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ABSTRACT

Phosphorus (P) is an important nutrient for obtaining high yields and has been the one that most often limits
production. The objective of this study was to evaluate the agronomic performance of onion cultivars as a function of
phosphate fertilization. The experiments were installed at the Rafael Fernandes Experimental Farm, of the Federal Rural
University of the Semi-Arid Region, Mossord-RN, Brazil, from July to October 2016 and from June to October 2017. The
design used was randomized blocks, in a 2 x 6 factorial scheme, with four replicates. The treatments consisted of the
combination of two onion cultivars 21 and Rio dadntas) and six Boses (0, 60, 120, 180, 240 and 300 kgFa,).

The economical doses of &sociated with the maximum marketable yields of onion were estimated at 212.45 and
207.65 kg haof PO, respectively for the cultivarsAPL1 and Rio daAntas. In general, the cultivar Rio dastas was
more productive than F11, in the two growing periods.

Keywords: Allium cepal..; plant mineral nutrition; yield.

INTRODUCTION to nitrogen and potaisn. It is also applied in greater
Onion @llium cepal..) is a vegetable of great nationalduantity according to the recommendations of fertilization
importance as it occupies the third place in volume arld Brazil. Aguiar Netoet al (2014) observed total P
income generated among the vegetable crops, orfigcumulation of 5.49 and 5.58 kg'hat the end of the
surpassed by potatoes and tomatoes. In 2018, the af¥gle for the cultivars IR11 andTexas Grano 502.
cultivated with onions in Brazil was 48,600 hectares and 1he doses of P applied to onion crop vary according
its production reached 1.55 million tons, with an averad® the producing region, due to specificities of soil, climate,
yield of 32 t ha. The South region accounted for 61.29ultivar and management. Mendeisal (2008) recom-
of the national production, followed by the Southeadhends for this crop the application of 45 to 180 k§dfa
(17.0%), Northeast (16.0%), and Midwest (5.3%) (IBGE?,Os, for the Sao Franciscwalley in Pernambuco,
2018). In Rio Grande do Norte, onion cultivation waéccording to its availability in the soil. In Minas Gerais,
established less than a decade ago, and technologies dlieffecommendation is 50 to 300 kg b&P,O; (Ribeiroet
as no-tillage, drip irrigation and fertilizer application viadl., 1999). In Sao Paulo, the recommended values range
irrigation water are employed by producers, enabling tHeom 80 to 300 kg h&of P,O, (Traniet al, 2018). In the
State to become the third bulb producer in the Northeaiates of Rio Grande do Sul and Santa Catarina, the
Region. recommendation is 80 to 250 kg'taf P,O, (Comisséo de
Phosphorus (P) is one of the most important arfértilidade do solo—RS/SC, 2016).
limiting nutrients in onion cultivation, although it is not  Regarding the response capacity of onion crop to
the most absorbed by plants, especially when comparebosphate fertiiation, Mayet al (2008) obtained yields
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of 64.8 and 72.0 t Haespectively in the cultivars Optima different doses of, i the form of triple superphosphate,
and Superex with the application of 300 kg b&P,O.. In  applied broadcast and incorporated to 5 cm depth. The
the cultivar Bola Precoce, the application of 450 kdfa rest of the fertilization was performed via top-dressing
P,O favored the yield of 71.4 t hgHunger 2013).The fertigation. The fertilization adopted by onion producers
P,O, dose of 130 kg hlapromoted higher yield of inthe state of Rio Grande do Norte was taken as reference,
marketable bulbs in the cultivarsAPLO and IR 11  applying during the crop cycle 180 kg'w N, 280 kg ha
(Resendeet al, 2016). Novo Junioet al (2016) also 'of K O, 47.50 kg h&of Ca, and 13.77 kg haf Mg, in the
obtained an increase in bulb yield ofAIR1 with the forms of urea, potassium chloride, calcium nitrate and
application of 168.75 kg Haof PO,. magnesium sulfate, respectiveBwas applied only as

