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Abstract

The super early genotypes (SEG) of dry bean (Phaseolus vulgaris L.) have a shorter life cycle (65-75 days) when compared with the
season length of traditional cultivars (90-100 days). Timing of nitrogen top-dressing fertilization could be different because of this
reduction in length of the SEG life cycle. This study aimed at characterizing, by using growth analysis and vegetation index, super
early genotypes of dry bean development as affected by timing of nitrogen application. Field experiments were conducted in the 2014
and 2015 growing seasons in central Brazil with a randomized block experimental design with split plots scheme and four replicates.
The plots comprised the dry bean genotypes (Colibri — check cultivar, CNFC 15873, CNFC 15874, and CNFC 15875), and subplots
comprised applications of N at different timings: 90 kg of N at sowing, 90 kg N at top-dressing; 45 kg of N at sowing plus 45 kg at
top-dressing, with urea as the source of N. We also used a control treatment without N application. The CNFC 15874 super early
genotype of dry bean had the higher grain yield (2776 kg ha™®) and differed from the CNFC 15873 genotype (2492 kg ha™). Nitrogen
fertilization allowed higher grain yield (2619 kg ha*, when applied N at sowing, 2605 kg ha™*, when applied N at sowing and at top-
dressing, and 2680 kg ha™, when applied N at top-dressing) than the control, 2360 kg ha® (no N fertilization). The time of N
fertilization in super early genotype of dry bean did not affect grain yield.

Keywords: early application of N; fertilization; Brazilian cerrado; sustainable agriculture.
Abbreviations: DAE_days after emergence; SEG_super early genotype; NDVI_normalized differential vegetation index; LAI_leaf
area index; Kc_crop coefficient; AWC_available water capacity; DD_degrees day.

Introduction

The dry bean (Phaseolus vulgaris L.) crop is of significant time is very important for many developing countries, such as
economic importance in many countries of the world, and is the Americas and Eastern and Southern Africa, which use the
considered an important source of protein for human grain of this crop in their daily human diets (Rosales-Serna et
consumption. In the 2012 harvest, 23 million Mg of dry bean al., 2004; Lima et al., 2005). The Brazilian Agricultural
grains were produced worldwide, and the principal producers Research Corporation (Embrapa), by the National Rice and
were Myanmar (3.72 Mg), India (3.63 Mg), Brazil (2.82 Mg), Beans research Center, has developed new genotypes of dry
China (1.45 Mg), the USA (1.44 Mg), and Mexico (1.08 Mg) beans with super early cycle. These genotypes have life
(FAOSTAT, 2014). However, despite its importance, cycles of 65-75 days, compared with life cycles of 90-100
technology is seldom used for dry bean farmers, resulting in a days for traditional cultivars. This reduction in length of the
global average grain yield of only 804 kg ha™ (FAOSTAT, life cycle could mean that there is insufficient time for uptake
2014). The use of super early genotypes (SEG) of dry bean of nitrogen (N) if it is applied at the same time as those for
would allow achieving high grain yields in a shortest time, the traditional cultivars. However, there is not any study
thus providing irrigation water and power savings and hence about the nitrogen management in the SEG of dry bean. It is
reducing the cost of production. This technology would also important to establish sources, amounts, and time of nitrogen
allow best land use, such as cultivation of two crops during fertilization in these genotypes to have more efficient use of
the rainy season, or even up to three crops during the same this nutrient (Malavolta, 2006; Fageria et al., 2011; Pagani
year in irrigated areas. For rainfed season, the SEG can allow and Mallarino, 2012; Crusciol et al., 2013a).

to escape from drought periods when late sowing. Besides, Growth analysis allows determining the allocation of
the use of SEG would provide the reduction in costs and photosynthate partition as a function of the age of the plant,
production risks, since the cultivar with shortest cycle and could be an important tool to evaluate the development
provides the most rapid withdrawal of the crop from the field. of these new genotypes. The determination of dry matter
Therefore, the crop becomes less subject to attacks of insects, accumulation (plant and its parts: stems, leaves, and pods) is
diseases, and weeds. To produce more food and in a shortest the most suitable tool for the growth analysis (Rosales-Serna
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et al., 2004; Andrade et al., 2009; Santos et al., 2015). This
growth analysis can be used to verify the crop adaptation to
new environments, interspecific competition, effects of the
management system, and yield potential of different
genotypes (Antoniazzi and Deschamps, 2006; Falqueto et al.,
2009; Alvarez et al., 2012).

