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Rendimiento y calidad de la sandía bajo diferentes patrones 
de injerto y dosis de NPK

WATERMELON YIELD AND FRUIT QUALITY UNDER 
DIFFERENT GRAFT PATTERNS AND NPK DOSES

Néstor Orrala Borbor1), Lidcay Herrera Isla2 
and Carlos Balmaseda Espinosa1

RESUMEN. El injerto de sandía sobre patrones de calabaza 
protege a la planta de patógenos del suelo y puede aumentar 
el rendimiento, por lo que el objetivo de este trabajo fue 
evaluar los efectos de patrones y dosis de NPK (N, P2O5, 
K2O) sobre el rendimiento y calidad del fruto del híbrido 
de sandía Royal Charleston. El experimento se realizó en 
el municipio de Santa Elena, Ecuador, entre octubre 2014 
y febrero de 2015 en un suelo Inceptisol de textura franco 
arenosa. Se evaluaron tres portainjertos (Shintoza, RS-841 
y Ercole, híbridos interespecíficos de Cucurbita maxima 
x Cucurbita moschata), tres dosis de nitrógeno (100, 150, 
200 kg ha-1), tres de fósforo (60, 80, 100 kg ha-1) y tres de 
potasio (150, 200, 250 kg ha-1) en un diseño ortogonal L9 
(3)4, dispuestos en bloques completamente al azar con tres 
réplicas. Las variables evaluadas fueron: diámetro de tallo, 
frutos por planta, masa del fruto, rendimiento agrícola 
(t ha-1); sólidos solubles totales expresados en grados Brix, 
firmeza de la pulpa y espesor de corteza; además se realizó 
el “análisis regular”, que comprende elaboración de la 
tabla de respuesta, selección de la combinación óptima y la 
predicción de la máxima respuesta. El híbrido de sandía 
Royal Charleston injertado sobre el patrón de calabaza 
RS-841, mediante el método de aproximación y la aplicación 
de una fertilización mineral de 150, 100 y 150 kg ha-1 de 
NPK respectivamente produjo la mayor cantidad de frutos 
y su rendimiento fue significativamente mayor que el resto 
de las variantes estudiadas. 

ABSTRACT. The watermelon graft on pumpkin rootstocks 
protects the plant from pathogens from the soil and it 
could increase the yield. The purpose of this work was to 
evaluate the effects of rootstocks and NPK (N, P2O5, K2O) 
doses on yield and fruit quality of the Royal Charleston 
watermelon hybrid. The experiment was carried out in the 
municipality of Santa Elena, Ecuador, between October 
2014 and February 2015 on Inceptisol soil with sandy loam 
texture. It was evaluated three rootstocks (Shintoza, RS-841 
and Ercole interspecific hybrids of Cucurbita maxima x 
Cucurbita moschata), three doses of nitrogen (100, 150, 
200 kg ha-1), three of phosphorus (60, 80, 100 kg ha-1) and 
three of potassium (150, 200, 250 kg ha-1) in an orthogonal 
design L9 (3)4, arranged in a completely random block 
design with three replicates. The variables evaluated were: 
stem diameter, number of fruits per plant, fruit weight, 
agricultural yield (t ha-1); total soluble solids expressed as 
oBrix, flesh firmness and peel thickness. In addition, it was 
the “regular analysis”, which includes elaboration of the 
response table, selection of the optimal combination and 
prediction of the maximum response. The Royal Charleston 
watermelon hybrid grafted on the pumpkin pattern RS-841, 
by the approach method and the application of a mineral 
fertilization of 150, 100 and 150 kg ha-1 of NPK produced 
the highest quantity of fruits and the yield was significantly 
higher than other analyzed variables.
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INTRODUCTION

Watermelon [Citrullus lanatus (Thunb.) Matsum. 
and Nakai] production is a very important activity 
for small and medium producers in the provinces of 
Manabí, Guayas and Santa Elena in Ecuador. Between 
2010 and 2015 the planted area increased by less 
than 10 % with a yield of around 15 t ha-1 (1), due to 
attacks of soil fungi, especially Fusarium oxysporum 
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Table 1. Matrix L9 (3)4 of treatments of the experiment

Treatments Taguchi matrix (13) Treatments
Patterns N P K Patterns N P2O5 K2O

  (kg ha-1)  
1 1 1 1 1 Shintoza 100 60 150
2 1 2 2 2 Shintoza 150 80 200
3 1 3 3 3 Shintoza 200 100 250
4 2 1 2 3 RS-841 100 80 250
5 2 2 3 1 RS-841 150 100 150
6 2 3 1 2 RS-841 200 60 200
7 3 1 3 2 Ercole 100 100 200
8 3 2 1 3 Ercole 150 60 250
9 3 3 2 1 Ercole 200 80 150

Néstor Orrala Borbor, Lidcay Herrera Isla and Carlos Balmaseda Espinosa

f.sp. niveum which is the main causal agent, as in other 
regions of the world (2).

