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Abstract: In an attempt to substitute chemical nitrogen fertilizers by bacterial fixing nitrogen as biofertilizer, the
present investigation was carried out in the experimental field of Agric. Res. Stat. of Fac. of Agric., Cairo Univ.,
Giza, Egypt in two seasons (2014 and 2015) in order to study the effect of low-N stress and biofertilizer on yield
and other studied traits, identify response of the studied genotypes to biofertilizer as an alternate N resource
which maintain a clean environment to live in and to determine characters of the strongest association with
grain yield under studied N treatments. Six maize cultivars were evaluated under three N treatments namely,
high-N (286 kg N /ha), Low-N (0 kg N /ha) and BFN (24 kg /ha of bacterial inoculum) using a split-plot design
in randomized complete block arrangement with three replications. Combined analysis of variance showed
highly significant differences among all genotypes for all studied traits, except ASI. Mean squares due to N
treatments were highly significant for all studied traits, except shelling % and rows/ear and significant only for
50% anthesis. Mean squares due to years were significant or highly significant for all studied traits, except
ears/plant and rows/ear. Mean squares due to genotypes x years interaction were significant or highly
significant for all studied traits, except ears/plant, shelling% and kernels/row. Significant or highly significant
mean squares due to genotypes x N treatments interaction were also existed for only four traits, namely, grain
yield/ha, ears/plant, rows/ear and ear height. Yield significantly decreased by 25.60 and 19.32% due to low-N
stress and by 19.61 and 11.29% due to BFN treatment in 2014 and 2015 seasons, respectively. It was cleared that
yield reductions due to BFN treatment were less than those observed under low-N stress, indicating the ability
of BFN treatment by Azospirillum on increasing maize yield under the present study. Results suggested that
SC-130, TWC-321, SC-128 and Giza-2 in descending order were the most low-N tolerant. While SC-130, SC-128,
TWC-321 and Giza-2 were the most responsive genotypes to BFN treatment by Azospirillum. Significant or
highly significant and positive correlation coefficients were observed among grain yield and all studied traits,
except rows/ear under high-N and Low-N conditions. Also, grain yield had significant and positive correlation
with all studied traits under BFN treatment. On the contrary, grain yield had significant and negative correlation
with ASI under both high and Low-N conditions.
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INTRODUCTION contrast, in the developing countries such as Egypt the

Nitrogen is the most important element for the limited access to fertilizers and Low purchasing power of
worldwide production of cereals (wheat, maize, rice, barley small farmers that may lead to low maize yield production.
and sorghum). The steady growth increase in average Biofertilizers, an alternate Low cost resource have
maize  (Zea  mays L.) yield in the worldwide production emerged as promising component of integrating nutrient
was accompanied by the increased use of N fertilization. supply system in agriculture. Rokhzadi et al. [3] reported
Over application of N fertilization Leads to create growing that biofertilizers are products containing living cells of
environmental concerns from increased nitrate leaching different types of microorganisms which when, applied to
that may lead to ground water contamination [1, 2]. In seed,  plant surface or soil, colonize the rhizosphere or the

rates of N fertilizers are considerable Low because of the
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interior of the plant and promotes growth by converting MATERIALS AND METHODS
nutritionally important elements (nitrogen, phosphorus)
from  unavailable  form  through biological process such Genetic Materials: A total of six maize cultivars, vis. the
as nitrogen fixation and solubilization of rock phosphate. single cross hybrids SC-128 and SC-130, the three-way
In this respect, Khosro and Yousef [4] suggested that cross hybrids TWC-321 and TWC-352, the composite
biofertilizers would play key role in productivity and cultivar Giza-2 and American Early Dent (AED) population
sustainability of soil and also protect the environment as were used in the present study. Seeds of these cultivars
ecofriendly and cost effective inputs for the farmers. were obtained from Maize Research Section (MRS), Field

