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ABSTRACT

Seed irradiation during pre-sowing processes is one of the most effective
methods to increase plant growth, yield components and its chemical composition. A
three factor split-split plot, factorial experiment was conducted on barley to study seed
irradiation, biofertilization with N fixing bacteria (NFB), P-dissolving bacteria (PDB)
and N fertilization in the Agricultural Research Station of El-Zagazig University at El-
Khattara region, EI-Sharkia Governorate, Egypt during 2009/2010 season. Main plots
were assigned to gamma irradiation: non-radiated, 20 and 40 Gy gamma radiations.
Sub-plots were assigned to N: 0, 119, 238 and 298 kg N ha™'. Sub-sub plots were
assigned to biofertilization: none, (Azospirillum lipoferum + Bacillus polymxa “NFB1”),
(Azospirillium braselence + Azotobacter chroccocum “NFB2”+Bacillus megatherium
“PDB”) and NFB1 + NFB2 + PDB. The NFB1 was given in a commercial product of
“Cerealin” while (NFB2 + PDB) was in a product of Microbin. Barley yield and yield
components as well as N, P and K content and uptake increased by gamma
irradiation, N rates and biofertilization singly or combined. Number of spike per m?,
grain weight per spike, yields of: grains + straw, grains and straw increased also,
highest response occurred by N238 + (Cerealin + Microbin) with 40Gy gamma ray.
The highest straw yield was observed due to N179 + (Cerealin + Microbin) with 40Gy
gamma ray. Treatment of N179 + Cerealin with 40Gy gamma ray gave highest N-
uptake in straw, as well as P-uptake in grains and straw. Protein content and protein
yield increased by treatments especially with increasing N rate up to N298 + Microbin
+ 20Gy and gave highest protein content. Nitrogen use efficiency (NHI) was increased
with increasing N rates up to N238 followed by decrease at N298.
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INTRODUCTION

Barley (Hordeum vulgare L.) is one of the most important cereal crops in
Egypt. Total production of barley in Egypt reached 102000 megagrams (Mg) in
2011, produced from an area of 65000 ha, (FAO, 2012). Recently, a great
attention has been directed to increase the productivity of barley to minimize
the gap between the production and consumption. Gamma radiation can be
useful for the alteration of physiological characters (Kiong et al., 2008). The
biological effect of gamma rays is based on the interaction with atoms or
molecules in the cell, particularly water, to produce free radicals (Kovacs and
Keresztes 2002). Seed irradiation during the pre-sowing is one of the
effective methods to improve plant production, yield components and
chemical composition. Gamma ray ionizes molecules and causes free
radicals that attack DNA molecules which break one or two chains of DNA
(Jyoti et al., 2009). Artik and Peksen (2006) investigated the effect of gamma
irradiation of 25, 50, 75 and 100 Gy, they found that low doses of stimulated
cell division, growth and development of faba bean plants. Rahimi and
Abdallah (2011) reported that doses of 25 and 50Gy were the most effective
for increasing grain yield, harvest index and grain protein content of wheat.
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Farag and El-Khawaga, (2013) found that gamma irradiation in a low dose
(10, 20 and 30Gy), increased seed yield of sesame plants.

Extending the role of biofertilizers can reduce the need for chemical
fertilizers, decrease adverse environmental effects and fix atmospheric N,.
Therefore, biofertilization is of great importance in alleviating environmental
pollution (Namvar et al., 2012 and Rana et al., 2012). Inocula of Azotobacter
sp. and Azospirillum sp. are used as biofertilizers for many crops. The
estimated contribution of these free-living N fixing prokaryotes to the N input
of soil ranges from 0-60 kg/ha per year (Vessey, 2003). Existence of
microbial communities like Azotobacter sp. and Azospirillum sp. in the
rhizosphere promotes the growth of the plant through the cycling and
availability of nutrients, increasing the health of roots during the growth stage
by competing with root pathogens and increasing the absorption of nutrients
and water (Daneshmand et al., 2012). Kizilkaya (2008), Sary et al. (2009) and
Kandil et al. (2011) studied the effects of inoculation with Azotobacter sp. and
Azospirillum sp. on wheat and observed that inoculated wheat plants gave
higher plant height, spike per unit of area, grains per spike, grain weight,
biological yield, grain yield and straw yield. Saini et al. (2004) and Piccinin et
al. (2013) suggested that integrated nutrient management strategies involving
inoculation of seeds with Azotobacter sp. and Azospirillum sp. in combination
with chemical fertilizers result in improving both growth and yield of crops.
Inocula of organisms which act as biofertilizers are prepared in different forms
(in suspensions or on solid organic matter) and are marketed commercially
under different trade manes. In Egypt one of such products is Cerealin
(produced by Ministry of Agriculture, Egypt) which consists of inocula of N,
fixing strains of Azospirillium lipoferum and Bacillus polmxa. Another product
is Microbin which consists of N2-fixing microorganisms along in the P-
dissolving microorganisms (El-Kramany et al., 2000).

Nitrogen is the most important essential nutrient in plant nutrition. It is
a constituent of a large number of necessary organic compounds such as
amino acids, proteins, coenzymes, nucleic acids, ribosomes, chlorophyll,
cytochrome and some vitamins. Thus, N supply to the plant will influence the
amount of protein, cell size, leaf area and photosynthetic activity (Diacono et
al., 2013). N fertilizer causes positive effect on the number of grains spike'1,
spike weight, 1000-grain weight and grain yield of wheat (Campuzano et al.,
2012 and Liu and Shi, 2013). Namvar and Khandan, (2013) found that high
rates of N fertilization and biofertilizer (Azotobacter sp. and Azospirillium sp.)
inoculation increased grains number spike'1, 1000-grain weight, grain yield,
biological yield and grain protein content of wheat plant.

