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ABSTRACT  
 

Two field experiments were carried out in the farm of SRTA-City during the winter seasons of 
2012/2013 and 2013/2014, to study the response, productivity and quality of two barley varieties 
(Giza 2000 and Giza 123) in calcareous soil (<32.5% CaCO3) to different doses of humic acid, 
mineral nitrogen fertilizer, and mycorrhizal-biofertilization alone or combined treatments. Results 
indicated that, except for 1000 kernel weight (g), cultivar Giza 2000 was significantly surpassed Giza 
123 and gave more numbers of grains/spike (45.56), number of tillers m-2 (206.75), number of spikes 
m-2 (196.73), biological yield (3.44 ton fed-1), grain yield (1.17 ton fed-1) and straw yield (2.27 ton fed-

1).The addition of 65 kg N fed-1 combined with 2 kg humic acid improved the quality, chemical 
composition and yield of barley. Seed inoculation with Mycorrhizae when combined with 50% P2O5 
fed-1 increased grain yield. The recommended treatment was the addition of 65 kg N fed-1 with 2 kg 
humic acid and mycorrhizal inoculation to obtain the best yield of barley.There was a degree of host 
specificity of biofertilization inoculation which was clearly obvious from the better response of 
cultivar Giza 2000 to treatments, suggesting that this cultivar more suitable to be biofertilized and 
cultivated in calcareous soil than the other cultivar and the results reflected the importance for 
selecting the proper cultivar which fit the cultivation and production of barley in such alkaline soils.  
 
Key words:  Barley, Calcareous soil, Humic acids, Mineral fertilizer, Mycorrhizal-inoculation, Yield. 

 
Introduction 

 
Egypt is present in semiarid region of the world which categorized with alkaline soils in wide 

areas. Barley is widely grown in the rain fed areas of the arid and semi-arid Mediterranean regions 
like North-Coastal Egyptian calcareous soil. Barley could be grown in a wide range of environmental 
conditions. It is the fourth most important crop in the world. Its grains are used as food, feed, and 
malting purposes, while straws provide an important source of roughage for feeding animals.  

Nitrogen is known as a very important factor for obtaining optimum yield in most cereals in 
soils with low available levels of nitrogen. Excess of nitrogen associated with an increase in tiller 
formation, leaf area, leaf area index and leaf area duration and this effect leading to greater production 
of dry matter and grain yield (Ryan et al., 2009). Sylvester et al. (1990) reported that plant height of 
wheat as well as leaf area increased significantly with the raising of nitrogen application. Also, 
Anbessa and Juskiw (2012) working on spring barley crop.  

Humic matter is formed through the chemical and biological humification of plant and animal 
parts and during the biological activities of microorganisms (Anonymous, 2010). Humic substances 
are major components of organic matter, often constituting 60 to 70% of the total organic matter 
(Schnitzer and Khan, 1972). The effects of humic substances on plant growth depend on the source 
and concentration, as well as the molecular fraction weight. Low humic molecular size fraction easily 
reaches the plasma lemma of plant cells, leading to a positive effect on plant growth, due to the 
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nutrient uptake, especially nitrate. Its effects on the intermediate metabolites are less understood, but 
it seems that humic substances may influence on both respiration and photosynthesis process (Nardi et 
al., 2002). The stimulatory effects of humic substances have been correlated directly with the 
enhanced uptake of macronutrients such as nitrogen, phosphorus, sulfur and micronutrients such as 
Fe, Zn, Cu and Mn (Nardi et al., 2002). Pettit (2004) noticed that the application of humic and fulvic 
acids to crops usually associated with an enhancement of root initiation and increased root growth. 
Humic acid is an organically charged bio-stimulant that significantly affects plant growth and 
development and increases crop yield. It has been extensively investigated (Nardi et al., 2004). Humic 
acid improves physical, chemical and biological properties of soils (Varanini et al., 1995 and 
Mikkelsen, 2005). The role of humic acid is well known in controlling, soil-borne diseases and 
improving soil health and nutrient uptake by plants, mineral availability, fruit quality, etc 
(Mauromicale et al., 2011). Humic acid based fertilizers increase crop yield (Mohamed et al., 2009), 
stimulate plant enzymes/hormones and improve soil fertility in an ecologically and environmentally 
manner (Mart, 2007). 

