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Abstract

‘Coronel’ hybrid tomato is grown in approximately 80% of salad tomato crops in three Southern Brazil states.
Shoot and fruit biomass, as well as nutrient uptake rate, are parameters adopted in decision-making processes
focused on crop fertilization recommendations. The aim of the current study is to determine shoot and fruit
dry mass, as well as nufrient accumulation in leaves, stems and fruits throughout the ‘Coronel’ hybrid tomato
production cycle. The experiment was carried out in Typic Hapludox soil, in Cacador County-SC. It followed a
randomized block design, with 4 replicates. Treatments comprised 10 different collection times (14, 28, 42, 56,
70, 84, 98, 112, 126 and 140 days after planfing). Plant height, stem diameter, number of leaves, number and
fresh mass of green and ripe fruits, were assessed at each sampling date. Total, commercial (extra AA and extra
A) and non-commercial yield, as well as mean commercial fruit mass (extra AA and exira A), were assessed.
Nutfrient contents were deftermined in different plant organs. Fruit fresh mass reached 14.17 kg plant, af 140
days after transplanting (DAT). If one fakes into consideration the population of 11,111 plants ha', it corresponds
to production of 157.44 t ha'. K was the nufrient recording the highest accumulation rate in the shoot dry mass
(480.2 kg ha'') at 140 DAT; it was followed by N (342.4 kg ha''), Ca (199.9 kg ha''), Mg (57.0 kg ha') and P (43.6

kg ha').
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Intfroduction

Alto Vale do Rio do Peixe (Upper Peixe River
Valley) region, in Midwestern Santa Catarina (SC) State,
is one of the most important producing regions focused
on tomato plants grown under field condition, during
summer. Tomato production cost in this region, in the
2022-2023 crop season, was calculated close to R$ 200
mil ha' or R$ 20 plant! (Hortifruti Brasil, 2024). However,
this crop requires the application of high fertilizer doses in
order to develop, and it has significantly increased its cost
in recent years.

The cost with fertilizers used in tomato crops
corresponds to approximately 17.2% of the total cultivation
cost (Hortfifruti Brasil, 2024); mineral nutrition is the most
important production factor after water availability. Thus,
it is necessary improving scientific knowledge and finding
technologies to enable the competitive production of
such an important vegetable in SC. Fertigation is one

of the most important techniques used by most tomato
farmers in the aoforementioned state. Nutrient dose
applications must be based on the needs of new cultivars
recommended for this region in order to guarantee the
success of this technique. This factor helps avoiding
nutrient waste - since excess of nutrients can lead to
environmental contamination -, as well as increasing
tomato yield and quality (Labate et al., 2018; Glanz-ldan
& Wolf, 2020).

‘Coronel’ hybrid tomato shows indeterminate
growth behavior of the salad type. Approximately 80% of
salad tomato fields in all three Southern Brazil states were
cultivated with this hybrid in the 2021-2022 crop season
This hybrid
also represents important areas of cultivation in other
regions of Brazil. Therefore, it is essential understanding
the nutrient uptake curve or rate recorded for this

(Seminis, 2025, personal communication).

variety, since information gathered during plant growth
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comprise plants’ nutritional requirements at different
phenological stages and indicate the fimes when plants’
mostly demand nutrient addition. However, it is important
pointing out that the amount of nutrient uptake and
proportionality are determined by some infrinsic plant
features, as well as by external factors conditioning the
uptake process, such as climatic conditions endured by
plants throughout the cultivation cycle (Purquerio, 2016).
Thus, it is necessary conducting scientific investigations
to help better understanding the nutritional needs of,
and fertilizer management indications for, this hybrid in
Southern Brazil.

The aim of the current study was to determine
shoot and fruit dry mass, as well as nutrient accumulation
in ‘Coronel’ hybrid tomato leaves, stems and fruits
throughout its production cycle.

Materials and Methods

Experiment was carried out in Cacador County,
Santa Catarina State, Brazil. The soil at the experimental
site was classified as Dystrophic Bruno Nitosol (Santos et
al., 2018); it presented the following features in the 0-20
cm layer: 50% clay, 5.1 pH in water, 3.7% MO, 5.2 mg dm”
P Mehlich-1, 412 .0 mg dm” K Mehlich-1, 5.8 cmol_Ca dm
’, 2.1 cmol_Mg dm”, CEC pH 7.0 12.93 cmol_dm".

