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Effects of cultivation modes on phenotype, kinsenoside content and non-green
leaf coloration in Anoectochilus roxburghii

LI Wei', XIA Yanshu', ZHANG Wangi', ZHAO Li', LI Shuikun’, WANG Hongzhen'

(1. Zhejiang Key Laboratory for Chinese Medicinal Resources Protection and Innovative Utilization, College of Food

and Health, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. Jiande Forestry Bureau, Jiande 311600,

Zhejiang, China)
Abstract: [Objective] Anoectochilus roxburghii is the sole medicinal source for industrial production of
kinsenoside and also serves as a material for ornamental bonsai. Currently, commercially available A.
roxburghii is primarily derived from artificial cultivation. However, the effects of three main cultivation modes
(tissue culture, understory planting, and greenhouse planting) on phenotype, kinsenoside accumulation, and leaf

coloration remain unclear. This study aims to elucidate the effects of these three cultivation modes on the
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phenotype and quality of A. roxburghii. [Method] The effects of cultivation modes on phenotype were
analyzed using macroscopic and microscopic observations. Leaf coloration was investigated by color
observation, digitization, and metabolomics. Kinsenoside accumulation was determined by HPLC-ELSD and
metabolomics. [Result] Significant or non-significant differences in biomass per plant, stem length, stem
diameter, leaf area, and root length were observed among the three modes. These indicators were the highest in
understory-grown plants, followed by greenhouse-grown plants, and the lowest in tissue-cultured plants.
Microstructural analysis showed that differences in cell morphology, size, and arrangement contributed to the
variations in stem length and leaf area. Leaf coloration was mode-specific and showed a “dark adaxial and light
abaxial” pattern. Understory-grown plants exhibited the deepest color, followed by greenhouse-grown plants,
and tissue-cultured plants were the lightest. The accumulation patterns of rhodionin, quercetin-O-glucoside,
kaempferol-3-O-galactoside, kaempferol, quercetin-35-pyranoglucosyl-6'-acetate, rutin, quercetin, quercetin-34-
D-glucoside, and rhamnetin were consistent with leaf color phenotypes and showed negative correlations
(significant or not) with color parameters. These metabolites are the main pigments for leaf coloration. No
kinsenoside isomer was detected in plants of all three modes. Kinsenoside was mainly accumulated in aerial
parts, with content ranked as: understory-grown>> tissue-cultured>> greenhouse-grown. [Conclusion]
Understory cultivation can simultaneously improve biomass, ornamental leaf color, and kinsenoside content in
A. roxburghii, representing the optimal mode for efficient cultivation of high-quality and high-color varieties.
The results provide a scientific basis for quality evaluation and support precision breeding and standardized
cultivation. [Ch, 5 fig, 5 tab. 31 ref.]

Key words: Anoectochilus roxburghii; tissue culture; understory planting; greenhouse cultivation; kinsenoside;

quercetin and its glycosides; kaempferol and its glycosides
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Figure 1  Cultivation modes, plant and leaf phenotypes of A. roxburghii
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Table 1 Phenotypic indicators of A. roxburghii under 3 cultivation modes
AR ER 7kl ZEK/mm ZE HAE/mm i Ei/sk I R TR /em® MR &% R /mm
ke ] 1.55+0.48b 117.15+10.05b  2.80+0.32a 430+048a 15.10£3.12b 420+149a 75.71 £ 1450 b
AR 2.38+051a 135.84£10.53 a 2.78+0.47 a 4.70+£0.82a 22.65+636a 490+1.10a 149.89 £78.55a
KM 229+038a 130.89 +£9.02 a 3.05+£0.38a 4.80+£0.63a 22.60+349a 4.80+0.79 a 129.98 £29.24 a
YL [RIFIARRNG FRER R AN R R 22 53 3 (P<<0.05).

TR, ragaErt i R REZAMIEE . RIUBS RSB E TR 3 Bl e 4
MR SRR A AR Z 0, ik D (18] 2D~F), AL BN BEDE s B, i 2 AN AR
TN 2~3 RSB E DA AL, LRI iSCH] (15 2D~F). Horr, L85  Fr 3% K 4 it
JEVBERESP B, ANMOHES K% HALN, An il s (B 2D), ALEHE S (R 2)0 AR B R B A
I A RE S PR i, A HESASE R, AR BACR (8] 28), RALEH R (6 2). KRR M AR
oMo SR B, ARMLHES miAs H2REL, AR (8 2F), LR RZ (G5 2). 245 RULIIRSE
PR R R B AL S L R/ INFIHES | 5 2 i e i AL

