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ABSTRACT. The amount of absorbed phosphorus directly impacts on
the growth and grain yield of common bean plants. We evaluated dry
matter production at different growth stages and grain yield of common
bean genotypes in response to phosphorus availability in a nutrient
solution and examined possible associations between these characters.
The experiment was carried out in a greenhouse, using a completely
randomized design in sub-sub-divided plots. The main plots consisted of
five phosphorus concentrations (0.5; 0.9; 1.3; 1.9 and 2.3 mmol.L™)
supplied to plants in a nutrient solution in the growth medium. The sub-
plots were composed of two common bean genotypes (Pérola and IPR88
Uirapurd, which are commonly used in Rio Grande do Sul state) and the
sub-sub-plots by two growing seasons (fall-winter and spring-summer).
In the initial stages, at the first trifoliate leaf and flowering stages, the
highest dry mass production occurred in the leaves. As the plants
developed, they produced more dry matter in the pods during the pod
filling stage, and later in grains, at the maturation stage. Phosphorus
concentrations in the nutrient solution between 1.33 and 1.84 mmol.L™
provided the greatest mass of beans at podfilling and at maturation, the
largest number of grains and the greatest grain yield in the two
genotypes. The characters dry mass of the leaves, stems and pods in pod
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filling, dry mass of grains at maturity, number of grains and number of
pods are promising for indirect selection criteria.
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INTRODUCTION

Brazil is highly dependent on fertilizer imports, especially phosphorus, with a volume of
1,4 million tons imported, corresponding to 75% of the necessities for agriculture (Lana, 2015).
Due to high soil acidity, low mineral availability and mobility, high doses of phosphorus
fertilizers are normally used.

Phosphorus reserves are finite and will be sufficient for 40 to 100 years at most,
according to projections by Cordell et al. (2009). Therefore, efficient exploitation of this natural
reserve is fundamental to increase or even maintain crop production. Also, in acid soils, part of
the available phosphorus can be fixed, forming iron and aluminum components, and phosphorus
precipitation or adsorption reactions can occur, making it unavailable to plants (Turuko and
Mohammed, 2014).

In bean (Phaseolus vulgaris) cultivation, grain productivity is limited in Brazilian soils
by the low availability of phosphorus to plants (Zucareli et al., 2011; Carvalho et al., 2018).
Insufficient amounts of this element can affect crop nutrition and reduce productivity
(Hernandez and Domingues, 2012).

The phosphorus doses used in bean crops depend on the soil free mineral content, on the
cultivar and on the expectation of grain productivity. Although, normally, higher doses than the
necessary are used (Silveira and Moreira, 1990), it is estimated that only 5 to 25% of soluble
phosphorus added to soil through fertilizing are used by the crops, which means that from 75 to
95% of added phosphorus is fixed in the soil.

The common bean is considered a highly exigent crop in terms of its requirements for
nutrients. There is a direct relationship between absorbed phosphorus by bean crops and plant
growth and grain production. Limitations in phosphorus availability at the beginning of the crop
vegetative cycle result in restrictions in development from which the plant will not recover. This
is because phosphorus is essential to plant metabolism, performing an important role in cell
energy transfer, and in cell respiration and photosynthesis cycles (Cordell et al., 2009). Bean
crops that are adequately fertilized with phosphorus are more resistant to environmental
adversities after sowing and and can produce more seeds with better quality (Zucareli et al.,
2011; Szareski et al., 2018).

Soil is constituted of a very complex and interactive environment, which makes
effective analysis of a given nutrient difficult. Zucareli et al. (2011), studying the productivity
and seeds quality of carioca beans under the influence of phosphorus fertilization in the soil,
found great variation in results in a comparison of studies by various researchers. They
concluded that response to fertilization on field depends on many factors, especially phosphorus
availability in the soil, the availability of other nutrients, the cultivar evaluated and climatic
conditions.

