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ABSTRACT: Common bean is one of the most important legumes
in Latin America, mostly grown in soils with low phosphorus (P)
availability. Thus, this study aimed to evaluate the responses of
20 bean genotypes to P deficiency. The experiment was a completely
randomized design in a 2 x 20 factorial arrangement; the first factor
consisted of P levels and the second factor, of 20 bean genotypes,
with six replications. The substrate was a Red Eutrophic Oxisol with
low P content. For application of the P treatments, it was applied simple
superphosphate, consisting of two levels: restrictive and control, with
the application of 45 and 90 kg-ha™ of P,0,, respectively. At 28 days, we
observed the first symptoms of nutrient deficiency, with the decrease

in the relative chlorophyll index in the restrictive level treatment. In
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addition, the treatments were effective in differentiating effects of both
factors levels of P and genotypes for most traits evaluated relative to
shoot, root and grain yield. It was possible to classify the genotypes
in relation to use efficiency and responsiveness to P application,
according to their average yield performances. Seven genotypes
presented better performances for both P levels, being classified
as Efficient and Responsive: G 2333, IAC Carioca Tybata, IAPAR 81,
IAC Imperador, IAC Formoso, BRS Esplendor and IPR Tangara; the first
four genotypes were also classified as Efficient and Responsive under
hydroponic conditions.

Key words: Phaseolus vulgaris, abiotic stress, plant nutrition, genotype

classification.
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INTRODUCTION

Common bean (Phaseolus vulgaris L.) is the most
important food legume in Latin America, where it is
extensively grown by small farmers, often in poor soils.
In this view, the low fertility of tropical soils is the main
cause of the gap between the low crop yield in relation to
their potential and the low availability of phosphorus (P)
represents the most limiting factor for the development
of the crop (Beebe et al. 2012).

Phosphorus plays a key role in plant nutrition. As an
essential element, it participates in various physiological
and biochemical processes occurring in all living organisms
(most crop plants contains 0.2 - 0.5% of P in dry matter).
In intensive farming, this nutrient can be applied with
the use of inorganic and organic phosphate fertilizers.
In this context, phosphorus fertilization is widely used
to minimize the risk of phosphorus deficiency in the soil
and thereby increase crop yields, improving food safety
(Kirkby and Johnston 2008).

Soil P consists of compounds derived mainly from
orthophosphoric acid and the element dynamics is
associated with environmental factors that control
the activity of microorganisms, which can immobilize or
release orthophosphate ions (Santos, 2008). In this way, in
young and moderately weathered soils, P is mostly found
in organic form (Po), or in mineral form (Pi), weakly
adsorbed to secondary minerals. In turn, highly weathered
soils, such as Oxisol, contain mostly inorganic forms
related to the mineral fraction with high energy and
organic forms (physically and chemically stabilized).

Most Brazilian soils are weathered and have iron and
aluminum oxides as the main components of the clay
fraction. In acidic reaction conditions, iron and aluminum
oxides preferentially have positive charges, being able
to predominantly retain phosphate ions (Valladares
et al. 2003). Thus, as this nutrient is adsorbed to the soil
in forms little available to plants, the use efficiency of
phosphate fertilizers is reduced, and plants use only 10
to 20%, approximately, of the nutrient provided (Santos
et al. 2011).

According to Schroder et al. (2011), mineral phosphate
fertilizers, intensively used in food production over the last
50 years, are processed from fossil reserves, but due to
inefficiencies in the chain of production and consumption
of food, only a fifth of that P reaches food consumed by

the global population. Considering the world population
increase in the next 40 years and also the reserve depletion for
the production of phosphate fertilizers, during the next
50 - 150 years, the efficient use of this resource is
required.

Beebe et al. (2012) argued that current efforts to
increase the efficiency of acquisition and utilization of
nutrients in low fertility soils will certainly contribute to
improve the efficiency of fertilizer use, in a sustainable
manner. The authors highlight the importance of
the recovery of P applied, before being irreversibly fixed
by iron and aluminum oxides in tropical soils with high
fixing capacity, which involves an efficient root system
that aggressively access soil nutrients.

Given the above considerations, the aim of this study
was to evaluate the morphological, physiological and
productive responses of 20 bean genotypes, previously
classified in hydroponics, and grown in Red Eutrophic
Oxisol of medium fertility and containing low P content,
with application of two levels of P. The genotypes have also
been classified in respect to their nutrient use efficiency.

MATERIAL AND METHODS

The experiment was conducted in a greenhouse
at the Instituto Agrondémico (IAC; Farm Santa Elisa,
Campinas, State of Sdo Paulo), from May to September,
2014. Twenty bean genotypes were evaluated, previously
classified in hydroponics as to the efficient use of P (Silva
et al. 2014) (Table 1).

Pots with 5 dm? volume were filled with a mixture of
Red Eutrophic Oxisol and sand at a 3:1 ratio. According
to chemical and particle size analysis (Table 2), the soil
is considered clayey, with medium fertility, containing
3 mg-dm~ P, considered a very low content (van Raij
et al. 1997).

