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Agriculture is the main user of natural resources, 
especially water, fertilizer and energy. This fact is 
generating environmental problems such as 
surface and ground water pollution and 
accumulation of chemical products in soil. The 
range of used nutrients lost to deeper soil layers 
is 20 to 50% in Europe. Despite advances of the 
last decades, the use of resources is still very 
inecient. These costs can be minimized with 
Good Agricultural Practices, using technological 
innovations and sustainable strategies.

RESFOOD is a European project funded under 
the 7th Framework Program (Fp7), aiming to 
achieve maximized resource productivity and 
reduce the inputs used. Trials located in Huelva 
have been conducted for two consecutive 
seasons at the experimental farm of ADESVA 
and one commercial farm. Trials on ecient 
irrigation and fertilization management have 
been realized in blackberry soilless crop (season 
2012/2013) and also strawberry soil crop (season 
2013/2014).

Two dierent drippers were applied in blackberry 
crop: Dipper of 1.9 l/h (100%) and 1.1 l/h (58%) per 
pot, and two fertilization strategies (regular one 
and another one recommended by ADESVA). In 
the case of strawberry crop, 3 irrigation tapes 
were used: 2.5, 3.8 y 5 l/h and lineal meter. The 
objective is to find the more sustainable solution 
to grow both crops.

INTRODUCTION

Dierent irrigation strategies and advanced technologies were applied for 
the optimal irrigation management. The tested variety of strawberry was 
Candonga. Planting density was 64,000 plants/ha. Soil texture is sandy-
loam. In the case of blackberry, the tested variety was Loch Tay. Planting 
density was 3.000 plants/ha and the substrate was coconut fiber with perlite. 
The size of the elemental plot is 25 plants and the experimental design of 
randomized complete block with three replications. The climate data were 
monitoring along two cycles, through a meteorological station located near of 
experimental plot. 

In strawberry crop, a soil humidity and temperature control station and two 
lixymeters were placed in each irrigation in order to measure the volumetric 
content of water in soil and the percentage of drainage obtained after the 
irrigation sessions. 

In blackberry crop, a humidity, temperature and conductivity probe was 
located for each kind of dripper in order to control and monitor irrigation and 
drainage of substrate. 

For both crops, It was calculated fertilizer units (kg/ha) and water 
consumption (m3/ha), evaluating the irrigation and drainage evolution. 

Furthermore, yield and quality of fruit was studied measuring the following 
parameters: early production, first and second category production, total 
production, vigour, average weight, firmness and ºBrix. 

Pathogens analysis were also carried out in periodic samples of drainage in 
ADESVA´s experimental plot  (Aerobic mesophilic bacteria, Coliforms 
(MPN/100 ml), E. coli (MPN/100 ml), Salmonella, Moulds (CFU/ml), Yeasts 
(CFU/ml) and Pseudomonas spp. (CFU/ml).

Irrigation and fertilization management were developed taking into account 
data from soil control station, meteorological stations and analyses of water, 
soil, fertilizer solution and leaf. The data were subjected to statistical analysis 
of variance (ANOVA), or Kruskall-Wallis or Mood´s median (medians 
separation P<0.05). It was used statistical software, MINITAB

MATERIAL AND METHODS

RESULTS

Air temperature, relative humidity, rainfall and solar radiation were 
typical, when comparing to the data from the last decade. 
According to this, the results of this study can be applied to regions 
where the edapho-climatic conditions are similar. 

From the statistical analysis carried out it was concluded that there 
are only statistical dierences, at a confidence level of 95%, in the 
vigour of the plants in both thesis (this being greatest in the 5 l/h 
tape and the dripper of 1.9 l/h, for strawberry and blackberry 
respectively) which has not been translated into better yield. For 
the remaining parameters, both those associated with production 
(early production, 1st category production, 2nd category 
production, total production, average weight of fruit) and with the 
quality of the fruit (Brix degrees and firmness), the plants showed a 
similar agronomic behavior in every irrigation and fertilization 
strategy studied in strawberry and blackberry crops. 

In blackberry crop, the dripper of 1.1 l/h was the most ecient, 
saving 58% in relation to the dripper of 1.9 l/h. In strawberry, the 
results of the pathogen analyses of the drainage waters indicate 
that in most of the samplings and principally at the end of the 

season, the content of aerobic mesophilic bacterium, coliforms,  
moulds, yeasts and pseudomonas spp. reached with the tape with 
the lowest flow (2.5 l/h) was from one to three cycles higherthan 
that obtained with the tapes with higher flows. 