For this reason, research conducted under controlled conditions, with a nutrient solution,
are of extreme importance, with special attention to avoiding toxic effects due to excess nutrients
and interference of other elements found in the soil. The use of nutrient solutions allows better
control of the proportions of nutrients, making it possible to cultivate plants under highly
controlled conditions, including nutrient and water availability, pH and salinity. Also, it allows
isolation of the effect of variations of other nutrients on crop growth and grain production
(Snapp and Lynch; 1995).
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Most research conducted under controlled conditions, growing bean crops in nutrient
solution, were developed to characterize genotypes for their efficiency in the use of phosphorus
(Hernandez et al., 2007; Aradjo et al., 2008). Some researchers, such as Aradjo et al. (2013),
studied the effect of phosphorus on dry matter production in bean crops by evaluating the
interaction between phosphite and phosphate in nutrient solution. However, there are few studies
under controlled conditions using nutrient solution that allow measuring the influence of
phosphorus availability on plant growth and grain production. Growth analysis can be used to
understand a plants ecological adaptation to new environments, to interspecific competition, to
management systems and to environmental interactions (Zucareli et al., 2010).

However, much of this research was made on plants up to 30 days of development
(Snapp and Lynch, 1995; Aradjo, et al., 2008; Tawaraya et al., 2014). In order to nourish the
plant adequately, it is necessary to understand the relationship between nutrients and plant’s
reaction to phosphorus that is made available throughout the growing season. It is necessary that
the plant complete its cycle and that studies and analysis be made of the different growing
stages.

Consequently, we evaluated dry mass production and productivity in bean cultivars at
different phenological stages in response to phosphorus availability in a nutrient solution.

MATERIAL AND METHODS

The experiments were conducted in a greenhouse of the Phytotechnical Department of
the Federal University of Santa Maria, in the municipality of Santa Maria, Rio Grande do Sul
State, Brazil (latitude 29°42" S, longitude 53°49" W and 95 m altitude). The plants were grown
in five closed devices, as described by Domingues et al. (2014). In every device, 48
polypropylene pots with 4 L capacity, of black color and perforated in the base were uniformly
distributed. The containers were filled with a layer of gravel (5 cm) and with medium sand
(granulometry from 1.2 to 2.4 mm), previously washed with sodium hypochlorite solution at 1%.
The spacing between the containers was 5 cm in the row and 10 cm between rows. Four
common bean seeds were sown in each pot, and at the open leaves stage (V2) they were thinned
to two plants per container.

For the analysis, we used a completely randomized design with plots sub-sub-divided
into strips, with three repetitions. The main plots were constituted of five phosphorus
concentrations provided to the plants through fertigation (0.5; 0.9; 1.3; 1.9 and 2.3 mmol.L™).
The sub-plots were composed of two bean genotypes, Pérola and IPR88 Uirapur(, being chosen
because they are different types of beans, and both are widely cultivated in the region. The
Pérola cultivar is a carioca type, with presents vigorous growth, adaptation to numerous
production systems and a medium maturation cycle of 86 days. Cultivar IPR Uirapuru is a black
type, has high grain productivity potential, erect, with tolerance to water stress and high
temperatures during the reproductive phase; it is relatively efficient in phosphorus usage under
low phosphorus availability conditions. The sub-sub plots had two growing seasons, fall-winter
(sowing March 28, 2013) and spring-summer (sowing September 2, 2013).

Fertigation was made with a nutrient solution that contained the same essential mineral
nutrients in amounts adequate for plant growth and development: potassium (KNOs; 404.40
mg.L™), calcium (Ca(NOj),; 318.74 mg.L™), magnesium (MgSO,; 197.12 mg.L™), and
micronutrients: molybdenum (Na,MoO,; 0.03 mg.L™), barium (H;BO3; 0.26 mg.L™), cooper
(CuSOQ,; 0.06 mg.L™), manganese (MnSQ,; 0.50 mg.L™), zinc (ZnSO,; 0.22 mg.L™), and iron
(Fe(NOs)3; 1,0 mg.L™). Only phosphorus concentration was variable, being 0.5, 0.9, 1.3, 1.9, or
2.3 mmol.L r of NH,H,PO,. These concentrations values above and below values considered
ideal for this crop, corresponding to 10.31, 18.54, 26.78, 39.14 and 44.38 Kg.ha™. As the
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phosphorus source also contains nitrogen, the amount of nitrogen (NH4NOs) was reduced, being:
80mg.L™", 64 mg.L", 48.4mg.L™, 24 mg.L ™" and 8 mg.L™.

Fertigation was supplied through drip hoses in a closed circuit. The excedent nutrient
solution was drained through the device channels, which were filled with medium basaltic
gravel, and returned to a 245 L fiberglass reservoir, which was installed at ground level, outside
the greenhouse. Each solution reservoir was connected to an electric pump controlled by a timer.
The solutions were in three daily shifts of fertigation during fall-winter, and five shifts during
spring-summer, each with 15 min duration.

