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ABSTRACT

n plant breeding programs that aim to obtain cultivars with nitrogen (N) fisieragy, the focus is on methods of
selection and experimental procedures that present low cost, fast response, high repeatdtutitybe applied to a
large number of cultivars. Thus, the objectives of this study were to classify maize cultivars regarding their use
efficiency and response to N in a breeding program, and to validate the methodology with contrasting doses of the
nutrient. The experimental design was a randomized block with the treatments arranged in a split-plot scheme with
three replicates and five N doses (0, 30, 60, 120 and 200-Rgrhthe plots, and six cultivars in subplotde
compared a method examining théaéncy and response (ER) with two contrasting doses d&ftér that, the
analysis of variance, mean comparison and regression analysis were performed. In conclusion, the method of the use
efficiency and response based on two N levels classifies the cultivars in the same way as the regression analysis, and
itis appropriate in plant breeding routiffdus, it is necessary to identify the levels of N required to discriminate maize
cultivars in conditions of low and high N availability in plant breeding programs that aim to obtain efficient and
responsive cultivars. Moreovéhe analysis of the interaction genotype x environment at experiments with contrasting
doses is always required, even when the interaction is not significant.
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RESUMO
Métodos para classificar cultivares de milho em eficiéncia no uso e na resposta ao nitrogénio

Nos programas de melhoramento de plantas que tém como objetivo obtencao de cultivares mais eficientes e
responsivos a quantidade de nitrogénio (N), ha interesse em métodos seletivos que sejam de baixo custo, rapida
resposta, alta repetibilidade e aplicaveis em grande nimero de culthssies, 0s objetivos deste trabalho foram
avaliar técnicas experimentais de campo aplicaveis a rotina de programas de melhoramento para classificar cultivares
de milho eficientes e responsivos ao N. Foi realizado um experimento em delineamento de blocos casualizados, e os
tratamentos foram arranjados em parcela subdividida com trés repeticdes e cinco doses de N (0, 30, 60, 120)e 200 kg ha
em parcelas e seis cultivares de milho em subparcelas. Foram comparados os métodos de eficiéncia e resposta (ER) con
duas doses contrastantes de N, a analise de variancia com teste de média e a andlise de regressao. Concluiu-se que
método da eficiéncia no uso e na resposta com base nas duas doses mais contrastantes de N classifica os cultivare
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700 Cleiton Lacerda Godost al.

similares a analise de regressédo e ele é apropriado para uso em programas de melhoramento; ha necessidade de
identificar os niveis de N requerido para discriminar cultivares de milho em condic¢des de baixo e alto N em programas

de melhoramento que objetivam obter cultivares eficientes e responsivos ao N; e que a analise de interacao genotipos
x ambientes em experimentos com doses contrastantes € sempre necessaria, mesmo quando a intera¢éo néo é signifi-
cativa.

Palavras-chaveregresséo, responsivo, selecao, indlea,mays.

INTRODUCTION analysis of variance with the mean test to evaluate the
performance of cultivars at two or three doses of nutrients.

Malze productmty 'S & fur_lct|on of _cult|va_r Nevertheless, this type of analysis often cannot detect
environment and cultivar x environment interaction

. . differences in the cultivar x environment interaction,
(Mirandaet al, 2009; Fritsche-Netet al, 2010a). The

. . . . . cﬂ]esplte the presence of significant main effects of cultivars
behavior of each cultivar varies between regions, whic . . ) .
o o P and environmentd-{deliset al, 2007; Parentoni & Souza
can be capitalized upon to maximize productividgifos

. Janior 2008). In abiotic stress plant breeding, there is a
et al, 2006; Falubat al., 2010). Local food security can ' ) . p. . 9
. . . e _ _ ~~ focus on experimental and statistical methods that are
be increased via the identification of higher-yield cultivarg . e L o
. o : L . associated with field investigations that fit in with the
in specific environments such as soils with low nltrogeB . . .
- . reeding routine, with low costs and a fast response and
availability (Mirandaet al, 2005;Souzaet al,, 2010), low | . .
. , . high repeatability of results. The methodology proposed
phosphorus (Parentoni & Souza JUnB08; Fritsche- . .
. by Fageria & Kluthcouski (1980) suggests that the use of
Netoet al, 2010b) and low input (Souz al, 2008a; . . . . .
two doses of nutrients is suitable for classifying cultivars
Souzeet al, 2009). . . . .
. . ... .in breeding programs as in dose-response experiments.
One of the main causes of low maize productivity in - . . .
o - - ; The objectives of this study were to classify maize
Brazil is the use of small quantities of fertilizers, especially .. . . _
: . . ", ultivars regarding the efficiency and response to nitrogen
nitrogen. Different strategies can be used to mitigate this . .
. . . IN a breeding program and to validate the methodology
problem, but usually involve changing the environment