The experiment has followed a randomized
block design, with 4 replicates. Treatments comprised
10 different sampling dates (14, 28, 42, 56, 70, 84, 98,
112, 126 and 140 days after planting). Five plants were
analyzed in the first three assessments, whereas three
plants were analyzed in the other ones. Fertilization was
carried out in compliance with Becker et al., (2016),
based on using 550, 800 and 400 kg ha' of N, P,O, and
K,O. respectively. Half of P was applied to the total area
and incorporated in the 20-cm soil layer before the black
oat as previous crop; the other half of it was applied, in
its triple superphosphate form, in the tomato-planting
furrow. The N source was ammonium nitrate and K source
was potassium chloride; they were both applied through
drip irrigatfion system. Fertigation was carried out once
a week and managed with the aid of tensiometers; the
amount of water to be used was calculated based on
crop's evapotranspiration.

Seedlings were fransplanted into furrows in area
managed through no-tillage system over black oat straw.
Plants were conducted with the aid of two stems and
vertically tutored with bamboo. Tomatoes were grown
in double rows, at the following spacing: 1.0 m between
rows, 0.6 m between plants and 2.0 m between double-
rows; it totaled 11,111 plants ha'.

Plant height, stem diameter, number of leaves,

number and fresh mass of green and ripe fruits were
assessed at each sampling date. Total, commercial
(extra AA and exira A) and non-commercial yields were
assessed, as well as mean commercial fruit mass (extra
AA and extra A). Extra AA fruits were the ones whose
mass was higher than 150 g, whereas exira A fruits were
the ones whose mass ranged from 100 g to 150 g. Fruits
presenfing physiological anomalies, phytopathological
diseases, damage caused by insect pests and small
fruits, i.e., those whose mass was lower than 100 g, were
considered non-commercial. Harvests were carried ouf
once or twice a week, depending on fruits’ harvesting
point. Harvested fruits’ mass value was added to the fruit
mass value recorded for plants assessed every 14 days,
for extracted nutrients’ calculation purposes.

Leaf, stem and fruit dry mass was assessed after
drying in oven at 65°C. Nutrient contents in different plant
organs were determined, based on Tedesco ef al. (1995).
Nutrient content results were multiplied by stem, leaf
and fruit dry mass in order to find the amount of nutrients
accumulated in different tomato plant parts, in each
sampling date.

Data were subjected to ANOVA, based on
inferaction between
plant parts. Non-linear regression models were tested
(Gaussian, Sigmoidal, Logistics and Lorentzian) based
on the application of Akaike Information Criteria (AIC);
the most appropriate model was the one recording the
lowest AIC value. Diagnostic analysis was performed to
check likely trends or lack of fit by the adopted models.
The R software, version 3.0.3 (R CORE TEAM, 2022), was
used for statistical analyses, at 5% significance level.

10 collection times and three

Results and Discussion

Growth variables were recorded over 140 DAT
(Table 1). The apical pruning of the two stems was carried
out aft 112 DAT, when they had already passed the
limit of the driving system (wire). It was done to enable
a large number of racimes, which reached 17, at most.
Maximum height (2.36 m) and maximum number of
leaves (55.67) were observed at 112 DAT; however, the
number of leaves decreased from that day onwards
due to the senescence of the first leaves. Stem diameter
reached its maximum value (19.0 mm) at 126 DAT. Shoot
fresh mass (leaves+steams) recorded its maximum value
(approximately 3.0 kg plant') at 98 DAT.

Fruit fresh mass reached 14.17 kg plant! at 140
DAT. If one takes into consideration the population of
11,111 plants ha', this value corresponds fo commercial
fruit yield of 157.44 t ha', or to the equivalent of 644.1
boxes per thousand plants. Tomato yield observed in the
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Table 1. Stem diameter, height, number of leaves and racimes,
hybrid tomatoes, based on days after transplanting (DAT).

shoot (stems+leaves), fruit and total fresh and dry mass, in ‘Coronel’