The nutrient solution pH was kept at 5.5 to 6.5, through the addition of NaOH or H,SO,
at 1N concentration. When the electric conductivity (CE) presented a diversion superior to 10%
in relation to its initial value (varying from 1.0 to 1.5 mS), a correction was realized with
addition of water or new nutrient solution. The pH and electric conductivity quantification of the
solutions contained in the reservoirs was run three times a week. The nutrient solution were
completely renewed in the reservoirs every 15 days.

Three plants of each cultivar were harvested at the development stages of third trifoliate
leaf, flowering (R6) and pod filling (R8), characterized according to the phonological scale
described by Fernandez et al. (1982), to determine the dry matter. After harvesting, each plant
was divided into leaves and stems, and at the R8 stage, as well the pods. The plant tissues were
kept individually in paper envelelopes and taken to a kiln (brand SPLabor, model SP-102/603,
Séo Carlos, SP, Brazil), with forced air circulation (65 to 70°C) until constant mass, when the %
leaves, stem and pods were determined (grams/plant). At the maturation stage (R9),
guantification was made of the number of pods per plant, number of grains per plant and grain
production in grams per plant, at 13% humidity. Also at the R9 stage, grain dry matter
(grams/plant) was measured.

The data were submitted to variance analysis, considering all the effects as fixed except
for the error, which was considered random. As the effect of the triple interaction was
significant, it was unfolded in three double interactions. For this, the complementary analysis
test of the factor in the main plot (phosphorus concentration in the nutrient solution) was used,
within each level of the factor that is in the subplot (genotypes) and sub-subplot (times). When
the interactions were significant, regression analysis was performed for the phosphorus
concentrations, adjusting the equation of higher degree, and the F test, with a 5% probability
considered significant for comparing means between genotypes or growing seasons.

The associations between characters were obtained from the phenotypic matrix
estimative with the Pearson linear correlation coefficients among the 11 evaluated characteristics
(dry matter and production characteristics). The significance of the coefficients with the t
Student test at 5% probability. The statistical analyses were made using Microsoft® Office Excel
and the softwares Sisvar (Ferreira, 2011), Genes (Cruz, 2013) and Sigma Plot (Sigmaplot, 2008).

RESULTS AND DISCUSSION

In the variance analysis, a significant triple interaction was observed (phosphorus
concentration x genotype x growing season: C x G x E) for the characters dry matter of: leaves
at V3, leaves at R6, stem at R8 and grains at R9; and for grain production. It indicates that, for
these characters, at different phosphorus concentrations provided by fertigation, the genotypes
varied in relation to the growing seasons. According to Kikuti et al. (2007), studying the effect
of nitrogen and phosphorus fertilization effect on grains productivity in common bean cultivars,
during two growing seasons, also found a significant triple interaction C x G x E affecting grain
production.
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For the characters stem dry mass at V4, pods at R8 and grain number at R9, there was a
significant interaction of phosphorus concentration x genotype (C x G) interaction. This
interaction demonstrates that phosphorus concentration affects the bean genotypes differently.
Evaluating the efficiency of the phosphorus use in common beans genotypes in nutrient
solutions, Hernandez et al. (2014) found a significant C x G interaction on stem dry mass. Lana
et al. (2006) evaluated eight common bean genotypes for efficiency in phosphorus absorption
and utilization, when cultivated in two phosphorus concentration in nutrient solution, and also
found significant C x G interactions affecting shoot dry mass production.

In relation to the significance of the interaction phosphorus concentration x growing
season (C x E), which was observed to the characters dry matter: of leaves in V4, R6 and R8; of
stem in R6 and R8; of pods in R8 and grains in R9. Besides the pods and grains number in R9
and grains productivity. Consequently, it was evidenced that the environmental conditions at the
growing season, specially the temperature, exerted influence on how the bean plants absorbed
the phosphorus in the solution and thus, reflected on the plants growth and production. Since the
principal transport mechanism of phosphorus on the soil is the diffusion, which is influenced by
the phosphorus-colloid interaction, by the element content and air temperature (Costa et al.,
2006), it is understood that the conditions during the productive period indirectly acted on the
dry mass accumulation and productivity of common bean plants. It is justified by the fact that
low temperatures can influence the plant in the phosphorus obtainment, mostly in the initial
growth stages, due to the slower diffusion in these conditions, and having lower phosphorus
solubility in the soil (Grant et al., 2001).

