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ABSTRACT: The substantial generation of organic waste together with increasing interest in 
developing sustainable agriculture heralds an opportunity for mobilizing the recycling of these 
materials as a source of organic matter and nutrients into a viable management strategy option. 
A field experiment was conducted to evaluate the use of compost derived from waste produced 
by the winery and distillery industries in a drip-irrigated melon crop traditionally grown in the area 
where these wastes are generated. A randomized complete block design was used with four 
treatments consisting of three different dose levels of compost: 7 (D1), 13 (D2) and 20 (D3) t 
ha–1 and a control (D0) without the application of compost. The effects of these treatments on 
plant growth, nitrogen (N) and phosphorus (P) accumulation as well as fruit yield and quality were 
studied. The application of compost produced a slight increase in plant biomass accompanied by 
changes in the relative growth rate (RGR) and net assimilation rate (NAR). As a result, a significant 
improvement in fruit yield was observed in the plots amended with D2, which met all the require-
ments to obtain elevated yields. In terms of environmental correctness applications were below 
the limits established by a number of impact indexes. Additionally, the application of compost 
improved fruit quality resulting in an enhancement of Brix degrees. Although the potential effects 
of N and P derived from compost were partially masked by other inputs of these nutrients into 
the system (N in irrigation water, P supplied through fertigation), an effect of P was observed 
resulting in an increase in the number of individual fruits in the plots amended with compost. 
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Introduction

Developing new sustainable production practices 
to improve crop yield and quality is attracting great in-
terest. Spain is the world’s fourth-largest producer of 
wine (FAO, 2013) and its winery and distillery industries 
generate substantial amounts of residues for a short pe-
riod each year (from Aug to Oct) which have polluting 
characteristics such as low pH and phytotoxic and anti-
bacterial phenolic substances (Bustamante et al., 2008a). 
During the winemaking process, solid residues such as 
grape stalks are generated, as well as grape marc (com-
prising the skin, pulp and seeds of the grape) and wine 
lees as by-products. Grape marc and wine lees are usu-
ally sent to alcohol distilleries where exhausted grape 
marc, cake lees and vinasses are generated. The com-
posting of these waste products has been shown to be a 
feasible option for use in agricultural soils, as sources of 
nutrients and organic matter which does not cause en-
vironmental damage (Bustamante et al., 2008b; Requejo 
et al., 2014).

The winery industry is located mainly in Medi-
terranean agroecosystems, characterised by semiarid 
conditions. Horticultural crops have also been tradition-
ally grown in these areas with high inputs of water and 
fertilizers. Thus, the utilization of compost derived from 
winery and distillery residues may offer sustainable po-
tential for improving the yield and quality of crops in 
the area where they are generated. Spain is the main 

European producer of melon (MAPAMA, 2013). For the 
main part, melon is cultivated in zones vulnerable to 
nitrate pollution in the center of Spain (Directive 91/676/
EEC), where more than half of the total wine production 
of the country is concentrated (MAPAMA, 2013). Thus, 
the application of any amendment is of special interest 
to this area from both an economic and an environmen-
tal point of view, given the goal of securing maximum 
yield with minimum water and fertilizer consumption 
and minimum loss of N (Castellanos et al., 2012; Re-
quejo et al., 2014). 

Previous studies have demonstrated positive ef-
fects after the application of winery and distillery waste 
composts to horticultural crops in both transplant pro-
duction (Carmona et al., 2012) and vegetable produc-
tion under greenhouse conditions (Inácio et al., 2000); 
however, there is a lack of information regarding its use 
under open-field conditions. The aim of this work was 
to evaluate the effect of the use of compost derived from 
winery and distillery waste on growth, the uptake of ni-
trogen (N) and phosphorus (P), and the quality and yield 
of a drip-irrigated melon crop under field conditions.

Materials and Methods

Experimental design
Field trials were conducted in adjacent and sepa-

rated plots at La Entresierra field station in Ciudad Real, 
central Spain (3°56’ W; 39°0’ N; 640 m altitude) during 
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the growing seasons of 2011 and 2012. Soil characteris-
tics are detailed in Table 1. The soil at the experimen-
tal site is a shallow sandy-loam, classified as Petrocalcic 
Palexeralfs (Soil Survey Staff, 2014) with a depth of 0.6 
m and a discontinuous petrocalcic horizon between 0.6 
and 0.7 m. For the previous three years, the plots had 
been cultivated with non-irrigated wheat (Triticum aes-
tivum L.) and were subjected to no organic amendment 
nor fertilizers. The area is characterised by a continen-
tal Mediterranean climate, with widely fluctuating daily 
temperatures and an average annual rainfall of 400 mm, 
mostly distributed outside the melon growing period. 
The minimum, maximum and average air temperature 
during the experimental period of 2011 were 13.0, 30.5 
and 21.7 °C respectively; and in 2012 were 11.0, 29.8 
and 20.4 °C respectively (Requejo et al., 2014).