The current investigation aimed at assessing the effect gamma
irradiation, different nitrogen rates and biofertilizers on nitrogen utilization as
well as some plant characteristics, yield and yield composition of barley
(Hordeum vulgare L.) c.v Giza 123 grown on a sand soil.

MATERIALS AND METHODS

A field experiment on barley was conducted at El-Khattara region EI-
Sharkia Governorate, Egypt during winter season 2009 / 2010 to investigate
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the effect of gamma-irradiation as well as the effect of nitrogen fertilization
and biofertilization of barley plants (Hordeum vulgare L.) c.v Giza 123, grown
in a sandy soil. The chemical analysis of soil of the experimental field (30cm
depth) showed sand, silt and clay as 91.8, 6.0 and 7.6%, respectlvely (sand
in texture), having EC in its saturation extract of 0. 77 dS m™ and contents of
CaCO; and organic matter of 75 and 7.8 g kg, respectively. Available
macronutrlents were 18.5 mg N kg (mineral N extracted by 2M KCI) 8.19 mg
P kg (extracted by Na-bicarbonate 0.5 M) and 29.4 mg K kg (extracted by
1.0 M NH,4 OAc, pH 7.0) as described by Jackson (1958) Page et al. (1982)
and Black et al. (1982).

Prior to sowing, seed inoculation was carried out using biofertilizers of
nitrogen fixing bacteria (NFB) and phosphorus dissolving bacteria (PDB). The
first group of NFB: NFB1 are Azospirillum lipoferum and Bacillus polymxa in
the form of the commercial biofertilizer “Cerealin”. The second group NFB2
are Azospirillium braselence + Azotobacter chroccocum combined with PDB
(i.e., phosphorus dissolving bacteria of Bacillus megatherium) are in a form of
the commercial biofertilizer Microbin. Both produced by the Egyptian Ministry
of Agriculture as inocula carried on organic, peat like substances to treat
seeds. Seed inoculation was performed by mixing barley grains with the
appropriate Cerealin and Microbin using Arabic gum as adhesive material.
The coated gralns were then air dried in shade for 30 minutes and sown
immediately on 22" of October 2009.

The experiment was a 3-factor factorial split-split plot in a random|zed
complete block design with three replications. The plot area was 5 m? (2.5 X
2 m). Main plots, were assigned to irradiation, none, 20 and 40 Gy gamma
irradiation, irradiation facility used was, cobalt 60 gamma chamber 4000-A-
India, Egyptian Atomic Energy Establishment, (EAEE) Inshas, Egypt. Sub-
plots were assigned to N: 0 119, 238 and 298 kg N ha™ in form of ammonium
sulphate, AS (205 g N kg') in three equal splits: 20 days after sowing, "DAS"
(immediately after thinning), 40 and 60 DAS. Sub-sub plots were assigned to
biofertilizers: none, Cerealin, Microbin and Cerealin + Microbin. Soil was
supplied with phosphorus in form of Calcium superphosphate (67.6 g P kg )
at arate of 31 kg P ha™ during seed bed preparat|on and with potassium 119
kg K ha” as potassium sulphate (400 g K kg ) in two equal doses 30 and 45
days after planting. Harvest was done on, 25" of April 2010.

Dry matter and grain yield

At harvest, ten plants were taken randomly from each plot and tagged for
yield assessment. Number of spikes, grain weight spike™ and 1000-grain welght
were measured. Plants were harvested, air dried, then straw yield, Mg ha™ and
grain yield, Mg ha™ were measured. The following parameters were determined:
(1) N, P and K content and uptake by plant (straw and grains). (2) Grain
protein content was calculated by multlplylng grain N content by 5.83 (Baker,
1979) (3) Grain protein yield in kg ha™ {protein content g kg™’ x grain yield Mg
ha}. (4) Harvest index % by {grain yield / grains + straw yield) x 100}. (5)
Nitrogen harvest index (NHI) = Grain nitrogen uptake / Total nitrogen uptake
(after, Nyborg et al., 1995).
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Methods of Analysis

Macronutrients content in plant were determined in aliquots of
digested solutions resulting from the digestion of grains and straw samples by
a mixture of concentrated sulphuric and perchloric acids after drying in an
oven at 70° C as described by Ryan et al. (1996).

RESULTS AND DISCUSSION

Effect of treatments on growth parameters and yield of barley
Growth parameters

Table 1 reveals that the growth parameters of number of spikes m?,
grain weight spike” and 1000-grain weight significantly increased due to gamma
irradiation, N fertilization and biofertilization solely or in combinations. Farag and
El-Khawaga (2013) reported that gamma irradiation of sesame and N-
application increased the 1000-seed weight. Namvar and Khandan (2013)
reported that number of spikes per m?, number of grain per spike and the
1000-grain weight of wheat increased significantly by N-fertilization and
biofertilizer inoculation. These results are in agreement with those of Sary et
al. (2009) and Kandil et al. (2011). There was no significant difference
between the two gamma irradiation doses of 20 and 40 Gy for all parameters.
As for N effect, there was the following descending order: N238 > N298 >
N179 > NO for grain weight spike™ and 1000-grain weight. As for the number
of spikes per m?, the order was N238 > N179 > N298 > NO. Regarding the
response to biofertilization, the main effect followed a descending of: Cerealin
+ Microbin > Microbin > Cerealin > none for number of spikes per m? and
1000-grain weight; the order for grain weight per spike was: Cerealin +
Microbin > Cerealin > Microbin > none.

