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ABSTRACT

Nitrogen (N) deserves special attention in the fertilization
recommendation for bell peppers, as it is the nutrient absorbed in
greater quantity, standing out for the amount required and the
functions it performs in the plant. The objective was to evaluate
the influence of nitrogen applied as top dressing on bell pepper
production in open field during the autumn/winter period. The
experiment was conducted in Red-Yellow Argisol. A randomized
complete block design with four replications was used.
Treatments consisted of nitrogen rates applied as top dressing (0,
75; 150; 300; and 450 kg/ha). Nitrogen increased the number and
fresh mass of fruits per plant. The SPAD Reading increased with
the increment of nitrogen rates in the three evaluation periods and
with the evaluation period. Bell peppers grown during the
autumn/winter period showed high productive potential
associated with nitrogen rates higher than currently
recommended. The yield of marketable fruits increases until 214
kg/ha of N. The critical level for the SPAD reading varied with
the age of the plants, with estimated critical values of 53.2, 66.5,
and 61.9 at 35, 56, and 154 days after transplanting (DAT).

Keywords: Capsicum annuum L. var. annuum, cultivation
season, SPAD readings, fertilization, yield.

RESUMO

Influéncia do nitrogénio na produtividade do pimentdo em
condicdes de campo aberto no outono-inverno

O nitrogénio (N) merece destaque na recomendacdo de
adubacdo para o pimentdo, uma vez que é o nutriente absorvido
em maior quantidade destacando-se pela quantidade exigida e
pelas funcbes que exerce na planta. Objetivou-se avaliar a
influéncia do nitrogénio aplicado em cobertura na producéo de
pimentdo em campo aberto no periodo de outono/inverno. O
experimento foi realizado em Argissolo Vermelho-Amarelo.
Utilizou-se o delineamento em blocos ao acaso com quatro
repeticdes. Os tratamentos foram constituidos de doses de N
aplicadas em cobertura (0, 75; 150; 300 e 450 kg/ha). O N
aumentou o0 nimero e a massa fresca de frutos por planta. O
indice SPAD aumentou com o incremento das doses de N nas trés
épocas de avaliagdo e com a época de avaliacdo. O pimentdo
cultivado no periodo de outono/inverno apresentou elevado
potencial produtivo associado a doses de N superiores a
recomendada atualmente. A produtividade de frutos
comercializaveis aumenta até a dose de 214 kg/ha de N. O nivel
critico para o indice SPAD variou com a idade das plantas, com
valores estimados de 53,2; 66,5 e 61,9 aos 35, 56 e 154 dias ap6s
o transplante (DAT).
Palavras-chave: Capsicum annuum L. var. annuum, época de
cultivo, leitura SPAD, adubacéo, produtividade.
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I n Brazil, the average yield of bell
peppers is 22 t/ha, occupying an
area of 15,000 ha, with a production
of 334,615 tons (Goto et al., 2016).
Traditional bell pepper cultivation is
carried out in open fields; however,
production in protected environments
with fertigation has been increasing
(Paulino,  2016).  Consequently,
research on nitrogen fertilization for
bell peppers has been more frequent
in this system, while studies for open
field environments have become
scarcer. Nonetheless, production in

open fields still accounts for the
largest production area.

The vegetative growth and fruit
formation of bell peppers are favored
by daytime temperatures between 25
and 27°C and nighttime temperatures
between 16 and 20°C, with a
temperature range of 8°C (Pinto et al.,
2019). In the Zona da Mata region of
Minas Gerais, Brazil, due to
temperature conditions, bell peppers
are better adapted to cultivation from
August to February (Finger & Silva,
2021). However, in low-altitude

Horticultura Brasileira v.42, 2024

regions, they can also be cultivated in
winter in the Southeast region of
Brazil (Fontes et al., 2005). There are
few studies on the performance of bell
pepper production under adverse
conditions caused by environmental
phenomena.

Nitrogen (N) deserves prominent
consideration in the fertilization
recommendation for bell peppers, as it
is the nutrient absorbed in the greatest
quantity (Fontes et al., 2005;
Albuquerque et al., 2012; Charlo et
al., 2012), standing out for both the
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amount required and the functions it
serves in the plant. As a component of
chlorophyll molecules, N enhances
the photosynthetic apparatus and
promotes the optimization of
photoassimilate production (Kirkby et
al., 2022). Therefore, managing
nitrogen fertilization requires
attention to ensure yield and fruit
quality in bell peppers, as well as in
other vegetables.