For the characters leaves and pods in R8 dry matter and grains in R9 number, there was
no triple interaction C x G x E, however, it was verified the significant interaction genotype x
growing season (G x E), characterizing a differentiate effect on the common bean genotypes in
relation to the growing season variation. The evaluation of the interaction is important to plants
breeding, due to the possibility of a line to develop well in a given environment, and at other do
no present favorable characters, making possible to indicate lines to specifics growing seasons
(Faria et al., 2009).

We obtained a linear response for the cultivar Perola, in relation to the phosphorus
concentration provided in the fertigation, in the characters leaves in V4 (Figure 1A) and R6
(Figure 1C) dry matter, and for the cultivar IPR88 Uirapuru in the characters stem in V4 (Figure
1B) and R8 (Figure 1D) dry matter. In this manner, the phosphorus concentration of 2.3mmol.L
! proportionate larger leaves and greater stem growth of the common bean plants. These results
are similar to those found by Leal and Prado (2008), in research with nutrient solution to
evaluate the nutritional disorders in beans due to phosphorus deficiency. They found that the
phosphorus supply proportionated greater vegetative growth in the plants, causing a linear
increase in the leaves and stem dry matter production. Also, for the cultivar IPR88 Uirapurd on
the characters leaves in V4 (Figure 1A) and R6 (Figure 1C) dry matter, and the cultivar Perola
on the characters stem in V4 (Figure 1B) and R8 (Figure 1D) dry matter, there was a quadratic
response, with point of maximum efficiency estimated in the phosphorus concentrations of 1.6;
1.8; 1.3 and 1.5 mmol.L™, respectively.

Both bean cultivars presented quadratic results for the characters pods dry matter at R8
(Figure 1E), grain number at R9 (Figure 1F), grain number at R9 (Figure 1G) and grain
productivity (Figure 1H). As the point of maximum technical efficiency for these characters
occurred at the following phosphorus concentrations: 1.33 mmol.L™ - Pérola and 1.56 mmol.L™
- IPR88 Uirapur (Figure 1E), 1.67 mmol.L™- Pérola and 1.45 mmol.L*- IPR88 Uirapurd
(Figure 1F), 1.53 mmol.L™'- Pérola and 1.74 mmol.L™*- IPR88 Uirapura (Figure 1G), 1.54
mmol.L*- Pérola and 1.56 mmol.L™*- IPR88 Uirapur( (Figure 1H), it is evident that there is
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genetic variability among these cultivars. Therefore, inferior phosphorus concentrations and/or
superior than these values, do not granted adequate nutrient supply to the bean plants growth.
According to Fageria (2003), the phosphorus influence in the common bean crop resides in the
increase of dry matter production of pods and grains, besides the pods number, that are the grain
productivity principal determinant. That happens because the phosphorus is the energetic
constituent of plants and, in this way, favors biosynthesis processes (Fontes, 2016).
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At the fall-winter growing season (season 1) for the characters dry matter of leaves at
V4, R6 and R8 (Figure 2A, 2B, and 2D) and of stem at R6 and R8 (Figure 2C and 2E), the
common beans genotypes gave a quadratic result as a function of the phosphorus concentration
provided by fertigation. For the characters dry matter of leaves at R6 and stem at R6, in the
growing season 2 (Figure 2B and 2C), there was no linear result, quadratic or cubic,
consequently, the values were not included.

A B
3 ®  bpoca 1y = 02604 + 0,800 5 B = 003D ®  poci | =] A80240,05 38 RI08.49
ks g T PRIy =009+ 083S8x-026540:" R 983 MET # 1 76 sl b
H ;
o 1"
g 2
El 14 1%
o ] 4
B - g &
; 13 . & f- " -
= > E -
b - =T -~
= 1.0 - = "