Therefore, this study aimed at characterizing, by using
growth analysis and vegetation index, super early genotypes
of dry bean development as affected by timing of nitrogen
application.

Results
Common bean grain yield and biomass accumulation

The application of nitrogen at sowing, topdressing or split at
sowing, and topdressing allowed increase in grain yield and
differed from the treatment with no nitrogen application
(Table 2). There was no single effect of N top-dressing
fertilization and interactions for the variables evaluated at the
harvesting time. On the other hand, there were single effects
of genotypes (stems, leaves, total, and grain yield) and
growing seasons (pods, total, and grain yield). Then, in the
2014 growing season, dry biomass accumulated was higher
in pods (156 g m™), total (208 g m™), and grain yield (3098
kg ha™) than in pods (81 g m™), total (140 g m™), and grain
yield (2172 kg ha™) in the 2015 growing season.

The CNFC 15875 genotype had the lowest values and
differed from the CNFC 15874 in stems, leaves, pods, and
total dry biomass accumulated (Table 2). CNFC 15874
genotype did not differ from Colibri (check cultivar) and
CNFC 15873 for the variables stems, leaves, and total dry
biomass at harvesting time. CNFC 15873 had lower dry
biomass of pods and differed from CNFC 15874. Regarding
grain yield, CNFC 15874 (2776 kg ha™) had the highest
value and differed from CNFC 15873 (2492 kg ha™).

Nitrogen fertilization and genotypes affecting growth
analysis

It was found that, regardless of genotype and growing season,
the curve that best adjusted to the total dry mass
accumulation was the quadratic exponential (Figs. 2 and 3).
In 2014, the dry bean plants had a longer cycle, and samples
were made until 77 days after emergence, DAE (912.5
degree-days, DD. At this growing season, in the early plant
development (21 DAE), the accumulation of total biomass
was not very expressive (ranging between genotypes from
11.04 to 15.00 g m™), increasing to the beginning of grain
filling (ranging from 65.01 to 85.46 g m™). From the grain
filling stage until near the maturation stage, there was a large
increase in biomass pod (starting from 0.26 to 5.64 g m™ at
42 DAE, and from 144.08 to 165.53 g m™ at 77 DAE). On
the other hand, the accumulation of dry matter of stems was
increased until 56 DAE in all genotypes and leaves biomass
between 42 and 56 DAE. The Colibri (217.80 g m™) and
CNFC 15874 (229.35 g m™) genotypes had higher total dry
biomass accumulation throughout the cycle.

In the 2015 season, the plants had lower life cycle length
than the previous growing season, and the plant samples for
growing analyses were done until 70 DAE or 849.9 DD (Fig.
3). At this growing season, it was found accumulations of dry
biomass in the stems and leaves up to 49 DAE, when values
began to decrease, and in the pods from the grain filling
stage, the values were increasing until harvest. The CNFC
15874 genotype was the one that presented the highest dry
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biomass accumulation of values in stems, pods, and total
during the life cycle of dry bean.

The time of the nitrogen fertilizer significantly affected the
development of genotypes (Figs. 4 and 5). In the 2014
season, the nitrogen fertilization split 50% at sowing, and
50% at topdressing provided the highest values for biomass
accumulated of stems, pods and total dry matter. In the 2015
season, the N management that provided the higher values for
biomass accumulated of stems, pods, and total dry matter was
when occurred the application of the whole N at sowing and
when split 50% at sowing and 50% at topdressing (Fig. 5).

Nitrogen fertilization and genotypes affecting NDVI

Crop reflectance readings during the 2014 growing season
showed that when there was no N application, highest values
for all genotypes were reached at 39 DAE (Fig. 6). All
genotypes showed the same trend, being the highest NDVI
value at 39 DAE. There was no difference among treatments,
even 0 N treatment showed the same trend. For all
treatments, the CNFC 15875 genotype showed the lowest
NDVI values after flowering.

Nitrogen fertilization and genotypes affecting LAI

Regarding the leaf area index (LAI) values for all genotypes
and for all N management, we could see that in the early
development of the dry bean plants values were low and
increased until 35-49 DAE (Fig 8). The treatment that
showed the highest LAI value was N at topdressing for
CNFC 15875 genotype (Fig. 9).