The use of nitrogen fixing bacteria in agricultural Crops Research Institute (FCRI), Agricultural Research
practices is ginning importance. Nitrogen fixing bacteria Center (ARC), Giza, Egypt.
that function transform inter atmospheric N  to organic2

compounds  [5].  Azotobacter   and   Azospirillum  are Evaluation Procedure: The studied cultivars were
free-living bacteria that fix atmospheric nitrogen in cereal evaluated in a field experiment conducted in 2014 and 2015
crops without any symbiosis [6]. Although many genera seasons for low soil-N tolerance and response to
and species of N -fixing bacteria are isolated from the biofertilizer at the Agricultural Experimental Station,2

rhizosphere of various cereals, mainly members of Faculty of Agriculture, Cairo University, Giza, Egypt
Azotobacter and Azospirillum genera have been widely under three soil-N treatment, namely, high-N (applying
tested to increase yield of cereals and legumes under field 286 kg N /ha), low-N (0 kg N /ha, non-applying any
conditions [7]. Azospirillum is well known for its ability to nitrogen  fertilizer)  and  bacterial  fixing  nitrogen  (BFN)
excrete phytohormons such as gibberellins, cytokinins by adding 24 kg/ha of bacterial inoculum (as
and auxins [8- 13]. Many studies suggest the involvement recommended by ARC) to the soil. Bacterial inoculum in
of indole-3-acetic acid (IAA), produced by Azospirillum the present study, Azospirillum brasilense carried on
in morphological and physiological changes of the vermiculite (Cerealine) was obtained from Production Unit
inoculated plant roots [10, 14, 15]. for Biofetilizers, ARC, Giza, Egypt. Soil inoculation with

In respect with cytokinin, kuroha et al. [16] reported Azospirillum brasilense was done at sowing time
the importance of cytokinin as a main hormone in the immediately prior to irrigation.
plant growth and development effects on cell division, A split-plot design with a randomized complete block
chloroplast development, differentiation of bud root, stem arrangement was used with three replications in both
meristem initiation, stress tolerance and aging of plant. In seasons.  The  t hree N treatments were allotted to the
this sense, Fallik and Okon [17] reported that the main plots and genotypes were devoted to sub-plots.
production of growth regulators such as auxin and Each sub-plot consisted of four ridges of 4 m length and
cytokinin by Azospirillum bacteria is an important 0.70 m width for each ridge, i.e. the experimental plot area
mechanism to increase corn yield. Also, Saeedi et al. [18] was 11.2 m . Each main plot was surrounded with a wide
observed that cytokinin hormone increased grain number ridge (1.5m) to avoid interference of the three N
and 1000 grain weight in wheat. Kheyrollah et al. [19] treatments. Sowing dates were on June 12 and 11 in 2014
observed that corn seeds which treated with Azospirillum and 2015 seasons, respectively. Seeds over sown in hills
had more growth and development due to synthesis more at 25 cm apart, thereafter (before the 1  irrigation) were
growth hormones. thinned to one plant / hill. Urea (46.5% N) at the rate of

In order to start a successful program for improving 286 kg N/ha  was  added  only  for  high-N  treatment in
low-N tolerance or developing high responsive genotypes two equal doses before the first and second irrigations.
to biofertilizers, available maize genotypes should be The other cultural practices were applied as recommended
screened under these conditions (low-N and biofertilizers) by ARC. Available soil nitrogen in 30 cm depth was
to identify the best ones which could be used as parental analyzed immediately prior to sowing. The available
materials. The objectives of the present investigations nitrogen was 44 and 47 mg kg  in 2014 and 2015 seasons,
were: (i) to study the effect of low-N stress and respectively. The soil of the experiment site was clayey
biofertilizer on yield and other studied traits, (ii) to identify loam and the pH was 7.8. 
response of the studied genotypes to biofertilizer as an
alternate N resource which maintain a clean environment Data Recorded: Data on number of days from planting to
to live in and (iii) to determine characters of the strongest 50% anthesis and to 50% silking and anthesis-silking
association with grain yield under studied N treatments. intervals (ASI) in days were recorded on all plants of the

2

st

1
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inner two ridges of each plot. At harvest, ten guarded the studied genotypes. Significant or highly significant
plants were randomly sampled from each plot to determine mean squares due to genotypes x nitrogen treatments
plant height (cm), ear height (cm), number of ears / plant. interaction were also existed for only four traits, namely,

Rows/ear,  number  of kernels/row, shelling % and grain yield/ha, ears/plant, rows/ear and ear height. Limited
100-kernel weight (g) were determined on ten random ears GxN interaction may be attributed to the limited number of
from each plot. Grain yield in kg was weighed from the the studied genotypes. Mean squares due to genotypes
whole area of each experimental unit (sub-plot) and then X years X nitrogen treatments were insignificant   for   all
adjusted into ton per hectar (ton/ha). The grain yield per  studied   traits.   Several  authors [19, 23- 28] observed
hectar was adjusted on the basis of 15.5% grain moisture that the performance of maize genotypes varies with N
content. treatments for most traits. 

