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ABSTRACT

The optimal dose of nitrogen (N) in potato crop depends on the production system. The objective of this study was
to determine the optimal dose of N for the production of basic potato seed minitubers and evaluate the effect of N rates
on physiological and nitrogen indices in the youngest fully developed leaf (fourth leaf) and in the oldest leaf of the
plants at 60 days after planting. The experiment was conducted in a greenhouse at the Departamento de Fitotecnia da
Universidade Federal d8¢cosa.The treatments consisted of five N rates (0, 45, 90, 180 and 360 fiygndth 10% of
each dose applied at planting and the remainder through irrigation delgifor 30 daysThe nitrogen rates positively
influenced the physiological indices (length, width, leaf area, number of leaves, fresh mass and dry mass) and nitrogen
(level and content of N and N-N@ the dry mass and 8B) both in the fourth leaf and in the oldest leaf. Likewise,
the N rates positively influenced the number and mass of harvested tubers. The largest number (5.44 tubers/plant) and
the maximum mass of tubers (243.5 g/plant) were obtained with 360.0 and 332.9 nigréksgectivelyTherefore, the
mass and number of tubers were not optimized by the same Nhrateritical SRD index was 38.8 in the fourth leaf,
which was more sensitive to the effect of N rates than the oldest leaf.
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RESUMO

Producéo de minitubérculos de batata-semente basica em substrato
em razao de doses de nitrogénio

A dose 6tima de nitrogénio (N) na cultura da batata depende do sistema de producé&o. O objetivo deste trabalho foi
determinar a dose 6tima de N para a producao de minitubérculos de batata-semente bésica e avaliar o efeito de doses
de N sobre indices nitrogenados e fisiolégicos determinados na folha mais jovem completamente desenvolvida (quarta
folha) e na folha mais velha da planta, aos 60 dias apés o plantio. O experimento foi realizado em ambiente protegido,
no Departamento de Fitotecnia da Universidade FedeYatdsa. Os tratamentos foram constituidos por cinco doses
de N (0, 45, 90, 180 e 360 mg dnsendo 10% de cada dose aplicada em pré-plantio e o restante via agua de irrigagéo,
diariamente, por 30 diaas doses de N influenciaram positivamente os indices fisioldgicos (comprimegnioa)area
foliar, nimero de foliolos, massas de matérias fresca e seca) e nitrogenados (teor e contetido de MaeiaiBiGa
seca e indice ) tanto na quarta folha quanto na folha velha. Da mesma forma, doses de N influenciaram positiva-
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mente o nimero e a massa de tubérculos colhidos. O maior nimero (5,44 tubérculos/planta) e a maxima massa de
tubérculos (243,5 g/planta) foram obtidos com 360,0 e 332,9 mMgelid, respectivamente. Portanto, nimero e massa

de tubérculos nao foram otimizados pela mesma dose de N. O indice cAizo&guarta folha foi 38,8, sendo essa

mais sensivel ao efeito de doses de N do que a folha mais velha.

Palavras-chave:Solanum tuberosuin, propagacao, diagnéstico, clorofildmetro, nutricdo, vaso.

INTRODUCTION influence the itercepted radiation and dry matter

. . S . a&cumulation. Nitrogen also has a negative effect by
The basic potato seed used in Brazil is either imported . . S
roviding dry matter accumulation in other parts of the

from other_ cquntnes, especially the Netherlands, prlant, other than the tuber (Alonso, 1996). The excess of
produced inside the country by tissue culture. Th

. . . can delay tuber production extending the cycle and
production by tissue culture demands a specialized y P 9 y

laboratory which is not accessible to all producers. reducing productivity (Giét al 2002; Busato, 2007, Silva,

In the production cost of potato crops, the seeds 6‘]%807). The growth and development of stems, leaves and

the most costly production factor consisting of 30% o af area influence plant production of tubers (Oliveira,
: . L .. 2000).

the final cost. The high cost and low availability of quality h ¢ N criter i o )

seeds in the country lead producers to use inadequate . e.useho | crl_terla orin |cesd|s |mpo|rtant n

material for propagation without the desired productjvit)fnor"torlng the p afnt n_llt_roggn status an prc;per {lma_nag:e
Potatoes are mainly propagated by vegetative methottg'se pqtato crop fertilization prggram. T.e ¢ emlca.