The experiment was a completely randomized design
in a 2 x 20 factorial arrangement. The first factor
consisted of two levels of phosphorus and the second
factor, of 20 bean genotypes, with six replications. The
20 genotypes were pre-germinated and transplanted
to pots, randomly distributed in the greenhouse; three
replications were collected at flowering (R6 stage) for
biometric assessments, and the other three, were allowed
to reach the grain yield.
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Each pot received 500 mg of N as urea (corresponding
to 90 kg-ha™ of N), and the two treatments received
phosphorus as single superphosphate, consisting of: P,
Plot (restrictive level): 45 kg-ha™ P,O_and P, Plot (control
level): 90 kg-ha™' P,O,. Thus, the P, Plotreceived 625 mg
and P Plot, 1,250 mg simple superphosphate per pot. The
level applied to the P, Plot is restrictive for representing
half of the level applied to the P, Plot, called control,
recommended for application under conditions of soil
fertility (van Raij et al. 1997). With the application of
simple superphosphate, it was added 40 kg-ha™ of Ca
in pots of P, Plot, corresponding to 100 mg per pot
and 20 kg-ha™' S, corresponding to 50 mg per pot. In
P, Plot, 80 kg-ha™ of Ca were added, corresponding to
200 mg per pot, and 40 kg-ha™' of S, corresponding
to100 mg per pot.

At 28 days after transplanting (DAT), the relative
chlorophyll index (IRC) was evaluated in the cotyledon
leaf, using the non-destructive method (SPAD-502
Plus - Konica Minolta).

At the R6 stage, plant samples were taken for the
evaluation of the following biometric characters: plant
height (PH) in cm; number of nodes per plant (NNP);
leaf area (LA) in cm? dry matter of leaves (DML) and
branches (DMB) in g; and for root traits: surface area

(RSA) in cm? length (RL) in c¢m; total volume (RV) in
cm?; average diameter (RD) in mm and dry root matter
(DRM ) in g.

To determine the total leaf area, it was used an area
integrator, Model LI-3100C - LI-COR. To obtain the dry
matter of leaves, branches and roots, the samples were
dried in an oven with air circulation at 60 °C. Roots
were evaluated using the software WinRHIZO® (Regent
Instruments Inc., Quebec, Canada).

At physiological maturity, production components
were evaluated for the number of pods per plant (NPP);
number of seeds per plant (NS), number of seeds per
pod (NSP); mass of hundred seed (MHS) in g and grain
yield (Y) in g per plant.

To determine the levels of macronutrients, all leaves
of the plant were oven-dried and ground in a Wiley
mill. Samples of 1.0 g of ground leaves were subjected to
nitric-perchloric digestion for extraction of P, K, Ca, Mg
and S. In the extracts, the levels of these nutrients were
determined by atomic absorption spectrophotometry.
For the determination of total N, 0.2-g samples of
ground leaves were subjected to sulfuric acid digestion.
Total N was determined by distillation and the other
elements by UV-VIS spectrometry (Malavolta et al.
1989).

Table 1. Genotypes used in the analysis of efficiency of use of phosphorus.

Genotypes Integument Genotypes Integument
1- IAC Alvorada Carioca 11- BRS Pontal Carioca
2 - IAC Carioca Tybata Carioca 12 - BRS Estilo Carioca
3- IAC Diplomata Black 13 - Pérola Carioca
4 - |AC Formoso Carioca 14 - IPR Tangara Carioca
5- IAC Imperador Carioca 15 - Diamante negro Black
6 - IPR Uirapuru Black 16 - Jalo precoce Yellow
7- BAT 477 Creme 17- G 4000 Brown
8- SEAB Creme 18- DOR 364 Red
9 - Carioca comum Carioca 19- G2333 Red
10 - IAPAR 81 Carioca 20 - BRS Esplendor Black

Table 2. Chemical and particle size characteristics of the Red Eutrophic Oxisol used in the mixture with sand (3 : 1) for filling

the pots.
pH oM H+Al K
(CaCl) (g-dm?®) (mg-dm3) (mmol-dm3) (mmol -dm)
5.9 14 3 14 22
Clay (g-kg™) Silt (g-kg™)
550.0 91.0

(or] Mg SB CEC
(mmol -dm=3) (mmol_-dm3) (mmol_-dm) (%)
29 8 393 53.3 74
Total sand (g-kg™) Texture
359.0 Clayey

OM = Organic matter; SB = Sum of bases; CEC = Cation exchange capacity; BS = Base saturation.
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RESULTS AND DISCUSSION

At 28 DAT, it was possible to observe the onset of leaf
abscission in plants that received the restrictive level.
There were statistical differences for the relative
chlorophyll index — IRC at 1% probability both between
P levels, and between genotypes (Table 3).