The recommended nitrogen
application rate for Minas Gerais is
between 140 and 180 kg/ha (Pinto et
al., 2019), while for S&o Paulo, it
ranges from 120 to 200 kg/ha (Villas
Bbas et al., 2018). Based on daily
accumulation rates, Fontes et al.
(2005) suggest a rate of 190 kg/ha of
N for protected environments, while
the nitrogen rate for maximum yield
has varied from 100 to 350 kg/ha of N
(Lorenzoni et al., 2016; Costa et al.,
2018; Silva et al., 2020). Conditions
in protected environments favor
greater growth and development of

bell pepper plants compared to open
fields, thus the demand for N and
other nutrients may be higher in
protected environments. In open
fields, in the Northeast region of
Brazil, Paulino (2016) observed that
the maximum bell pepper yield was
achieved with a rate of 124.61 kg/ha
of N.

Thus, our hypothesis is that bell
peppers can express their productive
potential in autumn/winter cultivation
in low-altitude locations associated
with the most appropriate nitrogen
rate. The objective of this study was
to investigate the influence of
nitrogen applied as top dressing on
bell pepper production during the
autumn/winter period in open field
conditions at a low-altitude location in
the Zona da Mata region of Minas
Gerais.

MATERIAL AND METHODS

The experiment was conducted at
the experimental farm of Empresa de
Pesquisa Agropecuaria de Minas
Gerais (EPAMIG) (20°24'S;
42°49'W; 450 m altitude), Oratérios,
from April to September 2015. The
region’s climate varies from Cwa,
humid tropical to Aw, semi-humid
with hot summers, according to
Koppen and Geiger (Vidigal et al.,
2023). The maximum and minimum
average annual temperatures are
respectively 21.6 and 19.5°C; the
average precipitation is 1,162 mm.
During the experiment period, the
mean maximum, minimum, and
average temperatures were 24.9, 14.0,
and 19.5°C, respectively. The
accumulated rainfall was 175.9 mm,
distributed throughout the cycle as
follows: 74.7 mm from 0 to 64 days
after transplanting (DAT), 27.1 mm
from 64 to 92 DAT, 8.9 mm from 92
to 127 DAT, and 65.2 mm from 127
to 159 DAT (Figure 1).
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Figure 1. Maximum, average and minimum daily air temperature, and rainfall during the experiment period. Oratorios,

EPAMIG, 2015.

The treatments consisted of five N
rates (0; 75; 150; 300; and 450 kg/ha),
defined according to the
recommended rate of 140 to 180
kg/ha for Minas Gerais (Pinto et al.,

2019). These rates were applied in top
dressing, in four plots, 20%; 20%;
30%; and 30% of the applied rate at
21, 44, 65, and 84 days after
transplanting (DAT). The N source
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used was urea (45% of N). The
treatments were arranged in a
randomized complete block design,
with four replicates. Each
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experimental unit consisted of five
rows, with 10 plants each.

The soil in the cultivation area,
classified as Red-Yellow Argisol, had
the following chemical characteristics
in the 0-20 cm depth layer of samples
taken before the experiments were
conducted in two years of planting:
pH (water) = 5.6; Ca = 1.50
cmolc/dm3; Mg = 0.7 cmolc/dms; Al
= 0.0 cmolc/dm3; H+AIl = 3.47
cmolc/dms3; P = 21.1 mg/dm?3
(Mehlich 1); K = 89 mg/dm3; organic
matter = 14.0 g/kg; B = 0.3 mg/dms;
Cu = 1.3 mg/dm?3; Fe = 91.3 mg/dms;
Mn = 99.6 mg/dm3 and Zn = 5.2
mg/dm3.

Soil preparation consisted of
plowing and harrowing. Except for N,
planting fertilization, based on soil
analysis and recommendations for
bell pepper (Pinto et al., 2019),
consisted of 1,500 kg/ha of single
superphosphate, 80 kg/ha of
potassium chloride, 50 kg/ha of
magnesium sulfate, 20 kg/ha of borax,
and 20 kg/ha of zinc sulfate. In
addition, 320 kg/ha potassium
chloride was used, applied in four
plots, together with the nitrogen
fertilizer applications, in top dressing.