The compost used in this experiment was sourced 
from a composting plant located in Socuéllamos (Ciu-
dad Real) which collects residues from the wineries and 
distilleries throughout this area and via an aerobic pro-
cess produces a commercial compost composed of grape 
stalks, dealcoholized grape marc and cake lees. The com-
post applied to the plots in the experiment was made 
from the winery waste from the previous harvest. The 
main properties of the compost used are described more 
fully in Requejo et al. (2014) (Table 1) and this compost 
fulfills the criteria established by the Spanish legislation 
governing the use of organic materials in agriculture.

The experimental design was a randomized com-
plete block with the dose of compost as a variable factor. 
Four treatments with four replications were each admin-
istered in both years comprising a control with no com-
post addition (D0), and three doses of wine-distillery 
waste compost application corresponding to 7 (D1), 13 
(D2) and 20 (D3) t ha–1. 

The compost was applied on 20 Apr 2011 and 19 
Apr 2012 using a tow-behind spreader, was mixed with 
the soil at approximately a depth of 10 cm localized in 
the crop row, and immediately covered over with soil. 

For each year of experimentation, melon seeds of 
the ‘Piel de Sapo’ melon (Cucumis melo L. cv. Trujillo) 

were germinated under greenhouse conditions from late 
March until they had brought forth two or three real 
leaves. The seedlings were transplanted into the soil 
covered with transparent plastic mulch on 11 May 2011 
and 9 May 2012 at a density of 4,444 plants ha–1 (1.5 × 
1.5 m), approximately 20 days after the application of 
compost. 

The plots (12 × 15 m2) had ten rows of eight plants 
each. Each row was irrigated by a drip line and emit-
ters of 2 L h–1, 0.5 m apart. The irrigation requirements 
were calculated daily using the FAO method (ETc = Kc 
× ET0, Doorenbos and Pruitt, 1977). ET0 was the evapo-
transpiration reference and was estimated by the FAO 
Penman-Monteith method (Allen et al., 2002), using 
daily data from a meteorological station located near the 
experimental field. Kc is the crop coefficient obtained 
in previous years for melon crop under the same condi-
tions (Cabello et al., 2009). The irrigation quality was 
measured weekly and the main properties appear in Re-
quejo et al. (2014). Total irrigation applied was 341 mm 
in the first year, and 461 mm in the second. The nitrate 
concentration in the irrigation water was 116.0 ± 8.2 
and 125.0 ± 8.1 mg L–1 in 2011 and 2012 respectively, 
the potassium concentration 3.6 ± 0.5 and 3.5 ± 0.5 mg 
L–1 in 2011 and 2012 respectively, and the phosphorus 
concentration 16 ± 2 µg L–1. 

All treatments received 120 kg ha–1 of P2O5 (phos-
phoric acid) for the whole season, injected daily through 
the drip-irrigation system, starting with the irrigation 
scheduling. In 2011 they were applied beginning 27 
days after transplanting (DAT), after the female flower-
ing phase. However, in 2012, the phosphorus applica-
tion was initiated 21 DAT, before the female flowering 
phase. Nitrogen fertilizers were not applied due to the 
high concentration of dissolved nitrates in the irrigation 
water (116 and 125 mg NO3

 L–1 in 2011 and 2012, respec-
tively (Requejo et al., 2014)). Due to the high content 
of potassium in the soil, this element was not applied. 
Phytosanitary treatments according to standard man-
agement practices were applied throughout the growing 
season. Meteorological information as to the evolution 
of mean temperature and the amount of rainfall during 
each growing season together with different phenologi-
cal stages of the melon crop are graphically presented in 
Figures 1A and B. 

Plant growth
Four plants per treatment were sampled at 34, 48, 

62, and 76 DAT in both years studied. Leaves, stems and 
fruits were separated and weighed to obtain the fresh 
weight and total leaf area (LA) was measured with a leaf 
area meter. The leaf area index (LAI) was calculated by 
dividing the total leaf area by the ground area available 
for one plant (2.25 m2). The dry weight of the differ-
ent aboveground plant organs was determined following 
oven drying at 80 °C to constant weight. The dry weight 
of the melon plant was the sum of the different plant 
organs. 

Table 1 – Characterization of the soil and compost used in the 
experiments. 

