Famil Number of Number of Number of Importance
amily individuals genera species  value (%)
2R 1671 6 9 18.658
Theaceae
el 718 6 18 11.002
Lauraceae
7o B 338 2 3 8.797
Fagaceae
A R 809 1 1 7.448
Clethraceae
G 642 3 3 5.709
Myrsinaceae
L AR 410 1 4 5.589
Symplocaceae
HIERE 153 1 1 4.397
Juglandaceae
PR} 348 9 9 3.967
Rubiaceae
B 255 4 4 3.921
Sapotaceae
L 289 1 6 3.246
Aquifoliaceae
Fofl 1884 74 95 27.266
Others
B3t Total 7517 108 153 100.000
8.88%
9.12% ° 5.93%

10.35%

I
6.27%

49.30%

YRR & £ & (A Rl T R 0 IR AT AR
W5 PR R B B A G,

PRSI R B 2 Uk AR AR R AE A A
B Th R EEE KT 10 YR, 50
Tl (% B85 ,2020) a1 (T RE 4 2015)
FETE 250 M ARL, 221 40 o A X 25 8 X 01 B
ZiER ORG-S - e = 0 )
AR E A, DTS 45 08 S5 (9 D8 5 R A0 A B 2 i
T L AL S LA I AR B A A A b A3 B
AT
3.2 B A MSAE

TR R 235 K 2 R A ek AR U A B VS e kR
K& B AR T EAR bR (TS, 2008) , #F
ARG o i G S AR < T R IH AR T LA S
BB IR, AR TR e kR (TR AR AR
2018) , AW 5T HE VR B IR A2 G 45 F L 3 DU fR] < )7
R BETE 10 PR3 F A2 B8R o A &2 S pE < 7
B L7 A Horf DBH A 1~5 em B RS B
MAE 61.63% , 1E 7% 322 LIWE AR B Fl & F7 R
4B 2H B, A B 1B I S i S A B T A R R VR
AV, BEVE A IR E B RE SR, RUR L
3 KL L Ml S R AR O R A R AR
MM EE R4, BEEMB R EENYS
2 o 8

" H b Others
B T4k Castanopsis hystrix
w Wik Engelhardtia roxburghiana
B K m Schima argentea
1.03% B gt Clethra delavayvi
I' B4 Hartiavillosa
w i Itea chinensis
w gL Svmplocos adenophyvila
Bkl Eurva subintegra
w WA Ardisia guinguegona

EB4&E llex pubescens

B3 AKXEMEZMED 10 FHHRiTHTEH @R

Fig. 3 Cumulative basal area at breast height for the Top 10 species of importance values of woody plants

AT 23 6] 3 A6 4 Jmy B 10 AL R s
() 3 A S AFAE A [) R B2 010 SR AR 1 L3R 9 i 2E 45 ¢
HRAE 52 W A 2 ) o0 A A% Ry i P R X 2, ik
B R AR TR 5 (Harms et

al., 2001 ; Boyden et al., 2005) , AN[REIYFLEREE
rh 2l N — o PR S5 o A S T B AR AR A ]
YAt B B AW 2R R T PR B R K T RE
U Tl N £ 2 R 151 S b O R = 2
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Table 2 Top 20 species of importance

values of woody plants

T TG TR
YFh 2 Moz Average  Impor-
Species Abun- Mean tree tance
pectes dance DBH height value

(em) (m) (%)
= R AE A 809 4.35 4.44 7.45
Clethra delavayi
B A 618 6.32 5.87 6.98
Schima argentea
BA 527 5.92 5.91 5.85
Hartia villosa
FAR:1 119 15.44 9.04 4.55
Castanopsts hystrix
AL 153 13.12  8.45 4.40
Engelhardtia
roxburghiana
V) 430 2.30 3.26 3.43
Ardisia quinquegona
el 214 7.40 5.56 3.19
Itea chinensis
E IR 255 5.11 5.43 3.13
Symplocos adenophylla
&Ll 291 3.75 4.32 2.99
Eurya subintegra
BAH 252 3.46 4.16 2.67
Ilex pubescens
B 79 13.74  8.54 2.37
Cinnamomum
parthenoxylon
P S 155 6.68 5.43 2.33
Sarcosperma laurinum
AL 210 3.34 4.11 2.26
Myrsine seguinii
H HE 108 1023 7.22 2.22
Castanopsis fissa
Y ISR 22T 136 6.81 6.44 2.05
Neolitsea ovatifolia
JEE 3} oy 111 7.80 6.49 2.03
Lithocarpus elizabethae
MBS 155 5.19 5.18 1.88
Eurya loquaiana
HIPARZET 148 3.41 4.21 1.54
Litsea elongata
BT 92 7.27 5.94 1.50
Eberhardtia aurata
L1 Bk 112 3.33 4.01 1.30
Syzygium hancei
/I Subtotal 4974 5.69 5.26 64.12
HAp b 2543 5.15 4.96  35.88
Other species (133 Fi)
BT Total 7517 5.51 5.16 100.00

TS A LA b DY g 0 0 4R v, O R SRR TR
JERE R A i 32 43 A T A b VS R X TN AR
ARz mFE R BRRAE Ry B A A% o 75 4 b 7 R )
I JRAE S T A M T 38 60 A8 PAT B A v, AR O
WROR AR A 5, 214 | o0 AC &0 i 00 T [ e g i, Jilr LA
CIHE EACTEN T R EARY R BAH M,
FAE AR AEFIE T e RAE . BT ZSERE M
HBAT SR A A, R LU LR A b 7 A ) 2R 4 A3 A
FH EC AN Vi A R0 1 48 AT RE S 5 0 A b A A 2 (]
AR R EE S K, BRI AR B R B
FIF A ] A 53 75 3R 1 4 #3677 ( Chesson, 2000) ,
TV th A () oo BB A0 A b v o A0 AN ] 1Y) 2 (R
AR E] A9 25 18] 3 B ek /0 1 b ) 35 4 A A1) T B
PR AE
33EEEE

NFREH B E R 20 B R TOUA A % 1Y
DL B ILAEHE V5 A0 00 25 57 A i/ I R
Fofr 2 T it Pt A 0 I 2 PR A R R R T, AR A5 HL
-0 v A 204 s AS v RO He 9] 55
L IR LR RS 2, RO AL R
fir T IR IRE AR, Sz KGR KB
HEFRARTZN R Z, RO L0 " BRI
25 A R 32 A ) 2 R B o 7 AR 2 A IR B i 4R
o BRI SR BH Az VAR A ) IR 2 S Pl H A e i
PRI IE AR (B 55, 2019) , TERE U %
BRAAT ) S B TS AR £1E | AL A0 A
TEAN SR AT, P00 A R R 1 — Be Bt (| o, #F VR 25
] DAAR A i 2 = 2O S iy O ) & e, BE VR
DBH fix K —RELHE Ny 40.8 em , BHER B L 5]
fe IR K LSRR B U B VR SR K
S [R) B, AT EL AT Ao I U A 1 TR A 7 A
FRAETRAR L2 o 4 0 5, 1d BH B V& 1E 7E 1) 5 T AR
EVE R  BETE 3k b F T s A SR 1 b
BB,

eV IR 1) 25 8] 43 A1 4% Ja 55 0 v 1) v R B B
AEVICER BV BIR T2 By BOi , Flie 04 43 A 4%
J 2 T FE AL 4> A ( Loreau et al., 2001; Yang et
al., 2019) , 177 K Ly 1l H & 2 [ v AR P03 B Y
Sy ARG IR 22 5 TR A, Ul WA B O R B R AR E By
Br, FEVR AR SFh FE AL b o i A [R] A S R B
Vs BA AR 2S00 A W RRAE 0 B A v ) A RE AR
EAE
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Table 3 Quantitative distribution characteristics of woody plants

7 21 it e it
Family Abundance Proportion (%) Species Proportion (%)
% WP Common species (>10 plants + hm™) 7 266 96.66 76 49.67
B WA Occasional species (2-10 plants - hm™) 227 3.02 53 34.64
T B F Rare species (1 plants + hm?) 24 0.32 24 15.69
St Total 7517 100.00 153 100.00

B4 BHEBELEZMNBBESHE

Fig. 4 Quantitative distribution maps of DBH and tree heights of the community
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A, ZEIRERA; B BURAT; C. BT D. ZUHE; E. B, F 2R G RURL HLIRIFIDEL; L B, J. B, T,
A. Clethra delavayi; B. Schima argentea; C. Hartia villosa; D. Castanopsis hystrix; E. Engelhardtia roxburghiana; F. Ardisia quinquegona;
G. ltea chinensis; H. Symplocos adenophylla; 1. Eurya subintegra; J. llex pubescens. The same below.

5 BMNERHESTE

Fig. 5 Quantitative distribution maps of diameter classes of dominant species
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Fig. 6 Spatial distribution patterns of populations of dominant species
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Fig. 7 Spatial distribution maps of populations of dominant species
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Table 4  Community characteristics analysis of other evergreen broad-leaved forests

NI Shannon- Simpson
FEHY T AL Indivi‘dlujl Wiener SRR
g Area No. of . i Simpson
Sample plot 2 N density " ) L
(hm?) species 1 s Shannon diversity
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T H 1 Gutianshan (HLHESF 2008 ; 71545 ,2018) 24.00 159.0/91.8 5 862.5 3.41 —
A Ailaoshan (JEHZR%,2018) 20.00 104.0 2208.0 3.32 —
S5 Dinghushan ( 253555 ,2015) 11.80 141.0 2732.0 2.67 0.89
S L3S MFEHL Dinghushan Tower Crane Plot (FEJIBE 45 ,2019) 1.44 121.0 2 875.0 — —
7 )\ Chebaling ( S8 %45 2021 ; 254 F%F 2022) 20.00  230.0/122.0~134.0  4275.0 — —
A LI Maoershan (ZZHEEE 2009) 2.00 123.0 21185 — —
KWL Damingshan (42565 ,2011) 3.20 282.0 2738.0 3.19 0.93
AFEI Cenwanglaoshan (ISR 2020) 1.00 149.0~196.0 2 114.0~4 646.0 2.67~3.21 0.87~0.94

. IR 159/91.8, /IR FIEL, /5 I sa 0 AR AL,

Note: Number of species 159/91.8, before / is the number of species in the whole sample plot, and after / is the number of species per unit

area.

SRR AR REVE R [J]. LR ZREE, 23(4) .
479-492. ]

EDUARDO V, ISABEL M, STEPHAN G, et al., 2016. An
evaluation of the state of spatial point pattern analysis in
ecology [J]. Ecography, 39(11) . 1042-1055.

GUI XJ, LIAN JY, ZHANG RY, et al., 2019. Vertical
structure and its biodiversity in a subtropical evergreen broad-
leaved forest at Dinghushan in Guangdong Province, China
[J]. Biodivers Sci, 27(6) : 619-629. [ FEIE , 23, ok
ANZY, A, 2019, Sl e S B 2k R R 7 2 LAY
MR IO R Z BEPERRAE (1], A2 Z R, 27(6):
619-629. ]

HARMS KE, CONDIT R, HUBBELL SP, et al., 2001. Habitat
associations of trees and shrubs in a 50-ha neotropical forest
plot [J]. J Ecol, 6(89): 947-959.

HE TP, WEN YG, WEN XF, et al., 2004. Plant resources of
Guangxi Shiwandashan Nature Reserve [ J]. Chin Wild Plant
Resour, 23(1): 23-26. [ FUKF, i, SCRER, 45,
2004. JPYITRIL A SRR AP XA BRI [J]. h R ERA:
YR, 23(1) ; 23-26.]

HE ZL, XU H, QIN XS, et al., 2017. Spatial distribution
pattern and correlation of two oleander species in the tropical
mountain rain forest of Jianfengling, Hainan [ J]. Biodivers
Sci, 25(10) : 1065-1074. [ ff 58, VFik, 280k, oF,
2017. R ity L bR 2 b S AT BB 1425 8]
AR s S R B TE [T]. AW 2R R, 25(10):
1065-1074. ]

KUBOTA Y, KUBO H, SHIMATANI K, et al., 2007. Spatial
pattern dynamics over 10 years in a conifer/broadleaved
forest, Northern Japan [ J]. Plant Ecol, 190(1) . 143-157.

LIAN JY, CHEN C, HUANG ZL, et al., 2015. Community

composition and stand age in a subtropical forest, Southern
China [J]. Biodivers Sci, 23(2): 174-182. [ Z:¥iM, Wi
i, BB, A, 2015, S I8 g S R A I AROAS (]
JUCER BE R vE AR AR B R [T ). AW ZAETE, 23(2):
174-182.]

LIANG JJ, ZHOU XG, WEN YG, et al., 2020. Species
composition and diversity characteristics in evergreen and
deciduous broad-leaved mixed forests of Mt. Cenwanglaoshan
[J]. Guangxi Sci, 27(2): 136—144. [ B&3tivti, FAImeSR, i
T, A, 2020. A F L SR T E RS AR PN 2
IS REPERFAE [T]. T7PER, 27(2) : 136-144.]

LOREAU M, NAEEM S, INCHAUSTI P, et al., 2001.
Biodiversity and ecosystem functioning; current knowledge
and future challenges [ J]. Science, 294(5543) . 804—808.

LU W, YU JP, REN HB, et al., 2018. Spatial variations in
species diversity of mid-subtropical evergreen broad-leaved
forest community in Gutianshan National Nature Reserve
[J]. Biodivers Sci, 26(9) : 1023-1028. [ Fifh, &E, 1
R0, 45, 2018, 3ty FH UL b I BT 3 ke AR RE P A 2
FEE A9 25 8] 28 S 4R AR [T B 2 FE 1k, 26(9) .
1023-1028. ]

LUAN FC, LU LR, SHU ZF, et al., 2022. Diversity &
distribution pattern of tree species in evergreen broad-leaved
forest of Chebaling, Guangdong [ J]. J Shaoguan Univ, 43
(3): 47-51. [ZefEEL, iAo, AR, 4%, 2022, 7R
A\ s B R R 2RV B oA )Ry (1] RO BE
224, 43(3) : 47-51.]

LUO L, SONG HZ, LIU ZC, et al., 2019. Schima argentea
communities in the middle Luoxiao Mountains [ J]. Guihaia,
39(7) : 986-996. [ ¥i, K, XL, 45, 2019. B
Pk Be st DR A far BEFS IS (D] T PUARA, 39(7) -



5 A T R LMK S I MR 7 1 i 5 S5 A R AR 839

986-996. ]

PENG YH, ZENG J, SHEN WH, et al., 2020. Analysis of
species composition and spatial structure characteristics of
evergreen broad-leaved forest in Jiuwan Mountain [ J]. J
Centr S Univ For Technol, 40(12): 17-25. [ £,
fdt, HIOSORE, S5, 2020, JUJT UL e AR b 20 A B A5
[ SERRHE AT [J]. g dol B R 2= 254, 40(12) -
17-25.]

QIAN HY, ZHANG TT, CHEN SW, et al., 2018. Community
structures and biodiversities of broad-leaved forest and two
types of plantations in Gutianshan National Nature Reserve,
Zhejiang Province [ J]. Guihaia, 38(10): 1371-1381. [ %k
TEIR, SKEHE, BRFSC, 48, 2018, iy B L A SRS IX
MRE PR AR RE VR 25 AR 2 etk [J]. ) P9dE
¥, 38(10) ; 1371-1381.]

TAN WF, LI DQ, WEN YG, et al., 2005. Biodiversity and its
protection system in Guangxi Shiwandashan Nature Reserve
[M]. Beijing: China Environment Science Press: 1-40. [l%
fite, B e, IR, 4%, 2005, JFE U7 KL E ARG
XA Z R R AR [M]. dbat: Hh EBR SRR
JRAt: 1-40.]

WEI QQ, ZHANG BY, LI M, et al., 2018. Newly recorded
species of mosses in Guangxi, China [J]. Guihaia, 38(3):
388-396. [ BUfiFfiE, FIHIL, 0, 45, 2018, JPUEEIA
PIpnicsRAUARIE [J]. )7 79HEY, 38(3) : 388-396. ]

WEN HD, LIN LX, YANG ], et al., 2018. Species composition
and community structure of 20 hm® dynamic sample plot of
moist evergreen broad-leaved forest in Ailao Mountain,
Yunnan [J]. Chin J Plant Ecol, 42(4): 419-429. [ &%
R, MR, Wi, 55, 2018, =g AL P R R AR
bR 20 hm® SHASFEHL I YRS RERE 2540 ()], 159
AR, 42(4) ; 419-429.]

WU ZH, WANG Z, LUAN FC, et al., 2021. Community
composition and floral characteristics of the Chebaling 20 hm’
forest dynamic plot in a mid-subtropical evergreen broad-
leaved forest [ J]. For Environ Sci, 37(3): 86-91. [ &%
%, TAE, JSmEL, 4, 2021, 75\ 20 hm® Sl BT B
SR MR IR SRR IR SR X R AR ()], ARl
IR, 37(3) : 86-91.]

XU XH, YU MJ, HU ZH, et al., 2005. Population structure
and dynamics of Castanopsis eyrei in Gutianshan Nature
Reserve, Zhejiang Province [ J]. Acta Ecol Sin, 25(3):
645-653. [1R"ALL, TR, WIIEAE, 45, 2005, il [
W AR DR R RE RO RE S5 40 5 3l & [J]. RS,
25(3) . 645-653.]

YANG M, CAI T, JU C, et al., 2019. Evaluating spatial
structure of a mixed broad-leaved/Korean pine forest based on
neighborhood relationships in Mudanfeng National Nature
Reserve, China [J]. J For Res, 30(4) . 1375-1381.

YE WH, CAO HL, HUANG ZL, et al., 2008. Community
structure of a 20 hm” lower subtropical evergreen broad-leaved

forest in Dinghushan, China [J]. Chin J Plant Ecol, 32(2) .

274-286. [ MUTHE, LB, HUBR, 45, 2008. SIS
P AR 2R RE AR 20 23 BURE MR PR PRI ST [0 ). HEA)
HARE, 32(2) : 274-286. ]

YU YF, HE TG, DU H, et al., 2019. Changes in species
composition and diversity of vegetation communities along
degradation in karst area of Northwest Guangxi [ J]. Guihaia,
39(2): 178-188. [ATHK, fgklt, kpe, 45, 2019. 474
A il DA )R T B AL WA 7 0 R 2 i S 2 A
FRIE [J]. JOVEAES, 39(2) . 178-188.]

ZHANG DN, XU GP, ZHANG ZF, et al., 2016. Seasonal
dynamics of soil enzymes and microbial activities in a typical
secondary broad-leaved forest at Shiwan Mountain, South
China [J]. Guihaia, 36(2): 200-207. [ it %),
akHplge, 4 2016, 7K L M X ML YR A= i bR - S
AR RS TR T A [T PR, 36(2)
200-207. ]

ZHANG TT, WANG X, REN HB, et al., 2019. A comparative
study on the community characteristics of secondary and old-
growth evergreen broad-leaved forests in Gutianshan,
Zhejiang Province [ J]. Biodivers Sci, 27 (10): 1069 —
1080. [ BKHTHT, 3, fLifFfR, 45, 2019. HivLaly LK
5 SRR MR VE R I LU [T]. AR 2R,
27(10) : 1069-1080. ]

ZHAO GD, CHEN J, XU GX, et al., 2021. Species
composition and community structure of Miyaluo subalpine
dark coniferous forest dynamic plot in western Sichuan, China
[J]. Chin J Ecol, 40(11) : 3501-3511. [ &XJ 4, Bhfd, i
KA, A5, 2021, JIPEAEZ 0 & 1L B bR A )
PR A5 REE 454 (). &% 2K, 40(11):
3501-3511. ]

ZHU HG, LI YQ, WEN YG, et al., 2011. The dynamics of the
structure and plant species diversity of evergreen broadleaved
forests in Damingshan National Nature Reserve after a severe
ice storm damage in 2008, China [J]. Acta Ecol Sin, 31
(19): 5571-5577. [ R%O6, 2 #eft, WOk, 4,
2011, FERVKER I F 5 KWL 3 Sk bR aS e S Wb 224
eSS [1]. AR, 31(19) : 5571-5577.]

ZHU L., CAO HL, LUO YZ, et al., 2009. Dynamics of plant
composition in permanent plots Guangxi Mao’ershan National
Nature Reserve, China [J]. J Anhui Agric Sci, 37(30):
15006-15008. [ 43k, EitE, BImfH, 5, 2009. )" 794
JLII 2 8¢ 1 hm? K ARERTARAR B30T [T]. 28k
MRk, 37(30) ; 15006-15008. ]

ZHU Y, ZHAO GF, ZHANG LW, et al., 2008. Community
composition and structure of Gutianshan forest dynamic plot in
mid-subtropical evergreen broad-leaved forest East China
[J]. Chin J Plant Ecol, 32(2); 262-273. [ #li#&, &AL,
SRAISC, 45, 2008. i FH L b SIE ARG B 2 B i ARl 2 e
e ——REE AL S A5 [T]. YRR, 32(2)
262-273.]

(RfERE F # EEH)



&M Guihaia May 2024, 44(5) . 840-851 hitp +//www.guihaia—journal.com

DOI; 10.11931/ guihaia.gxzw202301012 W] %4
T m, JEEs, 5, 5, 2004, ARISHBOKEEN TR K AAAFR AR [T]. )P, 44(5) . 285
840-851. _
WANG QY, FANG ZR, PENG Z, et al., 2024. Effects of different chromium containing wastewater on residue decomposition E 3
and chromium chemical forms in Coix lacryma-jobi constructed wetland [ J]. Guihaia, 44(5) . 840-851.

AEIZHMEKRIERXAN TR R
53 13 B 38 T 7S B %2 i
IHER, FER, ¥ X, FRW, B, EFA, FEAY
(L PR KB, P 530003; 2. JTTRHENIEAEBE, 170 K5 546199 )

OE. TR TEK S SRR AR R AR XS S A [ Cr( VL) ] 75 G N T 90 i 5% AR 40 1 K% Ak 22 T8
BHEAL BT | % AF 50 1o b OB 35 N TR A B B R K [ 451 RAAE T6 75 7K ( DWS) 1 1/2 Hoagland
FEFRW (HNS) FLiil £ 0,20 .40 mg - L' Cr( VD) M FCHIRAE AL S 85 K T, SR AR 2 i 12, B 9E AR AR 1
SRS U B AL IR S AL, S5 KR M. (1)20 .40 mg - L' Cr( VD) Bl T, B S0 A KB 2 84m
il , HNS 4b BAR 55 F2E42 KR T DWS AL BR {5 HNS 4bBRAY MR &5 FI2542 32 Cr( VD) #HRIFR K T DWS AL B,
(2) FEBUFRAR A3 i R B Cr( VD) AL 3R B2 f) 44 2 17 B3 AIC, HINS A 35 AR 43 A 380 K T DWS b3, 43 fi 60
d )5, DWS P& T ,20 40 mg + L' Cr( VI) Kb BEER AL 5 it LEHEAR I 23 W B AIC T 11.70% ,8.09% , HNS
IEBRR 43RBT 15.80% ,18.42%, 20 .40 mg - L™ Cr( VI) kb 3935 U5RAR A0 2% i 2585 7 L 44 it 430 MR 1) i) )
FER T FRAG , 117 £ P P US55 B P /K AR BB 86 o EU K I R 25 15 588 o LU DU S 25 0 K (3) BRAR 40 it
#1399, HNS #1 DWS A FEH /K H % COD TN NH,-N DL 5% 2 s 240 B8 i, T i PR AR, 28 fb s 34 5 R AR 4 it
HERRE— 20, HNS ZbBEA T3 kK g 1 L BRACR 3 . 2 WE e 45 R e N TR b A il )5 AR &
3% T B[] PR R K R B S 3 Y R T K R A IR R AR B AR 3 A R b X A S R
KA %, NTIRHL, BB, 5RAR i, K5
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Abstract: To investigate the effects of two different water sources, domestic sewage and nutrient solution, on residue
decomposition and the transformation of chromium chemical forms in Cr (VI) contaminated constructed wetlands, a
micro Coix lacryma-jobi constructed wetland was constructed to treat chromium containing wastewater [ using domestic
sewage (DWS) and 1/2 Hoagland nutrient solution ( HNS) as simulated solutions containing 0, 20, 40 mg - L' Cr
(VI), respectively]. By using the buried root decomposition method, the decomposition dynamics of residual roots and
(1) Under 20 and 40
mg + L' Cr (VI) stress, the growth of C. lacryma-jobi was inhibited. The plant height and stem diameter of HNS

the transformation pattern of chromium chemical forms were studied. The results were as follows :

treatment were greater than those of DWS treatment, but the plant height and stem diameter of HNS treatment were more
inhibited by Cr ( VI) than those of DWS treatment. (2) The decomposition rate of C. lacryma-jobi residual roots
decreased with the increase of Cr ( VI) concentration, and the decomposition rate of HNS treatment was higher than that
of DWS treatment. After 60 d of decomposition, under DWS treatment, the residual root chromium content of 20 and 40
mg + L' Cr (VI) treatment decreased by 11.70% and 8.09% respectively compared with that at the initial stage of root
burial, while under HNS treatment, the residual root chromium content decreased by 15. 80% and 18. 42%
respectively. The percentage of residual chromium in C. lacryma-jobi root residues at 20 and 40 mg - L' treatments
decreased with the extension of root burial time, while the percentage of ethanol-extracted chromium and deionized water
extracted chromium increased, and the percentage of acetic acid bound chromium increased significantly. (3) In the
early stage of residue decomposition, the COD, TN, NH,-N, and total chromium content in the effluents treated with
HNS and DWS increased, and then decreased. The trend of change was consistent with the residue decomposition
process. HNS treated constructed wetlands were more efficient in removing chromium from wastewater. The research
results indicate that after harvesting plants in constructed wetlands, root decomposition can quickly increase the
chromium content in the effluent, and appropriately improve the nutritional status in wastewater, which can promote
residue decomposition and removal of chromium by wetlands.

Key words: chromium, constructed wetland, chemical form of chromium, residue decomposition, water quality

BAE S R O TE YR A HORS R
HORK Gi L AR T IZ W (Norouzi et
al., 2018) , Tk i 8l i B R & 4% B 8 A B
FERAE I KT R, wEAERRE AL
AL, [Ce(VD) TR =M d% [Cr(ID) 2 HA
R e W UL A B £2 E 1Y (- Ashraf et al., 2017)
Horh S B O = R m AT A R B R
159 ( Chen et al., 2016) .

XoF 5 % R K AT Ak B R 0 D B T YA B 1
Bigtt, SESNYMEBEE B EM, AT
M Kb BE A T R A FE R AR RAS S G H
( Bhaduri & Fulekar, 2012; Ren et al., 2016;
Ojuederie & Babalola, 2017) , 75 5 4 J& 15 YL R /K 1Y
APRPRATE] TN, N TR R | e B A
TR K H ) 8% 348 B - 1 22 BR AR ( Shanker et
al., 2005) , AT 96 ] 55 A % 19 25 BRAICR
=15 98% VA I (Zapana et al., 2020; Githuku et al.,
2021) . AHLBT S A T AN TR AR BT 5 4% %
JKAE % B B ( Fang et al., 2022). il 40, Lin 4
(2019) WIS K B, 1E35 K s & A HLBL  BUE )

AT, N TR XS P K s 1 2 PR O i 3
i3 2RI AE (2018) A 98 & BRI I A 36 15 7K ] L4
R N T b 0 5 8 TR K R Ak BEACR s 2R 1 A
(2014) RYBIFFE & B, 76 5 4 Ja 15 YL K R s i A= Tk
157K AT i e N T ok o 4 R AL BRAE ), A TR S
KA B e, A FRRE T B 2% i (2016 ) 7E 7 5% K
KR A N A 15 75 7K F1 1/2 Hoagland & F79, &
RIS INA 15 V5 7K FT G2 i Co® X K I o, (EL B %5
B A T ) (R SE A | 6 5T b oA AL R ) i 2 AR
£ ,1/2 Hoagland % 75 N\ 1% M A ) 52 410 i) 7 B
TR AR A A BRACR B4 &, IO T 2l AR 0
TKBYAL B, PR, FRATTIA Ry, B 8 3R A
RN RITS: NV IS U DI R s s 9=y Sy

N TR A ) 1 AR T 2 B 4 J AR 3R 1 T R
A, 7E N TR AL P35 8% K R rp AR R PR W
B A R AR Y 809% L) b (2R AR NIEE 20105 Li
et al., 2021) , FH W A K B — 52 By BL, B0 AR 2
R o3, S BN FR R WS B R R B 5 v
(Cao et al., 2018) . J&EHIPEUCE Mo 38402 N T
P L A A% 5 G R K 1) B BRSO, 25 M E S ol



842 |1 I W

44 ¥

FN I, FRARE T A3 ik 0 2E AR bR EL T A i R 4
JE 4 T R R, T BE R BN TR b o 4 R
TSYL R K HIAL T, Pereira 25 (2007 ) BUBFIE 2 W,
EEBIGRFMT MY MR oy SFEHELSREN
B AT W) o0 M I 10 A BE R AR, S BOA B
AL S AL (Xu & Wu, 2019), &%
(2015) MBIFER A B, A 36 15 7K 410 B BR AR 4 it
o | FR AR B RS, T R BUH KR B AR AR
220 (2016) B FE AL F B, 1/2 Hoagland ¥ 5% W
S REBE R N T b X % B K A b BAICR L (H
MOEE TR, N T b AR AR 2 i X N T b
Ab BT % IR KA AT ] i A LA G

ARG R AR 43 it 32, 0ok 4 A O
TN TR M, 43 51 DA AE 35 75 7K Fl 1/2 Hoagland
FRWBCHI A RV BE Cr (VD) B 35 88 K, SUERTT DA
IR (1) AT B ALFE & Cor( VD) KSR
BRAR i A BB R TS, 5 (2) FRAR ik ik v
WAL IE S K e Ak (3) 76 N TR b Ak 35
Cr( VD) AR R | BRAR 43 A X 7K BT 4 A 19 52 10
ABIFFELEF A N T b 5 35 4 B4 K B it —
M ERIE SRR,

1 MHEF*

1.1 kARt

DL V8 B A= 380 ( Coix lacryma-jobi ) 1E R N T
TR HBAE ), B P AR B} 2 BE AR 9 i i 5% U Y
Friefit, BB A MR, 38 N SR, B R R R
fi | 2R R PR R R T | X R OR ™ Al AR
BB AER RRES, EHEHTAT
TR AL B Y5 K TARE
1.2 iRt &

TE] PH R RHIFSE b (220847 N 108°30" E)
RS, 58 R T W ARG 2 AL A XA G 2
WA X, AR 16.5~23.1 °C 4R FH H IR
1 800~1 940 h, ¥R &4 1 300~2 000 mm,,
1.3 I it

2020 AEAE) VY R 2 A 2 Bt 0 BT 3 ik £ 7
Ry, B %25 N4 (2008 ) 1177 15 1 8 f 250 45 42
T EL A SN TR, Lo H B AR 71 em (T
Uit B 42 45 em Wi 61 em B9 K BRARAE 0T b
BT AT 2 EARIRILA 10 em JE R RS0 A
(HfE3~5cm), ZJGH A 40 cm BV (R 1R

0.25~0.35 mm) , HAEHAIK 10 em 20223 7K Je sk
MATHEK, NTR A IS, UL 1/2 Hoagland
FRRHEME N TR R G2, I Al K 3 — B 3
A, BRI IT 6 R Y K 2 60 em 5, H
TFALBE Cr (VD) JE/K[ 435 H 1/2 Hoagland 5 57
¥ ( Hoagland nutrient solution, HNS) #1443 75 7K
( domestic sewage, DWS) Bl , A= 16 75 /K 19 F 245
b Ak 2% 75 % i ( chemical oxygen demand, COD,
105.50 ~ 110.50 mg - L"), & %&( (total nitrogen,
TN, 6.41 ~8.61 mg - L"), & %A ( ammonia
nitrogen, NH,-N, 4.71~6.09 mg - L") #R#EZE
WI45 (2008 ,2010 ) H152 2 45 (2015) B F 58 T5 %,
BEAL PR E O 0,20 .40 mg - L7 Cr (V) , B4
MR TR R KR R 30 LR 3k, %%
AE WA (2008,2010) Y J5 %, R ] B ik K Or
AL HPEKGAKIEE 3 A, Z2E%T4d,57dN—
AMEI, IBATE 2021 4E 2 H 5 B, MG GHK L
PRIER 7RG, T 2021 4F 3 A 5 H 854 135
2y, kS 54T 0,20 40 mg - L' Cr (VD) 403,
DR AR AR R o A, A 4 H S T AT AR AR 3 em
BRI AL | 55 SR B FR 3 A AR, DL ORUE P2 RE A5 1Y
A ER AR RER TP LB LR, 5Y
5 em KARBE, BT g AR (BERE) 5 3 G/ ARt
T3 g BAS (TR ) TR, AR
AIH = 60 em 27 7E 4 H 5 H AkSEHE1T 5% 1
HIRE, IS % LA (2015) B J7 i AT HLAR
5,
1.4 BmRE

S WYL (2015) 5, 43 TR 30
45.60 d JUE, 43 UCFE A3 A BOHCR ] 3 AR EE A A
3ASTRE, e, SR T AR SR T A K 5 B AR,
THT70 CTHT BEHEERE, T T
MR B A BEAE ] T R E
1.5 R R RZBNE

2% ( Benfield & Webster, 1985) i) 52, F5%
PR AN i RS . R g R b T Bk R
R A2 A ] L] 48 HigE R B Ok il & ( Olson,

X
1963) Bl X, =X e™; ﬁﬂz%a@:?‘mm%; % PR
to=(M~M,)x(X,~X,), . X, B0 o wE
JEMRBER R (g) s X, WARBVIG R (g) sk N
SRR ER(A) 5 ¢ N (d) o M, R
fift ¢ BFE]JS P45 & B (mg - k), M, IR W) 4R
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it (mg - kg™ ), WA RER B R B AT A SR XS
ARG A5 2 A FE RS0
1.6 RAKEENE

ST & & % (2012) 95 P, B FR E
0.300 0 g T-FF, AN IR AR SR (4 = 1, V/V) IR
0, WARSE UG, 0.2% %6 il R £ 45 2 50 mL
N, 0.45 pm K RUERESEAT 2T 0, £ FH e %
PG A5 B AR R G (1CP-5000 , 36 5 R OEEL
FoA BRZ 7D ) I A 4 i
1.7 RPEEENE

Z: fdg Ja SR AR AL (1995) 1Y U7 125, $ UGk
WHARRDEANE SR, MR 3.000 g fEAF,
FHVE R SV URAE S BRI A 30 mL $2 B /5
e N5 000 g B0 USROG BN
O AR ZERIE T (A% 1 mL), MA 4 mL
HNO; .1 mL HCIO,, Jf &% U=} IH % 2% 1~2 mL
HUA W |, 5% T A B HE 0 F A% R & R FR TH
fi#, L 10% HNO, %E % % 25 mL & &, /H 0.45
pm 7K R IERE ST U8 R AR A AR B R Kk
FHEEIL (ICP-MS, Nexion350X, PE, USA), A
[Fi] Ab 33T R AN ()0 2 B et e IRUHG 4 J v M
Horh 6 Fifb#IEAS B C B BUGS (F1) LB F
KGR (F2) HALFIR IS (F3) (B 4 &5
(F4) AL (F5) GRS (F6) (FRAR AR
42014 55 2015)

1.8 ETUREMHRNE

F 2021 4EWCE] 5 13 .48 .76 .90 d, 43 i &
TR (DAZE T [R] 7 h 25 48 ) FIRE =y ( A3
BB THAR S — > ) WL 31)

1.9 KR EF KRN E

2021 4F 4 7 8 H,BI#/KJGE 3 d REKFE, M
J EIFE 30,45, 60 d 4l A7 K BTl ., B b
8:00 T A TIRHEFEARIEHE 10 em A HI 7K 1 HUK
M F8FRA COD TN \NH,-N FlLEEK .

COD R JHE 4% R A (RN BURTEH 55,2009 ) , TN
SR PR 8 T 30 Mo — 5 A0 A e B vk (2R 2R3
2018) ,NH,-N R H 44 [ 7 4306 06 B 6 (HJ 535—
2009) , SR H E AR R R AU A1 (GB 7466—87)
1.10 &it A%

K Origin 2021 #4724, R H Excel 2019
PR R SPSS Statisties 25 #EAT A MG
AT, I Duncan K 5675 %) i 35 P4 22 5% (P<0.05)
AT Z L,

2 HERH A

2.1 RNEHEAT Cr (V1) R EXENEKAZIN
FH % 1 AT 28 050 I PR v R 2548 ) i o 4 b 3

i o] ) B K T 42 5, (LR Ce (VD) AR B A = 25

I EX B EMT 0 mg « L' Cr( VD) ZbFER,

R 1 AREBAT Cr (V1) REMNENHKE ERHIIM
Table 1 Effects of Cr (VI) treatment on plant height and

stem diameter of Coix lacryma-jobi under different influents

BRHe Sz

oL = Y
Trffjriiem conce(r:trration ?F]:r'i th}iight Stemjx;_lig;neter
(e (@ (em) (mm)
DWS 0 13 21.97+0.78b 7.49+0.15a
20 19.88+0.14¢ 7.16+0.55b
40 18.43+0.19d 6.96+0.60cd
HNS 0 23.13+0.51a 7.64+0.11a
20 19.63+0.35¢ 7.07£0.05bc
40 18.01+0.13d 6.83+0.08d
DWS 0 48 79.56+0.64h 10.79+0.05b
20 64.48+1.89d 9.51+0.05¢
40 61.46+1.49¢ 8.90+0.042¢
HNS 0 87.85+2.14a 10.92+0.04a
20 67.23+2.91b 9.36+0.07d
40 64.14+1.02d 8.72+0.03f
DWS 0 76 123.62+5.07a 11.67+0.15b
20 103.13+1.00b 11.04+0.08¢
40 82.55+0.26d 10.25+0.05¢e
HNS 0 128.48+3.53a 11.88+0.03a
20 103.37+1.32b 10.90+0.05d
40 94.15+1.08¢ 10.20+0.01e
DWS 0 90 129.98+5.54a 13.05+0.11a
20 108.47+2.01b 11.95+0.23b
40 91.46+2.02¢ 10.72+0.06¢
HNS 0 136.11+1.57a 13.39+0.16a
20 110.88+1.79b 12.46+0.59h
40 101.46+1.34d 10.96+0.24¢

UE: Bl P BE bR 2 | [R5 R F NS SRR R A R R
BOR )b BRI 22 53 0. 3% (P<0.05) . Rl

Note: Data are x+s. Different lowercase letters in the same column
represent significant differences between different treatments on the

same day (P<0.05). The same below.
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HNS ZhHE R 3800k = i 2 KT DWS b3 A7 A
HKEMHTF, 50mg - L' Cr(VI) AEFRAH I, 20,
40 mg + L7'Cr( V) b33 S0k = 2242 1 32 3] i
FIHI,20 mg + L7 Cr( VD) b FR R 5 A0 2542 410
RO 9.51% ~23.47% 1 4.34% ~ 19.33% , 40
mg - L7 Cr( V) 4b B4 R 43 51 K 16.11% ~
32.8% 1 7.04% ~20.14% , 52 0 il B2 B Bl Cr( VI)
Qb BV B ) R v I 2 B v, 2R AR A2 A R B I
TRk . AR K b B AR H A, HNS Ab 3 1) #E &
LRI T DWS, {H bk 2 R 2548 14 32 40 ] 72
FE KT DWS AbBE

22 AE#HAKAT Cr (VI)REBHRIRSBITERT
YR % B R MR

P& L AT T el 5 B R K N T T b 3 1 AR
T G5k B A Ak e — B, Y R A Sk AR
o T S R A A Ak B TR A ZE K TR R
AHIF B AL PR v BE R, DWS A0 BB AR 4 i 5k B2 R
T HNS ZbF AR 30 d, 3R BE RN 72.16% ~
81.23% MM 45 d, 5k’ %N 66.43% ~79.52% , 3
60 d, 5% B RN 60.34% ~77.38%, HH 0~30
d, T A Ak $HLBR AR 9 43 ik S L 0 a0 T O ) Sy PR sk
P B HAR 30~ 60 d, B AR 4 it HURAS S 5
FARMEAS K 5 Z 5 AR 53 fif 2 18 R 18 o 9 2K B B
AR AL PR BEAH %5 ,0 mg - L Cr( VI) 5648 T
5% B R AE 60.34% ~74.23% Z |7],20 mg - L
Cr( VD) 4b BEBR B R AE 71.78% ~ 78.27% 2 [a] , 40
mg + L'Cr( VI) AbBHER B R AE 74.93% ~81.23% 2
], AN B Cr( VL) &b B 27 T 5% AR+ 5 4% 58 R %
SWE,

2 TR R AL T BRAR 43 i 5% B R e 4R
B 0BT H R?>0.99( P<0.05) , #454 Olson A3
B AR ARt DWS AR HNS AbBEF (8943
fift % (k). DWS AL #F,0.20,40 mg - L' Cr
(VI) &b 2 5% A2 19 23 i 5 205 51 o 0.004 7,
0.002 4.0.001 6, HNS &b B F 43 fil & 5053 5 K
0.006 9.0.003 0 F1 0.002 2,DWS F1 HNS [ 5fff H
BERWE(P<0.05), 2l EEOT DR
FRARY i 50% F1 95% It 75 (4 B[R], 0] UL AH [F] Cr
(VD) b PH¥E B, DWS AbBE . HNS Ab B 1) 3 EUR
RO i
23 AEHATCr (V) RERRBRLBIRDR
A CrEENRBEENTUHE

762 A AL B (DWS  HNS) Fl 3 Fl 4% e BE (0,

20,40 mg « L) &/, BEAR AR # H 60 d
P B i A fe, B B2 AT, DWS Ab B A
HINS Ab 35 11 180 1t 52 AR 4% 75 #2257 I A 4 i i (1] 1) S
K2 e T m JE BRAC 3, 3R 30,45 d B,
20.40 mg - L' Cr( VI) Zb BB AR b % & i 38 1 3%
T H AR A4 B kB ( P<0.05) , DWS Ab B AR AR
Hgg SR 5 KT HNS AP (P<0.05) , DWS 4k
R ,20.40 mg - L' Cr ( VI) Kb BRARAR b 5 25 40
] FE AR AT 45 % 1 48 K T 98.87% Fll 26.31% 5 HNS
AEFR 20 40 mg - L' Cr ( V) AbFRFRAR i é% & &
430 B AR ) 1 4% % 3 K T 90.60% F137.45%
TES3 il 60 d I AN ) Ve B b BT AR ) 4% 15 1 34 22
53 (P<0.05) , FRAR 955 & 2 35/ TR 90 4
i, DWS AL #2040 mg - L' Cr (VI) 4b PHAE
HR % 5 1 43 ) L S AR ) 0 4% & s P AR T 11.70%
H18.09% ; HNS 43 F,20 .40 mg - L™ Cr (VI) &b
PHEE AR 4% 2 4> Bl b AR g 4R A% S R AR T
15.8%F1 18.4% , X FHE T FRM P kLT
VREHIC, AN ) Ah BT B AR 8% 446 % i AR A i R Oy
FEHrBe (0~45 d) FURSRH Be (45~60 d)

H% 3 A] 0, Bl S i B ) B 4, DWS
HNS 4b 3 9 B ik i ¥ 23 LA 5, 7€ DWS
FHNS Zb PN TR M BR 0 mg - L7'41,20,40
mg - LR 30,45 .60 d A DWS Fl HNS 4b 3
BRI 2 5 0¥ (P<0.05) , 1y HNS>DWS,
AN 5] b HEAE bE B, B i B K /MR IR i HNS40 >
DWS40>HNS20>DWS20>HNS0>DWSO0
2.4 AE#HKT Cr (V1) bEBEZRREFRSSEHZNT

H 3 AT, HEAR WA, PR R OK & 4R, 0
mg « L7 Cr( VI)AbFEF | Bl 25 SEAR B[R] A B4 | AR
TR F2 F3 . F4 Fl F5 5 HL @R, 1 F6 Y Eb i
AW e, HAR 0 d I, DWS 1 HNS 1 F6 275 &
17 36% ,F1 F2 Z Fl i B0 419% FIl 429% ; 56 AR 0 i
60 d,DWS FIl HNS 43 F6 5 B b 43 1) i 25 4%
R TT%H 63% 1 F1 F2 Z F (5 HI 43 31 b ke
2 7% M 13% ,F3 F4 F5 &t b AR i

M7E 20 .40 mg + L' Cr( VI)AbBER , WiAhAb B
FAF T ERAR BT 28 4 A A8 AL AL AR L AR — B, B
WRRTHLL F1 F2 F6 258 3, 5 I 2L F3 F4 |
FSIEARE, 50 d M, 50 60 d J5 F1.F2 5
P35 25 MR, F6 7 LB, T R4 5 iR, S
HERTAH L35 2% 53 |2 (P<0.05) , 23 i 60 d I} F4
K, 20 mg + L' Cr( VI) 430 d, DWS Ab
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Dti-‘so
— DWS20
100 — DWS40
= HNS0
= HNS20
e . — HNS40
2 90F N
= =l
2 80f
o — %
o —
70
EE
i

60 |

0 10 20 30 40 50 60

] Time (d)

DWS0.DWS20 #l DWS40 43 E A T 15K 5 T E¥n 0,20,
40 mg - L' Cr (V)43 HNSO HNS20 F1 HNS40 43> B4t 38
FEWAEAF TN 0.20,40 mg + L7 Cr (VD ALBE, TFIA],

DWS0, DWS20, and DWS40 represent the addition of 0, 20, 40
mg - L' Cr (VI) under domestic sewage conditions, while HNSO,
HNS20, and HNS40 represent the addition of 0, 20, 40 mg - L'

Cr (VI) under nutrient solution conditions. The same below.

B 1 AE#KT Cr (V1) ERIRS R
ERPTFURABRELHS
Fig. 1 Dynamic changes in dry matter residual rate during
the decomposition process of residual roots treated

with Cr (VI) under different influents

FEAI HNS 2 BEFR A P F4 (5 29k 4% F1 5%,
Fo+F1+F2 i b Z F153 50 71% 1 76% , 7% 574 1.
F,Cr(VI) 23 60 d,DWS HI HNS &b 3 F4 1 43
R 50% F1 34% ,DWS AbFH i 3% KT HNS 40
P F6+F1+F2 7 b 2 FLA7E PO AP b 2 45 7 F
FHIA

TE40 mg - L' Cr(VI) ZbBEF,0 d B, DWS 4b
FRF HNS A PR ¥4 5 0 R 5% ,F6+F1+F2 Z Fll
239 &5 L 80% 1 71% ;60 d B, DWS AL BRI HNS b
Hirp ¥4 5l 37% , DWS AbFR P F6+F1+F2 5
LR 35% ,DWS FEAIGIR B2 % R T HNS Ab3H (36%)
F3 F5 5 B A BB, A 30,45 d, #H A Cr
(VD) M BEALHE R AR Cr JEAS BRI E Y HNS >
DWS; HZEHEAR 60 d B, 3 10 5% AR 4% 8 28 B i Ak 2
FPLH ) DWS>HNS,
25 AE#HAKT Cr (VI)RIEBZRRSBIESH
7k F COD,TN NH,-N 1 248 & EH M0

2 4 n] 1, DWS F1 HNS F fr A Ab B i
COD TN Fll NH,-N %7 £ ¥ Fifi 5% AR 43 figk B[] %) 4B
R SRR AR T B v R e T A% 18 1 DU A IR
JE T AR R e, 7E 3 d i, B RS
AN, FrLL COD TN il Cr B 7 & 40 F 5 mtk

K2 BURABRAAXH (y) MM E () MEFFTREMSH

Table 2 Regression equation and parameters of natural logarithm (y) and decomposition

time (¢) of Coix lacryma-jobi root residual rate

wmo %MEE _ 1 } i 509 1 fif i 1] 95% 1 fif i 1]
Treatment CF Concentration Reeression equation E(d") R 50% decomposition 95% decomposition
(mg - L") g q time (d) time (d)

DWS 0 y=-0.004 7¢-0.187 2 0.004 7 0.999 5 108 598

20 y=-0.002 4:-0.173 5 0.002 4 0.995 3 216 1175

40 y=-0.001 6:-0.158 2 0.001 6 0.994 8 334 1773
HNS 0 y=-0.006 9:-0.093 3 0.006 9 0.998 3 87 420

20 y=-0.003 0:-0.239 7 0.003 0 0.998 3 151 918

40 y=-0.002 2:-0.156 2 0.002 2 0.997 8 244 1 290

A ,7E 30,45 .60 d B, 3 45 AL B COD %
a5 R AR o3 il R A AL R A, TR AR A3 i 30 ~
45 d, K COD F it B S, H7E 45~60 d B
MAREA K, DWS AR B COD 7 i 1 3% KT HNS
REFRIY (P<0.05) ,fH I COD F{ 42 i 8 K F 5%

R0 figt ok 2 H, HNS 4b#L Y COD & i KT DWS
BB, 7£0.20 40 mg - L' Cr (V) 43 F , DWS
F1HNS &b o TN AE [7] — ) o] B e 2 25
P, 7E 60 d Bf DWS Zb#irf NH,-N & & B % KT
HNS ZbBR(Y) . 7F 30 .45 .60 d B, 3 />4 1 B b 3
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= DWS0 R 3 AREHKT Cr ( W)&biﬂﬁ#ﬁ%ﬁﬁ‘]ﬁﬁi%
i DWS20 . .
400 é DWS40 Table 3 Release amount of residual chromium from
_ 350 = {ﬁg%g Cr ( V) treated roots under different influents
£ 300
Py B R biiies
IE = C Release amount ( mg)
4o = Qb ’ e
i‘ﬁg 204 Treatment C;:;irrll-
g 150 (mg-1')  30d 45 d 60 d
“ 100
50 DWS 0 0.64+0.12¢ 1.36+0.04e 1.18+0.14e
0
20 26.98+4.45d 32.46+2.92d 39.57+2.57d
] Time (d)
40 42.50+1.52b 55.76+1.39b  65.21+2.29b
BAFIBE F AR T EERRTE 005 KV FAEREZER,
Different letters above each bar graph indicate significant HNS 0 1.60£0.09¢  2.86=0.06e 2.50£0.10e
differences at 0.05 level. 20 33.492.04c 37.76x1.15¢  48.26+2.56¢
B2 FREEAT Cr (V) hERRZESENTLIE
. . . . . . 40 55.25+4.50a 65.33+2.61a 80.14+4.36a
Fig. 2 Dynamic changes in total chromium contents in residual
roots treated with Cr (VI) under different influents
DWS0 DWS20 DWS40
100 100 100 ¢
=f
- =F
S 80 %0 q+ =
< =F
% =
Z 60 60 |
= 60
(]
2
40 40 40
=
%
i 20 20 — 20t
0 o =
30 40 60 30 40 60 30 45 60
HNSO HNS20 HNS40
100 100 100 1
9
> 80 80 80 f
)
i
5 60t 60 60 ¢
5
(=9}
= 40t 40 40 +
xR
o
20 20 20t
0 0 0
0 30 45 60 0 30 45 60 0 30 45 60
5] Time (d) B Time (d) if A Time (d)

F1 R ZBREGE, F2 hRBFREEE, F3 NI, F4 HBSRRES A, FS EmIEIGE, F6 Nkt
F1 is ethanol extracted state, F2 is deionized water bound state, F3 is sodium chloride extracted state, F4 is acetic acid bound state, F5 is

hydrochloric acid extracted state, and F6 is residue state.

