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Introduction

Miniature winter melon individual moderate, good storage 
resistance, bright skin color, juicy flavor, popular with consumers, 
in the Nantong area has a certain cultivation [1]. For this reason, 
five varieties such as Xia guan No. 1, Yue Nong, Cuiyu, Mini 3201, 
Cuiju and Hejiahuan 1104 were introduced for fall cultivation 
comparative test. Through the adaptability of different Mini wax 
gourd varieties, maturity and disease resistance, etc. to investigate 
and compare, in order to screen out suitable for Nantong region 
in the fall to promote the cultivation of Mini wax gourd varieties, 
for the promotion of good varieties and production and cultivation 
technology guidance to provide reference.

Materials and Methods

Test Material

Five varieties were tested: Xiaguan No. 1 (Guangdong 
Provincial Academy of Agricultural Sciences),      Yuenong 
(Guangdong  Provincial Academy of Agricultural Sciences), Mini 
3201 (Guangzhou Nongda  Vegetable Research Institute), Cuiyu 
(Taiwan Hejiahuan Agricultural Products Co., Ltd.), and Hejiahuan 
1104 (Taiwan Hejiahuan Agricultural Products Co., Ltd.).

 
Test Methods

The  experiment  was  carried  out  at  the  base  of  Haimen 
Agricultural  Science  Institute,  designed  as a single  greenhouse 
with three replications, comparing the production habits of five 
varieties under two different cultivation methods, namely vertical 
and  ground-crawling.  The  seeds  were  sown  on  August   14th, 
transplanted on September 2nd, and harvested on October 12th. 
Cultivation methods and requirements are as follows:

i.	 Vertical cultivation: 4 rows per shed, plant spacing 
0.50cm, row spacing 1.20m, single vine branching [2].

ii.	 Ground climbing cultivation: Each shed planted 2 rows, 
plant spacing 0.55cm, row spacing of 3.00  meters, double vine 
branching [3].

Measurement of Indicators

The  fruit’s  external  traits  were  measured with the reference 
of  the “Winter  Melon  Variety   Evaluation   Guidelines NY/T  
3054-2016”.  For  sugar content determination: flesh samples  
were collected from both sides of the fruit to extract juice and 
measured using a  PAL-1  portable  digital  refractometer  (ATAGO,  
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Japan),  The  results  were expressed in %, and the average of 
two measurements was recorded as the sugar content. After 
transversely cutting the middle part of the fruit,  flesh thickness 
and peel thickness were measured using a vernier caliper [4]. 
Yield was determined by averaging values from three random 
plots under each cultivation mode. Virus disease incidence (%) = 
(number of infected plants / total surveyed plants) × 100; virus 
disease incidence was surveyed during the fruit expansion stage 
[5].

Data Analysis

The data were processed using Excel 2016 and analyzed via 
one- way ANOVA in  SPSS  26.0.  Significant differences  (P <0.05)  
were determined using Duncan’s multiple range test.

Results and Analysis

Fertility Analysis

By  comparing  the  main  agronomic  traits   such   as  fertility 
period,  it  was found  that there were  some  differences  in the 
fertility period of five varieties of mini wax gourd under the same 
cultivation conditions. There were also differences in the fertility 
period of the same variety under different cultivation methods.

From the results in Table 1, it can be seen that the seedling 
emergence time of the five varieties for testing ranged from 5~6 
days. Xiaguan No. 1, Yuenong and Cuiyu all emerged on the 5th day, 
while Mini 3201 and Hejiahuan 1104 emerged on  the  6th  day; 
in terms of seedling emergence rate, Mini  3201 and  Hejiahuan 
1104 had a lower seedling emergence rate of 81.33% and 80%, 

respectively,  while  Xiaguan  No. 1 and  Yuenong had a higher 
seedling emergence rate of 97.13% and 98.5%, respectively. 
Under vertical cultivation, Yuenong had the earliest time for 
flower initiation(42 days) and the shortest time for first harvest 
of fruit(59  days). Hejiahuan 1104  had the latest time for flower 
initiation, and the longest time for first harvest of fruit(73 days). 
Xiaguan No. 1 had the earliest time for first harvesting, 59 days 
after flowering. The time for first harvest (73 days) of Mini 3201 
was the same as that of Hejiahuan 1104. Cuiyu’s flower initiation 
and first harvest time were both in the middle, 47 and 67 days, 
respectively.

