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drates, NSO ZRHEY AN W2 — 2S5
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A 358 B A () T A 22 S o JE TG A g 3807 e R 5% DX B
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O B RRAR M 2 P 5 BRI U Hb A5 T A (Pi-
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NSC e nf - b et Bl 52 I o G 25 R AR ok
Ah TR KR R B Fp NSC F 2 1 2215 4% Jm) 32 J
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KR, PRI e 30 A DX 5 B B T R
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pensis)%”%%ﬁ#%ﬁiﬁ*ZIK*E%W'IS] . HT, fFEEIL
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ity e, I AR THA 2 7 ) e IR T
fiff T ) A A A N R . e T AR R ST T
VO T VL S DL A A W A S F 58 % 4L o
NSC K H F 2 4y Ol i Vet Ve B & & 1Y 22 55
AZ=AT B A HEAT 20 R DL B ) R (D VLR
WE WAAAE Y R 0 NSC K H R 24 4y & 1Ak
Z WL IR R 7 (2) W VLI 3R L AR AR A 49 e 58
it NSC K H 3224 53 19 43 BC o 368 WA 7] A= 55 (0% 37 4
AW TR MR R 2= (R 5 3 K ik g 7
GE L AT S i VLU A [R) AR 45 A 18 AR AR v R i
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UL AL 1) [ Bl B ) VT 4 Ak Al BHE
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E.25°03"N) A 41 il 4w 7 457 DX sk by ek M 999 el (110°
17"E,25°01'ND o B R A 166 301 5 V5 3t 350 R AE ) &2
SRy U DN i 2 A L B R TR L R R TR A
TR R eb AR DA AR A T BRI S R o e g
HNHEMRAF L EGEEEAY  HEEE 15
s W A -3 M HR T S B R S 7 A
AR A R AR AR W B O AR R Y
% R0 B 2 /N TR ARSI R A M
AN SRAE AL TR AR E LU DX TR T B 2 LA
ARG IGT R, U ZE 4 B AR K 5 29 1 800 mm,
WK B A Y 43R 2,3 — 8 VR 9 S B4R 2
HRREFE EHFERREL 1 400 mm, FEESEN 19
CL AR WAL 300 d7 L WE RORT R B2 B, T
AKEAEFH K. S (Triadica sebifera) . W 1
(Pterocarya stenoptera) %5, ¥E A 2 W 3 Z il Uk &t
(Rhamnus utilis) KW A6 (Adina pilulifera) 2175
L BRFF (Alchornea trewioides) 4175 ¥E (Excoecaria
cochinchinensis) 55 {6 i, B0 A )23 32 B A 40 R 46 3¢
(Clinopodium gracile) . K % ¥ (Carpesium abro-
tanoides) W 3 B (Oxalis corniculata) %5, 1WA
YW MR E L W WA AL (Osman-
thus fragrans)%ﬂ*ﬁ%[m o
1.2 #HERE

W TR L AR R 2R S 2 R R
RCAE oy EE D B et AR M A Bl O T RRUAG AR i B
G0 T T S T T R e AR
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Table 1 Basic information of sampling species

Pyt NSC B H: F2 241 5y Crl v PR A e ) 76 52 5
FVE 2 1 A8 A B, 15 2023 4RI R4 (9 H T AD
5 2024 AFRYTIZE (5 ADHEATRAEE . SRABE X I3y i
Hr e X O i A 5 AR g 307 8 DX CRE AR AR P el ) 117 5 400
73 RV TR T M O SO R LU R TR R 1 3 A A 05
JEE W Sy i e FEA A ST b U R R RE
7 R OL YRR R BIF SR B TR 35 7 AR CHER R
Tt AR 2R R e 12 R RAEAR AR .
W 34 4 DX ST AR 3 b R R AR W A K AT AE R Bk RS
IS A 0T R Ll 3 O 7 IR MR S R Pk T A
(Machilus attenuata) Vg WrREHE ] A AR | A6 75 W)
(Platycarya strobilacea) F ¥ M ¥ f , JE W Wi 4 X
RAEAEY) T A AR K. S X 7R
PIAS XIS A 53 A1

