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ABSTRACT

Four grain sorghum restorer lines {two telerant and two sensitive to low-
N} were crossed onte four cms lines (une tolerant and three sensitive) to obtain
16 F, fertile hybrids in 2003 season. Field evaluation of the 24 genotypes was
conducted at Sids under high and low-N in 2004 season. The main objectives
were to study the genotypic differences in nitrogen use efficiency fraits and
estimate quatitative genetic parameters for such traits. Mean squares due 1o
genotypes, N levels and genotypes X N levels inferactions were highly significant
Sfor all studied traits. Low-N stress (no fertilizer applied) caused a significant
reduction in grain yield (dry matter)/plant (DM,) of 17.9 and 15.2% for parental
lines and their F,;’s, respectively. This reduction was associated with reductions
in dry matter weight of leaves (DM}, stems (DM), and whole plant (DM).
Economic (NUE,) and biological (NUE, ) nitrogen use egfficiency, nitrogen
translocation efficiency (NTRE), nitrogen uptake efficiency (NUPE), plant,
grain and biomass nitrogen utilization efficiency (NUTE,, NUTE, and NUTE,,
respectively) and harvest index (H1) were significantly increased due to low-N .
The lines B-91003, R-93002 and RTX-86 and the crosses A-1 X R-89022, A-47 X
R-90001 and A-91003 X RTX-86 showed maximum low-N tolerance. Under
low-N, DM, was superior for tolerant (T) than susceptible (S) lines and F,;’s by
56. 2 and 40. 2%, respectively, while NUE,, NUE,, grain, leaf, stem and totul
plant nitrogen ( N, N, N, N, respectively) NUPE, DM,, DM, DM, and HI were
significantly higher in T than in S genotypes. DM, DM, and HI were the best
predictors of NUE,, NUE, and NTRE, respectively. Moreover, N, and N, were
the best predictors for any of NUPE, NUTE,, NUTE, or NUTE, traits. Both
general (GCA) and specific (SCA) combining ability effects were highly
significant for all traits under both low- and high-N. Contribution of the SCA
variance to the total variation was greater than that due to GCA variance for 9
traits (NUE,, NUE,, N,, N, N, NUPE, DM,, DM, and DM} under low-N. The
best parents for GCA effecis and the best crosses for SCA effects and
heterobeltiosis under low and high N were identified Heterobeltiosis differed
between studied traits, with the highest average shown by Ng (75.2% under low
N) . Under N-stress , dominance (5°p) wos greater than additive(&’ 4} variance for
12 traits and the opposite was true for the remaining 8 traits. The type of
dominance prevailing in F;’s under N-stress was overdominance for 12 traits,
complete dominance for 2 traits and partial dominance fof 6 traits. Heritability



in narrow-sense estimates ranged from zero (NUE, NUE,, DM, DM, and DM))
to 84.8% (NUTE}) under low-N. Better progress from direct selection is expected
to be realized under low-N than under high-N for improving N,, N, NTRE,
NUPE, NUTE,, NUTE,, NUTE, and HI, i.e for most traits contributing to low-N
tolerance.
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Nitrogen uptake efficiency NUPE, Nitrogen utilization efficiency
NUTE, Harvest index HI, Low-N tolerance, Genetic parameters .

INTRODUCTION

Nitrogen is the most important nutritive element for the production of
cereals including grain sorghum (Sorghum bicolor L. Moench). It is mostly
supplied to the soil in the form of inorganic fertilizers. A considerable
portion of fertilizer N is lost through gaseous plant emissions; soil
denitrification, surface runoff, ammonia volatilization, and leaching that
may lead to ground water contamination (Raun and Johnson 1999). In
contrast, the rates of N fertilizers in most developing countries are
considerably low because of the limited access to fertilizers and the low
purchasing power of small farmers due to a high fertilizer/cereal grain price
ratio. The limited use of N fertilizer in many developing countries results in
much cereals especially grain sorghum being grown in N — deficient soils
producing considerably low yields. There is, therefore, a need to have grain
sorghum plants that will use fertilizer and soil N more efficiently for grain
production. Nitrogen-use efficiency (NUE) has been described in various
ways, but these definitions generally describe two types of efficiency, either
uptake efficiency or utilization efficiency (Youngquist ef al 1992).

Genotypic differences in N-uptake, N partitioning and N use
efficiency have been reported for several crops inctuding corn (Bruetsch and
Estes 1976, Chevalier and Schrader 1977, Moll et of 1982 and Hageman
and Below 1984), pearl millet Alagarswamy and Bidinger 1987 and
Alagarswamy et al 1988), bread wheat (Desai and Bhatia 1978} and grain
sorghum (Maranville et al 1980, Onken et af 1985 and Gardner et al 1994).
Producing new cultivars through selective breeding that can yield
adequately with limited soil N seems possible (Atlin and Frey 1990).
Effective improvement in obtaining more yield from any incremen of
applied nitrogen (N), or in sustaining more productivity at moderate to
extreme soil N stresses, can occur through breeding most rapidly if
metabolic /physiological processes of N use efficiency are understood
(Maranville and Madhavan 2002). Knowledge of agromomic and
physiological factors that contribute to improved NUE in sorghum is limited
(Buah er al 1998). Further studies are therefore needed in sorghum
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genotypes to determine their mechanisms of coping with limited supplies of
N. Moreover, to the best of our knowledge no information in the lLiterature
are available on the type of gene action, combining ability and heterosis for
tolerance to low—N stress in sorghum.

Determining N uptake and utilization efficiencies of crops can be
costly and time consuming. When hundreds or thousands of individuals
need to be evaluated, it may be difficult to obtain the necessary data for
determining selections in time for the next season. By substituting an
alternative criterion in ranking nitrogen efficient genotypes in sorghum
breeding programs, substantial saving in time and resources with a fair level
of confidence in the selections could be realized.

The objectives of the present investigation were to: (i) examine the
differences among sorghum genotypes in nitrogen use efficiency, (ii) to
evaluate alternative screening criteria for selecting nitrogen use-efficient
genotypes and (iii) to estimate quantitative genetic parameters to design and
optimize breeding programs for cultivars with improved N-use efficiency.

MATERIALS AND METHODS

Eight grain sorghum lines were selected out of fourty eight lines to be
used as parents of this study based on their divergence in absolute and
relative yields and visual performances under low-N (stress) and non-stress
environments in a preliminary experiment conducted at two locations
(South Tahrir and Sids Agric. Res. St. , ARC) in 2002 season ; three parents
were tolerant and 5 were not.The lines consisted of 4 cytoplasmic male
sterile {(cms) and 4 male fertile restorer lines. The pedigree, origin and
status of the parental lines are presented in Table (1).

Table 1. Parental lines of grain sorghum used in this study

. . Tolerance to
No. Pedigree Designation Origin Yow-N

Male sterile (cms) lines

1 ICSB-1 {1) ICRISAT S

2 ICSB-47 {2) ICRISAT 5

3 ICSB-88005 [€)] ICRISAT T

4 ICSB-91003 {4) ICRISAT T
Restorer (R) lines

5 ICSR-89022 (3) ICRISAT 5

6 ICSR-90001 (&) ICRISAT S

7 ICSR-93002 N ICRISAT S

8 RTX-86-EQ-361 (sis) 6] Texas T

T=tolerant S= sensitive Texas= Texas A&M Univerisity,U. S. A,
TCRISAT= International Crop Research Institute for Semi-Arid Tropics-India
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The selected 8 parents were sown on the 25 * of June, 2003 at Giza
Agric. Res. Station, FCRI, ARC. Each line was grown in two ridges of 5
meters long and 70 cm width. The four restorers (R-lines) were crossed onto
the four A-lines to make 16 F; fertile hybrids. The seeds of the 8 parent
lines (B and R lines) were also increased in 2003 season by selfing.