Soil
Compost

2011 2012
Sand (%) 70.4 - -
Silt (%) 8.0 - -
Clay (%) 21.6 - -
pH 8.4 9.2 9.8
EC (mS cm–1) 0.2 1.2 1.0
Organic carbon (g kg–1) 14.0 316.9 348.8
N* (g kg–1) 1.0 32.9 33.0
NO3-N (mg kg–1) 15.3 244 295
NH4-N (mg kg–1) 1.7 1.5 1.8
C/N ratio 14.0 10.1 11.2
*Determined by the Kjeldahl method. Source: Requejo et al., 2016a.
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The relative growth rate (RGR), net assimilation 
rate (NAR) and leaf area ratio (LAR) were calculated for 
each period according to de Groot et al. (2001) as: RGR 
= 1000 × [ln Wt – ln Wt–1]/ [t – (t–1)]; NAR = [Wt – Wt–1]/
[t – (t–1)] × [ln LAt – ln LAt-1] / [LAt – LAt-1]; LAR = LAt/
Wt; where Wt is the dry mass (g) at sampling time t, Wt–1 
the dry mass (g) at the previous sampling, LAt the leaf 
area (cm2) at sampling time t, LAt–1 the leaf area (cm2) at 
the previous sampling, and t–(t–1) the time (days) be-
tween samplings. The fruit growth rate (FGR) was de-
termined as: FGR = [Wft – Wft-1]/[t – (t–1)] × 1/S where 
Wft is the fruit dry mass (g) at sampling time t, Wft-1 the 
fruit dry mass (g) at the previous sampling and S the area 
occupied by each plant (m2).

Nitrogen and phosphorus contents in aboveground 
organs

Sub-samples of the dried plants were collected at 48 
and 76 DAT, coinciding with the first fruit setting and the 
beginning of the harvest. These samples were ground to 
a fine powder to determine N and P concentrations. Total 
N was determined by the Kjeldahl method (AOAC, 1990) 
and total P was determined after digestion with HNO3 
and HCl and measured by ICP-OES (EPA Method 3051). 
The N and P accumulation in every organ was obtained 
as the product of the concentration and dry biomass. The 
total plant uptake was determined as the sum of N or P 
accumulated in each aboveground organ of the plant.

Crop yield and quality
Melons were harvested once a significant number 

of fully ripe fruits had been observed in the field and 
harvesting was carried out weekly. Forty plants in each 
subplot were considered in order to determine yield and 
fruit quality, each melon was weighed at harvest to de-
termine total fruit yield. For each harvest, four represen-
tative marketable fruits from each replicate were anal-

ysed for fruit quality. Immediately after harvest, flesh 
ratio and skin ratio were determined using the formulae: 
2 × flesh thickness × width–1 and 2 × skin thickness 
× width–1, respectively. Flesh firmness was measured 
in four zones of the cut equatorial surface using a pen-
etrometer, with an 8 mm diameter tip measuring the 
force necessary to penetrate the flesh. From the liquid 
obtained by liquefying the mesocarp of each fruit, the 
total soluble solids content was determined by a hand-
held refractometer.

Statistical analysis
Statistical analysis was carried out for each year 

separately. The effect of the addition of compost was 
evaluated by analysis of variance (ANOVA) on the mea-
sured parameters and the statistical differences between 
treatments were determined by Tukey test (p ≤ 0.05).

Results

Plant growth
Dry matter accumulation in the aboveground 

melon organs in the samplings taken during the growing 
seasons of 2011 and 2012 is shown in Figure 2A and B. 
In 2011, at 48 DAT, a significant increase (p ≤ 0.05) in dry 
biomass in leaf and stem as well as in the whole plant 
was observed when the higher doses of compost were 
applied, coinciding with the first fruit setting (Figure 
2A). At this stage, leaf dry biomass increased by 33 % 
in D2 compared to D0, the stem by 42 % and the whole 
plant by 37 %. This significant increase in plant biomass 
was accompanied by an enhancement of the LAI by 
27 % (D3) and 36 % (D2) compared to D0 (Figure 3A). 
During the final stages of crop growth (76 DAT), no sig-
nificant differences in the accumulation of dry biomass 
were observed in any of the organs nor in the whole 
plant. However, a positive trend of increases in plant 

Figure 1 – Evolution of daily mean temperature (Tm) and rainfall during the crop seasons of 2011 (A) and 2012 (B). Continuous vertical lines 
represent the beginning of different phenological stages of the melon plant and the beginning of the irrigation schedule together with P 
fertilization.
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dry weight and LAI with the application of compost was 
observed (p ≤ 0.09 and 0.12 respectively).

