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Influence of nitrogen availability on growth and development of tomato

plants until fruit-setting

Y. DUMAS, J. SUNIAGA QUIJADA and M. BONAFQUS
National Institute for Agronomic Research, INRA, BP 61, F-84143 Montfavet, France
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Abstract

The influence of N availability in the root medium on growth and development of tomato for the
processing industry was studied during the period from sowing time until the beginning of fruit-setting.
In a growth chamber or in a glasshouse sand pots were regularly rinsed with complete solutions with or
without N before emergence and with 0, 2, 6 and 18 meq N L' as ammonium-nitrate after emergence.
The presence of N in the nutrient solution did not affect the germination process and the emergence
rate. The absorption of N began immediately after emergence. When no N was supplied growth was
reduced and ceased totally after 2 weeks. At a higher N supply shoot and root growth was stimulated
and the truss appearance rate and the percentage of the fruits in total dry weight was increased. 6 meq
N L' in the nutrient solution seemed to be the optimal level for young tomato seedlings from

emergence to early blooming.

Introduction

Nitrogen absorption by tomato plants has been
widely studied. However, in these studies trans-
plants have generally been used during their
reproductive phase {Cornillon and Auge, 1980).
Such results may be affected by plant traumatism
during transplanting. Haag et al. (1978) and
Halbrooks and Wilcox (1980) studied the miner-
al nutrition of tomato seedlings (cultivars used
for canning industry) but their rescarch started
21 days after sowing. On the contrary Widders
(1989) studied the effect of nitrogen and phos-
phorus supply on dry matter accumulation in
tomato transplants in the nursery from sowing to
transplanting only.

Tomatoes for processing are currently sown
directly in the field in order to reduce production
costs. Once-over mechanical harvesting requires
early concentrated ripening and foliage which is
not developed. For proper management in the
commercial production of tomato crops for the
processing industry, a thorough understanding of

the nitrogen needs of tomatoe plants during their
total development and especially during crop
establishment is essential.

Therefore the influence of N supply on tomato
growth and development has been studied during
the whole period between sowing time and the
beginning of fruit-setting.

Methods

Pot experiments were performed in a growth
chamber and in a glasshouse. In each case,
uniform-sized seeds of a common cultivar for
processing industry (UC82 from Petoseed, Cali-
fornia) were placed 1cm deep in fine inert sand
(particle size between 0.8 and 1 mm). More than
98% of the seeds germinated.

Growth chamber experiment

Plantlets grew in 1.33L pots filled with inert
sand for up to 18 days. 9 to 560 seeds (of ~3mg
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each) were sown per pot depending of the
intended harvesting date. For the sake of accura-
cy and in order to provide enough material for
chemical analysis, sampling during germination
required a greater number of seeds. Plants
received light 16 hours per day; the temperature
was 18°C during the night and 24°C during the
day and the relative humidity was 70%. The
effects of three nutrient solutions were com-
pared, i.e. a complete solution (*N’), a solution
without nitrogen (‘ON’) and deionized water with
added traces of CaSO, (‘00’). The solutions were
supplied twice a day starting at the date of
sowing. Pots could drain freely. There were four
replications in a randomized design. Plants were
sampled every day until day 10, and every 2nd
day after that. Four pots per treatment were
sampled at each sampling date,

Glasshouse experiment

Plantlets grew in 10 L pots filled with inert sand
up to the beginning of fruit-setting. The weekly
mean values of minimum air temperature were
15-16°C and the weekly mean values of maxi-
mum air temperature were 30-32°C. The effects
of four nutrient solutions were compared, i.e. a
complete solution (‘N’) containing all the nu-
trients and 6meq N 1.7, a complete solution
overdosed in nitrogen (3N’°) with 18 meq N L7,
a complete solution underdosed (‘1/3N°) with
2meq N L' and a solution containing all the
nutrients except N (‘ON”). From the time of
sowing, the solutions were supplied at least twice
a day and pots could drain freely. The design
was at random with four replications, i.e. four
pots for each treatment and each sampling date
(14, 22, 33, 47 and 60 days after sowing). After
emergence, four plants were kept per pot. A
treatment with soil was added (labelled ‘ONs’) to
estimate its N supply in comparison to the
nutrient solutions. It received the solution ‘ON’.
[t was a clayey calcareous soil, poor in phosphor-
us but well provided with potassium and mag-
nesium and with a total nitrogen content of 1.2 g
per kg of dry soil.