 Biofertilizers are playing an important role of plant nutrition through supplying them with 
available phosphorus by releasing organic and inorganic acids due to analysis of organic matter. 
Moreover, they increase N, P and K uptake, as well as the total carbohydrate of wheat plant (Abdel-
Rasoul et al., 2003 and Abd-Alla et al., 2007). Meanwhile, Phosphorein and Mycorrhizal inoculation 
can be used as biofertilizer products in order to enhance the solubility and uptake of phosphorus by 
plants. 

The aim of this work was to study the response of two barley varieties to humic acids, mineral 
and biofertilization (mycorrhizal inoculation) on productivity and quality of barley. Additional target 
of this work is to encourage the small farmers to produce this important crop in the deteriorated 
calcareous soil of North-Coastal Sector in Alexandria with low cost agriculture process. 

Materials and Methods 
 
Two field experiments were conducted during winter 2012/2013 and 2013/2014 seasons at 

the Experimental Farm Station of City of Scientific Research and Technological Applications (SRTA-
City), New Borg El-Arab City, Alexandria Governorate, Egypt. The experiments aimed to study 
the effect of humic acid, mineral nitrogen and biofertilization on two barley cultivars yield and 
quality. The experiment was designated as split-split plot with main plots in RCBD with three 
replicates. Barley cultivars Giza 2000 (V1) and Giza 123 (V2) from Barley Research Department, 
Agricultural Research Centre, were cultivated in the main plots. Both mineral and humic acid 
fertilizers applied occupied the sub-plots, and were as follows: 
1- (M1) 75 kg N/fed.   
2- (M2) 65 kg N/fed + 2 kg humic acid/fed. 
3- (M3) 55 kg N/fed + 3 kg humic acid/fed.  
4- (M4) 45 kg N/fed + 4 kg humic acid/fed.  
The mineral-biofertilization phosphorus occupied the sub-sub plots, and were as follows: 
1- (B1) Non-inoculation + The recommended doses of P fertilizer (100% P2O5). 
2- (B2) Phosphorein + half recommended doses of P fertilizer (50% P2O5).  
3- (B3) Mycorrhizae + half recommended doses of P fertilizer (50% P2O5). 
4- (B4) Phosphorein + Mycorrhizae + half recommended doses of P fertilizer (50% P2O5). 

The size of each plot was (10.5 m2) (1/400 feddan), 3.5 x 3 m long and wide. The 
recommended rate of nitrogen fertilizer was 75 kg N fed-1. Nitrogen fertilizer of ammonium nitrate 
(33.5% N) was applied in three doses, 20% at sowing, 40% before the first irrigation (25 days after 
sowing) and the last 40% applied at the second irrigation (25 days after the first irrigation). 
Superphosphate fertilizer (15.5 % P2O5) was applied before sowing at the rate of 150 kg 
fed-1. Potassium sulphate (48% K2O) was applied during seedbed preparation at the rate of 
50 kg fed-1.  

The three inoculation treatments were carried out, Phosphorein, Mycorrhizae and the mixed 
(Phosphorein and Mycorrhizae) in the sub-sub plots. Inoculation with Phosphorein of Bacillus 
megatherium var. phosphaticum dissolving bacteria was performed by coating barley grains with each 
product individually using a sticking substance at a rate 200 gm (Arabic gum 5%) just before sowing. 
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The bio-fertilizer was obtained by General Organization for Agricultural Equalization Ministry of 
Agriculture and Land-Reclamation, Egypt, (Abou-El-Naga, 1993). A mycorrhizal fungi Glomus 
macrocarpum strain was supplied by the plant production Dept., Faculty of Agriculture (Saba Basha), 
Alexandria University. Spores of mycorrhizae were used as a rate of 250 ml-infected roots and was 
mixed with the grains before planting. The humic acid (HA) was soil applied as K-humate at rates of 
2, 3 and 4 kg fed-1 after 30 days from sowing. 

Soil samples of the experimental sites were taken at the depth of (0-30 cm). Physical and 
chemical analysis of soil samples was done according to Page et al. (1982) and presented in Table (1). 
 
