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Summary

Tomato plants were grown in rock-wool in a split-root system with equal or dif-
ferent osmotic concentrations. Yield reduction correlated with the average elec-
trical conductivity (EC) values, calculated as the mean EC values of both parts
of the system.

In treatments with different EC values in the root zone, root development was
better in the part with the low EC. Water uptake from the part with the low EC
was also higher. Nutrient concentrations showed an increase in the part with the
low EC when differences in EC between both parts were 4 mS/cm or more. One
of several possible explanations for this is that solutes move through the roots
from the part with high to the part with the low osmotic concentration.

Introduction

In intensive tomato culture, water and nutrients are normally applied in liberal
quantities by various systems. Part of the root system may be exposed to high,
and another part to low osmotic conditions. This may alter water and nutrient
uptake, thereby affecting plant growth.

In water cultures with corn and tomato plants with their root system divided
between two or more solutions that differed in concentration and in type of ad-
ded salts, Eaton (1941) showed that root growth and water uptake was greater in
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dilute than in concentrated solutions. Lunin & Gallatin (1965), Shalhevet &
Bernstein (1968), and Bingham & Garber (1970), using layers of soil separated
by sand or wax membranes, studied the effect of non-uniform salinity with
depth on plant growth and water uptake in tomato, lucerne and maize. The re-
sults will be discussed later.

All these experiments are characterized by a uniform root distribution and a
root system that had fully developed before salinization was started. The present
study was designed to evaluate the effect on plant growth, root development,
and nutrient uptake of horizontally unequal osmotic concentrations by using a
split-root system. Rock-wool was used as substrate, a new material utilized for
growing vegetable crops on a commercial scale in various European countries.
For details about chemical and physical characteristics of rock-wool, see Sonne-
veld (1980).

Materials and methods

Four rock-wool pieces of 22 cm X 17 cm X 17.5 em were placed in polystyrene
boxes. Each piece was covered with a white plastic sheet to maintain mutual se-
paration and to avoid drainage and evaporation losses. Four EC levels ranging
from 2 to 10 mS/cm at 25 °C were established in various combinations to give
ten different treatments, replicated three times. Details about the treatments are
given in the tables. In each treatment, two rock-wool pieces had an EC value
equal to or different from the other two. In the latter case the two pieces with the
same EC values were placed diagonally.

The EC levels were obtained by adding the appropriate amounts of two stock
solutions A and B, taking into account that one litre of solution A plus one litre
of solution B, diluted 100 times, gave an EC value of 2 mS/cm. The composition
of both solutions is given in Table 1.

Tomato (Lycopersicon esculentum Mill., cv. Moneydor) was used as the expe-
rimental plant. The seeds were germinated in sand; on 2 May 1980, when the

Table 1. Compositi'on of stock solutions A and B.

Stock solution A

Ca (NOy) 68.2 g/l NH4 (NO3) 40 g/l
K(NO3) 150 g/1 Fe-EDTA 330 (9% Fe) 0.56 g/l
Stock solution B E
K(NO3) 10.2 g/1 MnSO, - H,O 0.16 g/l
KH, PO, 204 g/1 ZnS0Q4 - TH,O 0.11 g/1
K,S04 30.4 g/1 CuS0O4 - 5H,0 0012 g/t
MgSO, - TH,O  24.6 g/1 Na;MoOQO4 - 2H,0 0.012 g/1
Na;B4O7 - 10H,0 0.18 g/l
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Fig. 1. The experimental set-up.

plants were about 5-6 cm high, they were transferred to cubic rock-wool blocks
of 7.5 cm, of which the sides were covered with a black plastic sheet. The plants
were allowed to grow until the roots reached the bottom of the rock-wool block.
During this period the plants were irrigated daily with the nutrient solution of 2
mS/cm diluted with demineralized water (1:2).