To counteract the incidence of this pathogen, it is 
common practice in Japan, China and Europe to graft 
watermelon on squash patterns (Cucurbita maxima or 
Cucurbita maxima x Cucurbita moschata) and other 
cucurbitaceae species but rootstock/graft combinations 
must be carefully determined in each case production 
region (3).

Watermelon grafting on pumpkin patterns is new 
in Ecuador, so it is necessary to investigate different 
phytotechnical aspects, among which fertilization 
occupies a very important place because nitrogen and 
potassium are the nutrients most used by this species 
(4). Nitrogen is the macronutrient essential for the 
growth and development of the plant (5) and absorbs 
it in the form of nitrate (NO3

-) and ammonium (NH4
+), 

forming part of glutamine, glutamate or glutamate 
dehydrogenase, which are precursors of amino acids 
and proteins (6).

Potassium is the most extracted nutrient between 
45 and 65 days, it favors the yield and the quality of the 
fruits (7), while phosphorus, due to its low concentration 
in the soil solution, is little available for plants, reducing 
the photosynthetic rate and intercellular carbon 
concentration, which influences the final quality of the 
fruit (8). Therefore, the objective was to evaluate the 
effect of three grafting patterns and dose of NPK on 
the yield and quality of the watermelon fruit.

MATERIALS AND METHODS

The experiment was carried out in the municipality 
of Santa Elena, Ecuador, the geographic coordinates of 
the site are South Latitude 1º56’9 “and West Longitude 
80º41’20”, at a height of 47 m a.s.l flat topography.

The main climatic variables of the place are: 
average temperature 26.6 ºC, relative humidity 
between 74 and 82 % and precipitation around 100-
250 mm in December-May (9).

Inceptisol soil with sandy loam texture; cation 
exchange capacity 29 meq 100 g-1 soil; 0.59 % organic 
matter; phosphorus 60 mg mL-1; potassium 581 mg mL-1; 
electric conductivity in the saturation paste 1.49 mS cm-1. 
Irrigation water was obtained from an artesian well with 
EC of 1.837 mS cm-1 and pH 6.9.

In the experimental field, watermelon is planted 
since 1984 and left fallow every year from May to 
October. The experimental results reported here 
correspond to the period between October 2014 and 
February 2015. These constitute the continuity of the 
one reported (10) whose results were the basis of the 
proposed design.

The watermelon hybrid [Citrullus lanatus (Thunb.) 
Matsum was evaluated. and Nakai] Royal Charleston 
grafted on three patterns: Shintoza, RS-841 and Ercole 
(interspecific hybrids of Cucurbita maxima x Cucurbita 
moschata), three doses of nitrogen: 100, 150, 200 kg ha-1, 
three of phosphorus: 60, 80 , 100 kg ha-1 and three 
of potassium: 150, 200, 250 kg ha-1, determined 
according to the experiences of different authors (10-
12) in an orthogonal design L9 (13). The treatments 
are ordered sets of factors and levels (compound 
treatments), predefined in matrices elaborated for their 
direct application in the experimentation (Table 1).

The different combinations of rootstock and NPK 
dose were arranged in a completely random block 
design with three replicas. The application of nitrogen 
and potassium was carried out with the help of three 
polyethylene tanks (200 L) and three Venturi tubes 
to inject into the irrigation lines the fertilizer doses of 
each treatment.
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Table 2. Stem diameter, agricultural yield and performance components in the Royal Charleston hybrid 
grafted on standards, under different doses of NPK

Mean with different letters in the same column differ according to Tukey (p≤0,05)

Treatments Diameter stem 
(mm)

Number of fruits 
per plant

Average fruit 
mass (kg)

Agricultural yield
     Pattern           Dose  (N-P-K) (t ha-1)