Table 1: Physical and chemical properties of the soil experiment. 
Soil properties 
Mechanical analysis 
Clay  % 20.64 
Silt  % 16.31 
Sand  % 63.05 

Texture Sandy clay loam 

Chemical analysis 

Organic Matter  (OM) % 0.93 
pH (1:2.5 soil suspension) 8.55 
Ec (ds. m-1) 1.08 
Total N (ppm) 220 
Available P (ppm) 5.1 
Exchangeable K (ppm) 420 
Soluble anions, meq. L-1:  
HCO-

3 4.4 
Cl- 0.4 
Soluble Cations, meq. L-1:  
Ca++ 3 
Mg++ 0.1 
Na+ 11 
K+ 1.3 
CaCO3 32.5 

 
Barley grains were sown in November 24th in both seasons, while, seeding rate was 50 kg 

grains fed-1, first irrigation was applied at 25 days after sowing and then plants were irrigated every 25 
days till the dough stage. 

 
Data recorded:  
 

At harvest, one square meter was taken randomly from each sub-sub plot to determine: 
1- Plant height (cm). 
2- Spike length (cm). 
3- Weight of grains/spike (g). 
4- Spike weight (g).  
5- Number of grains / spike.  
6- 1000 grain weight (g).  
7- Number of tillers m-2. 
8- Number of spikes m-2.  
9- Biological yield (ton fed-1).  
10-  Grain yield (ton fed-1).  
11-  Straw yield (ton fed-1).  
12-  Harvest index %.  
13-  Total nitrogen percentage in grains.  
14-  Total phosphorus percentage in grains.  
15-  Total potassium percentage in grains. 
16-  Grain protein percentage. 
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Staining of mycorrhizae infected roots: 
 

Roots were washed with tap water several times, after careful rinsing with tap water, the roots 
were cleared in a 10% KOH solution for 40-60 min at 90◦C in a water bath. The roots were washed, 
and bleached in alkaline H2O2, placed in a 4% HCl solution for 3 min, and stained with a glycerol-
trypan blue solution (Kormanik et al., 1980). Using 100 root segments that were cut into 1 cm long 
pieces, the levels of AM colonization were quantified according to the method of Giovannetti and 
Mosse (1980). 

 
Estimation of root colonization: 
 

Stained roots from previous step were cut into 1-cm pieces, and then one hundred root 
segments were randomly picked and mounted on glass slides in lactophenol and examined with 
compound microscope (Nikon-Optiphot-2). The colonization was calculated using the following 
formula: % Colonization = number of root segments colonized-number of root segments not 
colonized x 1/100.  

 
Statistical analysis: 
 

A combined analysis was conducted as a Barttete test for homogeneity of variance revealed 
that the variance of the studied characters of the two seasons were homogenous, the data of the two 
seasons were compared with the least significant difference test according to Snedecor and Chochran 
(1990). 

Results and Discussions 

Effect of barley cultivars: 
 

Data in Tables (2 and 3), indicated that Giza 2000 cultivar surpassed Giza123 cultivar in 
number of grains/spike, number of tillers m-2, number of spike m-2, biological yield (ton fed-1), grain 
yield (ton fed-1) and straw yield (ton fed-1). Whereas Giza123 surpassed significantly Giza 2000 in 
1000 grains weight (g). However, parameters of plant height (cm), spike length (cm), weight of 
grain/spike, spike weight (g) and harvest index % of both cultivars were not significantly affected. 

The results revealed that Giza 2000 cultivar recorded the greatest number of grains/spike 
(45.56), number of tillers m-2 (206.75), number of spike m-2 (196.73), biological yield (3.44 ton fed-1), 
grain yield (1.17 ton fed-1) and straw yield (2.27 ton fed-1. It could be concluded that variation 
differences between barley varieties may be due to genetic differences. These results are in agreement 
with those obtained by Noaman et al. (1997); Assad et al. (1998); Afiah and Moselhey (2001) and 
Dwyer et al. (2001). 