3 AEBHAT Cr (VI)REERRABHEESSENTUNS

Fig. 3 Dynamic changes in chromium form content in residual roots treated with Cr (VI) under different influents
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X4 AECr (V)iRE

xf 7k 1 COD, TN ,NH,-N #l &

R ERNRIN

Table 4  Effects of different Cr ( VI) concentrations on COD, TN, NH,-N and total chromium content in effluent

fib 3 DW'S &b HUF 4% % HNS 4b 3R $5 9k
B i [8] Cr concentration under DWS treatment (mg - L) Cr concentration under HNS treatment (mg + L™)
Inicator TS
(d) 0 20 40 0 20 40
CoD 3 6.46+0.34e 11.41+0.13¢ 13.92+0.78a 5.52+0.32f 10.52+0.69d 12.49+0.41b
30 5.46+0.25e 9.29+0.14¢ 12.84+1.09a 4.22+0.13f 8.11+0.04d 10.48+0.15b
45 8.48+0.11e 12.71+£0.94¢ 15.48+0.13a 6.48+0.11f 11.37+0.36d 13.61+0.14b
60 9.06+0.55¢ 14.43+0.41c¢ 19.71+0.63a 7.33+£0.72f 11.76+0.81d 16.71+0.38h
TN 3 6.35+0.32d 7.02£0.15¢ 7.81£0.16b 6.77+0.15¢ 7.49£0.11b 8.42+0.67a
30 4.38+0.21¢ 5.77+0.03b 7.01+0.34a 4.99+0.66¢ 6.19+0.31b 7.52+0.35a
45 5.30+0.08f 6.72+0.05d 8.53+0.37b 5.92+0.37e 7.19+0.12¢ 9.37+£0.04a
60 8.81+0.80f 11.39+0.36d 13.58+0.49b 9.81+0.08e 12.39+0.34c¢ 15.58+0.49a
Cr 3 0.26+0.02¢ 16.30+0.84h 33.10+0.78a 0.24+0.05¢ 15.53+0.31b 32.18+0.89a
30 0.19+0.05e 10.43+0.35¢ 13.28+0.22a 0.21+0.07e 9.33+0.21d 11.24+.36b
45 0.45+0.05e 14.52+0.14¢ 17.67+0.11a 0.39+0.07e 12.58+0.20d 15.29+0.12b
60 0.34+0.05e 4.73+0.25¢ 8.27+0.21a 0.31+0.07e 3.40+0.19d 6.02+0.14b
NH,-N 3 3.27+0.45d 5.07+1.01b 6.71+1.46a 2.17+0.69d 4.22+0.39¢ 5.43+1.67b
30 2.81+0.78d 4.06+0.99¢ 5.13+0.75a 2.35+0.21d 3.76+£0.22¢ 4.56+0.61b
45 4.38+0.26¢ 6.55+1.08b 8.43+2.53a 3.41+0.52¢ 5.85+0.61b 7.18£0.71a
60 5.86+0.75e 8.78+0.51¢c 10.89+1.33a 4.85+0.84f 7.41+0.73d 9.49+0.73h
TR ) B i A R B DWS A B W KT Hoagland HFRWME R LM FEU KB TAWE

HNS 43R (P<0.05) . AR 60 d B}, DWS 4b 3
,20.40 mg + L' Cr (VD) ZbBH H /K o 8% & 540 31
30 d TR T 54% Fll 37% , HNS 4L BT, 20 40
mg - L' Cr (VD) AbFRH /KPS E2 91 30d T
BT 63%HM 47% .,

3 Wit

3.1 AEFHAERIS Cr (V) BEE AR
N0 b AR 4 00 AR RO 575 7K A BRASCR A
YRR (Kim & Geary, 2001) , HEa /@~ 1
P A 2 il B 1 S o 4 R e SRR
YIAHDG, 70 2 i U B 40 45 08 A R T 52 il 3 4 i Xo)
FEW A I AR FE (#5235 5%,2004) , #h0F, AT
157K AL BE R HE b Y AR K 2 B B (2R W
45 2018; Li et al., 2021) , AHF58H,20 .40 mg - L
Cr( VD) Kb 383506 38 80 A= K A7 Il 4R F (R 172

IKEAE, SRT MG — 30, ASHFSE A2 36 15 7K 4%
P B R Z IR LT 1/2 Hoagland 57K
AbPE ARRE Cr (V) ZbBERS B A RE A 3 SR AR
P IR EE B AR, vT A 5 W aa w AR T s KR
$*%ME%&€MﬁWﬁ%%& S R P
H“RAI G Z A%V R, b fE M, 12
Hoagland 5 FR W BA W 5 H 57, DN TR A
A ML K St AR SR RE W A % = A B s (O
HAE,2012; 220,2016) , &84 FI T 22 f# Cr (V) Xf
R R A A A ) 4 R S T 0 AR T
B RN & AR VR R SRR A, o 3 4 i AE T b iy I A7
e (3245 2013 ; Kumar,2020) , FEAK 4% (1044 9
W% ( Mandal et al., 2017; Yang et al., 2019) ,iX
%%Kﬁiémm% FRWAM TR Z
MR EA 2 RN EERNA
3.2 AE#HKZERS Cr (V) IR IR D RAIRZIN
3 S SCH AR B b A3 AT DA A — 8B4 H 4
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BEHEY W E SR FEEPAEMRR
( Mustapha et al., 2018) , Z=&WI%E(2018) 5% &
PN T b Ach P55 4% PR UK B, AR R P A R
B R T HAR AL, M3 BRI HE AR
IR I o7 i, OF S BORAR AL R 1Y 45 R R
i (Cao et al., 2018) , JHIEYI W) G R 5 H 4R
Cu,Cd . Zn Pb [ it 3 52 B 52 1 $ A G (38 [
GO ,2009; BEERITEAE,2018) , A (2015) 4F
GER I, DAA 15 15 7K R 7K U5 TR 0 N T, b |
FRUSCEI IS AR 2R 7 4 fifk T 350 R, (H A e ik
JER BRI R T [, ARBIFSE R ], A W o
IKERAET Bl M A J ik 3 2 347 I 5 Ak BB 38 110 42
IR R SR BRI 45 S — B, 1T BB A%
FEZRAT T 23 30 3 2R W 3% 3, DT 4 1 4 AR 1
3% ( Duarte et al., 2004; 2= 2016) , A8 5
i, HINS AR B 5% AR 53 fiff B R KT DWS Ab B, A] fig
55 HNS ZRBE IR F 6, M T R YR 1 s A
VI FR , Guo 45 (2021) WF5E & B V& ) 51 itk 5 '8
FEPy T (AR I ) £ IEAH O, A AIE S BT AR
G795 7K N P K S50 R & & & I T HNS 4b 3
HIRAPAM, MEREENESRE, AT
TR ) 0 3% B, DT S B0 V% W0 0y e o e R
( Corstanje et al., 2006; Grasset et al., 2017) , Jani
S5 (2015) WHoE R MY, RS AR 2 1 MR Y
A, TR T 21 = W55 ( Trifolium incarnatum)
T B Bl . ( Vicia villosa ) 41K 09 53 il . AR WF 5T
HNS 4b B b gk AR 73 fif BB, T RE 2 5 0 7Y AL (2 it
TIRAEY BTG Bl T AR E T FRAR 1Y 53 i
3.3 REIBKZERIST Cr (V1) A IR 5% AR 4 ff T 72
HR%IRN Cr L ERSREERN M

TEJRIE Y o3 f ik B rp, WA SR PEBEE ST R B
T, AR FA S (2006 ) BT 52 K BL/IN I B4 9% 1) O i
i€t T Mg, Mn, Fe B9 B F1 A 2, Xu Hl Wu
(2019) 5T, N T390 1 r (4 4G V% 0 53 i 1 191
O T, (A BEE o AR B R I O R 1 i
U BV AR T 00 s ok B2 58 WD e ok A% v 0 e A
Yy 7 ) i A A s A S A TR Y R o R R A
Koo AWIFTE K B fife T H00 AR Bk A 1Y B R 2 T
=, T RE S B PURAR M = i AR E T,
) K 348 53 A AR 88 /0 | 5 BOAS [6] A6 4 fie 1 72
RIEVAH 5 (Li et al., 2021) B # 45 fifk i ] 14 4E
1 BBt A AR B T A0, S BB B B TR
ORI bR & &, 5 5 WA 55 (2020) A& By

Tl 7K 2 F T 7 35 AR b il 2 98 V% 0 b Ph R Zn
FE 53 fife SR 1] 1) 2 B H0 AN [) 82 B8 100 4 U 1) 5 2R —
B, AT, HNS HAg 88 Bl 3 KT DWS
(), {H DWS AbFREEAR o 19 4% 3% = T HNS 19 (P<
0.05) ., B E 5 E KA X (Kang et
al., 2019) , HNS 4b 3 H A 847 19 8 52 R 40, 7T g
J& HNS b BRFRAR 43 b 6 Rl i R S22 R A

% B Ak 2 T 2 T B R AR 0 AR W A RO (2
A ,2015) , ARWEGERB, AR i 11 1, 4% 9 4
SEILABILL F6 3,3 0] 68 15 AR AR Hh i 4% vk B 1 AR
SRR AW R EEA 5 ( Lytle et al.,1998) .
HYK K F1RIF2,F1 I F2 JEAR 05 AL WG e s
FERE W) R W25 5 832 B M EE Ak (Zeng et al.,
2011) o ASWFSE T BRAR F1 F2 Y59 Bl 43 fife sF ) (4 48
T At AR AR, i 5 3% AR 3 e Ao () 19 228 4, SR AR
SRR LS A 75 (F4) B4, 3R B 4 (F6) FEAIL, v]
RERBEIR £h R AL DL OEE M & o TR LB W
043 4% [ A BR AR T U0 B R A% P aa R AR AR
3 A o v A B e LB B AR N B LE W TR A
3.4 REIHEKFEBIR R 43T H kK R A &0

NIRRT /L S L R (T
5 T WIS R 28t A 2 R S A P X6 9 K v ) 4 T
HEAT L, T3 T P A LT R AR A B A ) 5 R 4
JEEG R LR RN N E Y, Paredes 55
(2007) WFFT BT, N T3 M 35 57 b a8 A #L s mf
DAFRE 4 1 S B 6 T IO 9 AR R R N T b A AL
JR ) E R UR, A HLET Y E R A R L RS
WM R AL A T DU o W B S S E 2 AE
=R 3 & 4 8 75 b T B AT o (51
45,2022) , BB AR A5 (2021) BF5E & LR A5k 19 73
il T B N K AR R R R T P AR
Yoy, ARG As Cr 1 Cu 19 & 23 (6
WS, 2020) , 85244 (2015) BIRFSE R, 4% 5 Yy
T FRAR o A AR P R B RE IR BR . AT
o BRAR A R R R, N TR M K R cOoD | AR
() Fr B 2 i, X H K R TP & R AN K (H
TN NH,-N 19 £ BR2A47 7 T %, TN \NH,-N /7% &t
YT 5 % Ak B o R 0 348 o i 38, mT RE S R R
A L A T L b D 1 T Ra S ) e o
YERD, M2 Mo % TN K NH,-N B9 £, 5%
85 (2022) WSS FEAR 30 S N TR HbXT TN /9 2%
BRAES T R, 52 M ) TN /9 25 BR /9 0F 9% 45
—,
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Bifi 5 o0 f B 24T, DWS AL FFD HNS Ab B (1) 7K
RV S T S R AR D TR AT B R AR AR A i
B A3 4% B B K A v BT 43 ) 3 R TRCEI K
A b BB o )RR, — 0 IR b v Y
FEAR IR, — 38 43 1 1 Hh v 0 B A 0 B A 5 b R
ANFEFERAE . 30N TR H % AR 36 57K T % Y
H AL ORI (2R B NIEE 2018, (HAE T 15 7K 5 5%
Pt HVERAR , A SEM R Rk, A
I F N T A 2 4% 0 K B9 = A AL PR (Li et al.
2021) . HI, 45 HNS Ab B A% AR 43 i 250 bR | £ 1)
BRI S 2 94K, (H i T HNS 40 B 9 K
B AR R R T RE R RS B XS Cr( VT
ZBRIVEETT

4 Hipr

Cr( VD) W T, R B AR 23 13 R BE Cr (V)
Qb P ) 2 e T AR ARG, HINS A 1 5% A AR 0 fie 3
KT DWS AL B, RO 5% B A 5t 25
4 L B AR N ] A S e/, £ R S | 2%
BT R IS 7 HO O, T TR 45 4 25 19 BE R IR
JESER . BRAR w00, N TR M K COD (TN
Lo SR S R, 2R AR E NS, BT 1Y B TR
ZEAF AT AR R R AR 14 ik S BRAR e % B R, O
AT B A RORTR B B Wi, 32 e N TR
Ab PR B R OK B BCR

SE .
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(1. College of Architecture, Anhui Science and Technology University, Bengbu 233100, Anhui, China;
2. Suzhou Garden Management Service Center, Suzhou 234000, Anhui, China )

Abstract; In order to explore the effects of ecological landscaping tree species Taxodium *Zhongshanshan 118’ on soil
microbial ecosystem in Huaihe Plain of north Anhui Province, the differences in soil nutrients levels, microbial
communities structures and their influencing factors between the rhizosphere (R) and non-rhizosphere (NR) were
analyzed. The results were as follows: (1) The 4-year-old Taxodium ‘Zhongshanshan 118’ rhizosphere had a low
enrichment capacity for macronutrients, resulting in a deficiency of hydrolyzable nitrogen and available phosphorus. The
R had similar levels of total nitrogen, and lower levels of total phosphorus, total potassium and available potassium than
the NR soil. The R had a strong enrichment ability for microelements (iron, copper, manganese). And the available
manganese content in the R was significantly higher than that in the NR. Both the R and the NR soils of Taxodium
¢ Zhongshanshan 118’ were alkaline. The R had a slightly lower pH and a higher electrical conductivity than the
NR. The R had a certain degree of enrichment for available sodium, available magnesium and available calcium, as well
as for organic carbon and organic matter. (2) Based on the Anosim analysis of community structure between groups, the
R value was 0.224 (P=0.022), which was significantly greater than 0, indicating significant differences between the
bacterial communities of the R and the NR of Taxodium ‘ Zhongshanshan 118’ . The total number of OTUs in the R and
the NR was 5 283. There were 1 307 unique OTUs in R and 1 265 OTUs in NR. (3) The R had a slightly lower bacterial
diversity than the NR. The dominant phylum in both the R and the NR were Firmicutes, Proteobacteria,
Acidobacteriota, Bacteroidetes, Chloroflexi, Myxococcota, Actinobacteria, and Crenarchaeota. Among them, only
Acidobacteriota showed a significant positive correlation with available phosphorus. The R had higher abundances of
Firmicutes (17.94% ) and Bacteroidetes (5.21%) than the NR (1.84% and 3.90% ) , respectively. Neither of them had
a significant correlation with environmental factors. The R had higher abundances of Clostridia, Bacteroidia and Bacilli
than the NR by 14.05%, 1.32% and 2.06%, respectively. (4) The UPGMA clustering analysis showed that R4 was
isolated from the other samples. NR4 and NRS5 formed a cluster, NR1, NR2 and NR3 clusted with R1, R2, R3 and
RS5. R4 had lower species diversity and abundance than the other samples, and had an uneven distribution of taxa. In
conclusion, despite the weak rhizosphere effect of young Taxodium ‘Zhongshanshan 118’ , it was the main factor for the
enrichment of Firmicutes and Bacteroidetes in the rhizosphere. And more microelements and a moderate amount of
macroelements should be applied in the cultivation process.

Key words: Taxodium ¢ Zhongshanshan 118, rhizosphere, non-rhizosphere, bacterial, soil nutrients, high

throughput sequencing
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BRI EE I E 3 1K,
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Yy JE AR SO R A% S ALY . 1] FLASH
version 1.2.7 (http://ccb.jhu. edu/software/FLASH/ )
#1 Qiime version 1.9.1(http ://qiime.org/scripts/split _
libraries_fastq. html ) %I Illumina NovaSeq Il f* A T
HLECHE ( Raw PE) #F 47 BF 32 1 i % 15 2 Clean
Tags, ] F vsearch version 1.3.0 ( https://github.
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2 HERE A
2.1 #RER 5 AR BR IR AL 1 R 4 47

oI 1Al AL, g N TR Bl < A2 118 R
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Table 1  Physicochemical properties of R and NR soils of Taxodium ‘Zhongshanshan 118’

HBr R AEMBR NR N

I ESIr R
1 < v N7 A N7 A
Soil type and code R R2 R3 R4 ks TP \pi Nk Nk3 N Nks Y ()
Mean Mean

FRIRAE pH 8.68 8.42 8.53 8.48 8.23  8.47x0.07a  8.71 8.51 8.72 8.56 8.32  8.56x0.07a —
GRS 159.9 1759 162.3 185.2 203 177.3+7.91a 158.5 162.6 146.7 169.3 183.1 164.0+6.02a —
Electrical conductivity (S + em™)
TR Dry/wet (%) 99.16 97.55 98.69 98.12 96.34 97.97+0.49a 98.67 97.93 98.96 98.19 95.80 97.91+0.56a —
A B 1.92 4.05 3.08 3.06 8.27 4.08+1.10a  2.46 3.21 1.48 3.53 8.17 3.77x1.16a 8.22
Soil organic carbon (g « kg™)
AU 3.31 6.98 5.31 527 1425 7.03£1.90a 4.25 5.53 2.56 5.09 14.08 6.50£2.01a 8.15
Soil organic matter (g - kg™)
£ 0.26 0.48 0.33 0.19 0.97 0.44+0.14a 0.28 0.44 0.14 0.46 0.86 0.44+0.12a 0.00
Total nitrogen (g * kg™)
X 0.46 0.46 0.44 0.48 0.60  0.49+0.03a  0.40 0.48 0.43 0.45 0.54  0.46+0.02a 6.52
Total phosphorus (g + kg™)
e 18.98 19.79 20.10 20.44 20.74 20.01+0.30a 19.28 18.70 18.46 19.55 21.07 19.41+0.46a 3.09
Total potassium (g * kg™)
KRR 25.15 39.66 18.86 43.65 71.46 39.76+9.14a 26.86 40.74 26.91 27.01 81.65 40.63+10.60a -2.14
Hydrolyzable nitrogen (mg + kg™)
AR 2.41 1.98 1.81 1.14 3.59 2.19+0.4la  5.87 3.60 1.40 1.95 3.89  3.34x0.79a  -34.43
Available phosphorus (mg - kg™)
O 48.65 85.05 55.71 100.44 117.36 81.44+13.04a 56.32 87.84 50.56 76.58 121.27 78.51£12.63a  3.73
Available potassium (mg + kg™)
EERITS 11.10 19.42 17.51 17.26 34.38 19.93+3.87a 10.53 13.30 11.46 12.39 21.41 13.82+1.95a  44.21
Available iron (mg - kg™)
R 10.98  8.44 8.47 1042 11.46 9.95+0.63a  7.97 7.28 5.99 8.61 9.47  7.86+0.59b 26.59
Available manganese (mg - kg™)
EEp €T 0.53 1.04 0.67 0.84 2.28 1.07+0.31a  0.53 0.83 0.61 0.75 1.47  0.84+0.17a 27.38
Available copper (mg + kg™)
AR 079 1.06 048 1.22 1.02 0091x0.13a 2.82 0.54 0.80 0.52  0.66 1.07£0.44a -14.95
Available zinc (mg - kg™)
AN 29.86  39.28 23.86 44.65 47.78 37.09:4.49a 2422 2578 2280 37.26 39.60 29.93x3.52a  23.92
Available sodium (mg - kg")
TREG 3.92 4.87 4.17 4.58 6.04 4.71+0.37a  3.87 4.61 3.81 4.38 5.94  4.52+0.39a 4.20
Available calcium (g - kg™)
R 230.17 341.17 232.49 391.12 437.54  326.61x  231.85 289.81 119.40 348.75 446.12  303.18% 7.73
Available magnesium (mg * kg™) 41.74a 54.90a

T AR R AR NE RN 25 B3 (P<0.05), T,

Note; Different lowercase letters indicate significant difference in the same row (P<0.05). The same below.
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AHIE 58 W R BE Fi 028 Ak LA 0.980 ~
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% H 5 Raw PE %8 H 1 H 79 He ( Effective% ) 1978
TETE RN 70.44% ~ 81.23% , 3¢ B I 'y ¥R~ 3 K
. BRI, P2 118”7 PR K
W) A8 H | Chaol | ACE | Simpson | Shannon I
PD whole tree 18§ %% 09 ¥ ¥y {H 4> %) & 240,

3 828.033 .3 733.681.0.984 9.157 .186.018, i
T AEMH FR3 743 .4 096.895 4 151.882.0.997 .
10.019 ,213.703 , AR Fr-5 AEAR B 2 [0] 19 22 #4521
ZEFARE(F2), BAPEAFEMNT R PR
R4 (Y0 Z2 FE 1 K W b 3= B BH I A% Al A o
AR (F2,E 1),
2.3 TEMAEMBEELEMS T

FT Anosim 21 [B] B V% 45 14 22 77 0 35 PR K 56
i AR 225 R{E N 0.224(P=0.022) ,R{E R
FERT 0,00 Pl Az 118 AR PR 5 AE MR b i A=
Wit Z MR BE, PRz 118 MRk 53k
Whrit A 5 283 4~ OTUs, WPr4A 1 307 4
OTUs, di RFE B OTUs B AL 19.97% , AEAR PR 4F
£ 1265 4 OTUs, /5 dE AR Pr & OTUs &\ %8 19
19.45% AR Br¥E A OTUs K TIEMBR, X} OTUs
FERE KRB il k2 118 MR by A HE AR B Bir % K&
A=Wk A 40 LA Al R, ATV R o 89 )
182 40 371 H 489 & 735 J& , E H 1k % & 3| Fh 2
BRI A 313 Ff, UPGMA RZEM LW, < h
A2 1187 MR BR R4 FF i ol 2R — AL, JE MR Br FE 5
NR4 il NR5 % Jy—4, NR1  NR2 1 NR3 5 H: At
MRPRFE RN —R (B 1),

F 2 Alpha ZHHIEE
Table 2 The indices of Alpha diversity

SO LT T Chaot 73 ACE f5% s wdpn PDmele e K

hame Number of species Chaol index ACE index Simpson index Shannon index index

R1 4042 4 475.417 4 502.899 0.998 10.264 220.855

R2 3 603 3.999.709 4 069.242 0.995 9.596 199.184

R3 3 869 4 204.005 4270.841 0.997 10.066 221.739

R4 832 894.962 921.858 0.931 5.839 71.929

RS 3 856 5566.073 4 903.564 0.998 10.022 216.382

R 3 240+606.157a 3 828.033+781.461a 3 733.681+716.513a 0.984+0.013a 9.157+0.837a 186.018+28.811a
NRI 3 847 4267.635 4 282.559 0.998 10.149 211.211

NR2 4145 4 550.628 4 613.376 0.998 10.270 226.754
NR3 3874 4 172.541 4 229.885 0.998 10.138 231.122
NR4 3494 3 843.646 3913.216 0.997 9.806 211.532
NR5 3357 3 650.026 3 720.376 0.996 9.731 187.894

NR 3 743+3.521a 4 096.895+158.836a 4 151.882+154.806a 0.997+0.000a 10.019+0.105a 213.703+7.585a

2.4 TEREYEEAR
R 2. A a2, Wi AZ 118 MR R S5AER FR +

A B AR I P A DA B — 2, BT o A
[, “d i k2 118 L ¥ 4 w A )& BE W [
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O Hfés Others
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Unweighted unifrac distance 0 0.25 0.50 0.75 1.00
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1 ‘Hlii 118 RESIFERRERBEEE
Fig. 1 Cluster tree of R and NR samples of Taxodium ‘Zhongshanshan 118’
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Fig. 2 Composition of R and NR bacteria communities of Taxodium ‘ Zhongshanshan 118’
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( Actinobacteria) . %% iy B ] ( Crenarchaeota ) , 7EAR PR
O E 20 g w e S WS | N g = B DS
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3.63% .1.19% F1 1.84% ,30.98% .9.81% .3.90% .
3.12% 3.71% .5.55% ,2.08% , i, JEERER ] 41
FFEE T TAEAR B 04 7= B2 FE AR AR PR 43 301l 5 i 16.19% N
1.31%, R4 Ffam P JBERE G T IR A0 S /Y,
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% 7 24 ( Clostridia ) |y —72 T2 AT 1 44 09 40 B 49
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Fig. 3 Relationship between soil physicochemical factors and microorganisms of Taxodium Zhongshanshan 118’
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Tree shape structure and leaf trait responses to
habitat elements of Bombax ceiba
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Abstract: Morphology and structure of plants are the results from the joint action of itself and the external
environment. In order to analyze the correlation between tree shape structure and leaf trait of Bombax ceiba, and to
explore the influence of topographic, soil, and meteorological elements on its growth shape, and to reveal its growth

strategy and adaptation mechanism, we studied 230 B. cetba trees in Xishuangbanna National Nature Reserve of Yunnan
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Province and measured six tree shape structure indexes, eight leaf trait indexes, and habitat elements of regional
topographic,, meteorology, and soil. The effects and explantation of habitat elements on tree shape structure and leaf trait
of B. ceiba were analyzed by structural equation model and variation decomposition. The results were as follows: (1)
There were correlations among the indexes of tree shape structure and among the indexes of leaf trait (P < 0.05). (2)
The observed indexes of habitat elements had a strong influence on the growth indexes of B. ceiba leaves. The mean
annual precipitation, slope and average temperature had a higher interpretation rate on the growth indexes of B. cetba
leaves, and were the dominant habitat indexes affecting the growth of B. ceiba. (3) According to the standardized path
coefficient, the three habitat elements had the same effects on tree shape structure and leaf trait of B. ceiba, and all of
them were in the order of topographic element>meteorological element>soil element. (4) The superposition of three
habitat elements explained that tree shape structure and leaf trait were 43.5% and 12.3%, respectively, indicating that
the response of tree shape structure to habitat environment was greater than that of leaf trait to environment. The results of
this study preliminarily explore the adaptation strategies of different growth indexes to environmental elements of B.
cetba, which provides theoretical basis and practical reference for the cultivation and propagation of B. ceiba in
heterogeneous habitats and efficient management of B. ceiba plantation.

Key words: Bombax ceiba, habitat elements, tree shape structure, leaf trait, redundancy analysis, structural
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equation model

I EARR , Bk AU 3 AR
FABROF AR P S8 K R R A A s (56
FH4%,2020) ., (IPCC 2 BRTHIE 1.5 C 4% 913R %)
o i ARk BB RS Ty, T R B S e
(IPCC, 2018) , “Ufis i A2 A A A5 A4 AR A K 32 B
[F] 7% BE 1 52 i) ( Deslauriers et al., 2007) , M\ 1T 2 AR
TRRARAE 25 FR G20 25 48 1 2 BE (Bonan, 2008) .
Rt 7RSS 50T, AR AR A K38 Br 6T 26
B2 A me R, A B T AR T AR A RS R G
AR B, oA AR DR A A SR 1 B
A

HiT % AE 4 20 B8 M R 8 BIF 58 AN 15 J) BR %
B — B RZH PR AR KT B I 5T T s Bk B 22 G
VEMEARTA] A9 P 72 K 2R 5 AU ¢ &R ((Wright et al.,
2004) . WIMGHEP) D RETEAR 5 IS A RGN
TEMR R A B 745 75 8 ) 19 A 1 R g S 9% I8 4 i
RO, R AR AR 25 R i N AR AL, mT L)k B
FEAE S RGN RE B ik 30 AN ) S5 A0 B 4 A B el e
()T S5 BB LA S T o Ay e, 950 0 = 28 A %o AL )
V&Y S ( Wright et al., 2004; fi] 257545, 2019) .
RIIE G510 BEE Al iR DA AE RO, e A= K (38
G HHT A H AR LR DL Kz N ZRE B 5 e,
Hhv A RAR T 2 T AR Y A R B A 4 B
(FRMS,2023) . ARHTEHIE &M gt 72 71
T2 BN AR BT B 20 ik JE 2 52 Wi A AR A
2E R B9 S R F 2 — ( Delpierre et al., 2019) . #f

ARIAR ) A K88 A2 45 T AR 1 2 TR R 0 5t
. — 7 I, A AR AR 1) A K T T G A S5 A 1 R K
& = ARG Tt R SR VER ot A R
M 2 2K RS B 4R R AR KRR B Tt
fR Al ARG A B T BE (Shi et al., 2015) , Afij AT
HEINA BB A K B/ B KA A i B, 55—
Jy T, AR () = 8 e A R 1 A KR 2
FEY IR (JEHE TR R NP | R R B G A
T KA A= Py 2 B AR E R OR A K i R
2SR R IR EE S AT N T &
FUARAE , BORE M R AR A K ) — > B B AR bR (#RAL
FREFE,2017) o R R A AR W 1 L AR 25 0 ) g

I, A 4 KA RE B ) T RS 4 ) A
B R TR X I B AR A 1 R I R
W E Y AR A SR, SRS B
PR EE o A8 rh AR KW BRI g AR IR VAR Y
A [ S MR iR FE KOG IR S IR 7 A 14
B, BT IRBE 00 23 8] 5 M 52 AR A 10 A
KB I X HE Y T AE bR 0 A Ak 7 A ) R
( Cornelissen et al., 2003) ., H F I8 /N E L
SAA Y R AR B AN S 22 5, IR L 4R 5T
IABE B ZR X R AR ) S [ R e B A 2
X, RECH¥FEX D DI RE R 5 8 X R ik
(T ER I i e ol S i R R 7R G A
A5 2021 A7 LR AE2023) FAR M L (B PR AR
2022; MHELL %, 2023) SRR BR[O, T
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YA M A 5 AE W) 2 RE PR 5 PR B8 2 T 9 AR OC OC
R IB T EY RS AR RS

ARWEFE L 2 B 79 B 9 I K G AR R A
XN 230 BEARAHE ( Bombax ceiba) R W58 X %,
FE 6 AL L5 A6 48 bR 8 A IR i R DL K BT AE
KR AR LEFRDFAEREER, did
AH 5 M 43 B, OC 4% 43 B ( redundancy  analysis,
RDA) | F 1434 H7 ( principal component analysis,
PCA) 45 J7 B BL &Y (structural equation model
SEM) 4+ #r VL K& A 2 7 f# ( variation
decomposition ) £ 35 i 5¢ , AR DA T [ R, (1)
LRI E RS URIE R NN R NE U RTIE (=E A< I oW
KM 5 (2) A TR AR 35 UL I 48 A5 % A AR AR A R ) 22
S5 (3) AT 25 1 AR P R X ] — A B A ) A 8
SIS 22 5o I DA b IR PSR O S BR
ST AR 1 S S PR A B R 2 ARl

1 MHEF*

1.1 SRR

RIS XA T 25 48 V8 SO [ ) H SR R
X (100 °50'—101 °06’" E .21 °08'—22 °25' N) , ¥}
RAE 480 ~1 400 m Z 8], LA 1Ly Jst 4 3l #0011 9 4%
PR ASHE g F2 o 2% DX 0 I 0 R, A T T O
POKBEIR, S AEREK T E4 1200~ 1 600 mm, 4
PR N 21.8 °C, HMEIHECN 2 293.4 h, PEXUR
2 v ) BT AR vp g A G E OB, R
R F B G LT S LT A N, T R R (B
55,2020) , 0 HESRA S EENEE ., RIPTXH
Qb AT A2 ) IX AR [ S AR A ) X AR O T ) AR )
PRV AC T b (RS, 2015) , ARARAE B 52 2%,
FEARBYF LG, [F AT YA 2R 8T R
MR MRS R G, T B A B A AT A S
W ( Celtis timorensis) K 2B (Antiaris toxicaria)  H-
¥ ( Hedyotis auriclaria ) . F§ LI 1€ ( Prismatomeris
connate) % .
1.2 RigEKIERNE

3 B A U A O6F P SRR 48 T R ) AR
PRI XN A 2R AR ORI T 1Y 230 Bk A AR 43 5]
HEATIE S A0 A AR BE 2 R 5

et P S RO i g BRORATR A B 5 (height, H) |
Jfi4% ( diameter at breast height, DBH) | 7 i ( crown
breadth,CB) £ T 5 ( height to crown base , HCB) ; )\

ZREE P9 AL DU A 5 7 053 K X ( number of branches
NB) ; I FH 55 Ho 491 G 22 SR 55 M Il 9_ B (taperingness,
T) o BEARAHE AR B PG A6 1A J5 4o 1 56 J2 rh &R 41
e 478 M 7S 20 (b Jre LA RRE 52 B 1Y 20 At e, R
CID fE#EAROEH m AU (CID C1-202, USA ) I5E %
K (leaf length , LL) (58 (leaf width, LW) |
ITE AL (leaf area, LA) i1 ( perimeter, P) ; 38 i &
BT RS (ATY 124, Japan ) FRH: A B & 5 (leaf
fresh weight, LFW ) /) Fll # ( leaf saturated weight,
LSW) . T (leaf dry weight, LDW) , H iy F 57K
5 (leaf water content, LWC) i AZ K LWC (%) =
(LFW —LDW) /LDWx100,
1.3 £IFEERNE

FIFHFHE GPS S H g ok A BT 7E b 114
LA B K (altitude,, A) 3% 1] ( exposure , E ) S5 £k
fi, P b BT 2 25 D0 LB (slope, S) o % BT
e vy AT B A Ak B e 1) HiHh ) I DA TR AR
T3 IVUG  F IS £t J7 10 Jie e 2= 2 AL T 1) AR 1~
8, Ji B 2% T 45 AR AT B AL A E — Al Ak B
(FRA255,2019) o HR4E 5 RUBFRIRFE AR AE K IX
ORI AR ARG BT R —)Z 5 Rk L
JZ 0~20 cm 4 b AF CHE A 4207 1] 52 55 28 4 4
WA W o O, A S8 5 & T E 4 A (total
nitrogen, TN) 4% (total phosphorus, TP) A5 %%
(available phosphorus, AP) . # 2 % ( ammonium
nitrogen, AN) fif & & ( nitrate nitrogen, NN) #J1L
SEFRRR (X FE 45, 2021) 5 s bR HEAT 3 IRE
o AR EE R A b E M R4k B
(101°35" E.,21°28" N), 3K HL 2009 = 2018 4 10
AR (average temperature, AT) | F 35 A
XHEZEE ( mean relative humidity, MRH) | 4 Y5 % [
## ( mean annual precipitation, MAP ) ( htpp://
data.cma.cn/)  FEHIFEARRRAIE W 1 Fios
1.4 HiEALIE

K H Excel 2016, SPSS 22.0, Amos 21.0 Al
Canoco 5.0 B 14 %F B4 A7 4 it 40 M. B 56, 16
a=0.01 932 FEKET, R H Pearson 1543 7%
RERFIE 45 40 2% 78 bR | PR A 18 Bn 2R 47 AH G 20
Mo SRJG X IE 454 2% F8 AR PR AR 25 98 45 L
SRR MIP EER DL SRR R 0 80 o)
B, FHES 1 32 58040 b 2847 PR B LAAR B 3 8 o3
FREAEAE Y1 J7 ARAE D 2 WL A% 8 1) 22 %, 7 Amos
21.0 GEt Bk rh i 454y B AL, TR
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Table 1  Determination of growth indexes and habitat elements Bombax ceiba
VAR SR I 25 HRLAE 3 FHE T o it 25
Latent variable Observed variable Value range Average Standard deviation
R RN =Ly A LA (em®) 29.73~72.95 54.81 11.24
Leaf trait index
MK LL (em) 9.74~18.41 14.17 1.98
58 LW (em) 4.81~6.84 5.78 0.64
JAHK P (cm) 22.68~46.49 35.16 5.39
i E LFW (g) 0.97~2.93 1.76 0.47
TR LSW (g) 1.03~3.04 1.84 0.46
T E LDW (g) 0.24~1.16 0.62 0.22
FKE LWC (g) 0.56~0.79 0.65 0.06
WL S5 4048 4R BE H (m) 0.89~21.10 12.18 8.11
Tree shape structure index .
J97% DBH (cm) 1.10~112.00 41.49 32.07
FEME CB (m) 0.62~25.07 9.45 7.22
R HCB (m) 0.18~10.14 4.74 3.22
TR NB 5.00~27.00 15.67 5.90
HIREET (%) 76.40 ~124.60 97.27 13.15
R B % W A (m) 492.00~523.00 503.00 7.91
Topographic element
YRS (°) 2~10 5.40 1.76
Y E 1~8 4.23 1.96
TR 2% TN (g - kg') 0.95~2.23 1.76 0.46
Soil element
S5 NN (mg - kg™) 15.11~34.30 27.71 0.73
AW TP (g - kg') 0.76~1.08 0.93 0.11
B AP (mg - kg™) 0.47~6.51 4.23 0.21
F S AN (mg - kg™!) 1.24~4.58 2.73 0.13
e L SEHREE AT (C) 21.82~22.50 22.07 0.21
Meteorological element .
SEHAHXHEEE MRH (%) 78.00 ~85.60 81.42 2.61
AEHRE W i MAP (mm) 1224.50~1 943.60 1 544.57 207.80

Ji{E/ A H JE ( Chi-square/df) #1716 0 F L
CFL{H M GFI fH AT 0.9 DA Ik FIAE (38 R ) %%
2021) . &), K Canoco 5.0 #AFHEAT TCA 0 B
(RDA) FI7E 22 43 fift , 45 B A 7] A= B3 2 R 6 AR AR IE
AFEM N DL R ARG S G5 il e

2 HERH AT

2.1 MR LM IERR . TR IEARE X S AT

B2 IR 5 0 M 2 T, A e A5 1 A e R B
T AR AR W B OC, AR SO R AR
1R BRI B R R IR G R I 5 BT L A

BN R ARG, MR BE S i BT AR
FHAHOC, B AR B AR A I 235 44 4 08I0 48 AR 22 1]
AHOCHER R O%F I MR 2% F8 A R 47 4H 5G4 43 B mT
AL TR G S T AR 2 A G
H5HAKL B ER B EEMC AK S THE
A DG, 5 H Al 25 4 bR S A 3 OE A G ;
HOMAE TESSKEEREEAMK, 5H
A FE R S 2 TE ARG (B 1)
22 AEER ARERNES

X} 3 AN BB R 5 AR AR & 45 8 b b A7
JUA 43 BT (RDA) o I PR 3l 43 500 i B 8 7 25 1Y
60.52% F1 8.01% , Hfift B T 68.53% , i H RDA 1)
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A BHEER SRR AR S B. iR S IR AR A G, +
RFMKNETE P<0.05 HKFIBBI W3, o AARMRIELE P<
0.01 KFIX B 2, T Il B IR QIRFERIR TR C, H
6 Pl R R IE SRS 2R | (B B R/ s A SR R B TR

A. Correlation of each index of tree shape structure; B.
Correlation of each index of leaf trait. * represents significant
correlation at P<0.05 level and #** represents very significant
correlation at P<0.01 level, the same below; gray filling in the
figure indicates negative correlation, white circle indicates
positive correlation, and circle size indicates the size of

correlation coefficient.

B 1 ABEREROEXES T

Fig. 1 Correlation analysis of growth

indexes of Bombax ceiba

SEALTTAE S PRBE DR X AR A K FE A R /MK
UONAE AT 2 (46.4% ) SIEFE (7.9% ) >4 i
BE(5.7%) >3 (4.3%) >2 A (1.9%) >H 3 W
(1.5%) >WEEA(1.4%) >ES R (1.3%) >4
XVREE (1.2%) >HE191 (0.5%) (& 2) .

N 3 B A5 B (PCA) B A R AR 45 44 05 2
B (SEM ) FfOW i A B2 e i v AR R O &R L
B3 AR E R UL AR AR K AR AR 17 AR
B, R AR S 3 A48 AR AE IR 25 4
B BT o e EE K, R B 0,241
0.287.0.316, MR M4 58 M S K ETE
PR A 7 LR R, R B i R 0.254
0.255.0.217.0.221, & &0 A w7 e
Frpopr b AR K, BUE R B B 0,252,
0.243.0.250, “FIHXREAIZERPE S
Pt K, RECR 0.467 11 3 B 76 Mo JE 223 o i
UK, B 0.580(3K 2)
2.3 A EEEWNABHEENS T EREES T

F 45 H J5 FEAC R (SEM) K IR L2 B £ +
SRR Je b T F X AR AR R 25 44 5 R i Ak
N, AR 55 2 R A B S LR (GFI=

0.8 b3

Hh1 Axis 1(60.52%)

2 HAEERSAIMEKIERAN RDA 547
Fig. 2 RDA analysis of habitat elements and

growth indexes of Bombax ceiba

*2 BEEHPCARIERX
Table 2 Expression of PCA for latent variable

W B

Latent variable

PCA ik
Expression of PCA

W 44544

Tree shape structure

0.241H+0.287DBH+0.225HCB+0.162T+
0.001NB+0.316CB

0.254LA + 0.255LL + 0.217LW + 0.203P +

Lulﬁb‘t 0. 037LFW + 0. 038LSW — 0. 0S7LDW +
cal frat 0.221LWC
TR 0.252TN+0.243TP+0.250AP+0.211AN -

0.176 NN

Soil element

RGER

- 0.467TMRH-0.44AT+0.389MAP
Meteorological element

LY 2 S

Topographic element

0.5805-0.5294+0.271E

0.998 ; AGFI=0.968; SRMR<0.005) , A b I 45
P 55 R S A 2 A DG (P<0.01) , #H G R AL
H-0.47, MIRER SEPERMHIEEER =HM
KMo, A R 3 IEAHSE (P<0.01) , AR5
Broffg WP 2R AR E R |+ 58 R XA
TR E Ry I s o R R MR R E R
PR R IE 5 (P<0.01) |, BRAR BB
0.47 F1 0.39, + B R F W /N, R RE N
0.12, 3 A= 15 2 2 % A Al 465 T 25 4 A i 4 4R 52
Wi £ 7E 22 57, M I B2 28 X6 oDk EL A A i 35 0 1)
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Fig. 3 Path effects of habitat elements, tree shape structure, and leaf trait
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Fig. 4 Explanatory degree of habitat elements to tree shape structure and leaf trait of Bombax ceiba
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Abstract: In the context of global climate change, the research on eco-physiological responses to drought and rewatering
among provenances of trees species will help to understand the effect of climate conditions of provenances on drought
resistance of trees, further providing theoretical references for cultivation and management of forests in the future. In this
study, Schima superba from two provenances in southern China were selected. Potted seedlings were subjected to
simulated drought and rewatering conditions. Eco-physiological traits ( photosynthesis traits, hydraulic traits, non-
structural carbohydrates-NSC, proline concentrations-Pro and superoxide dismutase-SOD activity) of seedlings were
sem ) » leaf

relative water content (RWC) , photosynthetic rate (A_,) and stomatal conductance (G_) were lower in seedlings from

examined. The results were as follows: (1) Under well-watered condition, stem xylem water potential (¥,
Guangdong provenance compared with Fujian provenance. (2) Responses of hydraulic traits, Pro and SOD to drought

and rewatering were consistent between the two provenances. V. RWC and Pro could recover to control values

sylem 3
rapidly, while percent of stem xylem embolism and SOD could not recover to control values in the end. (3) A_, was more
sensitive to drought from Fujian provenance than Guangdong provenance, and it took more time to recover to control in
Fujian provenance. (4) The recovery rate of NSC from Fujian provenance was faster than Guangdong provenance.
Collectively, seedlings from both provenances could not repair their embolized xylem in the short-term rewatering period
(30 days). Although photosynthesis rate in Guangdong provenance could recover to control faster than from Fujian
provenance, it was lower than that from Fujian provenance. Furthermore, the recovery rate of NSC was slower in
Guangdong provenance than Fujian provenance, indicating that growth and survivals of seedlings from Guangdong

provenance may experience greater risk in future characterized with increasing drought stress.

Key words: drought-rewatering, photosynthetic traits, hydraulic traits, Schima superba, intra-specific differences
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XA NSC B 52 Wi -5 o 550 B R £k i )

A AR, T OB ek S R 22 A 3] fg B
(Pachauri & Reisinger, 2014) , + 52 id 2 B
WA B A7 05, HE 0 51 2 V% 45 1 5 D) 68 1Y o2
( Barros et al., 2019; Brodribb et al., 2020) . It
S TERERI A DR & S 2T 5
TR-FKRG WM @ B3 B 75k B %
ELIREE (LIRS, 2019 ; Gessler et al., 2020), H
J2 AR A W 07 T 5 S K A AR S ML B A AE
oo 22 S ik HATAR RO B € 1. I, 76 4 B
RETKAR SR B SR BIFFE RS A T 5 -5 oKk AR 3
A 28 L SR W 1) b P 22 5, T A IS R R e g
I 5 =52 K LA B HE A AR AR Ak 4 it R il R s
SCHE WA BRI 28 5E RIS

5T R 2 A R AR A o K
P 5 R AR — 28 e AR BT AR A4 € ( Yan
et al., 2017; Duan et al., 2019; B 8745 2021) ,
SRR A Rl 2R (Pro) B R 5 i 4 L
Yy AL T (SOD) 1% M 19 3 53, A B T 22 g K 53 5
S AR ) A0 1 J A5 17 ( Duan et al., 20205 Sun
et al., 2020) . BeAh, T a0t o R AR 45 40 1
k7K AL & W) ( non-structural carbohydrates, NSC) [
1 (He et al., 2020) , He % (2020) #F58 %1+

KRBT ET R nl IE R OR & A W AR AL, T
T ST R o
T2 38 J5 AR A B AR S AR bR K R RE T 2
PEAN R A T 52 1 3 2R B . e RS
TK IR RETE LI N S LA Sk 52 R 7 1) Rl ] 22
S E SIS MBS I . I K SRR A TR
MRS 22 %60 BEOK S g 55 v R oK SR T, Ol R
5K B S K WK 2 818 (Duan et al., 2019;
Ruehr et al., 2019) , IAM, NSC 76 4k F:# K K J)
e SRR ZE B 5 e v 2 R A A
H 18 2B Z B EFEERE NSC A9TH #E ( Tomasella et
al., 2019) . Hi AW I, W AOG G 5K o34
B R 1 5 = S 7K1 Wi 15 AN A PR ) b A [] 1 A T
&5 [a) — W A [v] A b SRR IR0 5~ 52 K 1Y
Wi 1o A7 7 22 5 ( XUHESE 2018 5 BR A el 5, 2019)
XIHESE (2018 ) W9 A AR G A IR AZ 1 40 5 M K
SN AR AR, AR A A ] A R AR B AR A 4
PR RS IR RE ) 2 5 A 22 AN AN TE A, R il 2
AT R 7K MR I 0 e 1N 22 S AT it A 4
Afaf (Schima superba) 42 111 55 B} ( Theaceae ) A
T J& ( Schima) KIvA  FEFK E HR gt VLG IR )
ARG 7 b DX T2 A3 A 2 S ARG R 4 i I AR
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PR HAFh, o 2 S fh R AR & FHA Rl b, K
for 2 R I B 7 KA B, B T 5 AR A TR Bl R
A AR AR AR A Bl KRR L SR, AN [ R 1 R
o X} 1 5 = A2 K A T A 2 R 22 A R A
DATERBF T K B, 90 B BT 2 A O 5 2 b e 45
4 (IAE R ) 47 56 (Liang et al., 2019) , $iHf
R0 D A i A A5 1 B — s B aE N OF B
N ) o 5 B4 A 0 o 5 1 i O T REAE AR 25 57
I, AHIRGY 35 Ok [ HLAT — 5 A 25 5 10 A R
TEAEAE MBI %, 8 ot A Ak T 5 5 2 K
S M WFFE PIAS B IE A A )y 15 % T 52 - 2K 1 A 2
ARSI R FR AT A AR . RS B E A o 1R
TR AE 40 55 7K R fE X 1 52— B2 K B4 I 13 A7 7E 25 5
o B AR AR A P 5 ELAT R R PR

1 #HE 7 *

1.1 #FRAnL58i& it

e B TR BE B WAL X (116°01'50.16" E,
28°41'17.12" N ) FF AL, % X @ 7 4y 2=
WS AR R 1 600 ~1 700 mm (4—6 A 2
h 50%,7—9 A #05 19%) , WAE & IR LR 1L
H o4k fF § X (118° 01’ 58"—118°07'16" E |
26°03'37"—26°06'59" N) . J7 ZR AL BR AR A 8 f&
P1IX (113°49'30"—114°01' 50" E ., 23°43'02"—
23°48'10" N) P73 5 R AR A AT b5 W4 Foh I
(AR SR K 5 43 50028 1 665 .1 801 mm , 4F i 43
HH 19.6 °C 22.8 °C, 2018 4F 4 A XF#h 11745
Fl,2019 4F 3 A2 7.6 L LA, &
BB, EOR T R ek s, 25 BT AL
AR T (K xBXE N 20 m x 4 m x 3m) T
HEAT A SRA G 2 TR 005 T R A R R i B PVC
M, HEGRHR 15% , VU Ja) 3 AL R 4F S50 T bh i T
A AR R REAE [ R REK & IF 5o R 1 4
St T v s SR TR (it n] 45 Bl Z2IE R RS ]
R N=30g-L",P,0,=14¢g-L" KO0=16
g L' Fe=0.14 g - L' Mn=0.06 g - L") fFi B
W1 U, AR 200 mL, AR EE R A

R 4 A AR IR R B R
I EE— BRI S E 50 BRAE R AR 525 G BT 5T
%, LHVE 2 AN KA AR ER BRI (1) X AR 2 E 20
FRATHT , S 56 300 8] P8 55 £ 870 B 78 H ] 5K 2
(2) TF -5 K. B IEE A 0Y 30 tR4 1, 7658

WAL PRTF IR JE AN DK i - g AR BIIE]
I ZE A 5 &R 7K A2 A B0, 4 7K 3k 31 dij 3H BF 52
TN 1 A e 8- 7K 238 i e Tl A R 25K Jo 5 A 2
TE 88% [ ARJFUAR T /K AT K 88% it # 267 /™ T
B (Uril et al., 2013; Duan et al., 2021) ] i 7K #
BF A P, WA R i, O D 78 25 R v A ZE AR I (T
EN1.2.2) , M ZEOR TR ZERE L Ol 88% Ai Ay
IF F BT A I B AT S OK (R S B IR B O R R
T H K &, B3 590 25

1.2 E4RMETT %

1.2.1 *F A AR R A dom 2 i Li-6400 {545
MR AZ W 2255 (LI-Cor, Inc, Lincoln, NE, USA)
WSE AE W) SRS S 8 0 T TR0
KH2 R H4 R H5 KA 6 RIEKIEME
3K T RME 15 KA B4 9:00—11:00 X<
RS HOEAT I E o A R 0 4 Ab 2 B
4 BRANH (BRI 1 7 2 4F 2R i ) I 5
FRADGERIC B H AR (A, 2es) AL
FEE(G,, mol - m”? - s") ZREBEHR(E, mmol - m” -
s1) o JEURR N AL HE G IR (6400-2B) |, DGR %
BN 1500 pmol + m? « s, AR ALAR IR EE 5 R 400
pmol « mol™, 25 IR R HI7E (31.120.2) °C, HIXT
W TR 60% ~80% .,

1.2.2 /Ky A S doml 2

1.2.2.1 K F IR E 2R Bl K e il g 2
I OR B 1B 15 ) YA A A0 2 0 e (PR BB AE N, B 9
ARAEAM) 1 h DL b, AR 7 5 KR S5 =2 8] /7K
-7 (R L G e g i K AR 2R R B AR K
). ZJECREN T A EAEPIFB AR N
AT, 47 B 5L 52, FI ] PMS-Model 1505D % {2
i # 5 M W K # K J1 % (PMS instruments,
Corvalis, Oregon USA) & T 515 0 K 554 K|
6 KT R M9 KRR 3 KM T
KIGZEARFIRAKFE( P, MPa) . BT 1 &5
AE PRI 4 BRAE (REAREIR 2 R G 4 AR A
M) .