Discussion
Crop length season

Crop length season for all genotypes was greater in the 2014
growing season due to the lower temperature during the
vegetative stage of common bean development in the same
year (Fig. 1). According to Vieira et al. (2006), low
temperatures increase the life cycle of common bean
genotypes. As a consequence, they allow higher biomass
accumulation (Figs. 2 and 3) and grain yield (Table 2)
(Crusciol et al. 2012, 2013b).

Nitrogen application timing

The application of N provided differences in dry bean grain
yields from the control treatment (no N application).
Nitrogen is a nutrient that directly affects the grain yield of
many crops, such as dry bean (Fageria, 2014). Therefore, the
lack of N application in the control treatment significantly
affected crop development and reduced its yield. Also
corroborating this information, Alvarez et al. (2005),
Valderrama et al. (2009), and Nascente et al. (2012) reported
a reduction in dry bean yield due to the lack of N topdressing
fertilization.

Nitrogen application timing

Regarding nitrogen application time, differences were not
observed among treatments for all variables (Table 2).
Similar results were reported by Alvarez et al. (2005) and
Nascente et al. (2012). Thus, the application of the total N at
sowing, or at topdressing, or a combination of these two
periods provided increments in grain yield for super early
cycle. Therefore, it can be inferred that the N application time



Table 1. Chemical soil attributes from the experimental area before the beginning of the trials. Santo Ant6nio de Goias, Goias,

Brazil, growing seasons 2014 and 2015.

Growing season 2014

Layer pH Ca Mg Al H+ Al SOM§
cm in H,0 mmol, dm? gkg?
0-5 6.2 18 14 0 38 28.0
5a10 5.9 17 10 0 26 24.8
10a20 5.7 11 7 1 23 27.8
Layer P K Cu Zn Fe Mn
cm mg dm’3

0-5 12.6 265 0.9 10.7 17.7 9.8
5a10 18.7 125 15 8.1 29.5 8.0
10a20 124 87 1.6 4.9 29.6 7.0
Growing season 2015

Layer pH Ca Mg Al H+ Al SOM
cm in H,0 mmol, dm? gkg?
0-5 6.2 22.6 13.2 0 36 26.80
5a10 5.7 6.1 3.9 3 33 23.35
10a20 5.5 5.8 3.5 2 24 20.83
Layer P K Cu Zn Fe Mn
cm mg dm’3

0-5 225 139.0 15 4.4 38.2 9.0
5a10 385 48.0 1.8 2.1 37.0 35
10a20 13.0 45.0 1.7 1.9 27.3 3.7

§ pH — hydrogen potential, SOM — soil organic matter, K — potassium, Ca — calcium, Mg — magnesium, Al — aluminum, P — Phosphorus, Fe — iron, Mn — manganese,

Zn - zinc.

Table 2. Stems, leaves, pods and total plant dry biomass accumulated at 77 days after emergence (DAE) in growing season 2014
and at 70 DAE in growing season 2015 of super early cultivar of dry bean as a function of the nitrogen timing of genotypes
(plot), top-dressing fertilization (subplots) and growing season (sub subplot), Santo Anténio de Goiés, growing seasons 2014 and

2015.
Plant dry biomass Grain vield

Genotypes Stems Leaves Pods Total y

gm? kg ha™
Colibri 32.25a 27.99a 116 177 ab 2736 ab
CNFC 15873 32.83a 24.45a 110 168 b 2492 b
CNFC 15874 36.75a 2564 a 132 195a 2776 a
CNFC 15875 24.39b 15.70 b 117 156 b 2535 ab
N top-dressing fertilization
90 kg N at sowing (S) 31.80 24.03 117 173 2619 *
45kgNatSand45kgNatT 32.26" 23.22 127 183 2605 *
90 kg N at topdressing (T) 30.61 23.09 112 166 2680 *
Control — 0 Nitrogen 26.94 20.02 108 155 2360
Growing season
2014 29.94 21.72 156 a 208 a 3098 a
2015 33.17 25.17 81lb 140 b 2172 b
Factors Analyze of variance (F probability)
Genotypes (GEN) 0.0026 0.0030 0.2594 0.0478 0.0473
N top-dressing fertilization (N) 0.7647 0.8711 0.2904 0.3968 0.7857
GEN *N 0.2710 0.2522 0.6169 0.3891 0.0558
Growing season (GS) 0.0720 0.0594 <0.001 <0.001 <0.001
N * GS 0.6367 0.2572 0.3210 0.2708 0.7211
GEN * GS 0.4744 0.0777 0.7770 0.6743 0.0949
N * GEN * GS 0.7112 0.7489 0.3917 0.4682 0.1684

§Means followed by * differ from the control treatment (no N fertilization) by the Dunnett Test at p<0.05.