The highest increase in number of spikes per m* (198%) and grain
weight per spike (173%) were recorded in plants treated with N238 +
(Cerealin+ Microbin) irradiated with gamma dose 40Gy. The treatment of
N238 + (Cerealin+ Microbin) irradiated with 20Gy gamma irradiation caused
highest increase in 1000-grain weight (104%).
Straw and grain yields

The data of straw and grain yield of barley plants are presented in
Table 2. The obtained results exhibited significant increases due to
application of N, biofertilization, irradiation and their combinations compared
to the non-treated plants. Low doses of gamma rays increase enzymatic
activation, which result in stimulating cell division, and affects germination,
and vegetative growth (Ashri, 2007). The favorable effect of nitrogen fertilizer
may be due to N stimulation of plant growth, which would increase the
amount of light energy intercepted by leaves and increase photosynthetic
pigments and photosynthesis, and in turn increase synthesized metabolites
and consequently leaves and seeds (Wortman et al., 2011). Growth
promoting substances (phytohormones) which would be produced by these
organisms play a key role in plant growth and promote seed germination and
root elongation. Root development and proliferation of plants in response to
biofertilizer activities enhance water and nutrients uptake (Kandil et al., 2011)
and Joshi et al., 2012). These results agree with those obtained by, Siam et
al. (2013) and Piccinin et al. (2013).
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Table1: Yield components of barley as affected by gamma irradiation,
biofertilizers and N rates

N- Gamma irradiation dose, Gy (G)
Rate Biofertilizer__ 0 20 40 Mea 0 20 40 Mean 0 20 40
N) k B
(N La-q ®) Number of spikes (m?) Grain weight spike™(g) 1000-grain weight (g)

Without 157 234 276 222 0.83 0.97 1.04 094 32.8 33.7 346 33.7
Cerealin 281 299 303 294 0.90 1.00 0.97 0.96 33.9 36.5 37.0 358
Microbin 310 320 324 318 1.00 1.04 1.08 1.04 351 37.2 36.6 36.3
Cer.+ Mic. 326 338 369 344 1.02 1.12 1.16 1.10 359 37.7 37.2 36.9
Mean 269 298 318 295d 0.94 1.03 1.06 1.01d 344 36.3 36.3 35.7d
Without 251 286 289 275 1.07 110 1.19 1.12 34.7 36.5 36.2 358
Cerealin 315 339 329 328 1.23 1.36 1.40 1.33 37.8 39.0 39.4 387
Microbin 326 406 378 370 1.47 157 165 1.56 38.7 39.6 41.7 40.0
Cer.+ Mic. 331 425 389 382 150 1.66 1.587 1.58 38.2 40.5 41.9 40.2
Mean 306 364 346 339b 1.32 142 1.46 1.40c 374 389 39.8 38.7c
Without 263 288 296 282 1.26 1.48 1.39 1.37 395 51.2 446 451
Cerealin 331 368 349 349 130 159 1.70 1.53 41.7 49.0 548 485
Microbin 347 429 411 396 1.39 2.02 1.98 1.80 46.5 55.7 60.5 54.2
Cer.+ Mic. 336 438 468 414 1.57 1.97 227 194 489 66.9 61.9 592
Mean 319 381 381 360a 1.38 1.76 1.83 1.66 a 44.2 55.69 55.4 51.8 a
Without 259 268 276 268 1.13 135 1.29 125 36.5 444 465 424
Cerealin 279 318 336 311 1.36 1.65 1.75 1.59 395 47.4 436 435
Microbin 341 385 397 374 1.45 155 1.60 1.53 44.2 514 525 494
Cer.+ Mic. 325 379 388 364 140 1.48 154 1.47 413 53.9 52.0 49.1
Mean 301 338 349 329c 1.33 1.51 1.551.46b 404 49.3 486 46.1b

N179

N238

N298

Grand mean (G) 299 b 345a 349 a 1.24b1.43 a1.47 a 39.0 b45.0 a45.0 a
G: ** N: > G ** N: * G * N: **
F — test B: ** GxN:  ** B: * GxN:  ** B: O GxN:
GxB: ** BxN: ** GxB: NS BxN: ** GxB:  ** BxN: **
GxNxB: ** GxNxB: NS GxNxB: **

Cer.: Cerealin; Mic.: Microbin; NS: Not significant
Means of biofertilizer

Whitout 262d 117 ¢c 39.2d
Cerealin 321c 1.35b 416 ¢
Microbin 365b 148 a 450b
Cerealin+Microbin 376 a 1.52a 46.3 a
Grand mean 331 1.38 43.0

Interaction effects of nitrogen fertilization rates and biofertilizer inoculation
were significant for yields of straw, grains and grains + straw at all doses of
gamma irradiation especially 40Gy which was superior to 20Gy gamma ray. A
descending order characterized the effects of N fertilization on straw and grain
yield as follows: N298 > N179 > N238 > NO for straw yield and N238 > N298 >
N179 > NO for grain yield. As for the main effect of biofertilizer inoculation on
grain yield; the order was: Cerealin + Microbin > Cerealin > Microbin > without.
For straw yield, the main effect shows no significant difference.

The maximum (grains + straw) and grain yields (19.0 and 9.28 Mg ha™,
respectively) were achieved due to application of N238 + (Cerealin + Microbin)
when irradiated with 40Gy gamma ray and the corresponding increments over the
non-treatment plants were 164 and 176%, respectively. With respect to straw
yield, the greatest value (10.2 Mg ha™') was observed due to addition of N179 +
(Cerealin + Microbin) with 40Gy gamma ray irradiation giving increases of 166%
over the non-treated.
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Table2: Grains and straw yield (Mg ha™”) as well as harvest index (%) of
barley as affected by gamma irradiation, biofertilizers and N
rates

N-Rate Gamma irradiation dose, Gy (G)

