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Article 
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* Correspondence: blwang@zju.edu.cn 

Abstract: Fusarium wilt disease as one of the most serious soil-borne hazards is a threat to the 
development of melon (Cucumis melo L.) production in southern China. Grafting is a promising 
approach to control melon fusarium wilt disease, but it often leads to a deterioration in fruit quality. 
An ideal rootstock for grafting should not only effectively control melon fusarium wilt disease but 
also enhance both yield and fruit quality, at least without causing significant adverse effects. As seed 
companies continue to extend the rootstock varieties, selecting the most suitable rootstock for the 
primary melon cultivars is very important for the development of the melon industry. Using two 
primary muskmelon cultivars ‘ZheTian 105’ (ZT105) and ‘ZheTian 401’ (ZT401) in Zhejiang Province 
as scion, and taking one squash (interspecific hybrids between Cucurbita maxima and Cucurbita 
moschata) ‘Sizhuang No.12’ (SZ12) and four melon ‘YongZhen No 9’(YZ9), ‘XiaTe’ (XT), ‘ZhenTian 
No 1’ (ZT1) and ‘T1-151’ (T1) as rootstock, the yield and fruit quality including total soluble solid 
content(SSC), flesh texture and flavor of grafted melon were measured, compared with non-grafted 
melon. The results indicated there was no significant difference in single fruit weight among the 
grafted melon and non-grafted melon, while the yield of most grafted melon was significantly higher 
than that of non-grafted melon. No significant differences were observed in SSC and flesh texture 
among the grafted and non-grafted melon. The fruit of the “ZT401/SZ12” combination exhibited 
peculiar odors reminiscent of pumpkin flavor, negatively affecting edibility, whereas the fruit of the 
“ZT105/SZ12” combination did not. Considering both yield and fruit quality, the results indicated 
that the squash rootstock “SZ12” and the melon rootstocks “ZT1” are suitable for grafting with the 
muskmelon cultivar “ZT105”, while the melon rootstocks “ZT1” and “T1” are appropriate for 
grafting with the muskmelon cultivar “ZT401”. 

Keywords: Cucumis melo L.; fusarium wilt; continuous cropping; rootstock selection; grafting; fruit 
yield; total soluble solid content; flavor 
 

1. Introduction 

Melon（Cucumis melo L.）is one of the most economically important horticultural crops belonging 
to the Cucurbitaceae family. It is widely grown in many countries. Unfortunately, melon is highly 
susceptible to various abiotic and biotic stresses. Among the various stresses affecting melon 
production, Fusarium wilt is one of the most destructive diseases resulting in considerable losses [1–
5]. Enhancing melon resistance to pathogens through breeding is an environmentally sustainable 
approach to disease management and loss minimization [6]. Nevertheless, breeding new melon 
cultivars with desirable traits and resistance is time-consuming and carries the risk of these resistant 
cultivars becoming susceptible to new pathogen races, as pathogen populations can mutate to evade 
or overcome resistance[7]. 

Grafting has proven to be the most effective approach for controlling soil-borne diseases and 
overcoming abiotic stresses in the production of Cucurbitaceous vegetables. Grafting melon 
seedlings onto cucurbit rootstocks has been widely practiced in several countries, including Israel, 
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Greece, Spain, Japan, and South Korea[1,2,4,7–10]. The ratio of the production area using grafted 
plants accounted for nearly 40–50% of the total production area for melons in southern Greece two 
decades ago[7]. Grafted melon has been reported to resist infection by the soil-borne pathogens and 
pests, such as Fusarium wilt, Monosporascus root rot, and the southern root-knot nematode (RKN, 
Meloidogyne incognita) in China. [11–18].  

In addition to providing resistance to diseases caused by soil-borne pathogens, the rootstocks 
should have a wide range of compatibility with various melon cultivars. Rootstocks derived from 
interspecific hybrid squash (Cucurbita maxima × C. moschata) [3–5,7–9,11–21] and resistant melon 
cultivars [5,10,21,22] are most commonly used in melon grafting. Many studies suggested that 
interspecific hybrid squash (Cucurbita maxima × C. moschata) had good compatibility for grafting to 
melons[5,7,11–13,15–18,21,23]. However, the Spanish Piel de Sapo type (Cucumis melo L. var. 
sacharinus Chaud.) cultivar ‘Ricura’ had limited compatibility with the Cucurbita maxima × C. moschata 
hybrids ‘Shintoza’ used as rootstocks. Double grafting can be used to improve compatibility between 
rootstock and scion by using intermediate rootstock ‘Sienne’（Cucumis melo var. cantalupensis）[2]. A 
high degree of graft compatibility was observed in thin-skin melon scions grafted onto Lagenaria 
siceraria rootstocks[21]. In contrast, the Xinjiang local melon cultivar ‘Akekekouqi’ exhibited 
incompatibility when grafted onto Lagenaria siceraria rootstocks [24]. Furthermore, the graft 
compatibility of melon grafted onto Cucurbita moschata, Cucurbita maxima, Cucurbita ficifolia, Luffa 
aegyptiaca, and Benincasa hispida has been reported[11,22,24].  