Statistical Analysis: Combined analysis of variance of a Effect of N Treatments: Grain yield/ha was significantly
split-plot design across the two years was computed after decreased by 25.60 and 19.32 % due to low-N stress in
carrying out Bartlet test according to Snedecor and 2014 and 2015 seasons, respectively (Table 2). Yield
Cochran [20]. Estimates of LSD were calculated to test the reductions due to low-N stress were accompanied by
significance of differences between means according to significant reductions in ears/plant (15.38 and 7.14%),
Snedecor and Cochran [20]. Simple correlation coefficients plant height (9.55 and 7.57%) and ear height (16.11 and
were calculated between grain yield and each of the other 10.70%) in 2014 and 2015 seasons, respectively.
studied traits under each N treatment across the two Significant reductions were also observed only in 2014
seasons according to Steel et al. [21]. season for 100-kernel weight (15.25%) and kernels/row

Low-N tolerance (T), was calculated according to (14.79%) due to low-N stress. It was concluded that low-N
Fisher and Maurer [22] as follows: T = (L  / H ) D, where: stress had a significant negative effect on the mosti i

L  = Grain yield of i  genotype under low-N. H  = Grain studied traits confirming that nitrogen is the mosti i
th

yield of i  genotype under high-N. D= Overall mean grain important element for cereals. This conclusion is inth

yield of L/ overall mean grain yield of H. Change % was agreement with Sinclair and Horie [29], Muchow and
calculated as follows: Change % = [(high-N – low- Sinclair [30], Atta [25] and Al-Naggar et al. [26- 28].
N)/high-N] x 100 where, high N = trait under high N On the other hand, low-N stress caused a significant
treatment, low N = trait under low-N or BFN treatment. delay in 50% silking (2.91 and 3.22%) in 2014 and 2015

RESULTS AND DISCUSSION (1.54%) was also observed only in 2015 season. Moreover

Analysis of Variance: Combined analysis of variance (43.46 and 40.98%) in 2014 and 2015 seasons, respectively.
(Table 1) showed that highly significant differences Reductions  in  grain  yield/ha due to BFN treatment
existed  among  all  genotypes  for  all  studied traits, by  Azospirillum  were 19.16 and 11.29 compared with
except  ASI.  Mean  squares  due  to nitrogen treatments high-N treatment in 2014 and 2015 seasons, respectively.
(N treatments) were highly significant for all studied traits, In addition, significant reductions were also observed for
except shelling % and rows/ear and significant only for ears/plant (15.38%), 100-kernel weight (13.17%), Kernels
50% anthesis suggesting that the studied N treatments / row (8.44%), plant height (7.80%) and ear height
had a significant effect on the most studied traits. Mean (14.57%) only in 2014 season. While, in 2015 season an
squares due years were significant or highly significant insignificant increase (1.8%) was observed in ears/ plant
for all studied traits, except ears/plant and rows/ ear, that due to BFN treatment. It is interesting to mention that
may be due to change in the temperature degrees between plant height did not significantly decrease due to BFN
2014 and 2015 seasons. Significant or highly significant treatment  compared  with  high-N  treatment (control).
mean squares due to N-treatments x years interaction were This observation may be attributed to the phytohormones
also observed only for 100-kernel weight, kernels/row, that excreted by Azospirillum especially cytokinin.
plant height and 50% silking. Mean squares due to Cytokinin consider as a main hormone in plant growth and
genotypes x years interaction were significant or highly development affects on cell division, chloroplast
significant for all studied traits, except ears/plant, shelling development, differentiation of bud root, stem meristem
% and kernels/row, suggesting that the observed change initiation, stress tolerance and aging of plant as reported
in the two successive seasons had significant effect on by Kuroha et al. [16].

seasons, respectively. Significant delay in 50% anthesis

low-N treatment caused a significant elongation of ASI
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Table 1: Mean squares of combined analysis of variance for all studied traits of six maize cultivars evaluated under different N treatments in 2014 and 2015
seasons

Mean squares
------------------------------------------------------------------------------------------------------------------------------------------------------

S.O.V d.f Grain yield Ears /plant 100-kernel weight Shelling% Rows /ear Kernels / row
Years (Y) 1 5.34** 0.02 158.90** 786.46** 1.11 36.79*
Reps / years 4 0.45 0.01 7.32 12.07 1.22 2.49
N treatments(N) 2 24.67** 0.08** 80.04** 11.12 1.30 123.60**
N x Y 2 1.37 0.02 94.70** 9.77 0.03 15.22*
Error (a) 8 0.41 0.01 5.09 3.67 1.04 3.79
Genotypes (G) 5 52.60** 0.18** 434.19** 49.63** 16.34** 367.24**
G x Y 5 1.16** 0.01 34.63** 11.90 8.01** 9.61
N x G 10 1.20** 0.03** 4.34 7.20 1.25* 14.60
N x G x Y 10 0.07 0.00 3.94 5.62 0.82 10.19
Error (b) 60 0.32 0.01 5.93 6.55 0.60 8.58