1 Shintoza      100      60    150 11,9 2,0   cd 7,5 63,5  ab
2 Shintoza      150      80    200 11,1 2,3   ab 7,0 66,0  ab
3 Shintoza      200    100   250 11,7 1,9   cde 7,5 59,0   b
4 RS-841        100      80    250 12,1 1,8   de 7,9 60,1   b
5 RS-841        150    100    150 11,8 2,5   a 7,6 78,7   a
6 RS-841        200      60    200 11,5 1,8   de 6,9 53,3   b
7 Ercole          100    100    200 11,5 1,9   cde 7,4 57,8   b
8 Ercole          150      60    250 11,6 2,1   bc 7,4 65,8   ab
9 Ercole          200      80    150 11,4 1,7   e 7,7 54,7   b

EE± 0,3 0,05 0,28 3,04
  C.V (%) 6,5 4,4 6,6 8,5

The sources used of NPK were: ammonium nitrate 
(35 % N); ammonium monophosphate (11 % N+52 % 
P2O5) and potassium sulfate (50% K2O), respectively. 
Doses of nitrogen and potassium were divided into 36 
fertigation, according to the phenological stages of the 
watermelon. The fertigation began after the transplant 
and ended before the end of the vegetative cycle (week 
12). The phosphorus (ammonium monophosphate) 
was applied in its entirety, at the time of the transplant, 
at the bottom of the hole made for each plant.

The watermelon was planted on October 10th, 
2014 and six days later the pumpkin in trays of 128 
alveoli that contained peat bog Lambert BM 2 of 
Sphagnum with fine vermiculite, a load of macro and 
micronutrients, pH adjusted (5,4-6, 3) also composed 
of dolomite, calcitic limestone and a wetting agent. It 
was grafted by approximation (14) on October 22th and 
transplanted 10 days later.

Each experimental unit was composed of three 
lines with 17 plants (distance between lines 4 m and 
between plants 0.6 m) and 10 were considered from the 
central line, for the evaluations. The harvest was made 
considering the technical maturity of the fruit, whose 
most outstanding indicator is the intense yellowing of 
the part that is in contact with the soil.

The agronomic variables evaluated were: stem 
diameter, expressed in mm (Vernier digital caliper 
model Truper 14388); number of fruits per plant; 
average fruit mass in kg (digital scale 0-30 kg, GHS); 
agricultural yield (t ha-1); quality variables: total soluble 
solids expressed in ºBrix (Ataga refractometer Master-
20α model); firmness of the pulp in kg cm-2 (Wagner 
penetrometer 0-5 kg); bark thickness (mm).

With the data obtained, the variance analysis was 
performed and the significant effects of the treatments 
were determined by the Tukey test (p≤0.05) in the 
statistical package INFOSTAT professional version 
for Windows (15).

The “regular analysis” was carried out (13), which 
comprises: elaboration of the response table, selection 
of the optimal combination and prediction of the 
maximum response =ӯ+Σ(Ai- ӯ)+(Bi-ӯ)+(Ci-)+(Di-ӯ), 
where ӯ-Mean General; Ai-Higher value of level i of 
factor A; Bi - Higher value of level i of factor B; Ci-
Higher value of level i of factor C; Di-Greater value of 
level i of factor D.

RESULTS AND DISCUSSION

In the data presented in Table 2 it can be observed 
that there were no significant differences (p≤0.05) 
between patterns, plus the different combinations of 
NPK in the variables stem diameter and fruit mass; 
however, in treatment 5 (RS-841, N150, P100 and K150) 
the highest number of fruits per plant was obtained 
and, therefore, the highest agricultural yield, being 
significantly higher than the rest of the variants studied.

The plants grafted on pumpkin are efficient 
in the absorption of N, K and Mg and, therefore, 
require less fertilizers (16,17), which is explained in 
the characteristics of the root that is thick, with very 
expansive branches that they weave a network of 
rootlets around the plant (18).
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Table 3. Quality of the Royal Charleston watermelon fruit grafted under different patterns and doses of NPK
Treatments Total soluble solids (°Brix) Bark thickness (mm) Pulp firmness