On 24 May, each plant in the rock-wool block was placed in the centre of one
box, having a fourth of'its bottom surface on each rock-wool piece as is shown in
Fig. 1. Previously, on the spot where the block had to be placed, the plastic sheet
was removed so that the roots could penetrate the rock-wool pieces.

It was attempted to maintain a constant EC level in each piece of rock-wool
throughout the experimental period, although this was not always possible. One
replicate was checked daily; either water or nutrient solution was added as re-
quired. The other replicates were checked at least twice a week. The samples
were taken with a plastic syringe. Two weeks before the conclusion of the expe-
riment, and before adding water or solution, samples were taken for macronu-
trient analysis.

On 17 July the plants were topped; each bore 6 clusters. The next day four
leaves were taken from the middle section of the plant, and chemically analysed.
After 8 pickings of fruit, the experiment was terminated on 18 August. Total
weight and number of fruits, weight per fruit, number of fruits with blossom-
end rot (BER), percentage of fruits with even colour, and dry weight of the:
plants were recorded. The rock-wool pieces were uncovered and the roots of
each plant were separated from the rock-wool for weight measurements accord-
ing to the method described by Brouwer & van Noordwijk (1978). The yield
data were statistically analysed, except the number of fruits affected by BER,
the number being too low for meaningful analysis.
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Results and discussion

Growth characteristics

The first visual effects of treatments were noted about one week after starting
the treatments, viz a darker green leaf colour, narrower leaves, and necrosis
symptoms especially at the edges of the leaves of plants growing at high EC lev-
els (treatments T-8, T-9 and T-10). At later stages, the stems of plants growing
at high EC levels were slender, without difference in length of internodes.

Nutrient solution concentrations

Table 2 shows the nutrient composition of the solution in the rock-wool. Most
remarkable is the increase in EC and nutrient contents in the low-EC part in
combination with a high EC. This increase is greater as the difference in EC be-
tween both parts is greater (compare T-1 to T-4). A definite explanation cannot
be given. One possibility is that water was mainly taken up from the part where
the EC increased most strongly. This is in agreement with our observation that
more water or solution was needed in the part with the low EC. Another expla-
nation could be that there was a movement of salts from the high-EC part to the
low one through siphoning via the rock-wool block of the seedling. This could
have taken place when the levels of the nutrient solution in the four rock-wool
pieces were unequal. However, because the capillary activity of rock-wool is
low, this could have happened only temporarily at high solution levels after sup-
pletion. Thus, any transport of salts in this way should be of little or no impor-
tance.

Movement of salts can also taken-’place through the roots. Exact measure-
ments were not made but the last time nutrient solution was added to the low-
EC part of T-4 was 17 July; from then until the samples were taken (4 August)
water was supplied every day and yet this part still had an EC of 6.5 mS/cm at
that time. Although L. K. Wiersum (personal communication, 1980) considers
transport of salts from on medium to another through roots unlikely, the indi-
cation of boron transport found in another experiment (Cerda & Roorda van
Eysinga, 1981) supports the opinion of the authors. Eaton (1941) reported trans-
port of chloride through roots of maize and tomatoes.

Yield components

Mean values of yield components are given in Table 3. Fig. 2 shows the linear
regression of the shoot and fruit yields in relative figures on the average EC-va-
lues. EC is the average of the target EC value of both parts. The real EC values
were not used for this calculation in view of their variation. The negative effect
of increasing EC on fruit yields was greater than on shoot weight. The values of
r? for both equations indicate that 81 % of fruit yield reduction is accounted for
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Table 3. Yield components of tomato plants in relation to the EC levels in a split-root system.