Nutrient solutions

The basic solutions were derived from Hoagland
and Arnon (1950). They were considered to be

suitable for tomato (Cornillon and Maisonneuve,
1985). For the growth chamber experiments the
composition of the complete solution was as
follows: 6.5, 1.5 and 1.0meq L™ for NOJ,
PO.", and SO, respectively, and 3.5, 3.0, 1.0,
0.5, and 1.0 meq L™ for K*, Ca®*, Mg**, NH,
and H”, respectively. In the -glasshouse experi-
ment the composition of the complete solution
(N) was as follows: 3.0, 3.0, 3.0, and 2.0 meq
L7! for NO;, PO;‘, SOiﬁ, and Cl~, respective-
ly, and 3.0, 2.0, 1.0, 3.0, and 2.0 meq L™" for
K", Ca®", Mg, NH;, and H", respectively. In
cach experiment micronutrients (B, Cl, Cu, Fe,
Mn, Mo, Zn) were added to the solutions and
the pH was about 5.3,

Observations and measurements

In growth chamber experiments, germination,
emergence, decrease in seed reserves, shoot
height (using plant photocopies) and dry matter
distribution in the plantlet were accurately ob-
served and measured,

In glasshouse experiments, dry matter ac-
cumulation in the different plant organs was
measured on harvested plants. Between destruc-
tive plant samplings and in order to better
understand its changes with time, estimatjons of
shoot dry matter per plant were performed using
regressions with linear measurements of leaf
length or truss length (Dumas, 1990) 18, 26 and
40 days after sowing,

Total N analyses were carried out on the
harvested plants using the Kjeldahl method.
Ethanol extracts of leaf-blades were analysed by
spectrophotometry. The cell ultrastructure of the
upper side leaf palisade tissue was studied by
transmission electron microscopy.

The results were processed by analysis of
variance and means were compared by the
Newman-Keuls method.

Results

Germination, emergence and initial growth
(experiment in the growth chamber)

Four days after sowing, germination was finished
(98% radicles appearance) in all the treatments.




On day 6, 80% and 60% of the ‘N’ and ‘ON’
plants had emerged respectively, whereas plants
from the ‘00’ treatment were one day later. From
sowing to day 6 the total seed + plantlet dry
matter weight (DMW) continuously decreased
for all the treatments alike. From day 6 on
DMW began to increase for ‘N and ‘ON’ at the
same rate until day 8, while it continued to
decrease for ‘00" (Fig. 1). However, from day 6,
shoot height in ‘N” was greater than in ‘0N’ (data
not shown). In fact, Figure 2 shows that, on day
6 and later, shoot DMW per plant was sig-
nificantly increased at the higher N supply while
root DMW was significantly lower for the ‘N’
treatment compared to the ‘ON’ and the ‘00
treatments. Thus, immediately after emergence
toot growth partly compensated for the inhibited
shoot growth when nitrogen was limiting.

On day 9, total dry matter weight per plant
was significantly different for the treatments ‘N’
and ‘ON’, and this characterized the beginning of
the global effect of nitrogen on plant DMW
(Fig. 1). This difference increased after day 10.
As for treatment ‘00, total DMW per plant
decreased until day 10 and then increased slowly.
On day 14, plants of the treatment ‘N’ were at
the 2 true leaves stage, those of the treatment
‘ON’ at the beginning of 1 true leaf stage and
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Fig. 1. Dry matter accumulation during the initial growth of
tomato seedlings. For & same abscisse value, two points
situated on two distinct curves mean that their ordinate
values are significantly different {p =0.05).
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Fig. 2. Changes in shoot and root DMW during initial
growth. For a same abscisse value, two points situated on two
distinct curves mean that their ordinate values are signifi-
cantly different (p = 0.05).

those of the treatment ‘00’ at the 2 cotyledon
stage. '

Plant growth from emergence to fruit-setting
(experiment in glasshouse)

