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Abstract. Suction cups are the only viable method to obtain in situ the soil solu-
tion along the culture in real time (24 h). The soil solution is the objective criterion to
modify the nutrient solution, so that it can be an appropriate tool for fertirrigation
management. The nutrient levels of the soil solution must be known to establish the
appropriate approach to nutrients management. In this work, levels of pH, EC,
NO3

-,  NH4
+, H+

2PO4
- , K+, Ca2+, Mg2+, Na+ and Cl- of the soil solution of three tomato

crops were followed for periods 1995/96 and 1996/97 culture estimated in a trial
carried out during two years.

Key words: fertirrigation management, nutrient parameters, nutrient solution,
tomato production.

Fertirrigation is the combined application of water and fertilisers. The
fertirrigation system is at the moment the most rational method, to carry
out an optimised fertilisation with due respect of the environment (1).

To satisfy the needs of the crop by fertirrigation, two approaches
may be taken:

One, more traditional: the nutrients supply in quantitative sense is
adapted to the theoretical needs of the crop. This system requires to use
the classic diagnostic methods. A second, one more physiological and more
qualitative approach that tries to apply to the crop a physiologically bal-
anced solution, with all elements required by the crop. This is the ap-
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proach used in soil less culture (2). Table 1 shows nutrient solutions pro-
posed by some authors applying the last criteria.

We have the appropriate technology to apply the nutrient solutions
accurately. With a quality of water is applied the necessary nutrient to
obtain a theoretical solution. However, keeping in mind the interactions
among soil, nutrient solution, soil solution, plants and atmosphere, the
final soil solution differs of the required one (3).

The roots of the plants uptake the soil solution, is the direct produc-
tive parameter on the crop; it is fundamental to know it as the basis of
the fertirrigation management.

The suction cups are the only viable method to extract in situ the
soil solution, without proceeding to dilutions of the same one. In conse-
quence, in the cases, where is necessary to know the ionic composition of
the soil solution, only this technique can be used because other techniques
only measured the EC in situ (4). The first ones to introduce the suction
cups technique, were Briggs & McCall, proposing their use like an artifi-
cial root to suction the really available water in the soil for the plants.

In this work the nutritional levels of the soil solution are established
for tomato crop to use it in management fertirrigation.

MATERIALS & METHODS

This work was carried out in 6 commercial greenhouses type
“Almería” with tomato var. Daniela, during two years 95/96 and 96/97.
Located in southeastern  Spain. The election of these greenhouses was
made in function of high production, fertirrigation equipment and the
horticulturist’s capacity to understand the process being tested.

In each greenhouse a watering subsector was chosen with approxi-
mately 2.500 m2, the watering uniformity was studied (up to 90%), 15

Table 1.– Nutrient solution proposed by some authors for the tomato crop, expressed in
mmol L-1 and dS m-1 (EC)

Autor (date) NO3
- H2PO4

- SO4
2- CO3H

- NH4
+ K+ Ca2+ Mg2+ EC pH

Cadahía (1998) 16 2 2.5 (1)* 9 5.5 1.5
Martínez y García (1994) 12 1.5 2 0.5 0.5 7.5 3.5 1.25 5.5
Coïc y Lesaint (1975) 12 3.3 1.5 2 5.2 6.2 1.5
Sonneveld (1980) 10.5 1.5 2.7 0.5 7.5 3.7 1
White (1992) 20.3 2.3 5 11.1 6.1 3.3 3.4 6
Resh (1992) R* 0.2(s)-0.3(w) 1(s)2(w)
Escudero (1993) 10-18 1-1.5 1.5-2.5 7-9 4-6 1.5-2.5 2-3.5 5-5.8
Cooper (1982) 14.3 1.9 8 4.2 2.2

(1)* The total application is 16 mmol L-1 (20% maximum ammonium). s( summer) w (winter)
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suction cups were installed in a random way considering the perimetral
edge. The installation and taking of samples are described for (3). The
suction cups remained in the soil during the crop.

6 samplings by greenhouse were taken for each year (95/96 and 96/
97). Each sampling was constituted by 16 samples, one of nutrient solu-
tion and 15 samples of the soil solution. Of each 15 samples of soil solu-
tion were taken 20 cc, mixed and homogenised.