 
Effect of different combinations of mineral nitrogen fertilizers and humic acid: 
 

Data presented in Tables (2 and 3) showed the effect of different combinations of mineral 
nitrogen fertilizers and humic acid on yield and its component of barley. Data indicated that the 
treatments of 75 kg N fed-1 (M1) and 65 kg N fed-1 + 2 kg humic acid (M2) increased plant height 
(cm), weight of grain/spike (g), spike weight(g), numbers of grains/spike, number of tillers m-2, 
number of spikes m-2, biological yield (ton fed-1), grain yield (ton fed-1) and straw yield (ton fed-1) as 
compared to the other treatments. There were no significant differences observed between M1 and M2 
on plant height (cm), weight of grain/spike (g), spike weight (g), numbers of grains/spike, number of 
tillers m-2, number of spikes m-2 and harvest index %. However, the highest grain yield (1.46 ton fed-1) 
was obtained by adding the recommended rate of nitrogen fertilizer (M1). While the highest 1000 
grains weight was obtained with adding 55 kg N/fed +3 kg humic acid/fed. (M3). A distinct effect of 
humic acid was observed among plants. Many researchers noted the enhancing effect of humic acid 
on growth, yield, and nutrient uptake by many crops (David, 1991; Neri et al., 2002 and El-Desuki, 
2004). Indirect effects are mainly exerted through properties such as: enrichment in soil nutrients, 
increase of microbial population, higher cation exchange capacity (CEC), and improvement of soil 
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structure; whereas direct effects are various biochemical actions exerted at the cell wall, membrane or 
cytoplasm and mainly of hormonal nature (Varanini and Pinton, 2001 and Chen et al., 2004). 

 
Table 2: Effect of mineral fertilizer, humic acid and P-biofertilizer on yield components of barley (Combined 

analysis of the two seasons). 

Treatment                    
 

Plant height 
(cm) 

 

Spike 
length (cm) 

 

Weight of 
grains 
/Spike 

(g) 

Spike 
weight 

(g) 

No. of 
grains 
/spike 

1000 grain 
weight (g) 

V) Barley cultivars 
Giza 2000 81.09 5.88 1.91 3.50 45.56 43.14 
Giza 123 81.24 6.00 1.81 3.46 40.42 45.56 
LSD at 0.05 n.s n.s n.s n.s 4.69 1.78 

M) Mineral + Humic acid 

75 kg N/fed 84.45 6.12 1.93 3.63 44.37 43.03 
65 kg N/fed + 2 kg HA 83.44 5.88 1.87 3.63 44.24 43.86 
55 kg N/fed + 3 kg HA 79.85 6.01 1.92 3.41 42.80 45.47 
45 kg N/fed + 4 kg HA 76.92 5.76 1.71 3.28 40.55 45.17 
LSD at 0.05 2.72 0.24 0.11 0.17 1.99 1.72 

B) P + biofertilizer 
100% P + Uninoculation 76.94 6.08 2.18 3.66 47.50 47.16 
50%   P + Phosphorein 81.98 5.80 1.71 3.50 41.42 43.23 
50%   P + Mycorrhizae 82.95 5.92 1.76 3.46 41.73 43.43 
 50%  P + Phosphorein + Mycorrhizae 82.79 5.97 1.78 3.32 41.32 43.56 
LSD at 0.05 2.53 n.s 0.08 0.21 2.48 1.60 

Interaction 

V*M *** n.s ** n.s ** n.s 
V*B n.s n.s *** n.s n.s * 
M*B *** n.s *** n.s ** * 
V*M*B *** n.s *** n.s ** *** 
    n.s: Not significant.                       * Significant at 0.05       ** Significant at 0.01                    ***: Significant at 0.001 

 
Table 3: Effect of mineral fertilizer, humic acid and P-biofertilizer on yield components of barley (Combined 

analysis of the two seasons). 

Treatment  
 

No. of 
2tillers/m 

No. of 
2spikes/m 

Biological 
yield 

(ton/fed) 

Grain 
yield 

(ton/fed) 

Straw 
yield 

(ton/fed) 

Harvest     
index (%) 

 

V) Barley cultivars 
Giza 2000 206.75 196.73 3.44 1.17 2.27 34.37 
Giza 123 168.96 163.79 3.04 1.05 1.99 34.05 
LSD at 0.05 24.65 29.95 0.19 0.02  0.18 n.s 

M) Mineral + Humic acid 

75 kg N/fed 193.67 186.83 4.24 1.46 2.78 34.51 
65 kg N/fed + 2 kg HA 201.16 191.21 3.93 1.36 2.57 34.75 
55 kg N/fed + 3 kg HA 190.29 183.83 2.55 0.86 1.69 33.95 
45 kg N/fed + 4 kg HA 166.29 159.17 2.25 0.76 1.49 33.65 
LSD at 0.05 12.97 14.74 0.05 0.03 0.04 0.51 