(N) Biofertilizer 0 20 40 Mean 0 20 40 Mean O 20 40 Mean
kg N (B) (Grains + straw) yield
ha (Mg ha™)
Without 128 576 528 411 0.96 3.04 2.88 229 032 272 240 1.81
No Cerealin 176 7.04 800 560 104 3.84 448 312 072 320 352 248
Microbin  1.84 8.00 7.84 589 112 448 464 341 072 352 320 248
Cer+Mic. 144 6.08 7.20 491 1.04 3.36 3.84 275 040 2.72 3.36 2.16
Mean 158 6.72 7.08 513c 1.04 3.68 3.96 2.89d 0.54 3.04 3.12 2.23¢
Without 6.56 7.52 16.8 10.3 3.68 4.48 880 565 288 3.04 8.00 4.64
Cerealin  7.20 10.1 186 120 3.68 592 992 651 352 4.16 864 544
Microbin 9.92 9.44 189 128 592 480 10.1 6.93 4.00 464 880 5.81
Cer.+ Mic. 7.52 11.7 185 125 3.84 464 102 624 3.68 7.04 832 6.35
Mean 7.80 9.69 18.2119b 428 4.96 9.76 6.33b 3.52 4.72 844 556b
Without 896 640 11.2 885 512 2.88 6.72 4.91 3.84 352 448 3.95
Cerealin 102 9.92 168 123 544 320 880 581 4.80 6.72 8.00 6.51
Microbin 9.28 114 154 12.0 512 528 7.68 6.03 4.16 6.08 7.68 597
Cer.+ Mic. 9.12 134 19.0 139 560 592 9.76 7.09 352 7.52 9.28 6.77
Mean 9.39 10.3 15.6 11.8b 532 4.32 8.24 596c 4.08 596 7.36 5.80a
Without  7.68 10.7 12.8 104 464 560 6.72 565 3.04 512 6.08 4.75
Cerealin 944 144 162 133 6.08 816 7.84 7.36 3.36 6.24 8.32 597

Straw yield (Mg ha™)  Grains yield (Mg ha™)

N179

N238

N298 Microbin 9.76 12.3 158 12.6 640 7.36 7.68 7.15 3.36 4.96 8.16 5.49
Cer.+Mic. 12.0 149 147 139 6.08 8.00 8.32 747 592 6.88 640 6.40
Mean 9.72 131 149 126a 580 7.28 7.64 6.91a 3.92 580 7.24 565ab
Grand means (G) 7.12¢9.94b139a 411¢5.06b7.40a 3.02 c4.88 b6.54 a
G: *N: * G *N: > G ** N: b
F - test : * GxN: ** B: ** GxN: ** B: **  GxN: **
GxB:  ** BxN: ** GxB.. ** BxN: ** GxB.:  ** BxN: **
GxNxB: ** GxNxB: ** GxNxB: **
Means of biofertilizer
Whitout 8.41c 463 b 3.79d
Cerealin 10.8 b 5.88 a 5.10b
Microbin 108 ¢ 571a 494 c
Cerealin+Microbin 11.3a 5.87 a 542 a
Grand mean 10.3 5.52 4.81

Harvest index

Values of harvest index as affected by gamma irradiation, N fertilization
and biofertilizer inoculation whether applied solely or in combinations are
shown in Table 3. Grain harvest index, varied between 25.0 % to 67.7%. The
plants treated with N238 + Cerealin under gamma irradiation dose of 20Gy
gave the highest value while those of the non-treated gave the lowest value.

Gamma irradiation increased the harvest index. Difference between the
20 and 40Gy were an average not significant. As for the N rates, the main
effect followed the order: N238 > N179 > N298 > NO. Main effect of
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biofertilizers shows a slight increase over the non-biofertilized with no
significant differences between Cerealin and Cerealin + Microbin or between
Microbin and the non-biofertilized.

Grain protein content and grain protein yield

It can be seen from results presented in Table 3 that the protein
content of barley grains significantly increased owing to application of gamma
irradiation, N fertilization and biofertilizers inoculation. Siam, et al. (2013)
pointed out that protein content in wheat grain increased with high rates of
mineral N fertilizer up to 238 kg N ha™'. Rahimi and Abdallah (2011) stated
that gamma irradiation increased protein content of wheat grain and that 25
and 50Gy gamma irradiation produced the highest grain protein content.
Namvar and Khandan (2013) reported that inoculation with Azotobacter sp.
and Azospirillium sp. increased wheat grains protein content by 10%. The
current results are in agreement with those reported by Abedi et al. (2010)
and Rana et al. (2012). The main effect of irradiation shows increases and
that the 20Gy dose was superior to the 40Gy dose. As for N fertilization, the
main effect shows increases and that there were significant differences
among the N rates; application of N238 was not different from the N298
treatment in majority of protein content. A descending order characterized the
effects of biofertilization on protein content and is as follows: (Cerealin +
Microbin) > Cerealin = Microbin > non-biofertilized.

The highest increase in protein content (71%) was recorded in the
plants treated with N298 + (Cerealin + Microbin) + 20Gy. The second highest
(66%) was in plants of N238 + Cerealin + 20Gy.

Regarding the grain protein yield, results followed a trend rather similar to
that of protein content.

The increase in protein yield could be attributed to the integrated effect of
nitrogen plus bio effect of microorganisms such as N, fixing bacteria and P-
dissolving bacteria increasing available nutrients for plant growth and
accordingly maximizing the biological yield and grain quality of barley (Ewees
and abdel Hafeez, 2010). Also, exudation of plant growth regulators such as
auxins, gibberellin and cytokinin by Azotobacter sp. and Azospirillium sp.
bacteria (Vessy, 2003) contribute to such positive effect. The maximum protein
yield of (1117 kg ha‘1) was achieved due to N238 + Cerealin + Microbin with
40Gy gamma irradiation.