1.2.2.2 M 46 %} & 7K & (relative water content,
RWC) &6, M WEZk EBCT 5, Fr s i iy
e SRIE, TR JHBY )8 4 — Be AR, 78 TR
AR AR B T K R 12 b B R FE 4 W OK 43
Je A B R AR D 8 T R T K g, BRI
WIFNEEE e B A 70 CHEAR At AR
H, RO T, AR K R = (R

pmol + m”
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R N R - WA QL oS a1 ) s i E IR
100% M ARG 25 7K 68 08 I 7 i Ja] 55 7K 4 g
CEI
1.2.2.3 25 K JiT % ¥ %€ 72 FF ( percentage loss of
conductivity, PLC)  J544 2 AR IO % 1k 7K 1 7K A
H, KR RIBCBRE 2R 0T, B 1 EORE U 1 g
55 PRI UK 2R 00 i T ) — KA b O T R
PR EEAT . s Ny PRER 3 Y AR 5T i A
FE R FEMAT BRI E S, TOK T MR AR B 452 5
em, Jf R GRS A B NERR | h 24 (220K
FRHCARIR BTk ) Al AR B3 K ) B ( Wheeler
etal., 2013), fFIFHKHEHE E KT -1 MPa
Bf B 5 ~ 10 em K 1 25 ( Creek et al., 2018), H
XYL’ EM A Jo i Ae 28 I A0 7 25 A o 3 400 46 5
KR (e 2R B IR A BOKIRBE) o BER
100 kPa f 15 7 e A B HR (£ 30 min) |, AR A
RS A P AT A R B Lk vk, 2 05 XYL
EM A 57 5 28 00 S A8 5 25 A J5 35 1Y) e R K
(AR P 2R TR AR A KR ) o T JK
HE W AR BRI AN 2 mmol - LY KC1 ¥
W, 5E S K AN A TR SRR 5.4 kPa, ZE AR
PR ZEREE = (IR /KR -W G TR ) /i R
IKFEX100% , H A& 5255 2 B Cochard 55 (2002) (1)
Tk o AW BINE T2 KIEIE 0 K55 30
KA ZEA o0 FR A ZE R B, A b U ) g Ak B
B3~ 4 kel i p ZEEAT I E
1.2.3 A srn 2 dESmERKILEED
(NSC) [ £.45 7T % PEB# (soluble sugar, SS) 5 %€y
(starch, ST) | & & A R H BB B2 oKIE
550 K (CTRG A A 55 30 KA MY A& & 5k
i HE T I OB R, 23 SRR 0.05 ¢ T 15 mL
CEPL A 4 mL 80% B A i Ik G . 25
BT 80 C /K in# 30 min, FF 1% H 5 LU
10 000 r » min" 20> 8 min, W 4E FIEW T 15 mL
BOET(EE3W) . BRI T Ar s v
JE, NIRRT IER I E (EHER,2019) , B
PR Y > A B I 4 R Y 4F A A e R AT
M7E

i &R ( proline, Pro) 7% 1 I %€ >R FH R M —
P & €5 3 (25 A 42 %, 2000) 4 SE fL B  fR
( superoxide dismutase, SOD) i P % % F % % VU
W 2, 7 ( Giannopolitis & Ries, 1977) . &/ Fhii
YRR AL BEVENR 4 R AR A U B AT E

1.3 #HER 2

T, XA UEAT IR A By 25 SR EAR B A
RARFEA, W47 B4 5 4, K05, FILH SPSS
19.0 (SPSS Inc. USA) XF 35 br it 47 B4 R & 5 22 5
M, i# i3 Duncan B E47 80406 22 (8] 1) 22 57 10 & VRS
By, e, A A RO S0 R IE K 4 5 R
X FRPRIsE I, A S5 R P<0.05 Bl 3, R
FH Sigmaplot 12.5 1E&, & ir 45 45 R 350 V-3
H PR HER (xts:) o

2 SR 5

21 AN HBEARATHENTFEMENEEREEDS
Mg iz

211 KA 4E HELL AHL T REE T, A
PEASE I Fr A XS 5 7K 5 (RWC) 5 ZE K 5T 7R K #
(V. BETEES, £ TRN%H4 K, v,
BERTX A, TR 6 K, RWC i &
T XK, TR 9 R(EKO ) B, P, .,
P AR TR BRKP b s A R AT 1 W,
FEZE-2.4 MPa, ]  REHEARG 1 W, FEE-2.5
MPa, IbAh, TR 9 K MEE ST 4 A Fh iR
A Ae7 1 25 R AL 2E R (PLC) 43 0l N 94% |
90% , HJ T ik F 88% , KB KIGF A (Bl 4) . 7F
XHEERAET AR ARAT B P, 5 RWC AR
=M,

2.1.2 kA4 e HIE 2 AT, TR NE T, 48 2R
ARG RO HE AR (A,,) LR (6,) MR
ROE) B ARFIREMSE TR, T T 2BHa 5 4 X
R A, G E(5.99.0.06,1.67) 8 EKT
XFRROKAF(11.64,0.19.,3.93) , J7 ZR Ff A4 A fir
TR 6 K, R A, .G E(0.16,
0.01.,0.27) ¥ & ik T XF 8 /K (2.66,0.03,
0.90) (K 2), AN, EXTRRESAETR ) ZR Pl R K Ao
M AL, GUIR AR TR T JF I % T 4 2
F s A AT 11

2 WATBEATGHENETEKPERES
i

2.2.1 KAFKAE B, HADFEART .5
RWC ¥j7hm, TREKEHS 3 K, ¥, 5 RWC
PP X IOKF (K 3) o TRFHEARM R ¥,
5 RWC ¥ 1 25 Ik T s a2 b I8 K ff i, b I8 Xt
Y G RWC PP AE R EEW(F 1),

xylem



E A N IS =

5 14 FAERRAE . PSP IRAT 4y B 5~ S K A AR B A= 2 877

96 S

z ﬁg ?Jﬁ :'j:lt)m\”m]ft A H0 —8— [ ilt- %l F1-Control B

94 - ey tTﬂH C']’)-(I'L“f- " —&— {1 5 FJ-Drought
—_ == o (,31).“"“ “]g 0.59 —»— "%t GD-Control
L9 ChdiEs rangs = —&— #-F I}t GD-Drought
@] U i
= 90 T
=4 - -0.5
= 88 =
% R -1.04
4z 86- 2
& 2 s
E 84 - 'E‘:

_K

82 i =2.07

80 - 2.54

78 - 3.0 B

0 2 4 [ 8 10 0 2 4 6 I 10
[t 1] Time (d) It} ] Time (d)

] — B B) T, AN [R) 2Bk e /R Bt =2 [|) A7 76 8 35 25 5 (P<0.05) . T,

Different letters indicate significant differences at each sampling time (P<0.05). The same below.

B 1
Fig. 1

AN MIEARE LB FEX & KE(RWC) SEARRAKSE (W, ) ¥ T R 0B §I0E 5L

Responses of leaf relative water content (RWC) and stem xylem water potential (¥, )

of Schima superba seedlings from two provenances to drought stress

HXF ¥, .. 5 RWC,PLC IR E #18 . Bk

5530 K, MW H 5 AR B IR R far 9 PLC (43 518
83% 93% ) A1t & 15 T X BEKSF (4390 Ry 23% |
30%) , RUIZEAR TR ERKE (Bl 4), ZKI
B0 K5 30 K, B ZAKEMET, AR
EARSTH PLC Z BRI AR EZEST
2.2.2 ReHAE EIKIE, AN IR R AT A
A G E B IS T8 15 REIKE 25 R
KFECES) o XF ) AR FIR B AR ff, 2K B3R 3
K, R A, G, E¥WRE 2K AR5 S
IKEIREAT, R B A, GBI S (B S) .
RS HT, ZE PSR A g o, T AR B IR R fap 1 R 1
HeA R B X UL R X i B AL LG
EF=hRBEEmM(EL),
2.2.3 AfdFiE B 6 AT, ZOK)E  wRE AR IE AR
P (R AR 25 5 i g o] S PR B (SS) TS (ST) DA J
NSC STt m, I E B TR, 5
FE IR AT AR, T AR A IR A far 25 5 AR SS ST
DL NSC 1y & s RAR, it iy ST 5 NSC & i &2
T (K 6) , A4 4 H NSC & &4} 8 F T
X} R 7K S, 33X 15 B U X iE R ST NSC K AR 25
SS.ST 1 NSC A i 52 m (£ 1) .

SKE , T AS BRI R i i B A B L A
fitt (SOD) 5 f & MR (Pro) R —F w24k, H

H1,SOD T P 8% W T i, (H TS S 2 AR T R B OK
s Pro BB AL REAG, T4 15 RIRE 2 X1 K P
(K 7). XULBAFMIEXS i Pro Al SOD 7 4= i 2%
F(R1L),

3 W54 ®

BAAAMEBEATHYEN FEMENERES
Nla) 2

AT R R R K S A K
SPRAR , ZE K TR A ZE R B B 3 T (José et al.,
2018; Romy et al., 2020) , AW A, T F M
SERTE 2 RO C W N NG iR 1 RS o
FEXT K i, ZER ke JE 1 8 W 3 T v . BeAh,
ARAE R SAL T B OB R 2R R L B
5 A7 T AR, 55 DA HL A 4 BF 5 &5 SR 25 )
(BREFIAE 20195 X555 755 ,2020) , HJE , FEACHE
O AR A LA R AL T R
T AURR B AR R S R R A BT
Wk K A3 BRI PSR R AT 06 A A B T
SR ] A7 TR 22 57, T RE S5 A Rl M G A 2
T (R AR B R I I T AR IX ) A6, 2
FEH3E 07 AE B (R — B 9K W ( Liang et al., 2019),
R G5 FPE IR K AL A 0 BE A8 S A 420 1) B S IR S
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Fig. 2 Response of leaf photosynthetic traits to drought

stress of Schima superba seedlings from two provenances

(H =55 ,2014) , 78T R a8 SRR
W JFFE Y RE 5 T O A R R R e, ) 2
G I N NN I (S A o G SR ) S e 7/ B O 2 3
(Mcdowell, 2011) , #—0 1 5 0] g 2 3 Bk YLK

R AW, T B a3 AR T A Fl
TR AT 7 ZEFIAR i o] i M | Ve by S AR 4 A 1k
WK & Pk B2, R W 5038 T AP R 4L T
IRV RS . FE A4S # B A P AR i AR Y
LG5 R KA P AR B 22, 0T 2R U i
AEZE A PRk K A & R i 2, Ui T 5 838
X8 A 235 ) B KAk S 4 1 5 e TR g L PR DR
IR A FE2E 5 (Li et al., 2018)

MY 2 5 W B 20 i 9 Y B R
I E ST OB | IF 6 B TR AR A
YEFI (Sun et al., 2020), F W% (2018) #F 55 &
B, 538 N WiAR ( Phoebe zhennan ) %1 1 Mt i 1Y
I 208 O i W 25 T v, AS B O R B S AR R
far A I 24 R 1 38 W 3 T ey AR X T R
8, TR R AR 2 g R AR P AR O P AR 3, T
PR FETEAUS XY ARG AR 5
M), 3 2 BSC 20 L ) O B ot ATk S5 A AT T (X et
al., 2010; Sun et al., 2020) , #R1M , A %) 2 1o 1
SER P AR TR o R 1) 3 1, R AR Ak B AR Il T
Bk 22 3% M4, B0 X AE ) R 45 FE (Xu et al.,
2010; XIFESF,2018) (H A WF 58 & I+ 5 i 38
ol 8 A5 Ak 0 85 AR TG 3 14 B AIK ( Zhang et al., 2017;
RIBAE2017) , AW, T R WraE Tk A i
ALY I A T I 1 S 2 ARG, AT R R K far it R
A B AR 1) 35 PR 2 D 1 B0 T R IR T
R (GRS 2004 RIS 2017)
3.2 AR ART 4) E X B J5 S Kk 0 A 28 A A0 i

TREIKSG MWK 3RS 4 MR R
A BT JE AR YK & ( Ruehr et al., 2019) , AWF
S PRSI IRA AR 7Y 25 K BB 7K 35 5 it AE X B
IKETRKIGHE 3 RIKE 2% JOKF R A~
PR AAT BB 2% 5 i B [RRE A 4K &2 7K A3 IR 38
IBEJT (Yan et al., 2017) . &K /G M A &K &=
PR, R WIAR 5T 58475 2 A7 7K 4332 i fiE 77 ( Ruehr
et al., 2019) , FHECFAIXS &K G SR, A
FIEAST R 6 3 L3 BE AR A2 3R i
J& , AT e A Y% 12 ( Duan et al., 2020) . 2% ( Yao
et al., 2020) PYAHIFE IR, AR LI, TR
PR ' R B G TR S 3 0 T A e o R
ARFa 14, 2 WA [R5 A g i 7 198 016 G 3 38 % 42 7K
(RN A 7E 25 5 o PSR IR R A i SR sS # 2=
BRI MR 3, AT g 5 LT IR A G 58—, DA
TERFR R B Fr K R AE 55 K SR BE T 23 5% )
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Table 1  Summary of two-way repeated measures ANOVA on provenances, water
and time on parameters of Schima superba seedlings
PorF X ProvenanceX ProvenanceX . ProvenanceX
Index Provenance  Water Time . Waterx Time .
value Water Time WaterXTime
M ADER T 6 & % P <0.001 0.002  <0.001 0.031 0.001 0.001 0.008
A

’ F 138.793  19.451  22.014 6.551 8.089 8.101 4.834
SILFE P <0.001 0.002  <0.001 0.020 <0.001 0.003 0.006
G,

' F 103.662  18.309  21.152 7.971 12.294 6.134 5.106
TR R P <0.001  0.001 0.020 0.019 0.139 0.022 0.037
E

F 99.300  24.287  3.865 8.198 1.994 6.251 5.055
AHXT K B P 0.007 0.004  <0.001 0.358 0.045 <0.001 0.018
RWC

F 10.499  12.564  46.168 0.915 4.507 82.032 6.533
E VNI Y& P <0.001  <0.001 <0.001 0.633 <0.001 <0.001 <0.001
‘(pw'rm

g F 38.274  27.436  276.840 0.239 11.539 276.336 12.029

ZER TR A ZE TR P 0.705  <0.001  0.915 0.948 0.216 0.695 0.746
PLC

F 0.151  280.703  0.012 0.005 1.747 0.163 0.111
=N P <0.001 <0.001 <0.001 0.975 <0.001 <0.001 0.278
Pro

F 1897.788 81.323  9.125 0.001 7.856 15.707 1.335
S AL Ak P <0.001  <0.001  0.524 <0.001 0.025 <0.001 <0.001
SOD

F 1 859.340 2 892.839  0.760 1 325.394 3.499 14.862 15.800
RIS i P 0.154  <0.001 0.012 <0.001 <0.001 <0.001 <0.001
Leaf SS

F 2313 235.704  8.805 95.891 38.968 26.530 40.469
I A P <0.001 <0.001 <0.001 <0.001 0.879 <0.001 0.021
Leaf ST

F 168.074  28.508  109.934 47.019 0.024 118.815 7.008
Iy il R e P <0.001  <0.001  <0.001 <0.001 0.002 <0.001 <0.001
Leaf NSC

F 117.125 144.797  51.528 107.082 16.007 77.658 30.023
ESnpATe P <0.001 <0.001  0.086 <0.001 0.001 0.079 <0.001
Stem SS

F 121.048 82.654  3.486 58.977 21.316 3.679 23.075
ZEVERY P <0.001  <0.001  0.430 0.219 0.001 0.777 0.003
Stem ST

F 27.200  34.107  0.666 1.682 17.804 0.084 13.381
SRR R KL A P <0.001  <0.001  0.207 <0.001 <0.001 0.356 0.001
Stem NSC

F 273.476 240.338  1.778 76.193 24.465 0.920 21.142
AR AT 5 M P <0.001  <0.001 0.238 0.002 <0.001 0.486 <0.001
Root SS

F 205.299  24.501 1.557 15.896 37.269 0.519 32.390
HRVE By P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Root ST

F 47322 780.765 286.678 130.698 237.255 152.426 173.745
HRAE LM PR IL & P <0.001  <0.001  <0.001 <0.001 <0.001 <0.001 <0.001
Root NSC

F 320.464 569.509 176.782 133.717 297.953 117.898 228.152

H. £ PE/NT 0.05 Fm BEH,

Note : Significant effect is considered when P value in the table is less than 0.05.
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Fig. 3 Response of stem water potential (¥, , ) and relative water content (RWC) of

Schima superba seedlings from two provenances to rewatering
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Stoichiometric characteristics of understory plant leaves
and soil of three forest types in Mao’ershan
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Abstract; Exploring the stoichiometric characteristics of understory plants’ leaves and soils in different forest types in
Mao’ershan can reveal the adaptation strategies of understory plants in Mao’ershan, and provide data support for forest

management. In this paper, coniferous and broad-leaved mixed forest (ZK), evergreen broad-leaved secondary forest
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(CLC) and evergreen broad-leaved forest (CL) in Mao’ershan were selected as three forest types, the leaf stoichiometry
of main plants in herb layer and shrub layer, and the soil stoichiometry under three forest types were measured and
analyzed. The results were as follows: (1) There was no significant difference in leaf C and N contents between herb
layer and shrub layer, but P and K contents in herb layer were extremely significantly higher than that in shrub layer,
and N : P was significantly lower than that in shrub layer. Plants in herb layer was more likely to be restricted by N,
plants in shrub layer was more likely to be restricted by P and the utilization efficiency of N and P were higher. There
was no significant difference in leaf stoichiometry of plants in shrub layer among different forest types, but there were
significant differences in leaf N content, C : N, C : P of plants in herb layer among different forest types. Plants in herb
layer of ZK had higher nutrient use efficiency. (2) The soil C and N contents of the three forest types showed that CL >
CLC > ZK, and there were extremely significant differences among the three forest types. The soil P content of ZK were
the highest, while that of C : P and N : P were the lowest. (3) Soil in ZK significantly affected some leaf stoichiometry
of plants in herb layer and shrub layer, while the other two forest types had no significant effect on underforest plants. To
sum up, there are significant or extremely significant differences in soil stoichiometry among different forest types in
Mao’ershan. The nutrient requirements and environmental adaptation strategies of plants in herb layer and shrub layer are
different. The soil of ZK has a strong influence on the leaf stoichiometry of understory plants, and the soil with low

decomposition efficiency of organic matter in this forest type, and the soil is limited by N due to the low decomposition

44 ¥

efficiency of organic matter, so the management of N in the mixed forest should be strengthened.

Key words: Mao’ershan, forest type, soil, herb layer, shrub layer, stoichiometric characteristics
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DL B2 [l — FR MRS TS R AR R 2 2Z R v F Ak 2F
FTHER 2255 (2) A LA W] 2R AR R 2 6] + 31k
SRR 22 55 (3) A LI AS [ ZR RIS A A2
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HEARZHEY A5 e T R e, LU
B 7R 2 XA [R] B AR 6 BUAK T AR W A4 A 25 3 N SR

W, 3 B L1 2K B R
1 MEE5 7%

1.1 R R R

A LI EZ R A RO XA T VY ARG, b
FHARFR K 110°20'—110°35" E,25°48'—25°58' N,
SR 17 008.5 hm?, W LN R 2 141.5
m, S LI R L S, L TRAE 4R T °C
Bl 23 C e fKiE-1.9 C, ISR N 16~ 18
C, KT 10 CHFRURTE 6 000 °C LA, MK E
F£2 500 mm LA b 2 DX S i I AR ORT R SR A TR
AT I ATTEIFR 300~ 1 200 m Z 7] ( 35 4 48 FIH
3R, 20025 ARJZEF,2004) , ABFSE S BUZ AR N 3
L3 N BN o N o i ol NN = L A B N
FHE LRI AR ) |, 20 M A0 H 55 AR T BA 2 RN A

JEREYI R e L AT R RE

1.2 BRUREFN AL IR 77 3%

2019 4F 8 H 78 ik 3 Fh AR MR AL S %5k
HORTEE(2019) Aoy H K AR (2000) BY 5 A5 IEE
—/~20 m x 20 m WYIGISFEHL (R 1), HRIETTHE
A EUREHL 4 A PO S A5 m x S m
()5 k&R 7, TEFE J7 T 36 R R AR 2 R R 2 56 B
BRI 2 | HE I SR A 2SR i AR W AR Sy it
ARG AR R ARG FA J R A E R )2
ALFEHEAN ARTFEAFAE T 5 m BT AR (%
2), RAEH A TR AN 5 1 H H G R E
MRS AR TR B R o B EORE S TR A
R 1Y RE S R P A e AN /DT 100 g, 4 ]
SR E M R FEHEAE N 120 C R 30 min, Z
JETE 80 C FHLT 2 1H EIFMFEE K i, 1 100 H i
PLE I R R0 B lE o

TEA ARSI 5 ASFET5 4 40 0 FH Al B
0~20 cm Y 138 B BT R A MO 0 3% 3T 4 el 5
352 KT, HR B A H A AR 45 2% s F s i L
100 H i & H

®1 EMAERFR

Table 1  Basic condition of plots
PR & i %73 35 AR A
Forest type Longitude Latitude Altitude (m) Slope (°) Canopy density
B FETR Ak ZK 110°29'37" E 25°51'46" N 865 30 0.80
Lk R AE AR CLC 110°29'16" E 25°53'06" N 1125 25 0.70
R AR CL 110°29'11" E 25°52'50" N 1113 28 0.85

1.3 Hmath

R Je R & 1 %2 135 5% (leaf carbon content,
LC) . & ( leaf nitrogen content, LN ). % ( leaf
phosphorus content, LP) FI (leaf potassium content,
LK) B9 & &, IR THE HBR A& L (LC 2 LN) (BB 1L
(LC : LP) &ML (LN : LP) FIE# 1 (LK : LP) .,
13 50 & & & I E AL 45 Bk (soil carbon content,
SC) . & (soil nitrogen content, SN) Fl % ( soil
phosphorus content, SP) W& =, Jf 115 Hk & b

1.4 RG24

i Excel 47800658 B, B4l B BT, Ry ik
JEIE A A ER AT ANOVA B3, i In (x+1) 4%
FIHARHEAT A SR RO e, i SPSS 23.0 1 F
PEAT ¢ 4555 AN B R 2K 07 2593 B (one-way ANOVA) |
FEXS AN [F) BRARE Y 1) 25 16 45 S B AT 35 TR A 56
(Duncan ¥, W K4 0.05) , {# ] Person &
BT Y R it i S IR AT A O
AT,

(SC : SN) Wikt (SC = SP) MAEBE L (SN = SP)

FR P 2 B 2145 (2023) B9 I € J7 4%, LC LN #ll

2 &R a4

SN R JC Z /M1 (£ [F Elementar Vario Macro

cube) M 5%E , LP (LK .SC F1 SP 4351 3% FH4HE6 T 1k (8
e CKHEDERE TR T RS TR AT 2 vk - AN BGE AR

SEAC IR RIE - FRBE BT L R E

2.1 AEIZHEEPHRTEYI FUFE T ERE
MG 3 FRARMRIS IR T REAJZ FFEAZ )
MR AL TR AT A R (K 3) , B ERE,
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Table 2 Dominant plants under the forest of different forest types
FEHL G TR FEAYFIR
Plot No. Understory Dominant plant species
ZKH B TR S PR B A 2 AT, I %
Herb layer of coniferous and  Lophatherum gracil, Miscanthus sinensis, Alpinia japonica
broad-leaved mixed forest
AS B T SR HE AR 2 BB A TR BT ek RE BT RN, A, R, H B R
Shrub layer of coniferous and ¥, RN
broad-leaved mixed forest Castanopsis fargesii, Dalbergia hupeana, Adinandra millettii, Litsea pseudoelongata , Viburnum
fordiae, Clerodendrum cyrtophyllum, Glochidion puberum, Ardisia crenata, Melastoma
dodecandrum , Sarcandra glabra, Rubus amphidasys, Kadsura longipedunculata
CLCH LR A R A PR AR SR B4, FVRE R, HARE S, AR
Herb layer of evergreen broad- — Notoseris macilenta, Artemisia lactiflora, Smilax riparia, Dioscorea japonica, Impatiens siculifer
leaved secondary forest
CLCS LR AR RHEAR R A, ARG, A s DU IR AL, ALY, R AL AS SRR )T PR T
Shrub layer of evergreen broad-  Phoebe bournei, Eurya loquaiana, Cornus hongkongensis, Rhododendron orbiculare, R. fortunei,
leaved secondary forest Oreocnide frutescens, Rubus kwangsiensis, Hedera nepalensis
CLH AR A IR A 2 FEAE AR 7 U
Herb layer of evergreen broad-  Fordiophyton faberi, Pellionia radicans, Tripterospermum chinense
leaved forest
CLS AR R R R BPEPARZET W B, iR, ZAE B, S hs o 1L, JEAE

Shrub layer of evergreen broad-

leaved forest

Litsea elongata, Symplocos anomala, S. sumuntia, S. ramosissima, Ficus heteromorpha,
Dichroa febrifuga, Rubus buergeri

LP LK. LC : LP FI LN : LP £ 2 M F )2 Z [6] 15
22 FEA)Z LP ALK A 2 s TR,
LC : LPFI LN : LP g (R FH#EAR)Z LC : LN &
FEMTHEARR, WEHEZBE M LN LC, LK = LP f1
LN : LKZESARE,

AT RS [ BR AR IS Y | [] — AR T 2 A
FoAsE i R AR Y 25 R R R Sk R R A bR R
ARJZHEY) LN 125 T4 TR AR (0 5 8 Sk i it
MEFALRE 5B A Z MY LC © LN
(21.953) W& E T3 4 2 Fh AR AR AL % o g
MRAET TR AR A ZAEY) LC - LP B & & T
HERRR IR AR, 3 B ARARIE AL Z (6] ) R JZ A )
AT R IE 22 AN B 3

FEHR ] — AR AR S A R R AKT 2 M Ak
ST 3 BT a5 R R S I AR & TR AR AE N
AR J2 18] 15 22 S5 8 0 385 0 4 ) b Ok A AR 1)
AJZFEY LN LP LK ¥ i 3 sl il 8 3% & T3 A
JZ,M LC : LN.LC : LP LN : LP LN : LK | & 3
Mk BETHEARZ, LC ALK : LP 76 2 M T
B 25N R E, B EIR AR AL KR 2
LN : LP W 25 TROAR R M Ha b5 22 7 A 3
2.2 AEZFRMER M L IEN F T ST

T AR TR (R 4) WOR 3 FhARAK
AR SN A1 SC Y98 CL>CLC>ZK, Hivdh SN A1 H.

Z )25 Al B 2 H AR AR SC R W 2 T I
et N (ERSTR#= 3 |  a o 1 =8 07 N T 2 o o
ZEMK SP W B 3 R T 0 Ah 2 PR AR AR AL SC - SP
FISN = SP ¥4 A £t [ TR 28 Mt S KT 73 41 2
FhARPRZEAL SC : SN 7E 3 Fh AR AR A 2 1] 2% 7 A
B,
23IMTHYMA ST EZ AHFITE4FERNE
X

HH 2% 5 AT, 8 SR R Ok AR AR o R ke
(AR R AE P I B 5 A2 T R A A OGP
KB F B E KT E RS A LP 5 SP 2 B
A, LC : LN 5 SN : SP £ B IEA X,

HRAE R 6 B Hr e 3 £ R AS M AR JZ M)
LN : LK 55 SN 2 A CHE SC = SP £ 1
FIEM S, LK : LP 5 SC : SN 2 i F M6 ; % 5
MR AREE R Z MY SN 5 LK : LP & & # 1F
I,

3 Wik L4k

3 ARZMLBEARAREEDH A UFITES
ERE R

C NP Fl K JC 2 ] 52 0 4 AL 1) A 1 ELA
ST AR EL R0, [R] AE 0 3R 5 Y 3 APl A
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Table 3 Variation in leaf stoichiometry of forest understory plants
Jeki BERARRE  RAREARRE
IEId Total herb Total shrub CLH CLS CLCH CLCS ZKH ZKS
ndex layer layer
LN (g - kg") 24.597+ 20.703+ 23.720+ 22.576% 28.049+ 21.110+ 19.721+ 19.215+
4.600 5.702 1.193ab 5.687 2.990* a 5.025%* 4.458b 6.259
LP (g - kg") 1.881+ 1.100+ 1.489+ 1.100+ 2.423+ 1.205+ 1.371+ 1.024+
0.732%%* 0.369%#%* 0.173 0.511 0.794 0.361 %** 0.178 0.279
LK (g~ kg") 20.219+ 10.466+ 10.532+ 11.750+ 30.199+ 12.271+ 13.273+ 8.335+
15.676** 4.853 %% 5.418 6.421 17.492* 4.595%* 11.194 3.257
LC (g - kgh) 404.317+ 417.817+ 403.110+ 393.937+ 395.716% 424.620+ 419.858+ 428.066+
18.552 39.225 20.119 37.496 12.816 46.684 20.934 30.424
LC : LN 17.106+ 21.800% 17.010+ 18.373+ 14.255+ 21.341+ 21.953+ 24.314+
4.068* 6.609 * 0.869b 4.463 1.772* b 6.237* 4.488a 7.394
LC:LP 240.019+ 419.338+ 272.509+ 418.449+ 179.359+ 381.564+ 308.629+ 447.376+
74.651 ** 130.071 ** 25.281a 157.011 65.237 %% b 116.968 ** 29.486a
126.177
LN : LP 13.909+ 19.451+ 16.017+ 22.164+ 12.347+ 17.997+ 14.405+ 18.781+
2.923 %% 3.784 %% 1.142 4.517 3.229* 3.202% 2.728%* 3.005*
LK : LP 10.281+ 9.896+ 6.999+ 11.107= 12.089+ 10.786+ 10.552+ 8.477+
5.705 4.507 3.098 5.278 3.447 4.780 10.244 3.767
LN : LK 1.855+ 2.394+ 2.698+ 2.399+ 1.092+ 1.910+ 2.283+ 2.743+
1.198 1.227 1.400 1.313 0.386* 0.681* 1.456 1.443

e * FORF— TR RIARJZ RIEARZ 25 W E (P<0.05) 5 ** R Al — R EARZRHEARZ 227 M B (P<0.01) . A

[Rl/ING B R A — 2 AN R AR AR Y A] 22 7 B3 (P<0.05) .

Note ; * indicates significant differences between herb layer and shrub layer in the same forest type ( P<0.05); ** indicates extremely

significant differences between herb layer and shrub layer in the same forest type (P<0.01). Different lowercase letters indicate significant

differences between different forest types of the same layer ( P<0.05).

T4 AEAHFMELBITENFTEFMENTHHE
Table 4  Variation of soil stoichiometric characteristics
of different forest types

2T
_ FRMZET Forest type
st ~ "
Index
7K CLC CL
SN (g - kg") 2.693+ 3.758+ 5.163+
0.892C 0.437B 0.747A
SP (g kg'l) 0.358+ 0.131+ 0.185+
0.089A 0.031B 0.041B
SC (g-kg') 73112+ 99.671+ 126.545+
15.193B 19.955AB 18.006A
SC : SN 29.888+ 26.659+ 24.890+
14.276 5.350 4.778
SC : SP 212.702+ 779.617+ 711.858+
65.655B 148.603A 176.914A
SN : SP 7.489+ 29.427+ 28.332+
1.270B 3.733A 2.109A

T AT ARRIRE 5 R 2R A 6 RS B 2 ) 22 S A . 3%
(P<0.01),

Note: In the same row, different uppercase letters in the table
indicate extremely significant differences in different forest types (P<
0.01).

STt AR R AR ) A 7 R A AT T ) B
HZE (AT H X5, 2014; %5 %,2019), AR5
ORI R C F il 411,067 ¢ - kg AR
TR A 2K (464 mg - ¢ ) LR =
B ZERUHE S [ nE AR B C P i (470.3
g - kg) (He et al.,2000; X J7 8% 2010) , X AJ
REZ T A BF 58 O BIF 55 00 42 AR T M0, 25 Ak
LR AE Y B A v e, BRI T AR AR
Yyt BRI AR BCRUF L, TS 30 C A7 RE 13859 .
AT R JZAVERZ MY 2 0 B Kl R R
MR, A5 AR R R A N & & (22.650
g - kg ) BIME S T BRI E M N FH &8 (20,10
mg - ¢ . AEBANEE(2007) BF5E 2R h E B AE )
AP R TRRRE, ARt F P&
HHAER -, MM C: N5 C: P#EHRE

WA N PR ROR , o] A — R A
W ERBE AL AR K B NP SR HE BRI ( F 5
T 5% ,2008) , AR R C 0 N BT 28Rk
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Table 5 Results of correlation analysis between leaf and soil stoichiometric characteristics in herb layer

FEAR Index LN LP LK LC LC : LN LC : LP LN : LP LK : LP LN : LK
ZK SN -0.841 -0.886 0.927 -0.578 0.699 0.975 -0.336 0.924 -0.986
SP -0.449 -0.999* 0.989 -0.913 0.237 0.952 0.190 0.990 -0.934

SC 0.949 0.195 -0.290 -0.273 -0.995 -0.439 0.944 -0.283 0.487

SC : SN 0.976 0.671 -0.741 0.260 -0.903 -0.838 0.641 -0.735 0.867

SC : SP 0.881 0.847 -0.895 0.512 -0.753 -0.954 0.409 -0.891 0.969

SN : SP -0.959 -0.229 0.324 0.239 0.998 0.470 -0.932 0.316 -0.518

CLC SN 0.184 0.564 0.650 -0.569 -0.296 -0.546 -0.618 0.479 -0.703
SP 0.382 0.661 0.760 -0.594 -0.469 -0.634 -0.656 0.558 -0.768

SC -0.361 0.163 -0.174 -0.489 0.178 -0.226 -0.412 -0.524 0.059

SC : SN -0.293 -0.197 -0.504 -0.008 0.240 0.141 0.073 -0.675 0.471

SC : SP -0.349 -0.305 -0.569 0.115 0.318 0.253 0.192 -0.659 0.531

SN : Sp -0.586 -0.702 -0.809 0.553 0.631 0.666 0.621 -0.596 0.754

CL SN 0.805 0.950 0.666 0.899 0.061 -0.749 -0.993 0.484 -0.543
SP 0.816 0.956 0.651 0.891 0.042 -0.762 -0.995 0.467 -0.527

SC -0.352 -0.044 0.899 0.665 0.977 0.434 -0.158 0.974 -0.956

SC : SN -0.856 -0.653 0.434 0.059 0.898 0.899 0.488 0.623 -0.567

SC : SP -0.914 -0.742 0.318 -0.066 0.837 0.947 0.593 0.520 -0.46

SN : SP -0.917 -0.996 -0.482 -0.779 0.163 0.878 0.994 -0.276 0.342

e * FoRTE 0.05 40 (XWUR) MXMREE . T,

Note: * indicates the correlation is significant at 0.05 level (double tails). The same below.

S 22,5 AR T W TR 36 1L H S R AR (39.9)
FH SREF AR (48.1) s 1 F C 0 P g T 28k 3
K (232), (H K F #7 1T K 25 1 % 2¢ ok Ak
(758.0) FUH LR EF AR (677.9) , 156 B A BF 58 X Ak
THIYIE NP R FHECRBAK (Elser et al., 20005
B B4 2010), BT N: PIRAESHRAESR
GERA AP R AL R R [ = A 25 5% IR
e iZ A — N P BEACAFRESRED
BRAICE , (R, N« P HEBAK— B ik
BEVE T 5% N BRI, )2 N = P HC (R v U] Sz e
5% P BRI BB 4% 2019) , Ik, AWFSE R,
ARZEEY N PALTHEARZ Y, Ui B A Z M)
W 552 N R A2 Y WTE S 2 P BRI,
FERT ] — BRI () AS [R] AR )2 8] 9 B 53
Breb, BT A8 4 5 A R % ) i Ok A RO B ot R
fb2Eit i A AR Bl AR R A M R C & e
ANFERZ R 22 RABE, R P OK & i i ek
S TR X AT RE 2 T R AR ) 7 4y i
AR HIETREE L2 NP T AERKME
B (KT EAE 2019 XI/NAE4AE,2020) . FEAIAY

MR JZZ 18], 5 & ] - AROR L TR 22 AR LR B
AAETE i 25 5 A I 3 T S ) i O A AR b 48
REFA T a2 7 B ERN T E, X w2l
Yk N R T30S B 38 A SO i R IR ABESE .
THYHNPR C LR FEAL SR/, HIL P TR
ARSI C 2 PS4k A AR REAS 22 R K 2 (]
W O 2 2 R, X 5T AR 4

21l ( Reich et al., 2004 ; Hedin, 2004 ) , & K # %
RUEIA A C - N .C = P i, HoA Kol e
(SRFEHSE,2016) , ARWFFE C - N.C: PHRIA
HERZ S TR Z e B AR R E 28 W i Ik A2 Ak
TR 2 e W 25 R ULV R Z At A
N F1 P A HRCR (B A K 2218 X L idd B[R]
— AR gE b AN ) AR JE A 2R BT A TR B R 4 A
g1 o L o S o R o N R N 1 7 P
B FRAE ) i R Ak 2 0 A 7R 25 R H R 8 1B 350K
S TR g I AR ARAR T AR K 2 8 Ak
THETER A ZFEAR)Z A B s 0 & 22 5,
XATREZ B T A TG T AT 25 1) KOt B A
FRHUE  REF TR TR RS R AR A, Bk
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Table 6  Results of correlation analysis between leaf and soil stoichiometric characteristics in shrub layer

87 Index LN LP LK LC LC : LN LC : LP LN : LP LK : LP LN : LK
ZK SN -0.452 -0.325 0.406 0.180 0.407 0.265 -0.403 0.922 —0.998*
SP 0.064 0.202 0.815 -0.345 -0.115 -0.263 -0.812 0.597 -0.825
SC 0.978 0.940 0.457 -0.879 -0.967 -0.917 -0.461 -0.880 0.677
SC : SN 0.733 0.632 -0.065 -0.510 -0.698 -0.582 0.061 —-0.999* 0.959
SC : SP 0.522 0.398 -0.333 -0.258 -0.478 -0.340 0.329 -0.950 1.000 **
SN : SP -0.971 -0.928 -0.426 0.862 0.957 0.903 0.429 0.896 -0.703
CLC SN 0.674 0.091 -0.480 -0.556 -0.696 -0.228 0.510 -0.453 0.611
SP 0.787 0.265 -0.480 -0.505 -0.768 -0.393 0.398 -0.563 0.655
SC -0.158 -0.168 -0.064 -0.337 0.012 0.082 0.085 0.045 -0.018
SC : SN -0.538 -0.074 0.322 0.181 0.471 0.115 -0.388 0.306 -0.445
SC : SP -0.629 -0.129 0.390 0.266 0.568 0.194 -0.404 0.400 -0.527
SN : Sp -0.878 -0.422 0.489 0.434 0.816 0.539 -0.281 0.673 -0.694
CL SN -0.463 -0.504 0.336 -0.504 0.421 0.478 0.474 0.892* -0.675
SP -0.641 -0.629 0.182 -0.652 0.590 0.605 0.532 0.834 -0.584
SC 0.677 0.456 0.707 0.327 -0.684 -0.444 -0.094 0.409 -0.449
SC : SN 0.814 0.687 0.258 0.593 -0.788 -0.66 -0.409 -0.355 0.170
SC : SP 0.845 0.730 0.208 0.664 -0.810 -0.703 -0.471 -0.460 0.241
SN : SP 0.830 0.758 0.062 0.764 -0.778 -0.738 -0.580 -0.670 0.390

e o+ RARTE 0.01 Kl (BB ) M,

Note: ** indicates the correlation is significant at 0.01 level (double tails).

5 B0k A 2R 5 43 R FH R

FERT [R]— R 2 A [F) 2R AR 2 780 ] AR Al 0 0
R R T 3 SRR AL B TE K 2 2Z RIS
e 22 5, UL W AS [R) R PR B I HE KR 2 A )
XA B R . I ERRF & gt
UMK TSI 2R NP K &,
[P 2:E 0 N w7 W LR A o8 S = 5 N
TR B8 AR BURY 9 R 1 2 R T AR A 4 P e R
KONMEHEFEENY NP KSE, A C: N
FIC = PEOAE— 5 BB T8 S LA 4 % 78 5 1 R
ROR (JRAMERGSE 2019, EURE B4 2023) ;TS 5%
55 (2000) TA M AP 7E 37 53 70 2 AL AN A2 83 6 7
TH LT 23 R B SR I 57 4 R RIOR ; A&
WFoE b B RS 2 MARZ D B C 2 NI
C: P F 05 4 2 Bl AR AR, 136 B £ I TR 58 Ak
MR ALY A = 55 5 R ROR 456 3 i
S5 WIR TR 6 2 N BRI, i T B0 AR
MR T AR 552 20 R RCR B =
32 ARFMERZKTELZHESTHNER

C.N.P 2 HHEFNM EEA UC R, BT

HEBRGERE T ) (CRFTHESE,2019) s ABF5E 3
FhERIZRARAY SN A SC # B8 CL>CLC>ZK, # 4f
FE AR A C N 5 H R TR AR A B e T
17 f5F0 1.9 %, F2EH 8 C N & B2ORET
R ARG T 0 J2 ) o b SE R B &t i it
MM - 580500 |, e - 9% AR P R TR ) 2 HL AT R
PO AT e R L R FR 4y, BT [ VR A8 A A A I AR e
SRR ST B AR AR, I 3E 3819 37 4520, 9 HL AR
EERAL S8 T W 43 fRME , 5 0 RETIUE 1% (K PH 2% 4
44,2007 KIGRTAE 2019), HHE P EE R i
TR S PR S 3 35 T 5 A 2 P AR RS R i PR 2+
P FEORIE T A A0, FEZ BB,
AT DS R AR TAE L

T4 C NP b2z it o LnT e e - E Rl N P
JCE WA T, T 7000 A e S AT A
ﬁ‘%ﬁ%('ﬁan et al., 2010) 43 C - N BERE s
+4 C N EFRNTAPROL, WRE B N TR
WALRE ST (IR ,2013) o ARWF5EH 3 PR AL
[ SC = SN 7E 24.890 ~29.888 Z [a] , fi Ik 22 7 A i
= UITE RIS A b R, R C N Y
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LU REPRIFAR AR E 53 RIS TAY SC « SN R
S ZK>CLC>CL B4 T2k EKF(12.4) , %
W] 3 PSRRI T 50 (b R 3 A8 B TR AC
MR LT A SCRAE 3 PR MR b iRl 14
C @ P J& R IR AE R 7 UL SO + 3 3R 5
IR P RBESI M EEARAE, 1 C: P 5HIEP
WAk 3 B L (AR BK B A, 2013 22 AR K AR,
2018) ;3 FRFRARIERL SC : SP B8 CLC>CL>ZK, %
B RS AR T3 P 0 b SCRE =& i, X ]
REET FTR S A SP sy T At 2 A AR AR AL 1 Ji7
H2Z—, £HEN: P LU N P & bl R 575
PEZS 5, DT B E % 3% 0 BR ) 7K P (oK 81 55,
2019) ; Bui #1 Henderson (2013 ) #F 5% & ¥, + 4%
N : P/NT 10 B, R332 5] N R, A5 bt e R
PRI HIEN - P {4 7.489 /KT Bui A1 Henderson
(2013) WS PR3 N« P {E(10) , KT Tian 4
(2010) WY 4 [E H I35 N 2 P {H(8), BT X
FRARET -4 N S ARG, A A K 52 N FR il
SN, AL AT A N R b g AU R R
SR A K
33 MR E5XEAEITESMEENZmE R
AR R F P IR e on R B & = = AR
54 BErh S B UM OC O e 55,2019, TUAS 55,
2023) s AHEGEH, TRl — R R FRAR AN AR T 2 A
M 5 AT A G EAAAE 25 7, A2 A
KEHEY RS B A SPELE 3 FhaRbk
e B AR PR B 3 Fh AR AR SRR TR
MR X ARR 2 A Py b 2E T A S e 5 R
SERZ T 2t o P Y A BACRT B 4 o] B K e A 2 P
Rz B PR N B 3 X 0T RE S i T R
TR C N it B F T 5340 2 PR MRS
U o S R N RO A 07 NI A B 7 =8 NS ]
B L% 8] P YR A MR R 2t i) P bR TR AR X S Y
EIERE M E P P T A K A, DR AR R B
JEFHEARZ R A K ma N

SE Mk :
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O NI R T DUR B GUE W 6 R (R R B AR A KO B e R R B W 5T LA AR AR B IO
( Podocarpus macrophyllus ) 45115 iR 58 Al , SR FH 1.9 1E A2 a6 44 1l 8 1 18 A0 S0l 0 % 43 /K S8 B, i FH s
FEFAR IR AT 125 F1 Biolog-ECO fCF AR VAR I AN 7] 4 558 FUWE A 55 43 /K 7 X6 B ORI A= ) i RO e % 22 ek
FICXT 6 PR i A PR AE . 25 53R . (1) BN &2 0 35 I, - HE41 B8 ( P<0.05) Fl £k B 2L i ( P<
0.001) J8/> , B ( P<0.001) B A 5 (P<0.01) B840, Mk WY& 1Y Pielou T80 ( P<0.001) [
{% , Simpson 5% ( P<0.05) Fil McIntosh 1540 ( P<0.001) F& , MM B T B0 A By 3F 6 R 95 B9 A1 FH 58
B I o )RR UR e 2 (P<0.001) JRTR (P<0.001) A H(P<0.001) K HAbAL G4 (P<0.001) 1Y F]
FORE B REAR, (2) BEA I A3 i 2 B AR T 3R V& 19 Shannon 848 ( P<0.05) . (3) £
I G R T IR PRV 1 Shannon 58 BUFN Pielou 18 808 G2 W HE 7 4 ik /K AL & 4 i B TR
(P<0.01) PHZE 5 F FHBR IR BY5R BE . &8 10T, G008 0 R 480 8 i 2 532 i) 280 L A8 = il 2k W VR T RE 2 Ak
W EZRE R, ED DU E B R B i 2 R, BEAR U 80 A s I 38 Y48 = sk s i, DUR iF 2 1
PAT A BT R R E % WF 58 PSR 0 04 1 E  50 DURA Tt A B A5 v B 1 T R A 4l

KEIF: L9 IESCIAE, Biolog-ECO, B UUMHGAE, fili A, A Wi Dife 2 Fe

FESES . Q948.12 XkERIRAD . A XEHE: 1000-3142(2024)05-0895-12

Effects of nitrogen, phosphorus and potassium additions
on functional diversity of soil microorganisms
in Podocarpus macrophyllus

LIN Ting', ZHAO Lijun'”, ZHU Ligiong’, HUANG Xiangling', WEI Guoyu’

(1. College of Forestry, Guangxi University, Nangning 530004, China; 2. Guangxi Vocational University of Agriculture ,
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Abstract ;: The purpose of the study was to characterize the response, as well as the regularitity of soil microorganisms in

Podocarpus macrophyllus to different levels of nitrogen (N), phosphorus (P), and potassium (K). Using two-year old
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P. macrophyllus seedlings as the test species, the researchers controlled the gradients of N, P and K nutrient levels using
the L9 orthogonal test in the potted soil. The dilution plate coating method and Biolog-ECO microplate method were used
to explore the effects of different soil nutrient levels on the amount and community diversity of P. macrophyllus soil
microorganisms and their utilization characteristics of six carbon sources. The results were as follows: (1) The number of
soil bacteria (P<0.05) and actinomycetes (P<0.001) decreased while the number of fungi (P<0.001) and nitrogen-
fixing bacteria (P<0.01) increased significantly when different levels of N were added. Additionally, the Pielou index
(P<0.001) of the soil microbial community decreased, and the Simpson index (P<0.05) and Mclntosh index (P<
0.001) increased with increasing N addition. This reduced the intensity of utilization of six carbon sources by soil
microorganisms, especially the intensity of utilization of difficult carbon sources such as amines (P<0.001), carboxylic
acids (P<0.001), polymers (P<0.001) and other compounds ( P<0.001). (2) The increase in P addition significantly
reduced the Shannon index of soil microbial community (P<0.05). (3) The increase in K addition significantly reduced
the Shannon index (P<0.05) and Pielou index ( P<0.05) of the soil microbial community and the intensity of utilization
of two easily available carbon sources, carbohydrates (P <0.001) and amino acids ( P<0.01), by the microbial
community. In conclusion, N addition and K addition are the main factors affecting the functional diversity of soil
microbial communities of P. macrophyllus. Attention should be paid to the cultivation of P. macrophyllus by applying
fertilizer in small amounts and multiple times, reducing the addition of N and K, and appropriately increasing the
addition of P to promote the growth of P. macrophyllus and its sustainable cultivation.