Plant height Ear height 50% Anthesis 50% Silking ASI
Years (Y) 1 20176.10** 17331.80** 884.08** 1089.34** 10.70** ..
Reps / years 4 562.13* 80.43 2.38 5.32 1.13 ..
N treatments(N) 2 3250.44** 2905.68** 4.93* 30.84** 11.19** ..
N x Y 2 291.91* 169.13 3.11 5.79* 0.57 ..
Error (a) 8 64.33 53.62 0.85 0.95 0.37 ..
Genotypes (G) 5 11936.28** 5727.74** 239.99** 239.23** 0.53 ..
G x Y 5 964.14** 932.73** 18.77** 26.25** 0.99* ..
N x G 10 156.51 185.37* 0.20 0.37 0.16 ..
N x G x Y 10 84.81 76.29 1.30 1.40 0.09 ..
Error (b) 60 134.24 92.44 0.96 1.22 0.39 ..
* and ** indicate significant at 0.05 and 0.01 levels of probability, respectively.

Table 2: Effect of N treatments on the studied traits in 2014 and 2015 seasons
Grain yield ton / ha Ears/plant 100-kernel weight (g) Shelling % Rows/ ear Kernels/ row

N-Treatments (N) 2014
High-N (HN) 7.62 1.30 37.50 82.93 13.67 33.19a a a a

Low-N (LN) 5.67 1.10 31.78 83.2 13.39 28.28b b b c

Bacterial fixing N (BFN) 6.16 1.10 32.56 83.1 13.29 30.39b b b b

LSD(0.05) N 0.52 0.10 2.00 ns ns 0.08
Change %
HN vs. LN 25.60** 15.38** 15.25** -0.33 2.05 14.79**
HN vs. BFN 19.16** 15.38** 13.17** -0.20 2.80 8.44**
N-Treatments (N) 2015
High-N (HN) 6.73 1.12 31.33 77.98 13.43 30.92a a

Low-N (LN) 5.43 1.04 31.39 78.55 13.25 28.55b b

Bacterial fixing N (BFN) 5.97 1.14 31.83 76.48 13.10 28.89b a

LSD(0.05) N 0.66 0.05 ns ns ns ns
Change %
HN vs. LN 19.32** 7.14* -0.19 -0.73 1.34 7.70
HN vs. BFN 11.29* -1.80 -1.60 1.92 2.46 6.60

Plant height (cm)  Ear height (cm) 50% anthesis 50% Silking ASI
N-Treatments (N) 2014
High-N (HN) 210.91 119.86 59.94 62.78 2.83 ..a a b b

Low-N (LN) 190.76 100.55 60.56 64.61 4.06 ..b b a a

Bacterial fixing N (BFN) 194.46 102.39 60.61 64.17 3.56 ..b b a a

LSD(0.05) N 4.75 4.77 ns 1.20 0.68 ..
Change %
HN vs. LN 9.55** 16.11** -1.03 -2.91* -43.5** ..
HN vs. BFN 7.80** 14.57** -1.12 -2.21* -25.8* ..
N-Treatments (N) 2015
High-N (HN) 233.81 140.89 54.44 56.89 2.44 ..a a b b b

Low-N (LN) 216.11 125.83 55.28 58.72 3.44 ..b b a a a

Bacterial fixing N (BFN) 228.22 132.08 54.22 56.89 2.67 ..a a c b b

LSD(0.05) N 9.35 8.31 0.13 0.44 0.40 ..
Change %
HN vs. LN 7.57** 10.70** -1.54** -3.22** -40.9** ..
HN vs. BFN 2.39 6.25* 0.40** 0.00 -9.43 ..
Means in the same column followed by the same letter are not statistically different at 0.05 level of probability. *, ** indicate significant at 0.05 and 0.01 levels
of probability, respectively.
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Otherwise, BFN treatment resulted in a significant lowest cultivars in grain yield /ha were TWC-352 and AED
delay in 50% silking (2.21%) in 2014 season and did not under all studied N treatments across 2014 and 2015
cause any change (0.00%) in 2015 season for the same seasons.
trait. It is worth noting that a significant earliness (0.40%) Superiority of SC-128, SC-130 and TWC-321 in grain
was observed in 2015 season for 50% anthesis. Significant yield/ha under different N treatments across 2014 and
elongation of ASI (25.80%) was only observed in 2014 2015  seasons  were   accompanied   by   superiority in
season due to BFN treatment. While in 2015 season, BFN 100-kernel weight, shelling % and kernels/row. Moreover,
treatment did not result in any change for ASI compared these previous cultivars exhibited high means in plant and
with high-N treatment. ear height and moderately increased in 50% anthesis and

