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EFFECT OF WATER COMPOSffiON 
AND FEEDING METHOD ON SOIL NUTRIENT LEVELS AND 

ON TOMATO FRUIT YIELD AND COMPOSITION 

T. R. Gormley 

An Foras Ta!tfutais, Kinsealy Research Centre, Malahide Road, Dublin 5 

ABSTRACT 

Trickle feeding and irrigation of spring and autumn crop tomatoes grown in peat gave a lower soil 
pH and higher soil specific conductivity (SC) and K content than did feeding by hose or low-level 
sprayline methods. The use_ of hard water for making up feed and for irrigating gave a higher soil pH 
and SC than did moderately soft water. 

The trickle system gave the tallest plants in the autumn crop. In the spring crop plants were 
taller initially with the trickle system but the sprayline system gave the tallest plants later on. Hard 
water decreased height in both crops. . 

Plants fed and irrigated with hard water yielded more marketable fruit in the spring crop than 
those treated with moderately soft water. The trickle system gave highest yields in both crops, and 
reduced the incidence of blossom-end rot in the spring crop. 

Values for fruit acidity, percentage soluble solids and K were lower in trickle-fed tomatoes, but 
water type had little effect on fruit composition. 

INTRODUCTION 

In modern glasshouse practice tomatoes are sometimes grown in shallow peat-filled 
troughs, and it is easy to overfeed or underfeed plants since the small amount of soil 
can hold only a limited quantity of nutrients. Gormley (I) has published tables show
ing Specific conductivity (SC)J figures for commercial feeds at different dilution levels, 
thus enabling growers to check that diluters are working correctly. This is similar to 
quality control in any modern production industry, and helps to ensure that feeding 
is correct. 
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A recent survey (2). has shown that the composition of water supplies used by 
growers varied widely, especially in degree of hardness. Hard water used for liquid 
feeding and irrigation would be expected to raise soil SC and pH values, and this in 
turn could affect fruit yield and quality. Method of feeding can also affect fruit 
quality; it has been reported that trickle-fed plants give larger fruits (3}. 

It was decided, therefore, to investigate the growth of tomatoes in peat, usingtwo 
water types (hard and moderately soft} and three methods of feeding (hose, sprayline 
and trickle), in order to determine the effects of different water-feeding combinations 
on soil nutrient levels, fruit yield and quality. The experiment was carried out on 
spring and autumn crops. Soil samples were analysed weekly, plant heights were 
measured in the early stages of the experiment, and fruit was graded, weighed and 
evaluated chemically. 

EXPERIMENTAL 

Plants were grown in trays (61 cm x 61 cm) filled with 20 cm of peat which had 
received the standard Kinsealy base dressing (4). There were two plants to each tray. 
Experiment 1 was carried ont on an autumn crop in 1969 (cultivar Acram) and 
Experiment 2 on a spring crop in 1970 (cultivar Eurocross BB). The design employed 
Was a randomised block incorporating six treatments (two water supplies x three 
feeding methods} and five replications. Data on soils; plant growth, yield and com
position were analysed statistically. 

\ Water supply and liquid feed composition 
Water supplies from Kinsealy mains (SC=28; classified as moderately soft) and 

a local well (SC=84; classified as hard to very hard) were used for irrigationand 
making up liquid feed and will be referred to in the rest of the text as mains and well 
water. The liquid feed was made by dissolving urea (34.0g) and KN03 (135.6g) in 
181.8 1 of water contained in a large barrel fitted with a tap at the bottom. This is 
equivalent to 681 g KN03 and 170.2g urea in 4.54 1 diluted at the rate of 1 in 200. 
Feed of this composition was used for both the spring and autumn crops. Batches of 
feed made up from mains water and well water had SC values of ll l and 170 respec
tively. 