Moreover, ideal rootstocks for melon grafting not only exhibit no significant adverse effects on 
fruit yield and quality but also enhance both yield and fruit quality. Numerous studies have reported 
that grafting with specific rootstocks improved melon fruit yield and size, or at least, showed no 
significant difference [2,3,8,12,16–20], but reducing the soluble solids content of the fruit 
[11,12,14,17,18,20]. Conversely, other researchers have reported that grafting enhanced the soluble 
solids content of melon fruit [2,19]. The results varied in terms of the degree of yield increase and the 
effect on soluble solids content, with no clear trends identified among different rootstock-scion 
combinations [4,5,7,8,16]. The performance of grafted melon varied among different rootstock-scion 
combinations, which can be attributed to specific scion-rootstock interactions. Therefore, suitable 
rootstocks should be evaluated and selected for specific melon cultivars. 

Besides sweetness, size, shape, and flesh color of melon as pivotal factors for consumers' 
purchase intention, fruit texture and flavor which ultimately relates to its taste deserve more attention 
in melon production as they are often marketed for outstanding taste and unique flavor[4,5,9,25,26]. 
Currently, quality is more important to consumers than price when the latter varies within the 
anticipated range. Therefore, many studies have been conducted regarding the effects of rootstock 
on consumer sensory properties including texture and flavor. Off-flavor have been detected in some 
melon cultivars grafted onto specific hybrid squash rootstock[5,17,22].  

In southern China, melon cultivation in plastic film greenhouses has become a common practice 
due to increased market demand and prices, which reduces or eliminates the potential for traditional 
crop rotation[27]. However, protected cultivation without crop rotation leads to increased disease 
pressure, particularly from soil-borne pathogens, which can become problematic with successive 
cropping. Grafted melon is increasingly being used as a means to reduce damage caused by soil-
borne diseases. Interspecific hybrids (Cucurbita maxima × C. moschata) are the most commonly 
employed rootstocks for Cucurbitaceae crops[28]. Grafting melon onto vigorous Cucurbita 
maxima × C. moschata can increase resistance significantly but may cause a decrease in scion fruit 
quality. The scion-rootstock interactions in conjunction with rootstock-mediated effects on scion fruit 
quality pose significant challenges for the widespread application of grafting in the melon industry. 
Compromised fruit quality is a more frequent issue in melon grafting compared to watermelon 
grafting, further complicated by the considerable variability among melon genotypes. Resistant 
melon rootstocks are increasingly utilized to against soil-borne pathogens in melon cultivation, as 
melon rootstocks had almost no impact on the fruit quality of grafted plants[5,10]. However, the lack 
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of information on commercially available melon rootstock cultivars and their combinations with 
popular scions is currently a major barrier to melon production.  

Using two primary muskmelon cultivars ‘ZheTian 105’ (ZT105) and ‘ZheTian 401’ (ZT401) in 
Zhejiang Province as scion, and taking one interspecific hybrid (Cucurbita maxima × C. moschata) 
‘Sizhuang No.12’ (SZ12) and four melon ‘YongZhen No 9’(YZ9), ‘XiaTe’ (XT), ‘ZhenTian No 1’ (ZT1) 
and ‘T1-151’ (T1) as rootstock, the yield and fruit quality including total soluble solid content(SSC), 
flesh texture and flavor of grafted melon were assessed and compared with those of non-grafted 
melons. This research aimed to provide information on the response of popular melon cultivars to 
grafting with different rootstocks, assisting growers in selecting the optimal rootstock-scion 
combinations to enhance resistance, increase yield, and achieve high fruit quality attributes. 

2. Materials and Methods 

2.1. Plant Material 

Two primary melon cultivars “ZT105” and “ZT401” (Hangzhou Seed Industry Group Co., Ltd, 
China) were used as the melon scions. These two cultivars are extensively cultivated in the 
commercial production of melons in southern China, particularly in Zhejiang Province. One 
interspecific squash hybrid rootstock (Cucurbita maxima ×  C. moschata) “SZ12”, along with two 
melon rootstocks, "YZ9" and "ZT1" (Ningbo Fengdeng Seed Industry Technology Co., Ltd.), were 
provided by Ningbo Academy of Agricultural Sciences. Melon rootstocks, “XT” (Shanghai Wells 
Seed Co., Ltd.) and “T1” (Guangdong Golden Crops Agricultural Science & Technology Co., Ltd.), 
were purchased. All seeds were commercially available.  