In contrast, with respect to biomass accumulation, 
in 2012 the major differences between treatments were 
observed at the end of the crop cycle (76 DAT) (Figure 
2B). During this stage, a significant increase of, on aver-
age, 23 % was obtained in fruit biomass with the appli-
cation of compost, there being no significant differences 
between the different application rates. Moreover, the 
same enhancement was seen in leaf dry weight (76 DAT) 
(p ≤ 0.05) and, considering the whole plant biomass, the 
application of the three doses of compost produced an 
average increase of 21 % compared to the control. At 76 
DAT, the LAI was lower in the control plants compared 
to plants treated with compost (p ≤ 0.12).

Table 2 presents the growth parameters for each 
period studied. Again, the application of compost influ-
enced these parameters in a different manner according 
to the year of study.

During the first period of plant development, before 
the appearance and setting of the first fruits (34-48 DAT), 

only in 2011 did the highest dose of compost (D3) enhance 
the relative growth rate (RGR) and net assimilation rate 
(NAR) of melon plants compared to the control treatment.

From the beginning of fruit growth until the reach-
ing of maximum LAI value (48-62 DAT), the application 
of compost resulted in opposite effects on growth pa-
rameters depending on the year of study. In 2011, a sig-
nificantly lower RGR was found in melon plants grown 
in the compost amended plots, which was accompanied 
by a decrease in NAR, especially at the highest doses (D2 
and D3). For this year, no effect was observed on LAR 
when compost was applied. The opposite effect was ob-
served in 2012 for the same period (48-62 DAT), when 
the compost presented higher values of RGR mostly due 
to physiological differences (NAR) in the amended plots.

In the last stage of plant development, during the 
senescence of the vegetative organs and fruit ripening 
(62-76 DAT), positive responses to the application of 
compost were observed in 2012 only, when significant 
RGR values were recorded, again as a consequence of 
higher NAR values.

Figure 2 – Dry matter production by the aboveground organs of melon plant during the growing seasons in 2011 (A) and 2012 (B). The bars 
represent the least significant difference (p ≤ 0.05).
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The fruit growth rate (FGR) was enhanced with 
the application of compost for both years studied. In 
2011, the application of the highest doses of compost 
(D2 and D3) accelerated melon fruit growth by 15 % on 
average, whereas in 2012 this increment was 25 % and 
no disparities were found between the different doses.

Nitrogen and phosphorus contents in aboveground 
organs

The application of compost had no effect on leaf, 
stem and fruit N concentrations in either of the years 
studied (Table 3), probably as a result of a dilution ef-
fect attributable to an increase in plant biomass in the 
amended plots, an effect previously reported by Green-
wood et al. (1990). However, the addition of compost 
significantly affected the N uptake of the different plant 
parts and that of the whole plant. In 2011, total N up-
take by the melon plants was significantly affected by 
the application of compost at 48 DAT (Table 3). During 
this stage, N leaf accumulation tended to increase in 

the amended plots compared to the control (p ≤ 0.09) 
(maximum increase of 29 % with D2). This increase was 
statistically significant in the stem (42 % increase with 
D2) and consequently in the whole plant. Nevertheless, 
at the end of the growing cycle this effect was less pro-
nounced and even with the addition of compost no sig-
nificant differences were observed. In 2012, no signifi-
cant differences were observed in N uptake by any plant 
organ at either of the two stages. However, at 76 DAT, N 
accumulation in the whole plant increased significantly 
at all levels of compost dose (33 % on average compared 
to control treatment), as a consequence of the tendency 
of leaf and fruit N uptake to increase following the ap-
plication of compost.

The main effect of the application of compost on P 
concentration was observed at 48 DAT in the vegetative 
organs in both years studied, coinciding with the first 
fruit setting (Table 4). In 2011 at 48 DAT, the application 
of the higher doses of compost (D2 and D3) increased P 
concentration in the stem by 6 % on average compared 

Table 2 – Relative growth rate (RGR), net assimilation rate (NAR), leaf area ratio (LAR) and fruit growth rate (FGR) during different growth stages 
of melon crop.