The application of restrictive P level resulted in a
decrease of 12.85% in IRC, with mean values of 31.0
and 35.88 SPAD units, respectively, for restrictive and
control levels. Of the 20 genotypes tested, four showed
the highest mean values: G 2333, BRS Esplendor,
G 4000 and IAC Imperador (Table 4). P deficiency causes
changes in leaf color due to changes in chlorophyll
and carotenoids content, and, according to Torres Netto et al.
(2005), the indirect determination of chlorophyll
content can be used to diagnose the integrity of the
photosynthetic apparatus, when the plants are subjected to
environmental adversities.

Herndandez-Domiguez et al. (2012) and Oliveira
et al. (2012) also studied the influence of P deficiency
on IRC; however, it was found an increased on IRC with
reducing levels of P, when the young leaves of the plant
were examined. Graham et al. (2006) identified, by in
silico analysis, over expressed genes encoding chlorophyll
A and B binding protein under P deficiency conditions,
being consistent with frequent symptomatic observation
of dark green leaf color. The authors point out that new
leaves are continuously produced at the expense of
older leaves, and these newly formed leaves are an
important part of the light-gathering apparatus.

Individual analyses of variance were run for the traits
of shoots, roots, yield components and grain yield. It
was possible to detect significant effect of P levels on

Table 3. Summary of analysis of variance on the relative chlorophyll
index of 20 bean genotypes according to levels of 45 and
90 kg-ha™P,0,.

Sources of variation DF IRC
P levels 1 1.0279**
Genotypes 19 113.3**
P x Genotypes 19 395
Error 200 337
CV (%) 19.19
Mean 30.28

**Significant by F-test at 1% probability; DF = Degrees of freedom; IRC = Relative
chlorophyll index; CV = Coefficient of variation.

all traits except for RD and NSP. As for the genotypes,
there was a significant effect for DML, DMB, PH, NNP,
RV, RD, NPP, NS, NSP, and MHS. For the interaction
P level x genotypes, there was no significant effect for
any characteristic evaluated. Experimental coefficients
of variation were considered satisfactory, ranging from
7.95 t0 22.21% (Table 5).

In relation to LA, a reduction of 20.30% was verified
with reducing level of P, i.e. treatment with restrictive
and control levels, respectively, had mean leaf area of
1,019.22 and 1,278.3 cm?, without significant differences
between genotypes (Table 6).

There was a reduction of 33.68% in DML with
application of the restrictive level compared to the
control. Mean values of treatments were 1.91 and 2.88 g,

Table 4. Performance of 20 common bean genotypes regarding
the relative chlorophyll index in cotyledonary leaves 28 days after
transplanting, subjected to the application of two levels of P, restrictive
and control, with 45 and 90 kg-ha™ P,0,, respectively.

Genotypes Mean

1- IAC Alvorada 26.22 bcd

2 - |AC Carioca Tybata 30.77 abcd
3- IAC Diplomata 24.67 cd

4 - |AC Formoso 30.68 abcd
5- IAC Imperador 34.16 ab

6 - IPR Uirapuru 28.11 abcd

7- BAT 477 2702 abed

8- SEAB 3159 abced

9 - Carioca Comum 30.08 abed

10 - IAPAR 81 3193 abced

11 - BRS Pontal 29.45 abced
12 - BRS Estilo 24.50 d

13 - Pérola 31.88 abed

14 - IPR Tangara 29.71 abcd

15 - Diamante Negro 30.68 abcd

16 - Jalo Precoce 28.20 abed
17- G 4000 3431 ab

18- DOR 364 33.02 abc
19- G2333 34.85 a
20 - BRS Esplendor 33.44 ab

Plots Mean

Restrictive level 28.19 B
32.36 A

Control level

*Mean values followed by different lowercase letters are significantly different
for genotypes and mean values followed by different uppercase letters are
significantly different for P level by Tukey’s test (p < 0.05).
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respectively, for the restrictive and control levels. The
genotype G 2333 stood in DML, with a production of
4.73 g; however it was not statistically different from
IAC Carioca Tybata, IAC Diplomata, BAT 477, Pérola
and BRS Esplendor (Table 6).

DMB was influenced by both P level and genotypes.
Plots that received the restrictive level averaged 1.49 g,
while the plot with the control level averaged 1.73 g; in
other words, there was a decrease of 13.87% with a
reduction in level applied. The genotypes that presented the
best performance for DMB were G 2333, Pérola and Jalo
Precoce, presenting mean values of: 2.04; 1.91 and 1.9 g,
respectively (Table 6).

PH was influenced by both the level of P and the
genotypes. The restrictive level caused a reduction of
16.39% in plant height, and the mean values of the

plots were 91.93 and 76.86 cm, respectively, for plots
with control and restrictive levels. The genotype G 2333
presented the highest PH, with indeterminate growth
habit, with a mean value of 239.83 cm, followed by
genotypes: Pérola, IAC Imperador, BRS Pontal and IAC
Carioca Tybata, averaging respectively: 166.16; 126.66;
108.66 and 104.66 cm. The genotypes with the lowest
mean values for PH were: IPR Tangard, SEA 5 and DOR
364, respectively with: 35.66; 40.00 and 43.83 cm (Table 6).