It was cleared that yield reductions due to BFN 50% silking. Therefore, the cultivars SC-128, SC-130 and
treatment were less than those observed under low-N TWC-321 could be considered as the highest yielding
stress in both seasons. These reductions were 25.60 and cultivars in the present investigation. It is worth noting
19.32% due to low-N stress and 19.16 and 11.29% due to that the composite cultivar Giza-2 could also be regarded
BFN treatment in 2014 and 2015 seasons, respectively. the best cultivar in the present study because its ability to
The differences in yield reductions because of low-N out-yielded TWC-352 across N treatments and the two
stress and BFN treatment were 6.44 and 8.03% in 2014 and seasons. Therefore Giza-2 could be considered as a
2015 seasons, respectively. Variation in yield reductions competitive cultivar to SC-128, SC-130 and TWC-321.
due to applying different N treatments (low-N stress and
BFN treatment) may be attributed to the ability of Yield Reduction and Tolerance Index (T): Genotypic
Azospirillum on yield increasing, although this increase differences in yield reduction and tolerance index (Table4)
in maize yield was not significant but it existed. It was showed  that  maximum  yield  reduction, on average
concluded that Azospirillum could improve maize yield across 2014 and 2015 seasons, was observed in SC-128
under N stress conditions in the present study not only under low-N conditions and reached to 34.24% followed
by N fixation but also by excretion of phytohormones by AED (25.77%), TWC-321 (19.13%), SC-130 (19.07%),
such as cytokinins and auxins. Several authors [10- 13, 17, Giza-2(18.54%) and TWC-352 (17.24%). To classify the
19] emphasized that the production of growth regulators studied genotypes into tolerant to low-N stress and
such as auxins and cytokinins by Azospirillum bacteria is responsive genotypes to BFN treatment (by
an important mechanism to increase maize yield. Azospirillum), absolute mean yield and percentage of
Moreover, Saeedi et al. [18] reported that cytokinin yield reduction under these N treatments would be taken
hormone increased grain number and 1000 grain weight in into consideration (Table 4). In this sense, the cultivars
wheat. SC-130, TWC-321, SC-128 and Giza-2 in descending order

Genotypic Differences: The studied maize cultivars cultivars SC-130, SC-128, TWC-321and Giza-2 could be
showed a significant difference in their absolute mean regarded the most responsive genotypes to BFN
values under low and BFN treatments compared with treatment via Azospirillum in the present investigation.
those under high-N treatment for only four traits (Table 3) On the other hand, the cultivars TWC-352 and AED were
namely, grain yield/ha, ears/plant, rows/ear and ear height. the lowest genotypes in grain yield across N treatments.
Therefore, ranks of all studied cultivars in low-N and BFN It was cleared that the cultivar SC-128 resumed its
treatments were different from those under high-N superiority  in  grain yield under BFN treatment (Table 4).
conditions for the previously mentioned traits. The It improved its performance in absolute grain yield from
highest means of grain yield/ha were achieved by SC-128 6.07 ton/ha under N stress conditions to 7.17 ton/ha under
and SC-130 under high-N and by SC-130 and TWC-321 BFN treatment by Azospirillum and consequently
under low-N and by SC-130 and SC-128 under BNF. It is improved its N tolerance from 0.51 under low-N to 0.66
interesting to mention that TWC-321 ranked the 2 high under BFN treatment by Azospirillum. Thesend

yielding  under  low-N and the 3  high yielding under observations suggested that SC-128 was the best highrd

high-N and BFN treatments in 2014 and 2015 seasons, responsiveness genotype under both high-N and BFN
respectively. It is worth noting that the composite cultivar treatments. In this respect, Al-Naggar et al. [27] reported
Giza-2 occupied the 4  place for all N treatments in 2014 that the cultivar SC-128 was tolerant to low-N and highth

and 2015 seasons. It was exception in 2014 season under responsive to high-N environment, suggesting adaptation
low-N stress where Giza-2 occupied the 3  place. The of this cultivar to either low-N or high-N environment.rd

could be considered the most low-N tolerant. While, the
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Table 3: Mean performance of studied genotypes under different N-treatments(Low-N, High-N and BFN) for all studied traits in 2014 and 2015 seasons
Grain yield / ha Ears / plant 100-Kernel weight (g)
------------------------------------------- -------------------------------------------- ---------------------------------------------