 
 Treatment

RGR (mg g–1 d–1) NAR (g m–2 d–1) LAR (cm2 g–1) FGR (g m–2 d–1)
34-48 DAT 48-62 DAT 62-76 DAT 34-48 DAT 48-62 DAT 62-76 DAT 48 DAT 62 DAT 76 DAT 48-76 DAT

2011

D0 138.4 a 71.3 b 29.6 a 15.3 a 12.4 b 9.1 a 77.9 a 45.4 a 23.5 a 11.6 a
D1 136.5 a 64.5 ab 34.0 a 15.8 a 12.0 b 10.8 a 76.1 a 40.7 a 24.6 a 11.7 a
D2 138.3 a 54.7 a 31.5 a 15.7 a 9.3 a 9.1 a 77.5 a 46.9 a 25.7 a 13.4 b
D3 151.9 b 65.3 ab 26.3 a 17.4 b 11.8 ab 8.1 a 76.4 a 42.5 a 24.7 a 13.2 b

2012

D0 156.8 a 56.5 a 25.6 a 14.9 a 8.1 a 5.5 a 87.4 a 57.3 a 30.5 a 11.3 a
D1 145.1 a 79.7 b 37.1 b 13.0 a 11.6 b 8.0 b 88.3 a 57.1 a 29.4 a 15.0 b
D2 155.3 a 68.9 b 35.5 b 15.9 a 10.4 b 8.1 b 89.0 a 52.6 a 33.8 a 14.1 b
D3 138.8 a 74.8 b 36.2 b 12.6 a 11.7 b 6.7 ab 85.4 a 50.8 a 29.8 a 13.4 b

Within each column and year, means followed by the same letter are not significantly different at p ≤ 0.05.

Table 3 – Nitrogen concentration and uptake by the aboveground organs of melon plant at 48 and 76 days after transplanting (DAT).

Treatment
N concentration N uptake

Leaf Stem Fruit Leaf Stem Fruit Whole plant
--------------------------------------------- g kg–1 -------------------------------------------- -------------------------------------------------------------- g m–2 ---------------------------------------------------------------

2011

48 DAT

D0 30.80 a 14.23 a 20.65 a 2.47 a 0.45 a 0.57 a 3.50 a
D1 29.30 a 14.43 a 24.88 a 2.28 a 0.40 a 1.30 a 3.98 ab
D2 29.83 a 14.20 a 21.78 a 3.19 a 0.64 b 0.86 a 4.69 b
D3 31.65 a 14.63 a 20.83 a 3.02 a 0.52 ab 1.11 a 4.66 b

76 DAT

D0 19.88 a 13.05 a 14.43 a 3.33 a 0.71 a 5.09 a 9.12 a
D1 19.05 a 12.30 a 14.25 a 3.65 a 0.71 a 5.40 a 9.73 a
D2 18.53 a 12.80 a 16.20 a 3.11 a 0.72 a 6.72 a 10.57 a
D3 20.80 a 11.53 a 12.95 a 3.89 a 0.64 a 5.49 a 10.01 a

2012

48 DAT

D0 40.50 a 22.05 a 33.97 a 5.53 a 1.20 a 0.66 a 7.39 a
D1 43.65 a 20.60 a 37.55 a 4.70 a 0.87 a 0.44 a 6.01 a
D2 40.08 a 20.97 a 34.68 a 4.92 a 0.99 a 0.46 a 6.38 a
D3 41.57 a 21.33 a 36.33 a 4.92 a 1.01 a 0.81 a 6.74 a

76 DAT

D0 21.55 a 12.40 a 14.87 a 4.86 a 0.98 a 4.98 a 10.82 a
D1 21.45 a 13.47 a 16.23 a 5.72 a 1.09 a 7.00 a 13.81 ab
D2 23.53 a 13.23 a 17.30 a 6.56 a 1.13 a 7.04 a 14.73 b
D3 23.87 a 14.03 a 16.63 a 6.79 a 1.27 a 6.60 a 14.66 b

Within each column and year, means followed by the same letter are not significantly different at p ≤ 0.05.
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decreased leaf P accumulation. No differences in total 
plant uptake were observed either at 48 or at 76 DAT 
in 2012.

Crop yield and quality
In 2011 and 2012, there were four harvests conduct-

ed weekly commencing 75 and 78 DAT respectively. In 
both years of study the incorporation of compost signifi-
cantly increased melon yield (Table 5). In 2011, fruit yield 
was significantly lower in D0 compared to D2 and D3, 
increasing 23 % and 22 % respectively, and no significant 
differences were found between the control and D1. How-
ever, in 2012, the improvement of crop yield with compost 
was observed regardless of the dose applied (11 % increase 
on average). In 2011, a higher number of fruits per plant 
was obtained with the addition of compost, following the 
same pattern as fruit yield, while the addition of compost 
had no significant effect on fruit weight. In contrast, in 
2012 the enhancement of melon yield was attributed to 
the greater fruit weight obtained in the amended plots, 
increasing 0.2 kg on average compared to the control.

to the unamended plots. Surprisingly, in 2012, during 
the first half of the growing season, a negative effect of 
compost application was observed in leaf P concentra-
tion, which decreased in the two highest doses (D2 and 
D3) compared to the control and D1 treatments.