§§ Means followed by the same letter vertically do not differ by the Tukey test at p < 0.05.
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Fig 1. Maximum, minimum and average temperatures and rainfall during the trial period of super early genotypes of dry bean in the

experimental fields, growing seasons 2014 and 2015.
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Fig 2. Stems, leaves, pods and total dry biomass accumulation during the crop life cycle of four super early genotypes of dry

bean. Santo Antonio de Goiés, GO, Brazil. Growing season 2014.

does not affect the grain yield of dry bean of SEG. These
results may reflect the shorter life cycle of the genotypes
used. While the topdressing for traditional cultivars (life
cycle of 90-95 days) is recommended for 20-25 days after
emergence (Vieira et al., 2006), the super early genotypes
with a life cycle of 60-65 days seem to need N sooner.
Therefore, the application of all N on the day of sowing, or
15-16 DAE (time that the plant had the third trifoliate leaf
and topdressing was made), or divided in these two seasons,
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did not affect the crop yield.The dry bean SEG CNFC 15874
(2776 kg ha®) did not have different values of grain yield
from the cultivar used as a standard (Colibri, 2736 kg ha).
Based on the results, it seems that the SEG CNFC 15874 is
very promising to be used primarily in the irrigated growing
season, since the Brazilian average yield is 2,480 kg ha*
(Nascente et al., 2012).
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Leaf area index and NDVI as affected by cultivars and
nitrogen timming

Leaf area index and NDVI showed similar trends. Plants of
dry bean started to produce more leaves with higher values in
the flowering stage (Figs. 2 and 3). Consequently, the NDVI
(Figs. 6 and 7) and LAI (Figs. 8 and 9) increased as well.
According to Rosales-Serna (2004), who evaluated four dry
bean genotypes, the higher rate of biomass accumulation in
shoots (leaves and stems) of this crop occurs during
vegetative stage and during the flowering stage, but before
seed filling. Because of the increase in leave biomass, an
increase in LAl is likely to occur, and as leaves have many
stomachs, it is also likely that the NDVI values increase, as
we observed in our trials. After this period, the leave biomass
started to reduce, as we could observe in the growth analysis
(Figs. 2 and 3), and as the LAI and NDVI are influenced by
these leaves, their values started to reduce as well. This
reduction in the dry matter of the leaves started indicating
that there was translocation from their photoassimilates to the
pods. On the other hand, after 35 DAE, the dry mass of pods
started increasing, and this could be observed in the
evaluations performed at 41 and 56 DAE. According to Wien
et al. (1976), in the phases of formation and filling of seeds,
about 45% of photoassimilates in the leaves and stems are
translocated into the pods and seeds.

Colibri, CNFC 15873, and CNFC 15874 had the same
biomass accumulation for stems and leaves (Table 2).
However, CNFC 15873 had not the same characteristic and
ability to translocate photoassimilates to the pods, and
provided higher grain yield, since this grain yield was lower
than CNFC 15874. On the other hand, CNFC 15875,
although had lower biomass of stems, leaves, and total, was
more efficient to translocate photoassimilates to the pods, and
have values of grain yield similar to Colibri and CNFC
15874.

There are no differences for LAl and NDVI according to
the N management, even for the control (no N fertilization).
This could be because of the level of soil organic matter in
the crop areas (Table 1), which was, in the layer 0-0.05 m,
2.8 and 2.68 g kg in the 2014 and 2015 growing Seasons,
respectively;. These values are considered high (Sousa and
Lobato, 2003). According to Fageria (2014), soil organic
matter releases nitrogen into the soil, which could be uptake
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by the crops. In this sense, it is likely that plants did not
suffer deficiency of Nitrogen, which could be seen in the
NDVI values. However, the little differences in the NDVI
values from the treatments with N against treatment control
(no N fertilization) could help to explain the higher grain
yield in these treatments (with N fertilization). Shaver et al.
(2010) related increased NDVI values with increased rate of
N.