11 2004 season, evaluations of 24 genotypes (8 parents, 16 F;’s) were
conducted at Sids under two N treatments (i. ¢ non-stress and low N stress).
Sowing was done on the 25 of June at Sids. A split- plot design was used
with 3 replications. The two N treatments were allotted to the main plots
and the genotypes were devoted to sub —plots. Each experimental sub-plot
consisted of one ridge of 5 meters long and 70 cm wide with a total area of
3.5 square meters. Sowing was done in hills of 20 cm apart along the ridges.
Thinning was done before 1 * irrigation (i. e after 20 days from sowing) and
two plants were left in each hill to reach a plant density of 60.000
plants/feddan. The recommended N fertilization (120 Kg N/fed.) in the form
of granual ammonium nitrate (33. 5 % N) was added to the control. The N
fertilizer was splitted into two doses; the first dose (one third of the N
fertilizer) was added just before sowing irrigation, while the second dose
(two thirds) was added just before the 1 * irrigation. The low-N stress
treatment was conducted through non-applying of any nitrogen fertilizer.
The previous crop was bread wheat (Triticum aestivum L.) preceded by corn
(Zea mays L.) at Sids. The soil texture was clay-loam with pH of 7. 6 and
organic matter of 1. 36%.

Immediately before N application, 30 random soil samples (from 0 to
15 c¢cm depth) were collected in each replication of main plots and
composited to determine N concentration at Sids. The amount of available
nitrogen in Kg / feddan was then calculated and found to be 42. 45 Kg N/
fed. Therefore, the available nitrogen in the soil (Ns) was 0.707 and 2.707 g
N/plant for low-N stress and non-stress environments, respectively.

At physiological maturity stage, five random plants were removed
from each sub-plot by cutting at the soil surface. The plants were bulked as
one sample per sub-plot and separated into leaf blades, stalks and panicles
(i. e demarcated by the lowest panicle branch) (stalks included leaf sheaths
only). Samples were dried at 70 ° C in a forced-air oven for at least 72 hours
and weighed. Panicle fractions from each sub-plot were threshed and seed
sub-samples were weighed. Dry matter of each fraction (leaves, stalks and
grains) per plant was recorded.
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Samples of different dried aboveground plant fractions were ground
and used to determine nitrogen concentration and nitrogen content of each
fraction (g N plant part™). Nitrogen determination was caried out at the
laboratory of Forage Research Section, FCRI, ARC. Kjeldahl method was
used to determine N concentration; the catalyst being metallic mercury 0.1 g
and 4 ml concentrated H.SO,. After clearing, digestion was continued for 3
h and titration was performed with 0. 01 N H,SO4 according to A.O. A.C.
(1980). Total N content (g N plant part ~') was calculated by adding N
contents of aboveground plant fractions.

Data were collected on the following traits: 1- grain dry matter weight
per plant (DM,) in g, 2- leaves dry matter per plant (DM,) in g, 3- stem dry
matter per plant (DMy,) in g, 4 - total dry matter per plant (DM,) in g, 5- dry
matter partitioning to grains (harvest index, HI%)= DM,/ DM; X 100, 6-
dry matter partitioning to leaves (DMP %)= DM, / DM, X 100, 7- dry matter
partitioning to stems (DMP;,%)=DM,/ DM, X 100, 8- economic nitrogen
use efficiency (NUE .) according to Moll ez al (1982) where: NUE .= DM,
/ Ns, 9- biological nitrogen use efficiency (NUE) in g DM, /g N; at
flowering stage according to Moll et al (1982) where: NUE , = DM (/N ¢,
10 - nitrogen content in leaves/plant (N;) in g, 11- nitrogen content in
stems/plant (Ng) in g, 12- nitrogen content in grains / plant (N ) in g, 13-
total nitrogen content/plant (N;) in g where: N= NANy+N, 14- nitrogen
partitioning to leaves (NP;} in % where:NP, = (N;/ N,) X 100, 15- nitrogen
partitioning to stems (NP} in % where:NPg, = (Ni/ N) X 100, 16- nitrogen
translocation efficiency (NTRE) in % according to Moll ef af (1987) where:
NTRE = (Ng / N y X 100, 17- nitrogen uptake efficiency (NUPE) in %
according to Moll er al (1982) where:NUPE = (N,/ N;} X 100, 18- plant
nitrogen utilization efficiency (NUTE,) in g / g according to Moll et af
(1982) where: NUTEp = DM, / N, 19-grain nitrogen utilization efficiency
(NUTEy) in g/g according to Moll et al (1987) where: NUTE (=DM , /N,
and 20- biomass nitrogen utilization efficiency (NUTE,) in g/g according to
Maranville et af (1980) where: NUTE, =DM (/N ;.

Data were subjected to a regular anmalysis of variance of a split plot
design according to Federer (1963). Data of each treatment separately were
further subjected to a normal analysis of variance of the randomized
complete block design. Genotypes degrees of freedom were partitioned into
parents, crosses and parents vs crosses. Line by tester analysis according to
kempthorne (1937) was parcticed for each treatment, i. € non-stress and low
nitrogen stress separately to estimate general and specific combining ability
variances and effects. Additive and dominance variances were estimated
according to Cockerham (1956).
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Average degree of dominance “ a” was calculated from the following
equation “‘a” = (2 §p/ 8 4) % where 5’ p = dominance variance, & 5 =
additive variance, when “a” = ( indicates no dominance, “a”< = | indicates
positive or negative partial dominance, “a”™= + | indicates positive or
negative complete dominance and “a” > + | indicates positive or negative
overdominance. Narrow sense heritability (h ,°) was caiculated according to
Hailauer and Miranda (1981). Expected genetic advance (GA) from
selection was calculated according to Becker (1984) using 10 % selection
intensity. Genetic correlation coefficients were calculated among pairs of
all studied traits, under each nitrogen treatment.

RESULTS AND DISCUSSION
Analysis of variance

Data on analysis of variance (not presented) for all studied traits of 24
grain sorghum genotypes (4 females, 4 males and their 16 crosses)
evaluated under two nitrogen levels (high-and low-N), revealed highly
significant differences among genotypes and among nitrogen treatments.
Mean squares due to genotypes X nitrogen treatments interaction were also
highly significant for all studied traits, suggesting that these traits of
sorghum genotypes vary with nitrogen supply. Separate analysis of
variance under each nitrogen treatment showed also highly significant mean
squares due to parents, F; crosses and parents vs F,’s for all studied traits
under both high-and [ow-nitrogen environments.

Mean performance

A comparative summary of means and ranges of all studied traits for
parental lines and F, hybrids under the two nitrogen levels is presented in
Table (2). Mean grain yield/plant (in g dry matter) was significantly reduced
because of low-N stress by 17.9 and 15.2 % for parents and F, hybrids,
respectively. Grain yield dry matter under control ranged from 44. 8 to 71. 3
g/plant under high-N (non-stress) and from 73.0 to 66. 4 g/plant under low-
N (stress) for parental lines and from 37. 0 to 104. 8 g/plant under high-N
and from 62. 3 to 93. 2 g/plant under low-N for F, crosses.