Results given in Table 4 reflected significant increases in the N
concentration and uptake as affected by application of the treatments for
straw and grain. The highest N content in straw and grain (11.85 and 24.9 g
kg'1, respectively) were produced by plants supplied by N298 + (Cerealin +
Microbin) in combination with 20Gr gamma irradiation.
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Table 3: Harvest index (%), grain protein content (g kg”) and grain

protein yield (kg ha”) of
irradiation, biofertilizers and N rates

barley as affected by gamma

Gamma irradiation dose, Gy (G)

N-Rate
(N) Biofertilizer 0 20 40 Mean 0 20 40 Mean 0 20 40 Mean
k9_1N (B) Harvest index Grain protein content Grain protein yield
ha (%) (g kg") (kg ha™)
Without 250 472 455 392 85 98 92 91 27 265 219 170
NO Cerealin 409 455 440 435 97 106 99 101 70 337 346 251
Microbin 39.1 440 408 413 102 110 105 106 74 386 334 265
Cer.+ Mic. 27.8 447 46.7 39.7 104 114 107 108 42 310 358 237
Mean 33.2 454 442 409d 97 107 100 101c 53 325 314 231¢c
Without 439 404 476 440 92 102 95 96 265 310 760 445
N179 Cerealin 489 412 465 455 102 105 99 102 359 436 856 550
Microbin 40.3 492 46.6 453 104 113 108 108 417 524 951 631
Cer.+ Mic. 489 602 450 514 110 115 111 112 404 813 918 712
Mean 455 477 46.4 46.5b 102 109 103 105b 361 521 871 584 b
Without 429 550 40.0 46.0 104 107 105 105 399 374 471 415
N238 Cerealin 471 67.7 476 541 110 141 124 125 527 946 994 822
Microbin 448 533 499 493 121 130 122 124 500 790 939 743
Cer.+ Mic. 38.6 56.1 488 479 115 138 120 125 406 1038 1117 854
Mean 433 58.0 46.6 49.3a 112 129 118 120a 458 787 880 708 a
Without 39.6 479 475 450 100 105 103 103 306 537 626 490
N298 Cerealin 356 43.3 514 434 113 132 126 124 378 825 1049 751
Microbin 344 403 516 421 114 136 115 122 381 675 942 666
Cer.+Mic. 493 46.2 435 463 110 145 120 125 646 994 768 803
Mean 39.7 444 485 442c 109 130 116 118 a 428 758 846 677 a
Grand mean (G) 40.4b48.9a46.5a 105¢c119a109b 325c598 b728 a
G: N G ** N: G > N: *
F - test : ** GxN: * B ** GxN: * B: * GxN: **
GxB: ** BxN: * GxB:  ** BxN: * GxB: ** BxN: **
GxNxB: ** GxNxB: ** GxNxB: **
Harvest index % = (grain yield / grains + straw yield) x 100
Means of biofertilizer
Whitout 436 b 99c 380 ¢
Cerealin 46.6 a 113 b 594 b
Microbin 445b 115b 576 b
Cerealin+Microbin 46.3 a 118 a 651 a
Grand mean 45.3 111 550
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Nitrogen content and uptake

This indicates that the addition of mineral N at high rate in presence of
Cerealin and Microbin has more availability and solubility for plant and
increases the ability of plant roots to uptake more elements in plant tissues by
increasing the levels of nutrients in rooting zone (Hassan et al., 2009).

The main effects of gamma irradiation, N-fertilization and biofertilization
show the following: 40Gy > 20Gy; N238 = N298 > N179 > NO and (Cerealin +
Microbin) > Cerealin =2 Microbin >without.

Highest N uptake by straw (110 kg ha'1) was obtained under applied
treatment N179 + Cerealin with 40Gy gamma ray which caused an increase
of 244%, while the highest N uptake by grain (191 kg ha™') was recorded in
the plants treated with N238 + (Cerealin + Microbin) with 40 Gy gamma ray
representing an increase of 208%.

Efficiency of applied N

Efficiency of the applied nitrogen for the different bio and irradiation

treatments were calculated and the results are shown in Table 5.

Table 5: Nitrogen harvest index, NHI (kg kg”) as affected by gamma
irradiation, biofertilizers and N rates

Nk??\lti;w Biofertilizer (B) - Gamma |rrgg|at|on dos:(,) Gy (G) —
Without 0.41 0.66 0.69 0.59
NO Cerealin 0.60 0.64 0.65 0.63
Microbin 0.58 0.62 0.62 0.60
Cer.+ Mic. 0.43 0.65 0.66 0.58
Mean 0.51 0.64 0.65 0.60c
Without 0.60 0.61 0.61 0.60
N179 Cc_ereali_n 0.62 0.60 0.57 0.60
Microbin 0.56 0.68 0.63 0.62
Cer.+ Mic. 0.67 0.78 0.64 0.69
Mean 0.61 0.67 0.61 0.63b
Without 0.60 0.70 0.59 0.63
N238 C(_ereali_n 0.64 0.82 0.67 0.71
Microbin 0.65 0.72 0.70 0.69
Cer.+ Mic. 0.55 0.75 0.67 0.66
Mean 0.61 0.75 0.66 0.67 a
Without 0.58 0.65 0.68 0.63
N298 C«_areali_n 0.54 0.62 0.73 0.63
Microbin 0.54 0.64 0.72 0.63
Cer.+ Mic. 0.63 0.64 0.63 0.63
Mean 0.57 0.64 0.69 0.63 b
Grand mean (G) 0.57b 0.67 a 0.65a
G: ** N: >
B: ** GxN: **
F - test GxB.: * BxN: o
GxNxB: **
Means of biofertilizer
Whitout 0.61b
Cerealin 0.64 a
Microbin 0.64 a
Cerealin+Microbin 0.64 a
Grand mean 0.63
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Nitrogen harvest index, (NHI)

NHI which is the N uptake in grains in relation to the N-uptake in grains
+ straw followed a trend of increase up to N238 followed by a decrease at
N298. The main effects of gamma irradiation, N rates and biofertilizer
treatments showed a descending increase in the order: 20Gy = 40Gy; N238 =
N298 = N179 > NO; Cerealin = Cerealin + Microbin = Microbin = without.
Alves et al.,, (2003) found no significant effect of N applications or bio
inoculation on NHI values for soybeans. The lowest value of NHI (0.41 kg kg
1) was recorded for the untreated plants. Low NHI indicates low N
translocation from shoots to grains and this might be because of the high N
requirements of barley plants inoculated with Cerealin that received 238 kg N
ha” and irradiated with 20Gr gamma ray recorded the highest NHI value
(0.82 kg kg’1) indicating 36.7% increase compared with the same treatment
which received N179 and this indicates high translocation of N from shoots to
grains.