Key words: 19 orthogonal test, Biolog-ECO, Podocarpus macrophyllus, fertilization, carbon source utilization,
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microbial community functional diversity

B ( Podocarpus macrophyllus ) & % ¥ Bl
( Podocarpaceae ) & X KA J& ( Podocarpus ) I8 Z24F- A%
EREF IR, A TR TR EH VL L 1 &4 X
(Mill, 2003) ,#%) iz T R AR Eg Ak | 75005 i 2=
2ydll, BA B B 2 T8 O (8 (il 45 2023)
UTARER  BEE NATTAE S K RO 32 e, % DUR f 5
HORBZ UGN, BN E R G218, H 5 ZARA I [5]
AREREFRM (Dickie, 2011) , B2t LA H AE {2
R DURA B AR AR A 4 S 1 5% N ] 30 o G
AR R T e A m B L,

TREAAL AT LA i B AR A 4 32T 3 g,
i Xof - SEARA Wy ) R i e A 4 A B AT R )
AR (2% 5 ,2021) o HIERUEWE N L34
ARG B U R e T B A T 43 ( Bardgett et
al., 2005) , 7EAR KB BE b ok 5E T 9 BT 10 B4 B4 DR
1%, e — B B b e i £ IR ( Kramer et al.
2013) , AL45A HILT 14 53 fife I TRT B0 5 1) 1455 I E
71 (Cusack et al., 2011) FEEHR AW E RS E
FAEH ( Hemkemeyer et al., 2021), T3/
X i AR 40 ) D i R v R A8 S 109 JB e
FRARFE PP 3R S R Gt MY AR A
(Yang et al., 2013) , WFFERM, -3 h A 41 5%
SRR INAE W R S Y IR EY &
(Jangid et al., 2008; Li et al., 2015) fHAH L+

£ ( Kracmarova et al., 2020) .35 B €6, 4% 44 3R K
HX e IR A IS8 (Jiang et al., 2019)

LRI, A G F% 43 U I X 27 BURs + 3  AE W
7% DIRE 2 FE I Ry S e B 5T & A UL, S B AN TR
RBEHR AN TE R DU RS & T I ROR I
RBEH Y e A &, A WE ARG VP R e bk
Be B oF BT S 3 | >R ] L9 1E iR 56 i i1 (Jiang et
al., 2021) Fi BEF- AR % A1 72 A1 Biolog-ECO P-4
P (BOM ¥, 20195 & 7 4F 4§, 20225 Ochieno,
2022) XA ] U B1 S Ak BN A AR W TR
B UE A TG P AT BE ST, DR 456 L9 22 40 #r
TUAYTHT (redundancy analysis, RDA ) AL 7Y 3¢ B
M7 ( canonical correlation analysis, CCA) Xf + 37
A WIREE DI RE 2 MR PR R AT 20 A, DU RCZE 0 Y
£ B2 S B DU i NE S 8 4P S BB AR

IS

1.1 iR I LR

F WL VAR s Rl S =l T IEl NEE SS A N
EBEH AR AL L (108°127 E, 22°50' N) , /B
WA B WA, e 4F H BT 2, AR 4
21.8 C, W& 24 1 350 mm, F ¥ 4 X 18
JE76%
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1.2 iR &

AR R FH 2 AR, DL 4F AR B DR S Ak
iR AL, FH R R S0 em, I HIAE 0.5 em, FAR
FHAE 45 em, N4 20 em, MR 13 0 FE AR AE
+ 5P 1 LIRA, A LN BT
H U A IR AU A X 3R M T B 2 RE R Y B2
M, 2018 4F 3 J R4 + 8 ke, A —Hk, RH
L9 IEAZ IR 511 (Jiang et al., 2021) , ¥ A BEER Us
AU E 3 A KRR, RN AR 1S NEE
BIAINEHIR R (N=46% ) , B8 i3k FH i w2 4%
(P,05=12%) Bl ik FHEALH (K,0=60%) ,
BUAHERIE , KAk S R R 1 PRI EIR A
Je BT AR R AR AT AN K 3 RUE B A
FIIEH A, 2018 4F 7 H i & bk 5 A2, B 0 ~
20 em J2EE L B S B A A A BRI A
Z5 A ERIE 3 AR AR R, R A
pH {E A HLIR 4 0. 2, 280 0l il & 35
B R 4 S 7.5 il 23.540,0.850 0. 336,
12.680.0.110,0.007 .0.054 ¢ - kg,

1.3 TEREEWHR . RONE

+ e A W) B Bk ( microbial carbon, MBC) ik
H: W A ( microbial nitrogen, MBN) 5% F G {7 B2 2%
£ (Kononen et al., 2018) M . FRHL 10 g Hrfef £
FET 27 C .65%10 B I FRAA NG 57 24 h J5 U
BHTEB S S TS R B A A
10 mL &45 B9 /NVEEAR Il — S %A 50 mL Fi NaOH
VTR /N BE R, L 25 58 il B A i S 05 T 2 1 S
min J5 M, T 25 C R A S 9% 24 h, X R
FAREZEA I, B SRS AT 50 mL
0.5 mol + L K,SO, &, 7850 IR % Jo b U8, V8 Vi V%
S BRI TOC A0 5 B 2k o A= o e R, 3T
BT,

B, = E. - Eo;

KEC
E\ - EI
B, = .
Kpy

K. B AW Rk £, N R
R BN AR TEZERE I SUE W ik s K N G4 R AL
0.40; B, AW &8 A E, 0 B2 A P i A
E AR BRI S A K NI 240 0.45,
1.4 TIEMEMHENTE

AR Wy T R FH A RE ST A U A vk DU
52, B 40 ( bacterium ) | EL I (fungus) 4k

F1 EXRABEITE

Table 1  Orthogonal test design table
Froy U
b3 Nutrient supplementation
Treatment N P,0, K,0
(g-ke") (g kg") (g-kg")
A 0.070 0.035 0.040
B 0.070 0.070 0.080
C 0.070 0.140 0.160
D 0.140 0.035 0.080
E 0.140 0.070 0.160
F 0.140 0.140 0.040
G 0.280 0.035 0.160
H 0.280 0.070 0.080
1 0.280 0.140 0.040
CK 0 0 0

I ( antiobacteria, ACT ) I [# % & ( nitrogen-fixing
bacterium ,NFB) W& . 40 5 H] A= B 25 1 PR B
FRHEEEE TR AR S G 1 SR AR IR R
LT IRHE % R I ] 20T ] T 8 e B s s 7 Ak
Bigk, MWREFR 1~2d, HIH3~5 d, [H%AE 4~5
d, BT 5~7 d, 35 FR45 05 B F-pit 4k
1.5 TEMEY IS HENNE

{8 ] Biolog-ECO VA ik I 5 4 J G A= W i
TEUIREZREE . K 10 ¢ ELARERAY B fin A KB A
PR AEFER K b 78 o0 R T, B b 2 T WO R A 2
107 1Y T B W 5 42 Fh 2] Biolog A= AR, & T 25
CREEAM T REIR, BRI FA 24 b HBUCEY A 3h %
EAX FI5E 590 nm Fl 720 nm B9 GAE . I %E 5¢
JD W S0t g A e 1 T R R 3 R A
(average well color development, AWCD) , f§15 3%
Fa %€ J5 43 3313 Shannon index ( H) . Simpson index
(D) Mclntosh index (U) #1 Pielou index (E) , PEAY
TSR YR R WAL R R R A
SR (RMMES 2013) . HHEARWR,

H=-YP,XxIn(P,);

D=1-%(P,)*;

sz/(zNiz);
H

=g
AWCD=[ X (C,-R) ]/31,
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K. €0 31 D IRIEFLOEAE ; R S X B AL
W IEAH s P, AR FLWEAA bR DL BT LAY B 1A N,
5 i AL AR RO 5 S Sy AR A P S
1.6 BS F 2 B E

ok v AT FH B R 5 M A28 o8 D U A R RO
1.7 Gt #r

K Excel 2010 Xf R a5 8 AT B 1 5 48 1t
FIH SPSS 21.0 #E4T Turkey #8623 #7, ] Origin
2021 il &,

2 R E M

2.1 AEIEBRMAKENT NRTIEREDS

HH P 1 AT, 3% 4 WS hn Ak 38X 4 3% MBC
MBN MBC/MBN 520 i} 2 | 33 43 U5 fin &b 384 0 2
XTI (CK) A3l E 2 AT B IR £ R
A= B TR B R A A B L 4k B LR
R, R AR RGEE T 107 ,10°,10% 10°, B
iy 18 B 20 B B AR, o5 R A W B
1) 80% LA b, FeWR M IR N 15% ~20% , LT
o] S PR 5 AR X AN, RO a2 L, AR
SR R B RN ) BB B R 4 KO I s e R
ZEFRK, HT 5 1 B B R A ) A A R O
ACEGRIN T 2 3 T RRALEE . IR 3 af s, +
B MBC #5845 B (P) BN T (8 e K, BERA 41
MBC % P @S nsZ e R (A, & (N) B hn 5 8
(K) By 2 m B BEAH X . MBN 32 3% N %5 fin A
K A RZ 00 55K, PO s2 i de 7, N x4
B S A K, HL Ol PRI, K B e/, N
I 0K 2 B TR R R TR R T e K, PR I
K RIS /N, ol Zus AT, BRI S, 2 3
113 MBC 5 MBN 52 A [R5 40 4%, Horb P s
FERZI MBC B EZER 7,1 N BSIAT K3 i )2
B A3 MBN [ £ 2520 A
22 AEEBEEHAMAKENT VR TIEREDS
HERE

FH % 2 FIAL, S5 IR b g, RO A0 TN B R
7B U L 85 A= 9 Shannon 4§ %1 | Simpson 48
%0 MecIntosh $8%% . Pielou 584k, A& 4 7 A1, 7514
YRR 4 TUAR FR v, R 6] 352 4 B8 k) + 4%
Tk W R m RR R OR [Rl, NP LK WS ¥y R
Shannon 8 $GE 288 K52 wAE R, B T EH K

() N A1 P, K B T {E /N, £ Simpson
T8 20 FN Mclntosh FEECHE AR b, N SNy T (5K,
PRI K WA T {E /N, 7T Z 0% A1t 7E Pielou
FEBFE R N P UK TS 040 R $) A KA 5 e
YEF, o T (R NI, Hok o PR,
/N KB,
23 AEIABEER R MK T T IR TR E B
A ERRIE R AT

FHIE S AT A, F2 50 K10 AWCD 7E55 5% 24 h
JE AP ISR, 7ERE 7 120 h % Biolog Y Ui
MR B TR g, A AbBE 5 28 + R Wik
WA 835 T H A AL B Biolog -4t 45 96
AL, 3 31 e A R H: e IR Ak 2 3R AT B 4
16 2, BNEZE (amines) FRIRZE (carboxylic acids,
CAA) . Z E W 2& (polymers ) | ik Ktk & ¥ 2%
(carbohydrate) (A FRIS (amino acids, AMA) L)}
HA A9 (other compounds, OC) ., H K 6 A %I,
A KR A HEFR 437K T S A 0 6 T A B VR 1 R
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Different capital letters indicate different experimental treatments, and different lowercase letters indicate significant differences between

treatments (P<0.05). The same below.
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Fig. 3 Polar difference of soil nutrient levels on soil microbial load
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Table 2 Microbial diversity indices of Podocarpus macrophyllus soils with different nutrient levels of N, P and K

by Shannon $§ %% Simpson 54X MelIntosh $5§ %% Pielou 18%k

Treatment Shannon index Simpson index MclIntosh index Pielou index
A 0.753+0.345a 0.978+0.006h 0.985+0.357¢ 0.024+0.003a
B 0.569+0.201bc 0.983+0.002b 0.904+0.339¢ 0.018+0.001a
C 0.552+0.208¢ 0.990+0.003a 0.964+0.214¢ 0.018+0.009ab
D 0.608+0.293h 0.993+0.001a 1.081+0.073¢ 0.020+0.006a
E 0.375+0.098e 0.998+0.003a 0.997+0.21¢c 0.012+0.004b
F 0.483+0.137d 0.999+0.004a 1.035+0.242¢ 0.016+0.007ab
G 0.557+0.101¢ 0.997+0.011a 1.357+0.266b 0.008+0.005¢
H 0.589+0.104bc 0.995+0.007a 1.563+0.146a 0.009+0.001¢
I 0.497+0.154d 0.991+0.009a 1.641+0.236a 0.016+0.004ab
CK 0.303+0.245¢ 0.904+0.014d 0.721+0.124d 0.010+0.005¢

I ARIRE TR A R A B, R F)/NG TR AL 31 A 25 5 .35 (P<0.05) o

Note: Different capital letters indicate different experimental treatments, and different lowercase letters indicate significant differences

between treatments ( P<0.05).
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Table 3 Effects of soil nutrient level on height and

ground diameter increment of Podocarpus macrophyllus

2 g L b 42 Jii L
Trgjim ) Pﬁfr’:’ }i:‘lill Gro%lffj?aieter
increment ( HI) increment ( DI)
A 19.29+2.33 2.18+0.25
B 23.92+1.42 2.56+0.25
C 25.65+2.27 2.38+0.24
D 23.03+3.04 2.61+£0.30
E 19.73+3.29 2.09+0.15
F 26.97+2.35 2.64£0.22
G 15.67+2.07 1.96+0.27
H 21.11+3.40 1.94+0.12
I 17.79+2.62 2.04+0.14
CK 14.03+3.00 1.54+0.12
NT 3.79 0.50
PT 3.20 0.16
KT 2.11 0.30

. NT PT KT 2350378 B UM 1o R AR 38 ek Al 22
Note: NT, PT, KT denote extreme differences in the increments
of height and ground diameter of Podocarpus macrophyllus

respectively.
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Abstract: In order to grasp the spatiotemporal variation characteristics and driving mechanism of vegetation ecological
quality in Guangxi, based on multi-source data such as meteorology, terrain, soil and remote sensing, and using the
ecological quality index (EQI) as an evaluation indicator, linear trend analysis, correlation analysis and geographical
detector method were used to analyze the spatiotemporal variation and driving mechanisms from 2000 to 2020. The results
were as follows: (1) Since 2000, the vegetation EQI of Guangxi had significantly increased, and the regional vegetation
ecology had improved significantly. The development of vegetation ecological quality had experienced stages of slow
growth, rapid growth and significant improvement. In terms of space, the vegetation EQI in Guangxi showed a
characteristic of high in four directions and low in the middle, with the high-value areas gradually expanding from the
east to the west and north. (2) The influencing factors of spatiotemporal evolution of vegetation ecological quality in
Guangxi were significantly different. The overall change of vegetation ecological quality at different altitudes showed a
trend of ‘increase—decrease—stability—fluctuation’ . The vegetation ecological quality in different soil types was high in
loam soil and low in sandy soil. The ecological quality of forest and shrub-grass was high, and the ecological quality of
farmland vegetation was low. There was a significant positive correlation between vegetation ecological quality and climate
driving factors, which was affected by both temperature and precipitation. The area mainly driven by temperature (T)
was the widest, followed by the area mainly driven by precipitation (P). The areas driven strongly ([ T+P]") and
weakly ([T+P]") by temperature and precipitation were smaller. (3) The driving force of changes in vegetation
ecological quality change of Guangxi was affected by terrain, soil, vegetation, climate, natural disasters and human
activities. The order of explanatory power of natural influencing factors was vegetation > terrain > soil > climate, in
which the vegetation net primary productivity and vegetation coverage were the most important factors affecting the
spatiotemporal variation of vegetation ecological quality. The effects of natural factors on vegetation ecological quality in
Guangxi was interactive, showing a nonlinear enhancement and two-factor enhancement relationship, and the interaction
between terrain and vegetation, soil and vegetation, and climate and vegetation were the most obvious. Natural disasters
and human activities aggravated the impact of vegetation ecological quality change. Among them, meteorological disasters
such as drought and low temperature damage inhibited the improvement of vegetation ecological quality, while human
activities such as forestry ecological engineering promoted the improvement of vegetation ecological quality. The research
results provide a scientific theoretical reference and technical support for making reasonable measures of vegetation
ecological protection and restoration in Guangxi.

Key words; vegetation ecological quality, temporal and spatial evolution, driving force, remote sensing, Guangxi
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Fig. 1 Variation of vegetation ecological quality index in Guangxi from 2000 to 2020
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Fig. 3 Spatial variation trend (A) and significance test (B) of vegetation ecological quality in Guangxi from 2000 to 2020
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Table 1  Variation of vegetation ecological quality index of different vegetation types in Guangxi from 2000 to 2020
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Fig. 7 Variation trend of annual average temperature and annual precipitation in Guangxi from 2000 to 2020
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Table 2 Climate-driven zoning index of vegetation

ecological quality change in Guangxi
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Note: R, is the T-significance test of the partial correlation
between vegetation ecological quality and temperature; R, is the T-
significance test of the partial correlation between vegetation
ecological quality and precipitation; R, is the F-significance test of
the compound correlation between vegetation ecological quality and

temperature and precipitation.
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0.118 0) A HAE K Z., 34 figt B 71 10% ~
50% ; K B 5 R (¢ =0.072 2) 1958 B AE F 5
59, PRSI/ T 10%

3

T A FIPEA F6 A 04 4 B A 285 5 e i 25 ARk
FRIEAFFEZE ST o ASHIF T 0 16 3 14 e 7 o e
R 7= 7 S ) R 1 A 25 5 4R AR (EQL) T
WrA8 bR, WF 5 45 3 2 1, 2000—2020 4 ) 74 AH Bt
EQI e a3, #i#k A= 25 B oo 5, ik 5 4 | %
DA B 25 6 A A T 4R 40 QL (B #8 5F,2020) 1R
PR G5 AR . 5 DI B NPP S Ff 48
B B VARG 25 SRS ME AT (8 2% ¥ 55, 2014 5 8 4G 4
2017 ; BE/NAEAF 2019 ), 3 B R A O AR 3
MR A S R ONMECR T g M p o A 5 i
JEE DS AE 5 A 1 D R B R R A 7 ) R AE IR R T
R SR A 25 e 7 ol A 250 A i A0 1) DA 22 3%
TUERAE N TEA 35 Ao 04 R Bk 7 55 B8 R AE, DA b A
(R ARL DY 255 A 25 U St A5 78 T A e A 2 IO o ) 28
OYARRAE , 25 B AR IR O A T, b, R
W LS R Bow , T VAR AR A T e B A AR R
)2 ) S S, EQT 2 B DU J&E & | Hh IR A AR AiE , X
SRS X R S R (FRARZE 2017 e
2021) FEHBE NPP (R K55, 2017 ; BE/NA 55, 2019)
YRS SR A — 2, BB RFJE S )P B 2 JE
IR B B R AT 2 DIAH G . EQT LAAE B 7
AR ARRAF R B AL S DI RE, A NPP R AF A B
AR DIRE , WG A EE R ER0RT DA A 5 L X R
RS IEAT IR L, X TR M E S R
5 570 b 358 25 S W S 1 e AN () b DXL A AR B 1Y
T I (R W R 55 B RAR B NPP A4 R 5 A R 45
SHR AT AT,

L A A5 0T 1 2 B R4 K N2 315 T
W, TR UL RO g R R b A AR 5 K
2 B AIG AR PR T 35 R RN AR AR B i (G D A,
2012) , 41 2008 4K IR W 55 UK %R K FE S8R
ARG S, AR Z B E W (AU
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Table 3 ¢ values of single impact factor
K T ik N
B Terrain Soil Vegetation Climate
Period
X, X, X, X, X, X, X, X, X,
2000—2005 0.350 8 0.5325 0.070 6 0.047 5 0.188 5 0.765 2 0.814 4 0.016 2 0.037 5
2006—2010 0.251 1 0.472 0 0.065 5 0.046 0 0.249 1 0.769 8 0.827 4 0.014 7 0.014 8
2011—2015 0.221 8 0.444 6 0.052 8 0.049 2 0.254 0 0.772 4 0.8515 0.009 0 0.007 1
2016—2020 0.246 5 0.465 7 0.055 4 0.048 1 0.291 7 0.806 0 0.895 6 0.011 0 0.014 1
FEXIH Average 0.267 6 0.478 7 0.061 1 0.047 7 0.245 8 0.778 3 0.847 2 0.012 7 0.018 4
%4 PRETEEEAqHE
Table4 ¢ values of interaction impact factors
Iig@iﬁ X, X, X, X, X, X, X, X, X,

X, 0.267 6

X, 0.483 9 0.478 7

X, 0.313 4 0.5157 0.061 1

X, 0.363 3* 0.523 1 0.118 0* 0.047 7

X 0.418 9 0.564 0 0.289 1 0.281 9 0.245 8

X 0.789 1 0.804 9 0.784 9 0.784 8 0.791 7 0.778 3

X, 0.875 0 0.884 3 0.852 3 0.852 0 0.863 2 0.928 8 0.847 2

X 0.320 5* 0.515 4* 0.095 5% 0.069 2* 0.266 4* 0.782 8 0.851 6 0.012 7

X, 0.335 6% 0.518 9* 0.093 7% 0.083 6* 0.268 8* 0.786 1 0.861 1 0.072 2% 0.018 4

T = AURARR IR SC R T = AR TR R

Note: * represents a non-linear enhancement relationship; no * represents a two-factor enhancement relationship.

45 2008) , AHESE & B 2000—2010 4 ) P4 AH B
EQI #AI%, 7T fE it PR 2 £ 3 I [3] 2004 ,2005 ,2006
2009 4F )P X 3k 1 7 (RN 45, 2019 ) |, T
SR A 2% B2 RN A= 57 3 WAV S5 i) 4 A 2 T it
WS R 5 PR IAG AT, A, N0 3%t
B EQI Mgt AT Z4, B 1999 4F LIk, [
FR St 22 T 3R B 38 MRORN 7 AL A B TRE , 388 Jin X
MREFE AR IR (B4 2014) , IOl B2
BN L A TR AR A TR T e D A A R F)
TR EEROR 2012 4R P A Ak D T AR TE 4
8 AEALE X h i £, & X M E KL
61.4% B 4 E 8 = (¥ SCHE%,2013) , AT L,
NS SN T R 5 R AR T T R R e
HETTCE AR AR A T, A ST A R AR AR RN

SN R T 0, i ALk 3 | 17 A4 F A B ol A
NF 0, AR D, 2013 45 ) PEAEBE EQI JF 4f Bk B
AR RS ek, X UL g AR AR
TR TR AR N, e T TR AR/ | A 4 28 L 2 ] 3 A7
TEME G A8 A0, B8R FR S PR, AE w28 A AR AL
JE PR AT 68 5 1 51 A Ak v B IR B AR R I
Ak R e B BRI B 5 BOBE
g > A 57 S A 55 TS5 BB b 2 5 4
JRIH A I, ARBFIEAT 2000—2020 4E T 74 4% By B
P A A A A 1 TR 3K 8l ) A7 45800, 25 SR b 3k
AL TE | 48 S 52 ) R o) A 2E A o £ ) 23
O3S T 0 38 A0 U T AR R e DR e R
TB G L N RIS S FRAC T P | 4 R
fige %o L A 2 B A ] S s e, PR ROk
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PRSI N E EH IR ARKE O ANKNE
SO B A 52 R I % R 2 R | AR I P 2
[ B U RV T, N B A | 22 48 2R 904 PR X A
B A A (R R ), A PR AR A S R 5B
=Kty

MY | 38 AR A X AR B A S Y 5 ) A7
ERKNSEZES, X FHEmE, HEE T &
TR W S 2 AR 3 e K PR A 3 A% 1 S A
PAER (XBIEANEE,2020) . AHFSE LI, RS i<
400 m B FE <25° () IX 48, EQI AR H. % sh b5, nT
A R 2 0% X B o N 280 2l % 4R XN KT B
2, [R) I H 2 DX 1 T A g Ao 0 by, A
FARURTRE , A H ] 8 | ARG A8 R a5 v, A
M EQL A2 Ak AL W I | 47 %8 1 55 (2021) XJ T P4 #h [X.
FEHE NDVI B2 A2 A0 RRAE A9 B 90 b 45 10 A L 45
., 76 1 600 m<iH <2 000 m,60° <3 <80° fiY)
DX 38, EQI i vy i 0 3% B U 3 1 3ok, T BB 55 9%
DX 355 ) b 550 A O, 2% DX 3 3 A 455 W AT R R L
Fr [ PR A b 30 I 78 e T b 30 RS o L X A
B I R WEAR N F EQT MBI, Ll Bl LA
A AN N F L EQL MR R &, AN R L
SRy LU T iy, 39 B K, 22 B B 2 0 A, B
KK LR, S8 EQI B E MR 2, D I,
H T 458 o I8 07 55 5 T Y 22 5, A R A ik
R AT AR ) AR A R B R AT, AR Kk
P A9 EQL ¢ , ib LA 9% EQL B ik, ©f
W75 AL 2 A HE 4 8 S aB K BRI, i B R 9tk
K, miab+ s AL B R R R AR i
I, AR TR A, S5 T, © 28 0E 52 SRR
KSR R IR A g A K i S 20K gy g, (3
B 7 KA U] DRI 7 R B RS R R 5T
A —E R 255, T8 H XA B,
PEAE(2021) A5 A BRAE T B M AR R H A b L
BT AR ) 17 258 ) B0 T K b A X o K
Wi 7 5 T 2 5 2 e TN 45 (2014 ) & BT P4 M 9% NPP
SRR IEAH OG5 0 B AH DG VAN 3 5 T SR A A
(2017) A AE ROEE L) PUAE #% NPP 5 %K 17 A
K, H5AIRIEA I ; BE/NAGSF (2019 ) 2 H T 75 ¢
NPP X ik B 7K A8 A me 1o A S 25 U BH AN [ A
I 27 [ K R B 1 52 i RN B ROR 25 S
( B ,2017) , B VR R/ i 75 IR ARG
(FPREESF, 2013 5K H5F,2019) o ASHIESE R H D
AT 43 B W 2 R e 1 S AE 2 BT PE A B EQI

FES RN B K L[] 52 ) 2L A 55 28 18] 57 5 1
EQI 55R /K 83 IEAH G, X il kg i | 1%
KA L A B EQI XA I i 1 B U, X T
VPR B [ AKRE i 20 1 P B, AL B EQT X 7k
M [0 S %, AT A D PR 6 T L b b X 7 B K
Fw WAL T 8 R B K ok R, — o AR L 55
TR KON R BB N, T P T R A TR
AR K, B i AN [R) A % 0 06 A VR, AL R
EQT XA 0 17 5 4508, % T g L 1K, 25 0 58
AR AE TR E AR, — B LSS TR
AR ) BB RO, T T K 0D 20, DT 100 ) A
[l AR B 0 2B K PR T A Bl B QT Ko A 7K i b7 B AU
X5 AT B FE A0 FE 2 8 00 R DX R X A
)53 M) 22 1 T A K T > T 52 X B8 7K % A % 1
R E S TIRE NS IE A — B (Hua et al.,
2017 ; 5K B4 ,2021)

A 2 I o) 235 i AR BIK By ) A AE — S A
BRFR, ARBFT FERBE EQI AR AL S A% IR 5
I3 XY A5 AR LR R K S 32 223K E) 1 X
AT AL, T PR - 0 & SR AR B, SRR R K
XTIV AR B EQL Y %S ] 43 S AR AR sE 45/, R
LHAEHRMSE Rk — LR, 5 R -4 BHE
A E, A 5 AR S R BT K T 2 18] A9 B [ 7
ok T H XY EQI A 25 4 S A i B fiE 1, ]I
R S5 AE 0 B T B R B NPP K 52 B A A
B 70%, C A M KRR, m S
TR A A0 Ak 1 i 1 55 3585 7 e T A 48 179 A= 3
AR YRR ESAE U LA RGNS
FMINEE 7= 4 B K52 W ( Butler et al.,2012; B BE
2,2015) , [AIE, ASR AT DL B R e - R R, A

SR B 1 7K AR W A A A% B, E TG R ) R R )
AR (LA ,2020)  (HJ2 , A0F 58 & B
RK 5 B 4 98 5 5 AR A5, i B X
T AR L X 85 e AR T e S S B R
TEH AN T 392 6F 7 HE gz e, $100 0 Ak A K 59
6T XA B AR A T A W) A R R T, AR S
RV 2T R X BB 5T A5 RS TR, X T % b X
AR A 2 A AR A R R A T
W R Ay PR P AR A A K B T R R B A 3
[T i 5 (8] 43 S R ) (ARG ,2021)

ST L2000 4F DLk T VG AE B A A i R AR
fRBR ) e MY | 48 AR A SRR E A
KIG S FEIK B 45 R, FAR H R D 2%
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X SR A 5 1) 25 (] 3 DX 350 W 8 3 o3 s o
(EIE AT ST 32 B TR B A 25 B it AR AL K 3 [ R
P 1e 0 B T w1 R 117 o S P s o = N 5
TR B —E WA, R, AR WS AL
HIE | 4 AR RUBESE T i E R AT T OH SR
TV A A A 5T I S 3 S A SRS BIL A,
WIS AR B AR 25 AR A ) U S R R G
REED ALK STt E AR,
o, FEDERE R L, O 5T 5 TGRS A S
R PE SRR TR ZME ARKE NL
i B STRCR PN SR TR A FRR AT

4 Hip

ASCUL A T s B AR AR, AT T
2000—2020 4F )" PO B A A 0T 6 B 25 0 A RRAE 2L
Hokzh 7y 452D TE5 8,

(1)2000 4ELIkT PHA g AE S TS5 R B
ERAIEA S X g R A Bk, M AES
i R T oK K | B R TS
WARRY B, AEZS R L, )T VE AR A A e A
PR JE 5 e TR A AR AR TR X T F 2R 1) v
ALY R

(2) 75 il Bk A 2 0 o e A AR R ) [ R 22
S B R R RE R b TR R R AR A T A
AL B HEIN—T BE— A —E T sh” ik,
SRS [R] A 498 28 7Y (0 1 Bl A A T o B AT S, 1
AP E SRR, g E SRR, A
AR B S A0 1) 2 25 i R BN - AR AMORIE B
B EHRT o, AR AR RS, B S i
e 5 AR FAE B 1) B & B/ 0, T AR 2 AR
PR AR S B i AR . AN [|] A R AR T A A B
AT SRR R R B EEHECER, 2R
T B K SR R 2, H v DLASTR A 3 R B A X3
T AU, Bk A IR Sl ) X S T AR 2, AR
et 7K 5t 1R 5 R0 55 3R s 19 DXk v B /N

(3) ) PUAE B AR A TR AR IR B ) Z Y |+
e MR A A SR I E NS sl i) S [E S
FI SR 50 IR £ % T HE I S A > HUE > + 8>S
i, L rPRE B v A AR 7 0 AR W B 5 R R
Mg AESTEN SRR EERE, ARKET
X PG AE B AR A T AR AR s i A AR s HAE
PR AR vk 5 S U sk e R, P iR 5

R S S AR A 55 A e DY 58 A T e 1)
o FARICE ONETE SR 1A B AR A R A
PERyFEmE b 5B RIS AR K EMS T
R AR 25 oA A9 e 3, i ARl 2B 25 TR 55 N T
et TP A S TR A 3T
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A%, Ehe, BN, K&FE, =54, Y84, 2u%"
( ferfll K2 et 5 R EAEERE, 10 510642 )

. WU RS S R (Schefflera arboricola) LR ATAE ( Neolamarckia cadamba) FE AL 5 %8 %
e 118 RAR AR S 58, BRI S0 M it 2% (W/ W) 15 R )5 3 A~ H (2020 459 H (10 AF1 11 ) A& Fnif & i Cu
Zn Cd Fl Hg & 82 DL S PRI v = AR 4k 2 Fr e i 15 08 7 0 5 4 T 15 2 0 3R DA VR I 3 4 ) [l A AR Ak
SERERW . (1) V5 VR T HAEBERT A I Cu & 3 B3 5 TREERE 1T Zn A1 Cd 5 &35 8 K TRy %
B, (2)TEHE MR Zn S EAF 11 F 5%, 0 He S &7E 11 A, (3) R ANRF FI L &£ Zn Cd F1 Hg
TrEE 1 A&, (4) IRF G V5 M He 75 58 B T 8 it T Asf () 28 4 0 3 3 389 0, 17 Cu Zn Fl Cd 55 5
AR, (5)9 AR 11 HREREEET Cd & 5750 He M1 Cd & & B35 M, (6) RS H M A
FEPIE N 7= 1 & Cu Zn  Cd Al Hg [R1E 43 SI7E 75 R | AR (9 A) M2 A~AJE (10 A) fed, 25 167
A ¥ Ui P Aot ) Xof LA e 25 i %) i v o 6 i S e B M A K X A 9 T T R R R I D 5 T A e
i Cd &= 5N Cd M He & BA77E LA O K E B M AL o Bl Ae s a1 MRB OO R 2 4~AF
(10 J) A5 5 4 8 5 Y RS 3 . % WIF 9 R 75 U BE AR R FH RN 8 v i A 4 BRA B Rt T A

KA. HREEAM, E4)E, EAEY, A, B

FESES . 948.1 SERARIRED . A XEHE . 1000-3142(2024)05-0925-11

Changes of heavy metal in fresh and litter leaves of
Neolamarckia cadamba and Schefflera arboricola
under sewage sludge application

BAO Li’an, DONG Xiaoquan, LAI Mingli, ZHU Huijun,
WU Jiaxi, ZENG Shucai, WU Daoming "

( College of Forestry and Landscape Architecture, South China Agricultural University , Guangzhou 510642, China )

Abstract; This study conducted a large root box experiment with Schefflera arboricola monoculture, Neolamarckia
cadamba monoculture, and co-planting of Schefflera arboricola and Neolamarckia cadamba. The dynamic changes in Cu,

Zn, Cd, and Hg contents in fresh and litter leaves of Schefflera arboricola and Neolamarckia cadamba and their litter

TR EHE: 2023-03-04 EZFHHE. 2023-05-23
BB EZXEAAFIEEES (42177011, 41807112, 31971629) 5 | AR HAFF 4 (2021A1515011407, 2022A1515010909) ;
JMN TR RIS E (202201010419)
E—1EE : BRI (1997—) WL WFIE A BIFGE 7 1] AR AR A 5%, (E-mail ) 1317230455@qq. com,
BAEMEE RIEH L BB LA S BT A AR AR AE S (E-mail) dnwu@scau.edu.cn,
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leaves yield were analyzed for three months ( September, October, and November 2020 ) after the surface application of
2% (W/W) sewage sludge (SS). The relationship between the heavy metal contents of fresh and litter leaves and the
changes in the heavy metal return amount in litter leaves were further analyzed. The results were as follows: (1)
N. cadamba had significantly higher Cu contents in fresh and litter leaves than those of S. arboricola, while had
significantly lower Zn and Cd contents than those of S. arboricola. (2) The fresh leaves of S. arboricola had the lowest Zn
content and the highest Hg content in November. (3) The fresh leaves of monoculture and co-planting Neolamarckia
cadamba had the highest Zn, Cd, and Hg contents in November. (4) The Hg content in the litter leaves of co-planting of
N. cadamba increased significantly with the time of SS application, while those of Cu, Zn, and Cd contents showed no
significance. (5) The Cd content in fresh leaves was significantly and positively correlated with the Hg and Cd contents
of litter leaves in Schefflera arboricola in both September and November. (6) The highest yield of litter leaves and the
highest return amount of Cu, Zn, Cd, and Hg in S. arboricola occurred one month after SS application ( September) ,
while those in Neolamarckia cadamba occurred two months after SS application ( October). In summary, the application
time of SS showed a greater effect on the heavy metal contents in fresh leaves of N. cadamba and Schefflera arboricola
than those in litter leaves; there was a positive correlation between the Cd content in the fresh leaves and the Cd and Hg
contents in the litter leaves of S. arboricola; the heavy metal pollution risk of the litter leaves of S. arboricola and
Neolamarckia cadamba was easy to occur in one month (September) and two months ( October) after SS application,

respectively. This study provides a reference for safe SS utilization and reasonable litter disposal in the landscape.

44 ¥

Key words: sewage sludge utilization, heavy metal, landscape plant, litter leaf, co-planting

b kb g Ik T U8, BRI TS U AL A R 1Y B
58 RUBSE , B Ay BIR AR i 2R 1 T B % A A P B 1 ]
R (BROT5E55,2018) o e AR 2 5 8 % 646 )
M ELE A, HRE SAEIE NP K LZF
R E IR Iu R, v A AR, ol 3 - e B
2= A W R OF {2 #F A 9 2E K (Bai et al.,
2017) . SRTM, 1508 & A 2 Fl0is G ) e ) 02 1 4
J& , — 72 TR B RZ AR A AR, X Tl bR - A AR
TE5 YW ( Chu et al., 2018) , AN FEAR T35 e e
MRAFI 7 SFe 1) 2 4 S 7 G IXURS: 45 32 G0

MY T EESBIER P EE JEEM A,
T AL ( phytoextraction ) & F| X} B 4 8 B A &
EREI RO, Ak AR R A I rh R Y 6 R T
W HEGRS A7 2 13, R 5 8 o i) b B DA
WHERE SRR, R IR SRS e
Fite , B2 H A e e 1Y) H 4 J8 1B 2 R (Mohsin
et al., 2022; Yang et al., 2022) . 7EJi H 75 e b
R4 A PR el M 2 , BT A 3 I B T
Perh R EE 4 JE , i ST PR el bR R b i i | TR R AL
15 VeI B AT - 498 1 4 J 1 Gl XURS: ) = FRE SR (W et
al., 2017, 2021) . 7= A= 98 7 I J2 AR 435 0 2% 40 5
Br ol e T 2 A0 AR ) S R (X 5 RN 8 0
B%,20105 3J755,2018) AR A N 4w AF AT
EY R E AN Tk ey i a2 AL R E RS

B MR Z R F 0 R e L % . I B
SRR AR S —E R ES R, A
T T BRI b ) b 38 3 18— Y75 G ( Maunoury-
Danger et al., 2018; Al Souki et al., 2020), /I,
PNERAE (2011) 73 B A R 28BN TARE I JR T 4
J& B9 R N AT Y Ph (Cd Cu Al Zn 5
BT R R Ve X A A W e R TS G X
W o F3h  ANTR] 245 77 A 1 08 9% W) A7 AE 22 5, T A
T 2710 P A AR T R AR - SRR SCR G
s IEAk AL AR E R R b TP Cd i
T ATERK R U8 75 W) 7 AR i v A S ey (o T P A
2020) o PRWFV5 Ut IS el Ao 4y fef it 0 9 - 1
g A A, AR TR e A $E
BRI 75 ) — O 4 JA ¥ e U . st
2, HH G IO O T Uit FH 2% 44 Tl Mo 4 1
fief o P AL, WA TR AE TS YRR I P
V1% T 43 Ja 7 LR A b 5 e LA B e i 6 R 5 O g
g BATERIOCR

WA A W T A A — s B b 5 e ) 6
S WO R R AN TR R L S s T R A BT
( Pteris vittata ) X} As Fl Pb [ WYX ( Yang et al.,
2017 ) ; #8 % B ( Schefflera arboricola ) 5 Fk X
( Bischofia javanica) 50 i 3 $& & T FKRAY Cd  Ni
Fl Cu FLE A (CEA N 55 ,2022) , YR AN AT BB I8 1 2
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AR PR ER B I 5w 4 Jm 05 M R 8 N B A Y
S 2R WS T 6%, i v AL ) < i TP A5 Ok 4 e A
W) o 4 )R WRUROF ( Wang et al., 2018; Yeboah et
al., 2020; Bian et al., 2021) , Ifi IR Fh /& 75§ i V5
Ye it 11 A i R E 4 R 2 v JCAH DG HRE
1 ( Neolamarckia cadamba) VE 4 95 ¥R} 48 & %
TeR, BA A Yy ok Az i B A K B TR A
Do s, W5 Uit 52 68 0 Bk, BAT — & 1 1 4 Jm R
ZHE ) (Chu et al., 2018) ; 3 % 1 Jhy 4 g Hb X
Tz R B B AR 2 AL AR ), © WIE SE X E 4 s B
A B R SR RE T (PR, 2021) o 3K 7 A
GER7/TIONE o8 S R SN W T o - A ) i
AR R 22 5 . BIAE 58 R IR Fh ] LUE 1
TRV IR m] B A 28 W s D &%, A ) T 4 v o 4
AR (Wu et al., 2021) . FET L, ABFFE 2L H]
VH A 5 309 5 e A S IR 4, F i Y 15 AR A
15 e F Nt AR LR IR 8. (1) 5 R S
VPR TR G I R Y I Y R 4 e S i AT AR A

(2) PRIAE W A S o i O T R e
ZIEAFAEAT RIS ZR 5 (3) T U Bel ARt JH 2 75 7 A= 1A
Vi I T Qe XU 5 (4 ) 79l A 0 A A i 2
GER7/ L R A i

1S

1.1 k4

P T, F 0 T P T RR DX o Ml AR 2183
TV T AR AR T L T 2%t IR B BR 2 ® A T
HOEE TS, B B AR, 1 em [0 2L BR 2%
Ve, BEAETERILER 1,

LYy . e O B— 2 T R F
2N 20 em FIEAE T AR A AE LK BE MR 2 AL A )
A LU Y, BB S 3 S H R e
B 5 AR IR 230 W A A2 T AR R S bk
5 XS e s e R e FH 80852 DR AL A N Tl 57 R
w7,

&1 gl tERERAFER

Table 1  Chemical properties of experimental soil and sewage sludge
i A 135 51 e/ S
Item Soil Sewage sludge Allowable values for sewage sludge
pH 6.14 7.34 >6.50
L 53R Electric conductivity (mS - em™) 0.14 8.79 —
HHLFT Organic matter (g - kg') 5.88 102.10 —
A 2 Alkali-hydrolyzale nitrogen (mg - kg™) 24.27 553.05 —
AW Available phosphorus (mg - kg™) 2.44 205.00 —
HALH Available potassium (mg - kg™) 56.47 381.88 —
244 Total Cu (mg - kg™) 14.92 153.00 <1 500.00
HAE Total Zn (mg - kg™) 94.60 883.33 <4 000.00
SV Total Cd (mg - kg™) 0.16 4.35 <20.00
SR Total Hg (mg - kg™) 0.56 4.49 <15.00
B Total Ni (mg - kg™) 12.70 30.90 <200.00
M Total P (mg - kg™) 34.66 50.83 <1 000.00
B Total Cr (mg - kg™) 49.43 164.33 <1 000.00
S Total As (mg - kg™) 11.70 15.10 <75.00

I V5 IR 2% (h A AR SE IR [ bR iE—GB/T 23486—2009) ({55 FIIk £ &5, 2009) .
Note: Allowable values for sewage sludge refer to the National Standard of the People’ s Republic of China — GB/T 23486—2009
(Ministry of Housing and Urban-Rural Development, 2009).

1.2 iR & 3T RiR 6 T 12
WS AP . JERERF(S) , BHMR

FE ARG S 6 MR ; HIAE HLFR (N) |, R AR A FhoA
AL 2 B REZEE (SNS) 5 A4 (SNN) IR FF (SN) ,
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FEAARAR FPAE IG5 00E 3 RRATIATAE 1 k. SR A BEML
X AR B T, B AR 2 BR A 3 B PP A )
TR BEA 5 A I ST ARF , B ARF N RS AW
A, R ERE R AR KA SR 5 R i
R, S AR 20 IR, B
TS Ry ks RB AN R 4E 30 ~ 60 em 1 )2 (1 3 IH
AR 30~60 cm + )2, Bk K H AR 1 K H
BERBIMRAE 0~30 em + )2 A9+ EILFEMRAE 0~ 30
em + 2, I H BB K ARV R4 1 A~ H 1 4
RFFE LK1 000 kg, 58 AL BE S, T
2019 4F 10 H 44 B8 Ab B 15 B8 141 46 R3S 2 B B8 4%
ERMAP I ARERK 10 MH, 2020 458
P BT iR L 2% T ARFE R IZ B 15 e (15 Ve FH &
WRARFRIE CI/T 262-2011 FR5E By bk Hb 15 U8 it 1] 2
Mit/N T30t hm? T &R L H1.2%~2.1%) ,
FhAEL I TR AR 4 R AR A 3~5 d 8 1 IROK, Bk
BAMRAFEBEK 5~ 10 L it 15 U J5 B R Y ik
T8 7% I 5 3 B 43 X PN At A 0 A A 9 L 2
B PRUE 45 A BN 32 oA R & G
1.3 EmEE

PATEN . TR 1A H G, 8 R ARA I
LR Y VR i BRI RS W TR R DA
Bremie £, o kb B TR R M AS, A AR KT
AR R 1A H G o ab R B T E B, 65 C
MAAHL T2 E, ZEE 12 AR EY ==
e D A S B 32 B % 2L 4R 2020 4F 9 H (10 H
AT A B E M, 2020 45 9 H IS B TR R
i TR T AR B 2, BT TR AR U S BB

feE it AT M s RN PR AR
Z 5 ARSI R I 2020 4E 9 H (10 A Al 11
H gt A H 55 — RKAE AR FE 43 5 Wi 46 A 18
e BERGEN . TR P AR AL 4
P SE A RIS @R & 1 R, TS
R AL AR B AR e P L 4 S O MRCAE o 4 SR T I 4
RN A% 3 . MR AHFRB TR,
1.4 5N E

WETE. HES2Z—KEailfkesA
WA B 1 B A MR A R % BT R BRLBR AT R/ R
R T T = BEARAR AL/ R e RV
T IZARAE B A 16 /38 3 e A R,

Mg e E SR SR, BT A ES
& Fr A T V5 0 e AR R BIRAEL 5 Hh A S 56 AR K
TSR P E Ph . Cr Ni A1 As & BAIK, M &

Cu.Zn ,Cd Fl Hg 7t AH X5 ¢ iy , A% 52 96 5 22 43 #r
G R V& Cu Zn Cd Rl Hg 3% 1, AP A4t
TR B, i 60 H M8 F . R IBOKY B 1 R A
A 0.5 ¢ T IH i i, WA S mL AR, % 120
C—160 C—180 C HY YT FEAT OB M. 151
RS A 5, 28K E 5 2 25 mL, T MWK Cu,
Zn Cd 75 R 5 W 50 M 23 5606 BE T E
Hg & &k R 7200 et . iH5E
Jr 4 A i LA, AR R 9 v S e e
RGN, ESRE S E =AM EEE S
B o ey e G o i A 3 i Ry = B
NP T R A R TS YA O, A U R 4 R
Hid it =g TE x gt Eem & ha,
1.5 iR B 551t 54

B A BCIE 25 8 F Microsoft Excel 2016 HF47 %
B R KA (version 4.20) “stats” B2 7 6L H 11
“shaprio. test” PR L | “ kruskal. test” PR B 17 IE &
PE D7 255 WA B0 5 X R IEAS | 25 A8 55 5l S iF
AR 7 A28 46 Ll J2 40 A A B 25 R, PR
H R A4 agricolae” B2 JF A #E47 H. R K T 22 404
(one-way ANOVA) , 3>k H Duncan #4172 H b
B (a=0.05);ff H R B A “ stats” F2 7 AL I “t.
test” BRARHEAT ¢ K050 5 6 ] R AR A< corrplot” #2 17
1347 Pearson #H &Pk Tﬁgﬁ, It 2 1l *ﬁi"é@ﬂ@,
I R BAE ggplot2” FEF A H#EAT BT ¥ 234, K
TR VIR UEDR 22 (n=5) .

2 SR 5

21 HEMHESERETH

ANEHGHEEEALT A B Cu FRY B ER
TREEHE(P<0.05) , 1] Cd Fl Zn &5 B FH KT
e (P<0.05) (B 1), 1 DHEOH)
LR I B He & &= B KT RS (P<0.05)
55 F AR e, TR AP AL B 4R TR A 9
HR10 A8 Zn &t HBR 2 A~H M3 4~ H
(10 AAr11 A) B4 E TRERE Cd &5 (550
FEE T 139.90% F1 44.72% ) , TR Tl b 3L £ 366 52
M F Cu 5 B a) 2 4 (. 35 3 0, (H B b 308 2 it
- F Cu 3 F 8 A AN B 5 B AR Ao 368 2 e 1)
R Zn FafE 11 A5G, W He & &7E 11 H s,
Cd 75 1 W A2 A A B I 5 B0 0 FIR B AT A6 it R Y
Zn Cd il Hg & aE7E 11 A,
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S. MG AR SNS. HEEBEIRAN; N. HFEH; SNN. HFEIRF . A KE F 2R A A R 40 B 8] 22 5 8. 35, ARV &
R R AL BT ORE A 8] 22 5 5.3 (P<0.05, Duncan’s %), T,

S. Schefflera arboricola monoculture; SNS. S. arboricola co-planting; N. Neolamarckia cadamba monoculture; SNN. N. cadamba co-

planting. Different capital letters indicate significant differences among different treatments in the same month, different lowercase letters

indicate significant differences among different months in same treatment (P<0.05, Duncan’s test). The same below.

B1 #MAEsESEZN

Fig. 1

22 AEHESESETWL

2 PR A A 3R R 95 it 4w A AN A] 2
firz, 10 H AT 11 H BIAER 5 ) Cu & 51 3%
BT RO I Zn 1 Cd & 24 R TR0k
PIE Hg it 22 5 AN 035 545 A SRR AR LL, TR b
ARERXT 2 FPAE Y R IE ) Cu A He 75 5% Wi AS B
BoEE 1A, RS TREEREN Zn &5 (3R
w17 30.10%,P<0.05) ,7E 10 A f 11 A, B &
TR EREM Cd & (RS T 33.10% M
94.48% ,P<0.05) , B3 F1IE A Ak 2 %) RS 2k 0
P Cu 25 1t B TS U8 itE FH A IR) SE K 5 R R (P<
0.05) , 1 Zn Cd F1 Hg 7 & ¥4 A [ 175 U Jiti FH 15 1]
FER S A= W S AR A 5 TR D A B A A A6 0 Y 1 He &
T i V5 3 it P IS JR] SE K R 35 3 i (P <0.05) , fif
Cu.Zn 1 Cd & &R,
23 AEMHEHHESESENHEXESHT

G 2 e e vt 55 08 Ve - 4 R B A ) YRR DG

Changes of heavy metal contents in fresh leaves

WK 3 Fos , AFEA G EH Cu &S 4 FESE
FEMEE AR E, 9 HEN Zn 59 HH
& Zn i B E A (r=-0.669; P=0.035;1=
-2.544),9 AfEM Zn Hg &5 10 A %0 He
SE M9 HEM Cd RS 11 AMEH Hg & &
YIRE A% (r=0.722,0.647,0.740; P = 0.018,
0.043,0.014;¢=2.951,2.398,3.113) ,9 H &1t Zn
FHE5 11 H@EEN od &8 K& 9 At cd &
510 AR 11 A &M He & 5 440 0 3% A ¢
(r=0.806,0.849,0.740; P = 0.005,0.002,0.014;
1=3.853,4.551,3.113) ;10 A I Zn Hg S5
10 H % mt He & & 34 W 3 1 A7 3¢ (r = 0. 680,
0.687;P=0.031,0.028;:=-0.997,1.492) ;11 JJ fif
M Cd &t 5 11 JME N Cd Hg & i34 0 35 1 A
X:(r=0.644,0.730; P =0.045,0.016; 1= 2.379,
3.025) , FGE e 3 98 % v AN W) 4w B i (]
ARG R o, 9 A M Zn %5 Cd, Hg



930 1 I G|

44 ¥

ok FERRE B AR AL BE 10 A A 11 A7E 0.01 K FEERBE (BT,

##% indicates significant differences between the same treatment of Schefflera arboricola at 0.01 level in October and November (i-test).