Seeds of squash and melon rootstocks were germinated on February 11 and February 9, 2024, 
respectively. Subsequently, the seeds were placed into 50-cell plug trays filled with a commercially 
available pre-moistened substrate composed of vermiculite, peat moss, perlite, and starter nutrients. 
The scion seeds were sown in 72-cell plug trays on February 13. The plants were grafted using the 
hole-insertion grafting method on February 20. Non-grafted scion seeds were sown in 50-cell plug 
trays on February 16 as controls. A growth chamber was utilized for both seed germination and the 
healing of grafted plants. The growth chamber settings included day/night temperatures of 
25°C/22°C for 12 hours each, fluorescent lighting for a 16-hour photoperiod, and 95% relative 
humidity. 

2.2. Experimental Design and Field Establishment 

Grafted and non-grafted (control) melon seedlings with three true leaves were transplanted to 
the plastic greenhouse at Changxing Sub-station of Zhejiang University (Huzhou, Zhejiang 
Province), where melon had been continuously cultivated for the previous two years, on March 6, 
2024. The soil texture is loamy sands. A fertilizer containing 15N-15P2O5-15K2O (375 kg ha⁻¹) and farm 
manure (15,000 kg ha⁻¹, organic matter > 40%, pH 8.0–9.0) was applied prior to transplantation. The 
bed spacing and in-row spacing were set at 200 cm and 50 cm, respectively. Each bed consisted of 
two rows. A randomized complete block designed with three replications, consisting of 20 plants per 
replication per treatment, for the grafting experiments. Two independent experiments, designated as 
A and B, corresponding to two melon scion cultivars, are listed in Table 1. The main vine was trained 
with strings. One fruit was kept for ZT105, while two fruits were kept for ZT401, both above the 12th 
node on each plant. Standard local practices for melon cultivation were carried to regarding 
irrigation, fertilization, and pest control, with the exception of Fusarium wilt management. 

Table 1 Plant material used in the experiment 

Experiment Muskmelon cultivars Rootstocks Grafted combinations 
A ZT105 YZ9 ZT105/YZ9 

ZT105 XT ZT105/XT 
ZT105 ZT ZT105/ZT 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 January 2025 doi:10.20944/preprints202501.0208.v1

https://doi.org/10.20944/preprints202501.0208.v1


 4 of 14 

 

ZT105 T1 ZT105/ZT 
ZT105 SZ12 ZT105/SZ12 
ZT105 - ZT105 (control) 

B ZT401 YZ9 ZT401/YZ9 
ZT401 XT ZT401/XT 
ZT401 ZT ZT401/ZT 
ZT401 T1 ZT401/ZT 
ZT401 SZ12 ZT401/SZ12 
ZT401 - ZT401 (control) 

2.3. Sample Preparation and Measurement 

The transplanting, flowering, fruit setting, and harvest dates for each plant were labeled and 
recorded. The flowering time and fruit development durations were calculated.  

The number of dropped and retained fruits was recorded on the day before harvest. The 
percentage of fruit drop was calculated by using the formula: Percentage of fruit drop= (Number of 
dropped fruits per plot/Total number of fruits per plot) ×100 

All melon plants were visually assessed for the presence of typical external and internal 
symptoms of Fusarium wilt in each plot. External symptoms corresponded to initial marginal 
yellowing, followed by general yellowing of the older leaves, and then wilting, or sudden collapse 
occurred. Internal symptoms were observed by making a cut in the stem to verify brown or black 
discoloration in the vascular tissue. If both external and internal symptoms were present, the plant 
was considered as diseased. The number of diseased plants in each plot was recorded, and the 
estimated incidence was calculated using the following formula: Fusarium wilt incidence = (Number 
of diseased plants per plot/total number of plants per plot) ×100.  

All fruits were hand-harvested at the optimal commercial maturity stage based on some reliable 
and practical harvest indices. The harvest indices included: (1) visible cracking at the base of the 
peduncle; (2) change in rind color towards a lighter color; (3) browning and drying of tendrils and 
leaves nearest the fruit. 

Fruits were transported to the laboratory, and then single fruit weight (kg) and total commercial 
fruit weight were measured with an electronic scale. Fruit length (cm) from stem to blossom end, 
maximum fruit diameter (cm), flesh thickness(cm) and peduncle length (cm) were determined by 
caliper. A central core of tissue (approximately 10 g) was cut from the half, squeezed onto a digital 
refractometer (Atago Pal-1), and total soluble solids content (%) was determined.  