Analytical methods described by the Spanish Ministry of Agricul-
ture H2PO-

4 , were used to determine the following: pH; EC at 25°C; NO3
- ,

phosphate and NH4
+ (VIS-UV spectrophotometry); K+, Ca2+, Mg2+, Na+

(atomic absorption) & Cl- (photometry).
The production by qualities was registered weekly. The samplings

are classified in three periods: period 1: vegetative state (1-90 DAT); pe-
riod 2: full production (91-250 DAT) and period 3: final of the cycle (251-
320 DAT).

An analysis of variance was carried out for the experimental design
is multifactorial with three factors: plots, period and year.

RESULTS

The total productions and categories, as well as the unmarketable
fruits corresponding to each plot and year are presented in the Table 2.

Nutrient solution: The Table 3 shown the average values and stan-
dard deviations of the nutritional parameters of the nutrient solution by
periods for two years.

The different nutritional parameters between years don’t show sig-
nificant differences.

Table 2.– Total production of tomato (kg m-2) by categories in two
years 95/96 and 96/97 of the plots

Year Plot production Total G+GG M+MM Unmarketable fruit

96 JAV 14.5 13.4 1.0 0.5
96 GPM 11.9 09.1 2.8 0.4
96 JMM 11.4 10.3 1.0 0.4
96 JLA 19.6 17.2 2.4 0.4
96 ALL 11.5 07.4 4.1 0.4
96 RMH 12.6 09.5 3.1 0.3
97 JAV 14.1 06.8 7.3 0.6
97 GMP 15.2 13.5 1.7 0.2
97 JMM 14.2 05.5 8.6 0.5
97 JLA 17.4 07.6 9.7 0.1
97 ALL 10.7 03.8 6.9 0.1
97 RMH 11.0 03.8 7.2 1.9
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In pH: two groups are observed; ones acidifies the nutrient solution
up to values of 4.7; the other group presents an average value of 6.4. The
pH is higher in period 3 due to the smaller amount of applied acid.

EC: between plots the range values is 1.60 and 3.00 dS m-1. The EC
in the period 3 are inferior due to the minor fertilizers contribution (ni-
trates, ammonium, phosphates and potassium) that is justified for the
increment of the transpiration crops and the mayor water consumption.

The concentrations of NO3
- , NH4

+
 and Ca2+ in the nutrient solution,

don’t differ significantly between plots.
The differences found in the concentrations of Mg2+, Na+ and Cl-

depend fundamentally on the quality of the irrigation waters employed.
Plots don’t show differences (p<0.05).

The concentration of phosphates in the nutrient solution presents
differences between plots, a group applies a concentration around 2 mmol
L-1 and another group around 1 mmol L-1. In period 3 the concentration is
lower.

Great variability exists in the concentration of K+ due to the lack of
clear criteria for application. Between periods there are differences di-
minishing the quantity applied along the crop.

Soil solution: In table 4 the average values and standard devia-
tions of the nutritional parameters of the soil solution are presented by
periods for both years.

Between years the nutritional parameters don’t differ significantly.
The pH of the soil solution doesn’t differ significantly between plots,

although the nutrient solutions employed present different acidity, nei-
ther are there pH differences between different productive periods, due
to the buffer effect of the soil.

Table 3.– Average values and standard deviations of the nutritional parameters of the
nutrient solutions during two years 95/96 and 96/97, expressed in mnolL-1 and dSm-1 (EC)

1 2 3 Average
Average Std. Dv. Average Std. Dv. Average Std. Dv. Average Std. Dv.

pH 5.7 b* 1.5 05.8 b 1.4 7.0 a 0.6 05.6 1.4
EC 2.6 a 0.9 02.5 a 0.6 1.9 b 0.7 02.4 0.8
NO3