As for the NNP, there was a reduction of 6.99% with
the application of restrictive level, with a variation in the
number of nodes from 13.5 to 7.5. The genotypes IAC
Imperador, JAC Alvorada, IAC Carioca Tybata and BRS
Estilo presented the highest mean values, higher than
12.5 nodes per plant, while the worst performances for
this trait were registered for SEA 5, IPR Tangara, BRS

Table 5. Summary of analysis of variance for traits of shoots, roots, yield components and yield of 20 bean genotypes according to the
application of two levels of P, restrictive and control, respectively, with 45 and 90 kg-ha™ P,0O,.

Mean square
pmL! DMB!
P Levels 1 529.6** 1.96** 1.65** 22.44* 20.83**
Genotypes 19 48.5 0.16** 0.17** 32.10** 11.98**
P x Genotypes 19 46.7 01 0.05 176 1.27
Error 80 40.9 0.06 0.03 3.00 1.69
CV (%) 19.25 13.95 10.75 19.63 11.34
Mean 1148.78 2.39 1.61 84.39 11.46
Mean square
RSA! RV!
P Levels 1 1993.5* 250.50** 2.14** 0.01 0.12**
Genotypes 19 638.7 51.09 0.39* 0.01** 0.01
P x Genotypes 19 2471 25.53 0.20 0.01 0.01
Error 80 3773 3272 0.21 0.01 0.01
CV (%) 20.55 18.92 15.84 795 6.7
Mean 9337.94 948.76 7.75 0.33 0.645
Mean square
Nst NSP
P Levels 1 1.2052** 9.008** 1.8915 114.10* 1.0923**
Genotypes 19 0.2154* 1.485* 1.8379* 106.91** 0.2394
P x Genotypes 19 0.1093 0.338 0.7621 19.44 0.1085
Error 80 0.1216 0.745 0.8658 1724 0.1488
CV (%) 16.36 21.94 2221 15.6 17.63
Mean 3.68 15.34 418 26.61 394

Transformed data (v/x+1); ***Significant at 5 and 1% probability; SV = Sources of variation; DF = Degrees of freedom; LA = Leaf area; DML = Dry matter of leaves;
DMB = Dry matter of branches; PH = Plant height; NNP = Number of nodes per plant; CV = Coefficient of variation; RL = Root length; RSA = Root surface area;
RV = Root volume; RD = Root diameter; DMR = Dry root matter; NPP = Number of pods per plant; NS = Number of seeds per plant; NSP = Number of seeds per
pod; MHS = Mass of hundred seed; Y = Grain yield.
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Esplendor and Jalo Precoce, with lower mean values of
10.5 nodes (Table 6).

The use of restrictive level of P reduced all traits
related to shoots. According to White and Hammond
(2008), many of the responses of plants to P deficiency
seem to be initiated or modulated by the reduction of
inorganic phosphorus (Pi) transport to shoots and hence
reduction in Pi available for metabolism. In this way, in
most cases, this condition results in immediate reduction
of shoot growth rate, even before affecting root growth.
The authors also emphasize that reducing the element at
the cellular level directly affects photosynthesis, glycolysis
and respiration. Thus, changes in carbohydrate metabolism
are enhanced by transcriptional reprogramming, resulting
in the synthesis of organic acids, starch and accumulation
of sucrose in leaves of deficient plants.

Mean values of P concentration in leaf tissue
determined by chemical analysis were 1.49 and
1.24 g-kg™!, respectively, for the restrictive and control

levels. The lower concentration of P in leaves that received
the highest level of P is due to the higher dry matter
accumulation of leaves, thus diluting the concentration
of the element in the total of leaves produced, a fact
confirmed by the higher production of dry matter of
leaves in the plots with the control level in relation to
the plots treated with the restrictive level (Figure 1).
For different soybean maturity groups grown in a Red-
Yellow Distrophic Oxisol, with medium content of P,
Raposo et al. (2004) reported a negative relationship
between P concentration in leaves and biomass produced,
emphasizing the effect of nutrient dilution. P content
in leaves was determined by the product of the leaf
P concentration and dry matter of leaves, 2.78 and
3.42 g P, respectively, for plots with restrictive and control
levels, that is, with a decrease of 18.71% in P content
in the plots treated with restrictive level, confirming
the greater accumulation of the nutrient in the leaves,
accompanied by increased production of dry matter.

Table 6. Performance of 20 bean genotypes according to the application of two levels of P in the plots, P, (restrictive level) and P,
(control level), respectively, with 45 and 90 kg-ha™ P,O, for traits of shoots, roots, yield components and grain yield.