Materials and Methods
Site description

The field experiments were conducted for two growing
seasons (2014 and 2015) at Capivara Farm, located in the city
of Santo Antonio de Goias, GO, Central Region of Brazil.
The geographical coordinates of the site are 16° 28' 00" S,
49° 17' 00" West. The altitude of the site is 823 m. The
climate is tropical savanna, considered Aw according to the
Kdppen classification. There are two well-defined seasons:
usually, the dry season extends from May to September
(autumn/winter) and the rainy season from October to April
(spring/summer). Furthermore, the daily average temperature
and precipitation during the experiment were monitored (Fig.
1).

The soil was classified as a clay loam (kaolinitic, thermic
Typic Haplorthox) acidic soil. Prior to each experiment,
chemical characteristics of the soil were determined (Table
1). The soil analysis was performed according to Claessen
(1997). The soil pH was determined in a 0.01 mol L™ CaCl,
suspension (1:2.5 soil/solution). Exchangeable Ca, Mg, and
Al were extracted with neutral 1 mol L™ KCI in a 1:10
soil/solution ratio and determined by titration with a 0.025
mol L™ NaOH solution. Phosphorus and exchangeable K
were extracted with a Mehlich 1 extracting solution (0.05 M
HCI in 0.0125 M H,SO,). The extracts were calorimetrically
analyzed for P, and flame photometry was used to analyze K.
Soil S (SO, 2) analyses were performed by calcium
phosphate extraction at 0.01 mol L™! in a 1:2.5 soil/solution
ratio, and later determined by the turbidimetric method using
BaSO,. Micronutrients (Fe, Zn, Cu and Mn) were determined
in Mehlich 1 extract by atomic absorption, and organic matter
was determined by the method of Walkley and Black.



The experimental area has been cultivated in a no-tillage
system (NTS) for seven consecutive years. The last crop
rotation were soybean (spring/summer), followed by corn —
Zea mays L. (summer), and the dry bean (autumn/winter) for
the two trials. The dry biomass of corn on the soil surface at
dry bean sowing was 3 Mg ha™ at 2014 growing season, and
12 Mg ha'* at 2015 growing season.

Experimental design and treatments

The experimental design was a randomized complete blocks
layout arranged with split plots scheme and four replicates in
the two growing seasons (2014 and 2015). The main plots
comprised the dry bean genotypes (Colibri - control, CNFC
15873, CNFC 15874, and CNFC 15875), and subplots were
applications of N at different timings (90 kg of N at sowing,
90 kg N at top-dressing; 45 kg of N at sowing plus 45 kg at
top-dressing), with urea as the source of N. We also included
a control treatment without N fertilization. Top-dressing
fertilization was done at V, phenological stage (third
trifoliate leaf). The main plots consisted of 10 third two-
meter-long rows, spaced 0.40 m apart. The subplots consisted
of 10 eight-meter-long rows, spaced 0.40 m apart. The useful
area of each subplot was formed by the six central meters of
the four central rows.

Dry bean management

Approximately 15 days before sowing, the experimental area
was desiccated with glyphosate + 2,4D. The base
fertilization, to be applied in the sowing furrows, was
calculated according to the soil’s chemical characteristics and
the recommendations of Sousa and Lobato (2003). The
fertilizer applied at sowing consisted of 105 kg ha™ of P,Os
(triple superphosphate) and 52.5 kg ha™ of K,O (potassium
chloride). Nitrogen fertilization was done only at top-dressing
and according to each treatment.

The sowing of the dry bean cultivars was mechanically
performed with a no-till seeding (Semeato, model Personale
Drill 13, Passo Fundo, RS, Brazil) on May 20" 2014 and
May 29" 2015 in a 0.40 m row spacing and with 15 seeds
per meter. Cultural practices were performed according to the
recommendations for the crop to keep the area free of weeds,
diseases, and insects.

A central pivot irrigation system was used. In the
management of water, three crop coefficients (Kc) were used,
divided into four periods between emergence and harvest. In
the vegetative stage, the value of 0.4 was used. For the
reproductive phase were used two values of Kc, the initial
value of 0.7 and the final one of 1.0, and in the final phase of
maturation these values were reversed, i.e., initial 1.0 and
final 0.7. Thus, the control of irrigation considering the depth
of root system exploitation of 0.2 m was initiated with the
available water capacity (AWC) at its maximum, subtracting,
successively, the value of crop evapotranspiration until the
total water reached the minimum limit of 40% of AWC
(Doorenbos and Pruitt, 1976).