In the treatment ‘ON’, plant growth was very
slow and stopped 22 days after sowing but plants
were still alive on day 60 at a stage of 3—4 small
true leaves. Figure 3 shows an increase in the
shoot dry matter accumulation rate for the 4
other treatments from day 14 to day 6( after
sowing. During the period of strictly vegetative
growth (until day 26, appearance of the first
truss) treatments ‘N’ and ‘3N’ had rather similar
growth rates which increased with time. For the
treatment ‘1/3N’, the growth rate was always 3
to 4 times lower. The growth rate of the treat-
ment ‘ONs” was roughly equivalent to the growth
rate of 3N, This classification of the four
treatments globally remained between the 1st
truss appearance stage and the 1st truss bloom-
ing stage. Changes appeared at day 40 (begin-
ning of blooming) when ‘3N’ plants started to
grow faster and ‘ONs’ slower than those of the
‘N’ treatment. :

From a general point of view, root growth was
quite similar to shoot growth, except for some
details. On day 14, ‘1/3N’ root DMW was
sipnificantly higher than 3N’ DMW and was
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Fig, 3. Shot dry matter accumulation per plant after seedling
emergence until fruit-setting. For a same abscisse value, two
points situated on two distinct curves mean that their ordi-
nate values are significantly different (p = 0.03).

equivalent to that of ‘N°. Prior to the blooming
stage, ‘N’ root DMW was significantly higher
than that of 3N’ but after day 40 this was
reversed (data not presented).

Plant development

The first truss appeared on some plants for the
treatments ‘ONs’, ‘N’ and ‘3N’ on day 26 but for

Number of trusses per plant
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Fig. 4. Changes in cumulative total number of trusses per
plant.

‘1/3N’ on day 29. Figure 4 shows the progression
of the number of trusses per plant, ‘1/3N’ was
delayed and characterized by a lower truss ap-
pearance rate. ‘N’ was surpassed by ‘3N" at the
beginning of the first fruits swelling, 54 days after
sowing. ‘ONs’ was surpassed by ‘1/3N’ as soon as
blooming occured and during fruit swelling there
even was a decrease in the number of trusses
(i.e. trusses were aborted). On day 60, mean
truss length was 14.8 mm for ‘1/3N" and ‘ONs¢’,
13.5mm for ‘N’ and 11.0mm for 3N’ where
many trusses were aborted. Fruit DMW charac-
teristics on day 60 are presented in Table 1.
Treatment ‘N’ was most efficient in early fruit
production.

Aspects of plant metabolism

Nitrogen accumulation in the plant shoots was
approximately related to DM accumulation, ex-
cept that the treatment ‘3N’ led to a much higher
N accumulation than the treatment ‘N’ early on.
This was due to a higher N-concentration in the
plant (Table 2). When N was highly available
(treatment ‘3N’ compared to ‘N’), there was
overconsumption and lower efficiency. Nitrogen
accumulation in the root system was about one
third of that in the shoot in each treatment.




Table 1. Fruit DMW characteristics in the glasshouse experi-
ment 60 days after sowing

Treat-  Fruit DMW per plant

Fruit DMW/total DMW

ment (mg) (%)

1/3N 563 b* 8.1b
N 1857a 13.0a
3N 1012b 54b
ONs 597 b " 8.8Db

* the results followed by the same letter are not statistically
different (Newman-Keuls method, p =0.05).

Table 2. Mean nitrogen concentration (% of DM) in the
plant for two treatments

Plant Treatment Number of days after sowing
part
14 33 47 60
Shoot N 6.14 3.64 — —
3N 8.13 7.06 — —
Leaf — N — — 2.78 275
blade 3N — — 5.45 5.23

Figure 5 represents the pigment absorption
spectrum of leaf ethanol extracts. The influence
of N availability on leaf chlorophyll content was
demonstrated by the two typical chlorophyll
peaks for the wave lengths 434 and 664 nm.
Absorbency between 300 and 350 nm is typical of
the presence of polyphenols. Polyphenol content
was considerably increased by low N availability.

Electron microscopy showed that chloroplasts
were functional at emergence and had well

Absorbency
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Fig. 5. Absorption spectrum of leaf-blade tomato pigments
at the beginning of the blooming stage.
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structured thylakoids. A few days after emer-
gence, the absence of nitrogen in the nutrient
solution resulted in enormous starch accumula-
tion in the chloroplasts of plants sampled at the
beginning of the light period. ILater, at the
reproductive stage, the more available nitrogen
was, the less starch there was in the chloroplasts.
N deficiency led to increasing storage of starch
which resulted in a deformation of the chloro-
plasts and a dislocation of the thylakoids.

