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Abstract 
In central India's Gwalior-Chambal region, watermelon is the dominant summer cash crop, yet repeated 
monoculture has built up Fusarium wilt pressure to the point where many fields are no longer 
economically viable without grafting onto resistant rootstocks. This research evaluated the effect of 
four rootstocks—bottle gourd (Lagenaria siceraria), squash (Cucurbita maxima × C. moschata 
interspecific hybrid), citron melon (Citrullus amarus), and self-rooted control—on growth vigor, fruit 
quality, and yield of three watermelon scion hybrids (Arka Manik, Sugar Baby, Crimson Sweet) at 
RVSAU Gwalior and IGNTU Amarkantak during summer 2022-23. A factorial randomized block 
design with three replications was used. The interspecific squash rootstock produced the highest vine 
length (370 cm), fruit weight (9.1 kg), and marketable yield (42.7 t ha⁻¹)—a 38.3 percent increase over 
self-rooted plants. However, TSS was reduced by 1.1 °Brix on squash rootstock compared to self-
rooted fruit. Bottle gourd rootstock gave a better balance between yield gain (23.5%) and TSS retention 
(−0.6 °Brix). Graft success rate was highest on the interspecific hybrid (94.2%) and lowest on citron 
melon (74.8%). The scion Arka Manik performed best across all rootstocks. These results confirm that 
grafting on bottle gourd or interspecific hybrid rootstock is a viable strategy for sustaining watermelon 
production in Fusarium-prone soils of central India. 

 
Keywords: Grafting, growth vigor, watermelon hybrids, rootstock-scion, cucurbit production, 
Fusarium wilt, bottle gourd, interspecific hybrid, fruit quality, central India 
 

Introduction 
Watermelon growers in the Gwalior-Chambal tract face a creeping crisis: after 8 to 10 years 
of continuous cultivation on the same sandy loam fields, Fusarium oxysporum f. sp. niveum 
builds up to inoculum densities that can destroy 30 to 70 percent of the crop before harvest 
[1]. Crop rotation provides some relief, but the high profitability of watermelon—often ₹1.5 
to 2.5 lakh per hectare—makes farmers reluctat to rotate into less profitable alternatives [2]. 
Grafting watermelon scions onto resistant rootstocks is the most direct way to bypass soil-
borne Fusarium without leaving the field fallow. The technique, already standard practice in 
Japan, Korea, and southern Europe, has been slow to gain traction in India despite successful 
pilot demonstrations [3]. The main barriers are cost (grafted seedlings are 2 to 3 times more 
expensive than ungrafted ones) and concerns about fruit quality—particularly TSS, which 
can decline by 0.5 to 2.0 °Brix depending on rootstock choice [4]. 
Rootstock selection is therefore the key decision. Bottle gourd (Lagenaria siceraria) is the 
traditional rootstock for watermelon in Asia, valued for its Fusarium resistance and vigorous 
root system [5]. Interspecific squash hybrids (C. maxima × C. moschata) offer even stronger 
vigor but may reduce sugar content more than gourd rootstocks [6]. Citron melon (C. amarus) 
is a wild watermelon relative with high Fusarium resistance but variable graft compatibility 
[7]. 
This research was designed to (i) compare graft success rates and vegetative vigor across 
four rootstock options, (ii) measure the impact on fruit weight, TSS, and marketable yield, 
and (iii) identify the best rootstock-scion combination for the Gwalior region. 

 

Materials and Methods  
Materials 
The trial was conducted during the summer season (February-June) of 2022-23 at the 

Horticulture Research Farm, RVSAU Gwalior (26.22°N, 78.18°E; altitude 196 m) and the  
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Vegetable Science Farm, IGNTU Amarkantak (22.67°N, 

81.75°E; altitude 1,048 m). The soil at Gwalior is an alluvial 

sandy loam (pH 7.4, OC 0.51%) with a documented history 

of Fusarium wilt, while Amarkantak has a red lateritic soil 

(pH 5.9, OC 0.78%) without significant Fusarium 

pressure—serving as a disease-free comparison site. Three 

scion hybrids—Arka Manik (IIHR, Bangalore), Sugar Baby, 

and Crimson Sweet—were grafted onto four rootstock 

treatments: R1 - self-rooted (ungrafted control), R2 - bottle 

gourd (cv. Pusa Naveen), R3 - interspecific squash hybrid 

(cv. Shintoza), and R4 - citron melon (IIHR accession IC-

525068). The tongue-approach grafting method was used, 

and grafted seedlings were hardened in a polyhouse for 10 

days before transplanting at 2.0 × 1.5 m spacing. 

 

Graft Compatibility Assessment 

Graft success was evaluated at 21 days after grafting (DAG) 

as the percentage of surviving grafted plants showing active 

scion growth. Graft union diameter was measured at 45 days 

after transplanting using digital calipers. Vascular 

connectivity was assessed by injecting eosin dye (0.5%) into 

the rootstock stem base and observing scion leaf coloration 

after 4 hours uniform pink coloration indicated complete 

vascular connection, partial coloration indicated impeded 

flow. 

