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ABSTRACT - Tolerance rather than resistance, is the crop response mechanism sought by
maize breeders for cultivation under low levels of nitrogen. Although improved nitrogen use is
in intensive research by maize breeders, little is known about its inheritance on tropical maize
germplasm. The objectives of this study were to evaluate the N use through yield and other
traits, and to determine the importance of general (GCA) and specific (SCA) combining ability
effects in the inheritance of N use, for yield, using a diallel of crosses among a selected set of
tropical maize lines under two levels of N. A comparison of relative magnitudes of GCA and
SCA for ear yield (EY) suggests that this trait was governed more by dominance than additive
gene action, and the contribution of additive genes for nitrogen utilization efficiency decreases
under N nutrient shortage. Since, for this set of lines, only non additive effects were significant
for this trait, the lines with favorable SCA could be used as donors of N use efficiency in a
hybrid development program. The line L2 was identified as being the most suitable combining
overall parents in this study for improving EY. The crosses L3xL7,L1xL2and L7xL 10
showed to be promising combinations based on the significant SCA effects for lines and hybrids
development. The results of this study can enhance the use of promising inbred lines in a program
focused on developing hybrid that efficiently can take up and uses nitrogen.

Key words: Zea mays L., nitrogen stress, general and specific combining ability, yield.

CAPACIDADE DE COMBINACAO PARA USO DE NITROGENIO DE UM
GRUPO DE LINHAGENS SELECIONADAS DE UMA POPULACAO DE
MILHO TROPICAL.

RESUMO - Tolerancia, em vez de resisténcia, ¢ um mecanismo de resposta das plantas que
tem sido buscado por melhoristas de milho, para cultivos com baixos niveis de nitrogénio.
Mesmo com o crescimento das pesquisas por melhoristas, visando o uso mais eficiente do
nitrogénio, pouco se conhece sobre sua implicagao no comportamento de linhagens e a res-
peito de sua herdabilidade em germoplasma de milho tropical. Os objetivos deste estudo
foram avaliar o uso do nitrogénio, com base na producao de espigas (PE) e de outros caracteres,
bem como determinar a importancia dos efeitos das capacidades geral (CGC) e especifica
(CEC) de combinacgao na heranga do uso de nitrogénio, usando-se cruzamento dialelo de um
grupo de linhagens selecionadas, em dois niveis de nitrogénio. Uma comparagdo da magnitude
relativa das CGC e CEC para PE sugere que esta caracteristica foi mais controlada por genes
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em dominancia que devido a agao génica aditiva e que a contribui¢ao dos genes aditivos para
o uso eficiente de nitrogénio diminuiu com o estresse de nitrogénio. Como, para esse grupo de
linhagens, somente os efeitos nao aditivos foram significativos nas condi¢des de estresse de N,
as linhagens deste estudo com CEC favoraveis poderiam ser usadas como doadoras da tole-
rancia ao estresse de N, em programas de desenvolvimento de hibridos. A linhagem L2 foi
identificada como sendo a mais promissora para combinagdo com as demais linhagens, para
se aumentar a PE. Os cruzamentos L3 x L7, L1 x L2 e L7 x L10, baseados nos efeitos da
CEC, mostram ser combinagdes promissoras para um programa de desenvolvimento de li-
nhagens e hibridos. Os resultados deste estudo indicam o potencial a ser explorado com o uso
de linhagens promissoras, em programa de melhoramento focado no desenvolvimento de hi-
bridos eficientes na utilizagdo do nitrogénio.

Palavras-chave: Zea mays L., estresse de nitrogénio, capacidade geral e especifica de com-

binagao, producao.

Brazil produced about 41 million tons of
maize in the 2000/2001 harvests, making maize the
second most cultivated cereal, with an area of 13.750
million ha(CONAB, 2001) and a mean consumption
of 25 kg ha' nitrogen estimated from ANDA
(2001)data.