from seed tubers, which ensure the obtaining of matergq\alyas of dry leaf matter to obtain N and nitrate levels is

identical to the original. Howevewhen infected, seed common in this monitoring, which are expensive and time

tubers favor the spread of diseases, particularly viruséise,manding procedures that need to be performed by

leading to early crop degeneration and directly influenc:inﬂ)u""”fied technicians. Howevethey can be replaced by

tuber quality and production. rapid.tests that allow sensing the nutritional status of the
An alternative method for potato propagation is thBlantinreal ime (Fontes, 2011).
use of detached sprouts from seed potato tubers. The The SRD index, measured by the chlorophyll meter
sprout technique was pioneerly proposed and used GA" indirectly indicate the nitrogen status of the plant
Brazil by Souza-Dias (2001, 2004, 2006a; 2006b). Thi&uimarae®t al, 1999; Sources, 2001). Itis a rapid test
technique allow reduction in the importation and th@ccomplished in the field and allows sensing the
production of new basic minitubers, enhancing up to 20obtritional status of plants in real time. Therefore, it can
the productivity rate for each unit of imported potato secRfcome a viable alternative for the production system of
(Souza-Dias, 2006a). Therefore, sprout planting can be 8@€d potatoes in vases containing substratether
important advance in the production process of basic séd¢Pothesis is that the morphological (number of leaves,
potatoes. plant height and length of the fourth leaf) or physiological
The cultivation of basic seed potatoes in substrate #ant characteristics may be used as an index of plant N
widespread among producers (Grigoriadou & Leventakistatus (Fontes, 2011).
1999; Lommen, 1999) because it results in higher nutrient Although there are a number of studies establishing
utilization and improved product qualifihe production indices to assess the nitrogen status of potato plants (Gui-
of seed potatoes in substrate involves the use of differenardet al, 2008; Junior Sampaio et al., 2008, Sdval,
propagation material, including the sprout. Greenhoug®09, 2011; Brauet al, 2010; Busatet al, 2010; Coelho
sprout planting in substrate is practical and of low cosgt al., 2010; Fontest al, 2010; Moreirat al, 2011a) and
Each sprout cutting originates minitubers that can dbe nitrogen management in minitubers production in
directly planted in the field (Dias, 2002). vases and other systems containing substrate (Junior
Some authors found that nitrogen (N) influences botBampaio, 2005 ; Moreira, 2008), there is still a lack of
the mass and the number of tubers per plant (Errebhiresearch to determine the critical value of these indices in
al., 1998; Meyer & Marcum, 1998). Nitrogen also positivelghe production system of basic seed potatoes
affects the size of the aerial part of the plant, which wilhultiplication by sprouts in substrate.
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This study aimed to determine the optimal dose of The masses of FL and OL were weighed (fresh matter),
nitrogen (N) in the production of basic seed potatogdaced in paper bags and dried to a constant weight in a
minitubers and to evaluate the effect of nitrogen (N) ratdésrced air oven set at 70 °C, and dry matter was determined.
on nitrogen and physiological indices both in the After drying, the material was ground iMaley mill
youngest fully developed leaf (fourth leaf) and in the oldestith a 20-mesh sieve to determine nitrogen concentration

leaf at 60 days after planting. after sulphuric digestion, using the NesSereagent
(Jackson, 1958). In another subsample, N;MWN@s
MATERIAL AND METHODS extracted with demineralized water in a water bath at 45 °C

for 1 h, determining the concentration of N-N&y

The experiment was conducted in a greenhouse at @orimetry using a spectrophotometer at 410 nm (Cataldo
Horticultural Department of the Federal Universitwef et al, 1975).At 60 days after planting, the agronomic
¢osa, invicosa, Minas GeraiShe chapel type greenhousecharacteristics of the plant were also determined: leaf area,
had the following dimensions: width of 9 m, length of 4&Gtem length, number of leaves and tubers, fresh matter
m, side posts height of 3 m, ridge height 3.8 m, with thmass and dry matter mass of leaves, stems and tubers.
top, front and side closed with a crystal clear polyethylene The final harvest occurred at 89 days after planting.
film, 0.1 mm thick.The treatments consisted of 5 N rates (The plants were harvested, separated into fourth leaf, old
45, 90, 180 and 360 mg @ywith 10% of each dose appliedleaf, leaves, stems, roots and tubers and weighed to de-
at planting and the remainder through daily irrigatioermine fresh matter mass, then, after drying the dry matter
water, for 30 days. mass was determined. The tubers were counted and