As a result of low-N stress all dry matter (DM, DM,, DM,; and DM,
and nitrogen content (Ng, Ni, Ny and N,) traits were significantly reduced,
with the greatest decline shown by Ny (59. 6% for parents and 55. 4% for
crosses) foliowed by DM, (43. 8 and 47. 0% for parents and crosses,
respectively). Reduction (%) in DM;, N, Ni, N;; and N; was greater in
parents than in hybrids, indicating that the hybrids might accord higher
tolerance to low-N stress than their parental lines for these traits.
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Table 2. Summary of means and ranges (minimum and maximum) for studied traits of grain sorghum
genotypes evaluated uader high-and low-N environments and increase/decrease of low-N
refative to high N {%) at Sids, 2004,

. High-N {routrol) Low-N (stress) LSDes Increase /
Trait Mean Min. Max. Mean Min. Max,  Nedevels "j;",;“
Parental lines
NUE, (g/g) n.7 16.5(6) 26.4(4) 68.1 sL6(1} 93.9 (4) .12 213.8
NUE, (z/®) 40.2 31.6(6) 49.8(3) 1181 ST.6(1)  154.7(4) 4,59 193.8
N, (mg} Tt 463.6 (T 1040, 9(4) 4928 297.4(T 734.1(4) 43, 80 {-30. 8)
Ny (mg) 249.4 161. 8 (1) 368.6 (4) 158 6 9.7 (7 235.1(3) 16.40 (-36. 9
Nu (mg) 3oLe 173.3(M 4501 (3) 1209 66.7(T) 194. 5 (4) 27.30 {-59. 9)
No{me) 1263 B0.6(N 1TH.L@)  TTL3 458.8(T)  122L.2{4) 46.10 (42, 0}
NP, (%) 19,7 17. 4(1) 22 5(7) 20.5 17.2(8) 22.6(5) 0. 67 4.1
NP, (%) 2.9 L 5(%) 28 8(3) 15.7 1L.3(8) 2L 55 0.93 {34.3
NTRE (%) 56.4 54.7{H) 58. 1 (4) 63.8 55.9(5) 66. 7(8) 1.8 131
NUPE (g/n) 0.47 0.30(7 0. 66 (4) L1 0.65(7) 1.59 () 007 £34.0
NUTE, {g/®) 484 39. 8 (4) 36.7(D 65.4 52.9(3) 90.2(7) 2.7 34.6
NUTE, (&) 859 63.5(4) L 1D 9.1 BO.4(H  138.83(7) 5,1t 7.9
NUTED (g/g} 29.9 TL () 116. 1{7) 114.7 85.8(%) 155.2 () 4.22 216
DM, (g 587 44.8(6) TL3(4) 482 3T 66. 4 (4} 1.56 -17.9
DM, () 2.7 15. 3 () 281 (8) 19.9 16.2 (1) 23.2(8) 0.95 -12.3)
DM, () 27.4 21.2(D 38.3(3) 15.4 11.9(8) 2L 6(4) 1.05 (-43.8)
M. (g) 108. 8 35. 5(6) 134.8(3) 8.5 £9.001)  109.4(4) .27 -23.2)
DMP, (%) 20.9 17. 4(1) 22.5¢(D 23.8 19.5(4) 26.8(6) 0.97 13.9
DMP, (%) 25.2 2.5 28.8(3) 18 4 1L9(8) 24.4 (%) Lo (-26. 9}
HI (%) 54.0 51.4(3) S6.0(1} 518 50.0(%) 61.9(8) 1.1 7.0s
Crosses
NUE, (z'®) kN 26. 9 (3X8) 38, 7(1X5) 104. 4 B8 1 (IX8) 131. 8 (2X6) 2.05 225.2
NUE, (&'} 5.1 44. 4 (JX8) 64. 6 (IX5) 159. 4 129 (3X8) 205. 5 (1X5) 4.25 194. 6
Ny (mg) 139 1079 (2X6) 1965 (4X8) 1005 06 (1X7) (510 (4X8) 40.5  {-27.6)
Ny {mg) 401 246 (1X7) 634 (4X8) 174 165 (2X6) 440 (4X5) 15,2 (-31.7)
Ny (mg) 457 241 (4X6) 634 (2X8) 204 116 (4X6) 3SO(IXS) 253 (-55.4)
N, (mg) 2247 1861 (4X7) 3154 (4X8) 1483 1149 (1X7) 2169 (4X8) 426  (-34.0)
NP, (%) 188 14.1(1X7) 24. 5 (4X7T) 18.5 14. 1 2X6) 25.4(4X6}  0.62 -1.6)
NP, (%) 2.8 122(4X6) 31.5(2X5) 13.7 8.8 (3X5) 2L7TOXD 0.3 (31
NTRE {%) 59.4 7.6 (2X8) 66. 5(4X6) 67.8 6L 4(1XT) 73. 8 (2X6) .72 14,1
NUPE(glgy 0.83  B.69(2XS5) 1. 17 (4X8) 2.1 1.6 (1X7) 3.1(4x8)  0.06 153, 0
NUTE,(gf®) 39.1  3.L7@2X8) 44.4(1X7T) 51,2 386 (4X8) TLIX6) .5 30,9
NUTE (g/g) 63.1 52 6(4X85) 7L 4 (IXT) 76.0 55, 4 (4X8) 97.8(2X6)  4.82 20.2
NUTEb(glg) 659 53, 7(4X%) 76.0(1X7) 78.4 57. 1 (4X8) 101.3 (2X6}  3.90 18.9
DM, (g) 7.0 73.0(3X8) 104, 8 1X5) 738 62.3 (1X8) 93, 2(2X6) L45  {-15.2)
DM, (g) 2.4 20.5(iXT) 38. 0 (4X8) .9 1. 0 (3X8) 27.8(3X5) 0.88  (-20.1)
DML (g) L1 17.1{4X6) 47. 8 (2X6) 17.0 9. 7 {4X6} 29.2(1X5) 0.98  (-47.0)
DM, (g} 146 120. 3 3X8) 174.M1X5} 112.7 91. 1 (3X8) 145 3 (1X5) L1 (-23. 1)
DMP, (%) 8.7 14. 1 {IX7) 24. 5{4XT) 19.4 14. 1 (2X6) 15, 4 (4X6) 0. 82 37
DMP, (%)  2L9%  1L2(4X6) 3L 5(2X5) 15.1 8.8 (3X5) 227(IX7) 091 (3L
HI (%} 59.4  £3.9(2X5) 64, 1 (4X6) 65.5 59.4(1XT) TLIRXE) LB 10.3

1=B-1, 2= B-47, 3= B-8300%, 4= B-91003. 5= R-89022, 6=R-90001, 7=R-93002 and 8= RTX -86
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On the other hand, all nitrogen use effeciency traits (NUE., NUE,,
NTRE, NUPE, NUTE, NUTE,; NUTE,, DMP; and HI) increased
significantly due to low-N stress by 213.8, 193.8, 13.1, 134.0, 34.6, 7.9,
27.6, 13.9 and 7.0 %, respectively for parents and 225 .2, 194.6, 41.1, 153.0,
30.9, 20.2, 18.9, 3.7 and 10.3 %, respectively for hybrids (Table2). The
highest increases due to low-N stress were exhibited by NUEe followed by
NUE, and NUPE traits. This is logic, since calculating these traits depends
on available soil nitrogen content (Ns), which is much lower under N stress
than under non-stress conditions. It is also interesting to mention that
increases due to low-N stress were significantly higher in crosses than in
parental lines for NUE.,NTRE, NUTE; and HI, suggesting that hybrids
were also more nitrogen use efficient than their parental lines.