B2 AEMHESESETH

Fig. 2 Changes of heavy metal contents in litter leaves

SEYEFIEME (r=0.764,0.660; P = 0.010,
0.038;1=3.353,2.483) ,Cu &5 Zn . Cd Hg & &
P He &5 Cd & M 3 IE A5G (r=0.946,
0.909,0.863,0.932; P=0.000,0.000,0.001,0.024 ;¢ =
8.264,6.161,4.838,7.252) ;10 HA1 11 A Cu &Y
Hg S FEH % (r=0.682,0.647; P =0.030,
0.044;:=2.639,2.387) (K1 3) ,

VA1 Ak fif it 55 9 v P o 4 T ) A AH DG PR an 18] 4
~N,9 HEE Cd &5 9 Ay He & 9 J fif
M He 85 9 AFPEM Co & a8 2 A ¢
(r=-0.819,-0.851; P =0.004,0.002; ¢ = -4.040, -
4.591),9 Afifit He &5 9 HM¥EM Zn S @
FEHAF (r=-0.656;P=0.030;1=-2.456) ,9 ] fif
M He &5 10 H 0¥t He & S 535 E A ¢
(r=0.869;P=0.001;:=4.957) ;10 Hfif i} Cu &
511 A% Co HFEEBEFIEMK(r=0.734;P=
0.016;:=3.053) ;11 H&EMF Cd &5 11 HE%E
Cd&H W FMMAE(r=-0.658;P=0.039;:=
-2.473) . ANEE L E B WA S R BN ,9 I

M Zn FiE 5 Cd &l W EAC (r=0.771;
P=0.009;:=3.425);11 A Cu & &5 Zn FERE
ZEAHX (r=0.874;P=0.001;:=5.098) (&l 4) .
24 BEHFEETHK

T 35 e R I 7 i I Y U0 it S 1] A K R e
WA (R 2) AP RSE M E A 11 A
A%, BEMRT 10 H (T 82.1%,P<0.05) ;i
BABNRNTE AR 1A A6 98 V% i 7 i A 10 T B (B9
A9 hn 1T 223.7% M 169.7%) , 78 11 H A%
(B9 A4BEALT 72.1% M 72.6%)
25 AEMESEREHETK

ANEA Gy AR 7% Cu Zn .Cd 2 Hg [A] 94
WRERTEER(EL3), S5ARMML, R
FiabBEAE 11 A B EFR S TIEBEN Cd HH &
(BT 71.23%,P<0.05) ,1£ 10 A i F &K T H
AEHY He [lHH (FEIK T 27.27% ,P<0.05) , HFh
RO PR TR0 4 F 4 JE 0105 i K R AT AL U8 75
M He M 83476 9 H ficrm , SRR sl TR Fh A A6 04 75
M- Cu.Zn . Cd K Hg BIEEHE 10 A &R,
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9H iy gt 10H fEny 1A frsEnt ORI 107 gri et 1L B et
Fresh 9 Fresh 10 Fresh 11 Litter 9 Litter 10 Litter 11 HIXRE r
Correlation coeflicient r
Cu Zn Cd Hg Cu Zn Cd Hg Cu Zn Cd Hg Cu Zn Cd Hg Cu Zn Cd Hg Cu Zn Cd Hg 10
& EEN Cu| o '
HEEEssgs- DEEE" = - R CIE
HEeEpgE Emsnm i £ BB T B 08
BerOen-EEEN 5 H ENsl
. BHE B BEEREE Gl = 0.6
HEl- seEEEEEE=H mE ==
s
Hes: DEEDOEE CIEIE 0 I
B ==u En B W=l T
. E Cu -
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Fig. 3 Pearson’s correlation between heavy metal contents of fresh

and litter leaves of Schefflera arboricola in different months
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Fig. 4 Pearson’s correlation between heavy metal contents of fresh

and litter leaves of Neolamarckia cadamba in different months
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*2 FEREAINANAEHTEZW
Table 2 Changes of dry weight of litter leaves during

three months with sewage sludge application

PN E
fh Dry weight of litter leaf (g « plant™)
Treatment 9 A 10 A 1A
September October November
S 13.35+4.45a 5.01+1.35ab 2.39+1.37b
SNS — 1.57+0.62 1.26+0.79
N 131.20+£9.94b 424.70+23.38a 36.64+12.66¢

SNN 142.62+11.51b  384.63+42.51a 39.13+5.83¢

TE: S. Ry R AN, SNS. IR Ay N HI 48t Fh;
SNN. HAEIRA, H1 T 2020 45 9 3 Wi S ) 10 A 68 5 i 04 9% i
R, S BOC AR B U, iohi—, RR/NE 5 iR
71 [l Ak R N[ A 453 18] 22 5 2. 35 (P<0.05, Duncan’s %) . #fl
[ AFL 490 S0 AR A LA B SNS AR BR Y 10 J1 A0 11 3 6 $cdle 24 %
A T BT SR TR R B SR, TR,

Note: S. Schefflera arboricola monoculture; SNS. S. arboricola
co-planting; N. Neolamarckia cadamba monoculture; SNN. N.
cadamba co-planting. — indicates the data loss of the litter leaf
samples of Schefflera arboricola co-planting in September 2020.
Different lowercase letters indicate significant differences among
different months in the same treatment ( P < 0. 05, Duncan’ s
test). Data from monoculture and co-planting of the same plant and
SNS treatment in October and November are analyzed by i-test,
which shows no significant difference. The same below.

S5,2017) , Honk | H 4 JE R o G Tk R HE R R
EHLH

P T P 45 (2020) & 7% e e SO 7 A 1Y) o 4
& 0 RS o5, I HL B 43 A W 9 W AR B R 4
Ja 1T = RS 32 B A7 2= AR AR e, (E AR E BN
S TEAHIE 5 v 3G 00 RN A A6 7= A 00 RV v R 4
Ja& [l ARz s Fa) AN ], 38 2 e AE it V5 e fs 1 4>
AP ) ™= R ieok, th B e I/ 9% i
T4 JE [l A XURS: , T A A6 A it F s e ) 2R 2 S A
(10 F) 7= A T 48 Z 08 7 ik R s 3 4 v O 7% i
EEJE PR, % EF] (1) % LR HE AR 3 %
B ZEVEEN; (2) 15 IRMEAE IR & & MR e
HEMN G A2 L (PR ES%,2015)5(3) 15
AR T B FRATTA DU FH ¥ e J B[R] P A
()R 73 W 18 0 2 7 R S ORE K a R
AR PE XS R ZE R, SR, F oA
AAEAR T = B A& K, A 5 sz 15 = A 1 3
Sy AT E R AE 20 P v (AR R b X
FLAE10 A 50t ), By DLOH ™ A 5 4w ] XU
FEAEVEZETT ) X R, BERRACA A I AAE

x3 FEERAINANAEHESZERRETWL
Table 3 Changes of the return amount of heavy
metals in litter leaves during three months

with sewage sludge application

[m] )9
Return amount ( g - plant™)

e R b

Item  Treatment

9 H 10 J 1A
September October November
Cu S 161.71+ 38.11+ 10.91+
49.79Ba 7.55Bb 5.14Bb
SNS — 12.27+ 521+
4.37B 3.07B
N 1 509.62+ 6 067.40+ 481.05+
120.90Ab 306.57Aa 168.04Ac
SNN 1 720.50+ 5248.29+ 505.14+
127.42Ab 569.01Aa 72.20Ac
Zn S 1535.83+ 670.44+ 237.01%
532.59Ba 183.59Bab 114.25Bb
SNS — 262.34% 157.97+
103.86B * 91.15B
N 2 912.60+ 10 280.20+ 895.20+
335.38Ab 359.85Aa 318.23Ac
SNN 3354.72+ 8 881.16+ 887.25+
313.98Ab 1 208.09Aa 138.48Ac
Cd S 28.63+ 8.87+ 2.92+
11.51Aa 1.15Bab 1.35Bb
SNS — 4.26+ 5.00+
1.77B 2.88AB
N 12.59+ 109.65+ 13.02+
2.00Ab 21.37Aa 4.31Ab
SNN 27.58+ 90.07+ 13.85+
6.29Ab 23.82Aa 2.17Ab
Hg S 0.10+ 0.02+ 0.01+
0.03Ba 0.01Cb 0.00Bb
SNS — 0.01+ 0.01+
0.00C 0.00B
N 0.25+ 1.65+ 0.14%
0.02Ab 0.22Aa 0.05Ab
SNN 0.28+ 1.20+ 0.17+
0.03Ab 0.11Ba 0.03Ab

T ARG 5 8RR W T 4 A [ 4k B0 22 53 35 (P<
0.05, Ducan’s test)

Note: Different captital letters indicate significant differences
among different treatments in the same month ( P<0.05, Ducan’s
test) .

TR BT e i FH 7 2B 00 U ik U 4 T S G X
W, AN LG T A 5 1 21 A8 AL, I B RS
HEERF T EREEM,

) ) TR b AN AU RE 5E 23 A1) ] 25 [ 25 4y | 4 3
JIE 3 A B 2%, 3 RT DL S 3R 22 A A i [) 4 R
TIEZ T E 4R O AL A R Y8 A it (RS G
% ,2018; Zeng et al., 2019), 5 Yang % (2017)
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Pre-miR172 % miR172 if#=iH3E AP2 AR IZHIME ST
x| N RN R, T BN

(1. WIRESCHL B Ay SRRl A, WIRE HAE 4150005 2. F AR AR AWK A FEFSE L,
IFE H A8 4150005 3. KA S E BN /o F R BRI R A A=, Him FE 415000 )

W OE. EIUINEE miR172 BifK (pre-miR172) K A (miR172) X AP2 K& DX 1845 Sh B | iZ 0 9 8 i 2k
PG B2 075 miR172 L AP2 Ji 8h F AT AR TR0, 2047 6 25038 AP2 JEH b X R K miR172 5
AP2 [ ) 6 22 5 5T qRT-PCR J7 4611 AP2 .miR172 H1 pre-miR172 £ 5201 2 A [7) 2 20 36 35 00
At AT miR172 EBE AP2 Tk B MM KR, LUK LT pre-miR172 1 miR172 75K ¥ I
HYAHIE S R ;38 3 7 2235 pre-miR172, TR IR IS IE pre-miR172 % 28k miR172 & AP2 BIVE ., 45930,
(1) miR172 F1AP2 J& 8 7 X AR AR & B X TefE, (2)6 4% AP2 JP A4 i T s B alifb ik 8,
PR 4% miR172 (455005, J8 miR172 BORESED . (3) miR172 S0 I 63 249 AT i ik B b 3¢ AP2 3k H
miR172d EFIABI & . fEMEGHEE T, miR172a F1 miR172c VEH55 , miR172b F1 miR172d =3 2 [7) & 5 4E
FHREAR AP2 KK, (4) pre-miR172 FKIG AT F FL2BGH S f miR172 F05 1 22 38 K- 445 48 itV 5 e
We I 3E S pre-miR172a Fl pre-miR172b % H BT 51 W8 B & #5 IE VA3 VEFH , pre-miR172¢ 1 pre-miR172d
Dt T B BT S R R . 3 3K pre-miR172 J& , miR172 1 AP2 Fk M5 kg R4
Ff—3, IS pre-miR172 XF miR172 J AP2 ¥ DIRE . ZWEFE S5 R F 5 17 ih3e AP2 B X i 2 B 18 425 %
1, R R R A D) RE I S AR AL T 5 A SR

X8R IIZE, AP2, miR172, pre-miR172, FEkHLAE
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Abstract; The appropriate flowering time is of great significance for crop yield. In the cropping pattern of “rice-rice-oil”
in southern region, researching on the flowering period of Brassica napus can provide a theoretical basis for the breeding
of early maturing rape varieties. The AP2 family transcription factors in rape are widely involved in the growth and
development and play an important role during flower development. However, there are few studies exploring the
regulation of AP2 at the microRNA level. In order to investigate the regulatory functions of the miR172 precursor ( pre-
miR72) and mature body (miR172) on AP2 gene in rape, the regulatory elements of miR172 and AP2 promoters were
predicted based on bioinformatics, then the evolutionary relationship of six rape AP2 genes and the targeting relationship
between miR172 and AP2 were analyzed, and the expression patterns of AP2, miR172 and pre-miR172 in different
tissues of early and late maturing rape were detected by gqRT-PCR. Finally, the correlation between miR172 abundance
and AP2 expression level was studied, as well as the correlation between pre-miR172 and miR172. The results were as
follows: (1) Both miR172 and AP2 promoter regions had cis-elements that regulated flower development. (2) The six
AP2 sequences holded the strong purification selection, and they were the target genes of miR172 based on their binding
sites for miR172. (3) miR172 family could promote the flowering of early maturing rape by increasing AP2 expression
levels, except for miR172d. In late maturing rape, miR172a and miR172¢ performed weakly in flowering, while
miR172b and miR172d worked together to reduce the expression level of AP2 to inhibit flowering. (4) The pre-miR172
family had a promoting effect on the expression level of miR172 family in early maturing rape; in late maturing rape,
pre-miR172a and pre-miR172b exerted positive regulation on the formation of their mature bodies, while pre-miR172¢
and pre-miR172d exerted the opposite effects. After overexpression of pre-miR172, the expression patterns of miR172
and AP2 remained consistent with the above results, confirming the regulatory function of pre-miR172 on miR172 and

AP2. The results of this study enrich the functional regulation pathway of rape AP2 gene, and provide new ideas for the

study of gene regulatory function.

Key words: rape, AP2, miR172, pre-miR172, expression pattern

MicroRNA ( miRNA ) & — & A 8 4 S 4 7% /)N
RNA, — K 18 ~36 MR, S 15 3 K e 5
KF B A (K S R AR, 2021) , A BIF T R W,
miRNA A LU o i 42 B L ROR R T A KR E
(Huijser & Schmid, 2011) , FFfEFJ (8] ( Spanudakis &
Jackson, 2014 ) 136 58 38 (Liu & Axtell, 2015),
miRNA (1% B 56 4658 RNA 3R A il 5% S 7= B4
miRNA Fi{A ( primary miRNA precusor, pri-miRNA ) ,
FEZ: DCL1 YIEF PR 70 ~ 500 A% BR P 51IE A
2 g ok 7{‘@, Bl miRNA Rij {& (miRNA precusor,
pre-miRNA) , 5z Jii pre-miRNA 38 532 A L) 55 1) 5 T2 ht
A2 miRNA ( Phillips et al., 2007), 7] WL pre-
miRNA X T 8A miRNA JE A TR,

miR172 | ZAA7E TAEY T, e AR SR I P
JERE R HAE M A A2 1 R B R BRI E T (Park et
al., 2002) , TEAEY) B A FEEE 4R AERE R LB E AL
i 4505 i B A AR (40T A, 20165 88 B I
45,2017) , $URIFH miR172 33 FakH] AP2 2 1
K, R I S AE R 7 TOEL A1 TOE2 , 5340 g
TFERTIFAE ( Aukerman & Sakai, 2003) , 7E/KFEH
Fe R AR miR172d (935, NI AP2 5%

G OsIDS1 3£ A1 SNB 56 X Y £ 35, i 5 1 46
(Lee et al., 2014) . Li 2 (2019) 75 K 44 v & B0
miR172 & K3k FEL SsAP2-like $£[H ik 7T F, 2
AR AT/, MO, miR172 3@ AL HE ] AP2 53
RIAT AR AL 48 B IR S 09 @ A, ek 21 4E ( Tsaftaris
et al., 2012) . J¥ % ( Shivaraj & Singh, 2016) , £ K
(Chuck et al., 2007) ,7K#% (Hu et al., 2009) . H Z&
(Frangois et al., 2018) )ik ( & 2%,2017) &, v] L
miR172-AP2 TEAEAS B R T W R EE HEAE (Ji et
al., 2011) .

AP2 WK T & AP2/ERF ¥ 5% IH F K i 51
Z— HE2AEEN AP R, £ S S
T I A K & B 32 B ( Trapiano et al., 2013 ; Zhao
et al., 2015; Neogy et al., 2019) , H'#, AP2 Z5#
A T b R B, K5 46 R B K (Jofuku et
al., 1994) , It J&, Fifi 22 75 7K 5 ( Nakano et al.,
2006) .jH 3% ( Ghorbani et al., 2020) 3£ ( Cheng
et al., 2020) %% ( Licausi et al., 2010) ZZ )
Fhrh kB, HZ 5K E S, HI RS E
AP2 (DI BE % ¥ 23 52 #) miRNA A 895, JL 45 5F
AE ] B AR R A miR172 193 5350,



938 |1 I R/

44 ¥

H3E miRNA AYBRFSEAE 20 816, Shen 45 (2015)
FIF LR 4, %55 21 645 > MIR LA, K 4
miRNA HA7 & B Sr M A KRR A &
ANTTIE L, ALHES S M I BINE T REE Y
g B ELAE A A W ik 38 AR R RS T ( BR N A
2018), Wang % (2019) 4 #r 5 W 4 3l =%
miR172 % AP2 &5 5% [ 1 %) 38 a8 B 200 I e 4+
PRI E IR ALS B R E B A W WAEM, L
BnaAP2-1 BnaAP2-5 Fl BnaTOE1-2 1 fE 2 2] 47 i
FEIFHIVER] . Shivaraj 1 Singh (2016) 43 #7 [ 3% %
WA AP2 ) RIEKT RS 55
B R % miR172 FIEEIE R AP2 275 14
[ 24 2 e AT 20 BT, 2 B B A7 4 B2 2% ) B A
Ko RAF miR172 RAF 0 5% 5L R 1 WoR
FFAER LS (Shivaraj et al., 2018) . HHT, KT
- miRNA 58 K 24 H7E miRNA 4248 5
TN, P B miRNA 5 805 R A R 42 C R DL K
pre-miRNA X} T miRNA 845 i 45E 40

A SC LA SETF AL FE R AP2 1) I8 45 R BF 5% IX.
W ARFEASERMH R B R B AP2 K A YIA
R AT HEXF IR AR SR B AP2 B SR AE WS
B20715 (qRT-PCR J5 ik AH G 43 #7 Sead #e 3k 3%
AR YIS 100 (0 5 35 kX AP2 R AT R B
BT R Ge A OC F&R B R ) | 3 S0 A i
ARV 2 B ; % miR172 , pre-miR172 il AP2
FER MR T miR172 F1 AP2 2 ]} pre-miR172 5
miR172 2Z 8] (4 AH 5 P #E 47 73 1 ; X i & 3K pre-
miR172 FRR YL 3E T 15 miR172 Fil AP2 ik
IKSEHEAT AT, AR LR ()8, (1) Fi miR172
FAP2 ST EF R RFR; (2) miR172 X AP2 1)
16 ; (3) pre-miR172 X} miR172 (I DI6E

1 #HE 7 *

1.1 iR 5 4 1

TSI SR SR R I 420 , 1 28T S S AR R i
15, B i TR Ol R A N B AR L RSk
F A0 TR FRHAK E 5~7 ] K 34—
H 5 pAE bk, BOR AT W R 7R OR A7 T - 80 C
KA AT, Fram R AR K AR, S B Y A TR
RHIRPRAE T -80 CUKART 4 H
1.2 ¥R AP2 EEMEE

M TAIR ( http ;//www. arabidopsis. org ) I BRAD

(http://brassicadb.cn) T 2% 3¢ . H ¥ AY AP2 K&
FEH S, 2853 NCBI LX), e 4 E-value <107
FeaVEy B BRI e 31, itk — 25 B A e ot difi =5
AP2 ZJ% A 51, M. miRBase ( http://www. mirbase.
org/ ) FHIMZE miR172 AT 51 (miR172) {4
J¥51 ( pre-miR172) , ¥ miR172 i3T5 5 B 361510
e AP2 J¥ %3 i TAPIR ( http://bioinformatics.
psb.ugent.be/webtools/tapir/ ) P 3l 3FE 47 0 | 5 B HL
AHLIE SC AR AP2 JF A1 5 [, 2T miRNA FIHLEE
PRI 1] e B[R], #1L ) DNAMAN LU X miR172 55 93¢
AP2 DN DR B RS IO/ T 3 19 AP2 PSR
EN TPV 7S viE S
1.3 miR172 K& AP2 EE B3 F 9

43 pre-miR172 F1 AP2 A [ iF 2 000
bp 1 J 3 31 F X, # iF New PLACE ( https://
www.dna. affrc.go.jp/PLACE/? action = newplace)
b FEAT IR P T A B0, 0 28 B0 miR172 % T
ST AERIAEH]
1.4 AP2 RGERE S
1.4.1 i K AP2 Za oA HTE 2 4t
Expasy ( http : //web. expasy. org/protparam/ ) T il 43
Prigitii=e AP2 & 17> 7 & 5l A (P, dd i
Cell-PLoc P 3 ( http://www. csbio. sjtu. edu. en/
bioinf/ Cell-PLoc/ ) 147 I 41l g 2 {57 B0 534t
1.4.2 2t An st R A oA FIH MEGATLL 4%
FERIAR L HEAT AP2 .miR172 FI pre-miR172 A% 1R
Fe 50 /Y AL B o B, K B T O P KRR B
(‘bootstrap ) , FFEEKEC 1 000( 1 000 replications) , #
FH DnaSp V6 B4 4r#1 AP2 F A /Y AR [A] X & 48 ¢
(non-synonymous , ka ) Fll [i] 3 %€ % 3% ('synonymous,
ks) , T8 AR [F] SCZ8 A8 A [R] S5 78 R H (ka/
ks) ,kasks <1, A A AL EHFAER, ka‘ks >1,7A
MAT IEEBERLN  ka/ks =1, I HFELE Pk
1.4.3 i K AP2 A R & 5 4 # i id WebLogo
(http://weblogo. berkeley. edu/logo. cgi) % il i 3¢
AP2 HE PSS M e S AR S K il i MEME
(http : //meme suite.org/ ) % E 3% AP2 & NP
M PRSF LT
1.5 qRT-PCR #& ] AP2, miR172 & pre-miR172
FRiLME

K miReute Z2 12 W A miRNA 2 HU7) 2
W) G [ RARAE AR R (b 50) A7 PR ) ] 4 B
SEAR i F1AE 9 miRNA, i ] miRcute 3 58 #!
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miRNA ¢DNA 55 — 8% & sk 7] & [ RARZE LR
(JLE) AR A 1 & AL cDNA, LU ¢DNA AR,
EE U6 1E N 2 5L, >k H miRcute 1§ 38 7Y
miRNA 5% 5 7 I3 7 & [ R AR ZE AL B (b
50) A BRA F ] #E4T qRT-PCR K, miR172 %%
BB YA 51 WL 1, Bk RO R R R
miRcute 55 7 miRNA 2% Y 5 12 K6 3 551 & 1 B
FibAT, A 3 IRER ,7E CFX96 (BIO-RAD)
JEf PCR X L #4793, BT F N 95 € 15
min;94 °C 20 s,60 C 34 s,40 NG ; % ik th 243
i 65 °C 5, 95°C 0.5 s,

FH RNA $2HBURH & (bt 2 XS4 HA
By A5 BRZ F] ) BRI SEAR | i AR 19 5 RNA, JF:
AL cDNA 55 — %, L cDNA R, UL Actin
WS KA, R H TaKaRa 23 7 [ FAEY) TR ( KIE)
IR A ] TB Green Premix Ex Taq i 7l & #E 17
qRT-PCR 325, K AP2 JE K Fl pre-miR172 33k
T, BRI 519 W26 1, 2 BRG I 45 42 B 25
pL AR RFATECOW , B AFEA 3 IREE , 7E CFX96
(BIO-RAD) 5& #& PCR X il 3%, #)¥ A 95 C
30 ;95 C 5 5,55 °C 30 s,40 PMEK ; 7 th 25
Bk 65 C 55,95 °C 0.5 s,

1.6 iH3E pre-miR172 K& & Z R EH 53T

i 7 RNAfold ( http://rna.tbi.univie.ac. at// cgi-
bin/RNAWebSuite/RNAfold. cgi ) 78 £k I’ 3 43 #r i
3 pre-miR172 KGO, £ BIASEAA4 T, F
R E5 M A HfE.,

1.7 Pre-miR172 i 3R iE Xt B 34 miR172 & AP2 &
ESEspaAl

1.7.1 M3 pre-miR172 it & & H Ak Y E pre-
miR172 X miR172 B 2 3K 7K 7 1Y 5% Ml | v [
pre-miR 172 FIA T A (425 & Je IXB R e 45 100
bp XIFH) , IAESF 5 5" %5 | A B YIAL 2 Xhol,
335 A EcoRI VI i, 4853 Xhol Fl EcoRI X
fitg U1 4> % &b B 5T KL pGreen _ GUS _ competitor
(addgene ID 55208 ) Fil {5 pre-miR172 F 5 Y T %%
{ZIKQ{% pre-miR172 % 322 3| pGreen _GUS_ competitor
M IR R, O A SRk AR (5
I 2H) A48 AR pGreen_GUS_competitor ( X A8 2H )
I IEEAL EAR AT GV3101 (R 845 ,2019) ,
1.7.2 RAF A BRBHZ 42 o 32 F b B4R W B9 £ 36
g S 5 2 FROGT R 2L 1 AR AT B 0 ) 1 AT I AR T
KFn, BARINAES BN (2012) , RYSE

z1 HHEEPCREESY
Table 1

Primers required for fluorescence

quantitative PCR

14 %k

Primer name

151 (5'-3")

Primer sequence (5'-3")

Actin-F CTGGTGATGGTGTGTCTCACAC
Actin-R GTTGTCTCATGGATTCCAGGAG
u6-F CGATAAAATTGGAACGATACAGA
U6-R ATTTGGACCATTTCTCGATTTGT
DLAP2(#)-F CTCACCACACCAAACACTTGTTG

DLAP2(i#)-R GTCTGACCCGGTTAGGCTCAT

DLmiR172d-F GCAGAATCTTGATGATGCTGCAG
DLmiR172b-F GGAATCTTGATGATGCTGCAT

DLmiR172a-F GCAGAATCTTGATGATGCTGCAT
DLmiR172c¢-F GCAGAATCTTGATGATGCTGCAT

DL-pre-miR172¢-F GCCGGTAG TTGCAGATGC

DL-pre-miR172¢-R GCTGATG CAGCATCATCAAG
DL-pre-miR172d-F CCGTAGATTCCCTTCCTCTTTC
DL-pre-miR172d-R GAACGCATCATCACAAACCC
DL-pre-miR172b-F TGGCTTTCTGAATCCTCTTCC
DL-pre-miR172b-R GATGCTGCATCTGCAACTACC
DL-pre-miR172a-F GGATCCGTTGAAGAAAGCTCA

DL-pre-miR172a-R GCCGTCG GTTGTTGATGC

T 25 C /M T ROGE IR, RGHHEE 25 C Ot
JEII 16 h/8 h Z50F F 1537 3 d J5 BURE , %F miR172 Al
AP2 FEH AT qRT-PCR A6, BAK 7 ) |,

1.8 #iE4b1E

1.8.1 AR X Mo i Excel B4 43 5 X6 i 3¢
AP2 FIl miR172 K % LA & miR172 K & Al pre-
miR172 FEIATAH M43 M7, 78 P<0.05 By 514
T AH I R B r daXHE R 1, AR, 0
Irl <0.5, FARANH LSRN C;0.5< 171 <0.8,
WEM;0.8<Irl <], WEMEK; Irl=1,%4%
T,

1.82 2F 2 F M oM  FlFH Microsoft Excel 2010
Xof S0 I A5 R AT B R O 22400 IR AR P
H/NTF 0.05 HEFBE,

2 HEREH A

2.1 i iEh AP EEHLE
TSR R 4H SR TR T A SR AH W B 4438, B
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HEMAR T E Y EMN AP2 JEH |, i BLAST 3
AR A [FR 7 3, 285 i v R PR E E ¥ 41, 15
F] 9 5P 24 TAPIR W3k i miR172 F1 AP2 By
HAMECXTA i (3R 2) , B AR FC R BN T 3 )T
IR AR 6 45 AP2 ik A, Horp R 4
FI3 AP2 JF 31 FE X453 3] 2 25541 XM_013887071
XM _ 048778068, H: Xf 1 1 2 H ¥ 51 S XP _
013742525 Fl XP_048600981 ; # 4 H 5 AP2 J¥* %)
FeXF 15 2 4 45 )7 51 HQ637468 . XM _048770445 |
XM_013887073 Fl1 XM_048763426 , H X} i 1 2 H
41 5 ADU04499 . CDY29538 . XP _013742527 FiI
XP_048619383,
2.2 i#13E miR172 0 AP2 BRI FRIAX A= TH
T 4 17

L pre-miR172 F1 AP2 K4 [ 2 000 bp fF
FIRE T X, 26 NewPLACE 35 Fil 43 47 , 76 pre-
miR172 Hl AP2 Ji 3h F X & B A7 7€ TATA-box ,

CAAT-box 55 4% 0> Jit 8l F T M4, 6 N 28 7T 14 (G-
box \AAAC-motif . Box4 . GT-1 &5, F T b ¢ BR K
ARG R K |, PR N ST (ABRE | W-box
GARE .CGTCA \ TGACG %, F T Wi i Z s . Wi 7%
R RER ERKE BRI R AR
R RENETCH (TATTAG, 5 54043 2L |, 3
B2 W36 0 B JC A4 (MYB2 , UP 1-motif %5, 2 5 1 )i
KB E B SEALED) | b, IS B KGR A TE
H Y HE 5 M JC F (root-motif , POLLEN-ELEMENT,
PE R I R TR TE AR RN AE X S R e L 24U R R )
XYL miR172 1 AP2 Al RES SR IF LS RE
2.3 MK AP RHZ X B

2.3.1 AP2 R G Fad K2 [ HLAP2 EH
H 357 ~433 N LR ;4 80 39.7~47.9
kDa; 2501 250 6.31~6.77, AN, ST 20 Jifd 5 437 6
KI,6 S SE AP2 Y0 F Al MR, BAB X 6 S
AP2 PRI N | 7R A N & HE AR TR T i

x2 HMERAPR2ZEAERSH
Table 2 Analysis of AP2 protein properties in rape
FE3I 2 Bk HUARAL AT HUARZE 5 R K E Vi s SFHLA VA SE 7
Sequence name Target start Target end Amino acid length Molecular weight pl Subcellular location
XP_013742525 1 348 1368 433 47 736.58 6.44 4H A%
Nucleus
XP_048600981 1373 1393 432 47 924.77 6.77 Nucleus
A%
ADU04499 1178 1198 432 47 757.47 6.31 Nucleus
A%
CDY29538 1348 1 368 432 47 924.77 6.77 Nucleus
i)k
XP_013742527 1351 1371 357 39 753.86 6.42 Nucleus
1 OEES
XP_048619383 1357 1377 431 47 685.41 6.41 Nucleus
A0 M

2.3.2 W E AP2 M BFE S o4 MRS 6 4
AP2 5% 7 51 5 FA 3% ( Bra017809 1 Bra011741) Al
H ¥ (KC584094) 1 AP2 i#£47 ka ks THE., i FLAR
ka/ks FATEERE R T 400, HHER 3 AT, 55 &[] R
SR 7 6, EARFIEIER 6 X, 49 ka/ks<1, £
AP2 RGeS R P 207 T o B R Al fb ke
2.3.3 ALt oA hiE— B R AP2
miR172 F1 pre-miR172 % A W i fb X &, Fl H
MEGA6 #X X5 Z F A P i) AP2 K% .miR172 A%
BIFHIHN pre-miR172 J¥ 51 i 47 AL 53 B, 45
78 90 ¥ AP2 J¥ 5 XM _ 013887071, XM _

048770445 XM_013887073 5 3% BraAP2-2 X &
B, XM_048763426 5 H i BroAP2 &R B ([l
1:A), Pre-miR172 FEAL B AT K B ,bna-miR172a
5 bra-miR172a % & & i ; bna-miR172b #1 bna-
miR172¢ B 2& f£ — 4, A bra-miR172d . ath-
miR172e K & % i1 ; bna-miR172d fl bra-miR172¢
KRB (K 1:.C), miR172 BEF 5 1Y ik 1k
SrHT, &% B miR172b Fl miR172¢ W2 H1E—H (H
1:B), % 8 — & nl 68 2 68 A f; miR172a A
miR172d 43l REAEHAMA (B 1:B), 7S
miR172b .miR172¢ B REMFFEZE S,
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x3 HBEXAPR2ZEEMNZEEEHSW
Table 3  Selection pressure analysis of rape AP2
el FEH 1 FEH 2 , YRR S
- ka ks ka/ks .

Category Gene 1 Gene 2 Selection pressure
A AR Bra017809 XM_013887071 0 0 — —
Orthologous

Bra011741 XM_048778068 0.002 0 0.006 6 0.303 0 aifb ik
Purifying selection
KC584094 H()637468 0.013 5 0 — —
KC584094 XM_048770445 0.025 0 0.085 8 0.291 3 Ak
Purifying selection
KC584094 XM_013887073 0.0250 0.085 8 0.291 3 alifb e
Purifying selection
KC584094 XM_048763426 0.006 2 0.048 6 0.127 5 aifb s
Purifying selection
55 F ) I HQ637468 XM_048770445 0.025 0 0.085 8 0.291 3 iR
Paralogous Purifying selection

HQ637468 XM_013887073 0.0250 0.085 8 0.291 3 alifb it £
Purifying selection

H(637468 XM_048763426 0.006 2 0.048 6 0.127 5 alifl k4%
Purifying selection

XM_048770445 XM_013887073 0 0 — —

XM_048770445 XM_048763426 0.018 6 0.034 8 0.534 4 Zifb vk
Purifying selection

XM_013887073 XM_048763426 0.018 6 0.034 8 0.534 4 afifl k%
Purifying selection

XM_048778068 XM_013887071.3 0.042 1 0.222 9 0.188 8 alifb e

S .
Purifying selection

23.4 AP2 R GRS o4 WK 2 ATAL AT SR
AP2 B g P 9 4 A AE 3 AR SF R Y (A 2.
A) ,FEJF 1( Motif 1) FIFEF 2 ( Motif 2) & & RSF,
FETF 3(Motif 3) A 3 N2 IR 0 B RSP R (B
2. B), BEHAATRI ISR AP2 JE K Th e il 25 S ml BB
W RY 3 KK,
2.4 miR172 RKik5 AP2 RixKFR ZEBKEDH

1 & 3 AT, AP2 FEAR T o ) 3R K 7 2 3
i HLEIR T i 2 (E AR A rh D) R BB B R T e
(B 3:A) o XF T R0, R A b AP2 3R3K 5
B AIG T AR B 23k o 5 X F B T SR W AH f , S 80
HRFNI e AP2 ik TAem . 20l 46
AP2 ik W 2 5 T W 2GS A6 W20 HEW AP2
ML AE S R R ST,

i1 miRBase T 2452 4 45 B 2GS miR172
KWL, 43 92 bna-miR172a  bna-miR172b  bna-
miR172¢ 1 bna-miR172d, %3 £ & H X miR172
KL AP2 JE K, & B 4 A F 06 B B2 I
SRR 1AL 22 5, AP2 FE R miR172
R R AN A 1~3 MR 225 (K 3. F),
WD HE I X 2 AP2 LD & miR172 AR

i qRT-PCR #: miR172 % A 22k 7K F
SERANE 3. B-F Fr/R, miR172 5% 7F 5L 20 15 20
TSI R T 4 AT Rk in H AR i R A K
S = TR AN, HOA miR172d 7E g2 3248 b
) 2 3k & AR T MR A i, miR172a, miR172b Al
miR172¢ 7SS A ] 2 27 ) 38 3k JLEE Fl AP2
—E, e R IR EE T AR A, UL miR172a,
miR172b Fl miR172¢ Xf F R AGH =% AP2 FE KA fi
AR GE AR ML TE B 2T 32 P, miR172a
miR172¢ TEAETH R IB KT i 5 TARE 4L 3 22
4/, I miR172a Fl miR172¢ X F AP2 FE[H 5
FIA R ABVE BN ; miR172b fEAE T Rk
fm THAEEAL L, 5 AP2 Feak A I, 150 78 16 24
EE Y miR172b % T AP2 BB A ML EN . 16
HEGHE T miR172d ZEARRH A 2 A R AR 2ZE R
ANEZE TEMEPGREE T miR172d kR AP2 —
B, AR 2 e ak o W T AR Rk &, Ui
miR172d %F T MG AP2 W] R iE I E AR, i
FERLBGH S AT BEA LR Re sV E RS .

Jyift— D miR172 RIEA N 5L 5 AP2 J
RIS 2, 20 AP2 Fll miR172 4 5 15 0
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A C ath-miR 1724
aly-miR172d
bna-miR172d
bra-miR172c
~ XM_013887071
atmiR1T2e
” 1~ alymiR172c
XM_013857073
= aby-miR1T2!
XM_048TT0445 bra-miR1720
y - bra-miR172d
BraAP2-2 (brall] T809) i N p = bna-miR1T2c
; N
v )
1 - A - 1 R 1T2e
3, ~ < A\ o |
BroAF? (KCSE4004) R ~J/ \\,/ a7 alymiR172e
& N \ e :
L Oshmip -, '““*-hh_.fX A1 s oaa-miR1T2e
HQ6IT468 g fy) \— 2
¥ “—--_,_,/ (L - eaamiR1T2
bra 5 v Zma-miRiT
XM _MET63426 BRI 72085 ~——— F \ o almiRIT K T
||‘| _J— osa-miR1Tia
dy-maRiT2a-5p ) —_—— La
HraAP2-1 (brad11741) s G 5 | ” bmRIT2e3p Ima-mR1T2e
r 1 - " I
2§ ~ ) ) ] h-miR 172
a5 AT . I st
NM_0487TH068 | ,\ \\ -~ Sy Vi [ Rizy bra-miR1720
e 0 - 3 ' e F i o {
T Wi / / /’.'H_ o, £ bal-miR 1720
AthAPE (ATAGIE020) bt - Sl -' S~ A abymiR720
kT S f S ",
b‘__‘.m“ I 1 bakmiRiT2a
ZmAP2 (OK216746) |
. /
/
o brg-mift1 728
AlVAPZ-1 (XM _021034888)
= = sly-mRiT2a
ALYAP2-Z (XM_021034589) | - smmiRi720
aly-miR172a
O3APE (KP231018) csa-miR1720
zma-miR1TI0
zma-miR172e
zma-miR1T2e
shy-mRiTI

A. AP2 FEH B IEAER 234 B, miR172 BEALRE 2045 C. pre-miR172 BEALB 434,
A. Phylogenetic analysis of AP2 gene; B. Phylogenetic analysis of miR172; C. Phylogenetic analysis of pre-miR172.

1 AP2 miR172 pre-miR172 Bt L85 43> 47

Fig. 1

HEZ A R AH OC R B (r (B P22 50 R (P (B L 45
RN 4 Fron  FER PO miR172 F05 4 R
5 AP2 ¥ 5 W3 5 B OE A G, 7E B 2 3% p
miR172d 5 AP2 2 & B IEAH ¢, miR172b 55 AP2
E AR, miR172a Fl miR172¢ 5 AP2 iR AH X,
Vi B ZE R8O T miR172 FRAE #F AP2 2235, 0
TE MG 2 3 1 miR172b #4] AP2 235, miR172d
Tk AP2 ik,

ZE FRTR IR AP2 LR W] BEAE 2R ITAE , i L
HIRE MY & 4% 52 3 miR172 B950 ) 35, 78 5 3
TR miR172 FKIGAE HE AP2 %35 /K SF- 38 2t 1
PRHEFF AL (HH b miR172d fE A 5, 7F I 2,
W, miR172a Fl miR172¢ X T AP2 B 3 4E
FH# /N, miR172b A1 miR172d = % 3 [a] & 4% 4F ]
FEAIR AP2 [ 3RIK K, DT 1] B 22T 32 Y A
2.5 Pre-miR172 B Z R &M 7

M miRBase T #k 2] 4 /> BKYHIH 3% pre-miR172
FIE 5,4 NS pre-miR172 FEM G, 2 AN H
pre-miR172 ZJG M 1 . FIFH RNAfold (3.2) A4
TSR S RAH A pre-miR172 KGR LR — g 4%
¥, S5 RN 5 iR pre-miR172 BYFEAR — 45491
RZEFRZER [ HBE N 40.3 ~67.7 keal + mol™, H

s 7

Phylogenetic analysis of AP2, miR72 and pre-miR172

4

FRERYNISE pre-miR172¢ B 2k 454 A i i i,
KRYIHSE pre-miR172a B — 20254 A i e fcf,
B 4 a] 50, ISR W pre-miR172a 4540 — 34,
BT 5B CGUU 4 PRsE, 3 5B/ CGACG
5 A3, T ECHAE IR R ) g b 1 AR
DX FIER A 25 AR SE BT, B0 [ HH AR T F% 3.1 keal -
mol ™' ; pre-miR172b 7 3 Fl H #5 Hh 1Y) — 4544 —
5, (LRI 328 b ) P i 22 5, S O R AR
SEBO AL H B Rl AR 5 ASIRIX, (HER I
TSEH IR /N R R EE A RS N, RRE
PEFE SR, 5 AR, BRYHTHE pre-miR172¢ AR
BIEHCE £ AR EE L, BB AT,
TR AR E AR E BN ISR pre-miR172d AHE T
KZT 1A, 3 HARERAL, RIS T
Py — 2 MM I SE P pre-miR172a B9 F2 a2 M
X, 8k J5 MK IR J& pre-miR172d ., pre-miR172b, pre-
miR172¢ Fo i P ik .
2.6 miR172 5 pre-miR172 ThREHIHE LMD
it qRT-PCR Kl pre-miR172 % 1% 4% i f2
I RIEIKF- B pre-miR172 ZKHE N miR172 KRR
TRHEEAT R L, & 0 TE B T S R B T SR A
pre-miR172a FiA &t 5 TARAM miR172a LR Z
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A XP_048600981.1 B .
XP_013742525 1 0 . Motir! [
ADU04499.1 BN BN Motz ]
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A. Motif prediction; B. Sequence logo view of Motif 3.
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Fig. 2 Prediction of AP2 motif in rape

& 4 miR172 KRS AP2 B XS T
Table 4 Correlation analysis between miR172s and AP2

7-AP2 W-AP2
K
Family r i P{H r{H P1E
r value P value r value P value
miR172a 0.923 0.047 -0.261 0.023
miR172b 0.859 0.045 -0.989 0.048
miR172¢ 0.923 0.047 -0.261 0.023
miR172d 0.743 0.005 0.880 0.045

. P<0.05 £REFBE; 2-AP2. BPGHZE AP2 #[H; W-
AP2. WA AP2 SN

Note: P<0.05 indicates significant differences; Z-AP2. AP2 gene
in early maturing rape; W-AP2. AP2 gene in late maturing rape.

FEAE T 2 B d s RIS R (B 5. A), UL pre-
miR172a %f T miR172a B9 A 12 25 4F 5 {5 78
B2 38 P, miR172a 19 28 1k 0R 5 B 2 & T pre-
miR172a B9 78 LW B (B 5. A), BEIABR T pre-
miR172a 3k F X miR172a BB 6 & ¥ 42 33F 1R
LA A7 A Hofb o T2 0 A I B 5 pre-
miR172b 5 XF N7 (1) 8 2R 7 31 3% 58 e 34— 3, R

[ 20 2L R AR e 91) 3 3k o 18 I, BT 91 Y Rk
EWHEZ (K5 B), Ui pre-miR172b X}
miR172b B MH A 2 #4E . pre-miR172¢ il
pre-miR172d FBGMSE L KA & TAEEH 2,
miR172c Fl miR172d 5 H A4 O35 R R 1 235 KL
A, 38 pre-miR172¢ Hl pre-miR172d XF T 5 23
3 miR172¢ Ml miR172d (4% A% [F) B B AT 8 o 1
FH 5 (EAE B 203 3 | pre-miR172¢ Hil pre-miR172d
(1) 2 TR AR 5 R N BB R ik B AR I (1A 5
C,D), Ui B 7E g 24 9 % ' pre-miR172¢ F1 pre-
miR172d X} T H BRI B BA e .

itk — 4 i € miR172 N BE L HE 5 pre-
miR172 AY5& &, /0 H miR172 Fl pre-miR172 % ik
IR B] FRAH 56 R B3 6) , 45 1 K BLAE R g
Aot Bporp R B — Eony LA, miR172a 1 pre-
miR172a [ B IEAH &, miR172d 1 pre-miR172d
[i) i 2 AF O, (EFE 5L 280 o 3R B Oy T AH OG , 7E 1
B R I ARG, B BT 51 miR172a
M miR172d BYIE 5 AR D FT R 3R 58 F B m IR B A
WA R,

i FIRGER  pre-miR172 F 6% T H 80
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A. AP2 expression pattern in rape; B—E. Expression pattern of miR172 family members in rape; F. Comparison map of miR172s and AP2 gene

in rape. ZR, ZL, and ZF represent the roots, leaves, and flowers of early maturing rape; WR, WL, and WF represent the roots, leaves, and

flowers of late maturing rape; * indicate significant differences, the same below.

B 3 AP2 miR172 KERZEMESHTEETI L3

Fig. 3 Analysis of AP2 and miR172s expression pattern and sequence alignment

S miR172 1y R koK F B AR S E M, K
miR172a Fl miR172d ) & ik K F £ 2 3Z pre-
miR172a fl pre-miR172d 3 B B P8 #5 . 76 BE 2
3 pre-miR172a Fil pre-miR172b %t Ho i 245 51 ()
o & #8 1F 7] ] #2, pre-miR172¢ Fl pre-miR172d
W XT = S B 37 ) 1 B R 1) R
2.7 Pre-miR172 3t miR172 % AP2 FRiEK TS0
T HEH pre-miR 172 1 38 3K BB 1 R FT R 4=
YIS T AT R Y SRR S, 45 SR AN A 6 FTR

LGS T pre-miR172 33 ik ¥ S 850X 1
) AR Rk & T R Al (ck), 2 H
miR172b 5% IRAAM L 22 R AR E (K 6. A), 7]
DLIEA b 7E R BGhS2 H pre-miR172 fig #F 5 Bl 24
KRBT 15 5 B 20 2 - 1 miR172a Al miR172b
FhEE T R4, miR172¢ Al miR172d W) & 3%
RTXHIRZH (B 6. B) |, & B AT 25 {2 ik H ik
TE R, Ja =35 40 L BBV T i, B S+ it
t pre-miR 172 i RIAJ5 K I AP2 B RKIA K
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Fig. 4 Prediction of the secondary structure of pre-miR172s in rape, Chinese cabbage, and cabbage

FrTXRA (K 6. ), BBl Tt it & ik
pre-miR172b B} AP2 3% ik & I T X R4, o ik
pre-miR172d I AP2 ik & & T xf M4, i % 3k
pre-miR172a il pre-miR172¢ i} AP2 235 7K - g I
THMA, HESARF (B 6: D), EXRIKF
AP2 [ 3R IX B 5 TE Il 3 i Rk A — B
FRRAIE miR172 $0 45 AP2 KA,

3 it

31AP2 B 5MEREE

TEA ST AP2 [ T EAE R B b R rh 3Rk,
TEARE A 2L 2L Fn i rh A 3k (BAEAR AL 2L
RV BAR, TEAC T o3 e UM 2 W AE 78 b 3%
IR SR (X AT 4 ,2005) . AR LKL, AP2 TEIR K
M R A ek e G e ny e h AP2 3R
ikE R, 52— BGEK AR AR T AP2
FeR B, AL ENBLAR 00 25 HE 0 AT 09 7l =2
AP2 J¥ AN 25648 G T LLOE [ )8 #8 FF AL i R A7,
Wang 55 (2019) A N H L BLAY euAP2 K% A 51
WY 91 4 B R VR D A A D 7E H T S
AR RIKKF-TC B2 57, X EARMRERA
], 85— i e A M & AP2 3 B A7 A 22 53, AT BE

OGN 25 AR 55— A 9% 2k 5 A Mk ik AP2
JEHN B R ~F X33 138 H 5190, I A 43 0l A I 45
ANGEE I B3 1) 3R 38 7K | H v & 44 TF 1) A 47 1] 4
FEAER W R R 28 A E G 28T 1E ) 8 8 1 2%
H X AT AR S AT AL AN F AR A

3.2 miR172 3f AP2 BYAIE

HE R 3K 32 B A [7] K SF- 1 ] 4 A 4 G f0 1A
IR e SRV e Sk JE K- R B K -5 BE SR
B FAEFE SR rp R AR, S ok I 7 R 2
i AL RS 3 F XA DNA 85 507 5454, %
TG S T Ui 5 PR 1) B SRk K T T R ) 0 4 I
K 2 3k B9 4E H ( Vaqueizas et al., 2009) , Saito 55
(2009) WF5E & B, 5% sk 10T L5 miRNA )3 3l
T X454, M85 miRNA 3K, miRNA @i 5
FUJER Y 3" UTR X Re 545 &, 3E 1 76 5% 5t S5 K
ST ) L R R 2 8 K R R mRNA, IR T
F miRNA 1A HLEE A 380 T 56 PR 3R 3k 9 4 19 246 11
52 (REFITN A ,2014)

AP2 WK G AE b e 5% I F AP2/ERF 3 I %K
R 2 — L& ANT Fl euAP2 PFRZEHL | Ho
cudP2 FIE N Y & A miR172 &0 M, A
TR RIS AP2 J7 51,5 miR172 HX) e 23
1~3 ANREE S TC , Y%A miR172 A5G 004,
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Table 5 Secondary structure stability analysis of pre-miR72s in rape, Chinese cabbage and cabbage

P/
Origin

HR

Name

A g
AG (kcal + mol )

e )

Secondary structure

R i 3

Brassica napus

e

B. rapa

Hi

B. oleracea

pre-miR172a

pre-miR172b

pre-miR172¢

pre-miR172d

pre-miR172a

pre-miR172b

pre-miR172¢

pre-miR172d

pre-miR172a

pre-miR172b

-40.3

-53.4

-67.7

-49.4

-43.4

-46.5

-58.6

-53.4

-43.4

-46.5
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) AP2 BN &R euAP2 FJE 5L, Sakai, 2003 ;Chen,2004) . 18 i 43 H7 i 3 miR172
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A. miR172a 5 pre-miR172a FEEMA LS ; B. miR172b 5 pre-miR172b 5 A LA, C. miR172¢ Fl pre-miR172¢ ik LA L
5 D. miR172d 5 pre-miR172d FiEMAE L, ZR ZL ZF 53 iR R BUh SRR b 46 ; WRO WL WF 43 5148 3% B 200 S8 4R

LI

A. Comparison of expression patterns between miR172a and pre-miR172a; B. Comparison of expression patterns between miR172b and pre-

miR172b; C. Comparison of expression patterns between miR172¢ and pre-miR172¢; D. Comparison of expression patterns between miR172d

and pre-miR172d. ZR, ZL, and ZF represent the roots, leaves, and flowers of early maturing rape; WR, WL, and WF represent the roots,

leaves, and flowers of late maturing rape.