Ky T WA O I PR 22 %57 A bR 0 0 L 1
Prrh ik 7€ 5 AR AL HFT R M A2 48 15— 25 cm
ABARAE 2—4 cm BYFERE 78 522 F0T 2200 Sl %) Ho o
Fr AT HRORE RS 225 20 00 R AR 70 (AW RE . I
REDT AT <R e BB e A AR e 2 b 0 16) BH T AR
YA B L AN R 1 I R B AR AR50 g A2
Ao SRUFAIIE R RE S B2 O 5 B 48 P AR AR RN AR
W EAR LRSI RN A R EE S SOR R R IR R
AR IR R AR b, B S AT (0] SE G S A B, [ B 5
PR I g R AT TR R 3, R SR T TS . K SO
(27,028 ] SR A AH W) i HR 2B A BRI 53 hy v AR R
A BR AR 6 AR 43 Ry R . SRR A E B
#1,

' Y B AR A iE R A BER R
No. Species Family Growth form Life form Habitat type
spO1 Adina pilulifera Rubiaceae Shrub Evergreen tree Karst depression
sp02 Rhamnus utilis Rhamnaceae Shrub Deciduous tree Karst depression
sp03 Pterocarya stenoptera Juglandaceae Tree Deciduous tree Karst depression
sp04 Triadica sebifera Juglandaceae Tree Deciduous tree Karst depression
sp05 Quercus glauca Fagaceae Tree Evergreen tree Karst slope
sp06 Mallotus philippensis Juglandaceae Shrub Evergreen tree Karst slope
sp07 Machilus attenuata Lauraceae Tree Evergreen tree Karst slope
sp08 Loropetalum chinense Hamamelidaceae Shrub Evergreen tree Karst pass
sp09 Platycarya strobilacea Juglandaceae Tree Deciduous tree Karst pass
spl0 Clausena dunniana Rutaceae Shrub Deciduous tree Karst pass
spll Camphora officinarum Lauraceae Tree Evergreen tree Non-karst slope
spl2 Liquidambar formosana Altingiaceae Tree Deciduous tree Non-karst slope
spl3 Triadica sebifera Juglandaceae Tree Deciduous tree Non-karst slope
spl4 Quercus glauca Fagaceae Tree Evergreen tree Non-karst slope
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1.3 HRLPEBESESNE

FEuk o RE S AE 105 C &M F AT 30 min, R
F 65 CHET 48 h A, Kb T AAE S AT s |
¥, o 80 H i J5 it AE AE F 34 b T AT i PR
ORI A R A G . NSC A f o mT 3 P
VER B R, AT R M R UE R Y B A R R
AR - B AR A, BRI  HEAE S % SCik[30],
W 5k r

TR HE W 1) A < B 0 B Sl BE AR AE 80 °C HLAH
rRE T Z fE L PRI 0. 1 g FEA ORS85 2 0.000 1 @),
I/ K T 5 N 100 mL 2B JF B 28k
TE 25 U [7) Ve B ) TR A s 1A VAR

] PR ) $E B FREL 60 mg FESY LA 10 mL
80% L 1%, # B A 24 h J5 LA 4 000 r/min B0 10
min, VRS GE Y2 B TR R AR b
A5 mL 80% Z W, B0 5 min. ZEHL 3 L 85 3 H
M) IE R A i, 8 S B E R A
BHLE.

VEN I R I . 1 e R SR IO IS R IS 1 AR A
YT 65 CHET LA 10 mL 288K, IR 5 )5 & 7E
WAKE HWIAE 15 min, R H E 60 CLL TR FEMA
1 mL 0.5% &M B W, T 60 “C1H K % B 7R R
1 b 553 9 30 40 43 A o PR G A 22 9 I 0 Tl 2R 94
G HLL 2 000 r/min B4 5 min, KIEFEAE

WAL KA RLE .