Genotypic differences

When an advantage in both absolute value under stress and relative
value to control was taken as an index of low-N tolerance, the parental lines

B-91003, R-93002 and RTX-86 could be regarded as the most tolerant and
B-1, R-89022, B-88005, B-47 and R-90001 could be regarded as the most
susceptible parental lines (Table 2) as expected. The parent B-91003 was
superior in NUEe, NUE,, NUPE, N content (N, Ny and N;) and dry matter
(DM,, DM, and DM,) traits. The parental line R-93002 was superior in the
three nitrogen utilization efficiency traits (NUTE,, NUTE,; and NUTE}).
The parent RTX-86 was superior in nitrogen partioning (NTRE) and dry
matter partitioning (HI) to grains. This indicates that tolerant lines of this
study exhibited superiority by different mechanisms of low-N tolerance.
The sensitive lines also exhibited different mechanisms, i. ¢ B-1 exhibited
the lowest estimates of NUE,, NUE, and all dry matter traits, B-88005 was
the lowest for the 3 NUTE traits and R-89022 was the lowest for NTRE and
HI (nitrogen and dry matter partitioning to grains, respectively).

Moreover, the crosses A-47 X R-90001, A-1 X R-89022 and A-91003
X RTX-86 could be considered the most low-N tolerant hybrids in this
experiment. Mechanisms of superiority were NUE.,, NTRE, NUTE,
NUTE,, NUTE,, DM; and HI for A-47 X R-90001, NUPE, Ng, N and N, for
A-91003 X RTX-86 and NUE,, DM, Ny and DMst for A-1 X R-89022. On
the contrary, the crosses A-1 X R-93002, A-1 X RTX-86 and A-88005 X
RTX-86 were the most-susceptible ones to low-N stress.
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To describe the differences between low-N tolerant (T) and sensitive
(S) sorghum genotypes. data were averaged for two groups of genotypes
differing in low-N tolerance by definition, namly in both absolute and
relative grain yield dry matter under stress (Table 3). The low-N tolerant
genotypes were the 3 parental lines B-91003, R-93002 and RTX-86 and the
3 hybrids A-1 X R-89022, A-47 X R-90001 and A-91003 X RTX-86. The
low-N susceptible genotypes were the 3 lines B-1, B-88005 and R-89022
and the3 hybrids A-1 X R-93002, A-1 X RTX-86 and A-88005 X RTX-86.

Grain yield (DM,)/plant under low-N stress was superior for tolerant
than for susceptible parental lines and F, crosses by 56.2 and 40.2 %,
respectively. The advantage of T over S in grain yield dry matter under low-
N stress would allow to expect greater N contents (Ny, Ni, Ng; and Ny), dry
matter contents (DMg, DM, DM,; and DM;) and NUE traits (NUE,, NUE,,
NTRE, NUPE, NUTE,, NUTE, and NUTEy, and HI) in T than in S parental
lines and F, crosses.

Consistent with expectation, under low-N stress, NUE., NUE,, Ng, Ny,
Ng, N, NUPE, DM,, DM, DM, and HI were significantly higher in T than
in S by 56.3, 40.4, 108.8, 87.0, 57.8, 95.5, 94.9, 29.7, 12.2, 40.9 and 11.2 %,
respectively in parental lines and 40.2, 33.8, 25.6, 20.8, 13.3,22.9, 24 4,
255, 40.2, 33.8 and 4.7 % in F, crosses. On the other hand, nitrogen
partitioning to leaves (NPy) and stems (NPy), dry matter partitioning to
leaves (DMP)) and to stems (DMPy,), nitrogen utilization efficiency traits
NUTE,, NUTE; and NUTE, were lower in T than in S parental lines by 4.7,
18.5, 22.4, 26.5, 29.9, 8.0 and 21.2 % under low-N stress. Moreover, under
stress NP, NP, NTRE, DMP, and DMP,, traits were lower in T than in S
crosses by 4.4, 10.0, 3.6, 6.2 and 10.1%. Results in Table (3) indicated that
superiority of T over S under low-N stress was more pronounced in the
parental lines than their F, crosses for most studied traits, which could be
attributed to the much lower mean estimates for susceptible lines as
compared to susceptible F; crosses under low-N stress conditions.

Genotypic differences in N uptake, N partitioning and N use
efficiency traits have also been demonstrated by several investigators for
grain sorghum (Sinclair and de Wite 1975, Maranville et al 1980; Onken e¢
al 1985, Youngquist and Maranville 1992, Gardner et al 1994, Borrell and
Douglas 1997, Buah et af (1988), Traore and Maranville 1999, Nakamura ef
al 2002, Maranville and Madhavan 2002 and Maranville er al 2002).
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Table 3. Nitogen and dry matter traits averaged over the 3 most folerant and
the 3 most susceptible parental lines and F, crosses.

Trait Susceptible Tolerant Superiority%
High-N Low-N  Deviation HighN  Low-N  Devistion oversusceptible
(fold) (fold)__
Parental lines
NUE, (g/g) 17.9 54.5 2.76 257 85.2 3.31 $6.3
NUE: (/%) k7 98.9 30 483 1389 2.87 40.4
N, (mg) 496.7  339.3 -1.46 %15 7086 -1 36 108. 8
N (mg) 169.3 116, ¢ -1.46 340.3 2169 -1.57 8.0
Ny (mg) 209.6 94.3 2.22 413.3 1488 -2.78 57.8
N (mg) 875.6  549.6 -1.59 1MA1 10743 -1.59 9.5
NP, (%) 19.5 21.2 1.08 1.8 20.3 L. 03 *.7
NP, (%) 3.8 16.8 -1.42 24.2 . 13.7 .77 (-18. 5)
NTRE (%) 56.7 62.1 109 86,1 66. 0 1.18 6.3
NUPE (g/g) 0.3 0.8 2,44 0.63 L.52 .41 94.9
NUTE, (g/g) 558 7.4 .29 40.7 56.2 1.39 (-22.9)
NUTE, (¢/z) 98,0 116.0 . 1.18 726 85,2 L17 (-26. 5)
NUTEb (g/g) 1026 130.6 1.27 89.3 %16 1.02 (-29.9)
DM, (g) 4.5 86 -1.26 69.6 60.3 -1.1% 56.2
DM, (g) 18.3 17.8 -1.04 27.4 2.7 -1.22 29.7
DM, (g) 2.2 13,9 -1.59 336 15,6 2,19 122
DM, (2) 89.0 76.0 .27 130. 6 98.6 -1.32 40.9
DMP, (%) 20.5 25.0 1,22 210 23,0 1,09 (-8.0)
DMP,, (%) 251 19.8 -1.27 256 15.6 -1.64 (21.2)
HI (%) 54,4 55,2 101 5.4 61.4 1. 80 1.2
Crosses