Melon fruits were inspected and those without visible signs of damage were randomized and 
stored at 4 °C for one day before sensory evaluation. Fruits from each treatment were divided into 3 
groups (replicates). The blossom and stem ends were removed, and each fruit was cut in half 
longitudinally. Seeds and placental tissues were removed, and each half was sliced into 5–6 pieces. 
Each slice was cut into trapezoidal-shaped pieces (width≈2 cm; height≈1.5 cm). The sensory 
evaluation method was performed according to the methods of previous studies with minor 
modifications. The following four descriptors including, sweetness, pumpkin flavor, texture, and 
aroma were assessed by panelists using quantitative descriptive analysis. A panel of 10 consumer 
panelists (six females and four males) were recruited with prior training of descriptive analysis 
techniques for fresh produce. The panelists evaluated each descriptor by assigning a score between 
1(absence of sensation), 3 (very weak), 5 (slight), 7 (intense), and 9 (extremely intense) indicating the 
intensity of a particular descriptor [29]. Fruits were presented in a randomized order to the panelists.  

2.4. Statistical Analysis 

Analysis of variance was performed using the EXCEL 2016. New Multiple-Range test was 
conducted for multiple comparisons of different measurements among treatments. 

3. Results and Discussion 
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3.1. Fusarium Wilt Incidence 

Fusarium wilt, caused by Fusarium oxysporum f. sp. melonis, is a devastating disease of melon 
which causes severe yield losses. Grafting with resistant Cucurbitaceae rootstocks represents an 
effective strategy for managing this disease. The highest incidence of Fusarium wilt was observed in 
non-grafted plants, with the incidence for the non-grafted “ZT105” and “ZT401“reaching 21.67% and 
26.67%, respectively. The Fusarium wilt incidence among the grafted plants was reduced 
significantly compared to that of non-grafted control, ranging from 0 to 3.33%. “ZT105” grafted onto 
“XT” and “T1” rootstocks exhibited no symptoms of Fusarium wilt, nor did “ZT401“grafted onto 
“XT” rootstocks (Figure 1).  

  
  

Figure 1. Comparison of incidence of Fusarium wilt of 2 muskmelon cultivars grafted onto different rootstocks. 
Values are means of three replicates (±SE). Different letters indicate LSR p< 0.05 within a muskmelon cultivar. 

Long-term continuous cropping has resulted in a frequent occurrence of Fusarium wilt in melon 
crops [3,18]. The primary motive for using grafting is to avoid damage caused by soil-borne pests 
and pathogens [1,19]. Therefore, the disease resistance of grafted plants should be tested and 
evaluated in the environment where they will be cultivated. However, limited information is 
available regarding the disease resistance performance of rootstocks in melon grafting [8,9]. In the 
present study, the incidence of Fusarium wilt among grafted plants ranged from 0 to 3.33%, which is 
considered acceptable, given that the trial fields had been continuously cropped with melon for two 
years. 

3.2. Mature Fruit Abscission 

Mature fruit abscission (MFA) is an important trait that can affect the production and economic 
value of melon. The patterns of mature fruit abscission vary among different cultivars. Certain melon 
cultivars, such as "XT" and "YZ9", exhibit massive natural fruit abscission at maturity, whereas others, 
including "ZT401", "ZT105", "ZT1", and "T1", exhibit no such abscission. Natural fruit abscission does 
not occur in non-grafted ZT401 and ZT105 plants, even when the fruit is commercially mature or 
over-mature. The data in Figure 2 graphically illustrated that the maximum percentage of fruit drop 
was recorded in the "ZT105/XT" combination (31.67%), followed by the "ZT401/XT" combination 
(10.00%) and the "ZT401/YZ9" combination (6.67%). The remaining grafted combinations, as well as 
the non-grafted plants, exhibited no mature abscission. The observed fruit drop phenomenon 
suggested that the occurrence of mature fruit abscission in grafting combinations involving "XT" was 
not incidental. Nevertheless, the mechanisms of mature fruit abscission in melon have not been fully 
characterized. To date, no information regarding the impact of grafting rootstock on mature fruit 
abscission in melon is available, this area needs to be further explored. 
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Figure 2. Comparison of the percentage of fruit drop of 2 muskmelon cultivars grafted onto different rootstocks. 
Values are means of three replicates (±SE). Different letters indicate LSR p< 0.05 within a muskmelon cultivar. 