Method of liquid feeding and irrigating 
Plants could not be fed or watered by conventional hose, low-level sprayline and 

trickle systems because of the randomisation of treatments. These systems were there
fore simulated using 1.14-1 plastic bottles and a Technoma sprayer. Plants were usually 
fed or watered at the rate of0.57 or 1.141 per plant per day (two plants per tray). To 
simulate the hose treatment the feed was poured around the tray; for the sprayline 
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Fig. I: Trickle system of feeding and irrigation 

it was sprayed on with a sprayer. In the trickle system the feed was poured into an 
inverted plastic bottle (bottom removed) fitted with a rubber bung and two plastic 
tubes (one for each plant) (Fig. !). Each plastic tube had a screw clip attached to 
adjust the rate of trickle to each plant in the tray. Inverted bottles were suspended 
over trays requiring trickle feeding by string attached to overhead wires. It was pos
sible, therefore, to simulate the three feeding systems accurately and to give identical 
volumes of feed or water to each tray. 

Soil sampling and analysis 
Soil samples were taken with the fingers close to the stem of each plant. The two 

portions from each tray were combined, giving one sample. Samples were air-dried 
and analysed for pH, Kand SC (5). The SC of soil samples from Experiment I was also 
measured using a saturated solution of CaS04• The SC of the CaS04 was subtracted 
from the reading obtained. Samples on weeks I and 8 of Experiment 1 were also 
analysed for Ca ( 5). 

Plant height measurement 
Plant height was taken as the distance (cm) from the soil surface to the growing 

point of the plant. The mean height of the two plants in each tray was obtained. 
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Fig. 2: Feeding schedule and effect of water type on soil SC: (a) Experiment 1; 
(b) Experiment 2 

Fruit grading 
Uniformly coloured round fruit were size graded iu EEC grades: size I (35 to 

40 mm), 2 (41to47 mm), 3 (48 to 57 mm}, 4 (58 to 67 mm) and 5 (>67 mm). Fruit 
iu these categories are referred to as marketable in this paper. Defective fruit were 
placed in four categories: irregular-uniformly coloured; irregular-non-uniformly 
coloured; round-non-uniformly coloured aud small fruit. These are referred to as 
non-marketable. In Experiment 2 a special category was included for fruit with 
blossom-end rot. 

Fruit composition 
A sample size of five tomatoes was used on each occasion and the juice was ex

pressed and centrifuged. The juice was tested for percentage soluble solids, titratable 
acidity (milliequivalents per 10 ml juice) and K content (Coleman flame photometer). 

Experiment I-autumn crop 
All plants (cultivar Acram) were watered in with mains water on August 5, 1969 

and were stopped on September 16. The experiment lasted 15 weeks and soil samples 
were taken and analysed each week. Plant heights were measured weekly for the first 
8 weeks. Plants were fed and watered at norrnal (0.57 I/plant/day) or double (!.14 1/ 
plant/day) rate, depending on soil analytical figures. Feeding was generally carried out 
on Mondays, Wednesdays and Fridays, with watering on Tuesdays and Thursdays; 
however, this schedule was altered sometimes depending on conditions. The quantity 
of feed and water applied per plant per week throughout the experiment is given in 
Fig. 2a. It should be noted that each tray received exactly the same amount of feed 
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and water irrespective of feeding schedule. Fruit was picked twice weekly, graded and 
weighed. It was analysed chemically but the results could not be analysed statistically 
since fruits from different replications had to be combined to obtain a sufficient sample 
for analysis. 

Experiment 2-spring crop 
All plants (cultivar Eurocross BB) were watered in with mains water on March 19 

and were stopped on May 15. The experiment lasted 16 weeks. Soil samples were taken 
weekly throughout the experiment and plant heights were measured weekly for the 
first JO weeks. Plants were fed and watered much more frequently at double rate than 
in Experiment 1, and on some occasions were watered at three and four times normal 
rate. The feeding and watering rate is given in Fig. 2b. On two occasions the leaves 
of plants in all trays had to be 'damped down' with mains water (hosed on) to prevent 
serious wilting. However, as in Experiment 1, all trays received the same amount of 
feed and water. The picking schedule and grading were identical to those used in 
Experiment 1, but fruit from different pickings was bulked in deep freeze, enabling 
chemical analyses to be done on all replicates of the experiment. 

RESULTS 
Soil analytical data 

Results of soil analyses are presented in Figs. 2 to 5. In all but one case, only data 
from Experiment 1 are shown since the patterns for Experiment 2 were almost similar. 
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Fig. 3: Effect of feeding system on soil SC (Experiment I) 
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Fig. 4: Effect of (a} water type and (b)feeding system on soil pH (Experiment 1) 
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Fig. 5: Effect of(a) water type and (b)feeding system on soil K (Experiment 1) 

SC: In Experiment I well water gave a slightly higher SC from the fifth week, but 
figures were only significantly higher on weeks 8 and 11 (Fig. 2a). The differences 
were larger in Experiment 2 (Fig. 2b). The feeding and watering rates for the two 
experiments (I per plant per week) are also presented in Fig. 2. 