NUE. (g/g) 20.8 89.4 3.00 3.7 125.3 3132 40.2
NUE, (g/2) 50.4 1409 279 63.6 188.5 2.9 338
N, (mg) 1320.0 9437 -1.39 1656.¢ 11853  -1.3% 25.6
N (mg) 3533 2573 -L37 4.6 310.7 -L852 20.8
N, (mg) 491.3 2187 -2.25 5427 2477 219 13.3
N, (mg) 2165.3  1419.7 1.5 2671.0  1743.3  -1.53 2.9
NP, (%) 16,3 13.0 1,10 17.3 17,2 -1.01 (4. 4)
NP, (%) 2.5 16.¢ -1.41 20.7 144 L4 (-10.0)
NTRE (%) 61.2 66.0 1.08 62.0 68.4 1.10 (-3.6)
NUPE (g/g) 0.80 2.01 2,51 0.99 25 .82 24.4
NUTE, (g/g) 7.7 45 6 1.21 3.8 %3, 7 1.34 17.8
NUTE, (2/g) 61.5 69.9 1. 14 626 78.3 1.25 12.0
NUTE. (8/g) 330 17.2 -1.92 38.4 206 -1.86 19.8
DM, (&) 80.6 6312 -1.27 102.1 88.6 -1.15 40.2
DM, (g) 229 19,2 -1.19 3Lé 241 131 255
DM. () 3o 17.2 -1, 92 384 206 -1.36 19.8
DM, (D) 136.5 99.6 -1 37 1721 133.3  -1.29 n.s
DMP; (%) 17.0 19.3 1.13 18.4 181 -1.02 6.2)
DMP, (%) 23.8 16.9 A4 2.3 152 -1.47 (-10. 1}
HI(%) 59.2 63.7 .07 5.3 6.7 112 47
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Maranville and Madhavan (2002) compared high NUE,, Chinese lines
of sorghum with iow NUE, lines from U.S.A for their tolerance to an
imposed N stress. They found that assimilation efficiency indices were
significantly greater for the Chinese lines than the U.S.A. lines at both low
and high soil nitrogen levels by about two-folds. It is worthy to note that in
the present study in general low-N tolerant genotypes also exhibited the
highest performance for all studied traits under high soil nitrogen
treatments, and the opposite was true for susceptible genotypes. This means
that the tolerant genotypes identified in this study are also responsive
genotypes to high-N. Buah er al (1998) concluded that specific selection for
high NUE sorghums will not diminsh responsiveness to applied N.

Alternative screening criteria for NUE traits

Genetic correlation coefficients of NUE., NUE, NUPE, NTRE,
NUTE,, NUTE, and NUTE, traits with possible alternative criteria (N,
N, DM,, DM, and HI) are presented in Table (4). Alternative criteria that
had nonsignificant or small correlations (either positive or negative) with a
N-use efficiency trait were omitted from Table (4) .

When soil N is constant (as was considered in this experiment) NUE,,
NUE, and NUPE traits are expected to be determined by measuring grain
dry matter (DM,), total plant dry matter (DM,} and total plant nitrogen (Ny).
Consistent with expectation, the genetic correlation in the present study was
very high (1.0) and significant at 1% level of propability (Table 4) between
these three NE traits and the three alternative criteria. It could therefore be
concluded that DM,, DM, and N; were the best predictors of genotypic
performance for economic nitrogen use efficiency (NUE,), biological
(NUEy) and nitrogen uptake efficiency (NUPE), respectively. Moreover,
very high and significant genetic correlation coefficients were also found
between NUE, vs DMg (097 and 0.96 under high and low-N,
respectively)and NUPE vs Ng (0.99) under both N levels, suggesting also
that DM; and N, could also be used as alternative criteria for measuring
NUE,, and NUPE, respectively.

The calculated value DM,/DM, is often reffered to as harvest index
(HI), a commonly measured trait. High and significant correlation
coefficient (0.90) was found between nitrogen translocation efficiency
(NTRE) and HI under both high and low-N supply. Greater partitioning of
photosynthate_to grain, as indicated by a high HI, should aiso result in
higher NTRE. Harvest index (HI) trait could also be recommended as the
best predictor of nitrogen translocation efficiency (NTRE).
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Table 4. Genetic correlation coefficients (P < 0, 01} between nitrogen efficiency (NE)
traits and selective alternative criteria in sorghum genotypes.

NE trait Selective zlternative criteria
N, N, DM, DM, Hi
NUE, High-N 0.9%4 0.93 8. 99 0. 97 0. 65
Low-N 0.82 0. 82 0. 99 0. 97 078
NUE, High-N 0. 88 0.89 097 1. 00 0.4
Low- N 0.74 0.77 0.9 1. 00 0.60
NUPE High-N L0 0.99 0. 93 0.89 0.63
Low-N L o0 0.99 0. 82 0.77 0.7
NTRE High-N 065 0.5 Q. 66 0. 48 0.9
Low-N 0.63 0,53 0.59 NS 0. 90
NUTEP High-N -0, 50 -0.84 .63 -0. 62 0,43
Low-N 0. 76 . 4. 79 NS NS NS
NUTEl High-N -0, 89 -0, 90 -0.78 -0, 69 -0. 64
Low-N <0, 86 -0. 86 -0, 53 -0, 44 =0. 60
NUTE, High-N 0. 87 -0, 89 -0.72 -0, 66 -0, 68
Low- N 0. 88 -0, 88 =0. 60 -0, 52 ). 65

* Al values are highly significant except NS that indicates non-significance,

Nitrogen utilization efficiency traits (NUTE,, NUTE; and NUTE,)
showed strong negative correlation coefficients with both Ng and N; traits
under both high and low-N conditions, ranging between — 0.76 and ~ 0.90.
Grain and total plant nitrogen could be considered as good predictors of the
three stucied N-utilization efficiency traits. High correlations were found in
our data (not presented) between N, and N, (0.99) and between DM; and
DM, (> 0.95) and in the literature (Ajakaiye 1984, Herron ef af 1963,
Muchow 1988 and Onken et a/ 1986 and Youngquist et a/1992). This
indicates the possibility of using N, as a substitute for Nt in calculating N
uptake and N utilization efficiency traits and DM; as a substitute for DM in
calculating NUE,. This conclusion was also supported by Youngquist e a/
(1992). Analyzing for Ny would allow faster and more economic
evaluations, as sorghum grain can be analyzed as whole kernels in the
Kjeldahl method without significant loss in precision from analysis of
ground samples providing the whole kernel sample size is large. By
substituting an alternative criterion in ranking nitrogen efficient genotypes
in sorghum breeding programs, substantial savings in time and resources
could be realized with a fair level of confidence in the selections.
Alagarswamy and Seetharama (1983) conciuded that selection in grain
sorghum for high biomass and HI is sufficient to insure high N uptake and
translocation. Traore and Maranville (1999) reported that grain sorghum
shoot and grain N concentration were correlated with NUE! (NUTE,) while
grain and shoot N contents were correlated with NUE2 (NUTEp).
Moreover, Harada et af (2000) reported a strong correlation between yield
dry matter (DM) and N uptake in sorghum.
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Grain dry matter (DM,), total plant dry matter (DM,) and harvest
index HI in the present study were the best predictors of genotypic
performance for NUEe, NUE, and NTRE, respectively. Total plant or grain
nitrogen are the best predictors for NUPE, NUTE,, NUTEg or NUTEy.
Because of the high correlations between N vs N, and DM, vs DM,, grain
dry matter (DM,) could be used as a screening criterion for NUE. and
NUEp. Moreover, grain nitrogen content (Np) could be used as a screening
criterion for NUPE, NUTE,, NUTE, or NUTE,. The best use of the
previous alternative screening criteria would be as prescreening tools to
eliminate the poorest genotypes. This would alleviate the need to whole
plant analysis on a large number of samples, yet permit a fair level of
confidence in making fina! selections.