AP R DE A 0 B 1 mL B R I
WABEEES M 1 mL 28 % KA AT 80% &
) ARG SR INA 5 mL W BRAR . $8 e B4 1 min,
#E 15 min, 2k A 54k 4306 0% B 31 (SPECORD 50

PLUS, 78 [= HE 2 43 A A &8 43 22 WD AE 490 nm &b [
0 5 T AR R 415 AR 10 s o 1l & 40 0 5
T B R R B
1.4 HIESH

KB R R 5 22 4B % (One-way ANOVA) X
12 Mt i NSC A HFZEA S HEERE WE
M) 26 S AT T . A 5 2555 0E R I R/ i 3 25 B0k
(LSD) #7250 L 48 #5 7 22 R 574 R AR 2 8
K%k (Tamhane's T2 T Z E LA, RHAZ G4
P[] DA T, S A5 R ] Wk 2545 (R 28 LR B ) A
I T AR i 07 5 1Ly e L g TR B 1 L R R BT AR L
WO ER B GGRA GEA) IR TEM E D ERE
X NSC B H FZH S ErEm., (58 R 4.3.3 3K
PSR brms A5 DL DL 3 O R A 8 A A
T AT S R AR R i i Y A
G B W 23 A6 (B family = gaussian()) , H 25 & fx &K ¥
FEWONAL A 1R 0 B A B . X TR R
BERY, JEF 3 250 ST 1Y 5 /R AT REEHEAT S 800 )5 50
g5 B A BE AL 200 000 A kAR REAS, I S BR A
10 000 WEAAE R AR BE . FI IS 35 FF A (1) B3
KLk K Gelman-Rubin Y844t 1 1 (B {4 R-hat {& /)
T 10D ME¥E /R Al R EE MU SE B . SEit o dr i
7E R 4.3 3 B hsg Al

2 HRESH

2.1 EYMHAENSCREFEHANSENZTHHE
12 sy WLAE W0 0 e A A TR B 7K 22795 19 NSCL A
EERE LR SRy S L 2,

x2 EYUHRFELREBXKETHNSCREFZEAFEE(FHELRES)

Table 2 Content of NSC and its main components in plant leaves during different precipitation seasons (mean= standard deviation)

Unit:mg/g

A5k ib &Y T TEH

o) %ﬂ' NSC Soluble sugars Starch
Dry season Rainy season Dry season Rainy season Dry season Rainy season