X 4 -
g § w e
W 18 Z § -
= g -
g — g o
i v £ -
b 3,6 E L] Pl
5 = 4
=
H 24 4
M 2
]

o2

05 09 i) 10 21 o T ' y

' o i) e

Phasphorus concemration {mamol L™ Phosphams concentration {mmo] LY

C D e
e ®*  Gpocaly 259498, T4 14072 R84, 76; MET= 1,45 mmal |
s ® poes | =0, 7754414075 11 20007 R7=7R.80; MET = 1,87 ool Mo ¥ poca 2 ye0S352+0,530 T OB 96
12 4 .
54 . | - .
2 | — & e &
— Eieg = 1 /
B a4 o . E ™
E s = £ N
E . = . \
= il i1} S %
b ] ; Y
2 a4 . / 3
g . 2 g{ /
- B / ]
2 74 = !
= B L3
E ‘_j— 4 -I."
= =]
o 5 2 ;
= = - —
£ I — v
= =
P o I3 ) 4 Da_l. ] 1 " £
Phosphors concentration (mmalL ™ Fhosphorus concemration (mmolL )

E ® teocaly= 41780+ 41700 1ATTR0 o B = 60,08 MET = 1,77 menel L
T dpoca 2y= 08308 + 00336 x - 0,00005 »¥, A¥=08.30; MET = 1,70 mmei L*

[}
v

5 S =
z - S
2] e v
e 4
= //
T oa / .
= — —
2 - B
z =
o 2 - L
B -
£ e
k=1 <~ .
2 1 -
=
]
=
g

a

05 on 1a 1a 73

FPhosphoms concemration {mamnl L™

Figure 2. Dry matter of leaves at the third trifoliolate leaf growth stage - V4 (A), of leaves and stem at flowering
- R6 (B) and (C), and leaves and stem at the pod filling stage - R8 (D) and (E), of common bean genotypes
cultivated with five phosphorus concentrations in the nutrient solution, in the growing seasons of fall-winter
(season 1) and spring-summer (season 2) in Santa Maria, RS.
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At the phonological growth stages of pods filling and maturation, for the character of
pods at R8 dry matter (Figure 3A) and the grains at R9 (Figure 3B), pods at R9 number (Figure
3C), grain number at R9 (Figure 3D) and grain productivity (Figure 3E), the common beans
behavior can be expressed by a second degree equation, in both growing seasons (seasons 1 and
2). Besides that, to these characters, the maximum technic efficiency point happened in the
following phosphorus concentrations: 1.42 mmol.L™- season 1 and 1.52 mmol.L™- season 2
(Figure 3A), 1.55 mmol.L™- season 1 and 1.67 mmol.L™- season 2 (Figure 3B), 1.52 mmol.L™-
season 1 and 1.84 mmol.L - season 2 (Figure 3C), 1.52 mmol.L- season 1 and 1.58 mmol.L™*-
season 2 (Figure 3D) and 1.49 mmol.L™*- season 1 and 1.76 mmol.L™- season 2 (Figure 3E).
This behavior can be justified due the phosphorus being applied in the location, thru the
fertigation. In this manner, the nutrient was made available to the bean crops radicular system,
even though it was in lower amounts, collaborating to the increase of shoot, pod and grains dry
matter.
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There has been little research on the influence of phosphorus concentration,
available in the nutrient solution, on dry mass and grain production in common bean plants.
Although, under field conditions, Fernandes et al. (2013), analyzing caupi beans, in relation
to the phosphate fertilizing in the soul, as in this research, found a quadratic result for pod
and grain dry matter. Similarly, Silva and Vahl (2002), researching different phosphorus
doses in soil, obtained a quadratic result for grain productivity, considering the cultivars BR
FEPRAGRO 44 and Guapo Brilhante.

The fall-winter (season 1) was favorable for growth and production of the cultivar
Pérola, which differed from cultivar IPR88 Uirapurl for all characters, forming the group
with the highest averages (Table 1). On the other hand, in the spring-summer crop (season
2), the cultivar IPR88 Uirapurl constituted the group with the higher averages for the
characters leaves at V4, R6 and R8 dry matter, and grains number at R9, differing from the
cultivar Pérola. This divergence of results behavior, in relation to the leaves dry matter
accumulation is similar to what was found by Souza and Lobato (2006), who affirmed that
the response to phosphate fertilization in bean crops depends on several factors,
highlighting abiotic conditions, such as air temperature and solar radiation.