3.3. Flowering and Fruit Maturity 

Grafted plants exhibited only slight differences in pistillate flowering time and fruit 
development periods compared to non-grafted plants. Melon plants grafted onto “SZ12” produced 
pistillate flowers up to 2-3 days later than non-grafted melon plants. In contrast, melon plants grafted 
onto “XT” produced pistillate flowers 1 day earlier than non-grafted melon plants. No delay in 
flowering was observed in melon plants grafted onto other melon rootstocks compared to non-
grafted plants. The fruit development period for melons grafted onto “SZ12” was also 2 to 3 days 
longer than that of non-grafted melons, while the period from flowering to fruit maturity for melons 
grafted onto “XT” was 1 day shorter than that of non-grafted melons. These results suggest that 
melons grafted onto interspecific hybrid rootstocks delay the anthesis of female flowers and the 
harvest date. Enhanced vegetative growth was observed in grafted plants with “SZ12” rootstocks, 
suggesting that hybrid squash rootstocks and melon rootstocks differ in their effects on plant growth, 
namely that non-grafted plants and melon-grafted plants had greater early vegetative growth and 
earlier pistillate flowering than those grafted onto interspecific hybrid rootstocks. Previous studies 
have indicated that watermelons grafted onto hybrid squash rootstocks exhibited delayed blooming 
of female flowers [30,31]. However, there is not a comprehensive understanding of how grafting can 
affect flowering in melon. One of the main explanations for increased vigor and hormones 
translocated from the interspecific rootstocks can affect the anthesis of female flowers [32]. Further 
research is necessary to achieve a more comprehensive understanding of the effects of grafting on 
flowering and fruit development. 

Table 2 Flowering and fruit maturity as affected by grafted with different rootstocks 

Grafted combinations Days to pistillate flowering  
(days after transplant DAT) 

Days to commercial ripening 
(days after pollination DAP) 

ZT105/YZ9 41 40 
ZT105/XT 39 38 
ZT105/ZT1 40 39 
ZT105/T1 40 39 

ZT105/SZ12 42 42 
ZT105 40 39 

ZT401/YZ9 42 43 
ZT401/XT 41 42 
ZT401/ZT1 42 43 
ZT401/T1 42 43 

ZT401/SZ12 44 45 
ZT401 42 43 

3.4. Fruit External Characteristics 

3.4.1. Peduncle Length  
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The appearance of fresh fruits serves as a primary criterion for purchasing decisions. Melon 
fruits are typically sold with their peduncles. Peduncle length is a morphological trait playing an 
important role in consumer preference. Excessively long or short peduncle lengths are considered 
undesirable. Grafting significantly affected peduncle length in almost all the combinations tested. In 
the "ZT105/XT" combination, the peduncle length was approximately 93% longer than that of the 
non-grafted "ZT105" and significantly longer than that of the other grafted combinations. However, 
the peduncle length of grafted “ZT401” exhibited varying degrees of decrease compared with non-
grafted control. The peduncle length in grafted plants was significantly lower than that in non-grafted 
plants, with the exception of the "ZT401/SZ12" combination. Notably, the grafted combination 
"ZT401/XT" exhibited the shortest peduncle length (Figure 3). Similar results have been reported in 
our previous studies[5]. However, no additional information regarding peduncle length in grafted 
melons was available. The mechanism that rootstock types affected peduncle length was still 
unknown. 

 

Figure 3. Comparison of peduncle length of 2 muskmelon cultivars grafted onto different rootstock. Values are 
means of three replicates (±SE), each replication contains 5 fruits. Different letters indicate LSR p< 0.05 within a 
muskmelon cultivar. 

3.4.2. Fruit Size and Fruit Shape  

Perceived external quality such as fruit morphology constitute decisive first-level traits linked 
to consumer preference. The fruit shape governed predominantly by genotype and little affected by 
environmental or cultural factors constitutes external quality parameters linked to melon fruit 
morphology, which are highly variable among types and cultivars[33]. Similar results were found in 
the present study. Grafting did not significantly influence the physical parameters such as fruit 
length, diameter, fruit shape, and flesh thickness, with the exception of the fruit length in the 
“ZT105/T1” combination (Table 3). In addition, variation in rind color could not be distinguished 
between the grafted melon and non-grafted melon. 

Table 3. Comparison of fruit size, fruit shape, and flesh thickness of 2 muskmelon cultivars grafted onto different 
rootstock. 