Genotypes High-N Low-N BFN High-N Low-N BFN High-N Low-N BFN
2014

SC-128 9.52 5.97 7.08 1.00 1.00 1.00 42.67 33.33 35.00
SC-130 9.41 7.47 7.83 1.43 1.33 1.33 40.00 35.00 36.00
TWC-321 8.95 6.73 6.83 1.20 1.00 1.00 40.67 35.00 35.33
TWC-352 5.44 4.33 4.94 1.10 1.00 1.00 28.67 25.67 24.67
Giza-2 7.83 6.29 6.56 1.10 1.03 1.03 41.00 34.33 34.67
AED 4.57 3.25 3.74 1.00 1.00 1.00 32.00 27.33 29.67
LSD(0.05) G=0.57 NxG=0.98 G=0.08 NxG=0.14 G=2.72 NxG=ns

2015
SC-128 8.93 6.16 7.25 1.07 1.03 1.10 37.00 37.33 36.00
SC-130 8.21 6.79 6.97 1.40 1.10 1.40 34.00 33.67 34.67
TWC-321 7.56 6.63 6.78 1.10 1.00 1.10 33.33 32.33 33.33
TWC-352 5.57 4.78 5.44 1.10 1.10 1.20 27.33 26.67 27.00
Giza-2 6.90 5.73 6.36 1.10 1.10 1.10 35.33 34.00 37.00
AED 3.18 2.51 2.99 1.10 1.03 1.03 21.00 24.33 23.00
LSD(0.05) G=0.52 NxG=0.90 G=0.14 NxG=0.16 G=1.90 NxG=ns

Shelling % Rows /ear Kernels /row
------------------------------------------- -------------------------------------------- ---------------------------------------------

Genotypes High-N Low-N BFN High-N Low-N BFN High-N Low-N BFN
2014

SC-128 84.45 83.64 84.54 13.60 13.93 13.73 39.40 26.77 32.80
SC-130 86.37 85.89 85.71 14.33 13.93 14.00 34.80 33.63 33.23
TWC-321 83.13 84.89 82.15 13.30 12.90 12.53 39.00 32.37 35.33
TWC-352 82.83 81.86 82.23 15.00 13.33 13.68 30.17 25.17 28.90
Giza-2 82.35 83.25 83.14 13.13 12.57 13.80 31.43 28.73 28.73
AED 78.49 79.66 80.62 12.67 13.67 12.00 24.33 23.00 23.37
LSD(0.05) G=2.32 NxG=ns G=0.87 NxG=1.51 G=2.99 NxG=ns

2015
SC-128 81.12 78.24 77.37 14.27 13.00 13.67 35.73 29.67 32.83
SC-130 75.71 81.00 75.57 12.37 12.93 11.93 34.67 34.03 31.73
TWC-321 77.08 81.07 76.18 12.75 13.60 12.97 31.54 33.97 31.33
TWC-352 78.03 79.14 77.28 15.58 15.43 15.58 28.61 27.78 28.20
Giza-2 80.16 77.13 78.71 13.95 13.40 14.26 31.17 26.57 29.90
AED 75.79 74.7 73.76 11.67 11.14 9.95 23.80 19.25 19.37
LSD(0.05) G=2.60 NxG=ns G=0.59 NxG=1.03 G=2.63 NxG=ns

Plant height (cm) Ear height (cm) 50% Anthesis
------------------------------------------- -------------------------------------------- ---------------------------------------------

Genotypes High-N Low-N BFN High-N Low-N BFN High-N Low-N BFN
2014

SC-128 214.5 205.9 206.5 118.3 114.4 113.6 58.0 59.7 58.7
SC-130 222.0 196.0 198.1 137.5 98.3 100.4 63.0 62.7 63.0
TWC-321 240.8 210.5 205.7 141.9 113.6 112.3 61.7 62.7 62.7
TWC-352 194.9 178.7 183.3 108.5 98.1 99.7 63.3 64.3 64.0
Giza-2 224.1 203.0 204.4 121.9 101.7 103.1 59.7 59.3 60.0
AED 169.2 150.3 168.8 91.0 77.3 85.3 54.0 54.7 55.3
LSD(0.05) G=11.41 NxG=ns G=10.67 NxG=18.49 G=1.14 NxG=ns