The bell pepper hybrid Laser F1
was used, and seeds were sown in 128
cell expanded polystyrene trays, filled
with commercial substrate
Plantmax®. Seedlings were
transplanted at 61 days after sowing,
in 1.00 x 0.60 m spacing (16,667
plants/ha). Plants were irrigated by
micro-sprinkler with a flow rate of 52
L/h and arranged at 3.0 m x 3.0 m
spacing. The other cultural practices
were performed according to the
needs and recommendations for the
crop (Pinto et al., 2019).

At 35, 56, and 154 DAT, the
nutritional status evaluation
of nitrogen was conducted by
determining the green intensity in a
fully expanded young leaf, opposite to
the developing fruit, at the top of each
stem of five randomly obtained plants
in the useful area of the plot. Two
readings were taken on the leaf blade

(right and left edges), with the average
of the two readings considered. These
readings were conducted between
8:00 and 11:00 hours using the
portable chlorophyll meter called
SPAD-502 (Soil Plant Analysis
Development-502 Konica Minolta®).

The harvest of green fruits, twice
a week, began at 64 DAT, and the
following characteristics were
evaluated: total fruit production,
marketable fruits, and non-marketable
fruits (malformed, with mechanical
damage, damage from pests and
diseases).

The marketable fruits were
classified based on length for cone-
type fruits (Pinto et al., 2019), into
large fruit (length >120 mm); medium
fruit (length >60 and <90 mm); and
small fruit (Ilength >50 and <70 mm).
The production of marketable fruits
was obtained by summing the fruit
masses from each harvest after 14
weeks, at 155 DAT. The experiment
was concluded due to a wind and rain
event, with 43 mm of precipitation
occurring at 159 DAT.

The obtained data were submitted
to analysis of variance, polynomial
regression and correlation. The
regression models for the production
variables were chosen based on the
biological significance, the
significance of the regression
coefficients, by the t test, and the
highest coefficient of determination.
The N rates that provided the
maximum yield of marketable fruits
was obtained by equating to zero the
first derivative of the equation of
response of marketable fruit yield to
the rates of N. The critical level value
for the SPAD Reading was estimated
with the N rate associated with the
maximum yield of marketable fruits,
introduced into the previously
established model. The software
Genes was used to perform the
analysis (Cruz, 2016).

RESULTS AND DISCUSSION
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The fruit harvest began 64 days
after transplanting the seedlings
(DAT), and there was no clear
definition of the effect of N on fresh
fruit yield when 40% of the N rates
were applied (Figure 2). Possibly, the
nitrogen reserves in the soil allowed
for a balance in yield at the beginning
of the plant's reproductive phase.

At 71 DAT, after the
application of 70% of the N rates, an
increase in yield is observed with the
growth and development of the plants
until the first peak of yield at 92 DAT.
However, in the control without N
(low N availability) and at the rate of
450 kg/ha of N (high N availability),
yield showed lower values than the
other rates until the last harvest
(Figure 2), which is reflected in the
total and marketable yield results at
the end of the cycle.

Two complete production cycles
were observed with yield peaks at 92
and 127 DAT, followed by the
initiation of a new cycle. However,
this cycle was not completed due to
the termination of the experiment at
159 DAT (Figure 2). The cycles lasted
for 35 days and can be characterized
by alternating phases of vegetative
growth and fruiting. Oliveira et al.
(2015), observed on Magali-R bell
pepper, three production cycles with
intervals of 45 days at 58, 100, and
149 DAT, in an open field during the
autumn/winter period in Seropédica-
RJ, Brazil.

In this alternation, the plant's drain
force is altered by the predominance
of the reproductive phase over the
vegetative phase, increasing the
translocation of photoassimilates
from the leaves to the fruits (Kirkby et
al., 2022). Plants accumulate nutrients
and photoassimilates during
vegetative growth for later
translocation to fruit growth and
development, thus resulting in
differences in yield throughout the
crop cycle. However, the influence of
nitrogen (N) on bell pepper fruit yield
repeats /ha of N (Figure 2).



Influence of nitrogen on bell pepper yield in open field conditions during autumn-winter

4.5
4.0
3.5
3.0
25
2.0
15
1.0
0.5
0.0

Fruit yield (t hal)

00 @75

150 =300 ®450

92 99

106 113 120 127 134 141 148 155
Days after transplanting

Figure 2. Fruit yield per harvest (days after transplanting) of Laser F1 bell peppers as influenced by rates of N (0, 75,
150, 300 and 450 kg/ha) in Red-Yellow Argisol. Oratérios, EPAMIG, 2015.