Treatment

code EC levels (target)
T-1 EC,-EC;2
T-2 EC,-ECy
T-3 EC,-ECq
T-4 EC5-ECyg
T-5 EC4-ECy
T-6 EC4-ECq
T-7 EC4-ECp
T-8 EC¢-ECq
T-9 ECs-ECyg
T-10 EC9-ECyq
Analysis of variance®
Treatments

v.e. %

Fruit yield
(g per plant)

4033
3850
3984
3528
3517
3590
3492
3118
2740
2574

* %

16.9

Number of

Fruit weight Fruits evenly Shoot (dry

fruits per plant (g)

81
77
75
80
74
81
72
70
74
73

NS
14.4

coloured (%) weight, g)

50.2 68 186
49.8 65 188
53.0 84 188
44.0 91 189
472 92 205
41.6 79 201

47.9 78 172
448 80 180
37.2 71 201

36.1 95 159
o NS NS

9.3 17.9 10.0

4 EC;-EC; indicates that the EC value was the same (2 mS/cm) in each 4 rock-wool pieces in a
box. EC;-EC, indicates that in two pieces the EC value is 2 mS/cm and in the other two 4 mS/cm,

ete.

bys Significant differences between means at P < 0.01. NS indicates non-significance at P < 0.05.

by treatments, of shoot dry weight only 25 %.

Fruit yield and weight per fruit decreased significantly with increasing EC in
those treatments where all parts of the root system had the same EC value (com-
pare T-1, T-5, T-8 and T-10). On the other hand, yield was not, or only slightly,
reduced when EC levels in one part of the root system were increased, while

fruit and shoot
relative yields (%)
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average EC(mS.cm-'at 25°C)

Fig. 2. Relation between relative figures
of yields of fruit and dry weight of shoots,
and average EC in the rock-wool sub-
strate.
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maintaining the other unchanged (compare T-2, T-3 and T-4 with T-1, etc.). The
yield reduction in treatment T-4 compared with T-1 and of treatment T-9 com-
pared with T-8 may be due not only to restricted root activity in the high-EC
part but also to an increase in the EC value in the low-EC part.

Shalhevet & Bernstein (1968) showed that water uptake by alfalfa decreased
as the salinity of that half of the root system increased and that yields were li-
nearly reduced by increasing mean salinity of the root zone. This is in agreement
with our findings. Bingham & Garber (1970) found a clear yield reduction in
sweet corn when the whole root zone was salinized, but no or a small one with
2/3 of this zone under saline conditions.

The number of fruits per plant, the percentage of fruits with even colour, and
the shoot dry weight were not significantly affected by the treatments. The effect
on number of fruits affected by BER was very low, the highest number (3.6 %)
being associated with treatment T-10 (EC-EC).

Root development

The root weight of each part of the root system in relation to the EC levels ap-
plied is given in Table 4. From these data it is evident that the treatments did not
have a consistent effect on total root weight per plant, since root weight in some
treatments with a high EC was higher than in those with a low EC (compare T-8
and T-9 with T-1 to T-6). However, in those treatments with different EC values,
root development was, with ong¢ exception. always greater in the low than in the
high-EC part. These results are in agreement with those reported by Eaton
(1941).

Table 4. Root weight (air dried) in relation to the EC levels in a split-root system *

Treatment Root weight (g)

code EC levels (target) EC, ECy EC, ECy total/plant
T-1 EC5-EC, 10.5 — — - 10.5
T-2 EC,-ECy 3.5 43 — — 7.8
T-3 EC,-EC, 44 — 35 — 79
T-4 EC,-ECyp 6.5 — - 24 8.9
T-5 EC4-ECy4 — 8.1 — — 8.1
'T-6 EC4-ECq — 49 3.6 — 8.5
T-7 EC4EC)g — 5.8 - 44 10.2
T-8 EC4-ECq — — 12.0 — 12.0
T-9 EC¢-ECyp — — 73 47 12.0
T-10 EC,y-ECyo — - — 8.5 8.5

2 A single value for a treatment gives total root weight in the four rock-wool pieces: when two va-
lues are given each one is the sum of the root weights in two pieces.
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Table 5. Mineral composition of tomato leaves.?