Response curve

Fig. 1 presents the response of barley grain yield to nitrogen fertilization
under three levels of gamma irradiation (A) and Biofertilization (B). As seen in
the Fig.1 (A), the grain yield increased with increasing N rate up to 238 kg N ha™
with OGy irradiation and 20Gy gamma ray irradiated and then decreased
gradually. Under 40Gy irradiation, it increased with increasing N rate up to 179
kg N ha' then decreased the rate of increase with 40Gy gamma ray in
combination with nitrogen rates was higher than the other irradiation of 20Gy
gamma ray.

The biofertilization increased grain yield when N was increased up to
N238 and then decreased. The rate of increase in grain yield for the Cerealin +
Microbin with N rates application was higher than the other bio treatments.
Phosphorus uptake

Phosphorus content and uptake by barley straw and grain increased
significantly as a result of N application, biofertilization and irradiation (Table
6) singly or in combinations. The positive effect of biofertilization is due to
increased availability of P (Metwally, 2000). These findings are in agreement
with those reported by EI-Sebaey (2006) and Ibrahim et al. (2008).

The main effects of gamma irradiation, N application and biofertilization
showed a descending increase for P uptake by grains in the order: 40Gy >
20Gy; N238 = N179 = N298 > NO and Cerealin + Microbin > Microbin =
Cerealin > without.

The highest P contents of 2.35 and 6.87 g kg'1 in straw and grains,
respectively were observed due to N238 + Microbin with 20Gy gamma ray
and N179 + Cerealin irradiated with 40Gy gamma ray, respectively. The
highest P uptake values for straw and grains (15.71 and 59.16 kg ha”,
respectively) were obtained in plants treated with N238 + (Cerealin +
Microbin) with 40Gy gamma ray and N179 + Cerealin with 40Gy gamma ray,
respectively.
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Grainyield (Cerealin) = 2.45+0.027x-4.94x> R?*=0.972
Grain yield (Microbin) = 2.48 +0.031x-7.23x>  R?=0.999
Grain yield (Cer. + Mic.) = 2.16+0.038x-7.92x*  R?=0.999

Fig.1:Response of grain yield (kg ha™) of barley to nitrogen rates as affected by
gamma irradiation doses (a) and biofertilization (b)

Potassium uptake

As shown in Table 7, K content and uptake in straw and grains followed a rather
similar as trend of that for N and increased significantly owing to application of gamma
irradiation, nitrogen application and biofertilization. As for the effect of irradiation with
gamma ray, the mail effect shows 40 Gy > 20Gy gamma ray. The main effect of
biofertilization shows: Microbin + Cerealin > Microbin > Cerealin > without biofertilization.
The Main effect of N shows the order: N238 = N179 = N298 > NO for K content in straw;
N179 > N298 = N238 > NO for K content in grains; N298 > N179 > N238 >NO for K
uptake by straw. The pattern concerning response of K-uptake in grains is N179 > N298
= N238 > NO.

The maximum values of K uptake by straw and grain (62.87 and 35.06 kg ha™,
respectively) were obtained due N238 + (Cerealin + Microbin) with 40Gy gamma ray for
straw and N179 + Microbin irradiated with 40Gy gamma ray, for grains. Increases were
173% and 213%, respectively over the non-treated.
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CONCLUSION

The nitrogen rate of 238 kg N ha” when applied in combination with
biofertilizers for plants irradiated with 20 or 40Gy gamma ray was superior to
the other rates for enhancing barley yield and nutrient uptake. Biofertilization
using N»-fixing bacteria with or without P-dissolving bacteria could reduce
requirements of chemical N-fertilizer with no toxic substances accumulating in
the food chain. Reducing chemical fertilizer play a great role to protect
environment from chemical pollution.
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Table 4: N content (g kg™') and N-uptake (kg ha™) by barley as affected by gamma irradiation, biofertilizers and N

