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ABSTRACT

The objective of the present study was to evaluate the effect of nitrogen doses applied via fertigation and associated
with different types of crop establishment fertilization on growth and biomass of radish. The experiment was conducted
in a greenhouse of tAeademic Unit oAgricultural Engineering, Federal University of Campina Grande, &prii to
May 2014. Treatments consisted of five doses of nitrogen fertilizer applied by fertigation (0, 0.7, 1.4, 2.1 and 2.8g per pot)
and three types of crop establishment fertilization (humus 2:2; NPK and control), arranged in a 5 x 3 factor design with
four repetitions. The 15 treatments were arranged in 60 plots. The nitrogen source used in the study was urea, divided
in three applications: the first application was carried out eight days after transplanting, the second, on day 15, and the
third, on day 22T he crop establishment fertilization significantly influenced the growth variables and plant mass of the
radish on day 35 after transplantififne highest values of the variables (number of leaves, plant height, bulb djameter
leaf area, fresh mass of the aerial part, dry mass of the aerial part and root/aerial part were observed in the treatment with
humus on day 35 after transplantifighe dose of 2.8g nitrogen per pot corresponding to 6.22g of urea per plant
provided the highest yield for the variable number of leafs, leaf area and root length on day 35 after transplanting.
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RESUMO

Crescimento e fitomassa de rabanete fertirrigado com diferentes doses de nitrogénio

Objetivou-se, com este estudo, avaliar o efeito de doses de nitrogénio, aplicadas por fertirrigacéo e associadas a
diferentes tipos de adubacé&o de fundacéo, sobre o crescimento e a fitomassa do rabanete. O experimento foi conduzido
em casa de vegetacgdo pertencente a Unileaidéémica de Engenhargricola, Universidade Federal de Campina
Grande, de abril a maio de 2014. Os tratamentos consistiram em cinco doses de adubacéo nitrogenada, aplicadas por
fertirrigacao (0; 0,7; 1,4; 2,1 e 2,8g por vaso), e em trés tipos de adubacao de fundacgao (hiimus 2:2; NPK e testemunha),
arranjados em esquema fatorial 5 x 3, com quatro repetigdes. Os 15 tratamentos foram dispostos em 60 parcelas; a fonte
de nitrogénio utilizada foi a ureia, dividida em trés aplicacdes: a primeira aos oito dias apés o transplantio, a segunda aos
15 e, aterceira, aos Z2adubacao de fundacgéo influenciou significativamente as variaveis de crescimento e a fitomassa
do rabanete, aos 35 dias apds o transplantio. Os maiores valores das variaveis (nimero de folhas, altura da planta,
diametro do bulbo, area foliditomassa fresca da parte aérea, fitomassa seca da parte aérea e relacao raiz parte aérea)
foram observados no tratamento com hdmus, aos 35 dias ap6s o trangpliogmde 2,8 g de nitrogénio por vaso,
correspondente a 6,22 g de ureia por planta, foi a que proporcionou maior rendimento para as variaveis nimero de folhas,
area foliar e comprimento da raiz, aos 35 dias apoés o transplantio.

Palavras-chave ambiente protegidnimus, irrigacéo localizad@aphanus sativus lureia.
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INTRODUCTION MATERIAL AND METHODS

The ralish (Raphamus sativus L).is a small-sized The experiment was conducted in a greenhouse of the
brassicaceae whose most accepted cultivars produseademic Unit ofAgricultural Engineering, Federal
globular bright scarlet roots and white pulp (Filgueiralniversity of Campina Grande, Campina Grande, State of
2008). The Brazilian production of radish is estimated &araiba, fromApril to May 2014.The soil used in the
10,489 tons, most of which produced in greenbelts @xperiment was classified as medium-texture sandy loam.
metropolitan areas on small farms of two to five hectareghe results of the analysis of the physical and chemical
In Brazil, there are approximately 7,353 units producingharacteristics of the soil at a depth of 0.0-0.2m, are shown
radish, out of which, about 352 units are located in tHg Table 1, according to the methodology of EMBRAP
northeast region (IBGE, 2006). (2013).