Under the ground crawling cultivation method, the earliest 
time for flower initiation and first harvest of Xiaguan No. 1 was 46 
and 59 days, respectively. The time for flower initiation of Yuenong 
was 47 days, and the latest time for flower initiation of Cuiyu, Mini 
3201, and Hejiahuan 1104 was 49 days. The latest time for first 
harvest of Mini 3201 and Hejiahuan 1104 was 73 days, and the 
first harvest of Yuenong and Cuiyu was in the middle of the range, 
at 61 days (Table 1). Compared with the  vertical cultivation, 
Xiaguan No. 1, Yuenong, Cuiyu, and  Mini 3201 started flowering 
later than the crawling cultivation,  whereas Hejiahuan 1104 
showed that the ground crawling cultivation was earlier than the 
vertical cultivation. The first harvesting period of Xiaguan No. 1, 
Mini 3201, and Hejiahuan 1104 was the same in both vertical and 
crawling cultivation, while Yuenong was 2 days later in ground 
climbing cultivation than in vertical cultivation, and Cuiyu was 
6 days earlier in ground climbing cultivation than in vertical 
cultivation (Table 1).

Table 1: Comparison of fertility period of different varieties of mini wax gourd.

Variety Emergence 
Days

Emergence 
Rate (%)

Creeping Initial 
Flowering (days)

Days to flower/
stand

Vertical First 
Harvest (days)

Creeping First Harvest 
(days)

Xiaguan No. 1 5 97.13±1.2a 43±0.8a 46±1.1a 59±1.5a 59±1.2a

Yuenong 5 98.50±0.9a 42±1.0a 47±0.7b 59±1.0a 61±1.3b

Cuiyu 5 93.00±2.1b 47± 0.5b 49±0.9c 67±1.2b 61±1.0b

Mini 3201 6 81.33±3.5c 43±0.6a 49±1.2c 73±1.8c 73±2.0c

Hejia-
huan1104 6 80.00±4.0c 51±1.2c 49±1.5c 73±1.5c 73±1.7c

Fruit Traits and Commercial Traits

From  the  umbilicus  point  of  view,  the  umbilicus  of  all  
five varieties were round, Xia guan No. 1, Yue Nong and Cuiju 
showed light yellow color, and Mini 3201 and Jiajiajun 1104 
showed white color. The skin of Cuiyu was green, and the skin 
of the other four varieties was dark green, and the flesh of all 
five varieties was white.  Mini  3201 and Hejiahuan 1104  had a 
medium number  of seeds, while the other three varieties had a 
high number of seeds (Table 2). In terms of flesh thickness, under 
vertical cultivation, Hejiahuan 1104 was significantly larger than 
other varieties, followed by  Mini  3201,  Xiaguan 1, Yue Nong  and  
Cuiyu;   and  underground climbing cultivation, flesh thickness was 
in the order of thickest to  thinnest  for  Hejiahuan  1104,  Mini 
3201,  Yuenong, Cuiyu and Xiaguan No. 1.  It  can  be  seen  that  the  

cultivation method had no significant effect on the flesh thickness 
of  Hejiahuan  1104 and Mini 3201, while vertical cultivation 
increased the flesh thickness of Xiaguan No. 1 and decreased the 
flesh thickness of Yuenong and Cuiyu compared with crawling 
cultivation. In terms of pericarp, the thickest pericarp among the 
five varieties was found in Hejiahuan 1104. Different cultivation 
methods had an effect on the thickness of the pericarp, compared 
with ground climbing  cultivation, the vertical cultivation method 
greatly increased the thickness of the pericarp of Xiaguan No. 
1. The thickness of the vertical cultivation was 0.43 cm, while 
the thickness of the ground climbing cultivation was 0.28 cm. 
Cuiyu’s pericarp thickness under vertical cultivation was 0.88 cm, 
while the thickness of the pericarp under the ground climbing 
cultivation was 0.33 cm.
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Table 2: Comparison of fruit appearance traits of different varieties of mini wax gourd.