Nitrogen deficiency is one of the most
important stresses affecting maize production in tro-
pical areas (Lafitte & Banziger, 1995). The great
majority of tropical soils present low levels of fertility,
consequently higher levels of yields require higher
inputs of chemical fertilizers, mainly Nitrogen. Thus,
a maize cultivar with genetic potential to use N
efficiently could produce economically in poor soils
with low levels of fertilizer applications or high yields
with better inputs of fertilizers due to its capacity to
utilize N efficiently. Moll et al., (1987) and Pollmer
etal.,(1979) pointed out that variation in the capacity
of maize genotypes to take up N from the soil and to
utilize plant nitrogen for grain production has been
widely reported. Efficient and inefficient maize hybrids
respond differently to the nutrient supply in the soil
(Parentoni et al. 1998).Genetic variation in response
to N supply of inbred line (Balko & Russel, 1980),
has been observed and it appears to be possible to
develop hybrids with tolerance to low N in soils. In
most breeding programs one of the main objectives

is to identify inbred lines with productive potential
“per se” and high combining ability for hybrid
production that express high heterotic levels for grain
yield. Trials conducted at low yielding environments
have a higher frequency of producing statistically non-
significant differences, or having a larger coefficient
of error variation than trials conducted under high
yielding environments. This is because the error
variance usually does not decrease as much as the
genetic variance when going from high to low yielding
environments (Bénziger et al., 1997). Despite the
environmental and economical limitations related to
N fertilizer utilization, traditionally, the greater
majority of the maize breeding programs in the tropics
are under optimum fertilization conditions ,where
heritability and potential selection genetic gains are
usually much greater. Maize cultivars present
different behavior when grown in low levels of N
and show different N partition and biomass inside
the plant, especially in terms of N removed from the
vegetative tissues (Ta & Wieland, 1992). Nitrogen
affects cell and tissue growth, thereby influencing leaf
area and photosynthetic capacity (Pan et al., 1985
and Settini & Maranville, 1998).

Some morphological and physiological
responses of maize when in N deficiency conditions
are shown through low plant height, low efficiency in
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light interception, accelerate senescence, increment
in N mobilization to grain and reduction in N
concentration in the plant (Muchow & Davis, 1988).
With respect to genetics parameters related to N use
efficiency, dominance effects had the great
contribution to the observed genetic variance (Clark
& Duncan, 1991). The genetic variation due to the
general combining ability was greatly related to N
plant structure (productivity and dry matter),
indicating that differences among crosses could be
attributed to additive gene effects (Rizzi et al., 1993).
The objectives of this work were to evaluate the N
use efficiency of inbred lines and determine the relative
importance of general and specific combining ability
for N efficiency by using diallel crosses.

Material and Methods

A selected group of'ten tropical inbred lines
of maize derived from a tropical yellow dent tuxpefio
synthetic population (CMS 61) was crossed in a
diallel system through controlled hand pollination. The
resulting 45 single crosses, the 10 parental lines and
a control - N use efficient line, were grown in the
experimental area of Embrapa Milho e Sorgo, in Sete
Lagoas, MG, in 2000. For both trials was used a
lattice design 7 x 8 with two replications, and plot
size was a single 5 m row spacing 0,90 x 0,20m
between and within rows, respectively. Each of the
two nitrogen levels was considered a separate field
trial plant adjacent to each other in a Latosoil dark-
red, dystrophic and of clay texture, typical of the
Brazilian savannas central areas, with low levels of
N. The first area, with N stress (N0=10 kg ha'' of
N), was planted using 250 kg ha! of the formula
4:14:8 plus Zn and 20 kg ha' of FTE BR 12
(micronutrient source). The second area, withno N
stress (N1=120 kg ha! of N) was used 250 kg ha'!
of the formula 4:14:8 plus Zn, 20 kg of FTE BR 12
(micronutrient source) and 30 kg ha' of N. At the
latter, five weeks after sowing, 90 kg ha™! of N (Urea)

was side dressed applied. Data were collected for
earyield (EY), plant height (PH), ear height (EH),
number of root and stalk lodge (NRSL), and
prolificacy (Prol). Each experiment was analyzed
separately as a lattice design. For evaluation of the
genotype performance there were imposed two
criteria: a) yield in the environment under N stress,
and b) relative performance in the environments under
no and with N stress. This performance was
evaluated using a N stress index defined as: NSI=
(YY) /(Y 7-Yzm). Where: Y, and Y, are
productions under no stress (N1) and with stress
(NO); Yz and Y 5 are mean productions,
considering all genotypes, under NO and N1
environments, respectively. Low values for NSI
indicate better genotype tolerance to N stress. Values
around 1,0 indicate median tolerance, and high values
are associated with low tolerance to N stress. Thus,
a high standing genotype for N tolerance is the one
that yields above the general mean under low level
of N and with NSI value less than one (NSI<1,0).
Also date for EY were analyzed using Griffing’s
Model I, Method 2 (Griffing, 1956) to calculate ge-
neral and specific combining ability.

