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Abstract

The effects on the production of ‘Top Gun’ watermelons were evaluated at N and K (N+K2O) doses via 
fertigation of 79.8+106.7, 106.4+142.2, 133.0+177.7, and 159.6+213.2 kg ha-1 and at plant spacings of 0.5, 1.0, 
1.5, and 2.0 m. The experiment had a split-plot randomised block design with three replicates. N+K2O doses and 
plant spacings were randomised in the plots and subplots, respectively. We evaluated foliar N and K contents, 
average mass of commercial fruits (MF), total (FT) and commercial (FC) number of fruits, and total (PT) and 
commercial (PC) productivity of weight classes 6-8, 8-10, 10-12, and >12 kg per area and plant. The N+K2O 
doses only influenced the foliar K content. The other variables were not influenced by the interaction of factors 
or by the N+K2O doses. Plant spacing influenced fruit number and production. Reducing plant spacing from 2.0 
to 0.5 m decreased MF, FT, FC, PT, and PC of the classes per plant but increased FT, FC, PT, and PC of the 6-8 
and 8-10 kg classes per area.
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1. Introduction

The watermelon (Citrullus lanatus) is the most economic 
cucurbit produced in Brazil. In 2012, 2 079 547 t were 
produced on 94 612 ha (FAO, 2014), with 32 050 t 
exported worth US$ 16 523 934 (AGROSTAT, 2014). 
The average Brazilian productivity that year was 22 t ha-1, 
very low compared to the global average of 30 t ha-1. The 
relentless pursuit of increased crop The average Brazilian 
productivity that year was 22 t ha-1, very low compared 
to the global average of 30 t ha-1. The relentless pursuit 
of increased crop yields from new cultivars and planting 

areas and marketing innovations constantly modify 
cultural practices, highlighting fertilisation manage-
ment and planting density. 
Fertigation is currently a cultural practice with po-
tential use in watermelon crops. Potassium (K) and 
nitrogen (N) are the nutrients most used in water-
melon crops (Grangeiro and Cecílio Filho, 2004; Vi-
digal et al., 2009; Silva et al., 2012) and can increase 
productivity and improve fruit quality when applied 
via fertigation, mainly due to the precise application
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and uniform distribution of these nutrients (Hoch-
muth, 1992), thereby avoiding environmental prob-
lems and reducing the cost of crop production. The 
use and management of fertigation in watermelon 
cultivation in Brazil, however, has not been ad-
equately studied.
Planting density and proper management influence 
crop productivity. High planting densities of sev-
eral watermelon cultivars have promoted higher 
numbers of fruits per area (the main component 
of production that contributes to the increase in 
productivity) but have decreased the weights and 
numbers of fruits per plant (NeSmith, 1993; Duth-
ie et al., 1999; Sanders et al., 1999; Garcia and 
Souza, 2002; Motsenbocker and Arancibia, 2002; 
Goreta et al., 2005; Miranda et al., 2005; Bastos 
et al., 2008; Akintoye et al., 2009; Walters, 2009). 
Akintoye et al. (2009), however, stated that plant-
ing density, in addition to the cultivars used, can be 
dependent on soil and environmental conditions. 
Watermelon planting density thus requires optimi-
sation for minimising intra-specific competition, 
and maximising land use and productivity.
The impact of the application of N and K associated 
with different planting densities of watermelons has 
not been extensively studied, especially when N and 
K are applied without fertigation. The combined ap-
plication of these nutrients determines the balance 
between vegetative and reproductive processes in 
the plants. The recommendations for fertilisation 
and planting density for watermelons are thus mostly 
based on non-irrigated crops.
The objective of this study was to evaluate the ef-
fect of N and K application via fertigation and of 
spacing between plants within rows on watermelon 
production.