Table 1. Mean values obtained for the dry matter characters: of leaves at third trifoliolate leaf - V4 (DM
Leaf V4, g), of leaves at flowering - R6 (DM Leaf R6, g), of stem at flowering - R6 (DM Stem R, g), of
leaves at pod filling - R8 (DM Leaf R8, g), of stem at pod filling - R8 (DM Stem RS8, g), of pods at pod
filling - R8 (MSV RS, g), of grains at maturation - R9 (MSG R9, g); grain number at maturation - R9 (N°G
R9) and grain productivity (Prod, g.planta), obtained for two bean genotypes (Pérola and IPR88
Uirapurt), cultivated under different concentrations of phosphorus in the nutrient solution, in the fall-
winter (season 1) and spring-summer (season 2).

DM Leaf V4 DM Leaf R6 DM Stem R6 DM Leaf R8 DM Stem R8
Genotype season 1 season2  seasonl season2 seasonl  season2 seasonl season2 seasonl  season 2
Pérola 113 a 048 b 909 a 064 b 361 a 438 a 956 a 105 b 214 a 447 a
IPR88 Uirapuri  0.68 b 0.67 a 539 b 151 a 415 a 277 b 68 b 147 a 156 b 458 a
Mean 0.91 0.57 7.24 1.08 3.88 3.57 8.22 1.26 1.85 4.52
MS Vagem R8 DM Grain R9 N°GR9 Prod
Genotype season 1 season2  seasonl season2 seasonl season2 seasonl  season 2
Pérola 677 a 353 a 1394 a 524 a 7187 a 2053 b 1989 a 627 a
IPR88 Uirapuri 559 b 321 a 1126 b 589 a 5873 b 2680 a 1378 b 634 a
Mean 6.18 3.37 12.60 5.57 65.30 23.67 16.83 6.30

When considering more than one environment, besides the ambient and genetic
effects, the effect caused by the genotype x environment interaction stands out as well (Cruz
et al, 2014). The interaction is influenced by different factors, among them the technological
level stands out, as well the year’s variation, locations and sowing season. In a competition
experiment with common bean cultivars, conducted in Goias by Pereira et al. (2010), it was
verified that the genotype x gorwing season and genotype x year (G x Y) interactions were
more expressive. In this manner, it is up to the breeder to evaluate the magnitude and
significance of the G x A interaction thru the lines evaluation in multiple environments,
allowing its indication to specific and/or general environments.

It is noticeable an inversion in the genotypes behavior, with the change in the
growing environment, what is explained by the differences between air medium temperature
and solar radiation, that were registered in the two growing seasons (Figure 4). In the fall-
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winter cultivation, the May and July mean temperatures were below the ideal to the culture
development, which varies from 17.5 to 24°C (Valderrama et al., 2009). This fact could
have benefited the plants growth and production of the Pérola cultivar. It happens because
the dry matter and carbohydrates accumulation in the diverse parts of the common bean
plants is influenced by the growth habit (Kikuti et al., 2007). As the Pérola cultivar is a type
Il plant, with indeterminate habit, prostrated or semiprostrated, with open and well-
developed ramification, it is characterized by continuing emitting vegetative leaves and
branches after the flowering beginning (Dourado Neto et al., 2009). Therefore, in adversity
conditions, presents vantages by keep growing, even in low levels in environmental
resources (Radosevich, 2007), where this can be an indicative of the most well adapted
cultivar. The stability and adaptability estimate of bean genotypes propitiate a higher
security indication. The cultivars identification, with higher phenotypic stability, have been
a very well used alternative in order to attenuate the genotype interactions effect with
environments and making the cultivar indication process safer (Melo et al., 2007).
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Figure 4. Fortnight values of the minimum temperature (°C), maximum temperature (°C) and radiation (Rad., MJ
m* day™) in the crop seasons of fall-winter of 2013 (season 1) and spring-summer of 2013 (season 2).
Meteorological data collected at the 8th District of Meteorology, in the Santa Maria Meteorological Station. Santa
Maria - RS, UFSM.

In the spring-summer cultivation (season 2) the cultivar IPR88 Uirapurud stands out
due to the proximity of solar radiation to the ideal values to development and production of
common beans than in the season 1, with 15 and 22 MJ m dia™ (Paula Janior et al., 2004).
Since it is a crop with determined growth habit, shrubby, erectus and branched stem, that
normally flowers and matures in less time, being precocious, what makes them stay less
time exposed to conditions of environmental adversity. In the fall-winter growing season, at
May and June months, there was lower radiation incidence than the necessary to the bean
crops. The crop interception of solar radiation and the utilization of this energy to the
biomass production represents the fundamental process that governs the crops growth and
grains productivity.