Nitrogen increased the number of
fruits per plant (p<0.001) up to the
rate of 212 kg/ha of N, reaching the
estimated maximum value of 16.84
fruits/plant, which was 53.0% higher

number of fruits in the control without
N (11.00 fruits/plant) and the rate of
450 kg/ha of N (10.33 fruits/plant),
values lower than the other N rates
(Figure 3). Additionally, the fresh

maximum value of 1,731 g/plant. The
highest values were observed with the
rates of 150 and 300 kg/ha of N,
which were 58.5 and 46.4% higher
than the control without N and 63.2

than the control without N and 63.0%  fruit mass per plant (p=0.002) and 50.7% higher than the rate of 450
higher than the rate of 450 kg/haof N.  increased up to the rate of 216 kg/ha  kg/ha of N, respectively (Figure 3).
There was no difference between the of N, reaching the estimated
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Figure 3. Number and mass of fresh fruit/plant of Laser F1 bell peppers as a function of nitrogen (N) rates in Red-Yellow
Argisol. Means with different letters for each variable differ significantly by the Tukey test (p<0.05). ** = p<0.01. * =

p<0.05. Oratérios, EPAMIG, 2015.

Nitrogen increased the total
number of fruits (p<0.001) and the

number of marketable fruits
(p<0.001) up to the rate of 211 kg/ha

Horticultura Brasileira v.42, 2024

of N, reaching the maximum values of
288,503 units and 267,778 units,
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respectively.  Marketable  fruits
represented, on average 92.3%, of the
total fruits produced. There was no
difference between the total and
marketable fruit numbers in the

control without N and the rate of 450
kg/ha of N (Figure 4A). However, the
number of non-marketable fruits
(malformed, with mechanical
damage, damage from pests and

diseases) was not influenced by N,
presenting an average total number of
18,664 units.
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Figure 4. Total and marketable number of fruits (A) and Total and marketable fruit yield (B) of Laser F1 peppers as a
function of nitrogen (N) rates in Red-Yellow Argisol. Means with different letters for each variable differ significantly

by the Tukey test (p<0.05). ** = p<0.01. * = p<0.05. Oratérios, EPAMIG, 2015.

Nitrogen increased the total fruit
yield (p=0.002) up to 216 kg/ha of N,
reaching a maximum of 29.40 t/ha,
while the yield of marketable fruits
(p<0.001) increased up to 214 kg/ha
of N, reaching a maximum of 27.80
t/ha (Figure 4B). Higher yield values
could have been achieved if the
experiment had not been terminated
due to a wind and rain event with 43
mm of precipitation occurring at 159
DAT. Oliveira et al. (2015) observed
yields of 34.08 and 38.33 t/ha
depending on the cultivation system,
and a 189-day cycle using the Magali-
R bell pepper variety.

The yield obtained in this study
exceeded the national average of
22.31 t/ha (Goto et al., 2016). A
similar result was observed by
Paulino (2016) with the Atlantis
hybrid grown in open fields, where
marketable yield increased up to 125
kg/ha of N, reaching a maximum
value of 15.72 t/ha, in Mossoro,
Brazil. In protected environment
conditions, the growth and
development of bell pepper plants are
more favored compared to open field
cultivation, thus the demand for
nitrogen and other nutrients may be
higher in this type of cultivation. In
various studies conducted in protected
cultivation, the rate to achieve

maximum yield has varied from 100
to 350 kg/ha of N (Lorenzoni et al.,
2016; Costa et al., 2018; Silva et al.,
2020). Itis observed that the N rate for
maximum yield in open field
cultivation (Figure 4) falls within the
range for protected environment and
exceeds the recommendation for
Minas Gerais, which is 140 to 180
kg/ha of N (Pinto et al., 2019), and for
S8o Paulo, which is 120 to 200 kg/ha
of N (Villas Bdas et al., 2018). This
demonstrates that the productive
potential of bell pepper can be better
exploited with the application of a
higher amount of N.