One of the advantages of growing this species is the The data on temperature and air relative humidity
possibility of obtaining income from two other longer cycléluring the experimental period, from sowing to harvest,
crops because, besides being fairly rough, it has very shepfresponded to 35 days, were collected from the set inside
cycle (about 35 days), with rapid return (Cardoso & Hirakih€ greenhouse (Figure 1).

2001). The treatments consisted of the combination of two

Nitrogen is an essential element for plants and its lof#ctors: five doses of nitrogen fertilizer applied by
availability in the soil, associated with plant uptake, limit£ertigation (0, 50, 100, 150 and 200 mg of nitrogen pér dm

vegetative growth in a drastic manriéis a constituent of SOl and three .ty.pes O_f crop establishment fertilization
the amino acids, being necessary for the synthesis rm humus 2:2; NPK; soil without crop establishment

chlorophyll, influencing the photosynthetic proceséﬁrt':'zaﬂlon)‘; The source of nitrogen uszd(;/vasoL.Jrga,. and_
(Marenco & Lopes, 2009). the levels of nitrogen per pot corresponded to 0; 0.7; 1.4;

2.1 and 2.8 g N per pot, according to the methodolo
The deficiency of this nutrient may be responsible for g ™~ perp 9 9y

. . o i Iﬁ)roposed by Silva & Silveira (2012), divided into three
reducing the quantity of assimilated generated duringthe . .. ° X o .
applications: the first application was carried out on day 8

carbon dioxide fixation process, reducing the availabilitgf,[er transplanting (DF); the second, on day 15 after

of these .comp.ounds for reproductlvgms.AIthough transplanting, and the third, on day 22 after transplanting.
nitrogen is an important nutrient for vegetables, little is . .
The statistical design used was a completely

known about the amounts to be used in the radish CrPé)ndomized block design with four replications, so that

(Quadr9$t al, 2010). ) . ~ the studied factors were arranged in a 5 x 3 factor design.

Besides being useful for plants since this nutrient 5,4 15 treatments were arranged in 60 plots, that is, 60
supplied along with water (essential for absorption}zy"ndricm pots of 12 L spaced by 0.5 m between plants
fertigation presents many other advantages, such asgig4 by1.0 m between rows. Each experimental unit
improve the distribution of the fertilizer in the field and the,ynsisted of one pot with holes in the bottom, containing
possibility of greater fragmentation of fertilization, 5 1.cm layer of gravel number 1, covered with geotextile
increasing the use efficiency of fertilizers by plantg,anket, to facilitate drainage. The pots were filled with
(Duenhagtal, 2002). approximately 14 dfof soil.

According to Quadrost al (2010); Silva & Silveira  The radish cultivar used in this study was Crimson
(2012); Cardoso & Hiraki (2001) and Pest@l (2013), the  Giant, one of the most cultivated in northeastern Brazil by
application of fertilizers via irrigation water (fertigation) issmall vegetable farmers. The seedlings were grown in
a common practice for crops growing in a protectedxpanded polyethylene trays with 128 cells filled with
environment, which leads to better use of the irrigatiofommercial substrate. Transplanting was carried out using
system, providing a good cost / benefit relationship to th&o seedlings per pot, approximately eight days after
farmer sowing.

Therefore, further studies that contribute to a proper The experiment used the drip irrigation system with
management of nitrogen fertilization associated with theompensating type emitters, with a nominal flow rate of 2.3
crop establishment fertilization, aimed at achieving high h*, coupled to irrigation lines (16-mm polyethylene
yields with minimal environmental impacts and withoutubes), with registers set at the beginning of each line ,
reducing crop growth are needed. Thus, the objective which allowed to differentiate by treatment, the application
this study was to evaluate the effect of nitrogen, applieaf nitrogen doses per fertigation, and a hydrometer at the
by fertigation and associated with different types of cropeginning of the control drophead to record the amount of
establishment fertilization on growth and plant mass gvater per sideline, an indispensable condition for the
the radish. control of irrigation and fertigation management.
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Pumping was performed with a centrifugal pump and The plant fresh matter was measured using a digital
to prevent the entry of suspended particles larger than theale, with three decimal places of precision in g and, after
diameter of the emitters in the system, a 1 “screen filterdrying in a stove at 60°C, the dry matter was determined.
with c_apgcity for 5 rth! flow was useq. AF=Co L% f @,