B 5 miR172 Ki&k5 pre-miR172 RERIEM B LK S

Fig. 5 Comparative analysis of expression patterns of miR172s and pre-miR172s

FETE AR G, fH S, 78 W 203h 3% 1 (Y miR172b Al
miR172d F 15 AP2 3R 35 & & B AR G, 7 HL A &
R, JG#F A IEA G, miR172a Fll miR172¢
INFEE AP2 KRR A G, X R Y miR172
TEAS RN SE i A o6 T AP2 45 S RE i & ¥R A7 AE
255 HEM miR172 05 B 51 6 T AP2 BE PR i
AU T35 F 8, A7 76 i )2 1 1) i 42
FEEAS 6] 3 32 5 Bb b miR172 505 B B2 19 I g
RIEA PR, 78R B0h 3 miR172 0% B 51
X AP2 ZR3R KV AR HE 1R 5 76 W 2 il 3 it A
I miR172d & 42 #E4E H, miR172a, miR172b Fl
miR172d A1E AT g 284 i T 5 9k H) 55 8 2 A fig
R, S AP2 W XRARFZMHCHE, 25
AR,
3.3 Pre-miR172 i35 miR172 BYR LK F

KT miRNA BBF5E K 2 4 P 78 miRNA A 34
&, H & pre-miRNA BB /D, Y pre-miRNA

XF TR miRNA IR A EA E HEE L, A
WFFE I A5 pre-miR172 F1 miR172 3k LA &
XF AT A G A, B miR172 BRIk &S
pre-miR172 #y 4= & 7 K&, H ' pre-miR172a Al
miR172a 2 pre-miR172d #l miR172d & & =% & &
5, pre-miR172b F1 miR172b } pre-miR172¢ #l
miR172¢ 7EHEJE LR R C, rTaE 2 R
miR172 3= B2 B A4 F B2 45 | 38 52 3 n T
JE T R PR AR BT DL R GA B BOR SR et A
Ko TRARLLAFE(2012) TE7& MHAA R ER b )4 K LI
— 3}, miR156 ,miR166 ,miR397 ,miR398 .miR408
FESHAMAERIEYAZ KA AHHE
Al g2 BN T8 4% ; miR166 7E /T 4 K & K Bt
SRR R IR LM OC, N RTERT 4 B B
miR166 ML SZ 2 i A 4= B2 8 12, 35 152 3)0m
TR,

TEWE G T R I, pre-miR172a Fl miR172a Y
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Table 6 Correlation analysis between pre-miR172s and miR172s
pre-miR172a-miR172a pre-miR172b-miR172b pre-miR172¢-miR172¢ pre-miR172d-miR172d
e

Variety i P fi 1 P i 1 P i P i
r value P value r value P value r value P value r value P value

Z 0.939 0.029 0.867 0.536 0.876 0.202 0.752 0.046

w 0.889 0.001 0.826 0.375 -0.183 0.109 -0.549 0.021

. P<0.05 RRZERTE,; 2. PRGN, W. B,
Note: P<0.05 indicates significant differences; Z. Early maturing rape; W. Late maturing rape.

A BEI e 5 2GS T I miR172 KK HE . B. BRI G J5 BRI 3T miR172 RIAKF HUAL; C. BRI e gL &
PUmSRT M AP2 FRIRKF L D. BRI 5 WG SR T AP2 RIKKFILEL, a,b, e Fl d 435K pre-miR172a  pre-
miR172b  pre-miR172¢ il pre-miR172d i 23k FRLR YL M= F 5 ck F/R %S A BURL pGreen_GUS_competitor 18 Y= F I,

A. Comparison of miR172 expression levels in early maturing rape cotyledons after transient transfection; B. Comparison of miR172 expression

levels in late maturing rape cotyledons after transient transfection; C. Comparison of AP2 expression levels in early maturing rape cotyledons

after transient transfection; D. Comparison of AP2 expression levels in late maturing rape cotyledons after transient transfection. a, b, ¢, and d

respectively represent pre-miR172a, pre-miR172b, pre-miR172¢, and pre-miR172d overexpression plasmids infecting rape cotyledons; ck

represent blank plasmid pGreen_ GUS_ competitor infection of rape cotyledons.

6 Pre-miR172 i R iA FHL R i 3 F I /5 miR172 & AP2 FRiAE R
Fig. 6 Expression of miR172 and AP2 after pre-miR172 overexpression plasmid infecting rape cotyledons
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HHIEZREN 0.889 , F IR i 35 1EAH G, 1 Rk pre-
miR172a J§ miR172a #9335 & 0 0 32 52 &, 30
pre-miR172a %t T miR172a 3 ik 7K ¥ 47 1F ) 94 45
YER s pre-miR172a 3635 7E AR I 46 28 1k i B
AR, T miR172a 28 Akl B 3K, X 0l e J& i F
pre-miR172a FHX T BUBAA AT E , 25 2 KA
[ f# ( Schmittgen et al., 2008) , K AN BE 5E 4= 46 M)
F|, pre-miR172a [ H fE A 3 T H A 5% A% 01
%t R A E ARG, 25 %) B i . pre-miR172b
A miR172b FEA R — A RBMAE, HZFHEAR
B LM C R, W pre-miR172b XJ AL 24 {4
miR172b 45 HoAh 2 1w A9 TR 4%, 1 3k pre-
miR172b J5, miR172b 3 35 KV W 25 $& & . pre-
miR172¢ Fll miR172¢ &35 & 75 Mo 280 5 b 22 BLA
FA#a Y R it 2 35 pre-miR172¢ J5 , miR172¢
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F e 2ol 32 miR172¢ B W% J5, H A ik pre-
miR172 &A= T R, DRI AG: 0 80 %) i 1 3 3k 4%
i, fH B 24 & 3= 8 & B &, pre-miR172d 5
miR172d 7E Me 24y 32 v 52 1 A ¢, R W pre-
miR172d 3= B A9 34 n 2 90 ) miR172d A998 6L, 3
23K pre-miR172d J5 ,miR172d ) 33K 7K g 2 %
ik, #F — 20 9E B 7E 3R 35 /K °F | pre-miR172d %}
miR172d &I HI1E- .
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G 25 S ]I AR FE N [ A BEAS [ 4 80 3 3k oK 7
25 SRR, FLIR R AT BB AE T R R 0 Y AR ) 0
57 AR B 35 B IR, A T2 1 Y
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4 i

ABFFE BT miR172 1 AP2 B3 8 T IX, B3
WEE e KB ok, TS 5Lk E
IR, RIS 6 7% AP2 J¥ ¥ H 28 miR172 1Y

A5 R miR172 (SR IE R i AP2 W] BE %
F miR172 MR, A F 2003, miR172 K%
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TR 1A 45 R AR I
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paay

& . ONWFSCHELA NDH PSS N T e R IR 4R HLE 12 SC AR O b o MR, R RACE 45 R 5 b
SaNDH6 F&[H 141K 551, B S2 i 26 )% 2 - PCR(RT-qPCR) $32 A 20 B H 41 21 R0 K Ab 335 il 6 AR =,
TE AU TG IF AR oA UL HSTE 48 i <2 7, F1) ] PlantCARE 4387 SaNDH6 #45 % % 7 ATG F i 2 kb 895 3h T
F# 3, TRl iz ) PlantRegMap T n] g5 45 & @9 R N7 49238 (1) SaNDH6 %t 303 125/,
GRG0 E A T Rk, (2) SRR oA £ B, M A SaNDH6 5 KA A 4 NDH6 i 1k 56 R K,
(3) PlantCARE 53#7 & L, SaNDH6 J5 3 F 5 & A ACE ,AE-box ,Box 4 ,G-Box I GT1-motif Z¢ K 60 [ 76
A1 T IS A 2 7 12 18 ( MeJA) 2% T6F CGTCA-motif Fll TGACG-motif, 7785 % ( GA, ) Wi i T F P-box,
N B A R 368 1 B JC A4 TC-rich repeats 45, (4) PlantRegMap 7381 & B, A 76 154 # KT 1l €5 SaNDH6 )3
B4 A, Hh ERF K% 15 40 1, (5) SaNDH6 TEREFF YRR O - F AR5 41 2 Ay ik, Hop
FEME R R A A A F 1x107 mol - LA MeJA Fil GA, 43 I Ab BUE & @ 75 41 205 , S AL PEFT (0 h) A LE
SaNDH6 [WFRIZFITE 3 h 5 W E TR . L5 DA AR A SaNDH6 A% & K 4w s i) 2 1, 32 S PR 5575
F:3R35, SaNDH6 1] B8 S 5 M A 30 458 ok i S g A it
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Abstract; In order to investigate the function and regulation mechanism of NDH dehydrogenase gene in Santalum
album, the technique of RACE was used to amplify the full-length sequence of Sa/NDH6 with heartwood as material. The
technique of quantitative real-time fluorescence PCR ( RT-qPCR) was employed to analyze its expression in different
tissues and after hormone induction. The subcellular location was determined by Arabidopsis thaliana protoplast transient
expression. 2 kb cis-acting element upstream of start codon ATG was analyzed by PlantCARE online service, and the
transcription factors which could bind the cis-acting elements was predicted by PlantRegMap software. The results were
as follows: (1) SaNDH6 encoded 303 amino acids. It was a hydrophobin and located in chloroplast. (2) The
phylogenetic tree analysis indicated that SaNDH6 had a more closely evolutionary relationship with NDH6 from woody
plants. (3) Plant care analysis showed that the promoter sequence of SaNDH6 contained a large number of light
responsive cis-acting elements such as ACE, AE-box, Box 4, G-Box and GT1-motif. It also contained abscisic acid
(ABA) responsive element ABRE, jasmonic acid methyl ester (MeJA) responsive elements CGTCA-motif and TGACG-
motif, gibberellin ( GA;) responsive elements P-box, ARE cis-acting regulatory element essential for the anaerobic
induction, and TC-rich repeats element involved in defense and stress responsiveness. (4) The results of plantRegMap
analysis showed that there were 76 transcription factors that could bind to the SaNDH6 promoter, and among which, ERF
transcription factor was the most (up to 40 TFs). (5) SaNDH6 can be expressed in the tissues of roots, heartwoods,
calluses and leaves, but had a higher expression level in the tissue of leaves; under 1x10* mol - L' MeJA and GA,
treatments, the expression level of SaNDH6 were significantly elevated after 3 h when compared with O h,
respectively. In conclusion, SaNDH6 was a nucleus gene encoding protein, its expression was induced by light and some
hormones, and it might be involved in against some defense and stress processes in S. album.

Key words: Santalum album, chloroplast, NDH dehydrogenase, subcellular location, expression regulation

JeEAERI R, N H,0 2] NADP* B9 26 1 vt 7 1%
AT LA B A2 ATP il NADPH , fH 7 A= (¥ ATP/
NADPH A& 1.5, ANBEW L R ZR SO AY i 22, ixX 2t
ANJEH) ATP | I8 PSI P A L 7% i i A2 kAT
#M% ( Yamori & Shikanai, 2016) . # FHE T, 4K
# T NDH 545 1 iy L 115 186 2 [ 58 PST IR 3L 1
iz —, HIEME YOt & Wk A4 KD
FAEPR A ) 532 58 ' 1 35 RS R it 5% 38 455 1y
B & EVER (Endo et al., 1999; Yamori et al.
2011; Yamori & Shikanai, 2016). 1., NDH &
BB TR #5256 7 . Shinozaki %5 (1986) I
Ohyama( 1996) 43 5|3 3o 4/ &% ( Nicotiana tabacum)
FHLER ( Marchantia polymorpha) B W23 44 35 [K 20 il
FPRIT 11 AR Gt 1Y) NDH [, B AR IX 2
SR S Lk ik NDH FEH [R5, (B 44K NDH 32 %2
IEEAE AL B JE R 1 (Fd) 352 H 7 (Huku et al.,
2011; Yamamoto et al., 2011; Shikanai, 2016),

R R R LB 11 AR AN T Z s
1 NDH 5 A3 PR 3 R sy HoAZ 6 DR 21 4 1) ( Sirpio
et al., 2009; Yamori et al., 2011; Shikanai,
2016) , Hr, ERE TP ILYE T 30 £49 NDH
EAREER , BARTT LIS R 5 28 ( Armbruster et al.
2013; Fan et al., 2015; Peltier et al., 2016),
SubA Hi 7 AEEPI AL, Horp 4 > iy i g A R TR 20
4if% ( NdhH-NdhK ) , 55 4h 3 4> i A% 3 B 4 4 1
(NdhM-NdhO) , ¥ 5 H1 1% 3% 2] 4 f§ Q 41 X (He
et al., 2015) ; SubM [ 6 /> i 52 ( NdhA-NdhG ) #J
P IS4 35 PR 2 4 B, AT T AR B TP A B T R A A
It 2 5 e 194434 ; SubB ( PnsB1-PnsB5)
A1 SubL( PnsL1-PnsL5 ) [ A% 51 37 H A% 5 R 41 4 75
HERJE 2%k NDH & &K BT F54 4145, SubB 1]
it 5 4k +F NDH & & K 9 52 & A 5C (Peng et al.,
2009; Takabayashi et al., 2009) , SubL 7] Dl 4 £§
NDH-PSI & & & i) 2 %2 7 ( Peltier et al., 2016) ;
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SubED(NdhS . NdhV . NdhT F1 NdhU) 1, i #% % N
gy, K HE S SubA M B AE L K Fd 45 & 17
A5 ( Yamamoto et al., 2011; Peltier et al., 2016) .,
EAER W TE AL R NDH 5 PSITE R T B4
T, NI EE = T A RO A AT A
FIF NDH & & R 1) 45 09 SR 7552 , 4B IF LheaS
1 Lhea6 75 & G 4 198 o bl 3% B 4E L, OF |
Lhca6 i fE % £ 5F NDH & A 1K (9 45 #) ( Peng et
al., 2009) , fixiT Otani % (2018) #F5¢ K L, A H
ZHICE A1 EAS T2 5 7 NDH-PSI B &1k
AT B, X 2L B 120 A 45 Lheal (2.3 4, A1
AARRE AN 2 E AW, W% E: NDH 1
PSI, HEIX NDH 2GR M 25 A B A TRA W
WFFE , (H— B4 0 3 | ¢ 51 J& 5 NDH-PSI & & {4
R N N R S LTS = S i [ DO
AE FHEHLH L 75 PE— 254898 (Fan et al., 2015)

T (Santalum album) 543 A5 T A7 F1E 4
HEHL X 2 2 AR SRR, R A AN A 5 b R
PIER 0 &AW, 9 Z N T AR &
MM 20 R s 25 A Ty, B AR B & T
(Baldovini et al., 2011), 477, )& T & ) 0 55
F2 AR rp e FORS T 9 A RN R 4 45 O T, 6 O
B BFSE 436k = . NDH B AR EEE S
VE I AT B 4% 336 %) T B2 41 4, Py A6 2 35 [ 4
S, X PR (1 1) 6 1R 4 AT | 56 T ax BE R} 2 )
BH AT I AN AR, A SC LR AR R TR A MR, R
AT HEYFM AR D2, W M SaNDH6 &
ER ST i i A I | D eR VAR Sy s
Sl I AE FH TR F0 T BE 45 A 1 5L S R 7 o it
it SaNDH6 7E M 7 NDH 42 444 v iy BLAZR 52 37 A
FIREMIVE T, 43 A1 HE 3R 3k 8 42 488 =XRHE 7 3 5% 1
A RERFERAE R, AR NDH B2 S IREL A
VE LA B3 5% 3t w4 T REAF 5T 29 78 Sl

1 MHEF*

1.1 I+ R 1AL 12

FEAF I 7 AR AL B4 B v [ R 2 B A re
40 e BT b A RE b Y 7 A T A (F D R 3
BRIEH AR KRR AT ) | W 0 VR 5 2l 8] 52 55
%80 CIRFE, BT OB N SN AR 3R 17 i 0 21
41iF % 5 2 W Singh % (2015) F1 Yan %%
(2018) Y J7¥k . TE MG 5 FRELAT 48 75 1 47 20 21

BT MS AR FEHEL R 7E 25 °C (100 r + min™ 551
FREEREIR 24 h, Z )R 73 HUMALHIEZ Sy 13107
mol -+ L™ AR AR I 4 T ( MeJA ) I 5 3R I T
(GA;) , 73 HI7E 0.3 .6 h BURE A R 5 T -80
CORMFLIPEI RNA . RRAERE) B 3 IR AT,

1.2 SaNDH6 KI5 &

K HHEBURAFEY) RNA 57 ( Kolosova et al.
2004 ) $2 U A 044 5 RNA, F NanoDrop ND-1000
43 Y66 BE i ( Nanodrop Technologies, Wilmington,
NC, USA) M 1.5% By e 5 v ik I 42 L RNA
F18) o N 2 B

* FH SMARTer RACE ¢cDNA Amplification Kit
( Clontech Laboratories Inc., CA, USA) ¥ 14
SaNDH6 )4 K J¥ 31, F1 S 30 PCR #E4T RACE 47
W, P A 1.5 9% U B BE IS L DK DN i gk
FEIII, % #: PMDI8-T 44K, e {6 K I #F i DH-
Sou, PRI BH P 5 B ) Jb 5T AR R EE B2 w (IR
¥, R4 K31 (3 RACE 5’ RACE #1 ORF) 5|
WL 1,

1.3 SaNDH6 WS BZE 51

SaNDH6 1) 3 Ak ¥4 Jiz 1 1l | Expy Protparat
(https : //web. expasy. org/ cgibin/ Protparam. htmL) ,
V40 MY % A7 7500 A1) B plant-mPlo ( http ://www.
cshio. sjtu.edu. cn/bioinf/plant-multi/) , A~ [F] A5 4
NDH .3 (1 @ FE R 51 LE XS ] DNAMAN #( A | ii
1L MEGA 6.0 FY 4847 A% ¥ (N-J ¥ ) 1 57 A []
Yy NDH R Y 2= G e
1.4 SaNDH6 ¥4 IV 28 ) E fi

AL 475 I NCBIL T2, T #7515 N
GCA_002925775.1( Mahesh et al., 2018) ,ZH £ K |
KR LU R 57 e DR 20 004k A5 RH L T B R $
SaNDH6 F& K () J7 2 + J¥ %1, 3+ | PlantCARE
( http://bioinformatics. psb. ugent. be /webtools /
plantcare/html/ ) #4753HT . JE3IF TF 456 (78 il
FIH PlantRegMap: Plant Regulation Data and Analysis
Platform @ CBI, PKU ( http://plantregmap. cbi. pku.
edu.cn/binding_site_prediction.php ) #E47504T

P14 SaNDH6 (1) ORF J¥ 51 ( 2% B ¢ 11 % 14
¥, F FH In-fusion 3% A # # 35S. SaNDH6.
PSAT6-EYFP-N1 V4 7 7 A, D5 i\ s e BR
Yoo 45 (2007) H)J7 ¥ #EAT LR 57 I AR o A e A
£ 22 °C 5906 F 557 12 h J5 AL O IL R A HH
B 5% ( Zeiss, Jena, Germany) WS40 8
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Table 1  The primers used in this paper
T
ik 5190H I (55
Use age Primer name (gl[m;[r) sequence
3’ RACE SaNDH63'-F1 GGTGAGGCCAT
TCCAGTTCTT
3' RACE SaNDH63'-F2 CACTGGATTTG
CACTGCCTGC
5" RACE SaNDH65'-R1 ATTCTAGGGTCC
GAAGCAACATCC
5' RACE SaNDH65'-R2 CAAGGAGGCAGA
GATAGTGGTGGT
ORF "4 SaNDH60RF-F GATCCAACGGCT
ORF amplification ATATAATG
SaNDH60RF-R AATCACCACTCA
GGGAAAAC
¥y % SaNDH6 ;. pSAT6- SaNDH6F1YFP-F CGAACGATAGCC
EYFP-N1 24K Construction ATGGTAATGAATG
of SaNDH6; pSAT6- GTGCTTTCAAAT
EYFP-NT vector SaNDH6FIYFP-R ~ TGAGTCCGGACC
ATGGTATACTTCC
TCCGCCAAGAGT
SOt E R RT-qPCR SaNDH6qper-F GCGGCCTTCTCT
TGCTTATTA
SaNDH6qper-R ACCTCCCTGTTT
CACCAATAAC
SaFABIA(RT-qPCR)-F  AGCAGTTCTCAA
AGGAGCTAAA
SaFABIA(RT-qPCR)-R  ACCTTCGTGCGA
CAACTAAA
SaPP2C(RT-qPCR)-F  ACTGACCAGGCA
ATCCTTTC
SaPP2C(RT-qPCR)-R  ATCCATAACCTT
CGGCCATTTA
SaCSA(RT-qPCR)-F  GCCAATATACCG
AGGACAGAAG
SaCSA(RT-qPCR)-R  CAACCGCAAGAT
CACAAACAG
SaFbp3(RT-qPCR)-F  CCTCGTGTACTG
GGAAATGG
SaFbp3(RT-qPCR)-R  GCAAGAACGCAA
TGCCTAAA
SaFbp2(RT-qPCR)-F  CGAAGCCTGGTT
CACTCTATG
SaFbp2(RT-qPCR)-R  AAGCTAAGCCTC
TGCAATGT

1.5 LAWK EE PCR 5517

FH 1.1 FT 3k 9 7535 2o ) 4 BORE 38 v WO B
HRFN A A 4 2 2 RNA, Al RNase free DNase |
(TaKaRa, Japan) #4740 B LB PR JC DNA {5 4%,
H A/ Asgo TE 1.9 B 2.1 A, /AL KT 2.0 HHJK
Ja 2k SE Y 1 g RNA #4765 5%, 3K 1
cDNA FHJC A% 9 il (1 7K 7 B 10 A5 )R B F-20 C
#wH.

RT-qPCR F ABI 7500 Real-time system ( ABI,
Alameda, CA, USA) #1472, = N ik 57 >k H
SoAdvanced™ Universal SYBR® Green Supermix
detection system ( Bio-Rad, Hercules, CA, USA),
iK% . SYBR® Green Supermix 5 pL,514% (1x
10° mol + L") 4% 0.5 pL, ¢DNA 1 pL, LA ddH,0
FEARRIBEN 10 pLo AN 95 C BIAEE 2
min, 95 C7Z5 15 5,60 CiE K 1 min,40 PMEH
M Yan 2 (2018 ) B9 7 I5 B UM BL N S 2 4, A
R LU SaFAB1A+SaPP2C , MeJA 4b BLA
SaCSA+SaFbp3,GA, AL FEFI ] SaPP2C+ SaFbp2 1
NS IR LA AN A I P 2 4k TR 3R i 4 ) R
SEIIEAE S N 2 R TR e 2 3838 1 (B 4 ) i AT ARG
1E, B ERE 3 REE, fa A 27 ik
SyMTE G . RT-qPCR TSI L% 1,

1.6 #iEg it

H SPSS 19.0(IBM Corp., Armonk, NY, USA)
HATBAEGE . 2 BRI 208 = )
#1£(P<0.05)

2 HER5H50

2.1 SaNDH6 )55 [&

HR A8 A e S 41 7 B¢ 19 NDH it & i} Unigene
BEIT51#,3" RACE ¥4 J5 153 8] — 2% 528 bp W 4F
S (K 1:A),5" RACE ¥ 14 )5 158 8] — 4 317
bp RS (B 1.B) , &M F E¥RES EAH T
SVIEHDFEE , IF HAE 334 Poly A J¥51, Ul BHIE#
A3 T H 37 H 5705 7 51, 45 NCBI ORF Finder
S PHE S, @it RT-PCR U555 T — 4%
912 bp WHAREM (K 1.C) , ME)FHE3 T Hbs
J¥ 51, 34 4 SaNDH6
2.2 SaNDH6 FIEMEEZ 0

SaNDH6 %% 303 A~ PR (& 2) , 8K H 4T
N 33.75 kDa, BB SEHL AN 9.31, & A 28 MR
PEEILRR A 45 D0t ZE R, i e IR AL AT 76
A PEA W R E IR AL 79 4, F H & A 160
MK BB , LW H N g K 8 1, 48 E £
U % B LT B A kA

M NCBI T ZEAN[RIFE Y NDH ¥ 3 (1) & L R 7
5], FH DNAMAN #1472 EF 4] X, [ 3 7]
A SaNDH6 5 8k ( Prunus persica) PpNdh6 [
A FALE R 53.46% , 52 K ( Sesamum indicum )



5 SIS . FEA NDH B S 3E  pY s e e 5 8 sh 7oA 955

bp
2000
1000

500
250
100

A. 3" RACE "3/ %); B. 5 RACE ¥ 1™ #); C. ORF ¥
s,

A. 3" RACE amplification product; B. 5’ RACE amplification
product; C. ORF amplification product.

Bl 1 SaNDHG6 () PCR ¥ 1%
Fig. 1 PCR amplification of SaNDH6

1 atgaatggtgctticaantctagtagecattcantctgetttctecctactgtigtacaacan
MNGAFEKSSSIQSAFSYCYDQQ
61 glacgaaactatgattaccaccactatctctgecticctiiganctgeccccangtatgege

YRENYDYHHYLCLLELPPSINTE
121 aaagctgeattcgeactecgtgectigaatgtigaaacagcaagggetatggatgtiget
K AAFALRALNYETA ARAMDUVA
181 tcggaccctagaatiggtctcatgegectectatgglggcaggaatccatagacaaaatc
SDPRIGLMBERLLUWWQE STITDRK.I
241 tacgcaaacaaattaattgagcacccggcagcgeaggecctigeatcagttatatctgaa
YANEKLTIEHRPAARQALASYTISE
301 aataaaattagtasaggatggligaaangatcagtiggageccgaatcagtgatgeacan
NKISKOGWILE KRSYGARTISDADNQQ
361 agggaggtaactgacaticctgaaactatigaagagtiggagaggtatgeggaggatace
REVTDIPETTIEELETRYAETDT

481 atatccactattttgtacatgacacticasgctiggcggtatcaattctactgeagetgat

I STILYMTLOQAGGTING ST AATD
541 catgelgctlicgeatlalcgggaaageangegecctiictetiigettattaagtictitgeca

HAASHIGKASGLTLLLTIKTSLTP
601 taccatgctggacgaagtcatcatttcccatatattccatctgtggtggetgecaaacat

YHAGRSHHFPYIPSYVYAAKH
661 geettattggtgasacagggaggtcanactgatat tecanatggattategagaganacte
G LLYKQGGQTDTIOQMDYRETKIL
tgcgatgetgtetitgagatggcatcagligetagigteccact tacagaangcgeglgeg
CDAVFEMASVYASVYHLOQEKARSE

781 ttagetggcacagtgectggtgaggecattecagticttctgecagetgtgecaacecag

=3
]

L AGTVYPGEAIPYLLPAVYPTA?Q
841 gtictgtiggacacactgaategagtgeagttitgatgtgticgatccaaggetagcacgy
YLLDTLXRVYQFDVYFDPRLATR

901 ggagtactiggtgtttctecatigtiggttccaactgaaattganatggeactetiggcge
GYLGYSPLWFQLIEKLIKTWHSTWR
961 aggaagtatiga
REKY~-

2 SaNDH6 Hj ORF F %l
Fig. 2 ORF sequence of SaNDH6

SiNdh6 14 A Bl E 4 52.60%, 5 K % ( Manihot
esculenta’) MeNdh6 F FH # & # ( Prosopis alba)
PaNdh6 F #H 1L B ¥ 4 51.84% , 5 4 % ( Vitis
vinifera) VvNdh6 #9751 AH L1 R 51.30% , v B 38
ITIE A b 3 B 21 T A A NDH &2 &K 6 13,
FIHI MEGA 6.0 X AR NDH IV 2 14 2 &
Ry S A6 i AR, BT 4RI My SaNDH6 5

SiNdh6 I VvNdh6 h—3 X 5 2 751 LX) 25
R R — 8 Y, AT & B SaNDH6 5 4 % |, it
ARk ( Prunus avium) )l Z& ( Morus notabilis) . B
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Fig. 4 Phylogenetic tree analysis of NDH subunits
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FAmE R TTA , TR 4 3 P Rl R AT REXT SaNDH6 1Y
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TR S b R AR T B SRR R AR A SR R
JR AR YL 10 J2 o7 3 B2 4h ( Wasternack, 2015) , 82
SR A B AR A AE 1 38 A 5 8 S
2 (Qiu et al., 2014; Per et al., 2018) ., HTHT,
NDH % &1 2 59 I B 45 G 55 24 Wy Jiih 3 s 1z ) T
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HE 438 ( Yamori & Shikanai, 2016) . KL, F A1
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Fig. 7 Cis-acting elements analysis of SaNDH6 promoter

958 L i W7 44 %
+ ATTTTGCAAA TTTATAACTT TTCAAAGTCT TGGTGATTTA TATTCCTGAG AAAAATTITG ATAGTTCAAA
= TAAAACGTTT AAATATTGAA AAGTTTCAGA ACCACTAAAT ATAAGCGACTC TTTTTAAAAC TATCAAGTTT
.
+ TTGCAAATTT TAACATGACC TTTGACAAAA GTTACAGATC TAACCHETTACTGTTA GCARTTATGT AAGAR-motif
= ARCGTTTAAA ATTGTACTGG AAACTGTTTT CAATGTCTAG ATTGGGTTGG TAATGACAAT CGTTAATACA
+ CCCAAACTTA TTAANGGGTA ATTCTAACCT AACTCTAAAT GGACTTGAGC TTTGTTATCA TCTACGATAT . ABRE
- GGGTTTGAAT AATTTCCCAT TAAGATTGGA TTGAGATTTA CCTGAACTCG AAACAATAGT AGATGCTATA . ACE
+ AAAAAACCGT BIEECATCCT ATTATCACTT CAAATAGTTC CCAGCGAAAN CAATTTTTTT TTTTTITTGG -
= TTTTTTGGCA GAGGGTAGGA TAATAGTGAA GTTTATCAAG GGTCGCTTTT GTTAAAAAAA AAAANAACC AE-box
+ AGTTTTCCCA AGTCTCAAAT CGTCATEEREIERCTECETTC CATATTCCAC TAAAMTTTCT ATGATIRENEEN -
- TCAMAGGETITCAGAGTTTA [EEBATTTG GTGAGGGAAG GTATAAGGTG ATTTTAAAGA TACTARCTGGH . ARE
':CMNI‘MN\ ATTTAGGAAT TAGAGAAAGA AAANCCTAGAA ATTTTGAGAA TTTCACTTCC AGACAGATCT S
BIGGTTTATTTT TAAATCCTTA ATCTERRICTIMTIGGATCTT TANAACTCTT AAAGTGAAGG TCTGTCTAGA AT-rich element
+ GAMATGATAA TAGGAAGTGT TERTATATCA CATATGGCAC GCAAGTGACA AAGGAGCATA CATCCATTTA . AT~TATA-box
- TSRS c A CRIARTATATAGT GTATACCGTG CGTTCACTGT TTCCTCGTAT GEAGGTANKTY
+ AMTTAGGTT AAAATTTAAA ATTTGTAAAA GGATTGGAAT ATAATTACTT AATI GGTCGAAGGC . Box 4
BEITTTAATCCAR TTTTRARTTTITAANCATTTT CCTAACCTTA TATTAATGAA TTATTETTTT CEAGCTTCCG >
+ CTGACTAATA AAAATACAAT TTTATCCTTT GGAATGGGAA AAAAAATATA GAAMNMATATT ATTGAAAMAN I )] C‘AAT-box
= GACTGATTAT TTTTATGTTA AAATAGGAAA CCTTACCCTT TTTTTTATAT CTTTTTATAA 'I‘MCTT'I"I"I" . C CAAT box
+ AGARAATTTTC AAATTAAGTG BBEGGTTCCC TGTTTTCCTA AAATAAGTTC TTEREERTENN I c”
= TCTITARRNG 1y .
TTTAATTCAC GCACCAAGGG ACAAAGGAT TTTATTCAAG AAGAAATAGT AGTAAMCTGT CGTCA motl f
+ AATGTAAGAT CAATTTTGTC CATCAARAAT TACTCACCTA TTTATCAAAT ACGCAAATAA TTTAAAAAAG _
- ICATICEA GTTAAAACAG GTAGTTTTTA ATGAGTGGAT AAATAGTTTA TGCGTTTATT AAATTTTTTC E DRE core
+ AGATTAACTT TAGTACAGHCAGCTA TATTAAGTGT AGTATACACA TAAMAAGAAA AAAAANTTAT . ERE
- TCTAATTGAA ATCATGTCGT TAACGTCGAT ATAATTCACA TCATATGTGT ATTTTTCTTT TTTTTTAATA
+ AAGATCCAAA ATGACATAAT TTTAGAATTT ATATTTTTTT TAACATCAAA AGGTATCAGT CACACCCAAC . F-box
- TTCTAGGTTT TACTGTATTA AAATCTTAAA TATAAAAAAA ATTGTAGTTT TCCATAGTCA GTGTGGGTTG G-Box
+ TTTTATGCAG CTATGCATAT TAACTTTTCC CATEFTARAA AATAAAAAAC TGTAGACCTC GTTTGGGAGT GTl tif
- AMAATACGTC GATACGTATA ATTGAAAAGG GTAAAATTTT TTATTTTTTG ACATCTGGAG CAAACCCECA] 3 motl
AATGCACC CACGGTCGEGIEGGGTTCCTT GTTCGTATCC GGTAGCTATG TGGTTCCCAG . LAMP-element
m ACTTACGTGBIGEGECAGCGC ACCCAAGGAA CAAGCATAGG CCATCGATAC ACCAAGGGTC . MBS
+ ANCTEEEECT GAAATGTAGG GTTGGGCGCA TGAGGCATTT ccamcco&_m-rcm CCCTATAGCA
- TTGAGEGEERICTT TACATCC CAACCCGCGT Cctet GGGATATCGT MRE
AAAAAAAAAR 14
+ GEGBEG AN ACATTTTCAA TTCCTTGCTG choccncm;c.acccm GTGAGGGACG MSa-like
- CTCCCCTTTT TTTTTTTTTT TGTAAAAGTT AAGGAACGAC ACGGCGTCGA GGCGTCGCGT CACTCCCTGC
+ CCGCTTCACA ATCCGATGGG TCAGAAAAAT TCAGAGAGAA CATAGAAGTG TTCCTTCGGA ATTTCCGCAA . MYB
- AGTCTCTCTT 3 49 J
GGCGAAGTGT TAGGCTACCC AGTCTTTTTA GTATCTTCAC AAGGAAGCCT TAAAGGCGTT MYB recognition site
+ GGTAAGTTCG CCCGAGATCT TTCGTTTAAT TCGECGACGe ceetTeTTeT CAlitAn TGTTGTTTAG . MYC
- CCATTCAAGC GGGCTCTAGA AAGCAAATTA AGCGGCTGCG GCGAAGAAGA GTTGCACATT ACAACAAATC
+ AATGTAAGAT CAATTTTGTC CATCAARAAT TACICACCTA TTTATCAAAT ACGCAAATAA TTTAAAAAAG . Myb
- EATICEA GTTAAAACAG GTAGTTTTTA ATGAGTGGAT AAATAGTTTA TGCGTTTATT AAATTTTITC | p-b
=00X
+ AGATTAACTT TAGTACAGHCAGCTA TATTAAGTGT AGTATACACA TAAAAAGAAA AAMAARTTAT
- TCTAATTGAA ATCATGTCGT TAACGTCGAT ATAATTCACA TCATATGTGT ATTTTTCTTT TTTTTTAATA . STRE
+ AAGATCCAAA ATGACATAAT TTTAGAATTT ATATTTTTTT TAACATCAAA AGGTATCAGT CACACCCAAC TATRA-box
- TTCTAGGTTT TACTGTATTA AAATCTTAAA TATAAAAAAA ATTGTAGTTT TCCATAGTCA GTGTGGGTTG .
. TC-rich repeats
+ TTTTATGCAG CTATGCATAT TAACTTTTCC CATTTTAAAA AATAAAAAAC TGTAGACCTC GTTTGGGAGT )
- AMAATACGTC GATACGTATA ATTGAAAAGG GTAAAATTTT TTATTTTTTG ACATCTGGAG CAAACCCECA! . TCT-motif
" SETTT TGAATGCACC CACGGTCGEGIEGGGTTCCTT GTTCGTATCC GGTAGCTATG TGGTTCCCAG _ TGACG-motif
m ACTTACGTGEIGTGECAGCGE ACCCAAGGAA CAAGCATAGG CCATCGATAC ACCAAGGGTC . Danawed. 3
+ AACTEEEECT GAAATGTAGG GTTGGGCGCA TGAGGCATTT CCCTATAGCA -
- TTGACHEEEMNCTTTACATCC CAACCCGCGT ACTCCGTAAA GGGATATCGT . Unnamed 4
+ GHBGGEAAAA AMAAAAAMAA ACATTTTCAA TTCCTTGCTG TGCCGCAGETNCEGCAGCGCA GTGAGGGACG E Unnamed 6
- CTCCCCTTTT TTTTTTTTTT TGTAAAAGTT AAGGAACGAC ACGGCGTCGA GGCGTCGCGT CACTCCCTGC .
. WUN-motif
+ CCGCTTCACA ATCCGATGGG TCAGAAAAAT TCAGAGAGAA CATAGAAGTG TTCCTTCGGA ATTTCCGCAA
- GGCGAAGTGT TAGGCTACCC AGTCTTTTTA AGTCTCTCTT GTATCTTCAC AAGGAAGCCT TAAAGGCGTT . as-1
+ GGTAAGTTCG CCCGAGATCT TTCGTTTAAT TCGECGACGC ceerrerteT CAllitan TGTTGTTTAG chs-CMAla
- CCATTCAAGC GGGCTCTAGA AAGCAAATTA AGCGGCTGCG GCGAAGAAGA GTTGCACATT ACAACAAATC



5 ElEEAE . A NDH BB W se ke e 58 s P 959

ERF

B3
MIKC_MADS
AP2

C2H2

LBD

bHLH

wz  Dof

TCP

FAR1

11 MYB_related

L il Total=76

HEREN B

B 8 & SaNDH6 BEFHIFEREFSIT
Fig. 8 Analysis of transcription factors binding Sa/NDH6

MelA
1.5 - b

e

>

SaNDH6H A F ik it

SaNDH6 relative expression level

3
o il Time (h)

T IV 5 R PR BT Zhao 55 (2017 ) #F 55 UE B, 78 £ Fif
FREEE T, 4 M NDH-1 REG8 4E % PSI 45+ 11
FRUAE 5 Li 55 (2004 ) 5544 M0 5L & LT (4 C) AR
FEFEEEEE (100 mol - m™? « s7) REE i & I ndhB
AR B IO R (F /F,) FPS 1T RS
FL 2 38 30 R 0 S 2 I T S A R PR 4 I U
FIESOCIRBE KT NDH 4, 148 388 %O & 8%
BEARPVER; Wang 55 (2006) BF5% T A [7] i B
Ak jE EF A= AR NDH %8 48 AR ndhC-ndhK-ndhJ
(DndhCKJ) K8 R AH bR 6 AL R 22 57, kBt
NDH i i Hy F A& i & /1 CO, 1 R AR AR, AT
WD T e SR AR R A, LR EFRER

SaNDH6H] A ik it

SaNDH6 relative expression level

tn

0 3 6
[if ] Time (h)

B9 RHMRFE(A)FMFRER(B)LIEIS SaNDH6 MR A
Fig. 9 Relative expression of SaNDHG6 treated by MeJA (A) and GA,(B) treatments

R 7R 3855 0 /AR | AR ARG A5 0
T T NDH B FAE A g B R RS
MR E TR ARHE CO, M [l Ak | 3BE e P 28 1A 58 o 19 aod
JEIR R 3/ H,0, 1977 A DL 48 1 8 16 Al
RAET RN, TEARNG T, AT & AR
SaNDH6 Ji 3 F & 4 — 2 2 5 306 55w [ 1 o0
4,40 JA F1ABA B0 W IT DR o | B AR
FEN 6 e R T A, L MeJA B ) 7 R 4 B
% 4L H 4 4 (TGACG-motif I CGTCA-motif 43 1]
B2 A5 T 538 % U)AE 5C 1Y N R
4,34 3 A~ (ABRE 2 4~, MBS 1 4~) . &iAwiA
WEFE 45 R IATHEDN SaNDH6 B T E B AT 6A 1
FHA 3082 5 R 1 T 5 W ae 55500 58 e N 3L 7

ZE LT AR SO T A A AR NDH A

R FEHE K] SaNDH6 , Ho 4wt 303 A2 318 , 0 T
2R SR IF IS A NDH I 20 A9 4% S5 9 4 )
WIBA BT R . SaNDH6 J3 85 5 A
TR M ] T | — S 35 3R ] 1 G A N S 5
ARV TG ERF FI B3 2845 5 St 1 1 RE 1 4
SEAZEERM S o7 T P R Gk 44Uk k2
R RIZIEHTERL A (0 | ek e, Al
FIRAT IPE MeJA Fl GA, . EHES

SEH .

ARMBRUSTER U, RUHLE T, KRELLER R, et al., 2013. The
photosynthesis affected mutant68-like protein evolved from a
PSII assembly factor to mediate assembly of the chloroplast



960 |1 I G/

44 ¥

NAD(P)H dehydrogenase complex in Arabidopsis [ J]. Plant
Cell, 25(10) ; 3926-3943.

BALDOVINI N, DELASALLE C, JOULAIN D, 2011.
Phytochemistry of the heartwood from fragrant Santalum
species; a review [ J]. Flavour Frag J, 26(1) : 7-26.

ENDO T, SHIKANAI T, TAKABAYASHI A, et al., 1999. The
role of chloroplastic NAD ( P ) H dehydrogenase in
photoprotection[ J]. Fed Eur Biochem Soc, 457 5-8.

FAN XY, ZHANG J, LI W], et al., 2015. The NdhV subunit is
required to stabilize the chloroplast NADH dehydrogenase-
like complex in Arabidopsis [J]. Plant J, 82(2); 221-231.

HE ZH, ZHENG FF, WU YZ, et al., 2015. NDH-1L interacts
with ferredoxin via the subunit NdhS in Thermosynechococcus
elongatus [ J]. Photosynth Res, 126(2/3) ; 341-349.

HERNANDEZ-GARCIA CM, FINER ]J, 2014. Identification
and validation of promoters and cis-acting regulatory elements
[J]. Plant Sci, 217-218; 109-119.

HIBINO T, LEE BH, RAI AK, et al., 1996. Salt enhances
photosystem I content and cyclic electron flow via NAD(P)H
Dehydrogenase in the halotolerant cyanobacterium Aphanothece
halophytica[J]. Aust J Plant Physiol, 23 321-330.

IFUKU K, ENDO T, SHIKANAI T, et al., 2011. Structure of

NADH  dehydrogenase-like
nomenclature for nuclear-encoded subunits [ J]. Plant Cell
Physiol, 52(9): 1560-1568.

KOLOSOVA N, MILLER B, RALPH S, et al., 2004. Isolation
of high-quality RNA from gymnosperm and angiosperm trees
[J]. BioTechniques, 35; 821-824.

LI XG, DUAN W, MENG QW, et al., 2004. The function of
chloroplastic NAD (P ) H dehydrogenase in tobacco during

the  chloroplast complex ;

chilling stress under low irradiance [ J]. Plant Cell Physiol ,
45(1): 103-108.

MAHESH HB, SUBBA P, ADVANI J, et al., 2018. Multi-
omics driven assembly and annotation of the Sandalwood
(Santalum album) genome [ J]. Plant Physiol, 176 (4):
2772-2788.

MUNEKAGE Y, HASHIMOTO M, MIYAKE C, et al.,
2004. Cyclic electron flow around photosystem I is essential
for photosynthesis [J]. Nature, 429. 579-582.

OHYAMA K, 1996. Chloroplast and mitochondrial genomes
from a liverwort, marchantia polymorpha-gene organization
and molecular evolution [ J]. Biosci Biotechnol Biochem,
60(1) . 16-24.

OTANI T, KATO Y, SHIKANAI T, 2018. Specific substitutions
of light-harvesting complex I proteins associated with
photosystem [ are required for supercomplex formation with
chloroplast NADH dehydrogenase-like complex [ J]. Plant J,
94(1). 122-130.

PELTIER G, ARO EM, SHIKANAI T, 2016. NDH-1 and
NDH-2 plastoquinone reductases in oxygenic photosynthesis
[J]. Ann Rev Plant Biol, 67 55-80.

PENG LW, FUKAO Y, FUJIWARA M, et al., 2009. Efficient
operation of NAD (P ) H dehydrogenase requires supercom-
plex formation with photosystem [ via minor LHCI in
Arabidopsis [ J]. Plant Cell, 21(11) ; 3623-3640.

PER TS, KHAN MIR, ANJUM NA, et al., 2018. Jasmonates in
plants under abiotic stresses: crosstalk with other
phytohormones matters [J]. Environ Exp Bot, 145; 104-120.

QIU Z, GUO J, ZHU A, et al., 2014. Exogenous jasmonic acid

can enhance tolerance of wheat seedlings to salt stress

[J]. Ecotoxicol Environ Saf, 104. 202-208.

ROMANOWSKA E, PARYS E, POSKUTA J, 1984. The effect
of light quality and gibberellic acid (GA,) on photosynthesis
and respiration rates of pea seedlings [ J]. Photosynth Res,
5: 205-214.

SHIKANAI T, 2016. Chloroplast NDH; A different enzyme with a
structure similar to that of respiratory NADH dehydrogenase
[J]. Biochim Biophys Acta, 1857(7) : 1015-1022.

SHINOZAKI K, OHME M, TANAK M, et al., 1986. The
complete nucleotide sequence of tobacco chloroplast
genome; its gene organization and expression [ J]. EMBO
J, 5. 2043-2049.

SINGH CK, RAJ SR, JAISWAL PS, et al., 2015. Effect of
plant growth regulators on in witro plant regeneration of
sandalwood ( Santalum album 1.) via organogenesis
[J]. Agrofor Syst, 90(2) ; 281-288.

SIRPIO S, ALLAHVERDIYEVA Y, HOLMSTROM M, et al.,
2009. Novel nuclear-encoded subunits of the chloroplast
NAD (P ) H dehydrogenase complex [ J]. J Biol Chem,
284(2) . 905-912.

TAKABAYASHI A, ISHIKAWA N, OBAYASHI T, et al.,
2009. Three novel subunits of Arabidopsis chloroplastic NAD
(P)H dehydrogenase identified by bioinformatic and reverse
genetic approaches [ J]. Plant J, 57(2) : 207-219.

WANG P, DUAN W, TAKABAYASHI A, et al., 2006.
Chloroplastic NAD (P) H dehydrogenase in tobacco leaves
functions in alleviation of oxidative damage caused by
temperature stress [ J]. Plant Physiol, 141(2) ; 465-474.

WASTERNACK C, 2015. How jasmonates earned their laurels .
Past and present [ J]. J Plant Growth Regul, 34(4):
761-794.

YAMAMOTO H, PENG L, FUKAO Y, et al., 2011. An Src
homology 3 domain-like fold protein forms a ferredoxin binding
site for the chloroplast NADH dehydrogenase-like complex in
Arabidopsis [J]. Plant Cell, 23(4) : 1480-1493.

YAMORI W, SAKATA N, SUZUKI Y, et al., 2011. Cyclic
electron flow around photosystem I via chloroplast NAD ( P)
H dehydrogenase ( NDH) complex performs a significant
physiological role during photosynthesis and plant growth at
low temperature in rice [ J]. Plant J, 68(6) : 966—976.

YAMORI W, SHIKANAI T, 2016. Physiological functions of
cyclic electron transport around photosystem I in sustaining
photosynthesis and plant growth [J]. Ann Rev Plant Biol,
67. 81-106.

YAN HF, ZHANG YY, XIONG YP, et al., 2018. Selection
and validation of novel RT-qPCR reference genes under
hormonal stimuli and in different tissues of Santalum album
[J]. Sci Rep, 8(1): 17511.

YOO SD, CHO YH, SHEEN J, 2007. Arabidopsis mesophyll
protoplasts: a versatile cell system for transient gene
expression analysis [ J]. Nat Protoc, 2(7): 1565-1572.

ZHAO J, GAO F, FAN DY, et al., 2017. NDH-1 is important
for photosystem I function of Synechocystis sp. strain PCC
6803 under environmental stress conditions [ J]. Front Plant
Sci, 8: 2183.

Z0U C, SUN K, MACKALUS JD, 2011. Cis-regulatory code of
stress-responsive  transcription in  Arabidopsis  thaliana

[J]. Proc Natl Acad Sci USA, 108(36) : 14992-14997.

(HEHRE F #1 IEH)



fﬁ:ﬁﬁ? Guihaia May 2024, 44(5) . 961-971 http://www.guihaia—journal.com

DOI: 10.11931/ guihaia.gxzw202308024

THR, =, i, %, 2024, C SJeh A TR R E ISR ERTSE [J]. TPGMEY), 44(5) 0 961-971. :
AN XJ, YANG L, WEN B, et al., 2024. High-temperature tolerance of Citrus maxima ‘ Mansailong’ seeds at different
developmental stages [ J]. Guihaia, 44(5): 961-971.

‘BERM MTRRL GBS R R

ZER, =, W, BRAR

( 1 ERABE Y SRR e A B IR AT R SR T B R S %, R B 6663035 2. FPERMERBE KA, LAt 100049 )

i E. 2R SIS IRSUE YRS e E B T SRR 2 b, R T s IR
PR A BRI S AR R R < 2 388 ( Citrus maxima ¢ Mansailong” ) A SEB0 A BE, XA [6) & & B Bt
BOFP AT IR AL B IR FE RN A A B R A RS A EA MM EEA S 2 D A
BRI, SRR . (1) fEHE)S 23 JE B 49 F A LB R b, R T A KR B R AL, G
EHEIN, T E S EEE 0 E S A B AR X SR R R AR AR S 31 ST S T AR AR, BB S 41 T
FRE . (2)BFAEALSE 29 JE A5 58 4 09 BB BE 1 Rw) A0 1 v R i M | oS s IR i 2 W IR A AE S
37~49 JA Z [P . 5T R AR AR, R R A E A AR B B A S B AR )T 23 ~49
JAY) RS T S MG A P RIAAE A R B b A2 X W0 3 A R R 5 R 04 5 L R 2 2 IR AR G
(3) B RIS B, B F LT, 2k (A s/, ISl 200 A R0 387 28 /0N 200 o 1 R 1R 5% ¥
291 HHES R T RN R By /AR KBS A rh o 5 5 B 2R, 25 BTk, < 238 el
TAEACST 41 J8 3k 3 A BB T B Sl i) BSGA  /K el 5 o T f 2 A R ok AR R AR A T R B e, T
FFP % 05 I 5 b v T e AR R AR E B 1 e 1 % 4 R e A 1 A T X A v L
B EE RAHEEHR,

KR =R, hRER T A WA, TRrEERE S, RREEn, TR E

FESES ., 0944.59 XERFRIRAD: A XEHE: 1000-3142(2024)05-0961-11

High-temperature tolerance of Citrus maxima
‘ Mansailong’ seeds at different developmental stages
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Abstract; The seeds are invariably exposed to high-temperature conditions since global warming frequently causes

abnormally high temperature. In order to investigate the physiological basis of high-temperature tolerance in seeds, we
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used intermediate Citrus maxima ‘ Mansailong’ seeds as the research material, heated the seeds at different
developmental stages, and simultaneously detected changes in seed morphology, contents of soluble protein and heat-
stable protein, and cellular ultrastructure. The results were as follows: (1) The seed moisture content dramatically
dropped between 23 and 49 weeks after flowering ( WAF) , whereas the percentage of DW/FW and fresh weight
increased significantly. All of these indicators began to change quickly from 31 WAF and stabilized around 41 WAF. (2)
At 29 WAF, the seeds acquired full seedling formation ability and a preliminary tolerance to high temperature; from
there , the high-temperature tolerance gradually grew and improved quickly between 37 and 49 WAF. The improvement in
high-temperature tolerance was accompanied by a steady increase in contents of soluble protein and heat-stable protein of
seeds, from 23 to 49 WAF. The results of the correlation analysis showed a substantial positive correlation between the
accumulation of heat-stable protein and soluble protein and the ability of seeds to tolerate high temperature. (3)
Ultrastructural observation showed that the number of mitochondria progressively dropped as the seed developed, the
volume of the embryonic axis cells gradually decreased, and the number of lipid bodies in the cells gradually rose and
their arrangement became more and more regular. In addition, the vacuoles enlarge at the same time, and at a later
stage, they were packed with black floccules. In conclusion, the C. maxima ‘ Mansailong’ seeds reach physiological
maturity at 41 WAF without any noticeable maturation drying; the ability to tolerate high temperature is acquired during
seed development and is further enhanced until a later stage; changes in cellural ultrastructure and an increase in
contents of soluble protein and heat-stable protein of seeds are essential in helping the seeds develop their high-
temperature tolerance.