Due to the constant changes in Brazilian oniobasal according to treatments in the form of triple
production, mainly in the adoption of new technologiesuperphosphatés a source of micronutrients, 18 kg ha
such as the introduction of more productive hybrids,of zinc sulfate, 8 kg haof boric acid and 1.62 kg haf
denser plantations, fertigation, among others, whidhe commercial product Rexofinvere applied as basal.
increased the expected yields in most producing regions, Bulbs were manually harvested at 118 days after
it is necessary to conduct further research on nutritimowing (DAS) in Period 1 and at 131 DAS in Period 2.
and fertilization in order to meet the needs of the cropyhen 70% of the plants had lodged, irrigation was
providing the nutrients for the plant in a balanced.way suspended, starting the curing process in the field with

In this context, the objective of this study was taluration of 20 days. Then, the bulbs were cleaned,
evaluate the agronomic performance of onion cultivars afiminating the leaves and roots. The evaluated characte-
a function of phosphate fertilization. ristics were:

MATERIAL AND METHODS - P content in the diagnostic leaf (g%the highest leaves
of 20 plants from the usable area of the plot were

The experiments were conducted at the Rafaelcojlected in the middle of the crop cycle, at 55 DAS,
Fernan(_jes Experlme_ntal_ Farm of the Fedgral_ Ruralaccording to the methodology proposed by Malavolta
University of the Semi-Arid, located in the district of gt 51 (1997), and their P contents were analyzed following
Alagoinha, rural area of the municipality of Mossord, RN, the methodology described Bgdescet al. (1995).

Brazil (5°03'37" th latit 7°23’ tl it .
razil (5 03. 3 Soq atitude, 37°23 5“."783 ong'l ude - Plant dry matter (g platt at harvest, five plants of the
and approximate altitude of 72 meters), in the periods from
usable area of the plot were collected, washed, placed

Julyto October 2016 (Period 1) and from June to OCtOberin aper bags and dried in a forced air circulation oven
2017 (Period 2). paperbag

. o . .
The soil of the experimental area was classified asW'th temperature regulated at 65 °C, until reaching

Argissolo ¥rmelho Distréfico tipicqUItisol) (Regoet constant weight.

al., 2016). In the experimental areas, composite sailClassification of bulbs: performed based on bulb
samples were collected in the 0-20 cm laged the results ~ transverse diameter according to norms of the Ministry
of chemical and physical analyses for Periods 1 and 20f Agriculture, Livestock and Food Supply (Brasil, 1995)
were respectively: pH = 6.20 and 5.2Q; P =4.5and ~ —class 1 (diameter <35mm); class 2 (diameter 35-49 mm);
4.4mgdn¥; K=53.5and 45.3mgdinNa=3.3and4.8mg  class 3 (diameter 50-74 mm); and class 4 (diameter 75-90
dm? Ca=1.17 and 0.80 cmam?; Mg = 0.52 and 0.50 mm);

cmol_dn®. The proportion of the fractions of sand, silt Yield of marketable bulbs: determined by the total weight
and clay was 900, 20 and 80 g'kg Period 1 and 880, 50  of bulbs with diameter > 35 mm, without defects;

and 70 g kg in Period 2. - Yield of non-marketable bulbs: obtained by the total

The .experimental _design was gsed in ran.domizedweight of bulbs with diameter < 35 mm and/or double
blocks, in a 2 x 6 factorial scheme, with four replications. bulbs or bulbs with defects:

The treatments consisted of the combination of two onion ) )
cultivars (IR11 and Rio dantas) and six doses of @, " Total yield of bulbs: ob'Famed by the sum of marketable
60; 120; 180; 240 and 300 kg'ut P,O,). Each experimen- ~ and non-marketable yields.
tal plot was composed of a 3.0 x 1.0 m bed, with eight rows The economical dose of P was determined according
of plants, at spacing of 0.10 m between rows and 0.06t@the methodology of Raij (1991) and Natal (2011),
between plants. The six central rows were considered @sculated based on the derivative of the regression
the usable area of the plot, disregarding two plants @guation between the yield of marketable bulbs and
each end, totaling an area of 1.98 m the applied P doses, equaling to the exchange ratio
Soil tillage was performed with plowing, harrowing and