Stem . Number Fresh mass ~——- - Dry mass -----
DAT diameter Height Lleaves Racemes  Shoot Fruits Total Shoot Fruits Total
mm m - e [ONe)(oTal il —
14 6.20 0.13 6.19 5 43.9 0.0 43.9 5.6 0.0 5.6
28 9.32 0.50 16.45 10 223.7 0.0 223.7 21.1 0.0 21.1
42 11.63 1.03 27.67 12 948.3 357.5 1,305.8 106.3 22.5 128.8
56 16.17 1.62 37.58 14 2,137.5 1,372.5 3,510.0 219.6 59.0 278.7
70 15.17 1.83 43.25 16 2,179.2 3,063.3 5,242.5 281.7 159.6 441.3
84 16.33 2.09 49.83 16 2,518.3 6,132.9 8,651.2 283.5 297.9 581.4
98 17.88 2.22 54.42 17 2,917.5 9,152.5 12,070.0 353.0 447 .6 800.6
112 18.54 2.36 55.67 17 2,910.8 13,654.2 16,565.0 340.0 645.9 985.9
126 19.00 2.34 46.67 17 2,725.0 13,358.4  16,083.4 355.6 713.1 1,068.7
140 16.79 2.36 43.50 17 2,571.7 14,169.1 16,740.8 340.3 707 .4 1,047.7

present study can be considered excellent. It was far
higher than Brazil's mean yield, which is approximately
72 t ha'', although Brazil accounts for the third largest
tomato yield in world, it is right behind the United States
and Spain - 98.04 t ha' and 87.82t ha'!, respectively (FAO,
2019). Based on other studies focused on investigating
nufrient uptake by tomato plants, cv. Santa Clara and
EF-50 hybrid fomatoes grown in protected environment
recorded lower yields - 88.6 t ha' and 109.0 t ha’,
respectively (Fayad et al., 2002). On the other hand,
more recent studies recorded vyields for ‘Dominador’
and ‘Serato’ hybrids that were much higher than, and
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close to, the one recorded in the current study - 131.9 f
ha' and 158.7 t ha', respectively (Purquerio et al., 2016);
other studies recorded 148.5 t ha', for ‘Gault’ hybrids;
and 122.6 t ha', for ‘Pomerano’ (Moraes et al., 2018).
The high performance observed in the present study has
evidenced improved plant management and genetic
evolutfion of hybrids currently available in the market.
The lowest AIC value recorded for the sigmoidal
model explains the shoot dry mass (Figure 1a) and
macro (Figure 1b) and micronutrient (macro (Figure 1c)
accumulationin “Coronel’ tomato plants, as also reported
by Carvalho et al. (2020). Fruits accounted for 67.5% of the
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y
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Figure 1. Fruit, shoot (leaves+rods) and total dry mass (a) and macronutrient (b) and micronutrient (c) accumulation in ‘Coronel’

hybrid tomato plants, based on days after fransplanting.
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total dry mass observed at the end of ‘Coronel’ growth
cycle (Figure 1a). Similar values were recorded for ‘Gault’
and ‘Pomerano’ hybrids — 72% and 66%, respectively
(Moraes et al., 2018). Dry mass distribution among plant
organs plays important role in crop yield, since culfivation
performance depends on harvesting organs’ ability to
accumulate biomass (Ronga et al., 2019). These findings
also corroborate the great genetic capacity of current
tomato hybrids to produce marketable fruits.

Plant shoot (leaves+stems) reached maximum
dry mass at approximately 80 DAT; it remained stable unfil
the end of the tomato assessment cycle (Figure 1a). Fruit
and total dry mass, in their turn, have reached the peak
at 140 DAT. Carbohydrates, as well as other organic and
mineral compounds, were translocated from leaves to
fruits, at the beginning of plants’ reproduction process
(Grangeiro & Cecilio Filho, 2005). Thus, fruits turned into
the largest nutrient drain at 87 DAT, when fruit dry mass
got higher than that of shoot.

Total (Figure 2q)
(Figure 2b) accumulation per plant was calculated by

macro- and micronutrient

multiplying nutrient contents in tomato leaves (Table 2),
steam (Table 3) and fruits (Table 4) by the available dry

mass of these parts. Potassium (K) was the nutrient mostly
accumulated (43.2 g plant!) at 140 DAT; it was followed

100 4 —s— Nitrogen (N)

©  Phosphorus (P)
—w— Potassium (K)
80 4 —a— Calcium (Ca)
—a— Magnesium (Mg)

(a)

40 4

20 4

Macronutrient accumulation rate (kgtha)
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0 20 40 60 80 100 120 140 160
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by N (30.8 g plant'), Ca (18.0 g plant'), Mg (5.1 g plant)
and P (3.9 g plant).