The trickle feeding system gave higher soil SC values from week 8 in Experiment I 
while sprayline gave higher figures in weeks 2 and 3 (Fig. 3). In Experiment 2 the 
trickle system gave the highest values throughout, and these were significantly higher 
from the fourth week. 

Interactions (p < 0.05) were obtained at week 11 in both experiments where well 
water gave a much higher soil SC than mains water in the case of the trickle system 
only. 
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The pattern for SC readings measured in saturated CaS04 was the same as for 
those measured in distilled water but the former readings were almost 20 to 30 units 
lower in most cases (after subtracting the SC of the CaS04 itself). Differences between 
the treatments, however, were the same irrespective of the method used. 

pH: Feeding and irrigating with well water resulted in higher soil pH values in all 
weeks of Experiment I after the third week (Fig. 4a). pH values in Experiment 2 were 
higher from the sixth week. Trickle feeding gave a lower soil pH in Experiment I 
from the eighth week even though at the start of the experiment it gave a higher pH; 
values from sprayline and hose were almost identical (Fig. 4b). In Experiment 2 the 
trickle system gave lower pH values after the fourth week. Interactions between 
water type and feeding system were obtained at weeks 5 (p < 0.05), 11 (p < 0.05) and 
13 (p < 0.01) in Experiment I and week 11 (p < 0.05) in Experiment 2. The interaction 
obtained at week 5 (Experiment I) was due to well water giving a much higher soil 
pH than mains water in the case of the trickle system only. The other three inter
actions obtained were opposite to the last mentioned; well water gave a higher soil 
pH than mains water for hose and sprayline systems but not for the trickle system. 

Ca: Water type or feeding system had no effect on soil Ca levels at the first week stage, 
but well water and trickle feeding gave higher (p <0.05) values by week 8 (Table 1). 

TABLE l : Effect of two water types and three feeding systems on soil Ca (ppm) 
levels at weeks 1 and 8 of Experiment 1 

Feeding system 

Water typ'? Hose Spray line Trickle Mean 

Week! 
Well 1,142 1,250 1,300 1,231 
Mains 1,217 1,275 1,217 1,236 
Mean 1,179 1,262 1,258 

F-test SE 
Water type (W) NS ±45.6 (df=30) 
Feeding system (F) NS ±55.8 (df=30) 
Interaction W x F NS ±79.0 (df=30) 

Week8 
Well 2,192 2,208 2,641 2,347 
Mains 2,050 2,125 2,208 2,128 
Mean 2,121 2,167 2,425 

F-test SE 
Water type (W) * 
Feeding system (F) • 

±72.0 (df=30) 
±88.0 (df=30) 

Interaction W x F NS ±124.1 (df=30) 
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K: Water type had no effect on soil K readings (Fig. 5a) but the trickle feeding system 
gave higher values (Fig. 5b} on some weeks of Experiment 1. Patterns for Experiment 2 
were similar except that trickle feeding gave even higher K values. An interaction 
(p < 0.05) was obtained in Experiment 1 (week 13) where feeding with well water gave 
a higher soil K value than mains water in the case of the trickle system only. 

Plant height 
Well water gave smaller plants than those fed and watered with mains water in 

Experiment 1, but the differences were not significant. After 8 weeks the heights were 
162 and 168 cm for well water and mains water respectively. In Experiment 2 well 
water gave smaller plants from the third week (Fig. 6) and after 9 weeks the heights 
were 166 and 173 cm. 
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Fig. 6: Effect of water type on plant height (Experiment 2) 
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Fig. 7: Effect of feeding system on plant height: (a) Experiment 1; (b) Experiment 2 

In Experiment I the trickle system gave taller plants from the third week than did 
the hose or sprayline systems which gave plants which were about equal in height 
(Fig. 7a). In Experiment 2 the pattern was the same until the sixth week and then 
plants fed by the sprayline system became tallest (Fig. 7b). 