Grafted combinations fruit length fruit diameter fruit shape flesh thickness 
ZT105/YZ9 17.93±0.81 ab 12.87±0.45 a 1.40±0.09 a 4.05±0.33 a 
ZT105/XT 18.55±0.69 a 12.83±0.49 a 1.45±0.08 a 4.15±0.28 a 
ZT105/ZT1 18.84±0.90 a 12.87±0.52 a 1.47±0.08 a 4.21±0.40 a 
ZT105/T1 17.67±0.66 b 12.55±0.54 a 1.41±0.05 a 4.08±0.62 a 

ZT105/SZ12 18.71±0.89 a 12.68±0.48 a 1.48±0.08 a 4.25±0.31 a 
ZT105 18.71±0.56 a 12.68±0.57 a 1.48±0.05 a 4.15±0.31 a 

ZT401/YZ9 17.17±0.93 a 11.63±0.37 a 1.48±0.09 a 3.82±0.29 a 
ZT401/XT 16.86±1.04 a 12.17±0.60 a 1.39±0.07 a 3.81±0.13 a 
ZT401/ZT1 17.32±1.13 a 12.02±0.42 a 1.44±0.08 a 3.88±0.27 a 
ZT401/T1 17.44±1.15 a 11.84±0.44 a 1.47±0.10 a 3.71±0.30 a 

ZT401/SZ12 17.17±0.71 a 12.14±0.41 a 1.41±0.04 a 3.89±0.20 a 
ZT401 18.14±0.97 a 12.25±0.50 a 1.48±0.06 a 3.79±0.18 a 
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Values are means of three replicates (±SE), each replication contains 5 fruits. Different letters indicate LSR p< 0.05 
within a muskmelon cultivar. 

3.5. Fruit Internal Quality 

3.5.1. SSC and Sensory Sweetness 

SSC is an important quality indicator that represents the sweetness of the fruit. The SSC of melon 
serves as an industry standard for assessing fruit quality. Typically, for crisp-type melon, an SSC of 
≥16% measured at the middle point of the fruit flesh is considered as high quality in China, while an 
SSC of ≥17% is required for soft-type melon. The results indicated that the SSC of all grafted melons, 
as well as non-grafted melons, was ≥17%. Statistically, no significant differences were observed 
among the various grafting combinations and non-grafted plants (Table 4). The SSC of fruits grafted 
onto the interspecific hybrid rootstock “SZ12” was slightly inferior to that of non-grafted plants; 
conversely, the highest SSC was recorded for melons grafted onto the “YZ9” rootstock. Previous 
studies have demonstrated that the SSC of melon fruit is influenced by a wide range of scion-
rootstock interactions[34,35]. In contrast, numerous studies have reported an absence of effect of 
grafting on melon SSC [36–38]. The contradictory results might derive from non-standardized harvest 
maturity and varying cultural practices and climatic conditions affecting flowering and fruit setting 
events.  

Sensory quality has key importance in terms of taste, and consumer choice and preference for 
buying melons depends on it. Sweetness is the overriding factor in consumer acceptance of melons. 
No significant difference was observed in sensory sweetness between non-grafted and grafted fruits. 
The sensory sweetness showed few significant differences among the treatments in agreement with 
SSC values (Table 4). Therefore, the effect of grafting on melon SSC and sweetness does not 
compromise overall quality and marketability. 

Table 4 Comparison of fruit quality of 2 muskmelon cultivars grafted onto different rootstock 

Grafted  
combinations 

SSC (%) Sweetness Texture Pumpkin 
flavor 

Aroma 

ZT105/YZ9 19.13±1.14 a 8.33±0.96 a 8.00±1.02 a 1.00±0.00 b 1.07±0.37 b 
ZT105/XT 18.13±0.85 a 8.27±1.11 a 7.87±1.01 a 1.00±0.00 b 3.27±1.01 a 
ZT105/ZT1 18.34±0.70 a 8.20±1.13 a 8.07±1.01 a 1.00±0.00 b 1.00±0.00 b 
ZT105/T1 18.39±1.07 a 8.07±1.01 a 7.93±1.11 a 1.00±0.00 b 1.00±0.00 b 

ZT105/SZ12 18.11±0.86 a 8.00±1.02 a 8.33±0.96 a 1.13±0.51 a 1.00±0.00 b 
ZT105 18.65±0.69 a 8.27±1.11 a 8.20±1.00 a 1.00±0.00 b 1.00±0.00 b 

ZT401/YZ9 18.28±0.55 a 7.87±1.01 a 4.00±1.02 a 1.00±0.00 b 1.00±0.00 b 
ZT401/XT 18.01±0.74 a 7.53±1.04 a 3.80±1.00 a 1.00±0.00 b 1.27±0.69a 
ZT401/ZT1 18.00±1.05 a 7.80±1.00 a 3.93±1.01 a 1.00±0.00 b 1.00±0.00 b 
ZT401/T1 17.68±1.07 a 7.67±1.09 a 3.87±1.01 a 1.00±0.00 b 1.00±0.00 b 

ZT401/SZ12 17.42±0.97 a 7.60±0.93 a 4.20±1.00 a  4.53±1.80 a 1.00±0.00 b 
ZT401 17.56±0.61 a 7.73±0.98 a 4.00±1.02 a 1.00±0.00 b 1.00±0.00 b 

SSC values are means of three replicates (±SE), each replication contains 5 fruits. Values of sweetness, texture, 
pumpkin flavor, and aroma are means of three replications. Different letters indicate LSR p< 0.05 within a 
muskmelon cultivar. 