B) P + biofertilizer 
100% P + Uninoculation 199.42 188.16 3.40 1.16 2.24 34.04 
50%   P + Phosphorein 178.58 171.08 3.08 1.06 2.02 34.10 
50%   P + Mycorrhizae 191.45 185.71 3.52 1.21 2.31 34.41 

 50%  P + Phosphorein + Mycorrhizae 181.96 176.08 2.97 1.02 1.95 34.29 

LSD at 0.05 12.21 n.s 0.06 0.02 0.06 n.s 

Interaction 

V*M n.s n.s *** *** *** * 
V*B ** * *** *** *** ** 
M*B *** * *** *** *** n.s 
V*M*B  *** *** *** *** *** *** 
        n.s: Not significant.                      * :  Significant at 0.05          **:  Significant at 0.01               ***:  Significant at 0.001 

 
The hormone like activities of humic acid is well documented in various papers, in particular auxin, 
cytokinin and gibberellins. Our results are in accordance with Afifi et al. (2013); Asghar et al. (2010) 
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and Wali et al. (2015), they concluded that grain yield of maize and cereal crops increased with 
application of NPK fertilizer. 
 
Effect of different combinations of mineral phosphatic fertilizers and biofertilization on barley: 
 

Generally, results showed that all characters under this study were significantly affected by 
different combinations of mineral phosphatic fertilizers and mycorrhizal biofertilizer inoculation of 
barley grain except for spike length, number of spikes m-2 and harvest index % were insignificant.  

Results given in Tables (2 and 3) showed the effect of fungi inoculation on plant height (cm), 
number of tillers m-2, biological yield (ton fed-1), grain yield (ton fed-1) and straw yield (ton fed-1) of 
barley plants. The highest grain yield was obtained by using B3 treatment (Mycorrhizae + half 
recommended doses of P fertilizer). Also, the obtained results revealed that there were significant 
effects of inoculation compared to 100% kg P2O5 fed-1 + uninoculated plants might be attributed to 
better development of inoculated plants. 

The positive effects of bio-fertilizers and inoculation i.e., improving photosynthetic activities 
by increasing water and nutrients uptake and this resulted in more assimilation and improving of plant 
growth, as a result, grain yield, showed an increase as compared with non-inoculation treatment, such 
as leaves number, spike length and plant height that finally caused an increase of assimilates 
production. Bio-fertilizer treatment provided more suitable condition to bio activities of soil as 
compared with chemical treatment and they resulted in increasing number of tillers m-2, number of 
spikes m-2 and spike weight uptake of nutrients by root (Idris, 2003). It could be observed that 
biofertilization which plays an important role in the assimilation of wheat plants that reflected on 
enhancing this characteristic. This could be attributed to the plant phytohormones like, IAA, GAs and 
CKs which promote plant growth, cell division, breaking the special dominances, hence, encouraging 
the photosynthesis and accumulation of assimilation products (El-Khawas, 1990). Similar results were 
obtained by Abd-Alla (2002); Basha (2004); Tawfik and Gomaa (2005) and Badr et al. (2015). 

Data in Figures (1 and 2) showed that Giza 2000 (V1) cultivar significantly surpassed Giza 
123 (V2) for nitrogen (%) and protein percentage. The effect of cultivars on phosphorus (%) and 
potassium (%) in barley grains did not reach to the significance level. The differences between the 
two studied cultivars may be due to their genetic differences (Pecio et al., 2005 and Zeidan, 2007). 

 

 
Fig. 1: The effect of barley cultivars, humic acid, mineral and biofertilization on the             

percentage of nitrogen, phosphorus and potassium in barley grains. 
 
V1 Giza 2000 V2 Giza 123  M1 75 kg N/fed M2 65 kg N/fed + 2 kg HA 
M3 55 kg N/fed +3 kg HA M4 45 kg N/fed + 4 kg HA  B1 100% P + Uninoculation  B2 50% P + Phosphorein 
B3 50% P + Mycorrhizae B4 50% P + Phosphorein + Mycorrhizae  
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Fig. 2: The effect of barley cultivars, humic acid, mineral and biofertilization on the             

percentage of the crude protein in barley grains.  
 
