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ABSTRACT 

This study was conducted on garlic cv. Sids-40 in Basandela Village, Dakahlia Governorate, 
Egypt during the two growing seasons of 2011/2012 and 2012/2013. Three levels of farmyard manure 
(0, 20 and 30 m3/fed.) in combination with three NPK mineral fertilizer rates (50, 75 and 100 % of 
recommended dose) and three potassium humate levels(0, 2 and 4 kg/fed.) were evaluated to study their 
effect on growth, yield and chemical constituents in cloves. 

The obtained results showed that all individual treatments of farmyard manure levels or different 
NPK fertilizer rates or potassium humate levels significantly affected all studied characters. Also, the 
different dual and triple interactions gave significant differences. Farmyard manure (30 m3/fed.), 50 % 
from recommended dose of NPK-fertilizers and potassium humate at 4 kg/fed. led to significant 
increases in all studied criteria, compared to check or other treatments.  

It can be concluded that fertilizing garlic plant cv. Sids-40 with (30 m3/fed) farmyard manure, 50 
NPK and 4 kg/fed potassium humate was effective for achieving high yield and best quality as well as 
decreasing the harmful effect of chemical fertilizers on environment and human health. 
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Introduction 

Garlic (Allium sativum L.), is one of the most important bulb vegetable crops in the world and 
next to onion crop. It is commonly used as spice or in the medicinal purposes. In Egypt, it has been 
generally cultivated for both local consumption and export. The cultivated area in winter seasons of 
2014 /2015 and 2015/2016 was 31875 and 30642 feddan ,the total productions were 290894 and 272769 
ton at two seasons, respectively(Economic Affairs Sector, (EAS), 2015/2016).   

The use of farmyard manure as organic fertilizer is increasing in Egypt due to the reputation as a 
quick-acting fertilizer, its effects on physical, chemical and biological properties of the soil, its effect 
as a source of essential elements, its ability to increase the availability of certain nutrients as well as it 
effect in reducing the leaching out of mineral Suthar (2009) on garlic found that the maximum values 
of some plant parameters, i.e., root length, shoot length, leaf length, bulb weight, number of cloves and 
number of leaves per plant was noticed in the (15 t/ha vermi compost + 50% NPK) treatment than all 
treatments. Yassen and Khalid (2009) on onion showed that other organic fertilizer treatments i.e.; 
mixture of farmyard manure and chicken manure treatment overcame the control (recommended NPK) 
and improved the vegetative growth characters, yield and NPK content.  

Abdel-Kader (2011) found that soil application of 30 m3/fed cattle manure + 50 kg P2O5/fed with 
phosphorian at rate of 3kg/fed + 60 kg K2O/ fed plus 1% K2O/fed foliar fertilization increased the 
vegetative growth, yield and quality of garlic compared with 20 m3/fed cattle manure. In this 
connection, Funda et al. (2011), Mohd et al. (2011) and Golmohammadzadah et al. (2015) obtained 
similar results. In addition, Doklega (2017) on onion, showed that application of FYM at the rate 20 m3 
gave higher values than 10 m3 addition in all studied characteristics except NO3-N (ppm) and bulb 
moisture percent.   

Nitrogen, phosphorus and potassium nutrition is one of the major factors affecting growth, yield 
and quality of garlic. Nitrogen is a main constituent of many organic compounds in plants, such as 
proteins, enzymes, pigments, hormones and vitamins, (Gardener et al., 1985). Likewise, phosphorus 
plays an important role in certain essential steps, such as accumulation and release of energy during 
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cellular metabolism. In addition, it is a constituent of many organic compounds in plants (Marschner, 
1995). Also, potassium involves in many processes within plant as a catalyst. It playes a role in 
carbohydrate synthesis and translocation, enhances N-uptake, and promotes protein synthesis 
(Marschner, 1995). Potassium also has a beneficial effect of water consumption (Said, 1997).  

 Mohd et al., (2011) on garlic found that application of 50% NPK + 50 % through FYM gave the 
beneficial effect over all other treatments in respect to growth, yield and quality parameters. Similar 
results was obtained by Abu-Zinada and Sekh-Eleid (2015) on potato, they found that NPK resulted in 
significant increase in vegetative growth and yield components. 

Humic acid plays an important role in improving soil pH which reflected on elements availability 
to absorb by plant roots and consequently improve plant growth and productivity (Marschener, 2012). 
Humic acid can reduces evaporation and increases soil holding capacity, permeability of the plant 
membranes and intensify enzyme systems of plants. It enhances cell division, root growth and decreases 
stress deterioration. Under the effect of humic acid, plants grow stronger and acquire best resistance of 
plant diseases. Humates reduce soil erosion by increase cohesive forces of the fine soil particles. They 
enhance the soil structure, especially physical properties by increasing buffering qualities and exchange 
capacity, enhance chelation of many nutrients and make them more available of plants. It also used in 
the case of the negative effect of salt that would inhibit the growth of plants and uptake of nutrients. It 
is commonly used as major component of bio-stimulant formulations such as cytokinin and auxine 
(Mai, 2015). 