Phosphorus uptake followed a similar trend as N. 
In 2011, total P uptake by the melon plants was signifi-
cantly affected by the application of compost at 48 DAT. 
During this stage, P leaf and P stem accumulation in-
creased in D2 and D3 compared to the control, obtaining 
the greatest increase with D2 (about 38 % and 54 % in 
each plant organ, respectively), whereas the tendency to 
increase was also observed in the fruit itself (p ≤ 0.15). 
At the end of the crop cycle (76 DAT), the same tendency 
in plant P uptake was due to a higher content of P in 
the fruits (p ≤ 0.06) obtained from the plots amended 
with D2 and D3, increasing 47 and 22 % compared to 
the control treatment respectively (p ≤ 0.15). In contrast, 
generally no differences in terms of plant P uptake were 
observed in the second year studied. In the first half of 
the growing season (48 DAT), the application of compost 

Table 4 – Phosphorus concentration and uptake by the aboveground organs of melon plant at 48 and 76 days after transplanting (DAT).
  

Treatment
P concentration P uptake

Leaf Stem Fruit Leaf Stem Fruit Whole plant
----------------------------------- g kg–1 ------------------------------------ ----------------------------------------------------------------- g m–2 -----------------------------------------------------------------

2011

48 DAT

D0 2.91 a 3.70 ab 4.40 a 0.23 ab 0.12 ab 0.12 a 0.47 a
D1 2.39 a 3.30 a 4.43 a 0.19 a 0.09 a 0.23 a 0.51 ab
D2 3.02 a 3.95 b 4.87 a 0.32 b 0.18 b 0.19 a 0.70 b
D3 2.71 a 3.90 b 4.53 a 0.26 ab 0.14 ab 0.24 a 0.64 ab

76 DAT

D0 3.50 a 2.42 a 2.97 a 0.59 a 0.13 a 1.05 a 1.77 a
D1 3.37 a 2.15 a 2.97 a 0.64 a 0.12 a 1.12 a 1.88 a
D2 3.66 a 2.47 a 3.71 a 0.61 a 0.14 a 1.54 a 2.29 a
D3 3.26 a 2.14 a 3.03 a 0.61 a 0.12 a 1.28 a 2.01a

2012

48 DAT

D0 3.69 b 3.62 a 5.48 a 0.50 b 0.18 a 0.11 a 0.79 a
D1 3.67 b 3.62 a 5.72 a 0.40 ab 0.15 a 0.07 a 0.62 a
D2 3.01 a 3.16 a 5.37 a 0.37 a 0.14 a 0.07 a 0.57 a
D3 3.03 a 3.22 a 5.65 a 0.36 a 0.15 a 0.13 a 0.63 a

76 DAT

D0 3.40 a 2.40 a 3.50 a 0.77 a 0.19 a 1.17 a 2.13 a
D1 4.00 a 2.50 a 3.50 a 1.07 a 0.20 a 1.51 a 2.78 a
D2 3.80 a 2.10 a 3.20 a 1.06 a 0.18 a 1.30 a 2.54 a
D3 3.90 a 2.50 a 3.70 a 1.11 a 0.23 a 1.27 a 2.61 a

Within each column and year, means followed by the same letter are not significantly different at p ≤ 0.05.

Table 5 – Fruit yield, yield components and fruit quality.
Treatment Fruit yield Mean fruit weight Fruit number per plant Flesh ratio Skin ratio Flesh firmness °Brix 

 t ha–1 kg    kg

2011

D0 29.6 a 3.07 a 2.20 a 0.53 a 0.079 a 2.64 a 11.6 a
D1 31.9 ab 2.91 a 2.48 ab 0.53 a 0.078 a 2.83 a 12.5 a
D2 36.4 b 3.08 a 2.66 b 0.54 a 0.081 a 2.85 a 12.3 a
D3 36.1 b 3.04 a 2.59 b 0.54 a 0.077 a 2.87 a 12.5 a

2012

D0 49.9 a 3.57 a 3.15 a 0.52 a 0.089 a 2.91 a 13.3 a
D1 55.2 b 3.76 b 3.30 a 0.52 a 0.089 a 2.88 a 13.9 ab
D2 55.0 b 3.79 b 3.12 a 0.52 a 0.087 a 2.90 a 13.8 ab
D3 56.1 b 3.82 b 3.22 a 0.54 a 0.086 a 2.86 a 14.2 b

Within each column and year, means followed by the same letter are not significantly different at p ≤ 0.05.
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With respect to the quality parameters measured, 
a tendency of improving flesh firmness was observed 
in 2011 only for all the compost treatments (p ≤ 0.14). 
The application of compost tended to increase the Brix 
degrees in melon in 2012 by a significant 7% although 
the increase in 2011 was not significant. In neither of the 
two years studied did the addition of compost affect the 
flesh to skin ratio.