- 12.2 a 4.4 12.5 a 3.5 8.6 b 3.5 11.7 4.0
NH4

+ 2.0 a 1.1 01.7 ab 1.0 0.7 b 0.5 01.6 0.9
H2PO4

- 1.3 a 1.0 01.4 a 0.5 0.7 b 0.4 01.3 0.7
K+ 10.6 a 8.8 07.9 ab 4.2 4.8 b 2.1 07.9 5.7
Ca2+ 3.7 a 1.2 03.6 a 1.0 2.9 a 1.0 03.5 1.1
Mg2+ 2.1 a 0.8 02.0 a 0.8 1.8 a 1.4 02.0 0.9
Na+ 5.7 a 4.3 03.9 a 2.6 4.7 a 3.6 04.5 3.4
Cl- 3.8 a 3.6 05.0 a 3.9 4.8 a 4.6 04.8 4.0

* Mean separation in files by LSD (n = 72, p < 0,05), expressed in mmol L-1 and dS m-1



33Soil nutrients obtained by suction cups in tomato

There are no differences between plots, it presents them between
productive periods; in period 1 is higher, due to a larger evapotranspira-
tion rate but fertilizers accumulation is not observed.

The concentration of Nitrates differs widely. There exist 3 groups
where the concentrations vary from 7.20 to 18.70 mmol L-1; however the
nutrient solutions didn’t differ between plots. This indicates that the NO3

-

concentration is not be the appropriate parameter to standardize
fertirrigation (Figure 1).

Between productive periods significant differences are not observed
(p <0.05) in the concentration of NO3

- , H2PO4
-  and K due fundamentally to

the high degree of variability.
The average levels found in the soil solution can be compared with

the nutrient solutions applied in soil less culture; we find that (6) pro-
poses a level of 20.3 mmol L-1, (7) recommends levels in the substrate
solution of 11 mmol L-1.

In ammonium concentration there are no differences between plots
but there are between productive periods, diminishing the concentration
in period 2.

The differences between the soil solution and the nutrient solution
could be due to a nitrification process, or the volatilization of ammonia.
The values recommended in nutrient solutions are 0.5 mmol L-1 (8 & 9)
and 2 mmol L-1 (10). The use of ammonium nitrate has been recommended
traditionally in soil cultivation (11).

The concentration of phosphates in the soil solution differs signifi-
cantly between plots, although the range of concentrations is very nar-
row (0.05 - 0.33 mmol L-1). Nutrient solutions present higher values (av-
erage 1.26 mmol L-1). This effect of phosphates retrogradation can be due

Table 4.– Average value and standard deviations of the soil solution in
the years 95/96 and 96/97, expressed in mnolL-1 and dSm-1 (EC)

Period 1 Period 2 Period 3 Average
Average Std. Dv. Average Std. Dv. Average Std. Dv. Average Std. Dv.

pH 7.7 a 0.3 07.8 a 0.2 7.9 a 0.3 07.8 0.3
EC 3.3 a 0.9 02.9 b 0.7 2.7 b 0.8 02.9 0.8
NO3

- 14.0 a 5.9 12.5 a 6.8 12.1 a 5.1 12.7 6.3
NH4

+ 1.4 a 1.2 00.5 b 0.5 0.4 b 0.3 00.7 0.6
H2PO4

- 0.2 a 0.2 00.2 a 0.2 0.2 a 0.1 00.2 0.2
K+ 6.2 a 2.7 05.7 a 3.0 6.6 a 3.0 06.0 2.9
Ca2+ 6.5 a 2.9 05.6 a 2.0 4.6 b 1.1 05.5 2.1
Mg2+ 5.6 a 2.0 04.2 b 1.5 3.1 c 1.3 04.2 1.7
Na+ 9.5 a 5.9 06.0 b 3.6 7.1 ab 4.5 06.9 4.5
Cl- 8.0 a 6.1 07.3 a 6.1 7.2 a 5.6 07.3 5.9

* Mean separation in files by LSD (n = 72, p < 0.05), expessed in mmol L-1 and dS m-1
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to pH (12) in recirculating system observes the same phenomenon, a de-
crease in phosphates concentration correlated with an increase of pH (13)
find levels in cultivated soil between 0.1-0.01 mmol L-1. In this work with
the levels found, the crops did not show deficiency symptoms; neverthe-
less it seems more convenient to know the available levels of P by means
of the Olsen method to management the fertilization.