 

Methods: A factorial randomized block design (4 

rootstocks × 3 scions × 3 replications) was used at each 

location. Observations were recorded on vine length, 

number of branches, days to first female flower, number of 

fruits per plant, individual fruit weight, TSS (digital 

refractometer), rind thickness, flesh colour (RHS colour 

chart), and marketable yield (t ha⁻¹). Data from both 

locations were pooled after verifying homogeneity of error 

variances (Bartlett's test) and analysed using two-way 

ANOVA in SAS 9.4 with LSD at p=0.05. 

 

Results 

 
Table 1: Growth and yield parameters of watermelon as affected by rootstock and scion combinations (pooled over two locations) 

 

Rootstock Graft Success (%) Vine Length(cm) Fruit Wt. (kg) TSS (°Brix) Mkt. Yield (t ha⁻¹) Yield Gain (%) 

Self-rooted - 280 6.8 10.4 30.9 - 

Bottle gourd 87.3 340 8.4 9.8 38.1 +23.5 

Squash hybrid 91.4 370 9.1 9.3 42.7 +38.3 

Citron melon 74.8 310 7.3 10.1 33.6 +8.7 

LSD (R) 4.82 18.6 0.47 0.34 2.14 - 

LSD (S) NS 14.3 0.38 0.28 1.78 - 

LSD (R×S) NS NS 0.72 0.51 3.41 - 

 

The interspecific squash rootstock produced the highest 

marketable yield (42.7 t ha⁻¹, +38.3%), followed by bottle 

gourd (38.1 t ha⁻¹, +23.5%). But squash rootstock reduced 

TSS by 1.1 °Brix compared with self-rooted plants, while 

bottle gourd caused only a 0.6 °Brix reduction. Citron melon 

had the lowest graft success (74.8%) and the smallest yield 

gain (8.7%). Among scions, Arka Manik gave the highest 

yield across all rootstocks (data not shown individually). 

 

 
 

Fig 1: Bubble chart showing the relationship between fruit weight, TSS, and vine length (bubble size) for five rootstock treatments in 

watermelon 

 

The bubble chart (Figure 1) illustrates the trade-off between 

yield components and quality: the interspecific hybrid 

(largest bubble, highest fruit weight) sits lower on the TSS 

axis, while self-rooted plants maintain TSS but at lower fruit 

weight and vine vigor. 
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Table 2: Graft success rate (%) of four rootstocks with three watermelon scion hybrids 
 

Rootstock Arka Manik Sugar Baby Crimson Sweet Mean 

Bottle gourd 87.3 82.1 78.6 82.7 

Squash hybrid 94.2 89.6 86.1 90.0 

Citron melon 74.8 71.3 68.4 71.5 

Mean 85.4 81.0 77.7 - 

 

Arka Manik showed the highest graft compatibility across 

all rootstocks (mean 85.4%), while Crimson Sweet was the 

least compatible (77.7%). The squash hybrid had the highest 

overall graft success (90.0%), attributed to its thick 

hypocotyl that provides a strong vascular connection during 

the tongue-approach graft union healing process. 

 

 
 

Fig 2: Compatibility matrix showing graft success rate (%) across all rootstock-scion combinations 

 

Discussion 

The 38.3 percent yield gain on squash rootstock is at the 

upper end of the 15-45 percent range reported in 

Mediterranean grafting trials [3, 6]. The vigor advantage 

reflected in 32 percent longer vines and 34 percent heavier 

fruits—is attributed to the aggressive root system of C. 

maxima × C. moschata hybrids, which explores a larger soil 

volume and maintains higher water and nutrient uptake 

under the hot, semi-arid conditions of Gwalior [8]. 

The TSS reduction on squash rootstock (−1.1 °Brix) is a 

recognized trade-off. The dilution effect from larger fruit 

size and higher water absorption through the vigorous 

rootstock both contribute to lower sugar concentration [4]. 

Bottle gourd, with its more moderate vigor, limited the TSS 

drop to 0.6 °Brix while still providing a 23.5 percent yield 

gain—making it the more balanced choice for markets 

where sweetness is a premium attribute. 

Citron melon's low graft success (74.8%) was disappointing 

given its excellent Fusarium resistance. The incompatibility 

appears related to differential vascular bundle alignment 

between C. amarus and C. lanatus, as shown by incomplete 

eosin dye transport in 31 percent of grafted plants [7]. 

Improved grafting techniques (e.g., splice grafting under 

controlled humidity) may improve compatibility, but at 

current success rates, citron melon isn't commercially viable 

as a rootstock. 

 

Conclusion 
Grafting watermelon onto interspecific squash hybrid 

rootstock produced the highest yield gain (38.3%) but with a 

1.1 °Brix TSS trade-off. Bottle gourd rootstock offered a 

more balanced outcome—23.5 percent yield increase with 

only 0.6 °Brix sugar reduction. Arka Manik was the most 

compatible scion across all rootstocks. 

For watermelon growers in the Fusarium-prone Gwalior-

Chambal region, bottle gourd rootstock grafting with Arka 

Manik scion is recommended as the first choice, combining 

good yield improvement, acceptable quality, and reliable 

graft success. Interspecific squash may be preferred where 

maximum yield is prioritized over sweetness. 
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