Seedling emergence occurred at six (2014) and eight
(2015) days after sowing. The average of V, stage was at 16
and 15 days after emergence (DAE) in the 2014 and 2015
growing seasons, respectively. The average of full flowering
stage was at 42 and 39 DAE in the 2014 and 2015 growing
seasons, respectively. The dates have been translated into
number of degree-days (DD), from sowing to full flowering.
For this, we used the formula DD = average daily
temperature - basal temperature (10°C), as standard for
calculation (McMaster and Wilhelm, 1997). The average
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growing season (length of time from emergence to harvest)
was 77 days (August, 11" 2014) or 912.5 DD and 70 days
(August, 15" 2015) or 849.9 DD.

Dry biomass accumulation

Samples were collected at 14, 21, 28, 35, 42, 49, 56, 63, 70,
and 77 DAE for the 2014 growing season, and at 14, 21, 28,
35, 42, 49, 56, 63, and 70 DAE for the 2015 growing season.
In each experimental unit, plants contained in 1.0 m line were
collected. In all collected plants, we separated them in leaves,
stems, and pods, and the roots were discarded. These plant
structures were dried at 60°C in an oven with forced air
circulation until constant mass. We calculated the production
of dry biomass of each plant structure and total (leaves +
stems + pods).

Normalized Difference Vegetation Index (NDVI)

The NDVI was measured in the subplots at the same time of
the biomass sampling, and the Holland Scientific Crop Circle
ACS-470 Multi-Spectral Crop Canopy Sensor was used.
Sensor readings were collected approximately from 0.7 to 0.9
m above dry bean canopy at a rate of 10 readings per second
and walking in the same speed in the each subplot, and the
average reflectance values were used to represent each
subplot. Then, these reflectance values were used to calculate
the vegetation index following the methods proposed by
Rouse et al. (1974), Hong et al. (2007), Sui et al. (2008),
Verhulst et al. (2009), Shaver et al. (2010), and Merotto et al.
(2010).

Leaf area index (LAI)

LAI was measured in the subplots at the same time of the
biomass sampling. The SunScan canopy analysis system
(Delta-T Devices, Cambridge, UK) was used. LAl was
indirectly measured with this SunScan sensor. Eight sub
samples were randomly sampled in each experimental area,
and the average index values were used to represent each
subplot following the methods proposed by Oguntunde et al.
(2012).

Common bean harvesting

Subplots were harvested by hand in the useful area, followed
by mechanized stationary thresher. The harvested common
bean grains were weighed and the yield was expressed as 130

gkg™.
Statistical analyses

We evaluated the dry biomass accumulated at the harvesting
time in the 2014 and 2015 growing seasons. Then, an
analysis of variance and F test were performed for all
variables (stems, leaves, pods, and total). The analysis of
variance was performed considering the effects of genotypes
(main plots), N top-dressing fertilization (subplot), growing
seasons (sub-subplots), and their interactions (Lima et al.,
2005). In the significant data we performed the Tukey test at
p<0.05. Genotypes and N timing of top-dressing fertilization
were considered fixed effects. Blocks, years, and interactions
were considered random effects. Three error terms were
considered in the analysis of the data; the first was associated
with the N timing of top-dressing fertilization, the second,
with the dry bean genotypes and interactions, and the third,
with the growing seasons and interactions. These analyses



were performed using SAS statistical software (SAS
Institute, 1999). Data of total dry biomass accumulation
during the dry bean life cycle were subjected to process of
curve fitting to a simple logistic model with three parameters
according to Pinheiro and Bates (2000).

Conclusion

From our results we could observe that the use of growth
analysis, NDVI, and LAI was efficient to explain the plant
development and the differences in grain yield by the super
early genotypes of dry bean. Our results allow inferring that
the CNFC 15875 super early genotype of dry bean had the
higher grain yield (2776 kg ha™), which differed from the
CNFC 15873 genotype (2492 kg ha™l). The CNFC 15875
genotype is very promising and could be a very good option
for farmers around the world. This genotype has a life cycle
of 70-77 days, and could allow farmers to have two crops in
the same growing season or three crops in irrigated areas.
Therefore, by using this genotype, we could increase the food
production without increasing new agricultural areas.
Nitrogen application provided increases in the grain yield for
all genotypes, differing from the control treatment (no N
fertilization). However, the time of this N application will
depend on the wish of the farmers, since the application at
sowing, or at topdressing or split at sowing + at topdressing,
did not have differences.
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