2. Materials and Methods

2.1. Experimental site and growing conditions

The experiment was conducted from 5 August to 
31 October 2008 in the city of Tupã, São Paulo 
(21º56'05"S, 50º30'49"W; 524 m a.s.l.). Precipita-
tion began 32 days after transplanting (DAT), with 
higher amounts on 57 DAT (32.7 mm) and a total 
of 97.1 mm during the experimental period. The 
soil of the area is a red-yellow Podzol (EMBRA-
PA, 2006) that had been previously cultivated with 
Brachiaria sp. for 15 years. A chemical analysis 
of the 0-20 cm layer indicated a pH(CaCl2) of 4.2; 
organic-matter content of 9.0 g dm-3; K, calcium 
(Ca), magnesium (Mg), and hydrogen+aluminium 
contents and sum of bases and cation-exchange ca-
pacity (pH=7) of 1.5, 8.0, 5.0, 18.0, and 33.0 mmolc 
dm-3, respectively; phosphorus (P)(resin), boron (B), 
and zinc (Zn) contents of 3.0, 0.16, and 0.2 mg dm-

3, respectively; and a soil base saturation of 45%. 

2.2. Treatments and experimental design

Four main treatments (N+K2O doses of 79.8+106.7, 
106.4+142.2, 133.0+177.7, and 159.6+213.2 kg 
ha-1) and four secondary treatments (plant spacings 
of 0.5, 1.0, 1.5, and 2.0 m) were arranged in a split-
plot randomised block design with three replicates. 
The reference N+K2O dose (106.4+142.2 kg ha-1) 
corresponded to the quantities used for exports of 
the ‘Tide’ hybrid watermelon (Grangeiro and Cecí-
lio Filho et al., 2004). The other doses correspond-
ed to 75, 125, and 150% of the reference dose. 
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2.3. Experimental plots and row spacing

A plot consisted of three rows with six plants each, 
with only the central row evaluated. The spacing be-
tween rows was 2.0 m. 

2.4. Plant material, planting, and harvesting

'Top Gun' watermelon seedlings were transplanted 
when presenting two leaves, 22 days after sowing 
(8/5/2008). Plants were harvested twice, on 10/20 and 
10/28/2008 at physiological maturity, indicated by the 
drying of the tendril closest to the fruit.

2.5. Crop management

Agricultural lime with 120% PRNT (total neutralisa-
tion relative power) was used to raise the soil base 
saturation to 70%, as recommended by Trani et al. 
(1997). Organic fertiliser was not used. At planting, 
240 kg ha-1 of P2O5 (superphosphate) were applied, as 
were 40 kg ha-1 of  MgSO4 (magnesium sulphate) to 
increase the Mg content to 9 mmolc dm-3, as recom-
mended by Trani et al. (1997).
A drip-irrigation system was used. Irrigation water 
was obtained from an artesian well and contained 35, 
0.75, 8.0, 4.0, 0.1, 1.9, 0.8, <0.1, and 0.85 mg L-1 of 
CaCO3, sodium, Ca, Mg, B, chlorine, fluorine, iron, 
and carbon, respectively; an electrical conductivity of 
0.12 dS m-1; a pH of 6.36; and a sodium adsorption 
ratio of 0.05. The amount of irrigation was determined 
from the reference evapotranspiration through a Class 
A tank. The reference evapotranspiration (ETo) was 
calculated as:
ETo = ETA × Kp
where ETA is the water evaporated from the Class 
A tank, and the coefficient Kp is 0.7. The daily crop 
evapotranspiration (ETc) was calculated as: 
ETc = Eto × Kc

where Kc = 0.4 (initial stage, 0-15 DAT), Kc = 0.4-
1.0 (rapid vegetative growth, 16-32 DAT), Kc = 1.0 
(intermediate phase, 33-75 DAT), and Kc = 0.75-1.0 
(final phase, 76 DAT to harvest) (Allen et al., 1998).
N+K2O doses were applied individually to each 
treatment. The N and K sources were ammonium ni-
trate, potassium nitrate, and potassium chloride. The 
N+K2O doses were applied in 28 fertigations, with 
20% of the total for each treatment applied in the first 
nine fertigations. The fertigation began and ended at 3 
and 65 DAT, respectively. For all treatments, 3 kg ha-1 
of B (boric acid) and Zn (zinc sulphate) were applied 
at 15 and 30 DAT, respectively, via fertigation. At the 
beginning of flowering, 1.45 kg ha-1 of Ca (calcium 
nitrate) were applied in each fertigation and in equal 
quantities to prevent rotting. The N provided by the 
calcium nitrate was added to the N supplied by the 
ammonium nitrate and potassium nitrate for calculat-
ing the total added for the treatment. Three beehives 
were distributed around the experimental area at 25 
DAT to ensure pollination.
Phytosanitary control used products registered for 
culture. Insecticides were sprayed after installation 
of the beehives in late afternoon three times a week 
until early fruiting and then twice a week until 21 
days before the harvest. Narrow-leaved weeds were 
controlled with a selective herbicide, and broadleaved 
weeds were controlled manually.  