Variety Stalk 
shape

Fruit Stalk 
Color Navel shape Hilum 

color
Fruiting 
pattern

Pericarp 
color Flesh color Quantity of 

melon seeds

Melon 
Seed 
Color

Xiaguan No. 1 ellipses dark green unit of Chinese 
currency (Yuan) yellowish ellipses dark 

green
spoken lines in 

opera how (what extent) spoken lines 
in opera

Yuenong ellipses dark green unit of Chinese 
currency (Yuan) yellowish rough 

ellipse
dark 

green stare coldly how (what extent) stare 
coldly

 Cuiyu ellipses green unit of Chinese 
currency (Yuan) yellowish long ellipse green stare coldly how (what extent) stare 

coldly

Mini 3201 ellipses dark green unit of Chinese 
currency (Yuan)

spoken lines 
in opera ellipses dark 

green stare coldly general stare 
coldly

Hejiahuan 
1104 ellipses dark green unit of Chinese 

currency (Yuan)
stare 
coldly ellipses dark 

green stare coldly general stare 
coldly

Under vertical cultivation, Xiaguan No. 1 had higher fruit 
center sugar and margin sugar than other varieties, with 5.88 and 
2.25%, respectively, followed by Yuenong, Cuiyu, Hejiahuan 1104 
and Mini 3201. However, under creeping cultivation, Xia guan No. 
1 had the highest center sugar of 6.72 %, followed by Hejiahuan 
1104  (3.75 %), Yuenong and Cuiyu were basically the same, and 
Mini 3201 was the lowest; and margin sugar was the highest for 
Hejiahuan  1104  (3.50  %), followed by Mini-3201 and Xia guan 
No. 1. 3201 was the lowest, while the highest marginal sugar was 
found in Hejiahuan 1104 (3.50 %), followed by Cuiyu, Yuenong 
, Mini 3201 and Xiaguan No. 1.  It can be seen that the effect of 
cultivation mode on the fruit sugar content was very obvious, and 
in general, the fruit sugar content was higher in vertical cultivation 

than in ground crawling cultivation, which might be related to 
the better light condition of the plants in the vertical cultivation 
mode. The longitudinal  diameters  of  the  fruit  cavities under  
both vertical and climbing cultivation were, in descending order, 
Cuiyu, Xia guan No. 1, Yuenong , Hejiahuan 1104, and Mini 3201; 
the cultivation methods affected the transverse diameters of 
the cavities. 3201, Yuenong , Xiaguan No.1, Hejiahuan  1104 and 
Cuiyu. The fruit shape indices of Cuiyu, Xiaguan  No.1, Yuenong, 
Hejiahuan 1104,  and Mini 3201 were in descending order, while 
those of Xia guan No.1 under vertical and crawling cultivation 
were significantly smaller than those under vertical cultivation. 
Yuenong , Mini 3201, and Hejiahuan 1104  also  showed  a  tendency  
to  become   smaller,  while  Cuiyu became slightly larger (Table 3).

Table 3: Comparison of fruit quality traits of different varieties of mini wax gourd.

Assort-
ment

Cultivation way 
of life

Flesh thick-
ness (cm)

Pericarp 
thickness 

(cm)

Center 
Brix (%)

Marginal 
Sugar (%)

Cavity longitu-
dinal diameter 

(cm)

Cavity cross 
diameter (cm)

Fruit shape 
index 

(math.)

