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i . [HM) WA FERRRE XM Cyphomandra betacea 4T K e A AEF 2 M, A e Hoap i@l
HRYEH, bk RS MEANE WIS IRIE SRR, [U0E] DL L EAEREML AL, 1R HE 4 Ff
WEHIEERE (CK, 100% HARGI: S, 75% HAKME: S, 50% AR S, 30% AL, i &,
Hifd, BRI AR RO A R SSRGS T AR S BB 25 & VRN, BT OGE R
[45] D ERHAHSEELMAN ALK (P<0.05) , S, A T &R CK IR T 10.5%, MRy Rt
Sy ALEMIHFIZEH L H . 2) HAEEER, S ABEMYHFRET AR (7.84 pmolm™>s ™), JEJe2piE
KAK (11 489.98) WM T CK, RUIE B ol 12 = RAEHUNCR, AR EMEYEIGIFEE. 3) My
Wiz, e 5Eead% RWEEMRM%E (=0.587, P<0.01) , SIS SELEHEE R EZE EHL
(r=0.731, P <0.00) . 4) FERELGEEWFNEYN, S, B ARMAE (HHN 26 116.65)  [45i8] WE
TGN A E AR G a3 RG-S RCR TG ROER RS, 75% H ARG HE v I i@ e FR 4 F,
& TR R AR S50 Y B AR

KRR M ERIRRE AW A faR
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Effects of different shading levels on the growth of
Cyphomandra betacea seedlings

Yang Jiumei'”, Guo Huanxian'?, Li Xingze'?, Zeng Huiping'”, Dong Qiong"”’

(1. College of Forestry, Southwest Forestry University, Kunming 650224, Yunnan, China;
2. Key Laboratory of Southwest Biodiversity Conservation, State Forestry and Grassland Administration, Kunming 650224, Yunnan, China)

Abstract: [Objective] To investigate the effects of varying shading intensities on the growth and photosynthetic physiological
characteristics of Cyphomandra betacea seedlings, clarify the optimal light intensity range for seedling growth, and to provide
theoretical references and technical guidance for understory intercropping and intensive seedling production. [Method] One-year-
old Cyphomandra betacea seedlings were selected as experimental materials. Four shading treatments were established: full sunlight
(CK, 100% natural radiation, NR), light shading (S, 75% NR), moderate shading (S,, 50% NR), and severe shading (S;, 30% NR).
Growth and physiological indices including seedling height, ground diameter, single-leaf area and photosynthetic pigments content
were measured. Correlation analysis and fuzzy membership function comprehensive evaluation were performed to elucidate the light
adaptation mechanism of seedlings. [Result] 1) Seedling growth was significantly affected by shading treatments (P << 0.05). In the
S, treatment, seedling height increased by 10.5% compared with the CK group and exhibited the best leaf expansion performance,
whereas the S, treatment significantly inhibited stem radial growth; 2) Photosynthetic measurements demonstrated that the S, treatment
maintained a relatively high net photosynthetic rate (7.84 umol-m™-s™), with a significantly higher non-photochemical quenching
(NPQ) value (11 489.98) than the CK group. Moderate shading was proven to enhance the heat dissipation capacity and effectively
alleviate leaf photoinhibition; 3) Correlation analysis showed that seedling height had an extremely significant negative correlation with

net photosynthetic rate (r=—0.587, P << 0.01), while stomatal conductance was extremely significantly positively correlated with net
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photosynthetic rate (+=0.731, P << 0.01); 4) The fuzzy membership function evaluation results verified that the S, treatment was the

optimal growth condition, with an average comprehensive value of 26 116.65. [ Conclusion] Cyphomandra betacea seedlings can adapt

to shading stress via morphological plasticity (plant height promotion and leaf area expansion) and photochemical efficiency regulation.

In summary, 75% NR is identified as the optimal light condition for seedling growth, which can be applied to understory intercropping

and shading-based intensive seedling cultivation.