2015
SC-128 230.5 222.0 236.2 133.7 131.7 131.0 55.0 55.0 55.0
SC-130 261.3 240.3 247.5 165.0 142.2 148.0 57.3 58.7 57.0
TWC-321 252.3 231.0 251.3 153.3 135.2 149.3 58.0 59.0 57.3
TWC-352 236.0 211.5 216.0 151.7 131.5 131.5 55.3 55.7 55.0
Giza-2 251.2 240.8 244.5 149.5 138.5 141.8 54.0 56.3 55.0
AED 171.5 151.0 173.8 92.2 76.0 90.8 47.0 47.0 46.0
LSD(0.05) G=10.88 NxG=ns G=7.57 NxG=13.11 G=0.69 NxG=ns
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Table 3: Continued
50% Silking ASI
------------------------------------------- -------------------------------------------

Genotypes High-N Low-N BFN High-N Low-N BFN
2014

SC-128 60.3 63.3 61.3 2.33 3.67 2.67 .. .. ..
SC-130 66.0 67.0 66.7 3.00 4.33 3.67 .. .. ..
TWC-321 64.0 66.3 66.0 2.33 3.67 3.33 .. .. ..
TWC-352 66.7 68.7 67.7 3.33 4.33 3.67 .. .. ..
Giza-2 62.7 63.3 64.0 3.00 4.00 4.00 .. .. ..
AED 57.0 59.0 59.3 3.00 4.33 4.00 .. .. ..
LSD(0.05) G=1.13 NxG=ns G=ns NxG=ns .. .. ..

2015
SC-128 57.3 58.7 57.7 2.33 3.67 2.67 .. .. ..
SC-130 59.7 62.0 59.3 2.33 3.33 2.33 .. .. ..
TWC-321 60.7 62.3 60.3 2.67 3.33 3.00 .. .. ..
TWC-352 57.7 59.3 57.7 2.33 3.67 2.67 .. .. ..
Giza-2 56.7 59.7 58.0 2.67 3.33 3.00 .. .. ..
AED 49.3 50.3 48.3 2.33 3.33 2.33 .. .. ..
LSD(0.05) G=0.99 NxG=ns G=ns NxG=ns .. .. ..
G, N, NxG indicate genotypes, N-treatments and NxG interaction, respectively.

Table 4: Mean, change %, and tolerance index (T) for grain yield under different N treatments for all studied genotypes (Data are combined across 2014 and
2015 seasons)

Grain yield / ha
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean Change % Tolerance Index (T)
---------------------------------------------- ---------------------------------------- ------------------------------------------

Genotypes High-N Low-N BFN HN vs.LN HN vs. BFN HN vs. LN HN vs. BFN
SC-128 9.23 6.07 7.17 34.24 22.32 0.51 0.66
SC-130 8.81 7.13 7.40 19.07 16.00 0.63 0.71
TWC-321 8.26 6.68 6.81 19.13 17.55 0.63 0.70
TWC-352 5.51 4.56 5.19 17.24 5.81 0.64 0.80
Giza-2 7.37 6.01 6.46 18.45 12.35 0.63 0.74
AED 3.88 2.88 3.37 25.77 13.14 0.57 0.73
Average 7.18 5.56 6.07 22.60 15.47 0.60 0.72

In  respect  with  the  cultivar  TWC-321,  Al-Naggar population in per se performance and general combining
et al. [26] reported that TWC-321 was the most N-efficient ability (GCA) effects for grain yield and nitrogen use
and  showed  the  best  tolerance  to   low-N  conditions. efficiency. This superiority of Giza-2 population in per se
In addition, the cultivar TWC-321 in previous studies [31] performance was accompanied by superiority in its
was considered as the most drought tolerant genotype. population crosses and specific combining ability (SCA)
Several authors have reported a good performance of effects. It was suggested that such population crosses
maize genotypes selected for drought tolerance when could be recommended for a heterosis breeding program
they were grown under low-N conditions [32-36]. to isolate inbred lines and develop single cross hybrids of