Genotype LA(cm*) DML(g) DMB(g) PH (cm) NNP RL (cm) RSA (cm?*) RV (cm?)
1- IAC Alvorada 103900 a 219 b 167 bed 8630 cdef 1283 ab 831506 ab 88351 ab 752 ab
2- IAC Carioca Tybata 110750 a 252 ab 1.62 bcd 105.00 bcde 12.66 ab 1025012 ab 99342 ab 767 ab
3- IAC Diplomata 117816 a 241 ab 164 bed 7180 cdef 10.66 bc 1077205 ab 105940 ab 831 ab
4 - |AC Formoso 1092.83 a 232 b 157 bed 6530 cdef 1216 abc 1041078 ab 107830 ab 892 ab
5- IAC Imperador 116350 a 225 b 158 bed 12700 bc 1350 a 777473 ab 77563 ab 619 ab
6 - IPR Uirapuru 131350 a 232 b 153 cd 6000 cdef 11.00 abc 1198285 ab 111310 ab 829 ab
7- BAT 477 170166 a 271 ab 159 bed 9330 cdef 1233 ab 1231705 ab 134550 a 1176 a
8- SEAB 98466 a 234 b 149 d  40.00 ef 750 d 827128 ab 99091 ab 949 ab
9 - Carioca Comum 97783 a 189 b 148 d 8470 cdef 11.66 abc 940964 ab 88244 ab 6.61 ab
10 - IAPAR 81 79450 a 132 b 143 d 5780 def 1116 abc 8366.44 ab 91547 ab 798 ab
11- BRS Pontal 118800 a 220 b 156 bced 10900 bed 1266 ab 834994 ab 83584 ab 6.68 ab
12 - BRS Estilo 116433 a 201 b 160 bed 5480 def 1266 ab 766375 ab 85515 ab 762 ab
13- Pérola 139116 a 327 ab 191 ab 166.00 b 1250 ab 1219950 ab 111040 ab 811 ab
14 - IPR Tangara 93125 a 174 b 158 bed 3570 f 950 cd 842645 ab 86151 ab 701 ab
15- Diamante Negro 118733 a 222 b 150 d 5550 def 10.50 bc 1356515 a 120500 ab 8,53 ab
16 - Jalo Precoce 109333 a 235 b 190 abc 6980 cdef 1033 bc 898271 ab 89142 ab 708 ab
17- G 4000 115050 a 217 b 149 d 5480 def 1166 abc 813551 ab 91236 ab 817 ab
18- DOR 364 95366 a 209 b 134 d 4380 def 1116 abc 525652 b 54207 b 450 b
19- G2333 1350560 a 473 a 204 a 240.00 a 1250 ab 735385 ab 73272 ab 5.84 ab
20- BRSEsplendor 121233 a 276 ab 163 bcd 6820 cdef 1033 bc 895539 ab 99112 ab 875 ab
P, 101922 B 191 B 149 B 76.86 B 1105 B 865574 B 86904 B 701 B
P 127880 A 283 A 173 A 91.93 A 1188 A 100201 102848 A 849 A

B
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Tabela 6. Continuation...

Genotype RD (mm) DMR (g) NPP NS NSP MHS Y (g)
1- IAC Alvorada 0.342 abcde 0.609 a 3.83 ab 1283 ab 329 b 33.49 a 42 a
2- IAC CariocaTybata  0.311 bedef 0.676 a 5.33 a 21.16 a 398 ab 2231 de 476 a
3- IAC Diplomata 0.317 bedef 0.720 a 333 ab 1416 ab 452 ab 2312 cde 311 a
4 - |IAC Formoso 0.331 abcedef 0.737 a 433 ab 1883 ab 451 ab 2747 abcde 492 a
5- IAC Imperador 0.321 bedef 0.536 a 4.00 ab 1683 ab 446 ab 2973 abed 506 a
6 - IPR Uirapuru 0.294 ef 0.735 a 3.16 ab 1333 ab 399 ab 276 abcde 3.59 a
7- BAT 477 0.351 abcd 0.787 a 3.16 ab 1550 ab 473 ab 2606 abcde 4 a
8- SEA5 0.385 a 0709 a 250 ab 1033 ab 39 ab 2829 abcde 307 a
9 - Carioca Comum 0.300 cdef 0.562 a 300 ab 1233 ab 437 ab 2528 abcde 312 a
10 - IAPAR 81 0.348 abcde 0.610 a 4.83 ab 1900 ab 368 ab 25.88 abcde 4.69 a
11- BRS Pontal 0.316 bcdef 0561 a 433 ab 1666 ab 364 ab 2426 bcde 383 a
12 - BRS Estilo 0.357 ab 0.650 a 333 ab 1150 ab 348 ab 3146 abc 36 a
13- Pérola 0.298 def 0703 a 416 ab 1633 ab 383 ab 3313 ab 506 a
14 - IPR Tangara 0.326 bedef 0.633 a 3.66 ab 1566 ab 428 ab 2915 abcd 452 a
15 - Diamante Negro  0.280 f 0.790 a 2.66 ab 1141 ab 425 ab 20.4 e 229 a
16 - Jalo Precoce 0.317 bedef 0.646 a 2.16 b 716 b 352 ab 328 ab 232 a
17- G 4000 0.355 abc 0681 a 4.66 ab 2033 ab 436 ab 1994 € 401 a
18- DOR 364 0.339 abcde 0.394 a 3.33 ab 1383 ab 431 ab 2484 abcde 3.47 a
19- G2333 0.315 bcdef 0442 a 3.66 ab 1933 ab 548 a 26.8 abcde 505 a
20 - BRS Esplendor 0.351 abcd 0.725 a 416 ab 2133 a 511 ab 2019 e 419 a
P, 0.325 A 0565 B 328 B 1341 B 406 A 2759 A 356 B
P 0.330 A 0.726 A 408 A 17.28 A 431 A 25.63 B 433 A