Yield 
Yield data for marketable2 fruit (Experiment I) are presented in Table 2. Water 

type had no effect on yield, but the trickle system gave a higher yield (p < 0.05) than 
the other two systems. Over 23 % of the marketable fruit was in size grade 2, and over 
56 % in size grade 3. The remainder was evenly distributed between grades I and 4. 

2 See experimental section 
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TABLE 2: Effect of two water types and three feeding systems on the yield (g) 
of marketable' tomatoes in Experiment I 

Feeding system 

Water type Hose Spray1ine Trickle Mean 

Well 3,523 3,672 4,120 3,772 
Mains 3,696 3,140 3,768 3,535 
Mean 3,609 3,406 3,944 

F-test SE 
Water type (W) NS ±102 (df=30) 
Feeding system (F) • ±151 (df=30) 
Interaction W x F NS ±324 (df=30) 

8 See experimental section 

TABLE 3 : Effect of two water types and three feeding systems on the yield (g) 
of marketable tomatoes in Experiment 2 

Feeding system 

Water type Hose Sprayline Trickle Mean 

Well 2,728 2,566 3,636 2,977 
Mains 2,166 1,405 3,443 2,338 
Mean 2,447 1,986 3,539 

F-test SE 
Water type (W) • ±188 (df=30) 
Feeding system (F) ** 
Interaction W x F NS 

±310 (df=30) 
±468 (df=30) 

The trickle system gave less fruit in size grades 2 (20 %) and 3 ( 54 %) and more in size 
grade 4 (19 ~.) than hose (29 %, 55 %. 5 %) or sprayline (25 %, 61 %, 7 %). The non
marketable yield was 10.6 % of the total yield with the trickle system giving the highest 
proportion of this (39.5%), sprayline 32.5% and hose the least at 28.0%. 

In Experiment 2 over 45 % of the total yield had blossom-end rot, and a further 
1.4% was non-marketable material. Well water gave a higher yield (p<0.05) of 
marketable fruit than mains water and of the feeding systems the trickle gave the 
highest (p<0.01) yield (Table 3). As in Experiment 1, most of the marketable fruit 
was in size grades 2 (29.6%) and 3 (49.8 %). The remainder was distributed between 
size grades I and 4. The trickle system gave more fruit in size grade 3 (56%) and less 
in size grade 2 (35 %) than the hose (41 %. 43 %) or sprayline systems (40 %. 47 %) 
when the quantities were expressed as percentages of the total marketable yield for 
each system. 
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The amount of blossom-end rot (Table 4) was less for well water (p<0.05) and the 
trickle system (p<0.01). 

Fruit composition 
In Experiment I fruit from different replicates had to be combined in order to get 

sufficient quantities for analysis, so it was not possible to do an analysis of variance 
on the results. The data in Table 5 suggest that water type had no effect on com
position, but the trickle feeding system gave lower levels of acidity and K than the 
other two treatments. 

TABLE 4: Weight (g) of fruit from different treatments 
with blossom-end rot in Experiment 2 

Feeding system 

Water type Hose Sprayline Trickle Mean 

Well 
Mains 
Mean 

1,855 2,193 
2,607 2,487 
2,231 2,340 

F~test 
Water type (W) * 
Feeding system (F) ** 
Interaction W x F NS 

1,633 
1,647 
1,640 

SE 
±97 (df=;30) 

±161 (df=.30) 
±229 (df=30) 

TABLE 5: Effect of two water types and three feeding systems 
on tomato fruit composition in Experiment I 

Feeding system 

Test Water type Hose Spray line Trickle 

Titratable acidity• Well 0.94 0.98 0.86 
Mains 0.92 0.94 0.88 
Mean 0.93 0.96 0.87 

Soluble solids ( %) Well 4.8 4.8 4.9 
Mains 4.7 4.9 4.6 
Mean 4.8 4.9 4.8 

Potassium (ppm) Well 2750 2625 2500 
Mains 2750 2625 2625 
Mean 2750 2625 2563 

a Milliequivale.nts per 10 ml juice 

1,894 
2,247 

Mean 

0.93 
0.91 

4.8 
4.7 

2625 
2667 
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TABLE 6: Effect of two water types and three feeding systems 
on tomato fruit composition in Experiment 2 