Keywords: Cyphomandra betacea; shading intensity; biomass; photosynthetic pigment
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Fig. 1 Effects of different shading treatments on height and ground diameter of C. betacea seedlings
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Table1 Homogeneity of variance test for the effects of shading treatments on the photosynthetic characteristics of C. betacea seedlings

AL P Treatment Tr Pn Ci Gs Fo Fm Fv/Fm NPQ Fv'/Fm’ qP
CK 0.113™ 0.729" 0.001%** 0.001** .c .c .c 0.094* 0.126" 0.016*
S 0.467" 0.794" 0.002%* 0.002%* .c .c .c 0.413" 0.278" 0.439™
S, 0.480™ 0.794™ 0.007%** 0.007** .c .c .c 0.431™ 0.284" 0.467"
S; 0.134™ 0.738™ 0.002%** 0.002%* .c .c .c 0.170™ 0.128"™ 0.087"

t ns, P>0.05; **, P<0.01; *, P<0.05 .c, BRI T
ns, P > 0.05; **, P << 0.01; *, P < 0.05; .c indicates missing or invalid data. The same below.

*2 AEHERRENHERSEERECAEEMEXMES
Table 2 Correlation analysis of different shading degrees on the growth and photosynthetic physiology of C. betacea seedlings

ok JE"ﬁ% Az ‘
Indices Seefillng Qround Tr Pn Ci Gs Fo Fm  Fv/Fm NPQ Fv/Fm' qP
height  diameter
7 Seedling height 1
4% Ground diameter  0.505%* 1
Tr 0.227 -0.223 1
Pn -0.587**  0.048 0.069 1
Ci -0.363* 0.131 0.030 0.272 1
Gs -0.309 0.051 -0.005  0.731*¥*  0.376* 1
Fo .c .c .c .c .c .c .c
Fm .c .c .c .c .c .c .c .c
Fv/Fm .c .c .c .c .c .c .c .c .c
NPQ -0.302 0.182  -0.800**  -0.086 -0.142 -0.021 .c .c .c 1
Fv'/Fm’ 0.053 0.155 -0.220 -0.219 0.153 -0.050 .c .C .c 0.171 1
qP -0.192 0.099 0.970**  -0.063 0.014 0.024 .c .c .c 0.712%*  0.340* 1
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A L Br e FHRCR G A S (0.579) Indice Principal 1 Principal Principal
N s v N o ., component 1 component 2 component 3
HTE] CO, L (0.533) Wz, HKENE 3 L koy FEME R Tr 0.345 0.035 -0.013
TR EEEF. KRG REY, SAEHEEEK YL P 0.321 0.038 0.128
FEFRTE 3 D TR AR REBUFAER # 2 57 el CO, WK FE Ci 0.088 -0.251 0.533
VLB RT3 3 B TR BE AR B 22 52 TULSIE G 0336 0047 0005
ALK ZRBNPQ  0.037 0.550 -0.123
2.6 AEHEFFFEE XK TIHNERSEEKHE SR EAEE PP -0.119 -0.018 0.579
B R AR AT Jetb A K A E qP 0.028 0.478 0.075
FAPRITIAR S, -0.004 0.048 0.370

Zliﬁ}f ﬁ%?*ﬂ%%%ﬁ%lﬁiﬁgﬁﬁiﬁ T Seedling height 0.576 0.053 0.014
TE‘ *ET{)HIJ Eﬁﬁ , %ﬂq %‘27@3 ﬁ@ q ﬁ?ﬁ%%éﬁ—%/ﬁ\ﬁz Hi4% Ground diameter 0.576 0.048 0.035
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R4 NEHEPRRENHMEMNEERKECAEERERBRMEE TN
Table 4 Membership function-based fuzzy comprehensive evaluation for the effects of different shading degrees on the
growth and photosynthetic physiology of C. betacea seedlings

fgh SHE PR #UE Membership function value 18 WE HE
Treatment Tr Pn Ci Gs NPQ Fv//Fm’ qP S, Mean value Weight  Sort
CK 0.03 7.84 272.65 0.16 8 898.90 0.12 79 515.39 50 980.69 17 159.24 0.265 1 2
S, 0.00 4.89 216.97 0.39 11 489.98 0.11 265 567.32 44 919.64 26 116.65 0.403 4 1
S, 0.55 491 315.49 0.06 7 328.62 0 50 601.71 47232.48 13 185.47 0.203 7 3
S; 0.01 5.45 290.37 0.13 3075.71 0 4993.65 60472.38 8273.12 0.127 8 4