sn01 Adina pilulifera 156. 65+ 158. 71+ 150. 62+ 115. 94+ 6.04+ 42,77+
St , ' 9.37Acd 17.13Aa 8.26Ab 11.76Ba 1. 42Bd 7.60Acd
<02 Rhamnus utilis 214.37+ 181. 124+ 185. 88+ 106. 36 & 28.50+ 74,76+
sP : ’ 7.82Ab 14. 62Ba 10. 42Ab 11. 47Bab 4.06Ba 18. 82Aa
003 Pu X Leno bl 173. 69+ 117. 03+ 166. 02+ 80. 014 7.67+ 37.02+
P erocarya stenoptera 47.29Ac 12. 29Bb 46. 49Ab 8. 08Bcd 1. 30Bed 6. 38Ad
ap0d Triadica sebifer 299. 69+ 192. 84+ 269. 39+ 114. 66+ 30. 30+ 78.17+
SP tadea seojera 41. 44 Aa 16. 18Ba 42. 44 Aa 15. 54Ba 3. 90Ba 9.53Aa
005 Quercus glauc 32.92+ 68. 44+ 27.35+ 30. 12+ 5.57+ 38.32+
P uercus grauca 8.23Bh 9.37Ad 8. 23Af 4. 7T9AL 0. 65Bd 5.69Ad
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gx
Continued table Unit:mg/g
AL oKtk &Y ]V A TEH
o) %ﬁ: NSC Soluble sugars Starch
No. Species CE ES =6 Wz L (S
Dry season Rainy season Dry season Rainy season Dry season Rainy season
o 38. 34+ 65. 27+ 32,82+ 34,55+ 5.514 30. 724
sp06 Mallotus philip pensis 3.73Bh 6. 35Ad 3. 43Aef 4. 81AI 0.91Bd 4. 04Ad
«p07 Machilus attenuata 26. 70+ 70.55+ 19. 98+ 34,00+ 6.72+ 36. 56+
sP R ' 5.39Bh 3. 44 Acd 5. 66Bf 3. 85Af 0. 65Bcd 4. 38Ad
sp08  Loropetalum chinense 79. 12+ 85. 94+ 68. 37+ 33.72+ 10. 76+ 52,22+
sp o 6. 35Alg 7.12Abced 5.79Acde 2.14Bf 1. 44Bc 7.67Abced
09 Plave robilac 101. 59+ 120. 32+ 92,41+ 87.90+ 9.18+ 32,43+
P atycarya strobrfacea 4. 96Bef 14. 67Ab 5. 7T4Ac 12. 16 Abc 0. 98Bcd 3. 78Ad
10 Clausena dunniana 55. 244+ 92. 43+ 49, 66+ 44,814+ 5.58+ 47,63+
sp o 15. 25Bgh 8. 80Abced 14. 84 Adef 5. 71Aef 0.52Bd 4.51Acd
spll  Camphora officinarum 77.054+ 105. 28+ 70. 04+ 63. 38+ 7.01+ 41,90+
sp 2 - 11. 19Bfg 20. 20Abc 10. 75Acde 12. 23Ade 0. 94Bcd 9. 46 Acd
spl2  Liquidambar formosana 78.00E 94. 17+ 71.01=% 59,40+ 6.99+ 34,77+
ple Lig : 7.04Bfg 6. 50Abed 6. 79 Acde 1. 66Bde 0. 76Bcd 4.74Ad
p13 Triadica sebife 129.59+ 179. 72+ 105. 88+ 109. 60+ 23,71+ 70,12+
P riadica seorjera 8. 10Bde 24.84Aa 7. 28Ac 12. 50 Aab 2.31Bb 17. 27 Aab
spld Quercus glaue 105. 33+ 114. 30+ 82.56+ 52.04%£ 22.76% 62. 25+
P uercus glauca 10. 81 Aef 37.39Ab 8. 96Acd 21. 22Bef 3.48Bb 16. 27 Aabe
Average 112. 01+ 117. 58+ 99. 42+ 69. 04+ 12.59+ 48.55+
g 76.85A 45.09A 70.56A 33.25B 9.20B 18. 18A

Total average 114. 80462, 84A

84.23£57.04B 30.60123.06C

Note:different uppercase letters in the same row indicate significant differences in plant leaves NSC and its main component content between differ-

ent seasons,while different lowercase letters in the same column indicate significant differences in plant leaves NSC and its main component content

between different plants (P<Z0.05).

M NSC 528 LR 227 35 & &y (114, 80 £
62.84) mg/g, H it B FE V¥ & & Ol (112.01 £
76.85) mg/g, M R NSC & & fiv =5 19 /2 W5 1 45 7 b
M54, K (299. 6941, 44) mg/ g, B A% 1 2 W% 07 4
L 0 B2 B AR L R (26. 70 5. 39) mg/g; T 2 F 1)
N (117.58+45.09) mg/g. M H NSC & & & i
1R 2 % 30 R ok b A S5 461, Dy (192, 84£16.18) mg/g.
o AR B 2 W 30 AR L B A RLBE 2, S (65. 27 6. 35)
mg/g. KA MR H X CE TR L3O i B
NSC & i 76 A [F] [ 7K 22745 ] 22 5 R 1 3% (P =0. 05) ,
FoAb Rt i NSC & i 78 R IR K 224y 22 57 b 35
(P<0.05),

W ] S R 2 T 2 A O (84, 23+
57.04) mg/g, Ho B 2= 1% 52 (99. 42£70. 56)
mg/ g, W 3T RE T L S AR R AT PR S A .
(269.39+42. 44) mg/g. W& 7 RF L1 3 1) B2 3 Vi A d5c
ik, A (19.98 + 5.66) mg/g; N Z&FH & &N
(69.04+£33.25) mg/ g, W W 4 v b 19 7K AT A6 1 7 AT