It is worth noting that variations in
soil and climatic conditions,
cultivation type, crop cycle, and
cultivars can influence yield and fruit
number results. Throughout the
experiment, maximum temperatures
(Tmax) ranged from 18.1 to 30.1°C,
up to 30 DAT ranged from 25to 27°C,
from 31 to 100 DAT remained below
25°C, and until 155 DAT, Tmax was
close to or above 25°C. Minimum
temperatures (Tmin) varied from 8.2
to 19.9°C, until 140 DAT minimum
temperatures below 16°C occurred,
and subsequently Tmin ranged from
16 to 20°C until 155 DAT (Figure 1).
The vegetative growth and fruit
formation of bell peppers are favored
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by daytime temperatures between
25C and 27°C and nighttime
temperatures between 16 and 20°C,
with a thermal amplitude of 8°C
(Pinto et al., 2019).

Additionally, the experiment was
conducted in the Zona da Mata region
of Minas Gerais at an altitude of 450
m. In this region, due to temperature
conditions, bell peppers are better
adapted to cultivation from August to
February (Finger & Silva, 2021).
Therefore, lower productivities were
expected due to the occurrence of
temperatures outside the suitable
ranges. However, the maximum yield
(27.40 t/ha) was 24.6% higher than
the national average of 22.31 t/ha
(Goto et al., 2016). Thus, bell pepper
production in autumn/winter is
considered suitable for the Zona da
Mata region of Minas Gerais, as it
provides higher yields to farmers
during this harvest period due to
higher prices in the market.
Furthermore, it is worth noting that
productivities higher than the national
average were estimated with rates
ranging from 55 to 359 kg/ha of N
(Figure 4B).

Nitrogen (N) increased the total
number of fruits in the large
(p=0.024), medium (p<0.001), and
small (p=0.043) classes up to rates of
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207, 216, and 117 kg/ha of N,
reaching 138,942, 105,392, and
25,831 units, respectively (Figure
5A). With 150 kg/ha of N, the total
number of large fruits of 141,142
units was 64.7% higher than the
85,681 units observed with 450 kg/ha
of N (Figure 5A). There was no

difference in the number of medium-
sized fruits between the control
without N (64,322 units) and the rate
of 450 kg/ha of N (60,502 units)
(Figure 5A). With 75 kg/ha of N, the
number of small fruits was three times
higher than that observed in the
control without N; however, it is

observed that the increase in N
availability resulted in a reduction in
the number of small fruits (Figure
5A). The large fruit class represented
on average 52.39%, the medium fruit
class 38.86%, and the small fruit class
9.08% of the total number of
marketable fruits.
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Figure 5. Number of fruits (A) and yield (B) in the Large, Medium and Small classes of Laser F1 peppers as a function
of nitrogen (N) rates in Red-Yellow Argisol. Means with different letters for each variable differ significantly by the
Tukey test (p<0.05). ** = p<0.01. * = p<0.05. Oratérios, EPAMIG, 2015.

The yield of large fruits (p=0.014)
increased up to 211 kg/ha of N,
reaching a maximum of 17.01 t/ha,
and the yield with 150 kg/ha of N was
58.27 and 78.98% higher than the
control without N and 450 kg/ha of N,
respectively. The yield of medium-
sized fruits (p<0.001) increased up to
219 kg/ha of N, reaching a maximum
of 9.16 t/ha, and there was no
difference between the control
without N and the rate of 450 kg/ha of
N (Figure 5B). Meanwhile, the yield
of small fruits (p=0.050) increased up
to 125 kg/ha of N, reaching a
maximum of 1.76 t/ha. With 75 kg/ha
of N, the yield was three times higher
than that observed in the control
without N, and it is observed that the
increase in N availability resulted in a
reduction in the yield of small fruits
(Figure 5B). All characteristics
contributing to yield, including
number of fruits per plant, fresh fruit
weight per plant, and fruit yield per
hectare, were found to be higher with
the application of 150 kg/ha of N.

The plants that did not receive N
(control without N) exhibited the
characteristic symptoms of N
deficiency, such as yellowing of older

leaves and reduced plant growth
(Vidigal et al., 2019), in addition to
showing the lowest values of the
SPAD Reading (Figure 6), which
indicates the nitrogen nutritional
status in various plants (Vidigal et al.,
2018, 2021). In the case of plants that
received an excess of N (450 kg/ha of
N), the supernormal vegetative
growth, coupled with a delay in the
onset of the reproductive stage,
resulted in a lower number and size of
fruits (Figures 3 and 5), indicating
symptoms of excessive N (Vidigal et
al., 2019).