: . . ~Used to identify nutrient-use-efficient cultivars.
by adding nutrients that are low in status or by selecting

plants with better nutrient use efficiency (Gallais & HirelMATERIAL AND METHODS

2004;Souzaet al, 2008b; Rotilet al, 2010). The selection

of cultivars with better nutrient use efficiency has been The experiments were conducted at the experimental

used with different definitions and it is essential whe#tation of the Department of Plant Science at Universida-

attempting to optimize the cultivar x environmente Federal deicosa (UFV) in the municipality of Coimbra,

interaction. The response of a cultivar is associated witinas Gerais fate (lat 2045’ S, long 4251'W, and alt

the availability of nutrients for plant growth, while 720 m asl). The experimental design was a randomized

efficiency is associated with the limiting environmentblock with the treatments arranged in a split-plot scheme

Fageria & Kluthcouski (1980) observed that the mogtith three replications and five nitrogen (N) doses (0, 30,

efficient cultivars produce more grains in relation to othe¢0, 120 and 200 kg Hgin the plots, and six cultivars in

cultivars in conditions of low nutrient availability and thesubplots. Each plot consisted of 12 rows of 4 m in length,

most responsive cultivars are those that increasgaced 0.9 m apart and with 0.2 m between plants. The

productivity as the relative availability of nutrientsubplots consisted of two rows of 4 m.

increases. The main chemical characteristics of the soil were:
In soil science, the response of cultivars is traditionaliyater pH =5.5; P = 5.7 mg diyK =71 mg dn?; C&* = 2.5

determined by the dose-response experiment, in whigmol, dnt®; Mg = 1.02 cmaldnt®; Al**=0.00 cmaldn?,

the response is determined by the coefficient of regressibrAl = 3.96 cmo] dm?®; SB = 3.70 cmeidm®; t = 3.70 cma)

of grain yield against the dose of nutrients. Howgetler dm_; CTC =7.66 cmg} V = 48.3%.

use of such regressions is not feasible for the evaluation In fertilized plots the N application was split into 30 kg

of hundreds of lines that are synthesized each year foh@" at sowing and the remainder was applied when the

breeding program, because it is time-consuming and cosfjant reached the six-leaf stagdl. plots received 80 kg

Another experimental technique that is widely used tea* of P,O; and 80 kg haK O applied in the furrows on

investigate the cultivar x nutrient interaction applie¢he day of sowing. The nutrient sources were the fertilizers
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simple superphosphate and potassium chloride. PefRESULTS AND DISCUSSION
weeds and diseases were controlled. Irrigation was carried

ZUt ifglfliu\:\:ggt:woe?]satzsocr:op, based on information frog?l traits, but the cultivar x N doses interaction were not
pTh i | d P30F80 (sinale hvb significant for grain yield, plant height and ear height
e cultivars evaluated were (single hy rIfjl'able 1).The grain yield of the diérent cultivars did not

responsive for inputs), BR 201 (double hybrid adapted Eﬂffer at doses of zero, 30 kghand 120 kg hia(Table 2).
acid soils), BR 106 (open-pollinated cultivar recommende N dose of 60 kg c,)nly CMS 39 was higher than BRS

for different regions of Brazil) and DKB 901 (single hybndSol da Manha, and at 200 kg'hthe BRS Sol da Manha

early cycle) which are nitrogen-responsive compared b%duced less than all the other cultivars. The cultivar BR

BRS Sol da Mar\hﬁ (opgn-pollinated cultivar selecteo! f(ﬁr01 had the highest mean grain yield at dose 200kgfha
environments with low nitrogen) and CMS 39 (populatlorN. The non-significance of the cultivar x N doses

with few cycles of selection) (A_IVQH al, 2002). Th_e traits interaction showed that this method was inadequate even
evaluated were female flowering (FF), plant height (PH%hen used with different experimental N doses and
ear height (EH), grain yield (GY) and nitrogen Content(:ultivars that was differentiated regarding their response