3.5.2. Fruit Texture 

Fruit texture is a critical factor influencing consumer preferences for fruit quality and 
assessments of postharvest shelf life. Some studies have indicated that honeydew melons with firmer 
flesh receive higher consumer ratings for texture and overall eating quality compared to 
cantaloupes[39]; however, other studies have reported that consumers prefer tender melon varieties 
[40]. Thus, melons with both soft and firm flesh may be differentially favored by specific consumer 
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groups. Deterioration of fruit texture in response to grafting has been a more frequent problem with 
melon than with watermelon[41]. Unlike watermelon grafting, which rather consistently increases 
pulp firmness[42–44], the effects of grafting on melon texture appear to be more complex. Several 
studies have reported that grafting increased melon pulp firmness [45]. Conversely, other studies 
have indicated that melon grafting either reduced pulp firmness or had no effect [46]. In the present 
study, fruits obtained from melon plants grafted onto “SZ12” exhibited higher flesh firmness 
compared to all other grafting combinations employed. However, no significant differences were 
observed in fruit texture of fruit from grafted plants compared to those from non-grafted plants, even 
if the grafting could influence these parameters in an important way [47].  

3.5.3. Flavor Quality 

Flavor is the multidimensional set of taste, aroma attributes perceived from a fruit in the mouth. 
Aroma serves as an important indicator of the flavor quality of melon fruits. Previous studies have 
reported that different rootstock types significantly affected the aroma of melon, while grafting with 
muskmelon rootstocks had little impact on fruit aroma[14,25,37,48]. Melon fruits grafted onto the 
“XT” rootstock exhibited significantly higher aroma intensity compared with those of fruits 
harvested from the other grafting combinations in the present study (Table 4). It was assumed that 
the differences were raised from the rootstock “XT”, as all fruit samples were produced under the 
same environmental conditions. Melon fruits grafted onto the “SZ12” rootstock exhibited the highest 
pumpkin flavor scores of 1.13 and 4.53, respectively, while the pumpkin flavor intensity of the other 
grafted combinations was the same as the control mainly due to the absence of pumpkin flavor. These 
results suggested that grafting with inappropriate rootstocks, such as squash rootstocks, leads to a 
deterioration in melon flavor quality, characterized by the emergence of undesirable odors (pumpkin 
flavor), which negatively impacts consumer perception. Evidence from previous investigations also 
indicated that specific Cucurbita rootstocks may significantly deteriorate fruit quality, and the effects 
on quality are dependent on the scion-rootstock interactions [5,17,22,49]. Choosing muskmelon 
rootstock is more beneficial than squash rootstocks for improving fruit quality, potentially due to 
enhanced grafting compatibility. Furthermore, the undesirable pumpkin odor is strongly dependent 
on maturity, as the maturity of melon increases, the unpleasant odor decreases. Therefore, further 
research on grafting related to this important sensory aspect of melon quality, as well as the 
verification of these results under standardized maturity conditions is warranted. 

3.6. Fruit Yield 

3.6.1. Single Fruit Weight  

Vertically trained melon cultivation with 1 or 2 fruits per plant was best for melon quality. 
Currently, for good quality, the majority of melon cultivars, such as “ZT105”, maintain 1 fruit per 
plant, while a few cultivars, such as “ZT401” allow for two fruits per plant in China. Yield was 
positively correlated with both single fruit weight and the number of commercial fruits. No 
statistically significant differences were observed in single fruit weight among the grafted and non-
grafted plants (Table 5). These results were in agreement with different authors who demonstrated 
that single fruit weight is a trait generally not influenced by Cucumis melo and Cucurbita interspecific 
rootstocks[25,37,50]. Inconsistent with the above findings, single fruit weight was significantly 
increased by the application of several outstanding rootstocks[34,35] 

Table 5. Comparison of average fruit weight, fruit number, and fresh weight yield among non-grafted and 
grafted treatments. 