Results and Discussion

Nitrogen absorption played an important role
in confirming that N stress was a major factor in
creating differences in the studied traits between the
environments. The use of fields that has been
previously depleted of N result in a severe N stress
inthe low N level experiment.

Nitrogen treatment had a significant effect
on earyield (EY), plant height (PH), ear height (EH),
and prolificacy (Prol) traits (Table 1).Yield reduction
under low nitrogen level (NO) in comparison to higher
nitrogen level (N1) treatments, in terms of average
EY, ranged from 1206 kg ha' to 2080 kg ha™! for
lines and from 4346 kg ha™! to 6730 kg ha! for the
crosses. One of the main effects of N stress is a
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TABLE 1. Means for ear yield (EY), plant height (PH), ear height (EH) number of root and stalk lodge
(NRSL) and prolificacy (Prol) for 10 inbred lines and the diallel set of crosses among these lines grown in
two levels of N.

Trat. EYikg ha') PHicm) EH{cm) MRSL St Praol
Ml Ml M1 11 Ml MO Ml Ml Ml Ml Ml M
L1 2ind HB4 145 134 na fn 2 0 13 15 104 089
L2 2345 2782 153 133 BE L 0 0 15 | & 1.36 1,20
3 Iald 251 155 10A T8 43 0 | If I 1032 035
L4 173 679 138 140 B3 ik 2 0 17 I8 EE 038
L5 2121 1628 155 138 i 73 I 0 If 17 89 | 00
L& 2423 14nd 150 138 BE 63 ] 0 16 17 1.0 080
L7 2als 834 180 123 U4 ik 0 | 15 I 1,07 075
L& 2797 1384 173 133 L T | | 12 |5 1,26 &1
L= 2129 1023 183 130 UE 73 0 | 14 14 ILIE 069
L1tk [2200 1133 1700 135 L LEh 4 2 19 |4 74 04
H51 G432 aale 203 183 105 493 0 3 20 17 1,26 1,09
Hs2 B213 4585 2100 190 11y 93 f 17 I% 103 054
19 2 1,33 1,21

I
HS3 B9l 4380 208 190 135 105 2
HS4 23 3638 208 |5H 113 3 I 17 L7 125 100
HS3 7309 4536 218 190 138 S0 0 13 I8 1,63 0594
HS6 B3BG 4536 223 1H3 130 HH i 0 I8 I 1.53 044
H57 TO5E 3962 205 173 113 &5 2 15 2 1.37 0,98