Each dose was divided into 30 portions and diluted i¢lassified according to the largest diameter: type V (16 to
200 mLof water applied to each vase dailtarting 20 23 mm); type VI (13 to 16mm); type VII (10 to 13 mm); and
days after planting (DAPAmmonium nitrate was the type VIII (<10 mm), according to IMA (2003).
nitrogen source. The experiment was a randomized block Data were submitted to analysis of variance and
design with six replications. Each plot consisted of twiegression, using the software SAEG (SAE®3) to fit
vases, with one sprout planted, cultidaterix, detached the model that best describes the relationship between
from a basic potato seeffter the detachment, the sproutdependent and independent variables.

was disinfested following the methodology described by
Bryanet al (1981). RESULTSAND DISCUSSION

_ The su_bstrate was unlf_ormly fertilized with macro and Throughout the cycle and during the nine assessment
micronutrients and quantity was expressed in mg:dMyqiogs, the number of leaflets in OL was the only non-

3,400 of Simple Superphosphate, 3,600 Magnesiufysirctive index that was not affected by N and, therefore,
Sulphate, 1,320 Potassium Chloride, 2.5 B, 2.5 cannot be considered a suitable index to evaluate the
Zinc Sulphate, 2.5 copper sulphate, 2.5 ferrous sulphaigyiapility of N supply to plants. Indices that were most
2.5 manganese sulphate and 0.25 of ammonium molybdsgg”y (47 DAP) influenced by N rates wereABRndex,
irrigated when needed. fourth leaf width, stem length and number of leavebIi@s

The evaluation began at 26 days after planting and 2 and 3).
then every seven days until final harvest. The following The increase in the 8P index suggests an increase
determinations were made: leaf green color intensityy the green color intensity of the plaktccording to
Iength, width and number of leaflets of the fourth leaf (FLD:OI’]tES (2001), this index indirecﬂy measure@ABP
and old-leaf (OL), stem length and number of leaves @hlorophyll content, indicating the N status of the plant.
the potato plant. Leaf green colour intensity waghlorophyll is the pigment involved in photosynthesis,
determined in the terminal leaflet of the FL and OL, betweedhd positive correlations between the photosynthetic rate
8 and 1 a.m. with the SKRD-502 portable chlorophyll meter and N content of the plant have been reported by several
(Soil-PlantAnalysis Development 502). authors (®I1 & Keulen, 1991; Makinet al, 1994) Vos &

Ten days after the final application of N, at 60 dayBom (1993) also found a positive correlation between
after planting (DAP), one plant was collected from eacthlorophyll concentration in the plant and N addition in
treatmentThe SRAD index was determined in the termi-the potato crop, indicating that the chlorophyll content in
nal leaflet of the FL and OL. Following, the plant waghe plant is related to the nitrogen nutritional status
harvested and separated into fourth leaf, old leaf, leavéllinotti et al, 1994).
stems and tubers. The number of leaflets was counted The N dose that resulted in the highest gain of tuber
and length, width and area of FL and OL were determinefilesh mass (332.9 mg dinpromoted an increase in the
Leaf area of FL and OL was obtained using the LICORBFAD index values in Fland OLof up to 47 DAPreaching
3100 meter values of 46.9 (FL) and 47.2 (OL). From this period on, the
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values decreased to 18.5 (FL) and 5.0 (Oldb(& 1). It stimulate leaf development. The plant also reached its peak
was observed that after the application of N, whichitrogen accumulation. Similar results were found by
occurred at 50 DARhe green color of the leaf was reducedeveral authors (Minotgt al, 1994; Rodrigues, 2004;
due to either initial senescence or the absence of N Jonior Sampaio, 2005; Moreiehal, 2011a).