The most accumulated micronutrients (Figure 2b)
were Cu (98.5 mg plant'), Mn (?1.7 mg plant?), Fe (67.5
mg plant), B (42.9 mg plant') and Zn (32.6 mg plant’). The
multiplication of the number of plants per hectare (11,111
plants) by the number of total nutrients accumulated per
plant resulted in total nutrient accumulation per hectare.
Nufrient amounts are herein presented in descending
order, as follows: macronutrients - K (480.2 kg ha'), N
(342.4 kg ha'), Ca (199.9 kg ha'), Mg (57.0 kg ha') and
P (43.6 kg ha'); micronutrients - Cu (1,094.1 g ha'), Mn
(1,018.7 g ha'), Fe (750.2 g ha'), B (476, 6 g ha') and Zn
(362.5 g ha'). Moraes et al. (2018) recorded similar results,
in decreasing order, for nutrient accumulation in tomato
shoot: K, N, Ca, S, Mg, P, Mn, Fe, Cu, Zn and B reached
maximum values of 402.3 kg ha', 215.3 kg ha',135.9 kg
ha', 41.8kg ha', 40.0kg ha', 27 kgha'; 971.6 gha', 824.4
g ha', 612.4 g ha'and 301.3 g ha' for cultivar ‘Gault’,
respectively; as well as 397.8 kg ha', 208.5 kg ha', 115.0
kg ha', 41.8 kg ha', 42.8 kg ha', 29.7 kg ha',1,182.8 g ha-
1;1,055.1 g ha'; 534.6 g ha'and 278.0 g ha' for cultivar
‘Pomerano’, respectively.

Measuring macro- (Figure 2a) and micronutrient
(Figure 2b) 14-day intervals

accumulation rate at

350 4
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Figure 2. Macronutrient (a) and micronutrient (b) accumulation rate, every 14 days, in ‘Coronel’ hybrid tomato plants, based on days

after transplanting.

Table 2. Nutrient contents in ‘Coronel’ tomato leaves, based on days affer transplanting — DAT.

DAT N P K Ca Mg Fe Mn n Cu B
gkg' mg kg

14 40.7 7.8 35.8 28.1 7.9 197.4 134.7 32.7 154.4 272.4
28 51.7 9.3 38.8 37.2 9.1 597.7 66.9 33.9 67.6 124.5
42 41.0 6.4 34.5 36.5 8.3 343.3 71.9 26.8 52.1 108.1
56 36.4 4.6 394 36.2 7.4 570.2 173.0 63.0 89.0 81.5
70 31.0 4.5 36.1 44.9 8.2 121.4 197.5 55.6 172.2 90.5
84 31.9 3.5 34.0 44.0 9.4 171.7 250.8 59.9 274.2 130.7
98 299 4.0 34.6 53.9 9.0 181.8 227.2 52.9 338.0 118.8
112 29.0 3.8 34.6 521 8.7 167.0 239.3 60.5 347.8 113.0
126 29 .4 4.0 31.2 51.9 9.0 200.8 291.3 52.5 407.3 123.3
140 29.9 3.5 32.0 51.6 8.9 174.8 303.0 47.3 389.0 926.3
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Table 3. Mean nutrient content in ‘Coronel’ tomato stems, based on days after fransplanting (DAT).

DAT N P K Ca Mg Fe Mn n : Cu B
gkg' mg kg''
14 29.8 7.9 73.2 15.8 8.1 273.8 50.3 53.5 67.3 120.9
28 32.5 9.3 63.8 11.5 5.5 528.8 26.5 47.6 20.5 79.3
42 25.9 7.8 52.4 11.4 4.9 128.8 40.7 50.4 15.2 36.4
56 20.4 6.5 48.2 9.8 4.3 48.7 74.5 55.2 15.6 32.4
70 16.6 4.9 43.5 154 4.8 30.6 63.5 45.7 23.8 31.4
84 15.5 3.2 40.2 16.5 5.1 50.9 63.5 52.3 29.2 32.3
98 14.7 3.5 41.1 18.0 6.0 46.2 89.0 55.8 29.9 29.4
112 14.4 3.0 40.0 22.5 6.2 48.9 83.3 50.6 20.6 27.6
126 13.3 3.1 38.8 25.8 5.2 42.9 76.0 58.6 21.5 22.1
140 12.2 3.0 39.9 29.3 5.0 37.0 77.5 56.2 22.9 19.2
Table 4. Mean nutrient content in ‘Coronel’ tomato fruits, based on days after fransplanting (DAT).
DAT N P K Ca Mg Fe Mn n : Cu B
gkg' mg kg''