Irrigation management was carried out by a two-day
fixed irrigation and the water depth was obtained by cro ) ) ) )
evapotranspiration (EJ, from drainage readings in the/\" = léafarea, in cfC =length, in cm; L = width, in cm;
lysimeters, which indicated the average balance of the en?rg}d f :.correctlon factor for radish, (0.57) dimensionless,
and output of the watekeeping the humidity at values according to the methodology proposed by Matal

close to field capacity over the crop cycle, according 15). ) o
The variables were analyzed statistically by F test,

here:

Equation 1. i ) X _
unfolding the analysis whenever the interaction was

Elc=1-D dbhificant. The quantitative factor concerning to doses

Where, of nitrogen, was statistically analyzed by means of

ETc = crop evatranspiration, in mm day = irrigation polynomial regression (linear and quadratic) and the types

depth applied at mm dayand D = drainage depth in the Of crop establishment fertilization using the Tukey test at
lysimetey at mm day. 5%, with the computer program Sisvar (Ferreira, 2008).

On day 35 after transplanting (DAthe following
variables were analyzed: number of leaves per pIantRESULTSAND DISCUSSION

determined by counting the leaves of each plant; Plant The summary of the analysis of variance for the number
height — measured by ruler graduated in centimeters frasfileaves (NL), plant height (PH), the bulb diameter (BD),
the ground base to the larger end of the plant; the bultaf area (LA), root length (RL), fresh plant mass of the
diameter — measured by digital caliper; leaf area — measuesstial part (FFR), dry plant mass of the aerial part
by Equation 2; root length; the fresh and dry mass of tliePMAP) and root/aerial part relationship (RR/AP) of
aerial part and the root/aerial part relationship. radish plants under different crop establishment

Table 1:Physical and chemical characteristics of the soil used in the experiment, at the 0.0 — 0.2 m depth, Campinta@rahde, S
Paraiba

pH M.O P K Na Ca Mg Al H
(%) mg/100g mmaotim=3
5.9 0.65 1.43 0.14 0.07 1.9 0.66 0.2 1.88
Density Sand Silt Clay
(g cm®) (%)
1.39 74.7 16.11 9.19
40.0 - 100.0 A
350 S 90.0
S >
= 3004 ; e
o g
2 2504 =
o) =
2 2
5 20.0 1 £
.= © 30.0
< 15.0 &~
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| - [nstant — Maximum ---- Minimum I | - [nstant — Maximum ---- Minimum ‘

Figure 1: Maximum and minimum (1Ainstant air temperature, and maximum and minimum (1B) instant relative air humidity
during the trial period, Campina Grande, State of Paraiba.
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fertilization and nitrogen levels applied by fertigation, 3%here was no difference between the effects of organic
days after transplanting, is in table 2. fertilizer sources on growth parameters, disagreeing with

It can be seen that the variables analyzed wetke findings of this study
significant at 1% of probability for factor fertilization, except The number of leaves in function of the crop
for the length of the root. It was found for nitrogerestablishment fertilization performed better with
fertigation factor a significant effect for the variable numbefertilizations with NPK and humus, when compared with
of leaves, leaf area, root length, at 5 and 1%, respectivellye control, which contained only the nutrients found in
However it was not found any significantfett of the the soil analysis (Figure 2A). Costa et al. (2006), who
interaction between types of fertilization (A) x nitrogerstudied the growth and radish production grown under
fertigation (F) in radish crop on day 35 after transplantindifferent doses of worm humus and manure, stated that
(Table 2).

These results differ from those obtained by Quadrc 10,00 -
et al (2010), who also worked with radish and N dose ¢ |
applied by fertigation, since they found that the doses
N did not interfere with the production of radish.