Discussion

The enhancement of plant growth obtained with 
the addition of compost was slight, probably as a result of 
the large input of N from the irrigation water, the element 
that contributes primarily to plant growth. Castellanos et 
al. (2011) studied the effect of applying different N doses 
(from 30 to 393 kg N ha–1) to a melon crop under ferti-
gation and stated that leaf and stem biomass increased 
with the dose of N while the fruit biomass reached its 
maximum at about 90 kg N ha–1. Our control (D0) was 
supplied with 89 kg N ha–1 (2011) and 132 kg N ha–1 (2012) 
in irrigation water. Thus, it did not show any lack of this 
element. Additionally, the low mineralization rate of or-
ganic N after the application of this compost (from 5 to 15 
% of total N applied during the growing season (Requejo 
et al., 2016a)) explained why we observed no substan-
tial effect on leaf and stem biomass when compost was 
added. Other authors have also found positive effects on 
plant growth by applying a combination of inorganic fer-
tilization and organic matter. Ahmed and Shalaby (2012) 
found that the application of manure compost or seaweed 
improved the vegetative growth of cucumber. Biochar 
has also been found to increase the dry weight of pep-
per and tomato plants grown under fertigation (Graber et 
al., 2010). Similarly, Tzortzakis et al. (2012) reported in-
creases in pepper growth combining fertigation with the 
application of municipal solid waste compost.

The relative growth rate and its components can 
be used as comprehensive indicators for evaluating the 
effect of different growing conditions on plant growth. 
Other authors have reported positive effects on RGR with 
the use of compost in faba bean cultivation (Abdelhamid 
et al., 2004) or vermicompost in cucumber (Sallaku et al., 
2009). In our study, changes in RGR with the applica-
tion of compost were associated with physiological differ-
ences (NAR). There are wide variations in the literature 
regarding the importance of NAR or LAR to plant growth 
(Poorter and Van der Werf, 1998). De Groot et al. (2001) 
stated that NAR played a more important role than LAR 
in a tomato crop when there is no nutrient limitation. The 
decrease in RGR observed in 2011 with the application of 
compost after the appearance and setting of the first fruits 
(48-62 DAT) might be explained by the higher number of 
fruits observed in the amended plots for this particular 
year of study (Table 5). The decline in NAR values might 
be the consequence of a greater relocation of assimilates 
for the reproductive function and (Eckstein et al., 1995) 
whereby the highest loading of fruits in melon plants in 

the amended plots could have reduced this index. The 
slight enhancement in RGR and NAR in the plots amend-
ed with compost at the end of the crop growing cycle 
might be due to a delay in the senescence of the vegeta-
tive organs and, in consequence, a greater photosynthetic 
area (Figure 3A and B) (Tekalign and Hammes, 2005).

It has been confirmed that composts have the ca-
pacity to supply both micronutrients and macronutrients 
in the soil for optimum plant growth (Roe et al., 1997; 
Bustamante et al., 2008c). Nutrients in winery and distill-
ery waste composts are present in forms readily available 
for plant uptake (e.g. NO3

–, NH4
+ exchangeable P) (Busta-

mante et al., 2011), or in organically-bound forms which 
can be mineralized and become available in the medium 
or long term (Requejo et al., 2016a, b). Increases in crop 
yield and quality were sometimes attributed to an im-
proved uptake of N, P or K from compost (Mkhabela and 
Warman, 2005; Montemurro et al., 2005). In our study, 
the higher number of fruits per plant observed in 2011 
might be attributable to a higher P uptake in the amended 
treatments (Table 4). The number of fruits produced per 
plant depends on the number of flowers produced and 
the fruit set and, according to other authors, phosphorus 
plays an important role in the flowering and fruit forma-
tion (Rickard, 2000). A higher number of fruits per plant 
was obtained with increasing P applications in other stud-
ies using melon crop (Mendoza-Cortez et al., 2014). In 

Figure 3 – Leaf Area Index (LAI) during the growing seasons in 
2011 (A) and 2012 (B). The bars represent the least significant 
difference (p ≤ 0.05). 
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2012, the response of plant N uptake was observed only 
at the end of the growing period (Table 3) which coin-
cided with an enhancement in fruit weight. However, 
under the same experimental conditions, Castellanos et 
al. (2011) established an optimum N dose of 90-100 kg 
ha–1 to obtain maximum yields which is covered with N 
applied in water used for irrigation. In this case, a syner-
gistic effect between N and other nutrients not studied 
in this work could have occurred which enhanced crop 
yield. Moreover, the effect of compost on melon fruit 
yield should not be attributed only to the higher input of 
nutrients, as the presence of plant growth regulators and 
humic acids in compost could also influence crop yield 
and quality. Salman et al. (2005) have reported positive 
effects on yield with the application of humic substances 
to a horticultural crop. 