raising of the beds, followed by basal fertilization with theg, 1+ 2% = exchange mno)'
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The most economical dose (x’) was calculated’by  respectivelyin soils with highP(, . 1 contentsAlso
(al -exchange ratip/ 2 x (a,). The exchange or for the cultivar IR 11, Novo Junioet al (2016) found a
equivalence ratio was obtained from the average price @fiadratic fit, with maximum PDM of 12.26 g pfa(t39.5 kg
R$ 1.37 paid per kg of onion bulb in the State of Rio Grama* of P,O,), in medium P(. . ) content soil.
de do Norte at the time of the harvests of the experiments In other vegetables, the responses were also positive
(Ceasa, 2017) and the cost of the kg #,RR$ 5.43) for dry matter production as a function of phosphate
during the years 2016 and 2017. Thus, the exchange rdgdtilization, as in carrots (Assuncébal, 2016), beetroot
used was the kg of P/kg of onion sold, equal to R$ 5.433ilvaet al, 2019) and potatoes (Fernandeal, 2015).
R$1.37=3.96. The mean P contents in the diagnostic leaf as a function
The analyses of variance of the evaluated charact&-P doses was described by a linear regression model, with
ristics were performed separately for each experimemstimated maximum values of 7.4 and 6.84 kgthe FO,
Then, the experiments were jointly analyzed using thatose 300 kg h& respectively for the cultivarsAPL1 and
program Sisvar v5.3. (Ferreira, 2014). Regression analy§t®o dasAntas (Figure 2)The leaf Rcontents, regardless
was performed for the quantitative factor (P doses) amd P doses, were within the adequate range of contents (2
Tukey test at 5% probability level was applied for théo 5 g k@), according tdraniet al. (2014). Howeverin
qualitative factor (cultivars). the treatment without P application, plants developed
characteristic symptoms of deficiensuch as reduced
RESULTSAND DISCUSSION

growth of leaves and roots, abnormal development and

The interaction between cultivdtdoses and periods delay in bulb maturity (Messele, 2016).
was significant for plant dry matter and non-marketable The reduction in plant growth (less dry matter),
yield. The P content in the diagnostic leaf, marketablgrovided by Pdeficiency probably favored a greater
yield and total yield was significantly affected by theconcentration of P in the leaves, in the treatment without
double interactions between the factors studied. application of phosphorus.

The cultivars IR 11 and Rio da®\ntas showed Silvaet al (2017), in soil with a medium contente of
quadratic response for plants dry matter (PDM) in Perid®(__ .. 1 observed a difference in behavior regarding
1, with estimated maximum values of 14.92 and 14.21tpe leaf P content of onion cultivars as a function of
plant’, at doses of 183.0 and 182.2 kg'h&f P,O,, phosphate fertilization. The cultivars Red Creole, Baia
respectivelyln Period 2, the cultivar B11 showed linear Periforme and Primavera showed linear behawidth
behavior whereas a quadratic model fitted to the data @fstimated maximum values of 3.3, 2.8 and 2.8 § kg
Rio dasAntas, with estimated maximum values of 14.94espectively; obtained with 400 kghaf P,O_, while for
and 11.81 g plaritat BO, doses of 300 and 199.75 kg'ha Diamatina the behavior was quadratic, with estimated
respectively (Figures 1and 1B)Aguiar Netoet al (2014) maximum value of 3.5 g Kgat the PO, dose of 400 kg ha
observed PDM values close to those found in the presétdr the cultivar IR 11, Novo Junioet al (2016) found a
study with about 16 and 23 g plarfor IPA11 and 6.5 and quadratic behavior with a maximum content of 6.3 ¢ kg
18 g plant for Texas Grano 502, in Petrolina and Baraung70.88 kg ha of P,O,).
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Figure 1: Plant dry matter as a function of phosphorus doses, in Period 1 (A) and Period 2 (B) of cultivation and onion cultivars.
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For the interaction between period and cultithe the treatment without phosphate fertilizatioralfle 1).
cultivars differed statistically in Period 1, with higher valuesuch difference in response to phosphate fertilization
for IPA 11. Between the periods, theéhtents, regardless found between the cultivars can be attributed to the su-
of the cultivars, were higher in Period 1. Only at the dos@erior genetic behavior of hybrids compared to open-
of 120, 180 and 240 kg haf P,O,, the cultivars differed pollinated cultivars.
statistically with IPA11 being superior to Rio d@sitas The results found in the present study were higher than
(Table 1). the national average (32.0 tHafrom the Northeast