Xiaguan 
No. 1

vertical 1.48±0.12a 0.88±0.05a 4.50±0.3b 3.75±0.2a 1.48±0.12a 0.88±0.05a 4.50±0.3b

ground climbing 1.25±0.10b 0.28±0.02b 5.88±0.4a 2.25±0.1b 1.25±0.10b 0.28±0.02b 5.88±0.4a

Yuenong
vertical 1.42±0.11a 0.43±0.03a 6.72±0.5a 5.12±0.3a 1.42±0.11a 0.43±0.03a 6.72±0.5a

ground climbing 1.50±0.13a 0.45±0.04a 3.25±0.2b 3.13±0.2b 1.50±0.13a 0.45±0.04a 3.25±0.2b

Cuiyu
vertical 1.35±0.09b 0.88±0.06a 4.33±0.3a 3.50±0.2a 1.35±0.09b 0.88±0.06a 4.33±0.3a

ground climbing 1.43±0.10a 0.33±0.03b 3.25±0.2b 3.38±0.2a 1.43±0.10a 0.33±0.03b 3.25±0.2b

Mini 3201
vertical 1.48±0.12a 0.88±0.05a 4.50±0.3b 3.75±0.2a 1.48±0.12a 0.88±0.05a 4.50±0.3b

ground climbing 1.25±0.10b 0.28±0.02b 5.88±0.4a 2.25±0.1b 1.25±0.10b 0.28±0.02b 5.88±0.4a

Hejiahuan 
1104

vertical 1.42±0.11a 0.43±0.03a 6.72±0.5a 5.12±0.3a 1.42±0.11a 0.43±0.03a 6.72±0.5a

ground climbing 1.50±0.13a 0.45±0.04a 3.25±0.2b 3.13±0.2b 1.50±0.13a 0.45±0.04a 3.25±0.2b

Single Fruit Weight and Yield

In  terms  of  single fruit  weight, there was no significant 
difference between Cuiyu and Cuiyu under  the two cultivation 
methods, while Xiaguan No.1, Mini-3201, and Hejiahuan 1104 
were significantly higher  than climbing  cultivation  under  vertical  
cultivation. In terms of total yield, under vertical cultivation, Xia 
guan No. 1 and Cuiyu were not significantly different from each 

other and were higher than the other three varieties, followed by 
Mini-3201, Yueh-Nong, and Hejiahuan 1104, while underground 
climbing cultivation, the total yields of  Cuiyu, Xiaguan No. 1, 
Mini 3201, Yuenong and Hejiahuan 1104 were the lowest and 
not significantly different from each other in descending order. 
Compared with the ground climbing cultivation method, vertical 
cultivation  significantly  increased  the  total  yield  of  each  variety 
(Table 4).
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Table 4: Comparison of single fruit weight and yield of different varieties of miniature winter squash.

Assortment Cultivation way of life Cell yield (kg) Average single fruit 
weight (kg/each)

Converted mu yield 
(kg/667m2)

Number of fruits retained 
per plant (a)

