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Variations in Diurnal Uptake of Water and Nutrients by Tomato Plants
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Summary

Water and nutrient uptake by tomato (Lycopersicon esculentum MILL cv. Ohgata-Fukuju)
plants during the day (7:00 to 19:00) and night (19:00 to 7:00) was estimated for 4 consecu-
tive days during 4 seasons of the year. Percentage of uptake rate during the night to that
of the 24-hr day is expressed as URN. URNSs of phosphate ions ranging from 40 to 50% were
always the highest among the nutrients examined. URN of water tended to be high during
the cool seasons. Changes in URN of nutrients, except for Ca, did not always correspond
to the URN of water.

The balance between the cations and anions absorbed was calculated. More cations than
anions were absorbed during the day but the situation was reversed at night. Electrical im-
balance of either cations or anions was negligible when calculated for the entire day.

These observations indicate that phosphate ions and other nutrients are taken up actively
against the concentration gradient (culture solution) at night and that URNs of nutrients are
influenced little by the rate of water uptake. Diurnal variations in phosphate ions uptake are
small.

Introduction Materials and Methods

Absorption rate of water and nutrients by plant
roots- is influenced by environmental conditions,
such as air and root temperatures (7, 10, 16), air
humidity (3, 5), light intensity (6, 19), etc. Insofar
as these factors fluctuate diurnally, rates of water
and nutrient uptake during the night should differ
from those which occur in the day.

A considerable number of articles exsists on
water and nutrient uptake under given environ-

Experiment 1

Seeds of tomato cv. Ohgata-Fukuju were sown in
nursery soil on November, 1982, February, May,
and August, 1983. At the first leaf stage, seedlings
were transplanted into water culture bed filled
with a half strength Enshishoho culture solution (9)
consisting of 4 meq/liter KNOj3, 4 meq/liter
Ca(NOs3)2, 2 meq/liter MgSOs, 2 meg/liter

mental conditions. Also, considerable attention has
been paid to the change in absorption at different
growth stages of crops (12,20). Little work,
however, has been done on diurnal change in ab-

NH4H2PO, 3 ppm Fe added as Fe-EDTA and full
strength microelements of Enshishoho (Mn
0.5ppm, B 0.5ppm, Zn 0.05ppm, Cu 0.02 ppm,

Mo 0.01 ppm). The concentrations of nitrate- and -,

sorption (1, 2), or the relationship between day- and ammonium-nitrogen were 8 megq/liter and 4
night-time absorption by crops grown in water 2/3 meq/liter, respectively; the total N was™ [
culture. 121.5 ppm. .

The purpose of the present study was to
describe the aspects of uptake of water and
nutrients during the day and night by tomato
plants grown in water culture.

Received for publication 22 January 1990.
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At the first flower truss bloom stage, 5 plants
were transplanted into each of two plastic contain-
ers (25 liter) containing about 20 liters of solution
which was aerated continuously. The experiment
was started a few days later. Water and nutrient
uptake during the day (7:00 to 19:00) and night
(19:00 to 7:00) was measured separately for 4
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days. Plants were transferred from N-container
‘prepared for measurement of uptake during the
night to D-container prepared for measurement of
uptake during the day at 7 :00, and returned from
the D-container to N-container at 19:00. Each up-
take was determined by measuring the decrease in
solution volume and nutrient contents at the start
and the end of the experiment. Water uptake by
plants was determined from decrease of solution
minus water evaporation from the surface of solu-
tion in a container without plants. The rate of up-
take was expressed on the basis of dry weight of
the whole plant or per plant. Solution was not
renewed and pH of solution was not controlled
during the measurement.

Measurements were made in February, April,
July and October. Air temperature was controlled,
to maintain the minimum of 14°C. Maximum and
minimum temperatures were recorded. Potassium,
calcium and magnesium concentrations were deter-
mined with an atomic absorption spectro photo-
meter, nitrate concentration with a nitrate electrode
and phosphate concentration with a colorimetric
photometer.

We use the two terms, URN and N/W. URN is
the percentage of uptake rate during the night to
that of the 24-hr day, and N/W is the ratio of the
nutrient absorbed in plant to a liter of water ab-
sorbed from culture solution by the plant during
the day and night.

Experiment 2

Seeds of tomato cv. Ohgata-Fukuju were sown in
nursery soil on 20 September 1983 Seedlings at
the first leaf stage were transplanted to hydroponic
bed filled with a half strength Enshishoho culture
solution. When the plants reached the 13-leaf
stage, 4 were transplanted into each of two 4-liter
plastic containers filled with culture solution and
transferred to a growth cabinet. The cabinet was
maintained at 25°C, and under a 12-hr photoperi-
od having a light intensity of 10 Klx. The uptake
of nutrient and water was measured during the
light (12-hr) and dark (12-hr) periods separately for
6 consecutive days. Plants were transferred from
the D-container to N-container at the start of the
light and dark period as in Exp. 1. The nutrient
solution in these containers were renewed every 2
days.

Results
Experiment 1

Comparisons between rates of water and nutrient
uptake and the percentage of rate of uptake rate
at night to those of the 24-hr day (URN) revealed
that seasonal fluctuations in water uptake were
larger during the day than at night (F ig. 1). For
example, in Oct. water uptake rates during the day
and night were 2.3 and 1.3 times greater, respec-
tively, than rates found in April.