The SPAD Reading (green color
intensity) increased with the
increment of N rates in all three
evaluation periods (Figure 6). The
lowest values were observed at 35
DAT with the maximum estimated
value of 53.5 at 279 kg/ha, while at 56
DAT it was 67.5 at 311 kg/ha, and at
154 DAT the highest estimated value
was 68.0 at 450 kg/ha of N. The
critical SPAD Reading values at 35,
56, and 154 DAT were estimated to be
53.2, 66.5, and 61.9, respectively,
with the rate of 214 kg/ha of N.

At 35 DAT, after the application
of 20% of the N rates, it is possible to
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observe that with the increase in N
availability compared to the N-
deprived control, the plants showed
an increase in green color intensity, a
consequence of a higher amount of N
in the leaves. The same was observed
at 56 DAT, after the application of
40% of the N rates, and at the end of
the cycle at 154 DAT. The increase in
the SPAD Reading indirectly
indicates the increase in chlorophyll
content, which reflects the N status of
the plant (Padilla et al., 2018). At 40
DAT, Sediyama et al. (2014)
observed a linear response of the
SPAD Reading to N availability for
the Amanda pepper cv., with values
ranging from 51.4 to 55.4 with a
correlation of r = 0.8394 (p<0.05)
with the N content in the evaluated
leaves, while for the Rubia cv., amean
value of 56.3 was observed. Carvalho
et al. (2013) noted an increase in the
SPAD reading with the increment of
N rates in the All Big pepper cv., with
the maximum estimated value of 68.8
SPAD units with the rate of 221
mg/dm?3 of N (221 kg/ha), at 80 DAT.
Costa et al. (2018), working with the
All Big, Yolo Wonder, and Red
Samurai-Sais cultivars, observed that
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plants with an SPAD reading of 58.5
during the flowering phase obtained

concluded that the SPAD reading
evaluated during the reproductive

phase can be used in forecasting
pepper production.

the maximum fruit yield and

80
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SPAD reading (unit)

40 A35DAT §=48.01 +0.039*x -0.00007*x* R?=0.77
B 56 DAT §=157.03 + 0.067*x - 0.0001*x> R*=0.91
@ 154 DAT §=56.96 +0.024*x r>=0.71
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Rates of nitrogen (kg hat)

Figure 6. SPAD reading of Laser F1 bell pepper leaves at 35, 56 and 154 days after transplanting (DAT) as a function of
nitrogen (N) rates in Red-Yellow Argisol. * = p<0.05. Oratérios, EPAMIG, 2015.

The increase in the SPAD Reading
due to nitrogen fertilization shows the
relationship between N and the green
color intensity of the plant, with

higher chlorophyll synthesis and
greater  photosynthetic  activity,
resulting in increased production

(Taiz et al., 2021). Moreover, the
SPAD chlorophyll meter has the
ability to detect the onset of N
deficiency before it is visible to the
human eye and early enough to
correct this deficiency without
reducing vyield (Samborski et al.,
2009), provided that there is no
unwanted interruption of the cycle
and other factors do not become
limiting.

The applied nitrogen increased the
amount of chlorophyll (estimated by
the SPAD Reading) in the leaves,
which directly reflects on the
photosynthetic rate and production of
photoassimilates and other structural
compounds, such as amino acids,
carbohydrates, and fats (Prado, 2021),
resulting in a greater mass of
reproductive organs, such as fruits,

which are the commercialized part of
the pepper.

However, variations in SPAD
readings can occur due to various
factors, besides nutrient deficiency,
such as environmental conditions,
variety, and growth stage of the crop.
Thus, models need to be adjusted for
each situation. The SPAD reading has
shown a positive correlation with
pepper yield (Felisberto et al., 2016)
and for various species (Milagres et
al., 2018; Vidigal et al., 2018, 2021)
and has been used in forecasting
production, however, under the
conditions of this study, there was no
significant positive correlation of
SPAD readings with pepper yield.

The results allow us to conclude
that bell peppers grown during the
autumn/winter period showed high
productive potential associated with
nitrogen rates higher than currently
recommended. The vyield of
marketable fruits increases until 214
kg/ha N, and that the critical level for
the SPAD reading varied with the age
of the plants, with estimated critical
values at 154 DAT.
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