Treatment K Ca Mg P Total-N NO3;-N SO4-S Fe Mn Zn

code EC levels
(target)

T-1 EG-EC, 125 091 026 0.19 221 034 054 252 275 108
T-2 EGC-EC4 131 078 026 019 235 037 046 281 408 094
T-3 EC,-EC¢ 134 074 026 019 225 032 042 259 224 0383
T-4 EC,-ECjy 149 059 025 019 241 040 039 240 256 133
T-5 EC4EC, 138 072 027 023 236 050 039 283 250 112
T-6 EC4-ECq 135 065 025 020 242 036 042 271 222 082
T-7 EC4EC, 153 060 024 020 222 045 035 262 257 114
T-8 EC¢EC, 143 064 025 019 242 037 039 301 238 122
T-9 EC¢EC, 146 055 025 019 247 034 032 267 249 116
T-10 EC\p-ECyy 1.60 059 022 020 257 042 036 392 302 10!l

2 Fe, Mn and Zn are expressed in umol/g dry weight, the other minerals in mmol/g dry weight.

Leaf mineral composition
The mineral composition of the tomato leaves is presented in Table 5. The con-
centration of most nutrients did not vary with the treatments, although the con-
centrations in the rock-wool solution varied widely. Contents of calcium and
sulphate-S in the leaf decreased, and potassium increased with higher EC values
in the rock-wool solution. These variations occurred when the EC in both parts
of the root system was increased, but also when this was only so in one part. The
variations observed in this experiment, however, do not seem high enough to as-
cribe the fruit yield reduction and the necrosis symptoms observed to nutrient
deficiency or toxicity; the nutrient values remained within the range associated
with normal tomato growth, according to Roorda van Eysinga & Smilde (1981).
The results also show that the tomato plant has a strong capacity to absorb
ions selectively. Despite great differences in nutrition concentrations in the root
zone, the plant succeeds in keeping its leaf concentration within rather narrow
limits.

References

Bingham, F. T. & M. J. Garber, 1970. Zonal salinization of the root system with NaCl and boron in
relation to growth and water uptake of corn plants. Soil Sci. Soc. Am. Proc. 34: 122-126.

Brouwer, G. & M. van Noordwijk, 1978. Het met zoutzuur vrijspoelen van wortels uit steenwol en
het effect daarvan op het wortelgewicht. Rapport 4-78, Instituut voor Bodemvruchtbaarheid, Ha-
ren-Gr., 11 pp. (Dutch).

Cerda, A. & J. P. N. Roorda van Eysinga, 1981. Growth of tomato plants in a split-root system as
affected by various boron levels in the nutrient solution Neth. J. agric. Sci. 29: 199-207.

196 Neth. J. agric. Sci. 29 (1981)



DIFFERENT OSMOTIC CONCENTRATIONS AND TOMATO GROWTH

Eaton, F. M., 1941. Water uptake and root growth as influenced by inequalities in the concentration
of the substrate. Plant Physiol. 16: 545-564.

Lunin, J. & M. H. Gallatin, 1965. Zonal salinization of the root system in relation to plant growth.
Soil. Sci. Soc. Am. Proc. 29: 608-612.

Roorda van Eysinga, J. P.N. L. & K. W. Smilde, 1981. Nutritional disorders in glasshouse tomatoes,
cucumbers and lettuce. Pudoc, Wageningen, 130 pp.

Sachez Conde, M. P. & P. Azuara, 1979. Effect of balanced solutions with different pressure on to-
mato plant. J. Plant Nutr. 1: 295-307.

Salhevet, J. & L. Bernstein, 1968. Effects of vertically heterogeneous soil salinity on plant growth
and water uptake. Soil. Sci. 106: 85-93.

Sonneveld, C., 1980.Growing cucumbers and tomatoes in rock-wool. Proceedings Sth International
Congress on Soilless Culture (Wageningen), pp. 253-262.

Neth. J. agric. Sci. 29 (1981) 197