IR ) L AT Ui
b /i)

Wil M
Lo ,l¢ / :
"

]

Y ﬂ CF
B2 3HAEEEXSLEZRNITEfrT R TATEMEM

Figure 2 Longitudinal sections of stems and microscopic structures of the lower leaf surface of A. roxburghii under 3 cultivation modes
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Table 2 Cell length, cell width of stem longitudinal sections, and stomatal density on lower leaf surfaces of A. roxburghii under 3 cultivation modes

4 LB A/ um LB A TE/ um SELEE/( - mm?)
R 11.46+0.70 ¢ 3.38+0.32¢ 880.0+83.7 ¢
R 16.46+0.70 a 6.36+0.32a 680.0 +83.7b
KM 14.49+0.70 b 445+032b 1180.0+83.7 a

Uil [RSIARR/NG FRER R A AR B R 22 57 B35 (P<<0.05).
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Table 3 Leaf color values of 4. roxburghii under 3 cultivation modes

HFR FAR L) 3] iR i N ettt
2RI 172.36+4.66 a 165.63+4.02 a 116.11+1.81a 161.9743.43 a 64.70£1.60 a
M 142.97+0.59 b 120.65+0.69 ¢ 104.29+0.76 b 122.61+0.66 ¢ 50.05+0.28 ¢
PNl 153.85+0.30 b 141.58+11.57 b 103.24+11.63 b 132.88+9.67 b 57.48+4.52 b

LB RIBIARRNG TR R A Rl A ] 22 5 3% (P<<0.05).
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Figure 3 Metabolomics of A. roxburghii under 3 cultivation modes
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Figure 4 Distribution of kinsenoside and color-related metabolites in 4. roxburghii under 3 cultivation modes, and correlation analysis between

color-related metabolites and leaf color value
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Table 4 Accumulation patterns of leaf color-related metabolites and anoectochilide in A. roxburghii leaves under 3 cultivation modes

. B FEAALY S Fe T FeOkhts
R SFRX AR . _—
[] /min R JH T LA X LR
1213 3-0-F 7L Cy Hy O,  448.10 5.58 82761 714.06 18200 905.57 593783155  13.94 3.07*
Lz iy CisHjgOs  286.05 5.55 71830 073.67 10 126 566.84 7122341.12  10.09 1.42
Wi K -3-f-D-HIHMHE  Cy Hyy Oy, 464.10  5.44 49835586122 278 608 887.16 58990 040.32  8.45* 4.72%%
13‘&4}#?:-3-/)’ IR Cy3Hyp O3 50611 5.49 1307653597 8018 878.22 160544480  8.15 4.99
J-6'- 2. WG

HitBe R CisHjpO;  302.04 547 1093362589.56 30924283328 154 167357.96  7.09** 2.01
MR CisH,0; 31606 4.99 3560 894.43 2399 029.97 1014 029.88  3.51% 2.37%*
M Cy;Hy Oy 282.07 543  1104391225.05 858910817.17 367035 144.56  3.01** 2.34%
BT Cy Hy Oy 448.10 737 907 063.36 470 969.28 41118383 221 1.15
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Table 5 Content of kinsenoside and its isomer of A. roxburghii

cultivated under 3 cultivation modes

S (mg- g ™)

i i W

ZAiN

=

==

ZHIGH 5.84+0.46 b** 2.22+0.14 b 6.14+0.33 a** 4.67+0.30 b**
KPS 1.9240.38 ¢** 0.8120.01 ¢ 2.48+0.18 b** 1.73+0.11 c*
MTFH 7.3120.24 a** 2.53+0.13 a 6.93+1.09 b** 5.43+0.06 a**

BRI« [6) B A [B] /NG 0 3 R A [ e a5 488 2 ) 22 5 B 3
(P<<0.05); *HI**43 5l [F) — AR T 42k
oA A 5 AR AR b 25 57 3 (P<<0.05) il 22 S 4%
% (P<0.01),

001 ursyry L R i _ o i hy
Z40 LS %30 ar B30 o | S A
2 30 Gt S20| el PO = el %
2ol ML S B0} S b Flg T i

0 ) ) ) 0 ) ) . ! ! J

10 15 20 25 10 15 20 25 10 15 20 25
It ¥l /min I 1) /min fi [f/min

H5 3R eREFLAEFAL LT MIKEELHE

Figure 5 Chromatograms of kinsenoside and its isomer of A. roxburghii under 3 cultivation modes
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