HARJCHED) WPREE &R A2, B AR T4 %
P ERKKE. EFANERET, LRt
PR, WA EER. AR K RO
SRR HUATAE R AE AR 50 40 i ' W N i
SSHRZ OV FR R .
3 g

T R JE A TR 3 G5 4 5 A AR AIE 1) R SRR AR
PR 3E B S R B P2, AR o S B L
R AL B, I SR 2 50 4 R I R 45 T AS R
e dd i, R&RE G BE, A
MACRER IR 5 A R, BAEEBIAE T 23
BT 55 5038 BRI, FE PR SRR IERE 2 K A R
AP ERPEAR A AHECT X HRZE, A e R
10.5% (P <<0.05) , PR A 25 4 K 18.5%
(P<0.01) , WHEERZFREK (P<0.05 .
A TR AE 556 BT T SR SRR AL
fic B g, MMl AT, e ARy Ik
I eresidkae 1, SECAEMAL IR —H P,
906K TR A A e B i B T
A, AR B A R AR B 2R 5 I Y
Je IR e g B (EAREE ORI, WAL LE
(LR e o S N R S Vi R Gl R NN 1 B R U B
%, SFEERPUEREE DA TN . 12BN
I 5 Wi YL A% Phoebe chekiangensis”. 4x 3% 1%
Trollius chinensis"™ FIHF 5045 FAHIT, 215 %50% 2
Leucanthemum vulgare 1775 B B W) Fiie 544 22 5%
TERIEAILE 30% ~ 50% P& T AEKORE R,
HARFPERERPS SR Y. X PR Re R
Wi S RFALE 1T A R 2 00 40 T O 3k I 3o R AL
X &, HETE AW PEIE 20 5 A4 KA e PE A
ZAEAEB) A P4

KERFUESE, BRI PRI &2 IS Y
ROt E A RS WSS FEOT A G
B, RS TE LA REEC, MIE CO, AT
ey P, A T 8 I R R R i
$h5i OO, g U A B B A AT 4l v T R TR,

RO T5% BB AT FHAR R, R4 YR K&
HIAR R B B B R KM, HEflhs 4
MR S, TSR R A EE, KT
SRPEIE I Ab T . AWFIA SRR, WE L AT
W PG PS TR GG BERFEHUK . S FHE
e RE AL BRI IE A6 A R 43 5 E, A SRR T
A5 T SR A SR I B R AR 2 o (H R I B R
Biflh o BE M A ER R Y, IEA R
ST A A AR ML A7 ZE A FBR . Mok
R EAR T 50% HAREHEES, JLRe b RCR i Tt
M T RANG IR R R A R, &I
A AEKZIR. LR SRS P KE
DR A R 8, WA TR AT A A
T E B PR B A 52 R, N REE F AR A
TAMG RS e N IR R YR . A R
B WS ERBE A AZ D DI RE RS B DY, 5906 4%
GRNER 7 STEN S iPUR: pNUNITY AP il T it 18
AR IE B EEREE BT AR AT, AN [ A 5
St B 7 58 9 VLR P T AR R ) 2 AR 33k i A o
AR LA, B PEIER (75% ARG AT
AR R E E T2 (P <0.05) , A&
ARIEHE R R T 50% H AR LHERT,
B N TAMG B 2h B e IROR B . 2 m o A
55 F LR 4 B X KBS R % Nymphaea minuta 1)
WAL g1 —3, I TR 55 C B N i i
B[R] 3 T e (2 7K S 1R 38 FH 2E FE E
ASHIF 78 45 B w] B AR R TR VR P A T
TeRE R R %

4 £

BT IS B A (100% HERGHED |
BB (75% HAROLRD o REER] (50% H
PRI o EEEER (30% EAREIE) 4 Rl
PN B 3 At ) AR e A A B s, [T
YIH R EE M AL, B T A KRR A
BEEEMR (75% BRI A5G 5 &4
WA, ZFM T E A TR
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FIEIE 10.5%, WA R AGG AR s
GF 6 E sl R FaE 7E 7.84 pmol-m >s ', NPQ fHik

11 489.98) , thlAEALRERI H K. SALTE
MBI EGERREE T =0.731) ,

JE R LR AV (M 26 116.65) #E— B IGUE T
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