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Construction and evaluation of Polygonatum cyrtonema Hua
intercropping based on the growth and physiological adaptability
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Abstract: Polygonatum cyrfonema Hua is typically cultivated under forest conditions that mimic its natural
habitat. The understory environment of Actinidia chinensis Planch. orchards shares similar ecological charac-
teristics with forests, suggesting the potential feasibility of intercropping P. cyrtonema within A. chinensis or-
chards. However, optimizing an appropriate planting model and creating a suitable growth environment for P.
cyrtonema requires experimental validation. This study assessed the growth and physiological adaptability of
P. cyrtonema under different intercropping conditions by varying A. chinensis cultivars (‘Hongyang’ and
Jinyan’ ), canopy densities (60%, 30%, and full sunlight), and planting densities (row spacing of 25 cmx
25 cm, 25 cmx40 cm, and 35 cmx40 cm). Results demonstrated that P. cyrfonema exhibited greater plant
height and basal diameter in orchards planted with A. chinensis cv. Jinyan. Under 60% canopy density,

chlorophyll content was elevated, while malondialdehyde (MDA) content and ascorbate peroxidase (APX) ac-
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tivity were lower. A 30% canopy density promoted greater plant height. In full sunlight, leaves had reduced

relative water content but exhibited increased soluble protein, proline, MDA, total phenol, and flavonoid con-

centrations, along with higher catalase (CAT) and APX activity. Lower planting densities resulted in reduced

MDA and total phenol concentrations in leaves, whereas higher planting densities were associated with in-

creased MDA content. These findings indicate that intercropping P. cyrtonema within A. chinensis orchards is

feasible. Optimal planting conditions were a canopy density of 30%—60% and a row spacing of (25-35) cmx

40 cm.

Key words: Polygonatum cyrtonema; Physiological adaptability; Complex planting; Light environment;

Planting density; Actinidia chinensis orchard
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Fig. 1 Polygonatum cyrtonema intercropping in an Actinidia chinensis orchard
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Table 1 Setup of Actinidia chinensis and Polygonatum cyrtonema intercropping system

Eiaes SRR i e IS F1 2 IR 3 Dt 3l WRATHE
Number Variety Canopy density / % Light Intensity / lux Photon flux density / umol-m*s Row spacing / cm
H1 ‘erp’ 60 30 8753 450 702£307 25%40 ()
H2 AN 30 25x40 (HERE)
H3 ‘e’ 30 60 788+3 319 1 133305 35x40 ({K#EE)
H4 ‘erp’ 30 25x25 (EHE)
J1 ‘et 30 25x25 (HE )
J2 i 30 59 246+2 136 1111+288 25x40 ()
J3 ‘et 30 35x40 (K% )
CK - 0 84 20645 032 1470+£330 25x40 (H R )

TE: A BRI R A A, AR —RAE 70% LA L, MRTOLIRARMAE B2 ARG RS, DI e 1 4l SRR A Ty B 50 d 42
Notes: During the peak fruit-bearing period, trees in the ‘Jinyan’ orchard exhibited strong growth, with a canopy density generally
exceeding 70%. Understory light conditions were unsuitable for P. cyrtonema growth; therefore, only young orchards were selected for

this study.
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Fig. 2 Changes in height and basal diameter of Polygonatum cyrtonema under different modes
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Table 2 Water, chlorophyll, and osmotic compound content in Polygonatum cyrtonema leaves in different modes

(L E=0 AR K A MR a M43 b AR AR gt

Mode Relative water content/ % Chlorophyll a/ mg/g Chlorophyll b/ mg/g Soluble sugar / mg/g Soluble protein / mg/g Proline / ug/g
H1 85.27+1.78b 1.09+0.07a 0.54+0.04a 26.02+6.52¢ 96.55+9.69a 267.00+£69.80b
H2 91.30+2.30a 0.79+0.03ab 0.38+0.02b 41.15+7.80b 80.75+23.01b 345.50+£19.78a
H3 90.54+5.69a 1.06+£0.29a 0.53+0.20a 23.15+5.36¢ 75.054.48b 279.61+41.34b
H4 87.01+4.74ab 1.08+0.25a 0.52+0.14a 38.16+3.28b 82.74+9.36b 284.05+20.30b
J1 88.64+5.70ab 0.960.02a 0.46+0.02a 48.80+9.32b 73.38+15.94b 276.70+49.31b
J2 82.99+6.92b 0.52+0.05b 0.26+0.02c 61.91x14.11a 67.53124.85b 231.40+21.63c
J3 89.87+3.48a 0.97+0.07a 0.46+0.06a 22.99+6.23c 90.36+14.72ab 246.62+25.63c
CK 84.36+5.06b 0.46x0.07b 0.23+0.03c 12.07+3.32d 96.63+10.74a 315.93+42.11a

H: FSIAR/NG FRRRZES B3, P<0.05,
Note: Different lowercase letters in the same column indicate significant differences, P<0.05.

WA HE N AR EES (E 3, B4), X G PR, haEsEMXTRA (H2, J2. CK)
T MDA, “4:Ha’ Sl v 45 Fl e 25 % B A KOx R 2 ErEEE. XTI, X4 (CK) FaEke,
(J1. J2. CK) &iviss, MisnBR R (H1) T “20B SRE (H1. H3. H4) SRk,

S, X T HO,, ‘& RREMEEE (J3) XFF SOD, ‘ZrfH’ b AE%E (H2) iy
s, ML REREEE (H3) & ek TP R, (D PH SRR AE AL HR AL (H3,
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Fig. 4 Antioxidant enzyme activity in Polygonatum cyrtonema leaves in different modes
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growth and physiological indices
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Table 3 Principal component analysis of Polygonatum
cyrtonema growth and physiological indices

6545 Index PC1 PC2 PC3
FZEEFW % 33.256 24.301 17.026
o5 BE 0.559 0.502 0.548
iz 0.580 0.343 0.337
AHXS 7K & -0.459 0.023 0.227
nakE a -0.934 -0.008 0.328
M4z b -0.952 -0.063 0.283
AN 0.398 -0.464 0.761
AR -0.252 0.766 -0.510
H,0, -0.010 0.771 0.147
MDA 0.603 -0.613 -0.003
pey s 0.923 0.064 -0.041
T 0.901 0.249 -0.294
SOD 0.035 0.229 0.620
APX -0.108 -0.191 -0.735
POD -0.251 0.850 0.139
CAT 0.151 0.789 -0.089
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Table 4 Multivariate analysis of variance on effects of different modes on Polygonatum cyrtonema growth and
physiological adaptability

HEHTF T R a AR a3 ENs it AL
Factors Height Chlorophyll a Soluble protein MDA Total phenols POD
AR i 0.003** 0.030* 0.010* 0.303 0.010* 0.499
SR bR B2 0.041* 0.022* 0.745 0.178 0.008** 0.707
Z AL R I 2% i 0.132 0.005** 0.231 0.026* 0.005** 0.115
AP AR A B2 - - 0.642 - - -
Al E 0.054 0.491 - 0.055 0.087 0.426
IS A B2 <% g - - 0.256 - - -
R R P B < - - - - - _
Notes: *, P<0.05; **, P<0.01.
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