B

*Mean values followed by different lowercase letters are significantly different between genotypes and mean values followed by different uppercase letters are
significantly different between P levels by Tukey’s test (p < 0.05); LA = Leaf area; DML = Dry matter of leaves; DMB = Dry matter of branches; PH = Plant height;
NNP = Number of nodes per plant; RL = Root length; RSA = Root surface area; RV = Root volume; RD = Root diameter; DMR = Dry root matter; NPP = Number of
pods per plant; NS = Number of seeds per plant; NSP = Number of seeds per pod; MHS = Mass of hundred seed; Y = Grain yield.

With leaf analysis, as observed for P, we found a
greater accumulation of N, K, Ca, Mg and § in the
plots with application of the restrictive dose, occurring
dilution effect of the elements due to greater production
of dry mass of plants in the control plot. The contents of
nutrients were close to the ranges considered suitable
for bean crops, with the exception of P and S, below
the proper range. In general, the results observed
in the diagnosis can be attributed to the use of all leaves
of each plant sampled and not the leaves of the middle
third like the methodologies of Ambrosano et al. (1997)
and Malavolta (2006) (Table 7).

With regard to root growth and development, the full
RL varied from 8,655.74 to 10,020.18 cm, respectively,
for restrictive and control levels, with a reduction of
13.62% in total length with reducing level of P. The
genotype Diamante Negro showed longer mean length,
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13,565.15 cm, and the genotype DOR 364, the shortest
length, 5,256.52 cm (Table 6).

There was a reduction of 15.50% for RSA in the
restrictive level, averaging 869.04 and for the control,
1,028.48 cm?®. Values for RSA ranged from 1,345.50
to 542.07 cm?, and the genotypes with the best and worst
mean performance were BAT 477 and DOR 364 (Table 6).

The RV exhibited statistically significant differences
between levels of P and genotypes. There was a reduction
of 17.43% in volume with application of the restrictive
dose, causing a total variation from 11.76 to 4.50 cm?,
and the genotypes with the highest and the lowest mean
volume of root were BAT 477 and DOR 364 (Table 6).

DMR was the trait most negatively affected by
restrictive level, with 22.18% reduction, and the mean
of plots under restrictive treatment and control was
0.565 and 0.726 g, respectively. The range of observations

Bragantia, Campinas, v. 75, n. 2, p.152-163, 2016



Phosphorus use efficiency in common bean genotypes

ranged from 0.790 g for Diamante Negro to 0.394 g for
DOR 364 (Table 6).

According to Lépez-Bucio et al. (2003), soil nutrients
are critical for plant growth and yield. Bioavailability of
nutrients in the soil solution can determine the growth
and proliferation of roots; P is a nutrient that can alter
the post-embryonic development of the root system.
Furthermore, due to low bioavailability and mobility of P
in most soils, the ability of the root system to effectively
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Figure 1. Concentration and content of P in leaves of 20 bean
genotypes grown in Red Eutrophic Oxisol, subjected to restrictive
and control levels, respectively, with the application of 45 and
90 kg-ha™ P,O,. Horizontal and vertical lines represent the
overall means of each treatment.

exploit the soil at a minimum metabolic cost is essential
to plant development (Lynch and Brown 2008).

Trindade and Araujo (2014) studied the variability of
24 common bean genotypes considering the root system
in a Red-Yellow clay soil, with application of two levels
of P per hectare, 20 and 80 kg P,O,, and noted that the
highest dose of P promoted a higher development of roots,
resulting in increases in the mass of tap, basal and lateral
roots; mass of nodules; in the area and length of roots,
both at the beginning of development and in the pod
filling period. The authors emphasized the importance of
selecting cultivars with greater root growth as a strategy
to increase P uptake and grain yield, especially in tropical
and subtropical environments, where the availability of
P in the soil is usually very low.

In relation to the yield components, there was a
decrease by 19.61% in the NPP, with the restrictive level of
P; the plot treated with such level presented a mean value
of 3.28, and the control plot, a mean value of 4.08 pods
per plant. Genotypes with the highest number of
pods per plant were IAC Carioca Tybata, IAPAR 81,
G 4000, whereas Jalo Precoce, SEA 5 and Diamante
Negro had the lowest number (Table 6).