The means of total yield (TY) of bulbs were describe®egion (28.01 t hg (IBGE, 2018). This satisfactory yield
by the quadratic regression model for both cultivars. Thechieved is due to the technologies applied along the
estimated maximum values were 88.33 and 117.28t hatudy such as the use of adapted cultivars, no-tillage,
obtained with FO, doses of 216.3 and 205.2 kg'ffar ~ dense cultivation, weekly split fertilization applied via
IPA11 and Rio dasntas, respectively (Figure 3Ayhe irrigation water and other cultural practices performed
meanTY of the cultivar Rio dagntas was higher than judiciously, whenever necessargantoset al (2018)
that of IA11 in both planting periods éble 1). found similar results, applying 150 kghaf P,O,, for the

The response of onion to P application can bsame cultivars and spacing with TY of 86.52, 96.52, 94.95
explained by the low availability of P (4.4 and 4.5 g3Im t ha' and MY of 84.55, 95.55, 94.58 t-hfor the cultivars
observed in the soil used in the experiments, because tRA11, Rio dag\ntas and Serena, respectivétysoil with
effects of phosphate fertilization on crops are morahigh P(_.. 1) content. The yields were also higher
pronounced in soils with low fertility than those found by Cosé al (2008) for the cultivar

TheTY of the cultivar Rio daéntas was higher than Alfa Tropical (13.2 t hd) and by Silva (2015) for the
that of IA11 at all Pdoses, not diéring significantly in  cultivars Red Creole (14.23 thaBaia Periforme (21.90t -
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1.0 === Y=3.045+0,0125X R*= 0.98**
0.0
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Figure 2: Phosphorus content in the diagnostic leaf as a function of phosphorus doses and onion cultivars.
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Figure 3: Total (A) and marketable (B) yields of bulbs as a function of phosphorus doses and onion cultivars.
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ha') and Primavera (21.61 t Rawith the application of P,O, dose of 0 kg hg while Rio dasAntas obtained an
400 kg ha of PO, (soils with medium P_ . . .., average of8.53 tHgFigures 4A and 4B).
contents). Santo®t al (2018) obtained lower values of NMY when
The marketable yield (MY), as observed fBY, applying a P-dose of 150 kg-hia cultivars IR11 (1.97 t
showed a quadratic effect in response to phosphdia'), Rio dasAntas (0.96 t 4 and Serena (0.37 tHan
fertilization, with estimated maximum values of 86.20 andoil with 15.59 mg driof P in the municipality of Mossor6/
109 t ha obtained with EO, doses 215.4 and 208.8 kg haRN. Novo Junioet al (2016), in the same municipality for
1 respectivelyfor the cultivars IR11 and Rio das\ntas the cultivar IR11, observed decreasing linear behavior
(Figure 3A). From these doses, there was a reductionahNMY, with the lowest value (0.36 t Beobtained at the
MY in all cultivars. In the absence of phosphatd,O, dose of 168.75 kg HaValues closer to those of the
fertilization, the MYof IPA 11 was 63.2% of Rio d#stas.  present study were found by Silva (2015) and Hatas
However the increments in Monsidering the estimated (2015), 6.01 and 5.90 t tha
dose that maximized the MY compared to the treatment The economical P dose for the highest marketable yield
without P application, was approximately 587 and 450%f onion was obtained through the regression equation
respectively for IR 11 and Rio dagntas. of Figure 3By =12.55 + 683.80- 0.0016?) , for the culti-
The cultivar Rio dagntas was superior to 21 at  var IFA 11 (683 - 3.96) / (2 x 0.0016) = 212k¢fha’ of P,O,.
all P doses, not differing significantly in the treatment The expected revenue generated by this economical
without phosphate fertilization, and Rio dastes was dose can be determined by the increment in bulb pro-
also superior in both planting periodsle 1). duction of 79.09 t hd(marketable yield at the most
Resendet al (2016), in soil with a medium contenteeconomical P dose of 86.20 ttrainus the yield obtained
Of P(1ich exraciad OPSEIVEd MY in cultivars Franciscanain the treatment without phosphate fertilization, equal to
IPA 10 (74.6 t hd) andVale Ouro IR11 (76.1 t hd), 7.11tha). Subtracting the cost of the phosphate fertilizer
applying 135 kg haP,0,, similar yields to that found in using onion as currency (212 K&x R$ 5.43 = 1,153.60+(
the present studyamseret al (2011), evaluating Rlo- 1.37) = 84Xgha’ or 0.842tha?), results in a revenue of
ses and planting methods, observed in the heirloom oni@8.25 t ha of bulbs, which is equivalent to a revenue of
cultivar Mercosul maximum MY at the®, dose of 180 kg R$ 107,202.50 (78.23@a" x R$1.37).
ha?, corresponding to 26.9 and 23.6 thaing no-tillage Repeating the same process for the cultivar Rio das
and transplanting of seedlings, respectively (soil withntas, the most economical dose was 207.65 Kgofia
medium R exracon CONtEN). P,0,, with the expected revenue of 97.53 t ledbulbs,
For non-marketable yield (NMY) as a function of Pwhich represents a revenue of R$ 133,616.10.
doses in Period 1, the data were not described by any The most economical dose represents the amount of
mathematical model, and the obtained means were 1.88 &eudilizer to obtain the maximum revenue per area. However
6.24 t ha for the cultivars IR11 and Rio da#\ntas, in the present stugdyhese values were very close to the
respectively In Period 2, IR11 showed quadratic maximum physical yield, with 98.6% and 99.4% for the
behaviorwith an estimated maximum of 7.27 tY@éthe respective cultivars, possibly due to the high yield achieved