FEVERE S B, N (115,944 11.76) mg/g, W& b4
I R A% . M (30. 1244, 79) mg/g. FH X (W
W R L) OB S8 AR R 1A B R R AR (AR
ke L0 i B W] PR RS B AN IR K ZE T 22
AR (P =0.05) , HABY Rt R i v] B P4 & 1 AE
AN TR R K 2275 25 5% | 35 (P <<0. 05)

MR UE 5L R FLRE 2R OF B iy (30060 =
23.06) mg/g, R P& (12.59+9. 20)
mg/ g, W 07 R b 0 S A E R S R s, N
(30.30 £ 3.90) mg/g, &% & fc (K 1Y & H B 24,
(5.51+0.91) mg/g; W = ¥ & &y (48.55 &
18.18) mg/g, W B k¢ iE #b 19 2 4 o Fr 08 B 1 & B
i (78, 17419. 53) mg/ g, W& 37 4 111 35 B BB 5 25
R, H(30.72+4.04) mg/g. 12 FAEPI F Y
VER O AN R BEOK E AR W, s R B
(P<<0.05),

2.2 HYHANSCREFEANSENHMEE

R B NSC. 0] 3 M g DL 38 By 7 = 1 5% T
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IR UL 1, BEKZRTY A A AR B 2 A AR K A X I R e A [
MR FERY AT PR A NSC & A B & 5, {5
I 1 I
I 1 I
l | |
I 1 I
Rainy _| : ° = : : ®
season : o : :
l | 1
I 1 I
I ] I
I 1 I
Deciduous _| : —.— :_.__ : -
tree : : :
I ] I
I 1 I
I 1 I
I 1 I
I
Karst pass o — JI— —- -:L 4: -
I 1 I
l | |
I 1 I
I 1 I
l | |
Karst _| | l. :
depression : : :
I ] I
I 1 I
I 1 I
I ] I
I 1 I
Karst slope | JI- - —— : : L
| i |
I 1 I
I 1 I
I ] I
I 1 I
Tree 4 L - ! o
i | |
I ] I
I 1 I
I 1 I
T T T T 1 T T f f T T T T
-1.0-0.5 0.0 05 1.0 1.5 2.0 -3 -1 0 0 1 2 304

Model regression coefficient of NSC

Model regression coefficient

Model regression coefficient of starch

of soluble sugar

The red dots in the figure represent the average value of the regression coefficients;the thick blue line represents the standard

error of the regression coefficient;the thin blue line represents the confidence interval of 5% to 95% for the regression coefficient,
with the dark blue line indicating P<C0. 05 and the light blue line indicating P =0. 05.
Bl 1 kP NSC B H 2240 43 & B 1 52 i B 3%

Fig. 1 Factors affecting the content of NSC and its main components in plant leaves

PR [ [ 7K 2715 J7 18D, T A AR IR 2R 1 NSC &
HAHEM SRR ES TR, AIRERS & B ERT
F 2 (P<C0. 05) , R WA [A] B3 7K 2= 45 % it 7 NSC
H R & EHH B E R,

X T AN TR A A= 3% L, P oA P 1) NSC L] g PR
DL VE By Fr i 34 B TR SR ) (P <<0. 05) . R B
FEN AP R NSC M H EEAL & B KT
WY

W TR B 11 3 b R e S R LD B R A R
NSC JH E2Z M4 & AR R 2 5 (P=0.05);
e Hr R LU SRR P R R B TE R e W T AR e T A
LU AT P Ak D) S IR T IR v R 1L B (P <<
0. 05) 1l NSC 7 fk 78 W 17 K5 1L I Fn3E w8 107k 1L 3 2
] I ok e 90 M i 25 (P =>0. 05) . 22 B A= 15 R A %)
PR NSC KH E B4y & A — R, HA