URN ranged from 12 to 19% for water through-
out the 4 seasons, but it varied from 41 to 50% for
phosphate and from 30 to 41% for other nutrients.
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Fig. 1. Waterand nutrient uptake by tomato plants during the
day (7:00 to 19:00) and the night (19:00 to 7:00) measured
in 4 seasons. Figures on top of right columns are percen-
tages of uptake rate during the night to that of a whole day.
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Experiment 2

Water and nutrient uptake and URN data (Fig.
3) revealed that URN of water was higher than
that in Exp. 1. The difference is attributed to the
inhibition of transpiration on account of the high
humidity and low light intensity in the growth
chamber. The URN values of nutrient, however,
were similar to those obtained in the greenhouse.
URN of phosphate was 44%, the highest among
the elements measured.

Discussion

URN of water and nutrient was generally low in
July when the air temperatures attained the max-
imum and minimum of 37° and 23°C and the days
were long. URN were high in February when the
maximum and minimum temperatures were only
26° and 14°C, respectively, and the days were
short. The higher URN in a cool season may have
been caused by reduction in water uptake and/or
reduction in nutrient uptake itself during the day
(Fig. 1). This reduction may be mainly influenced
by lower temperature during the day and shorter
day length in cool season than in hot season.

Values of URN of nutrients except for calcium
did not always correspond to the changes in URN

Table 2. The balance between milliequivalents of cations and anions absorbed.

Time of

Month .
absorption

The balance between milliequivalents

of cations and anions abosrbed

day
Feb. night
Whole day

day
Apr. night
whole day

day
July night
whole day

day
Oct. night
whole day

Cations: Potassium, calcium and magnesium. Anions: Nitrate and phosphate.
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Water and nutrient uptake by tomato plants during the light (12 hr) and the dark

(12 hr) periods. Figures on top of right columns are percentage of uptake rate during

the dark period to that of a whole day.
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of water. Calcium and magnesium uptakes were

thought to be a function of changes in water up-°

take. A high correlation between URN of calcium
and of water was found in the 4 seasons. This ten-
dency was also found in Exp. 2 conducted in the
growth cabinet. URN of calcium was almost equal
to that of water, but, magnesium uptake was in-
fluenced more by nitrate uptake rather than that
by water. Hence, the magnesium/nitrate ratio was
constant both during the day and night in 4 sea-
sons of measurement.

URN of phosphate was always the highest
among the macroelements in all the seasons of
measurement. It was 50% in February, whereas
that of water was 19% (Fig. 1). A strong diurnal
variation in water uptake was observed, but it was
not noticed in phosphate uptake.

These data suggest that phosphate is absorbed
strongly during the night. Masuda (13) reported
that phosphate was absorbed at a high rate during
the night, and that phosphate concentration of Xy-
lem sap was much higher in night-time than in
day-time for tomato and cucumber. URN of phos-
phate calculated from figures obtained by Hanson
et al. (8) on bean was about 40%. Characteristic
vigorous phosphate uptake during the night was
found not only in tomato but also in other crops.
The reason for the vigorous uptake of phosphate
during the night is yet not clear.

Phosphate uptake was inhibited by low root zone
temperature (14). Wilcok (21) observed that phos-
phate uptake was suppressed at soil temperature
below 13°C. Adams (1) reported a high correlation
between phosphate uptake and solution tempera-
ture with cucumber grown in recirculating solution
culture. In the present experiment conducted in 4
seasons, the minimum air temperature, though not
always equal to the root temperature was main-
tained above 13°C, a critical temperature, for
phosphate uptake. The differences between the
maximum and the minimum temperatures in 4 sea-
sons were from 12° to 15°C. The difference in
phosphate uptake during the day and night was
very small in spite of large diurnal fluctuations in
temperature. Therefore, our data do not support
the thesis that phosphate uptake depends on diur-
nal changes in air and root temperatures.

We found that phosphate uptake during the
night by phosphate-starved plants cultured in
phosphate-free culture solution for a few weeks in-

creased faster than that of day time uptake after
a resupply of phosphate (17). When we compared
the compensative uptake of phosphate by tomato
plants cultured in phosphate-free culture solution
between the day and night, compensative phos-
phate uptake was found to be larger at night than
during the day (18). Although similar results were
obtained with other elements, this tendency was
especially noticeable for phosphate. Phosphate up-
take strongly depends on physiological status of
the plant, presumably the demand for phosphate at
least during the night. Williams (22) reported that
the rate of phosphate uptake was susceptible to
the internal factors such as demand for phosphate
rather than the external factors such as phosphate
supply.

On the other hand, it is conceivable that phos-
phate concentration in culture solution was high
enough to covercome the effect of temperature.
Nielsen and Cunningham (15) concluded that soil
temperature had little effect on the uptake of phos-
phate from soil rich in this element. Kato et al.
(11) reported that the concentration of phosphate
in culture solution was one or two order higher
than that of soil solution.

The results of our experiments disclose that di-
urnal variations of air temperature and light inten-
sity had a little effect on phosphate uptake during
the day and night for tomatoes grown in solution
culture, particularily when the roots are supplied
with 1/2 strength Enshishoho solution containing 2
meq/liter of phosphate.

Yamasaki et al. (23) described the relationship of
cations and anions absorbed by tomato, cucumber,
lettuce, etc. The relationships of absorbed ions ex-
pressed in milliequivalents were as follows:
NO3-N=K +Ca; PO4-P=Mg; and NO3-N: PO,-P=
3~4:1. Except for the relationship between.
phosphate-P and Mg (Table 1), our data on diur

nal uptake obtained in this study are in agreement Ja
with those relations reported by Yamasaki et al. " %

(23)
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