V1 Giza 2000 V2 Giza 123  M1 75 kg N/fed M2 65 kg N/fed + 2 kg HA 
M3 55 kg N/fed +3 kg HA M4 45 kg N/fed + 4 kg HA  B1 100% P + Uninoculation  B2 50% P + Phosphorein 
B3 50% P + Mycorrhizae B4 50% P + Phosphorein + Mycorrhizae  

 
The obtained results in Figures (1 and 2) revealed that the percentage of nitrogen, phosphorus 

and crude protein in grains were significantly affected by adding mineral fertilizer instead of humic 
acid, while for the percentage of potassium, the differences between treatments did not reach the 
significant level. The highest values of crude protein (%) and all chemical composition characters 
were obtained by M2 (65 kg N/fed + 2 kg humic acid/fed.) than the other treatments. Also, in the 
same figures the obtained results revealed that the percentage of nitrogen, phosphorus, potassium and 
crude protein in grains were significantly affected by using B3 and B4 treatments (Mycorrhizae + half 
recommended doses of P fertilizer) and (Phosphorein + Mycorrhizae + half recommended doses of P 
fertilizer (50% P2O5) in both two seasons. Also, Data in Figs. (1 and 2) indicated that the percentage 
of nitrogen, phosphorus, potassium and crude protein in grains were increased by inoculation of 
barley grain with Mycorrhizae + 50% kg P2O5 fed-1 and Mycorrhizae + phosphorein + 50% P2O5 kg 
fed-1 when compared with 100% kg P2O5 fed-1 + uninoculated (control). This may be due to the role of 
phosphorus dissolving fungi which may contributed to increase the endogenous phytohormones (IAA, 
GAs and CKs) that play an important role in the formation a big active root system, increasing the 
nutrient uptake and photosynthesis rate and role in formation of active root system, increasing the 
nutrient uptake and photosynthesis rate and transaction, as well as, accumulation within different plant 
parts (El-Khawas, 1990). Similar results were obtained by Salib (2002); Abdel-Alla et al. (2007); 
Ryan et al. (2009) and Radwan et al. (2014). 

 
The effect of interaction among barley cultivars, humic acid, mineral and biofertilization: 
 

The effect of the interaction between barley cultivars X mineral and humic acid fertilizers on 
all yield and its components were significant except for spike length (cm), spike weight (g), 1000 
grain weight (g), number of tillers m-2 and number of spikes m-2 (Tables 2 and 3). Application of 65 
kg N fed-1 plus 2 kg fed-1 humic acid to Giza 2000 cultivar gave the highest values of plant height 
(cm), weight of grains/spike (gm), number of grains /spike, biological yield (ton fed-1), grain yield 
(ton fed-1), straw yield (ton fed-1) and harvest index (%). 

From the same Tables (2 and 3) the effect of interaction between barley cultivars and P-
biofertilization was significant for all yield and its components except for Plant height (cm), spike 
length (cm), spike weight (g) and number of grains/spike. The highest values of all yield and its 
components were recorded by Giza 2000 cultivar with inoculation Mycorrhizae + 50% P2O5 fed-1 in 
both seasons. 
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On the other hand, the results showed that the effect of interaction between mineral and 
humic acid fertilizers and P-biofertilization significantly improved the yield and its components 
except for spike length (cm) spike weight (g) and harvest index (%). The highest values of total yield 
and its components were recorded at 65kg N fed-1 with Mycorrhizae + 50% kg P2O5 fed-1. 

The interaction among barley cultivars X mineral fertilizers + humic acid X P-biofertilizer 
was significant for plant height (cm), weight of grains /spike (g), number of grains / spike, 1000 grain 
weight (g), number of tillers m-2, number of spikes m-2, biological yield (ton fed-1), grain yield (ton 
fed-1), straw yield (ton fed-1), harvest index % (Table 4). Giza 2000 (V1) under full recommended 
dose of N (M1) without inoculation and with 50% kg P2O5 fed-1 + Mycorrhizae gave the highest grain 
yield and grain quality characters in both two seasons. These results are in agreement with those 
obtained by Radwan et al. (2014). 
 
Table 4: The interaction among barley varieties, mineral fertilizer, humic acid and P-biofertilizer on yield 

components of barley (Combined analysis of the two seasons). 