When studying radish crop fertigation with different

a A
8,00
7,00 A b
doses of nitrogen (0.0; 62.5; 125.0; 187.5 and 200.0gs 600 1
dm?) Silva & Silveira (2012) concluded that the plant freslz 5% 1
mass of the aerial part (PFMAP), root fresh mass (RFV 400 1
dry mass of the aerial part (DMAP), root dry mass (RDM 3.0 ; . .

and the root diameter of the radish (RD) did not sho Control treatment — NPK Humos
any statistical difference by the test of Tukey at 5% Fertilization types
probably due to the nitrogen from the mineralization ¢ 10.00

ber of leaves

B

soil organic matter and due to the inclusion of small dos ¢
of urea at sowing. These results are consistent with thc, //
obtained in this stugysince variables fresh plant massz 4

of the aerial part and dry plant mass of the aerial pes 0
were not influenced by the levels of nitrogen applied, b2
the test of Tukey at 5%.

The number of leaves in function of crop establishmel
fertilization showed the best performance with NPk 300 . ' ' '
fertilizers and humus, when compared with the contrac 0 0.7 14 2.1 2.8
which contained only the nutrients found in the soi Nitrogen doses

analysis (Figure 2A). C?OSEI al (?006)’ when StUd_ymg Figure 2: Number of leaves according to the types of fertilization
the growth and production of radish grown under d|fferera§A) and nitrogen doses per pot (2B) of radish, 35 days after
levels of humus of worm and cattle manure, stated th@énsplanting, Campina Grande, State of Paraiba.

6,00 NF =0,5257*N+7.378
R*=0,78

Number
o
[=]
(=]

Table 2: Summary of the analysis of variance for leaf number (LN), plant height (PH), bulb diameter (BD), leaf area (LA), root length
(RL), plant fresh mass of the aerial part (RF;Plant dry mass of the aerial part (ASRnd root/aerial part relationship of radish

plants under different crop establishment fertilization and nitrogen doses applied via fertigation, 35 days after transplanting,
Campina Grande, State of Paraiba.

Values of Mean Squaes

Sources ofVariation GL

NF AP DB AF CR FFPA FSPA RR/PA
Types of Fertilization (A) 2 2.017 3.48" 0.29" 12026.38 0.31's 60.127 16.83 0.13
Nitrogen Fertigation (F) 4 0.17 0.09s 0.08s  655.9T 0.47 1.70 0.42¢ 0.05*
Linear regression 1 11.40 3.13s 1.80" 15026650.75 2.63' 49.22s  11.76° 0.06*
Quadratic regression 1 5.72 1.88* 0.58% 17139141.981.29s 520.60° 1.759 0.09+
(A) x (F) interaction 8 0.09s 0.47s 0.01s  218.18° 0.07 2.36¢ 0.50 0.01s
Block 3 0.05 0.26 0.08  419.49 0.25 4.02 0.60 0.08
Residue 42 0.05 0.24 0.03 129.72 0.25 1.40 0.35 0.06
CV (%) - 7.94 11.38 10.95 17.38 13.52 19.62 2453 9.05

* e * means 5 and 1% of probabiljityespectively;"™ means not significant
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there was no difference between the effects of orgartize control, significant differences were found using the
fertilizer sources on growth parameters, disagreeing withst of Tukey (Figure 3A).
the findings of this study With regard to the variable “bulb diameter”, thieefs

The increase in the amount of nitrogen applied bgf control and NPK treatments did not differ; nevertheless,
fertigation increased significantly the number of radisiwhen confronted with the effects of humus, significant
leaves, being the highest yield found at the dose of 2.8 gferences were found (Figure 3B), which may have
nitrogen per pot, corresponding to 8.8 leaves per plantcurred because the control treatment presented a
(Figure 2B). In turn, Quadra=t al (2010) observed that sufficient amount of nutrients to supply the crop demand.
the average of leaves per plant was 21.16, much higher Silvaet al (2006), in an experiment carried out with
than that found in this work, which can be explained bgifferent amounts of worm humus and cattle manure
the higher amount of nitrogen applied in their study  incorporated in the crop establishment, found no influence

According to Pedét al. (2013), when studying of organic fertilization on radish crop for the variable
nitrogen fertilization and its relationship to biometrics andiameter of roots, differing from the results found in this
the partition of assimilates in radish plants of the cultivastudy possibly due to the ddrence among the tested
“Comprido de Ponta Branca”, the number of leaves pamounts of humus.
square meteregardless of the amount of nitrogen used, The different types of crop establishment fertilization
increased during the ontogeny of the plants, and the cudliffered statistically by the test of Tukey at 5% for the
ves were obtained with a high coefficient of determinationariable leaf area (Figure 4A). It was found that the
(R?=0.99). treatment that provided the best results was the one with