7
1
1

N
H5% GBI 3586 213 1&D 128 105 | f 14 I 1.29 047
HSw T30 4972 213 18R 118 95 2 A 1% 2 1,39 1,03

HS 1 Gdsa 4051 218 193 115 9% 2 | 13 I & 148 087

H511 TORD 4465 195 173 108 70 | | 14 17 .32 1.07

H%12 Gloa 3911 215 188 115 9 ] | 17 I & LIT 091

H513 GARD 4504 2100 193 125 93 | 2 14 I 1.2 100

H514 GRd40  J48% 225 190 121 78 | | 20 [ 108 1,03

H513 TaRa 4430 203 183 115 &R §] 2 18 [ 131 100

HS16 6504 3330 213 |95 128 9% 0 il 7 5 1,48 1,30

H%17 Bad3  490] 218 213 133 118 §] 1 22 ] 1200 1.03

HS 15 G105 3828 195 16 120 5 ] | 17 I & 1,15 097

H%1% BAR] 4938 210 18R 1 a5 §] 2 14 ] 1.7 1.03

HS 2 Ginl A093 218 190 130 9% | 3 17 I & 1,329 1,06

H521 3267 6395 208 195 118 90 | | 13 [ .17 1.11

Hs22 6412 4112 205 I8A 113 100 2 2 16 17 l46 0,88

H523  6l7d4 44 205 183 115 3 s 3 14 [ 113 039

HS24 Go09 44410 198 18& 108 103 ] 2 1% 17 46 1,00

HS525 4727 3061 193 158 s 78 | 0 149 15 1LOog 100

H526  T486 3004 215 173 133 100 3
HS27 5416 2652 208 160 123 HS I

=

I8 I8 113 100
16 17 L4l O
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Continuacao da Tabela 1.
Trat. EYikg ha') FHicm) EH{cim} MRS Piraol
Ml k11 M1 i Ml M M i [1] Ml k11 M M
H%2% G227 4150 M5 1T 125 Qi i il 15 ] 1,57 1,05
H&2% 6347 30d] 210 180 123 100 i | 18 | 114 1.00
HS310 Tedls 29017 208 183 133 100 i 3 1% [ 1,25 1,03
H&31 Fuld 4340 2153 190 120 108 0 0 17 17 L1154
H532 GUT1 4060 2000 183 1103 ] 0 il 17 22 107 0,9]
H%33 FU0E 3380 N 1) 123 125 I 0 17 | 1.24 095
H534 5171 4575 2000 194 120 105 2 | 16 20 19 092
HS35 7420 5000 208 138 1200105 | 0 1% ] 1,29 1,00
H536 73098 4910 M5 |nd 120 #5 I 2 16 |7 1,53 1,00
HS37 7277 4491 210 185 133 9% 2 2 149 |5 116 097
H53% GAAk 4658 My 183 11 #8 2 | I8 |3 104 055
HS%3% 53810 Zus% 2100 170 113 %5 i 2 1% 17 1,23 1.02
H540  Tes0 46350 215 193 130 103 I | I8 |5 1,38 1,07
H541 109 3862 25 17a 135 78 i | 14 | % 1,22 097
H542 THS a2l7 LT 1] 128 100 i 0 21 |3 142 1,15
H%43 JG2Y 2483 1900 158 123 #e 3 4 149 |4 103 076
H544 BOEL 4307 L 135 93 i 2 I8 L&y 144 1,00
H545 6212 4363 205 173 T Qo0 4 | 20 | % 1.29  1.05
Test. | 210 1477 123 118 TR i3 i | 13 |2 09t 068
LSIN5%) 2085 2150 L 31 22 i 3 3 XTI
MEAMS
Lines 2RO 1M 164 133 e | il | il 15 ] 105 0,76
Crosses 6730 4346 Mo 182 122 94 I 2 17 17 1.29  1.00
Test 28110 1477 133 1% T8 55 i | 13 |2 0ar  6e
'General  5830m 3734b 1903 177h 152 K8h Ia la [ Ta 17a [ 24a {195k

"Means followed by the same letter are not statistically different (P=0.05).

reduction in the photosynthesis structures
components levels, e.g. chlorophyll, resulting in a
reduction in the photosynthesis capacity also in
carboxilase efficiency and, therefore low yielding
(Delgado et al., 1994; Settini & Maranville, 1997).
Guang Jauh et al., (1995), working with maize
hybrids from a 6 parent half-diallel cross pointed out
that in general grain yield showed high heterosis at
the higher nitrogen levels. Yield under NO level was
lowest for line L 3 and highest for line L 2, and yield
under N1 level line L 4 was lowest and highest for
line L 8. Differences among inbred lines and single

crosses were observed for PH, EH and Prol traits.
Inbred L3 presented the lowest values under low N
level, and there were consisting differences for the
results under high level of N, for these three traits.
For the trait Prol, means of single crosses and inbred
lines were greater under N1 level than for NO level,
maybe due to the reduction in PH and EH. Nitrogen
treatments had an important effect on the means of
inbred lines under N1 in comparison with NO resulting
in a reduction of 18,9% (PH), 27,5% (EH) and
27,6% (Prol). Similarly, the reduction for single
crosses means were 12,9%, 22,9% and 22,5% for
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PH, EH and Prol, respectively. Thus, as was expected
reductions in terms of average performance were
lower for single crosses than for the lines. Similar
results were found by Laffite et al., 1995, Kling et
al., 1997; and Arellano et al. 1997. The analysis of
variance for ear yield showed significant (P<0,01)
for genotypes under N1 and NO levels (Table 2).