Treatment 

Plant 

height 

(cm) 

Weight 

of 

grains/ 

spike (g) 

No. of 

grains/ 

spike 

1000 

grain 

Weight 

(g) 

No. of 

tillers/m2 

No. of 

spikes/m2 

Biological 

yield 

(ton/fed) 

Grain 

yield 

(ton/fed) 

Straw 

yield 

(ton/fed) 

Harvest 

index 

(%) 

V1 

M1 

B1 76.00 2.46 51.60 47.70 231.00 225.67 5.38 1.81 3.57 33.58 

B2 84.53 2.32 54.17 42.90 209.66 186.67 3.74 1.34 2.40 35.94 

B3 92.00 1.66 45.90 36.16 210.66 201.67 5.10 1.70 3.40 33.37 

B4 83.67 2.16 46.23 44.47 221.66 213.67 4.20 1.36 2.84 32.51 

M2 

B1 74.90 2.24 48.60 46.20 247.33 206.67 4.36 1.47 2.89 33.68 

B2 88.40 1.63 46.13 36.27 219.00 209.33 3.95 1.39 2.56 35.14 

B3 74.90 1.45 42.00 40.67 193.00 187.67 4.55 1.55 3.00 34.08 

B4 86.50 2.15 46.20 46.57 216.67 211.67 3.42 1.26 2.16 36.91 

M3 

B1 73.20 2.58 58.40 44.27 242.67 235.00 2.53 0.89 1.64 35.20 

B2 79.20 1.67 37.57 44.47 165.00 161.00 2.77 0.96 1.81 34.61 

B3 79.00 1.89 42.50 44.50 259.00 250.33 3.49 1.17 2.32 33.56 

B4 85.60 1.53 37.67 40.77 163.33 157.33 2.56 0.83 1.73 32.58 

M4 

B1 84.10 1.64 39.30 46.90 148.33 134.67 2.36 0.77 1.59 32.71 

B2 79.70 1.65 44.60 44.27 168.67 166.33 2.31 0.76 1.55 33.03 

B3 79.60 1.77 46.83 41.50 232.00 223.33 2.32 0.79 1.53 33.96 

B4 76.60 1.76 41.40 42.60 180.00 173.67 2.12 0.72 1.40 33.91 

V2 

M1 

B1 74.50 2.19 44.47 49.36 164.33 159.67 4.10 1.42 2.68 34.64 

B2 90.53 1.39 37.40 37.27 174.00 170.67 3.64 1.24 2.40 34.12 

B3 87.47 1.70 35.80 47.50 196.33 193.33 4.04 1.48 2.56 36.61 

B4 86.93 1.57 39.40 38.90 141.67 140.33 3.73 1.32 2.41 35.35 

M2 

B1 84.67 2.28 48.67 48.40 201.67 197.33 3.83 1.39 2.44 36.22 

B2 83.20 1.64 40.10 46.13 167.67 161.00 3.65 1.23 2.42 33.80 

B3 94.60 2.05 42.37 45.30 144.67 142.00 4.20 1.45 2.75 34.43 

B4 80.80 1.56 39.90 41.37 219.33 214.00 3.47 1.17 2.30 33.69 

M3 

B1 72.60 2.22 45.97 48.47 155.67 149.00 2.40 0.78 1.62 32.64 

B2 86.70 1.72 36.00 47.67 183.33 176.00 2.32 0.77 1.55 33.28 

B3 78.90 1.71 39.33 43.40 165.00 160.33 2.24 0.79 1.45 35.23 

B4 83.60 2.10 45.00 46.60 188.33 181.67 2.20 0.76 1.44 34.49 

M4 

B1 75.60 1.85 43.00 46.00 204.33 197.33 2.23 0.75 1.48 33.65 

B2 63.57 1.65 35.37 46.83 141.33 134.67 2.26 0.74 1.52 32.90 

B3 77.60 1.89 39.13 48.40 131.00 127.00 2.25 0.77 1.48 34.10 

B4 78.60 1.44 34.80 47.33 124.67 116.33 2.11 0.74 1.37 34.92 

LSD at 0.05 7.16 0.23 7.03 4.54 34.56 40.31 0.16 0.05 0.15 1.72 
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Mycorrhizae infection in roots: 
 

Results in Fig. (3) showed the spore of mycorrhizae which succeeded to infect barley roots in 
the soil experiment. 