Some investigators reported that, application of humic substances led to a remarkable increment 
in soil organic matter and reduce the negative effect of salt stress which improve plant growth and 
increase crop production. In addition humic acid application significantly increases soil organic matter 
which improves plant growth and crop production (Muhammad et al., (2012) on onion ; Sajid et al., 
(2012); and Zaki et al., (2014) on garlic.  

Ahmed et al. (2010) on garlic found that vegetative growth, yield, quality, storability and NPK 
contents of bulbs and leaves were increased by applying humic acid at 5 kg/fed or potassium fertilizer 
(K) and their combination. Radwan and Shall (2011) on potato showed that humic acid application at 4 
kg/fed gave the maximum values of plant growth and plant nutritional statues as well as yield and its 
components with significant differences with 2kg/fed with respect to N,P and K % and yield and its 
components. Sajid et al. (2012) on onion, indicated that adding 2kg/ha humic acid gave the higher bulb 
yield followed by 3kg/ha. Similar results were obtained by Zaki et al. (2014) on garlic; Abu-Zinada and 
Shekh-Eleid (2015) on potato; and Doklega (2017) on onion by application of humic acid as it increased 
vegetative growth, yield, quality and N, P, K contents of bulb. Thereby, the aim of this study was to 
evaluate the response of garlic plant growth, yield and quality to different levels of farmyard manure, 
NPK fertilizer and potassium humate.  
 
Materials and Methods 
 

Two successive field experiments were established during 2011/2012 and 2012/2013 seasons at 
Basandela Village, Dakahlia Governorate, to study the effects of different levels of farmyard manure, 
NPK rates, potassium humate levels and their combination on garlic (Sids-40) growth, yield and its 
components, as well as chemical constituents in cloves. 

The soil of the experimental farm is a clayey texture. Soil analyses, according to Jackson (1967), 
and the chemical prosperities of farmyard manure are presented in Tables (1 and 2).  

 
Table 1: Some chemical properties of the experimental soil (0 – 30 cm depth) 

Season 
pH 1:2-5 soil 

water extract 

Organic 

matter % 

EC/25co 

mmhos(cm) 

Soluble N, P, K and Na 

(mg/100g soil) 

N P2O5 K2O Na 

2011/2012 8.0 1.5 3.3 3.5 1.5 5.8 32.2 

2012/2013 7.8 1.8 2.5 4.8 2.2 6.5 20.5 
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Table 2: The chemical properties of farmyard manure. 
Chemical 

 properties 
pH 

O.M 

% 

Total  

N% 

Available  

N ppm 

Available  

P ppm 

Available  

K ppm 

Values 7.13 1.66 0.48 397.0 49.0 1018.0 

 
The cloves were planted on the 3th and 7thof October in the first and second seasons, respectively. 

Garlic cloves were selected uniformly in shape and were planted on both sides of each ridge at 10 cm 
apart. The plot area was 11.2 m2, which contained 4 ridges with 4 m length and 0.7 m width.  

The experimental design was split-split plot with three replicates. Main plots were assigned to 
farmyard manure (FYM) application which were added at rates 0, 20 and 40 m3 / fed., NPK fertilizers 
were applied in subplots which were 50%, 75% and 100% of recommended rates (120 kg N/fed., 75 kg 
P2O5/fed. and 72 kg K2O/fed.) and sub-sub plots were assigned to treatments of potassium humate (85 
% humic acid and 10 % K2O) at (0, 2 and 4 kg/fed.). 

Farmyard manure (FYM) application and potassium humate were added at soil preparation time, 
phosphours was used in the form of superphosphate (P2O5 15.5 %) at the rate of 75 kg / fed. in two 
equal rates at 30 and 60 days after planting.  

Nitrogen fertilizer was used as ammonium sulfate (NH4 20.5 %) at 120 kg/fed in two equal rates 
at (30 and 60 days after planting). Potassium fertilizer was added as potassium sulfate (K2O 48%) at 72 
kg /fed in two equal rates at (30 and 60 days after planting). The harvest was done at 180 days after 
planting in both seasons.  

 
Data recorded 
 
A-Vegetative growth characters: 

Five plants from each plot were randomly chosen in both seasons after 120 days from planting 
date and the following characteristics were recorded:- 

1- Plant height (cm). 
2- Number of leaves per plant. 
3- Foliage fresh weight per plant (g). 
4- Foliage dry weight per plant (g). 

5- Bulbing ratio = 
Neck diameter(cm) 

according to Mann (1952) 
Bulb diameter(cm) 

6- Leaf area per plant (cm2). 
 