The two different patterns observed in both years 
of study regarding plant N and P uptake could be ex-
plained by directing attention to the timing of the N and 
P applications via fertigation (Figure 1A and B). The irri-
gation schedule usually starts approximately two weeks 
after transplanting (Cabello et al., 2009) coinciding with 
the onset of plant development. However, in 2011, due 
to the rainfall which occurred just before this period, the 
start of the irrigation schedule was delayed, beginning 
at 28 DAT. During this period of non-irrigation, both the 
male and female flowering occurred and the plant took 
up P supplied by the soil or that mineralized from the 
compost. This could explain the higher uptake of P in 
leaves and stems observed at 48 DAT in the amended 
treatments which might have been mobilized to the 
fruits during the fruit development period. In contrast, 
in 2012 the irrigation schedule began before flowering, 
at 21 DAT. In this case, there was an important supply 
of N and P during the flowering stage which suppressed 
the compost effect so that no differences were observed 
between treatments. This could indicate that under 
these conditions the plant P needs are covered with P 
applied via fertigation so that there is no additional ef-
fect when compost is added.

According to the results, the dose corresponding 
to 13 t ha–1 (D2) would be enough to achieve the great-
est improvement in melon fruit yield. Moreover, in a 
previous study, the results obtained from nitrate leach-
ing showed that D2 did not exceed the maximum allow-
able limits established by the impact indexes studied 
(Requejo et al., 2014). No additional effect on yield was 
observed between 13 and 20 t ha–1 (D2 and D3 respec-
tively). This effect had been previously observed by 
Xue and Huang (2013) using a sewage sludge compost 
and they attributed it to an increase in soil EC or in the 
content of heavy metals with the application of large 
amounts of sludge compost. Bustamante et al. (2011), 
applying different compost mixtures containing winery 
and distillery waste to a calcareous vineyard soil, report-
ed an increase in Zn, Mn and Cu concentrations in soil 
(in all cases below the toxicity thresholds) but no differ-
ences in soil EC compared to the control. The higher ac-

cumulation of these metals in soil subject to application 
with the largest dose might explain the absence of any 
additional response with D3.

Our results agree with those obtained by other au-
thors regarding the effect of organic fertilizers on fruit 
quality. Previous studies have indicated that flesh firm-
ness seems to be unaffected by the application of com-
post, as has been found to be the case for melon (Naidu 
et al., 2013) and watermelon (Liguori et al., 2015). On the 
other hand, Fernandes et al. (2003) obtained higher solu-
ble solid contents in melon under organic fertilization. A 
number of studies have shown that nitrogen influences 
soluble solids content (Bhella and Wilcox, 1989). How-
ever, previous studies carried out under the same experi-
mental conditions stated that total soluble solids were not 
affected by the application of N (Castellanos et al., 2011, 
2012). Welles and Buitelaar (1998) reported that LAI has 
an effect on fruit soluble solids by extending the fruit de-
veloping period resulting in an increase in total soluble 
solids for this crop

There was a strong effect in both years on yield and 
growth of melon, and higher biomass and yield was seen 
in 2012. Among the factors that could have influenced 
these differences is temperature exposure (de Köning, 
1990) which was higher in 2012 (Figure 1B). Additionally, 
temperature fluctuations after the fruit set in 2011 may 
have resulted in smaller fruits due to lower cell prolifera-
tion during the early stage of fruit development (Higashi 
et al., 1999). Accumulated biomass was higher in 2012 
than in 2011 due to a longer duration of the plant growing 
cycle. In 2011, due to the earlier appearance of powdery 
mildew, the onset of plant senescence was earlier than in 
2012, which might also explain the different yields ob-
tained in each growing season.

Conclusions

The application of compost derived from win-
ery and distillery waste resulted in modest increases in 
plant biomass and leaf area index and in improvements 
in melon fruit yield. The dose of compost corresponding 
to 13 t ha–1 (D2) was enough to achieve the highest yield, 
corroborating previous studies, together with low levels 
of environmental risk (Requejo et al., 2014). An effect of 
P derived from the compost was observed in the plant 
uptake which resulted in a higher number of fruits in the 
amended plots. The addition of compost also influenced 
melon fruit quality by enhancing pulp Brix degrees.
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