Discussion

Until emergence, no nitrogen was taken up by
the seedlings. During this phase, the plantlets
were completely dependent on seed reserves and
therefore not affected by the external N supply.
Catabolism exceeded anabolism, resulting in a
DMW decrease. This phenomenon was already
described for wheat (Pinto Conftreras, 1981), for
millet by Siband (1981) and for corn by Bourdu
and Gregory (1983). In the same growth
chamber experiment as the one described here,
Suniaga Quijada (1991) showed that only potas-
sium was absorbed between day 4 and day 6 and
that the utilization of seed reserves between day
5 and day 10 was accelerated in the treatments
‘N’ and ‘0N’, resulting in quicker emergence and
growth. On day 6, N absorption and assimilation
began simultancously with the onset of photo-
synthesis. An influence of nitrogen on total
DMW could be measured 3 days later i.e. on day
9 when the seed reserves were used up (Suniaga
Quijada, 1991). At that time, the higher root
DM production in the N-deficient treatments
could be explained by a temporary carbohydrate
accumulation in the root system as had been
suggested by Champigny et al. (1985) for wheat
and by Just et al. (1989) for sunflowers. Accord-
ing to these authors, this accumutation should be
possible by saving energy as there is little or no
nitrate to be reduced and/or by reorienting
carbon flux when plants have to face limiting
nitrogen conditions.

The glasshouse experiment has proved that N
availability was a major growth factor. At the 2
true leaves stage (day 14 after sowing), the
concentration ‘1/3N’ was not sufficient to allow
optimal growth whereas ‘3N’ did not permit a
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growth rate much higher than ‘N’ although its
total plant N accumulation was more than two
times greater at the swelling fruit stage. These
results are consistent with those reported by
Widders (1989) for nursery plants. At the begin-
ning of the reproductive phase, ‘1/3N’ and ‘3N’
were inferior in comparison with ‘N’ and so, for
a diagnosis, a great accumulation of total dry
matter (‘3N) is not necessarily a good indicator
of the expected production. Considering truss
number and length and fruit DMW, it appeared
that N deficiency (‘1/3N’ and ‘ONs’) resulted in a
slower rate of appearance of new trusses. This is
in line with the distribution priority for assimi-
lates towards the reproductive organs, particu-
larly swelling fruits (Bonnemain, 1975). On the
contrary, N excess (‘3N’) resulted in high shoot
growth and new truss differentiation, but in a
delayed fruit growth and in high N-concentra-
tions in the plants. In the present range of
experimental concentrations, ‘N’ seemed to be
an advisable level of nitrogen content in the
nutrient solution for young tomato seedlings
from emergence till early blooming.

Ethanol extract analysis gave an opportunity
to characterize metabolism modifications related
to N availability. High N availability resulted in
chlorophyll synthesis (and green colour) whereas
N shortage resulted in polyphenol synthesis (and
yellowish colour). Indeed absorbencies between
300 and 400nm are commonly associated with
polyphenolic pigments and more precisely be-
tween 330 and 340 nm with compounds derived
from cinnamic acid (Monties, 1975). In fact
polyphenols are always present in the tomato
leaf, particularly chlorogenic acid (Monties,
1975) with an absorption maximum at 334 nm
(Macheix, 1979). They are known to be able to
inhibit plant growth regulators (Domenjou and
Marigo, 1978) and are thus associated with
slower growth (Marigo and Boudet, 1975). They
are accumulated in ageing organs. But here their
content increased with N shortage as a con-
sequence of a disturbed protein metabolism.
Ethanol extract analysis assoctated with leaf
pigment measurements could be a potentially
low-destructive tool for directly diagnosing N
deficiency in young tomato plants (Suniaga Qui-
jada, 1991).

Practically speaking, the management of the

nitrogen availability in the field deserves atten-
tion. In the present work, plant behaviour in the
treatment ‘ONs’ was interesting. Under condi-

tions of good water supply, no addition of N was

necessary until the beginning of blooming. After-
wards it became indispensable for avoiding any
risk of reducing the production potential. The
management of nitrogen fertilization of field
tomato crops will be improved when the availa-
bility of mineral N in the soil is better known
throughout the crop cycle. In order to reduce the
input and the leaching of N in sown tomato
crops, no additional N will be necessary before
the appearance of the first trusses.
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