Heterobeltiosis

The contrast between parents and crosses (ANOVA data not
presented) was significant for all studied traits, suggesting significant non-
additive gene effects (heterosis). The expression of useful heterosis
(heterobeltiosis) i. e the degree of superiority of the F, over the better parent
differed for the different studied traits (Table 5). Grain nitrogen content (N;)
showed maximum heterobeltiosis (71.7 and 75. 2%) followed by nitrogen
uptake efficiency, NUPE (57.7 and 66. 7%) and total plant nitrogen content,
N; (57.5 and 66.7%). and grain yield dry matter /plant, DM; (37.1 and
41.4%) under high and low-N, respectively. Minimum average of positive
heterobeltiosis was shown by HI (7.9%) followed by NTRE (8.1%) and
DM, (9.9%) under high-N and NTRE (3. 3%) followed by DMP, (3. 6%),
DMP;; (5. 8%) and HI (9. 8%) under low-N. On the other hand, negative
averages of heterobeltiosis were shown by NP, (-15. 5 and-16. 4%), NP, (-
16.7 and -20.4%), NUTE, (-25.5 and —28.9%), NUTE, (-32.2 and -33. 8%)
and NUTE, (-32. 5 and -38. 8%) under high- and low-N, respectively,
DMP, (-14. 4%) and DMP; (-16. 6%) under high-N and DM, (-23.8%) and
DM;; (-27.2%) under low-N. The widest ranges of heterobeltiosis estimates
were shown by N, N,, Ny and NUPE under both high and low N and NUE,,
N and DM; under low-N stress.The cross A-1 X R-89022 was amongst the
best 3 crosses for heterobeltiosis under low-N stress regarding 15 out of 20
studied traits, i. € NUE,, NUE;, N, Ny, Ng, N,, NUPE, NUTE,, NUTE,,
NUTE,, DM,, DM;;, DM, DM, and HI. In the second rank came the cross
A-47 X R-90001, which showed superiority in heterobeltiosis under low-N

91



Table 5. Heterobeltiosis (%) estimates (average, range and the highest 3 crosses) for studied traits of
sorghum F,’s tested under high- and low- nitrogen environments at Sids in 2004.

Trait High-nitrogen Low-nitregen
Average Range Highest J crosses Average Range Highest 3 crosses
[ P = 3
NUE. (p/g) 3.5 5387.8 18 126 117 ».7 0.0-128.5 1x5  Ix6 Tx6
NUE.{e/®) 5.2 (-7.2»-78.5  Ix6  Ix5  2xé 29.2 (-3.3)-86.5 1x5  Ix7 256
Ny (mg) TL? 1L1-137. 7 1x6 1z5 26 75.2 9.0-180.3 1x5  Ixé 1x6
N;{mg) 35.7 (1. 6)-93.8  Ix6 438 Jxé @1 10, 6-114.7 1z3 48 7
Nu(mg) 376 (-26. 6)-128.5 2x6 1x6 2x§ 50.2 (40.1}143.0  Ix5 xB a7
N (mg) 5.8 L7121 1x6 2x6 125 66.7 6.1-162.7 1x5 216 1x6
NP, (%) <155 -37.3-.01 315 dxf  dx7 -16.4 (2. 7112 4x6 WS a7
NP, (%) -16.7 (-52.9)-28.7 2x8 2x8 2x7 -20.4 (62.8)-11.5 2x3 117 2x7
NTRE (%) 5.1 1.4-16.3 3x6 dx6  Ix# 3.3 (-5.3110.8  1s6  Ixé x7
NUPE (g/g) 5.7 451250  Ix6 1x5 116 6.7 5.7-163.1 1xS Iz 4xB
NUTE, (g/p) 255 (-39.2)-(-11.8)  dx3 xS 3zt -9 (46,1 (-24.1) 4x6é 425 1%

NUTE, (¢/z) 312 (444 (22.8) d4x5 S IS 338 (SOIR(CITT) 26 x5 IxS
NUTE, {g/s) 325 (44.9)-(21.5) 215 Ix§ 418 388 (SR8} (249} 206 25 L1

DM, (g) 31 53378 15 Ix6 256 4.4 0.0-128.5 1x§ 2x6  Ix6
DM, () 09 (27.0)39.8 . 1x5 136 4z -23.8 (-22.4)36.¢ 1x5 315 4xb
DM.. (z) 1.7 (44.6F78.3 6 Ix6  1x7 272 (-55.1)-59.0 Ix7 Is5  4x6
DM, (g} 252 (0.9}78.5 Ix6 1x5 216 5.7 (S.1)86.5 15 136 Ix7
DMP, (%) -14.4 37.499.8 &6 &7 IS 3.6 (47.8)5(5.2) 436 315 48
DMP., (%) -16.6 CS3.0M27.5 xS I8 6 53 (63.5-0.4 17 8 7
HI (%)} 1.9 CL7IB.7  3x6 38 416 2.3 3.3-21.9 216 1z xS

1=B-1, 2= B-47, 3= B-380G5, 4= B-91003, 5= R-89021, 6=R-90001, 7=R-93002 and 8= RTX -36

for 10 traits (NUE,, NUE,, N;, N;,, NTRE, NUPE, NUTE,, NUTE,, DMg
and HI). The cross A-1 X R-90001 was amongst the highest three crosses
for heterobeltiosis under low-N in six traits (NUE,, Ny, Ny, DM,, DM, and
HI). Afier that, heterobeltiosis superiority under low-N stress was shown by
A-1 X R-93002 (for NUE,, DM,;, DM,, NP, and DMP;), A-91003 X R-
9000 (for NP, NUTE,, DM,, DM, and DMP}}, A-47 X R-93002 (for N,,
N, NPy and DMP,,), A-47 X RTX-86 (for Ny, NPy and DMPy), A-91003 X
RTX-86 (for N;,, NUPE and DMP)), A-88005 X R-89022 (for NP,, DM; and
DMPy), A-47 X R-89022 (for NUTE, and NUTE;)and A-91003 X R-93002
(fOl' NP;).

Relative contribution to total variance

Mean squares (not presented}) under both high-N and low-N
treatments, due to maies and females in their respective crosses were highly
significant for all studied traits, indicating that estimates of general
combining abifity (GCA) effects were significant (P<0. 01) for both parental
males and females for all traits.

Moreover, variation due to male X female interaction ie specific
comining ability (SCA) was also highly significant for all studied traits in
grain sorghum under both control and low-N stress conditions. This
suggests that SCA effects for studied traits were also significant at the 0. 01
probability ievel under nitrogen stress and non-stre .5 sonditions.



Contribution of the variance due to males X females interaction (SCA
variance) to the total variation was greater than that due to males or females
(i. e greater than GCA variance) for 8 out of 20 traits under high-N
treatment (NUE ., NUEy, N,, N;, NUPE, DM,, DM, and DM;} and 9 out of
20 traits under low-N stress treatment (NUE,, NUE,, N;, N;, N,, NUPE,
DM;, DM, and DM,) (Table 6). Out of these 9, two traits (N; and Ny) under
low-N stress, males X females intraction was less than 50% of the total
variance, suggesting that SCA variance was less important than GCA
variance in the inheritance of these two traits under the nitrogen stress
environment. Moreover, for N; and NUPE traits under low-N stress,
variance due to males X females interaction contributed approximately 50%
to the total variance, indicating equal importance of GCA and SCA
variances for these two traits.

Table 6. Proportional contribution (%) of males (M), females (F) and males X females to the
total variance for studied traits under high and low —N environments at Sids,2004.