B- Yield and its components: 
1- Total yield (ton/fed.) after curing. 
2- Bulb weight (g). 
3- Number of cloves per bulb. 
4- Clove weight (g). 

 
C-Chemical composition: 

Nitrogen, phosphorus and potassium percentage in the dry matter of cured cloves were determined 
according to methods described by A.O.A.C (1990) for nitrogen, phosphorus and potassium by 
Ranganna (1979). 

 
Statistical analysis 

 Obtained data were subjected to statistical analysis using technique of the split-split plot design 
according to Sendecor and Cochran (1982) using Costat computer. Comparison among means of 
treatments were tested using LSD values at 5 % level according to Gomez and Gomez (1984).  
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Results and Discussion 
 
Vegetative growth 
 
1. Effect of farmyard manure, mineral fertilizers and potassium humate.  

When mineral fertilizers and humates were kept constant, farmyard manure had a significant 
effect on vegetative growth parameters (Table 3). Addition of farmyard manure at 30 m3 level recorded 
the highest significant values of studied growth parameters in comparison with both manure treatments 
(20 m3 and 0 m3) farmyard manure. This result corroborated with the findings of Suthar, 2009, Yassen 
and Khalid (2009), Abdel-Kader (2011), Funda et al. (2011), Mohd et al. (2011), Golmohammadzadah 
et al. (2015) and Doklega (2017). 

These results are considerably reflection to FYM effect in improving soil structure, thereby 
improving aeration and retention of moisture and also by serving as a source of essential nutrients such 
as N, P and micronutrients as well as it profoundly affects the activities of microflora organisms (El-
Nagar, 1996). This effect can be directly through their action as bulky diluents in compact soils or 
indirectly when the waste products of animals or micro-organisms aggregate soil particles together. The 
process of the organic fertilizer decays protects the plant nutrients from leaching. In addition, organic 
fertilizer contains a little or no soluble salt and can be applied by high rates without the root damaging 
which may occur if the inorganic fertilizer was used to supply corresponding quantities of plant nutrients 
(Cook, 1972 and 1982). 

As regard to the effect of mineral fertilizers on vegetative growth, the same data reported that 100 
% in recommended dose of NPK led to highest significant values followed by 75 % and 50 %, 
respectively in both seasons except number of leaves in second season and foliage dry weight in first 
season. Similar conclusion was obtained by Suther (2009), Mohd et al. (2011) and Abu-Zinada and 
Sekh-Eleid (2015). The increase in vegetative growth parameters over control may be due to that 
nitrogen is an essential element for building up protoplasm, amino acids, proteins and carbohydrates 
which induce cell division and initiate meristimatic activity. In addition, nitrogen is found in nucleic 
acids and Co-enzymes (Mengel and Kirkby, 1982 and Gardener et al., 1985). Also, phosphorus is a part 
of molecular structure of nucleic acids (DNA and RNA), the energy transfer compounds and 
phosphproteins (Mengel and Kirkby, 1982, and Gardener et al., 1985). It has a role in N2 fixation, 
enhances nodulation of plant and increases photosynthesis of plant. Moreover, phosphorus availability 
can change the cytokinin level in plant cell (Dihllon, 1978). Likewise, potassium element is very 
important in overall metabolism of plant enzymes activity, it was found to serve a vital role in 
photosynthesis by direct increasing in growth and leaf area and hence CO2 assimilation. It also has a 
beneficial effect on water consumption (Mengel and Kirkby, 1982 and Gardener et al., 1985).    

Concerning potassium humate, it is clear from Table (3) that all different levels of potassium 
humate were significantly differed in respect to plant height, no. leaves per plant, foliage fresh weight 
per plant, foliage dry weight per plant and leaf area per plant in both seasons of the study. Adding 4 kg 
potassium humate per fed recorded the highest values compared with 2 kg and 0 kg treatments. These 
results were in harmony with those obtained by Muhammad et al., (2012); Sajid et al., (2012) and Zaki 
et al., (2014). The use of potassium humates appeared to improve plant growth of garlic. Humates can 
affect the environment around roots by physical and biological means (Marschener, 2012 and Mai, 
2015). 

 
2. Effect of the interactions  

The interaction among manure levels, mineral fertilizers and potassium humates had significant 
effects on plant height, number of leaves per plant, foliage fresh and dry weights and leaf area per plant, 
in both seasons (Table 3). Adding farmyard manure at 30 m3/fed. and 50 % from recommended doses 
of mineral fertilizers plus potassium humate at 4 kg/fed. to garlic plant exhibited significant positive 
effects on all vegetative growth parameters.  Recommended doses of mineral fertilizers or application 
of soil amendments of humates had significant effects in all studied parameters as compared to other 
treatments (Table 3).  The combined effect of all the possible interaction between the two factors had 
significant effects on most studied parameters except plant height in first season for farmyard manure 
and potassium humate interaction and foliage fresh weight in second season for farmyard manure and 
mineral fertilizer interaction (Table 3).These results were obtained in the two seasons of experiment.  
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These data could be referring the role of organic fertilizers and potassium humates on increasing 
nutrient uptake by plants and the transport availability of micro-nutrient needed for plant growth and 
development. This in turn increases the vegetative growth of garlic plants. These results were in 
agreement with those obtained by Zaki et al. (2014). 
 