rates
Gamma irradiation dose, Gy (G)
N-Rate (N) Biofertilizer 0 20 40 Mean 0 20 40 Mean 0 20 40 Mean 0 20 40 Mean
kg N ha™ (B) N-content (g kg™) N-uptake (kg ha™) N-content (g kg™) N-uptake (kg ha™)
Straw Grain
Without 7.10 7.70 590 6.90 6.82 23.4 17.0 15.7 14.5 16.8 15.7 15.7 4.64 457 37.7 29.3
NO Cerealin 7.70 8.30 710 7.70  8.01 31.9 31.8 23.9 16.7 18.2 16.9 17.3 12.0 58.2 59.5 43.3
Microbin 8.30 8.90 770 830 9.30 39.9 35.7 28.3 17.5 18.8 18.0 18.1 12.6 66.2 57.6 45.5
Cer.+ Mic. 8.90 8.55 830 858 9.26 28.7 31.9 23.3 17.8 19.5 18.3 18.5 712 53.0 61.5 40.5
Mean 8.00 8.36 725 787c 834 31.0 291 228c 16.6 18.3 172 17.4c 9.10 55.8 54.1 39.6¢c
Without 8.30 7.70 945 848 305 345 83.2 49.4 15.8 17.5 16.3 16.5 455 53.2 130 76.4
N179 Cerealin 10.1 8.30 11.1 9.82 372 491 1101 655 17.5 18.0 17.0 17.5 61.6 74.9 147 94.5
Microbin 9.45 8.90 955 930 559 427 96.5 65.0 17.9 19.4 18.5 18.6 71.6 90.0 163 108
Cer.+ Mic. 9.00 8.60 890 883 346 39.9 90.8 55.1 18.8 19.8 19.0 19.2 69.2 139 158 122
Mean 9.20 8.38 9.75 9.11b 396 416 951 587b 175 18.7 17.7 179b 62.0 89.4 150 100 b
Without 8.90 9.45 830 888 456 27.2 55.8 42.9 17.8 18.3 18.0 18.0 68.4 64.4 80.6 711
N238 Cerealin 9.45 11.3 9.45 10.1 51.4 36.2 83.2 56.9 18.8 241 21.3 21.4 90.2 162 170 141
Microbin 9.00 10.1 890 9.32 46.1 53.3 68.4 55.9 20.7 22.3 21.0 21.3 86.1 136 161 128
Cer.+ Mic. 10.1 9.95 945 9.82 56.6 58.9 92.2 69.2 19.8 23.7 20.6 21.4 69.7 178 191 146
Mean 9.35 10.2 9.03 9.52a 499 439 749 562b 193 221 20.2 205a 786 135 151 122 a
Without 8.30 8.90 770 830 385 4938 51.7 46.7 17.2 18.0 17.6 17.6 52.3 92.2 107 83.8
N298 Cerealin 8.90 10.7 830 9.28 541 87.3 65.1 68.8 19.3 22.7 21.6 21.2 64.8 142 180 129
Microbin 8.55 9.00 830 862 547 66.2 63.7 61.6 19.5 233 19.8 20.9 65.5 116 162 114
Cer.+ Mic. 10.7 11.9 945 10.65 65.1 95.2 78.6 79.6 18.8 24.9 20.6 21.4 111 171 132 138
Mean 9.1 10.1 844 921b 531 74.6 64.8 642a 187 22.2 199 203a 735 130 145 116 a
Grand means 8.917b 9.24a 8.63c 37.7c 47.8b 66.0a 18.0c 20.3a 18.8b 56.0c 103 b 125a
G: N G N > G N G ** N: **
F - test B: ** GxN: > B: **  GxN: * B ** GxN: * B: ** GxN: **
GxB.: NS BxN: **  GxB.: ** BxN: **  GxB.: ** BxN: *  GxB.: > BxN: >
GxNxB: ** GxNxB: ** GxNxB: ** GxNxB:  **
Means of biofertilizer
Whitout 8.15d 38.7¢c 1.70c 65.2¢c
Cerealin 9.20b 53.8 ab 193 a 102 b
Microbin 8.85¢ 52.7b 1.97b 98.9b
Cerealin+Microbin 9.45a 56.8 a 2.01a 114 a

Grand mean 8.91 50.5 1.90 95.0
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Table 6. P-content (g kg™') and P-uptake (kg ha™”) by barley as affected by gamma irradiation, biofertilizers and

N rates
Gamma irradiation dose, Gy (G)
N-Rate (N) Biofertilizer 0 20 40 Mean 0 20 40 Mean 0 20 40 Mean 0 20 40 Mean
kg N ha™ (B) P-content (g kg™) P-uptake (kg ha™) P-content (g kg™) P-uptake (kg ha™)
Straw Grain
Without 0.06 0.46 022 025 0.07 1.41 0.62 0.70 4.15 4.43 4.36 4.32 1.33 121 10.6 7.99
NO Cerealin 0.11 0.86 056 051 0.12 3.31 249 197 4.32 4.68 5.39 4.79 3.11 15.0 18.9 12.3
Microbin 0.26 0.98 064 063 0.29 437 295 254 4.43 5.90 6.66 5.66 3.19 208 214 15.1
Cer.+ Mic. 0.16 0.88 0.61 0.55 0.16 294 236 1.82 4.49 6.00 6.75 5.74 1.80 16.3 228 13.6
Mean 0.15 0.79 0.51 048d 0.16 3.01 210 1.76d 4.35 5.25 5.79 513b  2.36 16.0 184 123a
Without 0.07 0.875 079 058 0.27 3.92 691 370 4.25 4.43 5.30 4.66 12.2 135 425 227
N179 Cerealin 0.14 1.329 1.16 0.88 0.50 789 116 6.65 5.30 5.90 6.86 6.02 18.7 246 592 34.1
Microbin 0.22 1.991 139 120 1.33 9.56 141 8.31 5.59 6.12 6.52 6.08 22.4 28.4 574 36.0
Cer.+ Mic. 0.19 1.865 132 112 071 869 135 7.64 5.65 6.24 5.58 5.82 20.8 439 46.6 37.1
Mean 0.16 1.52 117 095c 0.70 7.52 115 6.58c 5.20 5.67 6.06 5.64 a 18.5 276 514 325a
Without 0.08 1.23 1.09 080 042 355 7.33 377 4.36 5.13 5.02 4.84 16.7 18.1 22.5 19.1
N238 Cerealin 0.11 1.99 158 1.23 0.60 6.37 139 6.94 5.41 5.34 5.26 5.33 26.0 359 419 34.6
Microbin 0.30 2.35 169 145 1.53 125 131 9.04 6.34 6.46 5.59 6.13 26.4 39.3 431 36.2
Cer.+ Mic. 0.20 2.12 1.61 1.31 1.10 12.4 157 9.75 6.20 6.28 5.74 6.07 21.8 472 533 40.8
Mean 0.17 1.92 149 1.20a 091 8.72 125 7.38b 558 5.80 5.40 5.59 a 22,7 35.1 40.2 32.7a
Without 0.07 1.17 1.04 076 0.32 6.50 6.88 4.57 4.49 4.66 4.66 4.60 13.7 239 285 22.0
N298 Cerealin 0.11 1.66 147 1.08 0.66 135 116 8.61 5.30 6.52 5.22 5.68 17.8 40.7 437 34.1
Microbin 0.26 1.85 154 122 1.68 13.6 11.8  9.03 5.95 6.87 5.40 6.07 20.0 34.1 44.2 32.8
Cer.+ Mic. 0.30 1.77 146 118 1.82 14.2 122 940 5.59 6.49 5.58 5.89 33.1 446 359 37.9
Mean 0.19 1.61 1.38 1.06b 1.12 12.0 106 7.90a 5.33 6.13 5.22 5.56 a 211 358 381 31.7a
Grand means 0.17c 146a 1.14b 0.72c 7.78b 9.19 511b 572a 562a 16.2 28.3b 370a
G N G N G N = G N =
F - test B: **  GxN: > B **  GxN: * B ** GxN: * B: **  GxN: >
GxB.: b BxN: **  GxB.: > BxN: **  GxB.: NS BxN: NS GxB.: ** BxN: bl
GxNxB:  ** GxNxB : ** GxNxB:  ** GxNxB:  **
Means of biofertilizer
Whitout 0.60d 3.19¢ 461c 18.0c
Cerealin 0.92¢c 6.03 b 546 b 28.8b
Microbin 1.12a 7.23a 5.99 a 30.1b
Cerealin+Microbin 1.04 b 714 a 5.88 a 319a
Grand mean 0.92 4.53 5.49 27.2
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Table 7: K content (g kg™') and K-uptake (kg ha™) by barley as affected by gamma irradiation, biofertilizers and N