2.6. Parameters evaluated

The following parameters were evaluated: a) foliar N 
and K contents of diagnostic leaves (Trani and Raij, 
1997), b) total number of fruits (FT), c) number of 
commercial fruits (FC) (≥6 kg, without cracking or 
rot), d) number of fruits of 6-8 kg (F6-8), 8-10 kg (F8-

10), 10-12 kg (F10-12), and >12 kg (F>12), e) fruit weight 
(commercial fruit only), f) total productivity (TP), g) 
commercial productivity (PC), and h) productivities 
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of fruits of 6-8 kg (P6-8), 8-10 kg (P8-10), 10-12 kg (P10-

12), and >12 kg (P>12). All evaluations were made by 
plant (number of fruits plant-1, kg plant-1) and area 
(number of fruits ha-1, kg ha-1) of the subplots. Area 
productivity was calculated for an effective cultiva-
tion of 10 000 m2. 

2.7. Statistical analysis

The data were analysed by F tests and, when signifi-
cant, were subjected to polynomial regression using 
SAS (SAS Institute, 2000).

3. Results and Discussion

3.1. Foliar N and K contents

The interaction between N+K2O dose and spacing 
was not significant, and N+K2O dose and spacing 
individually did not significantly affect foliar N con-
tent (Table 1). Average foliar N content (30 g kg-1) 
was within the range (25 to 50 g kg-1) recommended 
for watermelons by Trani and Raij (1997).

Table 1. Analysis of variance of N and K contents in the diagnostic leaves as functions of the N+K2O dose and 
the spacing between ‘Top Gun’ watermelon plants.

*, ns: significant and not significant, respectively, at 5% probability in an F test

N+K2O dose, however, had a significant effect on 
foliar K content (Table 1). 
Foliar K content increased linearly with N+K2O 
dose (y = 27.69+3.68x, R2 = 0.95**) and was with-
in the range (25 to 40 g kg-1) recommended for wa-
termelons by Trani and Raij (1997).

3.2. Fruit number and productivity per plant and per 
hectare

The interaction between N+K2O and spacing was not 
significant, and N+K2O dose did not significantly af-
fect the number or total (FT, PT) or commercial (FC, 
PC) productivity for the 6-8 kg (F6-8, P6-8), 8-10 kg 
(F8-10, P8-10), 10-12 kg (F10-12, P10-12), and >12 kg (F>12, 
P>12) classes, either per plant or per hectare (Table 2).
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Table 2. Analysis of variance for total fruit (FT, PT) and commercial number and productivity (FC, PC) of fruit for 
the 6-8 kg (F6-8, P6-8), 8-10 kg (F8-10, P8-10), 10-12 kg (F10-12, P10-12), and >12 kg (F>12, P>12) classes and for average fruit 
weight (MF) per plant and per hectare as functions of the N+K2O dose and the spacing between ‘Top Gun’ water-
melon plants.

*, ns: significant and not significant, respectively, at 5% probability in an F test; **: significant at 1% probability in an F test

The lack of response to increasing N+K2O doses 
can be attributed to the lack of significant effects on 
the foliar N contents. Foliar K content, however, in-
creased significantly, and all levels of this nutrient 
were within the sufficiency range for watermelon. The 
lowest dose of N+K2O (79.8+106.7 kg ha-1) was able 
to meet the demand of the 'Top Gun' hybrid, perhaps 
because fertigation stimulates the root system, favour-
ing the efficiency of nutrient absorption and therefore 
reducing the amount of fertiliser needed (Rana et al., 
2014). Our results agreed with those by Feltrim et 
al. (2011) for N+K2O doses (via fertigation) and row 
spacing in the ‘Shadow’ seedless hybrid watermelon. 
Goreta et al. (2005) reported no differences in the ef-
fects of N doses (115, 195, and 275 kg ha-1, 35 kg ha-1 
applied pre-planting and the rest in fertigation) on PT 
and PC of ‘Crimson Sweet’ watermelons. Andrade Ju-
nior et al. (2005; 2006), however, reported that N and 