Xiaguan  No. 1
vertical 76.49±3.8a 0.95±0.05a 2484.16±120.5a 2.35±0.15a

ground climbing 40.66±2.5b 0.78±0.04b 1166.52±95.3b 3.61±0.20b

Yuenong
vertical 52.87±2.9c 1.04±0.06a 1702.99±105.2c 1.48±0.12c

ground climbing 34.20±1.8d 1.05±0.07a 962.75±80.1d 2.23±0.18d

 Cuiyu
vertical 55.42±3.1a 1.04±0.05a 2464.54±115.8a 2.14±0.14a

ground climbing 50.88±2.7e 0.96±0.06b 1453.37±90.6e 3.75±0.25b

Mini 3201
vertical 42.62±2.2f 0.97±0.04a 1791.80±85.3f 1.67±0.10e

ground climbing 35.52±1.9g 0.85±0.03b 1054.70±75.2g 3.06±0.22c

Hejiahuan 1104
vertical 10.86±0.8h 1.17±0.08c 1454.42±110.6e 1.12±0.08f

ground climbing 28.55±1.5i 0.93±0.05b 961.68±70.5d 2.54±0.16d

Varietal Virus Resistance

The field survey found that the virus incidence rate of Xiaguan1 
and Yuenong   in vertical cultivation was 0. The virus incidence 
rate was 10.20% for Cuiyu, 6.00% for Mini 3201 and 6.25% for 
Hejiahuan 1104, respectively. The virus incidence rate of Xia guan 

No. 1 and Yuenong  in ground climbing cultivation method was 
0., Cuiyu and Mini 3201 were 4.20% and 6.60%, respectively and 
Hejiahuan 1104 was as high as 16.70%. It can be seen that Xia 
guan No. 1 and Yuenong  virus were more resistant, Mini 3201 
was the second most resistant, while  Cuiyu and Hejiahuan  1104  
were  susceptible to the  disease (Table 5).

Table 5: Comparison of disease resistance of different varieties of mini wax gourd.

Assortment Cultivation way of life Incidence of viral diseases %

Xiaguan No. 1
vertical 0±0a

ground climbing 0±0a

Yuenong 
vertical 0±0a

ground climbing 0±0a

 Cuiyu  
vertical 10.20±1.5b

ground climbing 4.20±0.8c

Mini 3201
vertical 6.00±1.2c

ground climbing 6.60±1.0c

Hejiahuan1104
vertical 6.25±1.4c

ground climbing 16.70±2.1d

Summary

The above research showed that  there are varying degrees 
of differences in growth periods, fruit traits, yield, and disease 
resistance among different varieties underground-trailing and 
vertical cultivation  conditions. Notably, vertical  cultivation  
significantly  advanced the  initial  flowering time, increased fruit 
sugar content,  and  substantially  improved yield. Comparative 
analysis of different varieties revealed that Xiaguan No.1, Cuiyu, and 
Yuenong exhibited significant advantages in fruit harvest timing, 
sugar content, yield, and disease resistance. Vertical  cultivation  
enhances  plant  spatial  distribution  through trellising, improving 
light utilization efficiency, ensuring uniform light exposure for 
leaves and fruits, and boosting photosynthetic efficiency, thereby 
increasing yield and fruit quality [6]. Additionally, vertical 

cultivation  maximizes greenhouse space utilization and increases 
planting density per unit area, consistent with the findings of 
Liao Daolong et al [7]. Furthermore, vertical cultivation improves 
ventilation, reduces humidity, and minimizes viral transmission, 
thereby lowering disease incidence [8].

Planting   density   and   pruning/fruit   retention   are   critical 
technical measures in wax gourd production. Vertical cultivation 
employs  single-vine  pruning  to restrict  vegetative growth and 
promote reproductive organ development  [9].  In this  study, the 
number of retained fruits per plant under vertical cultivation for 
Xiaguan No.1 (2.35) was significantly lower than underground- 
trailing  (3.61), but the single-fruit weight increased by  0.17 kg, 
and yield  per  mu  rose  by  113%,  aligning  with  Deng  Jianying’s 
research [10].  Future  studies  could  explore  optimal  planting 
densities  and  pruning/fruit  retention  methods  under  vertical 
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cultivation  to  regulate  single-fruit  weight, yield, or quality for 
efficient   wax    gourd    production.    Therefore,    comprehensive 
comparisons suggest that in the Nantong region, varieties such 
as Xiaguan No.1, Cuiyu, and Yuenong exhibit strong adaptability 
and  should  be  prioritized  for  promotion.  Disease-susceptible 
varieties like Hejiahuan 1104 require enhanced disease control 
during cultivation. Vertical cultivation can be adopted to improve 
both quality and yield across different varieties.
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