The Pearson correlation coefficient varied from -0.35 (stem in V4 dry matter and
stem at R6 dry matter) to 0.99 (grains at R9 dry matter and pods at R9 number) (Table 2).
The grains productivity presented high magnitude of correlation estimates with the
characters of leaves dry matter (r=0.96), stem (r=a.96) and pods (r=0.90) in the R8 growth
stage and grains dry matter (r=0.95), grains number (r=0.97) and pods at R9 dry matter
(r=0.98).
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Table 2. Pearson correlation estimates between characters of dry matter in different growth stages: leaves
at third trifoliate leaf - V4 (DM Leaf V4), stem at third trifoliolate leaf - V4 (DM Stem V4), leaves at
flowering - R6 (DM Leaf R6), stem at flowering - R6 (DM Stem R6), leaves at pod filling - R8 (DM Leaf
R8), stem at pod filling - R8 (DM Stem R8), pods at pod filling - R8 (DML R8), grains at maturation - R9
(DMG R9); pod number at maturation - R9 (NL R9), grain number at maturation - R9 (NG R9) and grain
productivity (Prod), evaluated for five phosphorus concentrations in the nutrient solution, for two bean
genotypes cultivated in two sowing seasons. Santa Maria - RS, UFSM.

DMSV4 DMLR6 DM SR6 DMLR8 DMS R8 DML R8 DMG R9 NG9 NL R9 PROD
DMLV4 0.23 0.87 "0.10 " 045 " 055 ™0.29 " 0.81 059 ™ 075 ™ 061 ™
DMSV4 -0,24 " .0.35 071 052 " 0.83 048 o065 ™ 059 ™ 063 ™
DMLR6 0.36 "2 "0.32 "0.14 "0.57 030 ™ 046 ™ 028 0™
DMSR6 0.33 " 052 " 0.04 " 0.35 "038 " 030 "™ 028 ™
DMLR8 0.97 T 094 *087 "098 © 092 ° 096
DMSRS8 0.82 " 093 098 T 095 7 096
DMLRS8 0.72 087 ™ 081 ™ 090
DMGR9 094 ~ 099 ° 095
NG9 097 © 097
NLR9 0.98

It was observed that the coefficient for these characters had a positive linear
association, indicating that to have an increase in the grain productivity, the variables that
affect photosynthesis must be maximized. Similar results were observed by Oliveira et al.
(2013), by investigating the genotypic relations between the grains productivity in beans
with the grains productivity compounds in agronomic characteristics. The authors verified
that the genetic relation of high direct and positive effect of shoot dry matter and pods per
plant number with the productivity. The same as Coutinho et al. (2014), studying the growth
and productivity of caupi beans in response to phosphorus doses in Yellow Latosol,
observed a positive correlation between grains number and pod per plant.

Although, diverging from results found in this group, Borges et al. (2012), in a
research about correlation between dry matter and grains production in bean crops, verified
significant and positive correlation among grains productivity and dry matter of leaves and
stem at 35 days after seedlings emergence, period that correspond to the flowering stage
(R6). Although, at 65 days after emergence, when the pods formation begins (R8), there
was no significant interaction for these characters.

In this research, the significance of the correlation estimates was observed at r8
growing stage, indicating dry mass production of young plants, in the initial phonological
stages, did not correlated with grains productivity. In this manner, there higher amounts of
mass in the V4 and R6 stages will not reverberate in higher grains productivity. Although,
the evaluation of characters of dry mass production and productivity compounds, thru R8
stage, can be promising by allowing the indirect selection, with the intent to obtain genetic
gains on the grains productivity.

CONCLUSIONS

The phosphorus concentrations in the nutrient solution between 1.33 and 1.84
mmol.L-1 proportionated higher amounts of pod dry mass, grain number and grain
productivity. For these characters, the genotype behavior varies due to the growing season
and the phosphorus concentration in the nutrient solution. The leaves, stem and pods dry
mass characters at pod filling, grain dry matter at maturation, grain number and pod number
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at maturation are promising for indirect selection, with the intent to obtain genetic gains in
grain productivity. There was an inversion in the genotype behavior, with change in
growing season, where the Pérola cultivar was better adapted, obtaining higher growth and
production in the non-preferential growing season, the fall-winter.
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