K doses (0, 40, 80, 120, and 160 kg ha-1) applied via 
fertigation on ‘Crimson Sweet’ watermelons affected 
FT, FC, PT, and PC.
The lowest N+K2O dose in our study (79.8+106.7 kg 
ha-1), considered appropriate for meeting the produc-
tive potential of the ‘Top Gun’ hybrid, was similar to 
the dose identified by Andrade Junior et al. (2005; 
2006) for producing approximately 60 t ha-1 of ‘Crim-
son Sweet’ watermelons, and represented 25% less N 
and K2O for producing ‘Tide’ hybrid watermelons ex-
ported at 40 t ha-1 (Grangeiro and Cecílio Filho et al., 
2004).
Plant spacing significantly affected FT, PT, FC, and 
PC in different classes, when evaluated per plant (Ta-
ble 2). FT and FC per plant increased linearly (Figure 
1A and 1B) as the spacing between plants increased 
from 0.5 to 2.0 m. F6-8 and F8-10, which together ac-
counted for approximately 70% of the commercial 
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fruit at the evaluated spacing, increased by 80 and 
54%, respectively, when the spacing increased from 
0.5 to 2.0 m. Resende and Costa (2003), Goreta et al. 
(2005), and Miranda et al. (2005) also reported higher 
numbers of ‘Crimson Sweet’ watermelons per plant as 
row spacing increased from 0.4 to 1.5 m. Increasing 
the spacing between plants from 0.3 to 2.5 m also in-
creased the number of triploid (seedless) watermelons 
per plant (Motsenbocker and Arancibia, 2002; Walters, 
2009; Feltrim et al., 2011). Ramos et al. (2009), how-
ever, reported no statistical difference in the number of 
fruits per plant between plant spacings of 2.0 × 0.5, 2.0 
× 0.4, and 2.0 × 0.3 m. 
PT, PC, and productivity per plant in the classes increased 
linearly with larger spacings between plants (Figure 1C 
and 1D) due to the positive influence of the larger num-
ber of fruits per plant. PC increased by 125%, especially 
for P8-10, for the lowest plant density evaluated (2.0 × 2.0 
m). Motsenbocker and Arancibia (2002) and Goreta et al. 
(2005) also observed linear increases in productivity per 
plant at lower plant densities.  
Increased spacing among plants increased the num-
ber of non-commercial fruits (<6 kg). The number of 
non-commercial fruits was 34% of FT at 0.5 m be-
tween plants but was 39% at 2.0 m between plants. The 
number of non-commercial fruits, associated with the 
increase in FT, increased from 1.5 fruits plant-1 at the 
closer spacing (0.5 m) to 3.4 fruits plant-1 at the larg-
est spacing (2.0 m). This 126% increase in FT was due 
to the later setting of fruits by the plants. These fruits 
have thus not reached the commercial weight of 6 kg or 
an appropriate quality. Branches, leaves, petioles, and 
stems are damaged during the first harvest, leading to 
more pathogenic attack and plant senescence. PC per 
plant under the same conditions, however, decreased 
from 79 to 77% of PT due to the higher average weight 
at larger spacings. 
Plant spacing significantly influenced total (FT, PT) 
and commercial (FC, PC) fruit number and produc-