Table 1: P content in the diagnostic leaf, marketable yield (MY) and total yield (TY) onion as a function of phosphorus doses,
cultivars and growing periods

cultivar P content (g kg?) MY (t ha?) TY (t ha?)
ultiv
Period 1 Period 2 Period 1 Period 2 Period 1 Period 2

IPA 11 5.86Aa 4.55Ab 64.34Ba 61.14Ba 66.22Ba 65.09Ba
Rio dasAntas 5.22Ba 4.60Ab 77.31Ab 83.99Aa 83.54Ab 95.52Aa

Dose P,0O, _ . ,

(kgha?) IPA11 RiodasAntas IPAT1 Rio dasAntas IPAT1 Rio dasAntas
0 2.77a 2.84a 7.11a 10.66 a 1201 a 18.29 a
60 3.63a 3.98a 55.83 b 78.45 a 58.78 b 84.20 a
120 5.36 a 4.79b 75.50 b 100.07 a 77.13 b 106.03 a
180 5.65a 5.05b 79.70 b 99.23 a 82.42 b 108.93 a
240 6.70 a 6.03b 78.44 b 97.71a 81.31b 106.07 a
300 7.14a 6.79a 79.89 b 97.79 a 82.25b 104.67 a

*Means followed by the same letters, lowercase in the row and uppercase in the column, do not differ statistically at 5% probability level
by Tukey test.
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combined with the satisfactory average price practiced lwhich is favorable for onion, as bulbs of this class are
the market at that time. Howevyehis reduction in the preferred by consumers and have a better price in the
application of the input without a significant reduction irmarket, almost twice those of the other classes.
yield generates economic and environmental gains, since Novo Janioet al (2016), studying different P doses for
phosphate fertilizers represent a non-renewable source ttieg cultivar IR11 also under the conditions of Mossoro-
is essential for the maintaining agriculture at the curre®N, obtained 75.96% of the total produced of C3 bulbs,
standardsAlso, according to Raij (1991), based on the Lavapplying 135 kg h&of P,O,. Resendet al.(2016) observed
of Diminishing Returns, the most indicated fertilization igor C2 a linear reduction with the increase of P doses, and
the one that provides the highest profit for the producehis value was on the order of 1.36% for each increment in
therefore being the most economical. the dose. The P, dose 240 kg haled to the lowest
The percentages of bulbs in classes C1 and @2oduction of bulbs in this class (17.0%), i.e., lower doses
decreased with the increase in the P dose appligatpportionally increased the production of small bultigh
regardless of the cultivafor both classes, the maximumregard to C3, there was an inverse relationship, that is, a
values were obtained without P application. On the othénear increase with the increase in P doses, with 1.8% in
hand, the classes C3 and C4 increased with the P dodmgb production in this class for each increase in the dose,
The cultivar IA 11 had the highest percentage of C3vith a maximum of 83.5%, thus showing that P besides
(81.96%) at a JO_ dose of 240 kg habut from 60 kg & contributing to yield improvement also contributes to the
of P,O,, it was already more than 70%. For RioAatas, production of bulbs with Iger diameterRegarding the
the percentage of C3 was increasing up to tkk &ose cultivars, the authors report thatAR1 had average
of 300 kg ha (68.44%), but the values were lower tharpercentages of C2 and C3 of 8.0% and 92%, respectively
those obtained with B°11 (Table 2). Obtaining larger bulbs, besides being directly related
With the increase in Boses, there is a reduction into the increase in yield and the genetic characteristics of
the yield of smaller bulbs (C1 and C2), and increase in B¢ cultivar also increases profitabiljigecause bulbs with
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L 22 \ ~ . - N
g 10 e » \\ & - 9~ Riodas Antas Ymédio =853 - s Y "
& i % =100 ¢ P M
= 6.0 L 2 \ = \\ ’ iy v
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Figure4: Non-marketable yield (NMY) as a function of phosphorus doses in Period 1 (A) and Period 2 (B) of cultivation and onion
cultivars.