The tape achieving the greatest irrigation eciency, with the best 
use of water and nutrients by the plant, was the 2.5 l/h and l.m. tape, 
representing a saving of 34% and 50% compared to the 3.8 l/h and 
l.m. and 5 l/h and l.m., respectively. 

With regard to the environmental question, the tape with the least 
flow had losses of water and fertilizers towards deeper layers not 
beneficial to  the plant which were much smaller than the other two, 
with drainage percentages of around 28%, 60% and 68% for the 
2.5,3.8 and 5 l/h and l.m. tapes respectively, which represents 
between 70% and 80% less leaching, with the consequent 
environmental benefit obtained of reducing contamination of the 
soil and underground and surface waters. 

In any event, it should be taken into account that in previous 
experiments conducted on strawberry cultivation in the province of 

Huelva extraneously to this project, the 2.5 l/h tape exhibited a 
greater feed drip clogging problem than the other two tapes in the 
trial, which has not occurred in any of them in the present study, 
since hydrogen peroxide (H2O2) was injected into the irrigation 
water continuously throughout the season. 

This study has shown that with a saving of up to 50% of water, the 
plants  showed the same behaviour in terms of production and fruit 
quality, so that the selection of the flow in the tape might 
bedetermined/conditioned by the possible drip feed clogging 
problems in certain geographical areas, whether caused by 
physical, chemical or biological conditions. 

It is recommended that trials of tapes with lower flow continue to 
be conducted, moreover studying their adaptation to the various 
types/dimensions of beds used in cultivating strawberries and to 
the dierent types of soil, as well as evaluating their behaviour with 
the use of the dierent filters and products on the market to try and 
minimize the problem of drip feed clogging.

Fig.1  Datalogger. Soil humidity and temperature control  station 
         in strawberry crop.

Fig. 2 first category classification

Tape 
irriga�on 
(l/h and 
l.m.)

Early 
production
(t.ha-1)

1st 

category 
(t.ha-1)

2nd

category 
(t.ha-1)

Total 
produc�on     
(t.ha-1)

Fruit 
average 
weight 
(g/fruit)

Vigour of 
the plant 
(cm)

% 2nd 

category

2.5 26.60 a 47.86 a 12.20 a 60.06 a 18.04 a 27.93 a 20.31

3.8 25.88 a 51.76 a 11.98 a 63.74 a 20.07 a 28.41 a 18.79

5 25.67 a 52.39 a 12.05 a 64.45 a 18.71 a 29.78 b 18.69

Fig. 4 Parameters associated to strawberry crop production

CONCLUSIONS

-2)
Tape Total sugar Firmness 
irriga�on (ºBrix) (g.cm
(l/h and 
l.m.)

2.5 9.0 a 536.87 a

3.8 8.0 a 535.60 a

5 9.0 a 551.87 a

Fig. 5 Parameters associated to strawberry  fruit quality 

Tape 
irriga�on

Total 
m3/ha

Produc�on 
(kg/ha)

Water 
Footprint 
(l/kg)

 

 

2.5 2970 60060 a 49

3.8 4513 63740 a 71

5 5665 64450 a 88

Fig. 6 Water Footprint in strawberry

Irrigation 
tape 
modality 

Water volumetric content-WVC (%) 

10 cm 20 cm 35 cm Average

2.5 l/h 14.19 17.32 14.95 15.49

3.8 l/h 19.23 15.12 16.97 17.11

5 l/h 21.39 19.11 17.75 19.42

Fig.7 Average soil WVC (%) in soil strawberry

Lysimeter Average % 
of drains

2.5 l/h 28.05

3.8 l/h 60.56

5 l/h 68.29

Note: Dierent  letters means  significant statistical dierences (ANOVA) (P< 0.05)

Fig 8 Average percentage of drainage in strawberry 
          (lysimeter)

Fig. 10  Grams/plant  in blackberry crop Fig. 11  Grams/fruit in blackberry crop

Fig. 12  Vigor of the plant in blackberry crop Fig. 13 Firmness of fruit in blackberry crop Fig. 14 Degrees Brix of fruit in blackberry crop Fig. 15  Irrigation dynamics in blackberry crop  (May)

Fig. 9 Evolution of drainages in strawberry ( lixymeters)
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Evolu�on of Drainages - Soil Strawberry
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Fig. 3 Monitoring of volume of drainage in strawberry crop
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