The concentration of total nitrogen in maize leaves W33 N. Thus, analysis of variance of the test traditionally

determined accor.dlr.wg to Malavoitaal (1997)'. _ used to evaluate the performance of the cultivars was not
Starldard sFatlstlcaI analys.es were carrlled out, '-%ppropriate for abiotic stress plant breeding.
analysis of variance for all cultivars, regression analysis R :
. : ) ~~ The lack of significance of the cultivar x N doses
of nitrogen doses for each cultivar and correlation with . . . .
. . ... Interaction for the traits of plant height, ear height and
cultivar performance, by using the program Statistical _. . - :
. . _ grain yield indicated that the differences between the
Analysis System (SAS) version 9.1 (SAS Institute Inc

2003). The F 2 & Kluth Ki (1980 thod average traits of the cultivars were maintained at all N
) € rageria & KUhcousK ( ) Method Wag,ses and traditionally the statisticians suggest that the
evaluated in ten possible combinations of five nitrogen

. ) . ; interpretation of interaction is not necessatpwever
doses in order to identify two nitrogen doses that woulfj . . . .
. . . .from the statistical or plant breeding point of vjehe
classify the cultivars in the same way as the regression : . . . :
terpretation of interaction must be interesting.

analysis.Among the possible genotype classifications R i | breedi he i ) £ th
for determining the lowest dose (critical level), to identify " egaerr:jg paqt ree _mg,bt € mterpretano_n oft ﬁ
the eficiency cultivar was grain yieldlo establish the cultivar x oses Interaction becomes interesting as the

highest dose required to determine the superior critical°"® recder?tly rteleasded maize cultlvdarstgre Lesponswti 0
level to responsive cultivawe considered grain yield, Increased Inputs and are very productive because they

the percentage of cultivar yield potential that reached aere sglepted in the presen.ce of high mp&sv(a.zak&.
terniani, 2004). Howevgit was possible to identify

least 80%, the results of the regression analysis and E]a;ef b h " : q
nitrogen content in the maize plant. ifferences between the cultivar responses to increase

L N, even when the analysis of variance detected non-
After determination of the lower and upperdés; an . . .
. i ) significance, because the differences between cultivars
index @) was calculatetb define the cultivar response.

. were not large enough in relation to the coefficient of
The index o was calculateds follows: L L .
variation usually found for grain yield, which ranges from
_difference in grain yield between the nitrogen levels 810 16% in field trials (Scapiet al, 1995).
a difference between the nitrogen doses Moreover accepting the hypothesis that there is a big
difference among cultivars in the grain yield of maize
The grain yield of each cultivar at the lower criticakultivars in the contrasting N levels and that can be
level and its corresponding are represented in the detected by thANOVA and F test in experiments in the
Cartesian coordinate system. The axes intersect at tiwd is very unlikely to occur because the cultivars are
point defined by the meamoductivity at the lower critical obtained to response the input. It was found by many
level and the average & of all cultivars. These foututhors when using elite germplasm (Fidetial,, 2007;
quadrants represent the efficiency and response of tBeuzaet al, 2008b). Thus, Perecin & Cargnelutti Filho
cultivars. Cultivars belonging to the first quadrant (uppe(2008) recommended a level of significance for the cultivars
Y axis and right X axis) were classified as efficient angt environments interaction of p = 0.25 when interpreting
responsive, those in the second quadrant (upper Y agh@ interaction effect of “the experiment”. Based on our
left X) were non-responsive and efficient, those in theesults and on literature, the interpretation of the cultivars
third quadrant (lower Y and left X) were non-efficient anck N doses interaction is always advisable, even when the
non-responsive and those in the fourth quadrant (lowgtteraction is not significant, regardless of the significance
Y and right X) were efficient and non-responsive. level suggested Perecin & Cargnelutti Filho (2008).

Nitrogen (N) levels and cultivars were significant for
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Although correlation does not imply a cause and effebiaof grain more than the least responsive, corresponding
relationship, it may help to understand the gener#b 1,000 kg h& of grain at a dose of 200 kgha
association between two variables. The correlation for The cultivars CMS 39, DKB 901 and BR 201 were
grain yield between N doses was high and significacbnsidered the most effective at low N doses (zero and 30
when the N levels like 0.74 at 0-30 kg'h@.91 at 60-120 kg kg ha') for grain yield and were above the overall average
hat, 0.66 at 60-200 kg Haand 0.71 at 120-200 kg hall  of the cultivars (@bles 2 and 3Y.he BR 201 was the only
the other correlations were not significant. This showsultivar that was considered the most responsive and the
the similar performance between the cultivars in similanost effective at low N doses (zero kgtha
environments. The classification of the efficiency and response to N