Feeding systeni 

Test Water type Hose Spray line Trick1e 

Titratable acidity• Well 1.20 1.22 1.06 
Mains 1.26 1.22 1.06 
Mean 1.23 1.22 1.06 

F-test SE 
Water type CW) NS ±0.032 (df=30) 
Feeding system (F) •• ±0.038 (df=30) 
Interaction W x F NS ±0.050 (df=30) 

Soluble solids ( %) Well 8.4 8.5 7.1 
Mains 8.5 8.4 7.7 
Mean 8.5 8.5 7.4 

F~test SE 
Water type (W) NS ±0.18 (df=30) 
Feeding system (F) • ±0.22 (df=30) 
Interaction W x F NS ±0.31 (df=30) 

Potassium (ppm) Well 4,563 4,479 3,300 
Mains 4,400 4,454 3,588 
Mean 4,481 4,467 3,444 

F~test SE 
Water type CW) NS ±113 (df=30) 
Feeding system (F) *** ±138 (df=30) 
Interaction W x F NS ±226 (df=30) 

• Millicquivalents per 10 ml juice 

Mean 

1.16 
1.18 

8.0 
8.2 

4,114 
4,147 

In Experiment 2 water type again had no effect on fruit composition, and the 
trickle feeding system gave lower levels of acidity (p<0.01), soluble solids (p<0.05) 
and K (p <0.001) than the hose or sprayline systems (Table 6). Potassium levels in the 
fruits from Experiment 2 were much higher than in those from Experiment I. This 
was probably caused to some extent by the fact that Experiment 2 was carried out 
on a spring crop and Experiment 1 on an autumn crop. 

DISCUSSION 
Soil analyses 

Similar patterns were obtained when soil analytical data were plotted against time 
in Experiments 1 and 2. However, in Experiment 2 differences between treatments were 
slightly greater, probably due to the heavier feeding and watering schedule (Fig. 2). 
As would be expected, feeding and irrigating with well water gave a higher soil pH 
than mains water throughout both experiments, presumably due to the much higher 
calcium content of the well water; the effect tended to increase as the experiment 
progressed. This could al$o be seen from the soil Ca figures where samples fed with 
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both water types had the same content at the start of the experiment but, after 8 weeks, 
levels had risen higher in the soil treated with well water. 

Well water treatment also gave a higher SC in both experiments from about the 
fifth week, especially in the second experiment. It seems that it took about 4 weeks for 
the experiments to 'settle' after which the high calcium water started having an effect. 
When the soil samples were extracted with saturated CaS04 the pattern was the same 
and the SC values for the two water types did not come much closer together, indi
cating that the CaS04 extraction was not 'eliminating' the extra calcium in the samples 
which had higher Ca levels due to well water. This indicates that the saturated CaS04 
extraction method for SC measurement may not be as reliable on peat soil as on 
mineral soil, unless all the extra salinity of well water was due to CaS04• As expected, 
water type had no effect on soil K levels. 

The trickle system gave lower soil pH values than the hose or sprayliue systems 
from week 8 in Experiment 1 aud week 3 in Experiment 2. This result was unexpected 
since trickle gave higher soil SC and K values in both experiments which were due, 
presumably, to concentration of salts including Ca. It would be expected, therefore, 
that the trickle system would give a higher soil pH value, especially since both the pH 
and SC readings were made on the same sample. No good explanation can be given 
for this phenomenon, but it may have been due in part to the different mobility of 
Ca and K within the peat and their point of deposition in the feeding cone; Hudson (6) 
has shown that, when each plant has a nozzle for itself rather than one nozzle between 
the two plants, the highest concentration of salts occurs between the plants and in the 
areas just outside the plants; the amount of salts immediately under each plant is 
small. In the present experiments, each plant fed by the trickle system had its own 
nozzle and the soil samples taken would probably have come from the vicinity of the 
outside of the high salt concentration area between the plants. This area being high 
in nutrients could contain a large amount of urea which has an acidifying effect as 
shown by Knott (7) and might be partly responsible for the low pH values obtained 
from trickle-fed plots. Other results in the present experiment, however, indicate that 
the trickle-fed plants had a better supply of Ca than hose- or sprayline-fed ones since 
the trickle treatment gave the lowest amount of blossom-end rot (Table 4). 