Table 1.Adjusted equations for 8B index (S) measured in the fourth leaf (FL) and old-leaf (OL) of potato plants at 26, 33, 40, 47,
54, 68, 75, 82 and 89 days after planting, as a function of nitrogen (N), and coefficients of determination

Characteristics Adjusted equations R?/r?
Fourth leaf
SFL26 Y =344 —
SFL33 Y =35.0 —
SFL40 Y =354 —
SFL47 Y =30.1318 + 0.05988705**N - 0.00009963**N 0.95
SFL54 Y = 28.3825 + 0.02072222**N 0.85
SFL68 Y =20.7975 + 0.03838889**N 0.92
SFL75 Y =13.5233 + 0.05281**N 0.95
SFL82 Y =182 —
SFL89 Y =4.3829 + 0.042398148*N 0.74
Old leaf
SOL26 Y =281 —
SOL33 Y =393 —
SOL40 Y =385 —
soL47 Y =34.4121 + 0.04800524**N - 0.0000870F*N 0.80
SOL54 Y =30.4517 + 0.02077778*N 0.69
SOL68 Y = 16.0208 + 0.04416667*N 0.84
SOL75 Y =11.0688 + 0.04119444*N 0.83
sSoL82 Y=84 —
SOL89 Y =5.0 —

* and ** - significant at 1 and 5% probability by “t” test, respectively

Table 2.Adjusted equations for width (W) measured in the fourth leaf (FL) and number of leaflets (NL) of the fourth leaf of potato
plants at 26, 33, 40, 47, 54, 68, 75, 82 and 89 days after planting, as a function of nitrogen (N), and coefficients of determination

Characteristics Adjusted equations R?
Fourth leaf width
FLW26 (cm) Y =34 —
FLW33 (cm) Y=70 —
FLWA40 (cm) Y=94 —
FLW47 (cm) Y =8.929 + 0.030532028**N — 0.000064608*N 0.61
FLWS54 (cm) Y=114 —
FLW68 (cm) Y = 9.8577 + 0.036812058**N — 0.000081549%N 0.64
FLW75 (cm) Y =118 —
FLW82 (cm) Y =121 —
FLW89 (cm) Y=81 —
Fourth leaf leaflet number
FLNLF26 Y =20 —
FLNLF33 Y =6.0 —
FLNLF40 Y=70 —
FLNLF47 Y =8.0 —
FLNLF54 Y =8.0 —
FLNLF68 Y =6,3359 + 0,021181877*N — 0,000038599*%N 0,60
FLNLF75 Y =5,3872 + 0,026253102**N — 0,000051262*N 0,60
FLNLF82 Y=70 —
FLNLF89 Y =5,0 —

** * and *** - significant at 1, 5 and 10% probability by “t” test, respectively

Rev CeresVicosa, v59, n.6, p. 850-858, nov/dez, 2012



854 Carla de Bem dos Santos Soetal.

Fourth leaf length (FLL) and old leaf length (OLL)  Stem length increased during the cycle, reaching 46.7
was influenced by N rates at 75 DAP for the FL and at 82n with a dose of 332.9 mg draf N (Table 3). Moreira
DAP for OL, represented by the following equations(2008) found that plant height also showed a linear
FLL =14.064 +0.0850235**N —0.0001823**\NR?=0.78 response to the application of increasing doses of N
andOLL =9.080 + 0.089010**N — 0.000232*\R? = throughout the crop cycle, but the plants were smaller
0.73. Nitrogen levels affected the width of the FL at 4This difference in the results can be explained by the use
and 68 DARTable 2) and Olonly at 82 DAPrepresented of cultivarAgate.
by the equation: LFV = 3.931 + 0.067055**N — The average leaf number of 21.5 was lower than that
0.000180**N; R*=0.71. found by Junior Sampaiet al. (2008) using cultivar

Table 3.Adjusted equations for stem length (SL) and leaf number (LN) of potato plants at 26, 33, 40, 47, 54, 68, 75, 82 and 89 days
after planting, as a function of nitrogen (N), and coefficients of determination