rates
Gamma irradiation dose (Gy)
N-Rate (N) Biofertilizer 0 20 40 Mean 0 20 40 Mean 0 20 40  Mean 0 20 40 Mean
kg N ha™ (B) K-content (g kg™) K-uptake (kg ha™) K-content (g kg™) K-uptake (kg ha™)
Straw Grain
Without 2.73 3.35 414 341 262 102 119 825 117 137 260 1.71 0.37 3.72 6.30 3.46
NO Cerealin 3.63 4.56 476 432 378 175 214 142 195 169 286 217 1.41 5.42 10.1 5.65
Microbin 4.39 3.96 557 464 492 177 259 16.2 286 273 353 3.04 2.06 9.62 11.2 7.63
Cer.+ Mic. 3.89 414 6.00 467 404 139 230 137 215 286 3.69 290 0.86 7.79 124 7.03
Mean 3.66 4.00 512 426b 384 148 206 131 203 216 3.17 246¢c 1.18 6.64 10.0 594 b
Without 3.80 4.22 465 422 140 189 409 246 221 247 299 256 6.37 7.52 24.2 12.7
N179 Cerealin 4.65 4.04 524 464 171 240 520 310 299 286 346 3.11 10.5 11.9 29.9 17.4
Microbin 3.97 4.39 6.08 481 235 211 615 354 247 299 397 3.15 9.90 13.9 35.1 19.6
Cer.+ Mic. 4.04 4.22 590 472 155 197 599 317 260 295 405 3.20 9.58 20.8 33.8 21.4
Mean 4.11 4.22 547 460a 175 209 536 30.7ab 257 282 362 3.00a 9.10 13.5 30.7 17.8 a
Without 2.86 4.39 485 403 147 127 327 200 169 221 260 217 6.50 7.79 11.7 8.67
N238 Cerealin 3.63 5.07 557 476 196 16.2 491 283 195 346 329 290 9.37 23.3 26.4 19.7
Microbin 4.22 3.46 651 473 216 184 506 302 208 286 338 278 8.67 17.4 26.1 17.4
Cer.+ Mic. 4.13 4.65 646 508 231 273 629 378 286 299 346 3.11 10.08 22.5 32.2 21.6
Mean 3.71 4.39 585 465a 198 187 488 291b 215 288 318 274b 8.66 17.8 241 16.8 a
Without 2.34 4.05 422 354 109 226 285 207 156 234 363 251 4.75 12.0 22.2 13.0
N298 Cerealin 4.56 4.39 490 462 277 358 386 @ 34. 195 260 3.13 256 6.56 16.3 26.1 16.3
Microbin 3.29 5.49 574 484 211 403 440 351 204 286 405 299 6.84 14.2 33.2 18.1
Cer.+ Mic. 4.42 5.57 566 522 268 447 471 396 208 313 431 317 1233 21.5 27.6 20.5
Mean 3.65 4.88 513 455a 216 359 39. 324a 191 273 378 281b 7.62 16.0 27. 17.0a
Grand mean 3.79c 437b 539a 15.7c 225b 40.7a 217c 2.65b 3.44a 6.66c 135b 23.0a
G N G N G N G ** N =
F - test B: ** GxN: = B ** GxN: B ** GxN: B > GxN: **
GxB: b BxN: **  GxB: ** BxN: **  GxB: **  BxN: **  GxB: > BxN: bl
GxNxB: ** GxNxB: ** GxNxB: ** GxNxB: >
Means of biofertilizer
Whitout 3.80d 18.4d 2.24d 9.48d
Cerealin 458 c 26.9¢c 2.69c 148 ¢c
Microbin 476 b 29.2b 2.99b 15.7b
Cerealin+Microbin 492 a 30.7 a 3.10 a 176 a
Grand mean 4.52 26.3 2.76 14.4