All cultivars were responsive to higher N doses basexf cultivars using regression equations was consistent
on the regression analysis, but it was possible to identifyith the preliminary classification. For the methodology
those that were more responsive, based on the regresgiomposed by Fageria & Kluthcouski (1980), it is essential
coeficient (Table 3) The estimated regression di@ént  to determine the lower and upper critical levels in response
(13)) for the responsive cultivars (P30F80, BR 106 and B® nutrients. These levels can be interpreted as the joint
201) showed® =20, which was 34% higher in relation toaction of different genes in relation to the mechanisms of
the least responsive (BRS Sol da Manhd@, CMS 39 aaBisorption, translocation and utilization of nutrients (Atlin
DKB 901) with3 = 15. Thus, for every 12 pounds of N& Frey, 1989;Souzaet al, 2008b; Fritsche-Netet al,
applied, the most responsive cultivars will produce 60 kg010b). Gallais & Hirel (2004) suggested that in low N

Table 1.Mean square of grain yield (GY), plant height (PH), ear height (EH) and female flowering time (FF) of maize cultivars
evaluated

Mean square

Source Variation DF

GY PH EH FF
Blocks 2 4,350,886 87" 470s 2.23s
Nitrogen doses 4 44 373,675 3,706 3,118 4227
Error (a) 8 616,695 125 104 1.58
Cultivars (C) 5 2,707,311 7,407 5,204 97.89"
C x N doses 20 525,722 86" 59s 0.91
Error (b) 50 395,274 82 59 0.48
CV (%) 12 5 8 1

" not significant;", *: significant at p < 0.01 and p < 0.05 by the F test, respectively

Table 2.Means of grain yield (kg H, percentage of production potential (PPP) and nitrogen concentration (N, Yaipteined
by maize cultivars in different nitrogen doses evaluated

Nitrogen doses

(kg ha) P30F80 BR 201 BR106 BRS Sol da Manhad DKB 901 CMS 39

0 PPP 3,148 3,964a 2,759 3,246a 4,046a 3,987a
(39%) (50%) (39%) (46%) (47%) (48%)

N 2.20 2.32 2.10 2.10 1.95 2.25

30 PPP 3,374a 3,817a 3,590a 3,286a 4,612a 3,999a
(42%) (48%) (51%) (50%) (54%) (49%)

N 1.92 2.21 1.92 2.08 1.90 1.88

50 PPP 6,361ab 6,146ab 5,283ab 5,114b 5,393ab 6,802a
(80%) (77%) (75%) (73%) (63%) (83%)

N 2.82 2.62 2.79 2.78 2.42 2.77

120 PPP 6,515a 6,142a 5,516a 5,331a 5,658a 6,230a
(81%) (77%) (79%) (76%) (66%) (76%)

N 2.65 2.68 2.67 2.82 2.53 2.93

200 PPP 7,405ab 8,064a 7,187ab 6,153 7,151ab 7,454ab
(93%) (100%) (100%) (88%) (83%) (91%)

N 3.11 3.29 3.33 3.19 2.99 3.32

Y Means with the same letter in line are similar, by Tukey test in 5%.
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conditions, the efficiency of use is critical for croptheir production potential (PP)dble 2). In addition the N
production whereas in high N conditions the absorptiocontent that is recommended as the ideal (2.75 d&g kg
efficiency is the most important factor for maize was reached by all cultivars at the dose of 200 kg
The absorption efficiency in conditions of low Nha®(Malavoltaet al, 1997).
availability is associated with a high-affinity transport For abiotic stress plant breeding, determining the lower
system and in conditions of high N availabilify is critical level to select efficiency cultivars is important
associated with low-§&hity transport Lea & Azevedo, because the trait heritability is reduced as stress increases
2006). The utilization efficiency is associated with NRumbaughet al., 1984). Using the methodology of
metabolism enzymes such as nitrate reductase, glutamiegeria & Kluthcouski (1980), the lower critical level is
synthetase and glutamate synthaseeg] et al, 2007). characterized by the lowest dose at which the differences
The use efficiency is associated with aminotransferadegetween the grain yields are significant according to the
which is responsible for the accumulation andnean test: in this study an N dose of 60 kg heas
transportation of N to the graihda& Azevedo, 2007). indicated (Bble 2). Howevermat this dose, four of the six
The N level that determines the upper critical level isultivars showed adequate N levels and two of these
that at which the grain yield is at least 80% of theeached 80% of productive potential.
productive potentiaKageria& K luthcouski, 1980)At the The dose of 30 kg hlaled to a reduction of
N dose of 200 kg ha all cultivars reached over 80% of approximately 50% of the productive potential of the