2 45 0 5 4 22
T AU F 60V 2 R 5 T T
0 T 5 R 2 S T T A A
Z 1 NSC & BRI .22 5 (P =0.05) & WL
TUXHEHI I F VB BT R 2 A B0

3 it

3.1 HYMHANSCREFZEANSEEARE Y
i8] B 25 4L 45 1E

AN TRIB A A 2 e 22 S s sl NSC
R H A5y S B AR . AW h I VO 12 P
Ptk R NSC B H R E A 4y & B e R WEN
AR AR 524 A A (6 2), fl i 52 % NSC & & #ix
1R 4 2 W B0 A T 1 5 A B A I R AR L
) A9 6V AR s T 2 NISC 7 £ e 1y 19 A 2 5 30 4 7
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(9 % R o T 55 e R ) S SO R L S A R 26 . A
(R SRR R 1k A ) Ak S A AR 22 R T RE R B
APy Fp i NSC A i B A Z 3l 25 ALy JsL A
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Dynamics and Ecological Adaptability of Non-Structural Carbo-
hydrates in Leaves of Common Plants in the Lijiang River Basin

ZHONG Yigian'*, WANG Bin®, WU Miaorui*’, YANG Meixue'*, XU Zeshuai*”,

TAO Wanglan®, LI Jianxing’ s ZHAO Hongming”, LI Xiankun®" "
(1. College of Life Sciences,Guangxi Normal University, Guilin, Guangxi, 541006, China; 2. Guangxi Key Laboratory of Plant Con-

servation and Restoration Ecology in Karst Terrain, Guangxi Institute of Botany,Guangxi Zhuang Autonomous Region and Chinese
Academy of Sciences,Guilin, Guangxi, 541006 ,China; 3. College of Tourism & Landscape Architecture,Guilin University of Tech-
nology » Guilin, Guangxi, 541006 , China)

Abstract: Non-Structural Carbohydrates (NSC) can effectively reveal the adaptive mechanisms of plants to
external environments. With the aim of exploring the adaptive changes of plants in the Lijiang River Basin
across karst and non-karst habitats during rainy and dry seasons,the dynamic changes and differences in the
content of NSC and its components (soluble sugars and starch) were analyzed. The results are expected to
provide a scientific basis for the selection of suitable plants in different habitats. Leaves of 12 representative
plant species were collected during both the dry and rainy seasons to measure the content of NSC, soluble
sugars, and starch. A Bayesian multivariate regression model was established to quantitatively analyze the
effects of rainy and dry seasons,habitat conditions, plant life forms,and plant growth forms on the content of
NSC and its components in plant leaves. The results were summarized as follows. (1) Among the 12 plant
species,the average content of NSC during rainy and dry seasons was (84. 23+57. 04) mg/g.in which soluble
sugars were the main component, with the average content of (114.80=%62.84) mg/g, significantly higher
than the starch content of (30.60423.06) mg/g. (2)Significant dynamic shifts were observed in the content
of soluble sugars and starch in the leaves of the 12 plant species between dry and rainy seasons,with starch
content being significantly higher and soluble sugar content significantly lower during the rainy season than
those during the dry season. (3) There were significant differences in the leaf content of starch and soluble
sugars between karst slope and non-karst slope, while no significant differences were observed in the content
of NSC and its components in the leaves of plants growing in karst depression, karst pass,and non-karst habi-
tats. (4) The content of NSC and its components varied among plants of different life forms, with deciduous
plants showing significantly higher content of NSC and its components than evergreen plants. Additionally,a-
mong plants of different growth forms, tree species had significantly higher leaf starch content but signifi-
cantly lower soluble sugar content than shrubs. In conclusion,the content of NSC, soluble sugars,and starch
in the leaves of common plant species in the Lijiang River Basin is closely related to their biological character-
istics and habitat conditions,and it is also influenced by dry and rainy seasons. The seasonal variation in leaf
NSC content is a complex dynamic process.

Key words: Non-Structural Carbohydrates (NSC) ; starch; soluble sugars; dry and rainy seasons; ecological

adaptability
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