Table 2: Classification of onion bulbs as a function of phosphorus doses and onion cultivars into class 1 (C1), class 2 (C2), class 3
(C3) and class 4 (C4)

5 C1 (%) C2(%) C3(%) C4(%)
ose
IPA11 RiodasAntas IPA11 RiodasAntas [PA1l RiodasAntas IPA1l RiodasAntas
0 40.88 33.60 48.21 39.75 2.33 24.17 0.00 0.00
60 4,96 3.25 22.80 13.22 72.35 53.25 3.13 24.38
120 1.69 0.69 16.28 7.01 75.48 61.84 3.53 27.39
180 2.49 0.81 16.21 6.23 74.58 52.99 8.51 29.90
240 1.75 0.53 16.64 6.99 81.96 58.26 5.40 21.09
300 1.49 0.39 14.46 5.45 77.76 68.44 5.69 18.94
Average 8.88 6.54 22.43 13.11 64.08 53.16 4.38 20.28
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diameter smaller than 50 mm have lower market value thearms MG Dalla PM,Rezende BLA, PresteSMC & Dalazoana

bulbs with Iarger diameters (KurEt al, 2012). F (2015) Influenc_la da densidade dg_plantas e do uso de fgnglmda
; ; ) nas doencgas foliares e na produtividade de cebola. Horticultura

The cultivar Rio dadntas had the highest percentage pgrasileira, 33:203-207.

of bulbs inthe class C4, compared 18 I, with maximum Hunger H (2013) Produtividade e analise econémica da cultura da

values of 29.90 and 8.51% at th@©Pdose of 180 kg ha cebola sob diferentes densidades de plantio e niveis de adubagéo.

Bulb of class C4 has a diameter of 75 to 90 mm. which isPissertacéo de mestrado. Universidade Estadual do Centro-Oes-

: . L te, Guarapuava. 52p.
considered laye by the Brazilian consumeso it has low

ket | d th f th ducti in hi BGE - Instituto Brasileiro de Geografia e Estatistica (2018) Pro-
market value an eretore the production in hig ducdo agricola municipal 2018vailable at: <https://

percentage is not desirable. sidra.ibge.gobr/tabela/1612>Acessed onApril 10, 2020.
Kurtz C, Ernani PR, Coimbra JLM & Petry E (2012) Rendimento
CONCLUSIONS e conservacao de cebola alterados pela dose e parcelamento de
nitrogénio em cobertura. Revista Brasileira de Ciéncia do Solo,

The economical doses of phosphorus, associated withy . oo - ¢
the maximum marketable yields of onion W_ere estimated I@Ltalavolta E,Vitti GC & Oliveira AS (1997)Avaliacdo do estado
212.45 and 207.65 kg haf P,O,, respectively for the  nutricional das plantas: principios e aplicagdeed® Piracicaba,
cultivars IA 11 and Rio da#éntas. In general, the culti- Potafos. 319p.

var Rio dag\ntas was more productive tharIL, inthe May A, Cecilio FilhoAB, Porto DRQ,Vargas PF & Barbosa JC

two growing periods. (2008) Acumulo de macronutrientes por duas cultivares de ce-
bola produzidas em sistema de semeadura direta. Bragantia,
67:507-512.
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