Table 3.Regression equation, céiefent of determination (R, relative percentage of response (RPRigiehcy in low N (ELN) and
relative percentage of efficiency (RPE) at dose zero of N to maize cultivars evaluated

Cultivar Equations (y = kg ha') R? (%) RPR (%) ELN RPE (%)
P30F80 y = 3,584 + 21.66°x 77 118 3,584 95
BR 106 y = 3,153 + 20.90°x 92 114 3,153 84
BR 201 y = 3,920 + 20.81°% 87 113 3,920 104
CMS 39 y =4,294 + 17.07% 71 93 4,294 114
BRS Sol da Manha y = 3,396 + 14.99°% 84 82 3,396 90
DKB 901 y=4,177 + 14.57% 96 79 4,177 111
Mean y = 3,754 + 18.33% 100 3,754 100

“ " Coeficients of regression were similar to 20 and 15, by t test, at 5% of probakelyectively

30 4

non-efficient and

: efficient and responsive
responsive

BR 201
5
P30F90 - ¢
L 4
5 BR 106
- ¢ CMS 39
S 3,000 3500 20 + I 240 e
1
: .
- Sol da Manhi
L 4
efficient and non- DKB 901
responsive

15
non-efficient and
non-responsive

10 -
Average of grain yield (kgha-1) at N dose of 30 kg ha-1
Figure 1. Efficiency and response to nitrogen of six maize cultivars (See details in Materials and Methods).
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Table 4.Maize cultivars classified like responsive to nitrogen according with combination of nitrogen doses and methodology of
Fageria& Kluthcousk (1980)

Nitrogen doses BRS

kg ha BR 106 BR 201 P30F80 DKB 901 Sol da Manha CMS 39
0e30 X X X

0e 60 X X X
0e 120 X X X
0 e 200 X X X

30 e 60 X X X
30 e 120 X X X
30 e 200 X X X

60 e 120 X X X X

60 e 200 X X X

120 e 200 X X X

cultivars (Table 2)This reduction corresponded to a grairshowed response to N at doses of 200 k Tihe BRS
yield of approximately 3,500 kg Haclose to the mean Sol da Manh& was developed in soil with low N availability
obtained by the Brazilian producers who use lower inputand was correctly classified by the regression analysis,
especially N fertilizersAnother fact that indicates the doseresponse and ftiency methodology

of 30 kg h& is adequate because N concentration in maize

leaves is below of 2.75 dagkhy Malavoltaet al (1997) CONCLUSIONS

as critical f;)r obtal.nlndg sal\tllffaf:lftory Sr?m é'oil(ds' In Use efficiency and response method based on two N
treatments that received no N fertilizer (below 9ha levels classifies the cultivars in the same way as the

none of the cuItwgrs reached the critical N Iea;e ression analysis and is appropriate in plant breeding
concentration, showing that these doses are below th%gtine

required to satisfactory grain yields.

At doses of 30 kg haand 200 kg ha(the lower and There is a need to identify the N levels required to
upper critical levels according to the method of Fageria giscriminate maize cultivars in conditions of low and high
Kluthcouski (1980)), cultivars BR 106, P30F80 and BR 20%itrogen availability in plant breeding programs that aim
were classified as responsive and cultivars DKB 901, CM§ obtain efficient and responsive cultivars.

39 and BR 201 as effiCient (Figure 1) Th|S CIaSSiﬁcation iS The ana'ysis Of the interaction genotype X environment

consistent with that obtained by regression analysis gf experiments with contrasting doses is always necessary

the cultivars in terms of rates of N used as standard. even when the interaction is not significant.

There is a dosage difference of 100 kg batween

the highest and the lowest nutrient availability treatmenACKNOWLEDGEMENTS

(Mirandaet al, 2005; Souzat al, 2008b). The small

difference in productivity between the doses defined

the lower and upper critical level may compromise thg

selection of maize cultivars for the efficient use of N, as

may be appropriate for studies on soil fertjlingcause

grain yield between high and low N environments will b

correlatedAtlin & Frey 1989). REFERENCES
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