Superiority of the composite cultivar Giza-2 in the high tolerance to low-N stress conditions. Moreover, Atta
present study under all N treatments and its competitive and Masri [38] studied the genotypic variation of maize S
ability over SC-128, SC-130 and TWC-321 suggested that families under water stress conditions of Giza-2
this cultivar (Giza-2) could be regarded as suitable genetic population and reported that superiority in grain
material for improving traits related to low-N tolerance in yield/plant under non stress was shown by only 15 S
maize selection program. In this respect, Al-Naggar et al. families out of 63 S s (23.81%) over S  generation mean.
[37] were able to obtain a significant actual improvement While under drought stress only 9 families (14.29%)
for grain yield of 23.22% under low-N via one cycle of S significantly out-yielded their S  generation mean,1

recurrent selection practiced in this local cultivar (Giza-2). suggesting good performance of this population under
Also Atta [25] reported that Giza-2 was the best drought stress; this observation confirming good

1

1

1 1
,

1
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performance of this population (Giza-2) under water Results of the present study indicated that
stress. In addition, in the present study the composite kernels/row followed by 100-kernel weight, shelling %,
cultivar Giza-2 revealed a good performance across N plant height, ear height, 50% anthesis, 50% silking,
treatments confirming previous studies [31-36]. ears/plant and ASI could be considered as good criteria

The present investigation suggested that of  selection  for grain yield in maize, particularly under
biofertilizers by Azosbirillum brasilense could be applied low-N conditions. In this respect, Al-Naggar et al. [37]
if the high responsive genotypes to them would be found. found a strong positive genetic association between
In order to increase maize yield depending on nitrogen use efficiency and each of grain yield/plant and
Azosbirillum more trails should be carried out depending kernels/plant under low as well as high-N conditions.
on Azosbirillum alone or with spraying with Moreover, they reported a negative genetic association
phytohomones such as cytokinin. In this sense, between grain yield/plant and ASI as already reported by
Kheyrollah et al. [19] observed that the highest values in Laffitte and Edmeades [39] and Monneveux et al. [40]
traits stem diameter, dry stem weight, row number per ear, under low-N conditions.
grain number per row and grain yield were recorded by
applying Azosbirillum mixed with soil and spraying 100 REFERENCES
mg/ liter cytokinin hormone on plants before flowering.

Correlations: Significant or highly significant and N-use efficiency of single, double and synthetic
positive correlation coefficients were observed among maize  lines  grown  at  four  N levels in three
grain yield and all studied traits, except rows/ear under ecological zones of West Africa. Field Crops Res.,
high-N and low-N conditions (Table 5). Also, grain yield 60(3): 189-199. 
had  significant  and positive correlation with all studied 2. Raun, W.R. and G.V. Johnson, 1999. Improving
traits under BFN treatment. In respect with the strong nitrogen use efficiency for cereal production. Agron.
positive correlation among grain yield and plant and ear J., 91: 357-363.
height, it cleared that the maize plants with more height 3. Rokhzadi, A., A. Asgharzadeh, F. Darvish, G. Nour-
had more storage of photosynthetic materials in their Mohammadi and E. Majidi, 2008. Influence of plant
stems, so these plants can have more remobilization of growth-promoting rhizobacteria on dry matter
photosynthetic materials to seed and subsequently accumulation and yield of chickpea (Cicer arietinum
improve 100-kernel weight, especially under stress L.) under field condition. Am-Euras. J. Agric. Environ.
environments. On the contrary, grain yield had significant Sci., 3(2): 253-257. 
and negative correlation with ASI under both high and 4. Khosro Mohammadi and Yousef Sohrabi, 2012.
low-N conditions and insignificant and negative Bacterial biofertilizers for sustainable crop
correlation was only observed for ASI under BFN production: A review. Arpn. J. Agricultural and
treatment (Table 5). Biological Sci., 7(5): 307-316.

Table 5: Simple correlation coefficients between grain yield and other
studied traits under different N treatments (Data are combined over
2014 and 2015 seasons)

N-treatments
---------------------------------------------------------------

Traits High-N Low-N BFN
Ears/ plant 0.445** 0.396* 0.483**
100-Kernel weight 0.942** 0.891** 0.833**
Shelling% 0.845** 0.927** 0.850**
Rows / ear 0.143 0.276 0.508**
Kernels /row 0.978** 0.948** 0.961**
Plant height 0.833** 0.947** 0.960**
Ear height 0.777** 0.894** 0.926**
50% Anthesis 0.645** 0.815** 0.773**
50% Silking 0.622** 0.797** 0.749**
ASI -0.547** -0.511** -0.309
* and ** indicate significant at 0.05 and 0.01 levels of probability,

respectively.
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