tivity in the F6-8, F8-10, F>12, P6-8, P8-10, and P>12 classes 
(Table 2). All these responses to increases in plant spac-
ing were fitted to linear and quadratic equations (Figure 
2A-D). The responses, however, were described in-
versely to the increased spacing observed for the evalu-
ated and expressed characteristics per plant. That is, an 
increase in plant spacing caused a reduction in FT and 
PT, FC and PC, F6-8 and P6-8, F8-10 and P8-10, and F>12 and 
P>12 per hectare. This relationship has also been observed 
in other studies (NeSmith, 1993; Duthie et al., 1999; 
Sanders et al., 1999; Motsenbocker and Arancibia, 2002; 
Goreta et al., 2005; Walters, 2009), but with variation in 
the response of the various cultivars used. Ramos et al. 
(2009) reported statistical differences only in PC and not 
in PT among watermelon cultivars, with higher values at 
lower plant spacings (0.3 and 0.4 m). Bastos et al. (2008), 
however, found a higher PT in ‘Mickylee’ watermelons 
at the largest plant spacing (2.0 × 1.2 m). PC and PT for 
‘Crimson Sweet’ watermelons did not differ between the 
lowest (2.0 × 1.0 m and one plant per hole) and highest 
(2.0 × 1.0 m and 2.0 × 1.5 m, with two plants per hole) 
planting density (Miranda et al., 2005).  
The 121 and 107% increases in the FT and FC per plant, 
respectively, due to wider spacing were not sufficient to 
compensate the lower FT per hectare. The wider spacing 
(2500 plants ha-1) consequently produced the lowest FT, 
FC, and F8-10 per hectare despite the significant increase 
in fruit number per plant. For example, FC decreased 
by 43.5% at a spacing of 2.0 m relative to 0.5 m among 
plants, which resulted in 5018 fewer fruits per hectare.
The large increase in the number of fruits per hectare as 
the spacing between plants decreased caused a propor-
tional increase in productivity. PC was approximately 
81% higher (59.2 t ha-1) at 0.5 m between plants than at 
2.0 m between plants, even with the 117% higher PC per 
plant at 2.0 m between plants relative to 0.5 m. The larg-
est PC of P6-8 and P8-10 classes were 24.4 and 22.8 t ha-1, 
respectively (Figure 2D), which correspond to 76.5 % of 
the PC. The average productivity for P10-12, which was not 
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significantly influenced by the spacing (Table 2), was 
10.8 t ha-1. The number of fruit and yield per hectare 
decreased for F6-8 and P6-8 at a spacing of 1.6 m but in-
creased for F>12 and P>12 at a spacing of 1.4 m (Figure 
2B and 2D).
3.3. Average fruit weight

The average fruit weight (MF) was significantly 
influenced only by spacing between plants (Table 
2). MF fitted significantly to a quadratic model (y 
= 7.484+2.299x-0.749x2, R2 = 0.94**). The highest 
and lowest MFs were obtained at spacings of 1.7 m 
(9.2 kg fruit-1) and 0.5 m (8.4 kg fruit-1). NeSmith 
(1993), Duthie et al.  (1999), Sanders et al.  (1999),

Figure 1. Fruit number (A, B) and total (FT, PT) and commercial (FC, PC) productivity (C, D) for the 6-8 kg (F6-8, P6-8), 8-10 kg 

(F8-10, P8-10), 10-12 kg (F10-12, P10-12), and >12 kg (F>12, P>12) (B, D) classes per plant as functions of the spacing between ‘Top Gun’ 

watermelon plants.

Garcia and Souza (2002), Motsenbocker and Aranci-
bia (2002), Goreta et al. (2005), Miranda et al. (2005), 
Bastos et al. (2008), and Walters (2009) also reported 
decreases in fruit weight with plant spacing in various 
watermelon cultivars, a result of increased intra-spe-
cific competition for light, water, and nutrients, which 
may delay ontogenetic events vital to fruit develop-
ment and contribute substantially to potential reduc-
tions in crop yield. Ramos et al. (2009) and Feltrim 
et al. (2011), however, found no significant effect of 
increased spacing (0.3 to 2.0 m) on fruit weight, which 
may have been due to the use of cultivars with smaller 
fruits (averages of 3.8 and 5.5 kg) that did not respond 
to the changes in spacing between plants.
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Figure 2. Fruit number (A, B) and total (FT, PT) and commercial (FC, PC) productivity (C, D) for the 6-8 kg (F6-8, 
P6-8), 8-10 kg (F8-10, P8-10), and >12 kg (F>12, P>12) (B, D) classes per hectare as functions of the spacing between 
‘Top Gun’ watermelon plants.

4. Conclusions

Increasing the doses of nitrogen and potassium did 
not increase watermelon production. Reducing the 
spacing between plants from 2.0 to 0.5 m decreased 
fruit production per plant but increased fruit produc-
tion per area. The weights of watermelons decreased 
with the reduction of the spacing between plants. A 
plant spacing of 0.5 m and lower doses of nitrogen 
(79.8 kg ha-1) and potassium (106.7 kg ha-1) pro-
duced the highest yields of watermelons.
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