Characteristics Adjusted equations R?/r?
Stem length
SL26 (cm) Y=6.3 —
SL33 (cm) Y =113 —
SL40 (cm) Y =191 —
SL47 (cm) Y = 15.4844 + 0.13973082**N — 0.00024337**N 0.87
SL54 (cm) Y = 15.6169 + 0.16921138**N — 0.00027055*N 0.94
SL68 (cm) Y = 16.9318 + 0.17078908**N — 0.00025907**N 0.95
SL75 (cm) Y =17.0813 + 0.17200551**N — 0.00025666**N 0.95
SL82 (cm) Y =17.1123 + 0.17814254**N — 0.00027117*N 0.95
SL89 (cm) Y =17.3790 + 0.18122259**N — 0.00027966**N 0.95
Leaf number
LN26 Y =58 —
LN33 Y=84 —
LN40 Y=112 —
LN47 Y =10.8000 + 0.01703704**N 0.61
LN54 Y =10.7292 + 0.02916667**N 0.85
LN68 Y =10.7500 + 0.03222222**N 0.90
LN75 Y = 9.8583 + 0.034629630**N 0.89
LN82 Y =8.7000 + 0.036296296**N 0.89
LN89 Y = 6.9500 + 0.032222222**N 0.80

** . Significant at 1% probability by “t” test.

Table 4.Adjusted equations for area (LA), length (L), width (W), number of leaflets (LN), fourth leaf and old leaf fresh matter mass
(FM) and dry matter mass (DM) at 60 days after planting, as a function of nitrogen (N), and coefficients of determination

Characteristics Adjusted equations R?
Fourth leaf
LA (cm?) Y =60.3164 + 0.77728404**N — 0.00189585*N 0.86
L(cm) Y =14.9650 + 0.06477967**N — 0.00015627**N 0.91
W (cm) Y =9.3635 + 0.051988075**N — 0.000159099*N 0.88
LN Y =6.0078 + 0.025116481**N — 0.000065545*N 0.64
MF (g) Y =2.8978 + 0.030868852**N — 0.000095979%N 0.85
DM (g) Y =0.1730 + 0.0026092316**N — 0.000007059%N 0.87
Old leaf
LA (cm?) Y=91 —
L(cm) Y=87 _
W (cm) Y =38 —
LN Y =20 —
MF (9) Y=06 _
DM (9) Y =0.04 _

* and ** - significant at 1 and 5% probability by “t” test, respectively
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Monalisa, with 25.8 leaves/plantdle 3).The number of responded to N rates dble 5).This can be partially
leaves is influenced by the nitrogen availability in thexplained by the response to N rates in the production of
plant. This means that within certain limits the greater tHeaf dry mattersince to obtain the content, it is necessary
amount of nitrogen supplied to the plant, the greater thhe multiply the N concentration by the dry matter
stimulus for leaf production @ & Putten, 1998). production of organ studied. The results for the level and
At 60 days after planting (DAP), one plant wasontent of N-NQand the N-NH content of the fourth
harvested to determine the effect of N levels on platgaf at 60 DAP are in accordance with the results found by
growth and developmenAt this time, the N had been Moreiraet al (2011b) who observed that the N-N@Dd
fully applied, and the indexes in HISFAD, leaf area, N-NH,concentration in FL and OL varied with increasing
length, width, number of leaves, fresh and dry maliter N doses. Similar results were found by Porter & Sisson
NO,and N-NH content) were significantly influenced by (1993) and Gil (2001).
the N dose. Inverselyhe same indices in Odid not Therefore, the use of these indices and the N-NH
respond to the application of increasing doses of N. contentin OL at 60 DAP did not reflect the positive effect
The SRAD index in the fourth leaf, at 60 DAP of N levels verified on tuber production at the final harvest.
increased as the N rates increased (Figure 2). TBesato (2007) and Moreira et al. (2011b) found higher
estimated critical value for the 8P index, at 60 DAPat SFAD index values at 60 DARvhich may be explained
calculated dose of 332.9 mg diof N was of 37.3 for FL by the use of a diérent cultivarthe ‘Asterix’.The SRD
and 25.7 for OL. indices reported by these authors were 43.02 and 38.2,
The level and the content of N-Ni@ the fourth leaf at  respectivelyln the work by Busato (2007) this value was
60 DAR increased with increasing dose of Nlfle 5). 168.2 kg ha for potato field production.
The content of N-NQwas not determined for the oldest Due to N mobility in the phloem, when the N
leaf, for there was not enough material to perform theoncentration in the OL is equal or higher than the
analysis. No significance was found for the N-Nkintent  concentration in FL, itis assumed that there is satisfactory
in FL and OL, but the N content in the FL positivelyN in the plant environment. In the present stuithe