14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
28 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
42 34.5 8.5 39.4 3.6 2.6 75.1 55.0 33.3 15.2 45.9
56 34.9 9.3 41.5 3.3 2.9 55.4 30.6 35.7 13.6 48.9
70 28.3 6.5 48.1 3.5 3.2 16.7 26.1 26.7 11.0 39.8
84 29.7 4.9 43.8 4.0 3.4 19.1 21.2 24.9 10.3 24.7
98 29.5 4.4 42.3 4.1 3.5 25.3 21.9 24.3 10.6 23.8
112 30.4 4.0 43.3 4.2 3.3 25.2 23.5 20.4 10.8 22.5
126 28.3 3.8 42.4 4.1 3.4 28.8 22.5 19.6 9.5 21.6
140 32.3 3.7 42.5 4.1 3.4 30.1 27.4 20.6 10.5 20.1

enabled identifying the crop growth periods demanding
the highest nutrient amounts. The period recording the
highest accumulation rate changed depending on the
assessed nutrient. High demand for K and N in the mid-
third of '‘Coronel’ growth cycle stood out for its uptake
peak at 84 DAT, which matched the period of maximum
fruit filling. This period recording the highest nutrient uptake
rate comprised similar number of days to that observed by
Silva (2017), according fo whom, N, P, K, Ca, Mg and S in
‘Minotauro’ cultivar have reached peak nutrient uptake
at 89, 92, 93, 77, 73 and 77 DAT, respectively. Nutrients
such as Ca, P, Fe, Zn and B have reached the highest
accumulation rate earlier, at 70 DAT.

The main reason for determining fomato hylbrid’s
nufrient uptake rate is to guide technicians and producers
on fertilization recommendations. Thus, the current study
provided important information about ‘Coronel’ hybrid
tomatoes’ nutrient uptake rate, which can be widely
applied by technicians and producers in Southern Brazil,
since this cultivar accounts for 80% of the area planted
with salad tomatoes in this region. Based on results
recorded for dry mass and nutrient accumulation rates in
the present research, it is possible recommending fertilizer
applications, based on the need of ‘Coronel’ plants,
in order to reach high yield of high-quality fruits, as well
as to provide greater profitability for tomato growers. In
order to do so, it is necessary taking into consideration
efficiency indices recorded for nutrients applied via

Table 5. N, P,O,, K,O, Ca and Mg amounts to be provided fo
‘Coronel’ hybrid tomato plants, every 14 days after fransplanting

(DAT), in a population of 11.111 plants ha'.
DAT N PO, K,O Ca Mg
kg ha
1(14) 17.3 17.1 22.0 10.8 3.6
2 (28) 15.6 16.7 23.8 17.1 4.5
3 (42) 26.5 28.0 442 37.6 8.7
4 (56) 44.5 43.6 80.2 73.0 16.0
5 (70) 61.3 51.2 115.4 94.1 22.0
6 (84) 75.6 50.1 141.3 84.2 23.7
7 (98) 70.4 36.1 123.5 47.8 17.3
8(112) 57.4 23.1 90.5 22.9 10.6
9 (126) 37.0 12.3 51.6 9.0 5.2
10 (140) 22.3 6.4 27.7 3.6 2.4
Total 427.8 284.6 720.3 400.0 114.0

fertilizers. The present study adopted the following
indices: 80% for N, 80% for K, 35% for P, and 50% for Ca
and Mg. Furthermore, P should to be converted into P,O,
by mulfiplying P by 2.29, whereas K should be converted
into K,O by multiplying K by 1.2. Table 5 presents the N, P,
K, Ca and Mg amounts to be supplied to ‘Coronel’ hybrid
tomatoes, every 14 days.

Conclusions

Shoot and fruit dry mass have reached maximum
accumulation value at 80 and 140 DAT, respectively.
Potassium (K) was the most accumulated macronutrient
(480.2 kg ha') in the tomato population of 11,111 plants
ha'; it was followed by N (342.4 kg ha'), Ca (199.9 kg
ha'), Mg (57.0 kg ha') and P (43.6 kg ha'). On the other
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hand, Cu (1094.1 g ha') was the most accumulated
micronutrient; it was followed by Mn (1,094.1 g ha'), Fe
(1,094.1 gha'), B (476.6 g ha') and Zn (362.5 g ha').
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