As for the NS, there were significant differences for
both P levels and genotypes. The observed mean values
were 13.41 and 17.28 seeds per plant, respectively, for
plots with restriction of P and control, with 22.40%
reduction in the total number of seeds per plant with
the restrictive level. Genotypes with the highest number
of seeds were BRS Esplendor, IAC Carioca Tybata and
G 4000 (Table 6).

The trait NSP showed no effect of P level, and
the restrictive and control plots showed close values,
respectively, 4.06 and 4.31 seeds per pod with a reduction
of 5.80% in the restrictive level. There was effect of

Table 7. Content of macronutrients in leaf tissue (g-kg™) of 20 bean genotypes grown in Red Eutrophic Oxisol, with application of two levels
of Pin the plots P, (restrictive level) and P, (control level), respectively, with 45 and 90 kg-ha™ P,O,

Treatment

Suitable range! 30-50 25-40 20-24 10-25 25-50 2-3
Suitable range? 52-54 4-6 il5=33 ily=225 4-8 5=10)
P, 54.27 1.49 23.64 20.61 3.99 1.04
P 42.50 124 20.06 19.05 3.61 0.79

B

Range of macronutrient content considered suitable in bean leaves collected at flowering; third leaves with petiole and taken at the middle third of 30 plants

(*Ambrosano et al. 1997 and ?Malavolta 2006).
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genotype influencing the trait; the genotypes with the
best and worst mean performance were G 2333 and
IAC Alvorada, with, respectively, 5.48 and 3.29 seeds
per pod (Table 6).

The trait MHS was influenced by both P levels and
genotypes; however, there was a 7.65% increase in seed
mass in the plot that received the lowest level of P, being
the mean values of the plots with restrictive and control
levels 27.59 and 25.63 g, respectively. For this trait, the
genotypes that showed better mean performance in
both conditions of P fertilization, with values greater
than 32 g, were: IAC Alvorada, Pérola and Jalo Precoce
and genotypes with lower mass were Diamante Negro,
IAC Carioca Tybata and IAC Diplomata (Table 6). For
yield and quality of seeds of the cultivar Carioca Precoce
subjected to six levels of P fertilization, Zucareli et al.
(2011) showed that P levels applied did not influence
the MHS, and neither the physiological quality; however,
there was a linear increase in yield according to the
P level. The authors underline that under nutritional
deficiency, plants tend to adjust seed production to
available resources, without impairing the vigor.

For Y, statistical differences were detected only
between P levels. Mean values of yield of plots treated
with the restrictive and control levels were, respectively,
3.56 and 4.33 g per plant, that is, the restrictive P level
resulted in 17.78% of reduction. Aratdjo et al. (2000)
evaluated eight bean genotypes in soil with low P content
(5 mg-dm™’ P) using two levels of fertilization, 27.5 and
114.5 kg-ha™' P,O,, and obtained average yields per
plant of 3.76 and 4.00 g, respectively. Likewise, Oliveira
et al. (2012) assessed 19 genotypes in soil containing
4.9 mg-dm™ P, using levels of 20 and 120 kg-ha™' P,O,, also
verified low yield, 2.2 and 5.25 g per plant, respectively,
for the lower and higher level of P.

The results for the mean grain yield showed a variation
from 5.06 to 2.29 g per plant, and for both levels, the
genotypes with the highest mean values were TAC
Imperador (5.06 g), Pérola (5.06 g) and G 2333 (5.05 g);
the genotypes with worse performances were Diamante
Negro (2.29 g), Jalo Precoce (2.32 g) and SEA 5 (3.07 g)
(Table 6).

The genotypes were classified and graphically depicted
according to their mean yield performances for both
levels into the classes: Efficient and Responsive; Efficient
and Non-Responsive; Inefficient and Responsive; and

Inefficient and Non-Responsive (Figure 2). Seven
genotypes were classified as Efficient and Responsive,
whose performances were above the average, at both
levels, namely: IAC Formoso, G 2333, IAC Carioca
Tybatd, IAPAR 81, IAC Imperador, BRS Esplendor and
IPR Tangard. Silva et al. (2014) observed similar results
in nutrient solution, by studying the same genotypes
according to their response to P use efficiency, and
classified five genotypes as Efficient and Responsive:
G 2333, IAC Carioca Tybata, IAPAR 81, IAC Imperador
and Carioca Comum, i.e. four of these showed results
in common. It should be emphasized that the genotype
BAT 477, classified as Efficient and Non-Responsive,
besides presenting a good productive performance in
the plots with restrictive level of P, demonstrated better
performance regarding the root system traits.

Oliveira et al. (2012) classified 19 bean genotypes
in Red-Yellow Distrophic Oxisol, with low P content,
fertilized with 20 and 120 kg P,O,, and found variability
between genotypes, also identifying five of these as
Efficient and Responsive, namely IAC Una, IPR Saracura,
IPR Juriti, IAC Centauro and IPR Corujinha.