Trait High - N Low-N
M F MxF M F MxF

NUE. 6.2 181 75.7 13.8 19.2 66.9
NUE, 17.9 14,0 67.9 14.8 20.9 64.3
Ny 8.9 25.9 65.1 22.7 334 43. 9
N 47.8 14,3 37.9 8.5 19.4 421
Ny 7.9 15.3 12. 8 57.1 18.2 27.6
N 1.9 34,5 63,6 15.9 34.9 49.2
NP, 3.0 0.5 17.4 51.7 1.6 40.8
NP, 87.1 [ -1 1.4 76.7 9.2 14.1
NTRE 57.9 16. 8 25.2 66.0 10.9 23.1
NUPE 2.0 34.7 63,3 16.0 35,0 49. 0
NUTE, 12.0 8.3 9.7 39.6 46.1 14.3
NUTE, 29.1 62.8 8.2 40.1 48.8 It. 1
NUTE, 30.6 60.7 8.7 41.6 47.5 1.0
DM, 42.5 6.0 51.6 8.8 13.5 66.9
DM, 6.2 18.1 5.7 13.8 19.2 67.8
DM, 90. 6 0.4 8.9 72,9 10. 8 16.3
DM, 17.9 14.0 67.9 14.8 20.9 64.3
DMP, 0.5 82.0 17.5 1.6 57.7 40.7
DMP., LS §7.1 11,4 .2 76,7 14. 1
Hi 36 73.8 .9 101 66.3 23. 6

Contribution of male parents to the total variation (Table 6) was
greater than the contribution of females for 9 out of 20 traits under high - N
(NUEy, Ni, N, NP, NP, NTRE, DM,, DM, and DM,), indicating that
without N stress most of the GCA variance was due to males GCA effects
for these traits. On the other hand, under N-stress conditions, most of the
total GCA variance was due to females GCA variance for 13 traits
(NUE.,NUEp,N;, N,, NUPE. NUTE,, NUTE,, NUTE,, DM, DM, DMP,,
DMP,; and HI), suggestimg that most of the total GCA variance for these
13 traits was due to the females GCA effects.
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General combining ability effects

Analysis of GCA effects showed that the cms line B-47 was the best
combiner for 9 out of 20 traits (NUE,, NUE,, NP;, NTRE,DM, DM, DM,,
DM; and HI) under high-N treatment and for 6 traits (NUE,, NP, NTRE,
DM,, DMP; and HI) under low-N stress (Table 7).

Table (7): The best female (F) and male (M) in GCA cffects and the best three hybrids (F X M)
in SCA effects for studied traits under high and low nitrogen environments at Sids,

2004 season.
Traits High-N Low-N
GCA SCA GCA SCA
F M {FxM) v M {Fx M)

1™ zud' 35’ ™ znd 3?
NUE, 2 s 4x8 1x5 3Ix6 2 6 4x8 1x5 236
NUE, 2 s 4x8 1x5 Ix6 1 6 458 Ix§ 27
N, 4 8 4%8 115 I 4 7 4x8 7 1x5
N 4 7 4x8 Ax7 115 4 7 4x8 x7 Ix6
N, 4 6 458 2x8 3x7 4 s ix5 4x6 x7
N; 4 7 4x8 1x5 1x7 4 7 4x8 Ix5 2x7
NP, 2 8 3x8 1x7 1x5 2 8 2x8 Ix7 3Ix6
NP, 3 6 1x8 136 2x5 3 5 Ix6 4x7 xS
NTRE 2 8 36 115 8 2 7 2x6 4x5 117
NUPE 4 7 4x8 1x5 1x7 4 7 4x8 1x5 2x7
NUTE, 3 1 7 2x8 3x5 3 6 4x7 2x6 3x8
NUTE, 3 [ a7 1x6 3xs 3 6 4x7 Ix6  2x6
NUTE, 3 [ a7 1x6 3x5 3 6 4x7 1x6 315
DM, 2 5 4x8 x5 Ixé 2 6 4x8 1x5 2x6
DM, 2 8 4x8 1x5 Ix7 1 8 4x8 1x5 326
DM.. 2 6 4x8 2x6 7 1 5 1x5 438 1x6
DM, 2 H 418 1x5 Ix6 1 6 4x8 115 2x7
DMP, 4 8 3x8 1x7 x5 2 8 2x8 1x7 3x6
DMP,, 3 [ 1x8 1x6 2x5 3 5 1x6 4x7 3x5
HI 2 7 16 2x8 1x8 2 7 216 1x8 4x5

1=B-1, 2= B-47, 3= B-88005, 4= B-91083, 5= R-§9022, 6~=R-90001, 7=R-93002 and 8= RTX -8¢

The cms line B-91003 (tolerant) was the best general combiner for
increasing N), N, Ng, Ni, NTRE and NUPE in its F; hybrids under both
nitrogen stress and non-stress conditions. The c¢cms line B-88005 was the
best general combiner for increasing NPy, DMP,, NUTE,, NUTE; and
NUTE, in its F; crosses under both high-and low-N treatments and DMP,
under low-N stress only. Moreover, the ¢cms line B-1 was the best general
combiner under low-N conditions for NUE,, DM,, DM;; and DM, (Table 7).

The restorer line R-90001 which was one of the best general
combiners for grain yield (Al-Naggar er a/ 2002), showed superiority as the
best general combiner for increasing Ny, NPy, NUTE, NUTE,, Did and
DMP,, under high-N and NUE., NUE,,, NUTE,, NUTE;, NUTE,, DM; and
DM, under low-N treatment (Table 7).



The restorer line R-89022 showed the best general combiner for
NUE,, NUE,, NUTE,, DM, and DM, under control and Ny, NPy, DM, and
DMP,; under low-nitrogen stregs. The restorer R-93002 was the best
combiner for Nj, N;, NUPE and HI under high-N and N, Ng, N, NTRE ,
NUPE and HI under low-N. Moreover, the restorer RTX-86 (tolerant) was
the best general combiner for Ng, NPl, NTRE and DM, under high-N and
NP;, DM, and DMP, under low-N stress.

In general, the best general combiners amongst all males and females
under low-N stress were R-90001 for 7 traits (DM,;, DM, NUE,, NUE,,
NUTE,, NUTE, and NUTE,), R-93002 for 5 traits (Ng, Ni, NTRE, NUPE
and HI) and B-47 for 4 traits (DM,, NUEe, NTRE and HI}. It is worthy to
mention that line R-93002 is one of the most tolerant lines per se in this
study beside its superiority in producing tolerant F, crosses to low-N stress.

Specific combining ability effects

The highest and most favourable SCA effects for the greatest number
of studied traits under low-N stress (Table 7) were obtained from the
crosses A-91003 X RTX-86 (for NUE,, NUE,, N;, N, N, NUPE, DM,
DM, DM, and DMy, A-1 X R-89022 (NUE,, NUE,, Ny, N;, N;, NUPE,
DM, DM;,, DM, and DM,), A-47 X R-93002 (NUEy, Ngi, Ng, N;, NUPE and
DM,), A-47 X R-90001 (NUE,, NTRE, NUTE,, NUTE; and DM, and HI),
A-91003 X R-93002 (NP, NUTE,, NUTE,;, NUTE,; and DMPy,), A-1 X R-
90001 (NPy, NUTEg, NUTE,, DM, and DMPy), A-88005 X R-90001 (N,
NP, DM, and DMPy), A-1 X R-93002 (N;, NP;,,DMP, and NTRE) and A-47
X RTX-86 (NP, and DMPy).