TABLE 2. Summaries of the analysis of variance
for ear yield (kg ha') for maize inbred lines and a
diallel set of 45 crosses among these lines in
experiments with two levels of N. EMS/
EMBRAPA,SL(MG), 2002.

SV DF

MS F
High N (N1)
84 8360487 . 700 ¥

Genotyvpe 54

G.CA, g 34 4533093 416 wE
S.CA. 44 94 937 166,564 wE
Error 40 10.656.020.055
Low N (NO)
Genotype 54 42629329023 E
G.CA, 9 15 785081132 s
S.CA. 45 47998.179.681 e
Error 40 [1.333.320 108

CV(N1) = 17,70 %; CV (NO) = 27,50 %
** significant at the 1% level of probability by F test;
ns= Non significant

Significant (P<0,01) was detected for SCA under
both N treatments, but GCA was only significant
(P<0,001) under N1. Arellano, et al. 1997, found
significant differences for GCA and SCA effectsina
study involving a diallel of 14 inbred lines, and
because SCA effects for yield were larger under low
N level, they consider that these effects were more
important under low than under high N availability.
On the other hand, Below et al. (1997) working
with six temperate lines found that additive effects
were more important than dominance effects.
Estimates of the SCA and GCA effects for both N
levels, for EY of the 10 inbred lines are presented in

Table 3. GCA and SCA effects differed according
to the level of available nitrogen. Although the additive
effects have been detected, the SCA effects
predominated over the GCA. According to Baker
(1978), for the non-random diallel cross model or
variance, the proportion of GCA in relation to SCA
can be calculated by GCA/(GCA+SCA). The value
of this proportion for the trait EY, were 26,8% and
24,7% for N1 and NO conditions, respectively. The
GCA estimated effects were positive for the lines
L1,L2,L3,L6,L7and L10,under NO level. Under
N1 level, lines L1, L2, L6, L7, L8 and L10 also
presented favorable GCA effects. Therefore, five out
of'the ten lines present high GCA effects in both NO
and N1 levels. Lines L4, L5 and L9 had negative
GCA effects at both levels of N. This led to a
conclusion that the involvement of additive gene action
should facilitate selection efforts for better line
identification under non-stress environments. Shiech
(1995) and Morarium (1994) evaluating diallel
crosses and levels of nitrogen, found significant
difference for GCA for the genotypes at the same N
level and SCA and GCA were consistent for most
ofthe genotypes over different N levels. Normally,
breeders are interested in hybrid combinations, with
more favorable SCA and where there is at least one
of the lines with more favorable GCA effect.
Therefore, crosses like L1 x L2 should be highly
desirable.

Therefore, our results agree with earlier
results found (Bellow et al., 1997; Laffite &
Edmeades, 1995; Rizzi et al, 1995) that show yield
of inbred lines related to N use are under genetic
control. As shown by the results of the others traits,
the identification of traits related to EY at high and
low N levels could allow the development or
identification of hybrids with high performance to
stress environments.

A further part of this study was the
examination of the most promising lines to N efficiency.
Asseenin Figure 1, quadrant 1, characterized by low
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FIGURE 1. Ear yield as or function of environment index (EI) for10 lines, 45 single crosse, and 1 line tester

trials under two N levels. SL (MG), 2000.

NSI (N Stress Index) and low yield, was composed
of all the lines and the inbred tester. Quadrant 3,
characterized by high NSI and yield, was composed
of 17 single crosses being classified as high yielding
and responsive to N stress.

These findings are of importance to breeders
who want to select more efficient genotypes to abiotic
stresses such as N stress ,which is one of the most
widely stresses occurring in maize farmers’ fields in
the tropics.

Conclusions

The productivity of the inbred lines and the
single crosses were different and were dependent
on the N level.

Under low N level was observed a reduction
in the traits EY, PH, EH, and Prol.

For the trait EY, non-additive gene action
was predominant under both environments and
additive only in the non stress environment.

The highest SCA estimates were observed
in crosses between parents contrasting in magnitude
and sign of GCA.

Some lines and hybrids identified in this study
showed to be promising for growing under conditions
of low soil nitrogen availability.
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