When comparing the relative classification held in the
soil and in hydroponics (Silva et al. 2014), 12 genotypes
maintained the same classification in both conditions. In
addition, genotypes classified as Efficient and Responsive

Yield (g per plant)
7 T+ 13 e
IR ER
6+ °5
1e el4 19
T 57 11e .
'gw 17e 100 o4 ®
— [ ]
= ®20 S 4
4 =+
°8 180 % o7
3e L
3 Te15 INR ENR
I.16 1 1 9? 1 1 1

20 25 30 35 40 45 50
Low P

The x-axis is represented by grain yield values in the
restrictive level of P and the y-axis, by grain yield values
in the control level of P.

Figure 2. Yield performance of 20 bean genotypes as for the P
use efficiency, classified into four categories: IR = Inefficient and
Responsive; INR = Inefficient and Non-Responsive; ER = Efficient
and Responsive; ENR = Efficient and Non-Responsive.
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in the soil: IAC Carioca Tybata, IAC Imperador, IAPAR
81 and G 2333, respectively, had the highest percentage
increase compared to the mean value in the restrictive
condition of P: 39.61; 13.20; 33.99 and 42.98%; in the P
restrictive condition, in hydroponics, there were increases
of 18.18; 31.02; 42.04 and 1.11% (Table 8).

The genotypes IAC Diplomata, SEA 5, BRS Estilo,
Jalo Precoce and DOR 364 were classified, in both
growing conditions, as: Inefficient and Non-Responsive,
with reductions in grain yield, in relation to the mean
values of all treatments; in the restrictive condition of P
in soil, reductions were of —18.26; -35.11; —1.69; —1.85
and —10.39%, as well as in hydroponics, with reductions
of —=32.74; —1.20; —2.10; —11.31 and —26.87% (Table 8).

The results of the assessment of 20 bean genotypes in the
soil were consistent and similar to the classification in

hydroponics (Silva et al. 2014). Nevertheless, there was less
experimental control in this situation, since the dynamics
of P in the interaction with the soil can be influenced with
respect to chemical, physical and biological aspects, such as
pH, adsorption processes, texture and clay content,
microorganisms and other soil factors, changing the
dynamics and the availability of the nutrient to the plant.

CONCLUSION

P levels were efficient in distinguishing cultivars,
resulting in significant differences in plant development
and agronomic traits.

It was possible to classify the genotypes considering
the P use efficiency in Red Eutrophic Oxisol.

Table 8. Grain yield of 20 bean genotypes, grown in Red Eutrophic Oxisol with application of two levels of P, 45 and 90 kg-ha* of P,0, and,
in hydroponic system considered the application of 4 and 8 mg-L P. Productive percentage increased compared to the averages within
each dose and cultivation condition and relative ranking as the use of P.

Red Eutrophic Oxisol

Genotypes High P

(%)

Relative
classification

Hydroponics (Silva et al. 2014)

Low P High P Relative

(%) classification

1-IAC Alvorada -10.39 20.39 IR -5.23 -11.03 IR
2-1AC Carioca Tybata 39.61 494 ER 18.18 38.32 ER
3-1AC Diplomata -18.26 -23.66 INR -3274 -69.00 INR
4-1AC Formoso 45.22 793 ER 0.40 0.85 ENR
5-1AC Imperador 13.20 40.68 ER 3102 65.36 ER
6 - IPR Uirapuru -3.93 -13.28 INR -1.51 =317 IR
7- BAT 477 2331 -16.51 ENR -2277 -4798 INR
8-SEAb —35.11 -11.44 INR -1.20 -2.53 INR
9 - Carioca Comum -0.84 -3750 INR 22.61 4765 ER
10 - IAPAR 81 33.99 6.32 ER 42.04 88.59 ER
11 - BRS Pontal -23.03 13.70 IR -10.75 -22.65 IR
12 - BRS Estilo -1.69 -14.44 INR -2.10 -4.42 INR
13 - Pérola -11.80 61.21 IR -14.97 -31.54 IR
14 - IPR Tangara 5.90 22.00 ER 12.76 26.88 ENR
15 - Diamante Negro -52.81 -32.89 INR 718 1513 ENR
16 - Jalo Precoce -41.85 -40.27 INR -11.31 -23.83 INR
17- G 4000 -5.06 747 IR -10.37 -21.85 INR
18 - DOR 364 -10.39 -13.51 INR -26.87 —56.62 INR
19-G2333 42.98 1577 ER 111 2.34 ER
20 - BRS Esplendor 10.39 3.09 ER 4.55 9.59 ENR
Mean 3.56 4.33 28.95 47.45

IR = Inefficient and Responsive; INR = Inefficient and Non-Responsive; ER = Efficient and Responsive; ENR = Efficient and Non-Responsive.
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The genotypes IAC Formoso; G 2333; IAC Carioca
Tybatd; IAPAR 81; IAC Imperador; BRS Esplendor and
IPR Tangara showed the best productive performances in
both fertilization conditions, being classified as Efficient
and Responsive.
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