It was found that the height of the plant and the bulbumus, followed by NPK treatment.
diameter were significantly influenced by the crop This fact might be related to the larger amounts of
establishment fertilization, 35 days after transplanting. ttitrogen present in the NPK treatment and humus.
was observed that, for plant height, the effect of croficcording toAradjo et al (2013), the worm humus is
establishment fertilization with NPK did not differ admittedly rich in nitrogen, an essential element for plants,
statistically from the effect of fertilization with humus;directly involved in vegetative growth, participating in the
however when compared with the results obtained witlsonstruction of chlorophyll molecule and protein.

24,00 1 A 10.000 - A
22,00 4 9.000 -
—
§ 20,00 - < 8.000 1
5 1800 | 5 700
E ‘ § 6.000 -
g 16,00 4 ‘g 5.000 4
A 14,00 - g 4.000 7
3.000 4
12,00 A
2.000 A
10,00 1.000
Testemunha Himus Control treatment NPK Humus
Types of fertilization Types of fertilization
4,00 B 10.000 1 B
9.000 4
. 3,50 AF =9342N""+ 3573
g 8.000 A R2=092
S 3,00 —~
§ . g 7.000 4
(5] = .
g E 6.000 *
5 200 5 5.000 A *
= =
E 1,50 8 4000 Y
1.00 3.000 4
| 2.000
0.50 C | u ' 1.000
ontrol treatment umus 0 0.7 14 21 28
Types of fertilization Doses of nitrogen per pot

Figure 3: Plant height and diameter of the bulb according to thEigure 4: Leaf area according to the types of fertilization (4A)
types of fertilization (3A and 3B) of radish 35 days afteland according to the doses of nitrogen per pot (4B) of radish 35
transplanting, Campina Grande, State of Paraiba. days after transplanting, Campina Grande, State of Paraiba.
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The organic matter content in humus may have madstablishment fertilization; howeyep significant dierence
nitrogen available for the radish plants, the reason wlamong the effects of NPK and worm humus treatments was
they responded better when compared to the responfmed, with the highest results achieved in the treatment
from the other treatments (Quadedsl., 2010). with humus, corresponding to 54.8 g (Figure 5B).

From the regression equation obtained, it was found When studying the production of organic radish with
that the leaf area of the radish increased as the amountlifferent sources of organic fertilizers, Soetal (2011)
nitrogen increased which is the highest value for leaf aréaund that the treatments with worm humus provided lower
observed at a dose of 2.8 g nitrogen per pot (Figure 4BJant fresh mass of the aerial part, contradicting the
Similar results for the leaf area were obtained for the radifindings of this studysince the maximum result was
by Robin &Arenas (2006), when they studied the potentialbtained in the treatment with humus.
use in farming of organic products generated by water The plant dry mass of the aerial part was significantly
treatment, and biedfilo et al (2009), when they evaluated influenced by the type of crop establishment fertilization.
and quantified the growth of three carrot cultivars. It is observed that the means of the plant dry mass of the

The linear mathematical model was the one that bestrial part were not statistically different in the NPK
fitted the root length, and, as the amount of nitrogen wagatments and with himus, where the highest mean was
increased, the value of the response variable was rais@d g, significantly different from the mean in the control
being equivalent to the maximum root length obtained wittheatment (Figure 6A).
the dose of 2.8 g nitrogen per pot (Figure 5A). Silva & Silveira (2012), when studying different

Cardoso & Hiraki (2001), when studying doses andmounts of nitrogen in radish crop, achieved different
times for top-dressing calcium nitrate application in theesults from the ones found in this studince the dry
radish crop, found that the doses did not affect the lengtiatter of the aerial part did not differ statistically by the
of the roots when N doses (100, 200 and 300 Kywas test of Tukey and its highest means was 6.8 g, lower than
applied in the form of calcium nitrate 20 days after sowinghat found in this work.
disagreeing with the results obtained in this study as The root/aerial part relationship was influenced by the
significant differences between the effects of nitrogen ratégpe of crop establishment fertilization and the means of
on root length were found. the root/ aerial part relationship resulting from the control