Table 5.Adjusted equations for the nitrate level (N-}j@nd content (N-N¢) in the dry matter of the fourth leafgamnic nitrogen
level (N-NH,) and organic nitrogen content (N-I¢) in the fourth leaf (FL) and old leaf (OL) dry matter, at 60 days after planting,
as a function of nitrogen (N), and coefficients of determination

Characteristics Adjusted equations R%r?
N-NO,FL (g kg?) Y =-0.053 + 0.005181513**N 0.76
N-NO,FL (g/plant) Y =-0.0016 + 0.00015525**N 0.90
N-NH, FL (g kg?) Y =384 —
N-NH, OL (g kg?) Y=173 —
N-NH, c FL (g/plant) Y =0.3740 + 0.0133329418**N — 0.0000278598%*N 0.64
N-NH, ¢ OL (g/plant) Y =0.06 —

** - Significant at 1% probability by “t” test.

Table 6.Adjusted equations for leaf area (LA), stem length (SL), leaf number (LN), number of tubers (NT), fresh matter mass (FM)
and dry matter mass (DM) of leaf (L), stem (S), root (R) and tuber (T), at 60d3AFunction of nitrogen (N), and cigents of
determination

Characteristics Adjusted equations R%r?
LA (cm?) Y =322.5537 + 6.775538**N 0.96
SL (cm) Y =15.9438 + 0.10654853**N 0.91
LN (ud/pl) Y =9.5790 + 0.035791826**N 0.87
TN (ud/pl) Y =2.5613 + 0.032247493**N — 0.000080901*N 0.76
FML (g) Y =11.2995 + 0.42832774**N — 0.00062132**N 0.93
DML (g) Y = 1.0654 + 0.021866635**N 0.98
FM S(g) Y =3.0718 + 0.061494253**N 0.94
DMS () Y =0.1479 + 0.0037375479**N 0.96
DMR (g) Y =0.2392 + 0.001740000**N 0.92
FMT (g) Y = 25.5679 + 0.72756851**N — 0.00139023*N 0.87
DMT (g) Y =4.0776 + 0.115885126**N — 0.00026734F*N 0.81

** * and *** - significant at 1, 5 and 10% probability by “t” test, respectively
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opposite was observed, indicating the occurrence of NH, in dry matteyand 37.3 of S&D index. In the same
mobilization. period, the plant must present the following
From these results it can be inferred that the N dosebaracteristics: 2578.1 éraf leaf area, 51.4 cm of stem
used at 60 DAP were adequate for plant development atehgth, 21.5 leaves, 4.3 tubers/plant, 85.0 g of leaf fresh
therefore, this period can be used for nutritional analysisatter mass; 23.5 g of stem fresh matter mass; 113.70 g
in the estimation of tuber production. of tuber fresh matter mass, 5.2 g'kg N-NO,in leaf dry
The following characteristics from the fourth leaf aimatter 26.1 g kg of N-NO,in stem dry matte0.2 g kg' of
60 DAP can be used as optimum growth standard§:NO,in root dry matter43.4 g kg-of N-NH, in dry leaf,
108.97 cmof area, 19.2 cm of length, 9.0 cm of width,14.1 g kg'of N-NH, in stem dry matter1.4 g kg' of N-
7.1 leaflets; 2.50 g of fresh matter mass, 0.26 g of dry mattéH, in root dry matter and 6.2 g R@f N-NH,in tuber
mass, 1.8 g kgof N-NO,in dry matter; 38.4 g kgof N-  dry matter

300
Y = 52,039 + 1,15004595**N - 0,00172727*N?
250- R’= 0,94
[ ]
200
—
[T
=
150-
°
100-
(Y
°
50-
0 T T T T 1
0 100 200 300 400

DOSES DE N (mg dm®)
Figure 1. Fresh matter mass of tubers (FMM) at the final harvest (89 days after planting) as a function of nitrogen (N).

38
36 -
34 -
32 - ° °

30

SQF

28 A
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24 -
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o 4

Figure 2.SRAD index in the fourth leaf (SFL), at 60 days after planting, as a function of nitrogen (N).
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