Grafted 
Combinations 

Average Fruit Weight (kg) Fruit Number  
Per Plot 

Fresh Weight Yield  
Per Plot(kg) 

ZT105/YZ9 1.59±0.15 a 17.00±1.0 b 25.71±1.45 b 
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ZT105/XT 1.67±0.11 a 13.00±1.0 c 21.18±1.15 c 

ZT105/ZT1 1.62±0.15 a 18.33±0.6 ab 28.41±0.63 a 
ZT105/T1 1.54±0.13 a 18.67±0.6 a 25.97±1.60 ab 

ZT105/SZ12 1.67±0.13 a 17.67±0.6 ab 28.01±1.69 ab 

ZT105 1.62±0.09 a 14.33±0.6 c 22.30±0.35 c 

ZT401/YZ9 1.19±0.14 a 35.00±1.0 a 40.46±1.55 b 

ZT401/XT 1.31±0.11 a 30.67±1.2 b 39.35±1.76 bc 

ZT401/ZT1 1.28±0.11 a 35.33±0.6 a 43.35±1.38 a 
ZT401/T1 1.21±0.06 a 36.67±1.5 a 42.64±1.40 ab 

ZT401/SZ12 1.30±0.10 a 36.00±1.0 a 44.53±0.64 a 

ZT401 1.32±0.13 a 29.00±1.0 c 36.73±1.18 c 
Average fruit weight is the means of three replicates (±SE), each replication contains 5 fruits. Fruit number and 
fresh weight yield are means of three replications. Different letters indicate LSR p< 0.05 within a muskmelon 
cultivar. 

3.6.2. Fruit Number and Yield 

The number of commercial fruits harvested from grafted plants was significantly higher than 
that from non-grafted plants, with the exception of grafting combinations involving "XT". The total 
number of commercial fruits for the "ZT105/XT" combination was similar to that of the non-grafted 
control but significantly lower than that of the other grafted combinations. Similarly, the total number 
of commercial fruits for the "ZT401/XT" combination was significantly lower than that of the other 
grafted combinations but higher than that of the non-grafted control (Table 5). The decrease in the 
total number of commercial fruits was attributed to a significant increase in Fusarium wilt incidence 
in non-grafted plants (Figure 1) and massive natural fruit abscission at maturity in grafting 
combinations involving "XT" (Figure 2). In the present study, the total number of commercial fruits 
was the principal factor determining the final yield. Since no significant difference was observed in 
the average fruit weight between grafted and non-grafted plants. A consistent increase and decrease 
in fruit yield were observed in grafted plants compared to non-grafted plants, corresponding to 
variations in the total number of commercial fruits. The fruit yield of melon grafted onto "XT" 
rootstock was similar to that of non-grafted plants due to a reduction in commercial fruits caused by 
natural fruit abscission. All other grafting combinations exhibited significant improved yields 
compared to non-grafted plants. The highest yields of grafted varieties "ZT105" and "ZT401" were 
27.3% and 21.2% higher than those of non-grafted plants, respectively. 

4. Conclusions 

Grafting is an established practice in commercial melon production, particularly in regions 
where intensive cultivation and shortage of arable land cannot facilitate broad rotation schemes. 
Given the increased costs associated with grafted seedlings, it is vital to trial scion-rootstock 
combinations with a focus on popular cultivars in specific region to verify the degree of grafting 
success.  

Continuous cultivation of melons in the same soil leads to low yields and poor quality, primarily 
caused by a severe incidence of Fusarium wilt disease. In the present study, the incidence of Fusarium 
wilt in non-grafted melon reached 21.67-26.67% after two years of continuous cultivation. The 
incidence of Fusarium wilt was significantly reduced in the same fields through grafting with various 
rootstocks, indicating that all five rootstocks provide effective resistance to Fusarium wilt. The 
improvement of Fusarium wilt resistance by grafting did translate into yield enhancements. Almost 
all grafted plants, except those grafted onto “XT”, exhibited significantly improved yields compared 
to non-grafted plants, particularly those grafted onto “ZT1” and “SZ12”. 
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Currently, hybrid Cucurbita rootstocks are preferred in commercial melon production due to 
their strong resistance and the development of long, thick hypocotyls that facilitate grafting. 
However, the challenge is remaining, as the excessive vigor of hybrid Cucurbita rootstocks can delay 
the flowering and ripening processes in grafted plants[34], and often impact fruit quality negatively 
[4,47]. No significant differences in fruit development and quality were observed between non-
grafted plants and those grafted onto melon rootstocks in the present study. However, grafting onto 
the squash rootstock “SZ12” did delay pistillate flowering and fruit ripening. Additionally, a 
noticeable unpleasant odor was observed in the 'ZT401/SZ12' combination, while it was only slightly 
noted in the "ZT105/SZ12" combination by only one panelist from the panel. The result suggested 
that squash rootstocks may be suitable for certain crisp-type melon cultivars. 

Considering all the factors, including productivity, resistance, sensory characteristics, melon 
rootstocks “ZT1” and squash rootstocks “SZ12” were the ideal rootstocks for the "ZT105" cultivar, 
and the melon rootstocks “ZT1” and “T1” are to be recommended for melon “ZT401” grafting. 
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