Trickle-fed plants also gave the highest yield in both experiments which indicated 
. that SC values were not too high and that they had plenty of water. Butters (8) showed 
that reduction of yield does not take place provided SC values are kept below 100. 
However, in the present experiments SC figures for trickle treatments were far above 
this level, especially in Experiment 2 (up to 220), and yet this treatment yielded 
highest. These data indicate, therefore, that root growth does not seem to have been 
primarily in the region where the soil sample was taken. This was further supported by 
the fact that fruit from trickle treatments had lower K values than fruit from hose or 
spray line systems; according to the soil analytical figures the higher soil K in the 
trickle-fed systems should have given higher fruit K also. It seems, therefore, that soil 
analytical figures do not truly reflect the overall picture in trays fed with the trickle 
system. 
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Plant height 
Salter (3) has shown that plants were more vigorous when watered by the trickle 

system, which agrees with the results obtained in Experiment I. In Experiment 2 this 
was also the case for the first 6 weeks, but after this sprayline-fed plants were tallest. 
This may have been brought about by the high moisture teusion which developed in 
the later part of Experiment 2. 

Yield 
In Experiment 2 plants fed and watered with well water gave a higher yield than 

those treated with mains water. This may have been a pH effect, and agrees with work 
by Winsor and Davies (9) who found yield positively correlated with soil pH in a 
number of cases. However, well water gave a much lower incidence of blossom-end rot 
and this accounted largely for the higher yield of marketable fruit. In Experiment I 
yields from plants fed with each water type were the same and the incidence ofblossom
end rot was almost nil. This suggests, therefore, that well water only gives higher yields 
of marketable fruit wJien the plants are subjected to stress conditions. Of the feeding 
systems trickle gave the highest yield, which would, as already mentioned, indicate 
that soil salinity levels actually encountered by the roots were not as high as suggested 
by the soil analytical figures. Trickle also gave a higher proportion of large fruit than 
the other systems which agrees with results obtained by Salter (3). 

The very high incidence of blossom-end rot in Experiment 2was largely due to lack 
of irrigation. Because of the simulated feeding systems used it was not possible to 
maintain the high levels ofirrigation required to keep pace with water loss under good 
light and temperature conditions. This was especially so in the simulated sprayline 
and trickle systems. A decision had to be made, therefore, whether to hose all the 
treatments with mains water, thereby upsetting the whole experiment, or to continue 
with the maximum amount of irrigation possible with simulated conditions and suffer 
the consequences of a high incidence of blossom-end rot. The second alternative was 
chosen since it was felt that stresses due to lack of water are often encountered in 
practice and it would be useful to see which treatment yielded best under these con
ditions. Contrary to expectations, the trickle system gave the least blossom-end rot 
irrespective of water type used. This may have been due to the localised application 
of feed and water in the trickle system as against the blanket application in the other 
two treatments .. In the hose and sprayline systems water may have been 'wasted' in 
areas of the tray where there were no roots or, at least, only a small number, while in 
the trickle system more efficient use was made of the water which was added to the soil. 
It is impossible to compare yields from both experiments because of the high incidence 
of blossom-end rot in Experiment 2. 

Fruit composition 
In Experiment 1 fruit from the six replicates were combined for analysis because 

fruit from all trays were not available at the one time. The pattern of the results was 
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almost similar to that obtained in Experiment 2 where fruit from each tray were 
bulked in the deep freeze, analysed and the results submitted for analysis of variance. 
Figures for constituents measured were, however, much higher in the spring crop 
(Experiment 2) than in the autumn crop (Experiment 1). Water type had no effect on 
fruit composition, but the trickle system offeeding gave lower levels of acidity, soluble 
solids and Kin both experiments. The low K content of fruit fed by the trickle system 
is surprising, s.ince the K figures in the soil indicated that this treatment should have 
given the highest K values. 

CONCLUSIONS 

1. Feeding and irrigating plants with hard water (well water) gave a higher soil pH 
than did treatment with moderately soft water (mains water). Water type did not 
affect fruit composition. 

2. The trickle method of feeding gave lower soil pH values, higher soil K and SC 
values, higher yields and fruit of inferior composition than did hose and sprayline 
systems. 
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