Significant differences were found for the variable plareind the NPK treatments did notfdif from each other
fresh mass of the aerial part, in function of the types of crdgging lower than that obtained by using humus, in which

010,00 a
28 10,
8,00 = A
s 9,00
5
2 7,50 A = s00 a
5 7,00 5
= 2 7.00
= 6,50 o
) = 6,00
£ 6,00 b
= S 5,00
g 3% 4 CR=0,92N""+533 2 400
o 5,00 1 R2=0,95 =} 3'00
4,50 g
a2, b
4,00 . . , . = o0
]
0 0,7 1.4 2,1 2.8 [a) 1,00 ,
. Control treatment NPK Humus
Nitrogen doses o
Fertilization type
=) 60,00 0,50
3 . B B
a 55,00 0,45 a
s 5000 0,40
5]
g 45,00 @ 0.35 -
=
S 4000 % 0.30
o
@ 35,00 0,25
<
g 30,00 0,20 b
7 2500 b
& 0.15
< 200 - B
g b 0,10 -
E 15,00 ERSSENEER T T ! Control treatment NPK Humus
Control treatment NPK Humus Fertilization type

Fertilization types Figure 6: Dry plant mass of the aerial part and root/aerial part

Figure 5: Root length in function of the nitrogen doses per potatio in function of the fertilization types (6A and 6B) of the
(5A) and in function of the fertilization types (5B) of radish 35radish 35 days after transplantir@ampina Grande, State of
days after transplanting, Campina Grande, State of Paraiba. Paraiba.
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the highest value obtained in this treatment correspond@eHoT, Martinazzo EGAumondeTZ, Cappellari MR, Souza/L,

. . ouza EAVillela FA, Lopes NF & Mauch CR (2013dubagédo
10 0.41 g (Figure 6B). Consistent results were observed b)ﬁitrogenada e sua relagcdo a biometria e particdo de assimilados

Silva et al. (2015) when studying harvest index and em plantas de rabanete cultivar comprido de ponta branca.
assimilated partition of radish under nitrogen fertigation Tecnologia & CiénciaAgropecuaria, 7:31-36.

and crop establishment fertilization. Pisco RR &Arenas MIP(2006) Evaluaciondel potencial de
losbiosoélidos procedentes deltratamiento de aguas residuales para
uso agricola y suefecto sobre el cultivo de rabano rojo (Raphanus

CONCLUSIONS sativus L.). Revista Facultad Nacional Algronomia, 59:3543-
3556.

The crop establishment fertilization significantly
influenced the variables growth and plant mass of radish@4adros BR, Silva ES, Bges LS, Moreira CA, Mord\L & Villas
35 davs after transplantin Bbas RL (2010) Doses de nitrogénio na producdo de rabanete
Y P g. fertirrigado e determinacdo de clorofila por medidor portatil

The highest values of the variables number of leaveshas folhas. Irriga, 15:353-360.
plant height, bulb diametdeaf area, plant fresh mass ofSilva CJ, Timossi DC & Leite PC (2006) Crescimento e produg&o
the aerial part plant dry mass of the aerial part and root/de rabanete cultivado com diferentes doses de himus de minho-

. . . . .. ca e esterco bovino. Revista Ceres, 53:25-30.
aerial part relationship were observed in the treatment with o T
humus, 35 days after transplanting. Silva CRM & S|Iv§|ra MHD (2012) Fert|rr|gagac3 c_ja cultqra d9 _
rabanete com diferentes dosagens de nitrogénio. Enciclopédia

The nitrogen dose of 2.8 g per pot, corresponding toBiosfera, 8:946-953.
6.22 g of urea per plant, was the one that provided tséva PF Matos RM, Dantas Janior GAlencarAEV & Dantas
highest income for the variable number of leaves, leaf aredVéto J (2015) Indice de colheita e particdo de assimilados do

. rabanete sob fertirrigagéo nitrogenada. Enciclopédia Biosfera,
and root length at 35 days after transplanting. 11:1176-1190 gac 9 P
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