The concentration of potasium in the soil solution presents differ-
ences between plots with values in the range of 3.2 to 8.7 mmol L-1.

The concentration of calcium in the soil solution ranges between
plots with values in the range of 3.3 and 6.9 mmol L-1. The concentration
of Ca in the soil solution is low in period 3. According to references, the
values obtained in this trial can be considered acceptable or high.

One of the important approaches are the balances between cations;
the Ca shows a low ratio with K and Mg (35: 39: 26) in comparison with
(14) (45: 35: 20); (15) suggest a value of 2 and 2.97 as ratio of Ca/Mg
uptake for the vegetative and productive periods respectively and (16)
finds a ratio of uptake of 2 for 2.46; the ratio of concentrations in the soil
solution presents an average value of 1.35 in our trial and corresponds to
a high value of Mg more than to a low application of Ca (17) doesn’t find
differences in the B.E.R. in tomato crop, as manifestation of the meta-
bolic imbalance of Ca, with values of the ratio Ca/Mg in nutrient solu-
tions superiors to one. Nevertheless the level of applied calcium is condi-
tioned by the level of magnesium in the soil solution. The coefficient Ca/
Mg should be adjusted, to diminish the application of Ca, without pro-
ducing imbalances, because the uptake is very good at this pH.

The concentration of magnesium doesn’t present differences be-
tween plots. The concentrations are higher in the nutrient solution due to
the enrichment by the soil. There also exist differences between periods,

Table 5.– Average levels found in the nutrient solution, in the soil solution, and the
ratios between both levels for the different nutritional parameters

Nutrient Est. Dv Soil solution Est. Dv. N.S./S.S.
solution

pH 6.0 1.4 7.8 0.3 0.8
EC 2.4 0.8 2.9 0.8 0.8
NO3

- 11.7 4.0 12.7 6.3 0.9
NH4

+ 1.6 1.7 0.7 0.9 2.3
H2PO3

- 1.3 0.7 0.2 0.2 5.7
K+ 7.9 5.7 6.0 2.9 1.3
Ca2

+ 3.5 1.1 5.6 2.1 0.6
Mg2

+ 2.0 0.9 4.2 1.8 0.5
Na+ 4.6 3.4 6.9 4.5 0.7
Cl- 4.8 4.2 7.3 5.9 0.7

* expressed in mmol L-1 and dS m-1.
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diminishing toward the end of the crop. (18) considers that under Almería
conditions it isn’t necessary to apply Mg.

Sodium & chlorides: the concentration of Na+ and Cl- in the soil
solution present significant differences between plots due to the quality
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Fig. 1.– Soil nutrients obtained by suction cups in tomato
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of the irrigation water, and between periods with superior values in the
periods 1 & 3. The Cl don’t show variations differences between periods.

Ratios between the concentrations in the nutrient solution
and in the soil solution: Table 5 shows the ratios between concentra-
tions in nutrient solution and in soil solution and figure 1 shows the aver-
age level of different parameters in nutritional and soil solutions. The
ratios of ammonium, phosphates and potassium are superior to 1, it sup-
poses a net consumption due to uptake by plant, retrogradation in the
soil or/and leaching. For the rest of the analysed parameters these ratios
is smaller than one, it implies a net accumulation due to a low uptake or
contribution by the soil.

CONCLUSIONS

* The levels of the different nutritients parameters of the soil solu-
tion in the productive periods are presented in the table 4, as basic crite-
ria for the management fertirrigation in tomato crop in the Mediterra-
nean area.

* The soil solution presents a stable pH due to the tampon effect of
the soil that doesn’t modify the acidity of the nutrient solution.

* The EC should be managed jointly by the nutritional parameters
and by irrigation.

* The application of nitrates should be managed in function of soil
solution levels because the nitrates are very mobile.

Level of phosphates in the soil are very low in relation to the nutri-
ent solution, without deficiency symptoms in the crop. The phosphates
buffer in soil should be evalueted by means of the Olsen method (basic
soils). The form, time and amount of application of  phosphates should be
carefully studied.
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