Key words: high-temperature stress, intermediate seeds, cellular ultrastructure, soluble protein, heat-stable protein,
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seed development
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Fig. 1 Changes in fresh weight, DW/FW and moisture
content of seeds at different developmental stages
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Fig. 2 Changes in high-temperature tolerance during Citrus maxima ‘ Mansailong’ seed development
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3 AEAXEMEMTEL CHELETH
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Fig. 3 Changes in the median lethal time of seeds at
different developmental stages under the high-

temperature treatment at 40 °C
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All data are expressed as x+s. of 3 replicates.
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Fig. 4 Changes in contents of soluble protein and

heat-stable protein during seed development
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A-C. f£J5 23 J; D-F. #£)5 37 J&; G-L {£J5 47 &, CW. 4IJRE,; N. 4Muf%; NM. 2B, M. ZEkifk; LB. J5ik; G. &K

Bk VORI,

A-C. 23 WAF; D-F. 37 WAF; G-H. 47 WAF. CW. Cell wall; N. Nucleus; NM. Nuclear membrane; M. Mitochondria; LB. Lipid body;

G. Golgi body; V. Vacuole.

5 AEXRE T IR e BB

Fig. 5 Ultrastructure of embryonic axis cells in seeds at different developmental stages
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Table 1  Correlation analysis of various indicators during Citrus maxima ‘ Mansailong’ seed development
L an FERTES S i K= T PIEEH AR
Index Survival rate Seedling rate Fresh weight ~ Moisture content DW/FW Heat-stable protein  Soluble protein
PERTES 1.000
Survival rate
JE R 1.000** 1.000
Seedling rate
fif 5 -0.374 -0.697* 1.000
Fresh weight
ToKE =0.724 *x* -0.695* -0.265 1.000
Moisture content
T L 0.724 % 0.695* 0.265 -1.000%* 1.000
DW/FW
MREEA 0.785 %% 0.811 % 0.228 -0.986 %+ 0.986 1.000
Heat-stable
protein
AR EEA 0.738 % 0.813 %% 0.318 —0.978** 0.978** 0.995 ** 1.000

Soluble protein

I *FREF B F(P<0.05) ; »FRERWEFH(P<0.01),

Note: * indicates significant differences ( P<0.05) ; ** indicates extremely significant differences ( P<0.01).
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K VLA PR B R ES E R P S R R
AT e R R b 4 L B A 2 2 A, DT 4
TP R 35 TG T AT M R R
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IR R %5 40 D 250670 (Wen et al., 2009) . i 7E
TAPE R T E A0 M HE B s B R AN,
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Abstract: To explore the effects of nitrogen, phosphorus and potassium on the physiology of Pyrrosia petiolosa as well as
the synthesis and accumulation of chlorogenic acid ( CGA ), tissue culture seedlings of P. petiolosa were used as
materials, and three concentration gradients of low nutrient ( no fertilization: N,, P,, K;), normal fertilization ( N
020g-kg', P:0.15¢ - kg", K: 0.15 g - kg ) and high nutrient ( N,; 0.40 g - kg", P,: 0.30 g - kg, K,: 0.30
g - kg!) were set up. Seven treatments were set up to NPK, N,PK, N,PK, NP K, NP,K, NPK, and NPK, , and the
resistance physiological indexes, CGA contents and key enzyme activities of P. petiolosa under different treatments were
determined. The results were as follows: (1) Nitrogen, phosphorus and potassium fertilizers had significant effects on the
resistance physiology of P. petiolosa. The activities of superoxide dismutase (SOD) increased significantly under high
nitrogen and low potassium treatments, but catalase (CAT) activities rose significantly under low and high treatments of
three nutrients. (2) The contents of CGA in P. petiolosa was significantly affected by different nutrient levels of nitrogen
phosphorus, and potassium. The CGA level in normal fertilization was the highest, reaching 12.92 mg - g, while the
CGA content in high potassium fertilization was the lowest, 7.79 mg - g”'. Potassium fertilizer had the most significant
effect on CGA content. (3) The key enzyme activities of CGA synthesis were significantly different in different
fertilization treatments. The content of CGA was positively correlated with the activities of quinate o-hydroxycinnamoyl
transferase (HQT) and 4-coumaroyl coenzyme ligase (4CL), and negatively correlated with the activity of quinic acid

shikimate o-hydroxycinnamoyl transferase (HCT). HQT, 4CL and HCT were the key factors leading to the difference of

CGA content. The results of this study provide a theoretical reference for the artificial cultivation of P. petiolosa.

Key words:
(CGA) , accumulation

H W41 ( Pyrrosia petiolosa) "R 7K & & B 56
JRAEY), 7 2020 Rie( v 2 i) ISR A A 5 2 0 ik
JiZz— DAt A2 sy H PERE, BA A Kl
AT 2 N o R R B A 2T L S A
2020) , #ALALAF (2020) BHFERM, ARG F A
By IRSE (TR 2 | =i 28 A 22 R 2 R 1 A RS T
MR R ( chlorogenic acid, CGA ) J& H: 5t 2 45 il 1Y
TEPRLr . — 7 T, A A AR Ok U T B AR R
U, BEAE BT AR B R Ao B SR A7 R I R 7 oK A A
T, A A A R S R s R P s H
fi 5 —Jr T, T & A M LR S E AN
I, ToiE DR UERR SE B0 i R Y7 25 (A BR 45, 2010)
PRI, A JE A 35 24 6F 19 T 32 5 SRORITORAIE 25 B4 J5it
HIERE , T REA A 35 0 51 R 914 AN TR B
(WA

HAT, ST AW A T3 19 A TR KNI 46, 473
PRSI  AAIG L A R 5 B 25 R I I L A
SRAERK G218 it A T LU AN B 4 TR) 8, it AL 2 245
)N TR B R ML A AR o A v 0 SC B B T 2
—  HEsZm A MY A K AR, RS
EF A, HER WK TAWAH N TR PR
P AC 7 2% 1 SCHR AR E . P, e da i i AL AE
PRV A A K A RN o PR R LA

Pyrrosia  petiolosa, nitrogen, phosphorus and potassium fertilizers,

physiology, chlorogenic acid

A 5 N TR 85 e 2 A DR G ) 2 —
KA 5T 3 B, A B it I8 RE A S 62 HF 245
FEY) I A B R 808 53 19 6 AR 2 i i
e} s s A 25 JE B 36 35 Jblp 3 B 858, 0 IR 1 P A AR
IR TR T @ WS T I ST 5 Wra e = o [
HERAE (2004) BESE T AL BRIE XS PF 2 00 i A= AR
FERI R, R IR E XS T, 1A B R
TN , P50 1, 8 Bl e 20 0 39 i 2
Wrd /b W R P S L, FPE S R AR
HABWALHEH . B RRR S (2020) A58 & 3,
RAEXTVE 2 21 52 i A8 40 B 2, 35 4 1 &8
R ERIN T =B RAY Rb, S, i /i S £
M2 SBCEREAL . AWA A BN 45
2, )@ TR iy, SLAE R R N & BUE 12 R
N IEACHHE 72 (Clifford et al., 2017) ,iZ i 12 1)
AR 0T Ay 57 A T 8 ik TR 4% TR 2 T R % 24 TR , L
b 5 T S e T A g R R Y A AT R
HRNBEU A A P 0 & & (Fritz et al., 2006) .
KT A (2022) TR LRI, SR AL SRR (CGA)
) 1 5 e 2 B A B0 O 3 IR S A R AR
TN R A T L K (PAL) | TR A TR -4- 35 Ak il it
K (CAH) A-F BRI A R (4CL) Fn¥z
JE A RERL L R B L R (HQT) %5 CGA A i ¢ 3
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HIZRILKF B8, A BFSEEE H, 3R 25 52 i 19
FRASARH = W i & R 2, 2 5 1y R R 2K 1 1 A=
Y& s AR 3L PAL ACL FE85 38 T B AR &
ik TERBRAL BT S )5R C BB Eg IR | S 4 5 R
B G R & & 0 % P K ( Wang et al., 2023), 5
AMBEAE A Z G IS WY — 785 EHE
“hy FE LB B B il ) B DR AR AR A Y A B
A AL G B b 2 B AR AN TR AL B T AR
B BB S A (Xue et al., 2022)
SR, E R 8 A AT AT AT G T i AT 7K P 52 i A7 4k A
5 W RIS T R 1405 AR R I I FE 4R A

N T RV A T3 00 A [m] AU I v B Y A
B 1 M ¢ R (CGA) A R R i B A, A B 5
DE T A ) B Ut 4 Ak 3 A WA = bt i fk
fitf SOD [ CAT K35 i 415 ¥y o il IR & 1 1) 224k
PN CGA & LG HE B 8 N 2 IR % 2 g (PAL) (A
FElR-4-¥2 AL T (C4AH) | 4-75 &L W 5 B A 3% $ T
(4CL) FFHRPRFEL A BESE W (HCT) (& TR&Z
B AR ERE S B (HQT) | A 5 IR-3-F2 L (C3H)
PTG PEFT CGA 1Y 7 &, LA BT ) WA A 4 5 % AN [
W EE AU PRI Y A= B 1 K CGA A U R LA
AR AR SR A R N T R R A
WA

1 MHEF*

1.1 iRt

AR T 2022 4F 7—9 A1) P BE 25 K2
T KM N AT, AR 1 AR A 5 4l
BT, B RKOR S — B A AR A 5 AR K AR
e ¥ S H 1000 %5 2 3 R IR AR 15 min, 8
AOEE TR E RN B3R R R (R
R TAHRAF) B — 248 (K EH K%k #iR
FN) ) A AR (R EET R Dy IR 43
A WA T AT AR IR AL B
1.2 ik 3

PR - e R v 4r 6 1 B8, 2 K R
T A THE GRS A T AR, RE I ha
T EWERT(ANR+EMR) - B =
2:2: 1, IRAE RTINS pH 4.9, &K
0.10% 2% 0.12% 2% 2.50% A LT 16.0 g -
kg K fETE A 73.0 mg - kg GH AL 8.8 mg -
ke EEELER 247 mg - kg,

1.3 iXEIZ it

it AEASE T 43 B 46 1) R 25 W 1R — A4 Ak
B EUBEER 3 Fh 3 BE IR B AR 4 (OB AE ) |
IEH RIS 3 DM, i ® 7 b
20 % % 4 NPK. N,PK, N,PK, NP,K., NP K,
NPK, NPK,, H:rp & 4L ¥ % N,PK NPK . N,PK;
AbFE A NP K NPK ., NP, K; #f 4b 3k NPK,  NPK |
NPK, . N,.P, Fl K, A At e, 1E# 7 43 He AE (N
0.20 g+ kg ,P:0.15 g - kg ,K:0.15 g - kg™") , /%
FE AR (N,:0.40 g - kg ,P,:0.30 g - kg, K,
0.30 g - kg') o BEAMABHERBER THIGE (K
30 cm, $& 15 em, 75 10 em) 1 B3 2.8 kg R
BHFT, BAOHEEE 3 REL, BNEL 15
o PIUENE,0 d ii—F 08,30 d Jiti 75 —F e,
AEFE 60 d, BERE 3 d A R/AKGEHE 1 Uk, Hofh A
—,
1.4 £ EIERNE

ALY B AL (SOD ) i PR FH S A il ik Y
AW E (NBT) JGIR J ik (224 4 ,2000) s 7502
—RFFREL 0.100 g MIFE S, A 1 mL $2 B0
YA L8 000 v - min 7E 4 °C F & 0> 10 min J5
WV, B R A B S TR AR 560 nm Tl
R il AT Y B 204 M 4y A b il 1 K S IO 1A R
TE 53250 50%B), KON AR &R H Y SOD B S )
FE SCH—AgE Ty B, A AL S (CAT) 15 M
KA YEIERE TR (AR, 2000) |, il 2 O TR
[F) I, &5 s 2 84 B AR & T B 4 Bl AL 1 wmol
H, 0, 28 A — B % ST 220 3 o 0 e >R
B = VA DU 2 (R 2R, 2006) o
1.5 CGA SEMNE

CGA F i YN E 2 B v [ 24 ) (5 8 24 it
Z5143,2020) I AT REVE RS . 4 25 04 LT R
Ja i i FRBCH A T AR 0.2 ¢, BT 50 mL &L
B M S0% B EE 15 mL, B8 24 h JFHEINA
50% ) VI 10 mL R4, 24 5 4 BOH 8 75 Ab
P45 min J5 R ZEEANETEE,10 000 r + min’
L0 10 min J5 B EIE R 0.22 wm FlCFLUE I i
eGSR, K BFRE CCA bRl (Jb R K EFR
FARA R, 85 :929 N022)2.17 mg, f#i Ji] 50%
FH B0 U B M 0.217 mg - mL FOARTEE S VA U, 43
SR B MR B o 0.021 7.,0.043 4.0.086 8.0.130
2.0.173 6.0.217 0 mg « mL" fbp i gl 28 | LAY B8
s VR BE R A AR R o, D TET A N AR A o, Sk [l I 7
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FEl y=3.004 24x107x-329 43 ,R*=0.999 2. {4
T XBridge C,4(4.6 mm X 250 mm,5 pm) , A5l
WK 326 nm, L 25 C L H#E 1.0 mL « min™ |, Z
(C) ~0. 1% WERRIEW (A) BB EEVENL , BENR AL FF . 0~
5 min, 10% —15% C, 90% —85% A; 5 ~ 12 min,
15%—19%C., 85% —81% A; 12 ~ 18 min, 19% —
27%C,81% —73% A ; 18 ~ 40 min, 27% —80% C.,
73%—20% A ; 40 ~ 60 min, 80% —10% C, 20% —
90%A ,
1.6 CGA &R X EREEHENE

CGA B B B 1 127 SR FH I I6¢ G 28 12, e I
F& A FEYRE A RA L 202301) Jik
AL BRHATIN E R o PRI AR A F A 0.1 g,
A1 mL Y PBS(pH N 7.2~7.4) 2% thifi ,4 C &%
WFEES)H 10 000 r - min™ .4 C B0 20 min, 315
Mg B IO . R fb LI AR B 7 B, 25 LA,
B2 1 FL AR ML RTARE & L 43 501 i A BRAR 3 1k
VI (HRP ) FRic BRI BT TE R AS 37 °C N 60
min J5 B, 35 25 P2 O A PR EE Z VR S IR,
TR ELINAJEY ,37 CHROLET 15 min J5 &
FUINABRARZ L, 1 5%E 450 nm 4L OD fH
OBl T 1 Xk R v R A B A B Y R A
wmol VU FH FEERZE iz ( TMB ) by — A B 1 B
1.7 /S

JH Microsoft Excel 2019 %4 4b Bl HE (50405 LA
SERE R HE2E R IR ), HT SPSS 25 B XF £ 4l it
1197 25001 .2 T L%  Pearson A5 PE 43T, Origin
2021 FAHER

2 BEREAH

2.1 RSB EWA TR EENT T

2.1.1 RF KR EA 486 F b £ 2 89 %

F 1 AT, AAL HL ) SOD 3 Pk I AAL HEL Y
2.18 A5, IEH it &0 5 IR A AL FRAY SOD 3% 1 TG i
PEZEF (B 1:A) , IEEHEN CAT 1M AL (F
1:B), SCE = &ALk 3 B K, IRE A
PR AR & e i, K 42.09 pg - g, HIEWA
FIRFN R EZK, SEmALH TR E LS, M
HhR I, R R 2T SR TR
B 1.C)

2.1.2 REVBRIRE XA A8 B % o A B0 e
FEREAL B E0 b | IEH Y SOD 16 M e &, T

W A S5 R Wl Ak B A SOD 3 1 TG S 3 vk 25 S (A
1:A), ANFEBER B AW A T CAT i 42k
5 SOD I M AR 4k s $ ok I, IF F v R R
CAT T e A, G i Ak B R0 v e Ak BH 3 1) 658 1F
WEThE T 82.64% F1 77.41% , ¥4 35 5] i & K (1A
1:B) . IEH it iy il 2 W2 & i de i, AL B S
Kb I W E 2R (KB 1.0),

2.1.3 REATIREX A BB F ik £ B Hm
AN TR i B A 3B AG A 2 F5 SOD T M A7 A i 35
25 AT AL BE SOD 36 M i, = A7 AR B SOD i
PERAR (B 1:A) . CAT T P78 1E % i 47 I I 5
eI, R AL BE R CAT 15 P 1 35 v 15 % it 4 A0
e BIAL B, B BE A A I R R R
M) 5 R0 B Ak 3 A S i — 3, BV OE i BR 2 T
R Ak 3L 0 g B A 3L VB A 3 5 v B A 3L I G
BEWESR (K 1.0),

2.2 ABHIEX B A E CGA SER & R X B
EERN R

221 RAAT IR A4 G % CCA 22 ¥ h
BT AT AN TR A 2L B R IR X A3 WA CGA
TRAMEREZW, EFEA CCA ¥ ik, b
12.92 mg « g, AR ZU A = AL 343 0 352 1F 8 it %
T 15.87% 1 19.66% , Y5 %] T 8. F K ¥, =
SRR T AW AT CGA LR, 5IEH i
Tl 0 IE 8 it 0 IE A LE 23 53 R B T 28.33% Al 39.
1% B BEEXT AR A 35 CCA & Bl B il 2%
2.2.2 RAEN A AmL F CCA Ak kBB &My
Fom KA IR PAL 36 P e, T AL HL S
IEH A PAL WG PETC B ARk (K 2. A) . KA
ALY CAH TG PR IE # it AR T 23.39% , i5 ]
BEKF(E2:B) . @AM 4CL MR IEH
Jiti AR EE R B T 13.23% , % S0 Ak BRI 1E 5 it %0 18]
TwEWZET (K 2:0) . WAL HCT {HPEL
EW R B E T T 21.05% , 11 1E 4 ji & 19 HCT
WEPERMR(E 2:D), B ALIS HQT W1 5 1E
W B HE AR T 12.6% , Y93k 3 5 KSE (K 2.
E) ., AWEXT C3H &M TC R % m (K 2.F) .
2.2.3 BRAL I AT A A8 B F CCA A K BB A0
W EBEAL PR PAL I M B AIC, 5 AE it B Ab
FHLAREAR T 12.85% , 11 AR Ml Ak 458 0F 5 it 8% PAL
WHPETC R EH (I3 A) . BEALTXS CAH TP
S5 A AL FRAR L, ST S S R AR A A (] 3,
B) . {KBEALHE 4CL 35 14 5 1E 7 it s AH Lb TG o 2 4%
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Fig. 1

Effects of nitrogen, phosphorus and potassium fertilizers on physiological indexes

and chlorogenic acid (CGA) contents of Pyrrosia petiolosa

b, 1M B AL B ACL 35 Mg IE Wi B AR T
14.39% (& 3.C) , IEF iR HCT 15 PE &AL, (K
A 0 o Ak L E R A LL 40 TR T 20.15%
M 15.67% (& 3:D) . HQT i 7 Fifi i b 3 vfe Ji5 55
LR R B, AL B R OE W OB AL BERE AR T
24.83% (E 3.E), BEAbHXF C3H 1500 B
M (& 3.F) .,

224 4RI HARE F CCA A AR ERY
Fot BV BEXT A AR A PAL 35 TG W 3 R
(E4.A) o IREF AL BRATE BF AL BEAY C4H 35 3L IE
WOHEAR I BIFEAR T 23.44% 1 31.72% , %1353 3%
KK 4:B) , RARAEFE 5 IE 7 M 8P 19 4CL 15 1
T 3 Pk 25 S, i AR A PR OE ROME R TR T
22.40% (K 4.C) , = 81 b A IE 8 B HCT 3%
PEFHE T 28.94% (K1 4.D) , S BRALFLAY HQT 1
PEREIE H MBI A FLRRAR T 22.45% , i IR 47 4k B 5

TR TC B E V22 5 (8 4.E) . C3H IRHETEAR
[ 40 b R T i ARk (B 4. F)
2.3 ABHAEXENA S CGA SERE G XE
EERYHE XM 4T

AN TR B 1 B BT A XS AT A A1 CGA A sk
b KRG YE S CCA &M S ar i inZe 1 fr
7, BUEOCHER 4CL S5 AWM A T CCA =2
FIFEAE, Pl B HQT WG PE S CCA R
FAEARSE R WEOCHERE HCT iG55 CCA & a i
ARG,

3 i 54®
MR REAS i 25 6 2 X0 A8 4 72 AR T 9

38 5, T T AR A O R R Al (X 2 S
2020) , AE Y BE 18 1 Al BT S A0 Tl 2R 8 A 3 BR
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Fig. 4 Effects of potassium treatment on key enzyme activities of CGA synthesis in Pyrrosia petiolosa
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Table 1 Pearson correlation between CGA content and key enzymes for CGA synthesis of Pyrrosia petiolosa

it H

Hem CGA PAL 4CL C4H HCT HQT C3H
CGA 1.000 0.317 0.911 0.673 -0.851% 0.843 -0.504
PAL 1.000 0.618 -0.425 -0.227 0.632 -0.032
4CL 1.000 0.330 -0.737 0.926 %+ -0.526
C4H 1.000 -0.667 0.217 -0.218
HCT 1.000 -0.657 0.353
HQT 1.000 -0.571
C3H 1.000

s R R A AR 3 (P<0.01) 5 *FKRH M B3 (P<0.05) 5 n=7,

Note; ** indicates extremely significant correlation coefficient( P<0.01) ; * indicates significant correlation coefficient (P<0.05); n=7.

P RE 7 LLAEFRE I 42 K (Nadarajah, 2020) P48 X =5 B A0S A e 300 s 80 A 908 A28 408858 5 i
AT, E R E RSN AW A T AERE B SOD T MR A ik B R S BR AT, X S ARE B T
PREE, AR AR 38 5 $2 5 SOD (CAT {& PR LIE 3R L Rt S RSV E R BN — BU( R T5%,
i, 5 T e RAL B A AL B IS RS AL BB ST 2020) o BRI, AR RE A0 v Y HE I A 2 X A A
—E(IKMEAE,2018) , PLAMEERGEHFRIEMA  AFEREMME, (3 CAT 2L %5 SOD 21k
RETHERIR N 00 B i 5 g 4R & CAT G A—2, SOD % 1k 32 22 Wi 7 45 40 A1 5 1 i A



51 A el el 45 . RO N 0T A A A = A B R S S R TR R S T 979

TR AR BE T CAT 36 4 XT3 % 4 (4 41K Wk 5 A
MR R AL PR AT S Y, IR AR & B L
BrhREE EEAEN, K5 517 2 4
WARE K, A E R I | A8 A8 5
17 e ETR A% (Alvarez et al., 2022) . WFFEHRM,
A2 Rt 2 RE W 3K A5 BB 2 R VR, i A
NADP*/NADPH Lt (1% 45 £k 52 ) 4201k 9l 1R G A 34
2 (OPPP) (W ffcit it , J2 It T AR A -4- W R P X1
HIAA , ATE B AR T A BUOR TR 2R sk A ™
¥ (Kishor et al., 2005) , X 7] Gg & A 55 il &
MR m AR b5 CCA & & A8 1b 0 A 4 i A Bl i

AR, F B A AE X A AR CCA FLE
HA RFR W, Kovacik 55 (2020 ) BF5¢ % B 1% %
FER AL IET CGA & &/, i 1E it &0 8 A+
CGA L MRES AL T CCA A MU & i 3
PRI 2238 T A OC (TR I8 08 4 2022, [RIE , AR6
S 5RO Y A Y& B PAL FI
4CL 3P F 35 T ( Zhao et al., 2023) , 3% 7] fiE &
SEURBEAC B A WA T CCA & B2 T IR
Bl Sun 45 (2023) B8R W1, 32 R it R 7 Sl B ik
PR PAL C4H F 4CL LN 3k B8 | 78 = e & A1
SEBRZS R PAL P 3238 0, 28 B il 3 b 76 i
AN RBP4 38 B ol A R EEAE . AR RS
FEAL T CGA & b T Je K, 545 5
(2019) &5 B Ab BN F T = 75 B 2 4 o0 FR 82 A F
FEAERE—F, MM AT R AR AR h A 5 8 B AR
B2 A o S A bR A o A S R AR
FERER) Ca/K Mg/K, FBUHESR 70 A A7, I 52
W A2 40 1 Ok AR AR R (T 4%, 2012) , PAL,
4CL . C4H HCT,C3H F1 HQT {E MM ¥ 1K CGA
B OGS O 2870 A AR AR (TR %, 2016) (Rt
(Zhao et al., 2019) FEAL Y H 15 2 56 40E , (H7E A AL
WP EZEEAR, AR, AW A TS
TEARTFE R REEAE BT CGA & i B oA i G b il %
PEAEAE 0 1 22 S A OGRS BT R W, CGA & &
5 Ll CHER 4CL N i PR BB HQT 2 2 % 1E
FHIC, TS HCT 4 2 2 7 O¢, HCT /& HQT
1) RS, I Z MR SRR A A
SR A R s R T, T, 4CL L HQT A HCT
TR 3 P RS A AT CCA LR
KA B I LA A R it — DA 5E

ZE BT, AR IR X A WA RS SoD Al

CAT PR S04k 5 35 1 A7 58 2 19 52 W, SOD 17 14
2 B S e R AR AL B T CAT 35 1 DU 3 il
F20 B A e B R e v B AR BRI W S A N, R[]
TP FBR U BE XA A CGA & A AE
R IE R REAL Y CCA & f i, 15 12.92 mg -
g, FBETENL Y CCA &Rk, 8 7.79 mg - g, £
JEXT CGA & 5 W fie . 3% . HQT 4CL #l HCT j&
T AN [7) 7t I A BE A A A 5 CGA 5 5 25 57 10 ¢
S

SE .
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2B 6502055 3. ELPABERL K% MR~ , FELHH 650101 )

O ONARFTAR MR 28 X R R A e B LA A O S il 3 TR SR A A R ) B S R AR I R AR ) 0.7
14 21 d BOFR A TR BT 40 A Z 2SR A B A A8 bRl 8 LA B I st 4l 2 AR A 22 a0 BT, 25 3R
B () $EW)E 0.7.14 21 d AAEEARTF A0 2 B 0 90 1 9.3 9.5 MR, 3 H 7 d 2 EAR S8
B, (2) AR 14 d 5 8ty Al EE 1 9 R 3 1 B R IR AL G 3 SR A I | 2
ARG | 3k AT S )0 M 5 (R )Xo B2 b 2 A R O B A A TR ) P S SR B e A (3) AR
21 2E— LRGN B 161 P AP0, Frh i WS AR WA A 2 SRR AR L PR IR R T S 7 .14 21 d Sl AE
£ 16 F 17 Fir 39 Fh 2= FACHH H 45 4125 AR 2 5 SR AE AR Wil R 2 S R A NE I . (4) F sl )5 45
RBIR, SREEM G, MRS 7.14 21 d 42 BIAEAE 2 439 4> 256 4> .6 437 N EFHRINER X 3 41
[ AR 2 11 AWl o 00 R 38 B SRR AR EL B E 7.14.21 d A 9 D EE (St 4 Fg THS,
TAT . YUCCA ALDH) ik it ¥ b Fb, ZWF R85 AR T 25 ZEAR M 0 S5 4K W Z A ) ELAEBL , 858 T 25 22 4R
Jie T | e A A A R e L S T e AL 1 5 ), A e RS AR I e e R R R A W ek A AR A AR I Y
BEE T A,

KHER . RIER, WM, PrEILEs, Dhae sl , mibeAdYnk, fCd

RESES . Q946 XERERIRAD: A XEHES: 1000-3142(2024)05-0981-17

Mechanism of alkaloid synthesis in Isatis indigotica
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Abstract: To explore expression level of alkaloid and its key synthetase gene in Isatis indigotica upon Plasmodiophora
brassicae exposure. The grades of disease severity according to morphology were verified. Moreover, histological

observation, physiological and biochemical parameters have been collected together with transcriptomic and metabolomic
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analysis in Isatis indigotica after infection for 0, 7, 14, 21 d. The results were as follows: (1) After inoculation for 0,
7, 14, 21 d with Plasmodiophora brassicae, Isatis indigotica showed club root grades in 0, 1, 3, and 5 respectively,
notably, cortical invasion occurred on 7 d. (2) When Plasmodiophora brassicae exposed lasting 14 d later, the contents
of soluble protein and malondialdehyde, along with superoxide dismutase, peroxidase, polyphenol oxidase and catalase
activities in Isatis indigotica increased significantly compared to control group at time depended manner. (3) A total of
161 alkaloids were detected in metabolomics, among those alkaloids, indoles were noticed as the most abundant
form. There were 16, 17 and 39 discriminating metabolites had been spotted after infected with Plasmodiophora brassicae
for 7, 14, 21 d, the most discriminating metabolites enriched at alkaloid and amino acid metabolism pathways. (4)
Transcriptome analysis showed that there were 2 439, 256 and 6 437 genes expression alteration for 7, 14, 21 d
compared to control, those differentially expressed genes enriched at 11 alkaloids related metabolism pathways.
Markedly, expression level of 9 genes ( encoding for enzymes thebaine synthase, tyrosine aminotransferase, indole-3-
pyruvate monooxygenase and aldehyde dehydrogenase) were increased after infection for 7, 14, 21 d. The results reveal
the interaction between Plasmodiophora brassicae and Isatis indigotica ,explored the effects of Plasmodiophora brassicae
on indole alkaloid synthesis and its key enzyme genes, and lay a foundation for later research on resistance genes and

alkaloid secondary metabolic pathways in Isatis indigotica.

44 ¥

Key words; Isatidis Radix, Plasmodiophora

alkaloid, metabolome

W (Isatis indigotica) , T FAE RPN W 8 A —
SRR, A A A R B R IR ORI & 5
(ELRTES FAN A, TR AR v Sy v BV O AR R 24
BEAR AR 75 1 (Wong et al., 2022) , #AHEHHY
F AW S S A e, BAA B PR &
GBEVE T 285 BRAE F, HG o ng) R 25 A W 8 ) 25 3
WP IE R 2, C A IESEHE i B B 4L R EIRTF
5-FR NG| n5| -3 - FH TR R € Jiig R B PR 7 L BT
JRIEE | A BRI ) B2 A TR 4 ( Sinha et al., 2008;
Chen et al., 2021 ;#52 [H45,2021) , (hAe AR
RV 245 3L ) R 5 Al AR RN R I 24 A S HE A 5 B
et S ) %) E AR B 40 ) e R KR e 4L ([
KM ZE 5145 ,2020)

AR i 18 AR SRR, H e R 25 A
M B ( Plasmodiophora brassicae) , 3& — Fh + 1% &
LTI AEERIESE T AEREY (3 sk
BN ISR BT e R AR, B AR
T 1 I AR K2 20, 300l i )2 4 i 35 K, ¢
JEAEIE A= g T 40 I N 25 7 A AR 9B 5, 72 it i
FEFPAEARAR AR K 2R A K KBRS ME
T, MM AR G i T A F P N, an
A R AR A R B AR B A AR B A i
A, T I AL S ( catalase, CAT) | 2 A 1L
1§ ( polyphenol oxidase, PPO) | ¥ % 1k ¥ 17 1k it
( superoxide dismutase, SOD ) F1 i %& 1k ¥

brassicae ,

antioxidant  enzymes, functional gene, indole

(peroxidase , POD) 45 [y 1) il £ % 2 5 1% PR A 0 TH
4%, 20 457 20 Jfo 544 % % (Qi et al., 2020; Huang et
al., 2022; F/NR% 2022) . ZNH (2021) BFSY
FLIAPLHE K H = DH4AOR H1 1% CAT . SOD,POD i
PEFALAEPESE A AR R AR G 8 d BB & T
1o, SR ZUARPURR I T (= e 5 R L5 45 (2015) BT &
WHFE 00 301 075 S 1 AR Mk g 19 ot Ao s 8% AT 5 M L AT
B H AN B ( malondialdehyde, MDA ) E &
FEARIR ;38 (2018) WFFE &I CAT 5l S Hi i
PEF S, SOD \POD 5l P 4 2 IEAHC

H AT, X 15 16 B A 4 T8k e AR b B %) AH ¢ BF
FFER R PSR A Y, X L T B
/D S A TR G AR i B A 7 AR ATL A DA R AR AR i
A LT e AT il . L, 38 U0 AR
A S AR I TR 2 T 1) EAE ML, LA B AR i B X S
WA AR, AR 0.7,
14 21 d WS EE M AFFE X 4, R A Mlumina /5 38 &
TP 3 A TR o 2050 A €0 % — AR IR BT i B A ok
STE IS S A A A 48 b il 2 DA
KB SR A AT, ST LA Tl (1) AR b 7R 4R
PURSTE DY BNASRE AR 5 (2) RS HEBUAR i %) Az 3L 7 1
BILT 5 (3 ) AR b BR7 FBip 260 XoF 2% W A= M i 2 4k 5 0 5 1k
BLEI 2R A 58 R TR A2 38 8 0 B A i s 2
REE R S W AE AR & s 1R S T E R B e
S
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1.1 #F#4

AP AR RS B8 T FR . BMRCR BB B SR
X BT 2 B R A LM, 2= f A R R
P E N 4 S A HNFD (Williams 228 RS o
S T /N AR WA T bR 2 R A AW B 2 B bl 2
YEDIWEFE T 1) 1 7 A6 B R R A 5K 1l 552 2 Vi $2 4t 5
Y

TR A« 5 B WV W (SIGMA ) | H % — iy
M- CWEIE E W (50% ) 5 4R VS S R adl
Ay 22—t B 2@, b REER A RA
A AROR il W ORI L-H AR, i
L N A A Sl /NI P W R T L
(NBT) . Z -} DU 218 EDTA , # [E Biofroxx 2E#)ix
it H AL S (30%) , = B s BB A R #
Nikon $fi% & 5% , ML BRI E0M , & v %, 3% A7 TU-
1810 5 4h] WL AR 60 BT AR A VR B 0L,
MRIEFRA , 6 BT R4, iR E R KB, T
32— TR FCE R B TR UK 55
1.2 LIn4biE

KRB RARERREE TEIRMER, R
FAAARSCAE (2002) 14 J7 1 B8 BOHR ik 3 R AR 76 7,
I 3R E50A T R e T L - TR VR VR R R R
B 5%107 CFU « mL™" 0055 J5 o W& . /N
T 72 LB WA 1A AR R 3 AT 1
FLR Y 2 ~ 3 5% B 18] B, 3 3 2E AT AR i TR
(1x107 CFU - mL' A RAR AT ) #, FH 10 mL 13
ST 5 R TR VL, D VR R % 1 G B S I AR B
PR 2 mL B, Al FAR I B JS 0.7 .14 .21 d
F 4 1E % 4= K ( BLG-CK1 ., BLG-CK2 , BLG-CK3 .
BLG-CK4 ) 142 # AR Jif % ( BLG-S1,BLG-S2 , BLG-
S3 BLG-S4 ) {1 /]N I 25 15 AR 3 (AR S AR 25 ) i i F
(Lan et al., 2019) ,3 ™MEYERE  IFRAR K,
-80 °C 1T,
1.3 Hik
1.3.1 REHE S BAALFNE WHESRS
HEAFB 2 75 PEAT L B & 351 (201003029 ) il &
PIARIE (B AR A5, 2014 ) o B2 FloAR b B /s AR 408 95 175
TEA G RE 24 h SLESAR I BB/ N i S 1 AR
PEATAH ISR B2 5% 21 d, K5/ 2 W AR
FRVET G B R 1~2 em T FAA B ER D 20

[ 58 24 h; PR AL ZUN FAA [ WP B 310k
W, ORISR Y6 2 min, P05 H X5
F7K (ddH,0) PE 58 B8 I e i, W0k 2~3 W 4
AR 2L i TE 23 e bR T e RO
1.3.2 A 2GR ey 2 /NI I R AR PSR
I 32 25 2 IR R XL (2006 ) F1F SC e (2014)
T BARI R . (1) A B b 22 R b € 30 A U
MDA ; (2) % iR G-250 Yt gl I ml i 1 2R
F15 (3) AR k4G POD; (4) % Y
IR JE LA I SOD; (5) 4% K — W ¥k K 0 PPO;
(6) AN O REEAG I CAT,
1.3.3 UPLC-MS/MS | &
1.3.3.1 FEanifilgs B/t as 5 AR SR 2Kk T
IR THL( Scientz-100F ) 1 25 ¥ Ui 1168 J5 5 5 Bk
I 50 mg BRI A, INA 70% WIEE(1.2 mL) ,30 min
WIE 1 W\(ﬁ\ 30 S,;j\:6 (K) ;12000 r - min” ,%
> 3 min J5,0.22 pm GCFL U8 BROKE b3 WA i AE i
e T R 225 5,
1.3.3.2 (3SR ExionLC™ AD # = R0R AR
{4, 3% (hitps : //sciex. com. en/) , Applied Biosystems
4500 QTRAP & HX i § ( https://sciex. com. cn/) .
AR TS 550 . 354 A SB-C (1.8 pm,2.1 mm X
100 mm, Agilent) ;0.1% H BRI LEK (A) 5 0.1%
R NG (B) A shAd, /ii#E A 0.35 mL + min™;
VMR (B A L) 24 0.00 min, 5% ,9.00 min 4
AMEYE N2 95% , I HEFFTE 95% 1 min, 10.00 ~
11.10 min,95% ~5% ,11.10 ~ 14.00 min, 5% ; JEFE
4 pLs AR 40 € B ACHR . RIS B TR
BN +5 500 / -4 500 VIR A 550 C ;& TR
ST R B AR RS CE S 50 .60 .25 psi;
Bl 4 75 3 L B S AR O

OPLS-DA ¥ 81 vh ) VIP {4 45 & 25 S 5 (i
fold change > fifi %% 22 S AQ I 9. 0 6 4 . 45 &
VIP = 1 fold change = 1.5 #/l fold change < 0.67
AR A 2 25 5
1.3.4 RNA 2B Ao LA 22 RNA 2505 T i
DU 4E A A PR A w58 i, SR lumina /Y
NEBNext® UltraTM RNA Library Prep Kit i#7] £ 12
B total RNA, B 5Bl &E i HEL 7K A1 Nano Photometer
ST R I RNA SESEPE R4l &b
(A it FH T A /N RS HE ¢DNA SCPE
1.3.5 & @mml 5 54 Ax#  FA Hlumina XF
NI S TR R R 25 e 53 A SC 2R 3R A7 e A ) )
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i CASAVA BRFETFUNNAS St i b P45 i 80 e 16
SRR R (raw data) , 22 B8 VPR | 2 08 Bk 4% T
AN P A R A i 91 (clean reads)
Trinity 241 %¢ Jf )2 X R 25 /5 18 Unigene, i H
DIAMOND BLASTX ‘5 HMMER %X 4% Unigene /%
51l 5 Gene Ontology ( GO )., TrEMBL, Kyoto
Encyclopedia of Genes and Genomes( KEGG ) | Swiss-
Prot . euKaryotic Ortholog Groups( KOG) .NR Protein
family ( Pfam ) $4f 22 #E 47 Lo X, 45 21 5 X ) Be AR
H. F DEGSeq R 1 % & 2 & £ & & A
(differentially expressed genes, DEGs) , ¥l 7& [F] B 4
B R K LR (false discovery rate, FDR) <0.05,
|log, 25 5% KX (fold change, FC) | =1 )3 K #f &
R 22 5 R IR L R I 0 AT DI RE & AR AT
1.3.6 qRT-PCR 447 #H%) RNA $2HU[A] 1.3.4 45,
ARG e 3 2 R0 25 R B ) FPKM (R 28 13 4> 22
SR, SR H Monad 77 & & B ¢DNA, L ¢cDNA
AR FAEE Actin FEIH (Qu et al., 2019) NS i
1T qRT-PCR 525, F| F Primer-BLAST #1151 4
(% 1)LLK ABI 7500 %) 7E £ PCR AL #E4T qRT-
PCR 43, ¥R .95 °C,2 min HAEH: ;95 C,
5 s AP ;60 °C,30 s IR/ AEAH (40 DHEER) ;1 it
2R 65 C T+ 95 C, FTHR 0.5 C R4 1
WPOE S, BB E 3 ANELE, M
27T SE I SO i PCR 25 R,
S 25 2R B 3R R o B AE « B ofE 22, JF R
Graphpad #PFXT £ 2208 HEAT T K288, L P<0.05
RRERAGIFEL,

2 R 59

2.1 RIBEFEESRINEALFENLER

H A1 FIE 2 AT B S 0 d IRA R B IE W
TCIRE 9 1 R 0 G H A1 2124 5% k30 40 i
HEFREFF (8 1.5 18 20 A) s w5 7 d ARESITH IR
IR TR G T BCR 1 G, 222 W R IR
B2 2 A B R O B R AR (1 1. F; 81 2.C) 5 3
WG 14 d BARME EA/N T2 I ER W 2 £F,
WTETEECH 3 9, [A) B IR G i 3l 18 5 3 A5 Bz J2 4
MOF R ARAEE (B 1.6, K 2. E) ; 3K 5 21
d HRFHR S BLAL R M, AR R I AR 2~3
i, B E R AE R BN 5 94, A i YR 9 i sl 46 1k A
FZMAEE R (B 1 H; B 2.F) 13X 0 2 41

JELJZ R R R TR R R G A PR B AN K o R
(7] B, U8 ] TR b TR N AR il A
2.2 £EENIERNE

P &L 3 AT, 3 TR AL B P PR B 1 MDA F
B SOD . POD PPO [ CAT HY T 4 B4 I )
[i] ) 2 2N T RS 7~ 21 d, SR
ZHAY CAT SOD 36 1 35 8 3% w0 T A 0 X R4 (P<
0.05); W5 14~21 d, LKA EEEA .
MDA &+ L& POD PPO I M4 i 25 5 T % IR 40
(P<0.05) , 33X Ut B4R W A HRPTAR b 1842 2 A S il
T RO
2.3 RFAES
2.3.1 B St & OPLS-DA 247  ARSZEXT 7 4L
%[ BLG-CK1 (S1) ,BLG-CK2 . BLG-CK3 , BLG-CK4 .
BLG-S2 .BLG-S3 ,BLG-S4 ] i A7 (A F 58, & F 4
WP 55 F0 A P LA I 2] 161 Fh A= e, FAh
FAEYWEGE R Z , 5 S EYY 53% , LR &
WY 5 B A ) 32% (K 4), HE S A]
1, 1F 22 i $ /> — 3 ) 5l 43 AT (orthogonal partial
least squares-discriminant analysis, OPLS-DA ) % 5 i}
TN LLRE L A RS B W 43 8, O B BLG-CK3 A1l
BLG-S3 ) 43 i I % £ K, BLG-CK4 il BLG-S4 1%
2 VA TR 14 d AR i B X S s A e
2.3.2 2R IFEE P HEEE 7,14 .21
d MRS HE 22 AR 17 73 i, &2 B BLG-CK2 vs
BLG-S2 A 16 Fh2z AL, 6 4~ 18,10 4~ T4
BLG-CK3 vs BLG-S3 47 17 fl 22 S0 #,9 4~ 1
5,8 I~ F 94 ; BLG-CK4 vs BLG-S4 45 39 i 22 548
W ,32 4~ L, 7 4~ BLG-S2 vs BLG-S3
19 2SR ,3 A EIE, 16 4~ T ;BG-S2 vs
BLG-S4 A 45 1~ 2 5AUHY , 19 > B, 26 T
8 ; BG-S3 vs BLG-S4 A 34 122 540, 14 4~ -
J4,20 SRR (F2) , HIE 6 AT%, # BLG-CK2 vs
BLG-S2 .BLG-CK3 vs BLG-S3 .BLG-CK4 vs BLG-S4
X 3 2R R I E K BAEH 5 A2 51R
W, 433 IR ZEZE T | isatindosulfonic acid B .5, 6-
TR FE | W-5-0-B-F 4 B 12 TR S AR £ e R
G RG B, FodaT 3 Fh A e A Wb, A
BLG-S2 vs BLG-S3 . BLG-S2 vs BLG-S4  BLG-S3 vs
BLG-S4 iX 3 4122 SR ICE 5 Ja B B3 2 4
P3RBT S | S B S E /B
isatisindigoticanine B 1M ik 25 A5 i, 2-44-3,4-—
A -1H-MEIR-3- 3R
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Table 1 qRT-PCR primers

HP D R 44 B IEmGIH(5-3") I 51#(57-3")

Gene ID Gene name Forward primer (5'-3") Reverse primer (5'-3")
Cluster-16885.9 GH3 TTCGCTTCAGGTATGGTCCG ACCATAGCCACCGAGTTTCG
Cluster-22704.8 B-ARR GTAAGAGGACTCGGATCGGC CCGTCTCTGCTCTGTTGCAT
Cluster-22719.0 TGA GAGGGTTTCGTCCATCCGAG GGACTCGTTCACCGCATCAA
Cluster-27535.0 SAUR ACAACAGCAAACAAGGGATCA GGCAAGGGATCGTGATGGTA
Cluster-28287.0 AHK TCATCTCCAGCAACGCTCAA CTCTGCACAAACCACTTCCG
Cluster-37953.0 pPP2C CCTGACGTGTCCTATCGACG TTCCATCTCCAACTCCGCAC
Cluster-35278.2 PP2C CGGTCTTTGGGACGTTGTCT ACGCTTCCTCACACGCTTTA
Cluster-34981.0 AUX/IAA CTCCGGTTCGTTCGTTCAGA TTCCCTCCCTCTTAGGCTCG
Cluster-37780.0 PYR/PYL TCGGTGATCCTGAAATCGGC ACCGAGTATGTGTTCGTCGT
Cluster-37916.2 ABF GCTTCGGTTCACCAACATCG AGAAGAGAGCCGTGGTGAGT
Cluster-36994.3 THS CCGAGGCGTCTAGTTTGGTC CAGGAGACGATAGAGCCGAC
Cluster-36129.3 THS ATATGGCGGTGACGCTCAG CGGTTCGCTTCTCCCATATCA
Cluster-24362.0 THS ATTGGATGGAAAGCAGGAGGT GTGATCTTGCAGACGCATCC

N2 3 A Internal reference gene Actin GCTCACGGAAGCACCT CGACCACTAGCGTAAAGT

BLG-CK

BLG-S

14d

1 BHE0.7.1421 d WHRERBERSSE
Disease morphological grades of Isatis indigotica after inoculation for 0, 7, 14, 21 d

Fig. 1

2.3.3 2/ R4 KECG § £ o4 W7 %,
AL E AR AE A IE B (ko01100) | A9 22 AR5
Wt 22 H A 0w A 22 5 R A O i AR 15 3 i A7 1k B

i BLG-CK2 vs BLG-S2. BLG-CK3 vs BLG-S3.
BLG-CK4 vs BLG-S4 iX 3 4 #B & £ 7E 6 4% WK i il
N I A A W) L& #R (ko00960) ;B T BLG-
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25 pm - 4 [ L 25 um

A EHEJE 0 d FAIEREAIMZH S 0% B K5 4 d IR A4 21404 C. HRRR 7 d RE B A2 088 s D. 3R 11 d
PRI SV S s B, FERJS 14 d AN RTINS F. JRT)5 21 d AR AL 200, 7Sk A8 10 A0 i AL o

A. Histological observation of cross section of Isatis indigotica after inoculation for 0 d; B. Histological observation of cross section of I.
indigotica after inoculation for 4 d; C. Histological observation of cross section of 1. indigotica after inoculation for 7 d; D. Histological
observation of cross section of . indigotica after inoculation for 11 d; E. Histological observation of cross section of 1. indigotica after inoculation

for 14 d; F. Histological observation of cross section of I. indigotica after inoculation for 21 d. The arrows point to the sites of disease.

2 RMEEREHREHAFNE
Fig. 2 Histological observation of Isatis indigotica after infection with Plasmodiophora brassicae

== BLGCK s BLG-S

>

15007 B ~ 4- € 2504 .
o s e _ e *EF
= wen = g w
= E 22004
= = RS E 34 s
% 5 1000 z £
P 2 Z 1504
i) G 7]
ﬂ 2 2 24 o
.S - [a]
i : S 1007
~ = 500 - 5
xe " | =
= 4 2 504
=2 < g
2 z 2
0= = 0= 0=
0 7 14 21 0 7 14 21 0 7 14 21
TR ] Stress time (d) T3 6L I ) Stress time (d) JHpiE 0 ] Stress time (d)
D 15001 E 60 - F
i = ~ 204
i w T :
= =, o T
> = “ =
Z 1000 i = 404 157 ;
Z a Z 104
3 £ £
7 2 e 3 e
# 500 = 204 &
b £z B 5
= = ]
< T = e)
J g -4
L (-9
0 - 0- o
0 7 14 21 0 7 14 21 0 7 14 21
MRS ] Stress time (d) JpiEL I ] Stress time (d) THRIEL I i) Stress time (d)

ks SRR RIR F]— I [H] S7E P<0.05,P<0.01 ,P<0.001 7KF b SCH0 20 5 %0 BUZA AR 1L 22 57 W3
# ek ek indicate there are significant differences between the experimental groups and the control group at the same time point at P<
0.05, P<0.01, P<0.001 levels, respectively.