The case where crosses were superior for SCA effects under both low-
N stress and non-stress conditions were A-91003 X RTX-86 (NUE,, NUE,,
N;, Ng, N, NUPE, DM,, DM,, DM, and DM,), A-1 X R-89022 (NUE,,
NUE,, Ng, N,, NUPE, DM,, DM, and DM;), A-1 X R-90001 (NP;,, DMPy,
NUTE, and NUTE,), A-91003 X R-93002 (NUTE,, NUTE, and NUTEy)
and A-1 X R-93002 (N,, NP, and DMP)).

Type of gene action

Estimates of variance components (Table 8) were obviously greater
for dominance (8°%p) than additive (8%A) variance for twelve traits (NUE,,
NUE,, NUPE, N,, N;, N;, DM,, DM,, DM,, N, NP; and DMP|) under N-
stress and for nine traits (NUE,, NUE,, NUPE, Ng, Nj, N;, DM,, DM, and
DM} under non-stress conditions. These results poit to the importance of
non-additive genetic variance in the inheritance of these traits. All estimates
of average degree of dominance “a” (Table 8) for these traits were higher
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‘Table 8. Additive (5°,) and dominance (8%;) variance, average degree of dominance “a”, narrow
sense heritabilisy (h’,) and expected genetic advance (GA%) from selection of the best
10 % for studied traits of sorghum under high and low nitrogen environments

(Sids,2004).
Trait A 3% “a® b, (%) GA %
High-N
NUE, 0. 77 17.83 o 0.0 -
NUE, -1. 08 42. 71 o 0.0 -
N, -827.37 50236, 22 @ 0.0 -
Ny 61498 8429. 11 1.66 42.1 39.42
Na 14625.00 3679, 17 0.65 82.2 52.55
N, -1408, 35 118271. 13 [ { 0.0 -
NP, 11.87 3.8 0.80 75.6 31.07
NP, 34.79 6.43 0.61 84.2 458.35
NTRE 4.02 225 196 63.2 558
NUPE 0. 00 0.02 a 0.0 -
NUTE, 15.08 2,21 0.54 86.5 16.18
NUYE, 36,69 4.55 0.50 88.8 15.08
NUTE, 5540 675 049 85.1 17.75
DM, -5, 68 130. 66 a .0 -
DM, 5.53 26.98 3.12 17.0 16.04
DM, 102.99 14,27 0.53 87.7 58.59
DM, -7. 66 312.98 A 0.0 -
DMP, 11.87 3.84 0.80 75.6 31.07
DMP, 34,79 6.43 0,61 84.3 4536
HE 518 2.46 0.97 66.9 6.95
Low-N
NUE, -4, 42 204. 36 a 0.0 -
NUEs -5, 69 409. 81 ] 0.0 -
N, 17022.00 37006, 63 2408 314 27.53
N 2321.00 4341. 26 1.93 34.7 36.08
Nu 2291.00 1544. 39 116 £9.4 47.08
N, 20652.60 74938, 53 2.69 21.6 20.31
NP, 330 5.52 1.83 37 1522
NP, 17.99 4, 3¢ 0.69 0.2 46.32
NTRE 890 4.29 0,98 6.6 7.93
NUPE 0.04 0.15 247 21.1 20,16
NUTE, 87.62 20. 57 0.68 77.9 29.45
NUTE, 219.75% 36.96 0.58 84.6 30.65
NUYE. 23208 38. 46 0.57 84.3 29.63
DM, 2.21 102 15 o 0.0 -
DM, -0, 35 14, 59 @ 0.0 -
DM, 31.87 9. 32 0.76 77.1 60.36
DM, -2. 84 204. 85 a 4.0 -
DMP; 329 5. 52 183 ExS | 15,20
DMP,, 18.00 4.3 0.69 80.3 46.43
HI 745 370 0,99 65.8 7.64

than unity indicating that overdominance was the type prevailing in the
crosses.

On the contrary , estimates of variance components were greater for
additive (8%4) than dominance (5°p) variance for remaining traits {i.e NTRE,
HI, NUTE;, NUTE,, NUTE,, DMy, DMP;; and NPy, under N-stress and
NTRE, HI, NUTE,, NUTE;, NUTE}, DMy, DMPy,, NPy, N, NP;and DMP,
under non-stress conditions) indicating the importance of additive genetic
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variance in the inheritance of these traits. Under both N levels, estimates of
“a” were very close to unity for NTRE and HI traits only, suggesting that
complete dominance was the type prevailing in the crosses for these two
traits. Regarding all traits that showed greater estimates of additive than
dominance variance either under N-stress or non-stress conditions (except
NTRE and HI), the “a” estimates were lower than unity indicating partial
dominance.

Heritability

Estimates of heritability in the narrow sense (h;) are presented in
Table (8). Under low-N stress the h?, estimates ranged from zero % for
NUE,, NUE;, DM, DM, and DM, to 84.8 % for NUTE, followed by 84.6 %
for NUTEg,. Minimum h?, estimates were recorded by NUPE (21.1 %) and
N (21.6 %) under low-N stress.

Under high-N, h?, ranged from zero % for NUE., NUE,, Ny, N,
NUPE, DM, and DM, to 88.8 % for NUTE, foilowed by 88.1 % (NUTEy).
Minimum h", estimate under high-N was shown by DM, (17.0 %) .

Estimates of h® were higher under high-N than low-N conditions for
13 traits (N, Ny, NP, NP, NTRE, NUTE,, NUTE,, NUTE,, DM;, DM,
DMP,, DMP;; and HI), higher under low-N than high-N for 3 traits (Ng, N
and NUPE) and were equal (0.0 %) in both N levels for 4 traits (NUE,,
NUE,, DM; and DM;).

Predicted gain from selection

The predicted genetic advance (GA) from selection, using a 10 %
selection intensity is presented in Table (8). Genetic advance reached its
maximum value under low-N stress environment for DM, (60.36%)
followed by Ny (47.08 %).

Comparing the two environments (stressed and non-stressed) it could
be concluded that better progress from selection may be realized under low-
N stress for improving the Ng, N, NPy, NTRE, NUPE, NUTE,, NUTE,,
NUTEy, DMy, DMPy; and HI t.e for traits contributing to low-N tolerance.
On the other hand, selection under no-stress is expected to improve N;, N,
NP;, DMP; and DM, in a way better than under low-N stress.

A review by Bramel-Cox er al (1991) presented conflicting results
regarding the usefulness of selection under non-stress conditions to
identifying genotypes of sorghum for use in nutrient stress environments.
The amount of genetic progress from selection for broad adaptation in both
favourable and adverse production conditions diminishes as the intensity of
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stress increases in the unfavourable production environments (Bramel-Cox
et al 1991 and Zavala-Garcia ef al 1992). Menkir and Ejeta (2003) reported
that genetic variance and heritability estimates for grain yield in sorghum in
the nutrient stress did not differ significantly from those in the
corresponding non-stress environment. They added that for improving yield
under stress, indirect selection in high fertility environments was less
efficient than direct selection in the corresponding stress environment (low
fertility). They concluded that greater gain in performance over contrasting
environments may be achieved by selecting for yield in more than one
environment, rather than by selecting in any single environment.

In the present study, higher estimates of expected genetic advance
from direct selection under low-N (stress) than those from indirect selection
under high-N (non-stress) conditions for nitrogen use efficiency
components were recorded. To the best of our knowledge these results on
the type of gene action, heritability and expected gain from selection for
improving traits contributing to low-N tolerance in grain sorghum are
believed to be the first record in literature and need further investigations to
support them.
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