 
The results in Table (5) explain the percentage of root colonization with the examined two 

cultivars Giza 2000 (V1) and Giza 123 (V2). Generally, the soil of the experiment contained native 
mycorrhizae which represented by 47 and 60% of root colonization with the Giza 2000 (V1) and Giza 
123 (V2) cultivars in the first year, respectively. However, treatments M2B3, M3B1 and M3B3 could 
increase the percentage of root colonization over the control by 55.3, 42.5, 48.9 and 76.5% with 
cultivar Giza 2000, respectively. While M1B4, M2B1 and M4B4 were the best treatments for 
increasing the root colonization with cultivar Giza 123 in the same period of time, as it raised the root 
colonization than control by about 33.3, 45 and 45% respectively. In the second year, the native 
mycorrhizae was active only with cultivar Giza 2000 while it was not true for cultivar Giza 123 due to 
the reduction in root colonization by native spores with cultivar Giza 123, all the treatments could 
improve the root colonization except for M2B1 and M2B2.  

Interestingly, there is a degree of compatibility between mycorrhizae inoculums with barley 
cultivars as the majority of treatments could establish mycorrhizal symbiosis with cultivar Giza 123 in 
the second year but not with cultivar Giza 2000, and this may be due to root exudates of Giza 123 
cultivar which encourage the survival of spores for long time and help the spore to viable and resistant 
to salt and high temperature particularly in the summer. Hetrick et al. (1984) and Mohammad et al. 
(2003) noted the reduction of mycorrhizal inoculation due to salt and high temperature. 

Some treatments with mycorrhizal inoculation increased the root infection compared to the 
control as previously noticed by Islam et al. (1980) who reported the raising of root infection with 
cowpea inoculated with mycorrhizae. Mycorrhiza fungi may improve nutrient uptake by improving 
the exploration of the soil pore space (Sylvia et al., 1993). 

 
 

 

  

Fig. 3: A: Multiple inoculated and B: Single mycorrhizae spore infection of un-inoculated barley in 
Egyptian calcareous soil. 
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Table 5: Percentages of barley infected roots with mycorrhizal inoculation in calcareous soil for two seasons. 

Treatment 

The First season  The Second season 
Infection (%) 

Giza 2000 
(V1) 

Giza 123 
(V2) 

Giza 
2000 
(V1) 

Giza 123 
(V2) 

M1B1 75 kg N/fed + 100% P + Uninoculation 47 60 17 53 
M1B2 75 kg N/fed + 50% P + Phosphorein 23 43 40 60 
M1B3 75 kg N/fed + 50% P + Mycorrhizae  30 20 10 50 
M1B4 75 kg N/fed + 50% P + Phosphorein + Mycorrhizae 0 80 47 67 
M2B1 65 kg N/fed + 2 kg HA + 100% P + Uninoculation 33 87 50 23 
M2B2 65 kg N/fed + 2 kg HA +  50% P + Phosphorein 27 47 73 27 
M2B3 65 kg N/fed + 2 kg HA +  50% P + Mycorrhizae  73 43 67 60 
M2B4 65 kg N/fed + 2 kg HA +  50%P + Phosphorein + Mycorrhizae 53 30 30 63 
M3B1 55 kg N/fed + 3 kg HA + 100% P + Uninoculation 67 37 50 23 
M3B2 55 kg N/fed + 3 kg HA +  50% P + Phosphorein 83 37 20 37 
M3B3 55 kg N/fed + 3 kg HA +  50% P + Mycorrhizae  70 47 29 60 
M3B4 55 kg N/fed + 3 kg HA + 50%P + Phosphorein + Mycorrhizae 53 23 33 50 
M4B1 45 kg N/fed + 4 kg HA + 100% P + Uninoculation 37 43 27 40 
M4B2 45 kg N/fed + 4 kg HA +  50% P + Phosphorein 37 17 40 73 
M4B3 45 kg N/fed + 4 kg HA +  50% P + Mycorrhizae  40 20 50 67 
M4B4 45 kg N/fed + 4 kg HA + 50%P + Phosphorein + Mycorrhizae 57 87 43 47 

 
Conclusion 
 

It seems that barley Giza 2000 Cultivar is more suitable to grow in calcareous soil 
(32.5% CaCO3) than Giza 123. The addition of mineral and humic acid at rate of 65 kg N fed-

1 with 2 kg humic acid gave the significant effect in the most studied parameters as barley 
yield, but chemical composition gave the highest values with 75 Kg N fed-1. The presence of 
native mycorrhizae spores in the soil restrict the response of cultivars to mycorrhizal 
inoculation. 
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