B3 EFIRBNE S AR B 8 PR A 2B A L HR AR E
Fig. 3 Determination of physiological and biochemical indexes of Isatis indigotica
at different time after inoculation with Plasmodiophora brassicae
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Fig. 4 Class analysis of metabolites

3] Group
@ BLG-CK2
10+ BLG-$2
@ BLG-CK3
= ® BLG-53
S s Y ® BLG-CK4
-+ g@ ° ® BLG-54
oy
o1 [ ]
£ 07
% @
®
g e
s
-
[}
)
= -10 1
Hi
-15 4
T T T
-10 5 0 3 10

#1441 Component 1 (10.7 %)

BES5 ZMRMEE7.14.21d REER
*TER4HA OPLS-DA B0 E
Fig. 5 OPLS-DA score map at 7, 14, 21 d after
inoculation with Plasmodiophora brassicae

and its corresponding control group

CK3 vs BLG-S3, H:fih 4 #F 76 (0 & MR 10 i ik 72
(ko00380) & 5 , AR A BB 12 &M W A= W)
Bl B B T AR IR A2

2.4 RNA-seq 57 #7

241 HFABBEAE R 5N R DIZ
P AR B FBh T S AR R R AL XA R 21
ANREAHEAT e Sk 4L 0 AN 43 BT A5 31 200 974 786
ZJEIRESRI 1 171 808 210 N i F 1), Hh gk
13 175.77 Gb WA R ; & HEA A RO 1435 3
7 Gb,Q20( Qphred fE AL T 20 AYHREEEL 7 S md JE
By | o) mEE A S B TE 97% L 1, Q30
( Qphred EAET 30 MBI E S B B 4
Fb) Bl E 4 EE I 7E 92% L) 1 GC & (G Fl C

SRIEBCR A E 43 L) A 47.0% ~47.69% , Trinity
PFE155) 83 775 4> Unigene, XK JE M1 708 bp,
KA E] 16 523 bp, % K 201 bp,N50 2 2 367
bp, Unigene & J& 73 1ii 8 (&l 8) W78, 51 799 7%
(61.83%) Unigene K & # i 1 000 bp, 25 874 5%
(30.89% ) Unigene { & #i it 2 000 bp, ixX i B #%
S T A, AT R ST

2.4.2 Unigene #) 3 §2 iZ % F NR . TrEMBL . GO .
Swiss-Prot . KOG . KEGG , Pfam 3t 7 /S48 /& 3t 47
Unigene {3 8, 43 1l B 21 8 B 69 350 (82.78%) .
70 281 ( 83. 89%) . 60 538 ( 72.26%) . 54 696
(65.29% ) .44 620 (53.26%) .55 271 (65.98%) .
55 387(66.11% ) M3, 2 /D7 — B0 5 0
I Unigene £ 72 965 45 (87.1%) , kAR [a] 3
R 2Rk A I AH G o BT R A RE A A — A h B
e v B — B, MR T A M 4 SR A AT S

TEABFZE 34 60 538 4% Unigene 153] T GO
TR, SRS R 3 KIS — A TIhe, FEEERK
FA AL PE (30 758 %) R4 & (36 084 2%) ; 02
ANAEZH 57 , A A5 SEAK Unigene 505 ¢ 22 (51 807
%) ;EIE/:'E%:EUF%, Unigene [ EA DS HIFER: ]
Jad i (40 504 2% ) IR L (18 474 %) AR
F2(32229 %%) AWEEE (16 606 £5) (K 9)

t & 10 50 AR RAEA 25 A A D g HL R

FEMER BEREHEMAEmiEs, K,
10 1025594 & 46 3 — BT BE U , J& KOG 2 v
Unigene ¥ i 2 19 ; HOR B2 #F B A R
ERARE 4 932 4% R 2G5 7 S HLH i A
WAT 4 461 NFE FOA T RS 0 5L I 3 B oA
ST,
243 2FFAKKRAGH L HRSN AR
WG 7.14 .21 d 5 [RIaF )% 20 He 3 o0 il 472 439
A~.256 1~ .6 437 22 S RIR LA 45 S R A AL
FEM I B AR UL 5 FE R ek kb W AR, Hip,
21 d /Y DEGs $5: 22, Ut BHAR i 5 42 G I S0 8 i 3k [H)
Fo R R AL % 3 I 17 DS R IK
L HAp 9 A 1E, 8 A FiE, RS 7.14.21 d
V1R S 560 2 i 2 2 B ) ) E K 22 S S PR B H 7E
ANTTIE T, S GE AR 1 e o7 BRI B (% 3)

XF DEGs #4T GO & 5 40 At , AR 41 41 i 28 1
Sy FUIREAAE Py AR X S R 2k A7 432, 3L 9 805
A~ DEGs #% & 4 23X 3 /> GO 25, 4i il 41 B
ot R 2 A ) S AR Y DEGs 7 i 55— 5 4 it
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Table 2  Count statistics of differential metabolite

e 2 S sy T

Contrast group Total Up Down
BLG-CK2 vs BLG-S2 16 6 10
BLG-CK3 vs BLG-S3 17 9 8
BLG-CK4 vs BLG-S4 39 32 7
BLG-S2 vs BLG-S3 19 3 16
BLG-S2 vs BLG-S4 45 19 26
BLG-S3 vs BLG-S4 34 14 20

A

BLG-CK2 vs BLG-S2

BLG-CK3 vs BLG-S3

FE R AR R R DEGs fEA it b s
LW 3 DThe ;45 G FAETE P52 DEGs 7647
TUIRER M EEIIRE (£ 4),

P TR i Y 3 IS R A o AR e, T
FEWR 2 A Wy Tl A B A A RO T A M R
FAE PO AR OC 1) A3 I, A T 3 R b T i i G
HAEYAL G Y 5 22 5 56 R A 0l i b 2 A A7
16K 56 PE, % BLG-CK2 vs BLG-S2, BLG-CK3 vs
BLG-S3 .BLG-CK4 vs BLG-S4 X 3 422 KA RN
17 KEGG EHE (R 5), W3S A3 4t

BLG-S2 vs BLG-S3 BLG-S2 vs BLG-S4

BLG-CK4 vs BLG-S4

BLG-S3 vs BLG-S4

Be =ZRKRHHERE
Fig. 6 Venn diagrams of differential metabolites
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Table 3  Statistics of differentially expressed genes

X2 B A T
Contrast group Total Up Down
BLG-CK2 vs BLG-S2 2 439 1298 1141
BLG-CK3 vs BLG-S3 256 116 95
BLG-CK4 vs BLG-54 6 437 5 838 599
BLG-S2 vs BLG-S3 2 451 1174 1277
BLG-S2 vs BLG-S4 8 752 6 494 2 256
BLG-S3 vs BLG-54 6213 5 340 853

)& AR AE 11 AW A 5C i A Qi % b b @
BRI R W R 2 RPN R B2
2.5 &Y A REREXERZE

ASBIFGE B 0 5| R 288 A W 5 Bk A e R G
BEPRIHEATIZ 48 . A 11 AR, 43 SR AT AE AR A A

7 R & T ( anthranilate synthase, AS) | {8 % iR &
JS it ( trytophan synthase asubunit, TSA ) 25 [iff %) 52 ]
A, B Jm 20— R R E A= TR
{0, 2 R I 2 1 ( L-tryptophan decarboxylase , TDC) f&
FOCH AN, (A2 e AT AR R e, I
TE ¥ 2 BN %0 [ ( indole-3-pyruvate monooxygenase ,
YUCCA) A A FH T Az i ms| We-3- £ 2 5 (5 Jie
AITE 4 L B 3R P450 BN %A B ( tryptamine 5-
hydroxylase, CYP71P1) . & Hi & ¥ ( aldehyde
dehydrogenase , ALDH ) 1 5-%% {4 Jfie-0-H & 5% %% fifg
(‘acetylserotonin-O-methyltransferase, ASMT) fi%) {8 1k
T 5-HE AN 3-8

AHFFE A 1 DEGs Hi i i 5] 18 A LD,
43 590 2 B3 s ke A M 5 TR AR B 5 G B (AS
TSA . TDC .YUCCA ,ALDH) (& 12:A), 53 4h 18 4~
L R G B S R S = T TR AR Y 2 i S B G
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Fig. 7 KEGG metabolic pathway enrichment scatter analysis diagrams of differential metabolites

BV % [0 [R5 B ( thebaine synthase , THS) 1% 2 iR
5, F 5% B4 [ (tyrosine aminotransferase, TAT) ( &
12:B), SARELREMIL , EEG 7.14 .21 d FERHE
BEY LR —IEA 9 4 DEGs:3 M4 THS /Y
e ( Cluster-24362. 0. Cluster-36994. 3 | Cluster-
36129.3) ,2 4w TAT B9 3E A ( Cluster-31730.0 .
Cluster-28040.6) ,2 %t YUCCA B9FEH ( Cluster-

36192.0 . Cluster-36192.1) ,2 %% ALDH At %
( Cluster-32381.0 , Cluster-28395.0) .
2.6 ZRFIEEFER qRT-PCR iE

R 5 AIE B s A B By ofE B PR, ik #F THS
( Cluster-24362.0 , Cluster-36994. 3 | Cluster-36129.3) ,
AUX/IAA ( Cluster-34981. 0 ), GH3 ( Cluster-
16885.9) , SAUR( Cluster-27535.0) , PYR/PYL
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( Cluster-37780.0) , PP2C ( Cluster-35278. 2 | Cluster-
37953.0) , ABF ( Cluster-37916.2) , B-ARR ( Cluster-
22704.8 ), TGA ( Cluster-22719. 0) , AHK ( Cluster-
28287.0) 1T qRT-PCR H:iiE (& 13:A) , &5 %E
B, bR I 7E BLG-CK2 vs BLG-S2 , BLG-CK3
vs BLG-S3 . BLG-CK4 vs BLG-S4 iy £ st 5
RNA-seq 5 5 —2(( P<0.05) (& 13.B) , iEB I 7
2E BN

3 W54 ®

3.1 RMEEEX A ER B

Wei 45 (2021 ) B 58 3= B, B L A2 ik 727 719 A
HARTR S R W K, 52 A RN AR AR — 1 B
Je, I ELAR R AN M 25 R R Yk G B 48 19 AR T

R4 ERREERBRDETE

Table 4  Function annotation and number of differentially expressed genes

e x4
TS iR B Contrast group
Classification  Function annotation  Total gy - 0 B1 G 0K3 vs  BLG-CK4 vs  BLG-S2vs  BLG-S2vs  BLG-S3 vs
BLG-S2 BLG-S3 BLG-S4 BLG-S3 BLG-S4 BLG-S4
41 ALK 200 M i ) 2 A 16 973 1871 181 3 821 1 845 5584 3671
Cellular Cellular anatomical
component entity
WEEALZ Y 3 488 168 18 1 042 131 1137 992
Protein-containing
complex
T R 4f 3o 13 688 1415 140 3244 1338 4463 3088
Biological Cellular process
process Rifid 2 10 692 1107 105 2 561 1034 3 482 2 403
Metabolic process
T 5 ) i 6 495 852 93 1 301 850 2139 1 260
Response to
stimulus
AW 5 621 693 63 1169 694 1 856 1 146
Biological regulation
YRR R Y 5 054 629 57 1 046 628 1672 1022
Regulation of
biological process
SFUItE o 11912 1 300 121 2703 1237 3931 2 620
Molecular Binding
function o
PEATE 10 329 1113 166 2315 1121 3395 2219
Catalytic activity
e R T 1348 163 23 265 172 463 262
Transporter activity
e SIS M 1058 187 14 160 173 370 154

Transcription
regulator activity
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Table 5 KEGG enrichment in pathways related to alkaloid synthesis

22 5 R IR B IR B
DEGs ¢
KEGG 3 I 4 7 Gs count
ko-ID KEGG pathway name
P Y BLG-CK2 vs BLG-CK3 vs BLG-CK4 vs
BLG-S2 BLG-S3 BLG-S4

ko00950 5wt A= Ay 88 A= 490 G 5 2 8
Isoquinoline alkaloid biosynthesis

ko00960  FEhE , WK E RN BE A= B0 A= 1) B R 4 1 8
Tropane, piperidine and pyridine alkaloid biosynthesis

ko00360 AT A BRI 5 1 8
Phenylalanine metabolism

ko00350  FKALRA TR 6 2 18
Tyrosine metabolism

ko00380 (AR 6 2 25
Tryptophan metabolism

ko00300 BRI 1 0 >
Lysine biosynthesis

ko00330 it 4 e Pl 2 iz £ QoA 14 1 24
Arginine and proline metabolism

ko00400 AR B A M AR AR 10 1 18
Phenylalanine, tyrosine and tryptophan biosynthesis

ko00220 KGR MRAWA AL 11 1 18
Arginine biosynthesis

ko00901 18| Wie k= Wy i A= 4 45 1 0 0 3
Indole alkaloid biosynthesis

ko00996 25l A My s A 4 & J 0 0 1

Biosynthesis of various alkaloids

BrEASI PRI 38 B A AR AR S A i O R
il S Bl EL 9 55 i K, MR 440 %) 72 b O i R ke
HRIN TR A AR e i A AR 2L 21 d XHAR b
PR e W 1 ok R AT S I Bl AW 5E, e IR 4% TR
J& 0,714 21 d FEEERTEHR BOR W, 43514 0
WP 3H S5 Y HAFMEERIEREMG 7~
14 d HR B g DR 42 G S AR A0 i, IR e
W | 33 5 35 B 48 (2022) ORI OE 45 R — 3, T
Wei 55 (2021 ) FRF 58 76 AR b B8 4= G B (1] | 55 A 4
FEEERA T A, 5 B X AT AR 5 P i gY 1Y A 2
FMR YA MR R 56, BLAk, AR BF 53 R BUw 1 B
BOREE G A2 MW T2, A T R -
WL EEAR i B 12 G R B0, AN AR TR A F 52 At %
AR AR S B, o 5 WA TS AR R sk AL
IV 20 27 BURE B (] B 43 T B4R 4R
32 BN RMEELEEENIERNTH
FRIR R AR UL N, 48 WA AR A B S0k — R 5
BN SRR, 3X 5 Wang 4% (2020) [ B 57 45 3R —
., AVRES X ERIE 0.7.14 .21 d PAEE A

PRAEARSE bR EAT I 5E | & BRI A I B RN
RIS 14 d A 21 d 5 AR L
Fr R, GEI AR I R e I A 2 B
R 475 3 R R B ™ 5 R b T Ak BT A R T 4R AL
SOD ,POD ,CAT PPO {ffi P48 fL & % 29 A Wy E T,
U B A 8 Ao 0 o e 4 T T P A 1A AR fieb R X
HII % ; CAT SOD G PEFE R 5 7 d TFIR A7
FEW] 2% 5%, {2 POD PPO I 1T 14 d BB 3
(f22 5, ULHH POD Al PPO & AE FHAH L 42 T R M
MR AE A SOD , CAT R Ui A fEHir Jo M. X 5 AR AR
W45 (1999 ) MAH AR IE— 2K,
3.3 MMWE RN RE EWH SN

FS WA D A R 5% 24 b, sl e 2 A )
KEKBFEREAFEMAHAEME KEFE A
( Catharanthus roseus ) ( MK 7 &5, 2020) , & K
( Rawvolfi serpentina) ( Dey et al., 2022) . %)
( Uncaria rhynchophylla) ( X345 ,2021) Y E
JSA M| 2 A ) B AT 5 A A R, A
g e A ) B A kA A A 22, b (8 R AR
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H:4id ¢ Biological process 443 Cellular component 4+ F-IIfiE Molecular function

1. 40 F2 (40 504) 5 2. Q2 (32 229) ; 3. HIBLNA N (18 474) ;5 4. LEWIEAY (16 606) 5 5. LEWE FRRY AT (14 988) 5 6. &
JEFE(9 177) 5 7. UMY ETE(8 714) 5 8. ENE(7499); 9. {55 (5694) ; 10. B ifil(5445); 11. AT FFE(5 415) ; 12. Fh
[E]AH AR R AE i 72 (4 780) 5 13, AE W FR Y IR (3 834) 5 14, BRI AR #2(3 713) 5 15. 4K (2 032) 5 16. FIER
GeidFE(1382); 17. 49502 (1 319) ; 18. FHETFR(570) 5 19. fi##(232) 5 20. iE3h(162) ; 21. WAL (100) ; 22. Fi
HHEAEHI PR (64) 5 23. AAIHE(46) 5 24, BAHE(35) 5 25. @RIIBL(14) 5 26. FAIHFE(L) 5 27. BAKLSHFI
(1) ; 28. AR (51 807) 5 29. AT AL AYI(9 458) 5 30. 454 (36 084) ; 31. ffbifith (30 758) ; 32. HHid KT
(4 183) 5 33. FesEi TG (3 266) 5 34. Z5HY 20 Ti0 P (2 128) 5 35. A T-IHBEIAST (1 747) ; 36. 43 T Fintk (748) 5 37. Bk
PTG PE(639) 5 38. PTG TE(470) 5 39. A FRAAIGHE(213) 5 40. A TG ME(209) 5 41 HHITBMEAE(121); 42. HH
Fibn%s(76) 5 43. —MRAZIR A TG (59) 5 44, N FAGZIRENG M (42) 5 45, HFRETEDI(40) 5 46. TERIGTE(S)

1. Cellular process (40 504); 2. Metabolic process (32 229); 3. Response to stimulus (18 474); 4. Biological regulation (16 606); 5.
Regulation of biological process (14 988) ; 6. Developmental process (9 177); 7. Multicellular organismal process (8 714) ; 8. Localization
(7499); 9. Signaling (5 694) ; 10. Reproduction (5 445) ; 11. Reproductive process (5 415) ; 12. Biological process involved in interspecies
interaction between organisms (4 780); 13. Negative regulation of biological process (3 834); 14. Positive regulation of biological process
(3 713) ; 15. Growth (2 032); 16. Immune system process (1 382); 17. Multi-organism process (1 319); 18. Rhythmic process (570);
19. Detoxification (232) ; 20. Locomotion (162); 21. Biological adhesion (100); 22. Biological process involved in intraspecies interaction
between organisms (64) ; 23. Nitrogen utilization (46); 24. Carbon utilization (35); 25. Pigmentation (14); 26. Sulfur utilization (1);
27. Carbohydrate utilization (1) ; 28. Cellular anatomical entity (51 807) ; 29. Protein-containing complex (9 458); 30. Binding (36 084 ) ;
31. Catalytic activity (30 758) ; 32. Transporter activity (4 183) ; 33. Transcription regulator activity (3 266) ; 34. Structural molecule activity
(2 128) ; 35. Molecular function regulator (1 747); 36. Molecular transducer activity (748); 37. Translation regulator activity (639);
38. Antioxidant activity (470) ; 39. Molecular carrier activity (213); 40. Molecular adaptor activity (209) ; 41. Protein folding chaperone
(121) ; 42. Protein tag (76) ; 43. General transcription initiation factor activity (59) ; 44. Small molecule sensor activity (42) ; 45. Nutrient
reservoir activity (40) ; 46. Toxin activity (5).

9 Unigene #J GO B4
Fig. 9 GO annotation distribution of Unigene

JE M| W 5 A ) e G B Y I AR 3% 42 (Huang et al.
2016) . H T, 3¢ T F8 0 homs| e 2k Wy s Y & L
il DG B | 2 o 55 X D) e A F 5T UL A O HL
A B9 3R WL 30 45 0k 30 RE R I T 1 o3 A 0 e R
B (EETE S ,2016; Jazayeri et al., 2022) , H L,
A BB G I T 38 T A 3 | 2K AR
B T HLE

PG il o R AT S 7.14.21 d PR AR
WA ™ Py £ W) 88217 OPLS-DA 43 #7, B I

R AL (3R AN ) | i S BURE I [R)AS
], AR R A7 7E 22 5 HOR AR 4 DA s e 25 AR
YEZ . 25 KEGG & £ Hr &£ 45 4l
25 AR A R R A a8 AR 0 LR e R A, U
HH AR i B 452 G 52 il 2R Wy s 2R A 5 W & i, i — 20
% BLG-CK2 vs BLG-S2 . BLG-CK3 vs BLG-S3 . BLG-
CK4 vs BLG-S4 X 3 ™2 Il 1Y 22 57 32 38 3 (R i A7
KEGG R % & £ 400, it th 17 11 5 549
B BORE O A AR 38 B, HE b 8 SRR S WA S
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25004

0
ABCDEFGHIJKLMNOPQRSTUVWY Z
4+ % Classification

A RNA I T RUE i (2 023) 5 B He 6 14 45 44 1 5l g 2%
(715) 5 C. fgt A URIF: 3 (1 875) 5 D. 4 JE IR+ 41
Ji 43 24 0 Y 5 R 43 B (1 269) 5 E. %03 R A2 i AR gt
(1905) ; F. &7 MRS fy FACHE(475) 5 G. kb &G WiE
AR (2 335) 5 HL SRS HARH(520) 5 L BR DS
FRIC1897) 5 0. BIE B IRZEHIRVE D) A 0L (3 214)
K. #5%(2686); L. & EAMBM (1 643); M. 4ifE
BE 0 15N £ 5 AR K A (642) 5 N A ILIZ 3 (24) 5
O. BFR B B RS (4 932); P. LHLE T8
AR (1 288) 5 Q. WA AR Y A= W G A 33 i F 4)
fiEARIA (1 559) 3 R —BRIIBETIN (10 102) 5 S. TIREARAI
(2450) 5 T. {555 FHLH (4 461) 5 U. 4IHE A %EE 500
F/NELIZ i (2 096) 5 V. Bl AL (357) ; W. JB4M45H4
(104); Y. 258 (138) ; Z. 40EFI%E (1 135)

A. RNA processing and modification (2 023); B. Chromatin
structure and dynamics ( 715); C. Energy production and
conversion (1 875); D. Cell cycle control, cell division,
chromosome partitioning (1 269); E. Amino acid transport and
metabolism (1 905); F. Nucleotide transport and metabolism
(475); G. Carbohydrate transport and metabolism (2 335);
H. Coenzyme transport and metabolism (520) ; I. Lipid transport
and metabolism (1 897) ; J. Translation, ribosomal structure and
biogenesis (3 214) ; K. Transcription (2 686); L. Replication,
recombination and repair (1 643); M. Cell wall/membrane/
envelope biogenesis (642 ); N. Cell motility (24); O.
Posttranslational modification, protein turnover, chaperones
(4 932); P. Inorganic ion transport and metabolism (1 288);
Q. Secondary metabolite biosynthesis, transport and catabolism
(1559); R. General function prediction (10 102); S. Function
unknown (2 450) ; T. Signal transduction mechanisms (4 461) ;
U. Intracellular trafficking, secretion, and vesicular transport (2
096) ; V. Defense mechanism (357); W. Extracellular structure
(104) ; Y. Nuclear structure (138) ; Z. Cytoskeleton (1 135).

& 10 Unigene #J KOG 43
Fig. 10 KOG classification of Unigene

43 % W% Chorismic acid
AS
A EE Anthranilic acid
; TSA
5[ Indole
H
v
{6, 4% Tryptophan
TDC

i Trygtamincm) 1] k-3-Z, % Indole-3-acetic acid
1CYP71PI
S-FAEm|E 2,8 5-hydroxyindoleacetaldehyde
ALDH
S5-¥R L ME-3-Z % 5-hydroxyindole-3-acetic acid
ASMT

5-H AT EE M| WE-3- 2.8 5-methoxyindole-3-acetic acid

B 11 BIREEMHEEY SRR
Fig. 11 Biosynthetic pathway of indole alkaloids

2RI L, TR A E 5% s m AR
WGP L4248 2] 18 22 7 R IB I 2 5 g bk
A Wpis A BRI 5 FhOCHEERE AS TSA \TDC |
YUCCA ALDH, H:H' YUCCA F1 ALDH 3% 2 4> 4t
it 1 o7 1 A7 AE 22 57 3R I R A e 5L o
BE, AL, SRBEWML, B8R )5 YUccA
FEIA ( Cluster-36192. 0, Cluster-36192. 1) 3 1k & 1Y
FhEr, X 5 Cao 55 (2019) FUWF5T 245 R —50, A2 8L
HH OGS A e 3 0 T A2 5 {ELIBE A AR I T 4 i )
R LE K | YUCCA FH 1 2835 8 e T i BRI,
X AT BE S AE A ) B % 395 35 0 3 A0 HE 1 L 98 R B
ALDH ( Cluster-32381. 0, Cluster-28395.0) % K 7 4
PR AR L TR T, FL AR IR 1A 3O DR Dy
It St R TR R AT LA AR A A RE RS ZR ) T, R AR
ik S Ak, B = A ) 6T 3 5 9 i 3Z 7 (Du et al.,
2022;Zhang et al., 2023) . H1 T &= MR 5 0
AR R ) 4 FE AL, T8 X M| WS A W A i
5% r Ay e S R DR AT R A3 BT, DRI I X T i o A
() 5| R 2 A W a5 13 I B 5 3 I PRI M, A I
S 399 AT g A 5 DR I RS9 A B i — PR
e (1| WA A B

TiA, BATEKI T Gt 2 FhOCHERE ) 18 4
25 59 e 1K Jk D B4 A S v bl A 0 5 R G v e T
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Fig. 12 Analysis of gene expression associated to alkaloid synthesis

Be. BT THS [ /) AH SCH B 370 (A B 4 2
J A AH G B 1 PR-10 8 % B 5t Z — ( Ozber et
al., 2023) , AHFITLEE Bos i THS /9 3 4~
TRk A ( Cluster-24362. 0, Cluster-36994. 3 .
Cluster-36129.3 ) TEAR I i f= G J5 R TA 1 #R 2 T
B, HAE qRT-PCR B 3F i B A M A Y 2655
e UL THS g5 HUAR s 2% U1 AH 3¢ | )5 W] 4 &
G307 THS BRI TIRE . 1% 200 2 5 M bk A= W0 B 65 1
(AR, G b i S R 2 L 5% B il (TAT) Rl 1k 1%
QIR A 45 3 K N R R, BB 7 4R OT
( Lopukhina et al., 2001) .} 2 ( Huang et al.,
2008) EETR (B BEFSLE 2012) ZEAE Y N4 B v
BT TAT 3R, I K BURL 90 8% 2 K 4 R 010G 7% 1R
SIS AT ARG S KO i i B R I Rak . A
FELE AL L LGRS TAT B9 FEH Cluster-31730.0 Al
Cluster-28040.6 TEAR I 0 f5 Kk & b F-, 1]
TAT F e 30 h R EZAEH

qRT-PCR 250 25 SR W FE AR I & Bk 38 T, 3
AN ] 5 FA WS S 41 5 6 FRAH M e, THS (B AT,
2020) \AUX/IAA ( Luo et al., 2018) , GH3 ( Lu et
al., 2022) SAUR(Li et al., 2022) .PYR/PYL( Kim

et al., 2020) .PP2C( Yu et al., 2019) ABF (%)
¥E5%,2021) . B-ARR ( Falconieri et al., 2022) . TGA
(Qi et al., 2022) , AHK ( Cerbantez-Bueno et al.,
2020) X 2o FE PR e ik = K b HL BB MR AR A
Bk ] ) B K ] — 25 PR JHG 3k 1 AN BT e A1, 1 A e
QRS RS SIS NN A - PN B¢ 2 N o D PSS
B,

g5 ERTIR  AR A Gy 0 RA IR HE AT A ok A
WP FAR G 2 2 A, B R M 2 & T AR R I E
PR AE Y 225 B 1248 T 2 5 m W2 A Py i
SEWE IS A W) G i DG B DR AR T ax s G
SHEBE PR R I R 39 58 B 38 T A SRR FLAEE, S 2R TR
B 28 5 B (%) ) B | il B AR i o e R
A ) R BB AIL ) 25 5 A

SE .

CAO X, YANG H, SHANG C, et al., 2019. The roles of auxin
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Tetraphyllum Griff. ex C. B. Clarke, a newly
recorded genus of Gesneriaceae from China

XIONG Chi"?, CHEN Bin’, LI Zhenglong®, ZHAO Qiong",
DO Van Truong’, WEN Fang'*"

(1. Guangxi Key Laboratory of Plant Conservation and Restoration Ecology in Karst Terrain, Guangxi Institute of Botany, Guangxi Zhuang
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Shanghai 201602, Chinaj 4. School of Resources and Environmental Engineering, Anhui University, Hefei 230601, Anhui,

China; 5. Vietnam National Museum of Nature, Vietnam Academy of Science and Technology, Hanoi 10072, Vietnam )

Abstract: Tetraphyllum Griff. ex C. B. Clarke, a newly recorded genus of Gesneriaceae from Guangxi, China is

reported. Tetraphyllum has only three species. The morphological description and the distinctive features to the species of

K EHE: 2024-03-07 S HHEL: 2024-05-27
HEWB . J AR IR E (R 2Y21195050) 5 [ H 2R Bl 223 4 (2024GXNSFAA010462) 5 w1 [E Bl 24 B ik m A 49 98 U fig
AW H (KFJ-BRP-017-68) 5 ) PRk B S ARl 55 2% 35 H ( CQZ-C-1901)
F—1EE . eI (1995—) Wit A5 Il SRR T E ERHEY RS, (E-mail) guilinxiongchi@ 126.com,

CEEEE . IR, W BT R BIFSE T ) O B MR A ROUL B A B R RN N A S e AR E L W%, (E-mail ) wenfang760608
@ 139.com,



5 ARINAE . P E AR Bk E—RE AR 999

Tetraphyllum are provided, and the detailed morphological description and photos of T. confertiflorum ( Drake) B.

L. Burtt are provided. The voucher specimens are preserved in the Herbarium of Guangxi Institute of Botany (IBK) and

Shanghai Chenshan Herbarium (CSH).

Key words: Teiraphyllum confertiflorum, Gesneriaceae, new recorded genus, Guangxi, China
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Pellegrin( 1926 ) H W &5, A H b J & 15 & &8
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A5 [ A SCRRBIE ST, AT HE 5 D 48 1 & T
A R AR VB SR AW 2 RAERRE
FRAE 5 L S R B R 2
AN NN SN 3 5SS VNS i 1 N T I
THURESEMY, Fit, HitWREsmANE
4k 3 Fip

EAF— 219 /2, Doweld A - 7E 1880 4, J&
&« Tetraphyllum ™ ¢ AFE 5 %% ¥ #H ¥ 1k 4 8
Tetraphyllum Hosius & von der Marck K& #,
Tetraphyllum Griff. ex C. B. Clarke A7 B i [7] 25, I/
WAETT K Tetraphylloides Doweld ( Doweld, 2017)
Bertling TEAF AN 58 AL A7 B AR A ST Ay, HoAR R
e 5l S W IR Ak A, i T s W o A B
JEBAARFEAESE F KR, I Doweld B IT A G 1k
(Bertling, 2019) , Middleton 25Ky, #8 3i& [ Pr i
Je AR W iy 44 125 0 (TR L) 253K 54, 1a,
J4E Tetraphyllum Griff. ex C. B. Clarke 7 A1 Hi [F]
AN AR, H AR HE 45K 36. 1, Tetraphyllum
Hosius & von der Marck 7£ & % i 95 BT B:F 5 A A 9
KW HAEEEZ, RRW G EERES N
(Middleton et al., 2021) , T Tetraphyllum Hosius &

von der Marck & & & 1 kK Bk E Tetraphyllum
Griff. ex C. B. Clarke J& 75 KB [F1 4% , H HAj# H
KA IR Y BUAE HAB SR o, PRI Middleton 45
IR Tetraphyllum Griff. ex C. B. Clarke, F%A]
) & Middleton %5 A B9 AS .

2023 4R 7 HEHEAET IR R A 2ty
S SR ) 08 A I, TR T 1 A i B — B R )
B E R 2R 4 Bon A T 2R T
B A T R or HEaE AT T A 89 0 5¢ 30
L TATERE O, IF X AL ER AT R 40 A ) ]
25 B A 5 Bs AR FSCHR (Drake, 18905 Pellegrin,
1926; Burtt, 1962; Vu, 2017; &N, 2018;
FRNISE, 2022) , 2 & iz o2& b B gk
e HE R Tetraphyllum confertiflorum , H: 1
VUHE T & & ( Tetraphyllum) 0 3% E B K iC 5%, FR
B,

mRE LR

Tetraphyllum Griff. ex C. B. Clarke in A. L. P. P. de
Candolle & A. C. P. de Candolle, Monogr. Phan. 5.
137. 1883. Type: T. bengalense C. B. Clarke.
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5y, AR EE (T. confertiflorum) WAL H @, B
B2RIE, Hp 2 HHEA NG, TR, 5
T, AV EE (T. roseun) B 1L 44,
AT BT, 1 PUFE B 5 (T, bengalense) [ 4E #5 5,
FEFE SR, AT A

FROBREESE KR

Tetraphyllum confertiflorum (Drake) B. L. Burtt
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A. 485 B, C. #iibk; D. i E. fEIETE; F. (60 ; G. &t H. 2 L AE5fgd; J. #Ess
A. Habitat; B, C. Plant; D. Leaves; E. Face view of flower; F. Side view of flower; G. Bracts; H. Calyx lobes; I. Opened corolla; J. Pistil;
K. Capsule.

B I ZHMNREES
Plate I  Tetraphyllum confertiflorum (Drake) B. L. Burtt
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in Notes Roy. Bot. Gard. Edinburgh 24. 49. 1962;
— Didissandra confertiflora Drake in Bull. Annuel
Soc. Philom. Paris, sér. 8, 2. 127. 1890.
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A U ) B A AT BOR, BAR B AR,
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A O BB =B M (M) O, R 4R
I EZZ RO , K 5~ 12 e¢m, P& 3~6 cm, T A
I3, BEAR SEBIE  RE AN XS FR LS A /N U, T T )
WARIRZE R, 5 BRI TC T, i DRl G AR A
OREE MK 6~11 5%, P47 K 0.5~1.5
em, BFREE O KX B, RAEAE AT I, 7 AR
ARGAEFPRE R, AN BT G, B 15 B0 248 5 4 i Bk =
AL, K2 1.5 em, 5629 0.6 cm; 29 7 400k, bk
PR E K 0.5~1.2 em, i K EE, %S
SURFH M PR 2 = A, K 7~9 mm,
P8 2~3 mm AMEIT PR E B, ML, 46
WREME, A6, K45 mm,2 BB, LEKY 4
mm, 2 FPES, R IR =M i B, TR
K256 mm, B 2 WERLAOBEL,3 KA, R =1
AR, T B 5, HERE 5,8 4 T AL E 53,
A HMES 4, Z5R, FESAMEREK 2 3 mm  fEZLTE,
AEZRWIIT I e 15 45 il , A6 2= TF 05 30 3078 By 1l
JEIZHRIRJESE s T A MER K2 4 mm , R AL 5 3B 1k
M 1, AN A8 KA 2 mm, EEAHE &
250.5 mm, HEFEKL 6 mm, PHTEMPE, T
BREE, K 2~3 mm, & 1~1.2 mm, £FHK 3~
4 mm KRR, WP, BIRKA 1 em, HEEA 1.5
mm, A8 5—7 A,

China (" [# ) : Guangxi (J 75), Napo (I
%) , Baisheng ( G4 ) , Nonglong Village (FFEF]) ,
23°12' N, 105°33" E. Alt. 685 m, 2023-07-03,
B. Chen, H.J. Wei & Z. W. Zhu (M, F% 4, R
) CB04343 (CSH!); [A M1 ( same location) ,
2023-07-08, C. Xiong & Z. L. Li (BE5th , 2R B[ )
XC20230708-01(IBK!) ,

FP B 355 1 DAY PR R S B YR 2 R = A
W Z R, BB W T 5 R AR B R A )
ZRPERIRR A TR, T AER AH G ST N U TEIX
X & BT RSB W, i A7 A2 BT AR ( Cyrtomium
calcis Liang Zhang, N. T. Lu & Li Bing Zhang) ( Lu
et al., 2023) . 3B #% H P& ( Polystichum napoense

C. Xiong & R. H. Jiang) ( Xiong et al., 2023) ¢
FKI: 3 ( Begonia barosma X. X. Feng, Y. N. Huang &
Z. X. Liu) (Feng et al., 2023) % ; [A 0}, X8 T 1F
AL NI TR ) i LT TR N (| RTINE
Verdc. ) N AE D TR
( Cordisepalum phalanthopetalum Staples) ( T 3t I
&, 2023) . 4 Vi B 2% ( Tainia epiphytica S.
Sarkar, Agrawala, S. Chakraborty, D. Maity &
Odyuo) ( & % &5, 2023) . £ 32 5F B K ( Sauropus
racemosus Beille) (§1{-4%4%, 2023) %,

11578 A R L ES DL R g L e i
{IYL44 (Tinh Ha Giang) , PR X R AH B, 8 R
JEERAIVL AR A AL VIR B E AR A IS %, i T
VORI BAR VT REA XM R B o0 A, B AE VU RE B
RITA V40, FORE I B A 2 AR R R Oy
41 [ Selaginella delicatula ( Desv.) Alston] |
KWigRk 4 [ Pellionia latifolia ( Blume) Boerl. ] =
B & [ Stauranthera umbrosa ( Griff.) C. B. Clarke ] ,
AN FRATTIE X i AR ARL A A B R AT T 4% (H I
KRB 2 A 404 vi, B AT E MME— B HEACA 10
RAAE, IF H BB A B, 52 N0 3h T4
JUEE PR, A A R T BE TR A I A, A
ZJ7 HOR VAL TAE, 7700w A P W BT R
B TEARE A E R A ORI BN
LA HF AR BRI Y 33 J8 285 b 16 ZEFH (5
ReWIA 2023) , D046 15 & 8 1 & B, ) 74 19 7
EHERMEYRTA S T 34 Mg, ACH R E W E E
FHEM TR AL T oy 5 A B TR, o)
PEAE ) X R BT A Z R R 32 43E TR )

( Cordisepalum
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hEAHE (=8 ) EmEFER

?ﬁ% 1,2’ %ﬁﬂﬁ;lﬂ’ EE /f 1,2, ?ﬂg 51%12 lﬁf L, k12*

(L PHIBCRIBCABE PR SIREEEERE, VU AR 8600005 2. PHIRACHCERE 22 RHEMIT IR, PEE AR 860000 )

8 E. 7EVYEOT R = PHEY SRR A R R T 2 A R (G R W e ek SCRR AR A 1Y) A )
ZJa 5 i i o 2 B4 A Bk ( Dendrobium macraei Lindl. ) PG 5% 4 A 8 (D. ritaeanum King & Pantl.) , i #
B EE RIS, Hd, F RE ARSI & A BHD. plicatile Lindley ) 3T 8L, A [R] Z Ab 4 F i # J& it 24
FiGa% , h 3R H 2 R E JFAURE i 2 IR rh i, e o M1 V4 < A ARk EROAR R BRSO 4 0 R D
angustifolium (Blume) Lindl. 13T, (HIZFIEAR/N 2 FIZERA LR A RSHER KA 1.4 em MR F =
I ACHAR 22 5 X 3o [RIAF i SCR AL 1320 2 FlA A A 00 1R 200 0T 2 Re Ak 4 3k DA D ik 1) T R S5 L,
TEUEFR A PRAT T VU BOF Bebn A o 2R RS 1 b E 22 BUE Y AR BRSO 7E 25 FH A ) 55 D54t 45,
Xof o 22 B ) 0 A ) 2R EE R 2 T A BRI R A B

KR ARUE, 2R, Bk, WIS, TR, i

FESZES: 0949 S ERFRIRED . A MEHES . 1000-3142(2024)05-1003-04

New records of Dendrobium ( Orchidaceae) from China
LI Mengkai', YU Yingpeng'?, WANG Wei'*, XING Zhen'?, CHEN Xueda'?"

(1. Resources & Environment College, Xizang Agricultural and Animal Husbandry University, Nyingchi 860000, Xizang, China;
2. Orchid Conservation Center, Xizang Agricultural and Animal Husbandry University, Nyingchi 860000, Xizang, China )

Abstract: Dendrobium is the second largest genus of Orchidaceae, distributed in southern and southwestern China. The
number of Dendrobium is large, but some taxa have not been discovered. During the investigation of orchid resources in
Xizang, two Dendrobium species were discovered, which were identified as D. macraei Lindl. and D. ritaeanum King &
Pantl. Both were recorded for the first time in China. The results are as follows: D. macraei is similar to D. plicatile, with
the difference that the edge of the middle lobe of lip is entire, apex concave; D. ritaeanum is similar to D.
angustifolium, the flowers of the former are very small, and sepals and petals do not have purple stripes, and the lip is
triangular up to 1.4 cm in length. The detailed morphological characteristics and photographs of the two species are
provided. The specimens are stored in the Herbarium of Xizang Agricultural and Animal Husbandry University. This
discovery enriches the local data and the potential medicinal plant resource reserve of orchids in China, and is of great
significance to the biodiversity study of orchids and the investigation of medicinal orchid resources.

Key words: Dendrobium, Orchidaceae, new records, geographical distribution, Xizang, China
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1004 |1 I W/

44 ¥

£1 8t J& ( Dendrobium Sw.) H J& T = Fl

( Orchidaceae ) ¥ % W ( Malaxeae ) A1 fifl W %
( Dendrobiinae) , &1 %4 1 800 A& Fh, EZnf T
AR LA S AR W, A 45 TR H A B RE SE
CE=NENE NN AT S NLRA DN RIAY 1R PN
IR, AR TP R KB Z — MR T A
% J& ( Bulbophyllum Thouars) ( Zhu et al., 2009;
Schuiteman et al., 2012) . A& BY KR AF & 252 A A=
FOLECT A, B WY AR A O
PSR RTER 1 DR R 4 2 DB
LXF, HEA 80 AP, FE M T RILLIEIESA
(), HH )P = PO Ry e, i
SRk | Bl BT PR} A5 2 RN U5 I T g, — 4
A1 iR R AT 1 R b ki 22 9 % B ( Guang et al.
2010; R 4E,2020)

2020—2022 4F, P42 BHAE P BT I 0 B
N GUIE = RHE Y BT I A v SRR S 2 MR {H A
B fm (A B ALY R 28 A B SR 5 A
ALE XF, K B 2 FhORE W v ) R A2 IR A A A
(D. macraei) ¥4 8% 4 A Bt (D. ritaeanum) , I
B 76 B 93 R A 10 s E i BB i ok
Fie iZ 2 Foa R m Y R s T & A BE
( Flickingeria Hawkes) , 1% J& Ji J2& #3415 I % 25
FIE SR AR, B b AR IR 250K, 004 1wt 4B
NGB R 2 ~ 3 R R, N R B BRI
Hh AR I A (A B T AR B A 2 R ) 45
BEIE R AE A BHE 73 8 OR (Burke et al.
2008) , {HH i, 76 X) A1 i E 7% 1 7> 1 R 58 & &
ARG kB, A B R R
( Cadetia) it 2 A f8HE ( Diplocaulobium) | XU AL A1
& ( Grastidium) 5 4 f1 it )& %5 i E 17 A Bl
o BRI s SCHCE T I A AR IR =
4 A1 it 4 ( Yukawa et al., 1993, 1996, 2000;
Yukawa, 2001 ; Clements, 2003, 2006; Burke et
al., 2008) . MAb, A SCGASRAE T 2 Fhof it E Al
Yy 0 TE AL SRR 34 K it 7 A SRR AR AR )
A7 T V9RO e bn A

EReA/ O K1: A-G

Dendrobium macraei lindl., Gen. Sp. Orchid.
Pl. 75. 1830. Flickingeria macraei ( Lindl.) Seidenf,
Dansk Bot. Ark. 34: 39. 1980. Callista macraei (Lindl.)
Kunize, Revis. Gen. Pl. 2. 655. 1891. Ephemerantha
macraei (Lindl.) P. F. Hunt & Summerh., Taxon 10.

105. 1961. Flickingeria rabanii (Lindl.) Seidenf., Dansk
Bot. Ark. 34, 43. 1980. Type: Sri Lanka, 1829, Macrae,
J., #21 (K000960027) (K! -holotype).

B A, MR WA, AU, ma
R IR A2 L RIE K 2.5~5 em,
L2 1 em, /R 1AM, HERRPEEHE, K 5.2 ~
12.5 em, 58 1.7 ~ 2.5 em), Seum s M, 350 A Yok
BARR R . A8 A i BE 7508 00 A= 1, B 8
B2~ 3 MR AR B 5 ROIRE , B 1~ 2 2R 4B EREAN
THKA 1 em; AEFTHURE S ; =5 F FAE A 3 1
HEE R DE K2 1 em, 5824 0.3 mm, Soimédi B 5
Mk MR ROIE , T8, 5P i S K, Y
5 mm, e B, B 5 S0k BB ORE K T
L5829 2 mm, SEugl, B3 SR IR ORE , Je
U BT K 1.0 ~ 1.2 em, 5829 4 mm,3 %,
ML B AR =08, B L, 2% h R R 58 2RIt
JRERCTE MG, femiiM; B H 2 £ 6
FRRE R, DA TR A 5 70 A0 it 2 v 98 S AR 0, KR 2 3
mm, HA 5 mm BUEAE R . G @ RERE, 16
B AL I, R BTE 4 4>, 12 X

.78 A,

O BB S B 22 v PR (R TR .

FEUERRAS . PO AR X A B8 S AT
MR 970 m HH SRR I ARAT F 2019 47 2
#dl, T4 2019309 (TAAHUC) ,

TR RS R RN A E P & R B 3 Ak oy
A, 2 T AN ERE

A5 BN AR TR S R I ORR Y B T B T A
L

WIE AR 5 5 75 & A B (D. plicatile) IT L,
WAEA: T 55 18, 4 5 1 B 58 A A BB A
TAHEWAE Z AT TR R R R T LG e g%,
TR H 2 R AE A = R P St 1M
JRE SRR NG PORIE 8 B 3 FWH,
S A 2 IS G S i , S AN T,

EEeAs () B 1. H-K

Dendrobium ritaeanum King & Pantl. J. Asiat.
Soc. Bengal, Pt. 2, Nat. Hist. 66 583. 1897. Flickingeria
ritaeana (King & Pantl.) A. D. Hawkes Orchid Weekly
2. 459. 1961; Desmotrichum ritaeanum (King & Pantl.)
Kraenzl. in H. G. A. Engler (ed.), Pflanzenr., IV, 50 II
B 21 351. 1910. Ephemerantha ritaeana (King & Pantl.)
P. F. Hunt & Summerh. in Taxon 10; 106. 1961. Type:
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A-G. ZIREAM (A 435, B, 4E; C. BN D. JSI; E. SSHRIT 55 F. 2508; G. fEHMHAD) ; H-K. POEE A (H. A4235%; 1-J. 1E;

K. 1EffH)

A-G. Dendrobium macraei (A. Habit; B. Flower; C. Split flower; D. Lip; E. Column and ovary; F. Anther cap; G. Pollinia); H-K.

D. ritaeanum (H. Habit; I-]J. Flower; K. Split flower).

B1 AfEMN2 /SR

Fig. 1

India, June, 1899, Prain, D., #295 (G00165765)
(G! -holotype).

HOIR=Z2M 5, 200k, FAHEE 4 ~ 5 A (] &
LA ZE A BT A i 2 R ) A B A
WK 3~4 em, AEH LR 40, A 1 A,
B 4 5~8 em, TE 10~ 12 mm, JC ¥ Bi2R , 1
M1, R e e, HAR S A A . 4B I8 R O B ok
AE AT R ER 0 I, AR A 2 ~ 3 Mok ok
B BRI 7 K 20 8 mm; fEAR /N, A6 AR 5, A
TEHCE K5 =5 R R0 AR R o 05 vp 5y B AR A
B, K 4~5 mm, 562y 3 mm, Seumdl, B 5 &k,
BRAZMAIE, b2 58K, g, B o5 &
Jok s FEIERR N IE | K20 5 mm, 524 2 mm, JCuR AR,
H3 %Hﬂ(,@%{(gﬂ%,{(g@ 1.4 ¢m, %% 0.5 cm, 3
2% R HoL, de il = M8 JeumBias s h R R
EEONE WG 2% M 2 28 H 2 K5

Two newly recorded species of Dendrobium

@R R, VTS R A6 750 SiE i 22 00T Sl o s BN AE IR 2 3
mm, K2 7 mm B,

] 4—6 A .

S ENBE i8R 5 b PG (R BT IE %)

FEUERRAS . PG AR X 25 1 & AR T
M4k 1 430 m A9 ST 12,2022 4R 6
Misfak , 22l 2022177 ( TAAHUC)

HoAh A 8] A5 4N ; India, Assam, Jowai, Jaintea
Hills, 1899 4F 5 H |, prain s.n., P00387242 (P);
Assam, Jowai, Jaintea Hills, 1899 %5 5 H, prain
295, M-0226922; Assam, Jowai, Jaintea Hills,
1899 4F 5 H prain 100, U.1460778 ,

PR MR /N I FP A 25 B H UL, H RiT7E =&
JBBL FE S RN A 2 AR o3 A, 249 30 AN FEHE

A5 B AR TR SR AR R RO T

Wit AMHEWIE S 58 & a8 (D,
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angustifolium) ITARL AR 5 =5 4 iy et SR BB AR
{EAFAEAR N, 25 7 FAEIRAS B 2860 55 80, IR K
ik 1.4 em MNELR =T,

Z I 4 A ™ e o T B 2% R, King #I
Pantling( 1898 ) 7E The orchids of the Sikkim-Himalaya
TSR EZ AN o A T B0 BE 8 42, Pagag 45 (2015) Hf
W ZA AT TR TH IR (B B BRI 4 fe) AR L
PRI Aid 5 ML, 33X BHAZ A 118 70 A AN AR R T 7
22 R WA G X, T o0 A B P A
FARE R AR L X, S5 AL 2R = S A R R, 4
ARSI | P AE S5 0 Y A IRALIE S T A A
PSR, AR Y 22 B ) X R A S EDE AR AL
PRSI SR 1 XA B2 A IR 2R 34 AT RE 5 AR e I
D2 BHE Y A & — € 19 IR, il o A [ 74 i 5
ARHBRAS | e BLED FE R AR AR AL L e X A
A7, {H 38 o 5 8 B A L X, SR BB Y AR A
(MBG5172928 MBG5176267) Jo 48 JC 5 | M\ %% {4 fi
MRE AEARBCR (B0 25 BT, A AR 2R
S5 TR E R )P DL R R S ) B 4
AFHERE T, P, TATIANIX 2 A 2 et
e R R 2, R H B E R AL B bR A
(P00387242 M-0226922 . U. 1460778 ) # ¥k /N, 1
2R s S i, 4B 2R T i, S AR AR AR By —
B, P, 234 T B RE AR AL BB /Y N Sk 74 4 A
S i 5 EVEE AR AL AR AR, b % E ROk E R A
IR EIBRAS B 2 2 i, A B AR TR AT E | B 4
A M A B EE JE PG 3 K HE DL b i) g 5 3R [
A, PB4 A FRFIU S A1 T 5 B e 2R B ) i
H X, R PRIS A R

AR Y g 3 E AL GE b 25 Rl IR L H
AR A IR 2GRl (25 R 3, 2016) , 2538
55(2020) A BE A A D, albopurpureum ) X} E i
TEAE A AR T, W] LU S By 36 8 15 1 KSR
244,

AU KRB 2 T4 A M m A £ 5 1 b 22
FHEYI AR TR, LIS TE 19 2 FHAE P ¢ D4 5
Xof v [ 22 B P Y A ) 22 RE VAT ST RN 2 1 22 BB
TR A B B

SE R
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