     Pattern                   Dose (N-P-K) (kg cm-2)
1 Shintoza       100     60    150 9,9 10,3 1,6
2 Shintoza       150     80    200 10,1 11,5 1,6
3 Shintoza       200   100    250 11,1 10,9 1,5
4 RS-841        100      80    250 11,7 11,8 1,6
5 RS-841        150    100    150 10,3 11,2 1,5
6 RS-841        200      60    200 10,1 11,5 1,4
7 Ercole          100    100    200 10,6 11,8 1,6
8 Ercole          150      60    250 8,6 12,0 1,5
9 Ercole          200      80    150 10,7 10,8 1,4
  EE± 1,03 0,58 0,27

C.V. % 17,2 8,8 5,9

Table 4.  Partial effect of the factors Patterns (A), Nitrogen (B), Phosphorus (C) and Potassium (D) on the 
agricultural yield of watermelon (t ha-1)

Levels Factors
Patterns  (A) Nitrogen (B) Phosphorus (C) Potassium (D) Average

1 62,8 60,5 60,9 65,7 62,5
2 64,1 70,2 60,3 59,1 63,4
3 59,5 55,7 65,2 61,6 60,5
Media 62,1 62,1 62,1 62,1 62,1
Optimal combination A2 B2 C3 D1

RS-841 N150 P100 K150

Néstor Orrala Borbor, Lidcay Herrera Isla  and Carlos Balmaseda Espinosa

In Turkey, the watermelon hybrids Crimson Tide, 
Dumara (hybrid of characteristics similar to Royal 
Charleston) and Farao on the Dynamo, RS-841 and 
Shintosa standards with 150 kg of nitrogen, 120 kg 
of phosphorus and 200 kg of potassium per hectare 
were grafted. respectively; in all cases the grafted 
plants outnumbered the non-grafted plants (19), as 
there was an increase in the size of the fruits (20) and 
higher yields were obtained (11,21-23).

The superior results are due to the fact that 
the rootstock promotes the movement of water and 
nutrients towards the graft, since there is better 
development of the vascular bundles, which at the 
same time depend on the good adherence between 
the two parts (24); nitrogen increases the number of 
fruits and, therefore, the productivity up to a certain 
dose (25,26); excessive doses decrease the number 
of fruits per plant, due to the exaggerated growth of the 
area, hindering the pollination of female flowers (27).

In addition, grafted plants have specif ic 
physiological mechanisms to access sufficient 
amounts of potassium (absorption efficiency) and to 
use the absorbed nutrient more effectively (efficiency 
of use) (17).

The different combinations of NPK patterns and 
doses did not significantly influence any of the quality 
variables evaluated (Table 3). The soluble solids in 
this study were similar to those reported by other 
researchers indicating that this variable depends on 
the rootstock (28). The firmness of the pulp, with values 
around 1.5 kg cm-2, corresponds to the “crunchy” 
watermelon that the market appreciates, but this 
attribute depends more on the cutting moment than 
on the origin of the fruit, or on grafted plants or without 
grafting and environmental conditions (29).

The watermelon is classified as thick-crust when 
measured from 10 to 20 mm (30) and it is of practical 
importance during harvesting, transport, packaging 
and distribution since it resists physical damage (31).

The regular analysis (13) determined the optimal 
combination of factors and levels under study, in 
relation to the agricultural yield (t ha-1), resulting in 
the RS-841 standard with doses of 150 kg ha-1 of 
nitrogen, 100 kg ha-1 of phosphorus and 150 kg ha-1 
of potassium, respectively (Table 4).
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The prediction equation is:
ӯ=62.1+Σ (64.1-62.1)+(70.2-62.1)+(65.2-62.1)+(65.7-62.1)

ӯ=62,1 + Σ(2,0)+(8,1)+(3,1)+(3,6)=62,1+16,8=78,9 t ha-1

According to the results of the previous equation, 
in the increase of 16.8 t ha-1, 12.0 % corresponds to 
the graft pattern (2.0 t ha-1), 48.2 % to the nitrogen 
dose (8.1 t ha-1), 18.5 % at the phosphorus dose (3.1 
t ha-1) and 21.5 % at the potassium dose (3.6 t ha-1).

CONCLUSIONS

The Royal Charleston watermelon hybrid grafted 
on the RS-841 pumpkin pattern, using the approach 
method and the application of a mineral fertilization 
of 150, 100 and 150 kg ha-1 of N, P2O5 and K2O, 
respectively, produced the largest number of fruits 
and its yield was significantly higher when compared 
to the rest of the treatments studied. None of the three 
tested standards nor the NPK doses influenced the 
quality of the fruit.
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