Table 3: Vegetative growth parameters of garlic plants as affected by farmyard manure application, 

mineral fertilizers and potassium humates and their interactions in 2011/12 and 2012/13 
seasons.   

Treatments 
Plant height 

(cm) 
No. leaves per 

plant 

Foliage fresh 
weight per plant 

(g) 

Foliage dry 
weight per plant 

(g) 

Leaf area per 
plant 
(m2) 

A 
(FYM 

m3) 

B 
(Mineral % of 

RD) 

C 
(Humates 

kg) 

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

0 

50% 
0 46.66 50.20 6.78 10.24 39.98 36.01 10.71 10.29 149.11 175.50 

2 52.22 51.83 7.33 10.76 42.95 39.83 11.92 11.07 189.87 226.26 

4 53.33 54.17 7.33 10.90 44.08 40.80 13.29 11.74 223.10 237.82 

75% 
0 52.11 53.31 7.66 11.25 41.40 39.49 14.12 12.61 271.51 247.52 

2 53.77 55.21 7.66 11.33 48.25 45.49 15.11 13.00 296.15 260.71 

4 55.22 57.84 7.66 11.28 53.36 50.23 15.37 13.32 315.79 275.94 

100% 
0 52.55 54.00 8.00 11.25 43.68 41.14 15.78 14.51 324.57 328.71 

2 54.44 57.00 7.66 11.70 50.20 48.47 16.02 14.71 343.55 325.75 
4 55.22 58.33 8.00 11.70 54.35 51.96 16.59 14.98  12.36 367.39 

Mean  52.86 54.71 7.56 11.16 46.42 43.71 14.32 12.87 280.67 271.73 

20 

50% 
0 54.89 51.31 8.00 11.00 41.35 40.40 17.39 16.65 345.61 327.57 

2 57.33 53.34 8.33 11.30 45.27 43.59 18.35 17.86 436.70 372.11 

4 60.33 56.41 8.33 11.43 55.99 52.61 18.63 18.09 483.08 383.90 

75% 
0 60.67 55.44 8.11 11.10 43.26 40.60 17.78 17.21 368.65 347.82 

2 58.22 56.73 8.33 11.70 53.39 50.34 19.09 18.21 532.94 409.85 

4 60.33 60.10 8.33 11.80 58.93 57.47 19.24 18.44 580.24 444.67 

100% 

0 58.22 58.21 8.00 9.47 55.78 52.78 16.77 15.80 380.79 334.87 

2 60.33 58.68 8.00 10.80 55.96 50.79 16.93 16.09 397.75 360.49 

4 60.67 58.56 8.33 11.33 58.61 51.79 18.00 17.69 405.30 376.20 

Mean  58.96 56.53 8.20 11.10 52.06 48.89 18.02 17.34 436.78 372.98 

30 

50% 
0 56.56 56.07 8.66 11.23 46.92 43.86 20.40 19.03 467.14 453.79 

2 60.45 58.52 9.44 11.70 50.03 48.15 22.94 21.39 648.50 553.61 

4 63.67 63.58 9.77 11.80 64.27 59.74 23.89 21.91 694.06 582.67 

75% 
0 54.22 53.74 8.66 10.70 48.85 46.74 20.20 18.92 407.66 405.74 

2 58.22 57.74 9.00 11.33 54.77 53.02 21.11 20.00 526.98 517.98 

4 60.67 62.00 9.00 11.33 62.92  59.62 21.54 20.50 553.47 527.95 

100% 
0 58.22 56.60 8.55 10.13 54.96 51.17 19.87 18.75 422.09 407.46 

2 60.22 60.63 8.66 11.32 62.71 58.09 20.79 19.50 503.31 450.69 

4 60.56 61.74 9.22 11.45 62.79 58.72 22.25 20.99 601.88 496.68 

Mean  59.21 58.96 9.00 11.22 56.48 53.23 21.44 20.11 536.12 488.52 

LSD 5% (A*B*C) 1.66 0.945 0.16 0.36 1.81 3.01 0.39 0.18 15.67 19.17 
LSD 5% Factor A (FYM) 0.81 0.55 0.13 0.20 0.55 1.604 0.55 0.45 30.20 22.14 

A*B *** *** *** *** ** ns *** *** *** *** 

A*C ns *** *** ** *** * *** *** *** *** 

B*C *** *** *** *** *** *** *** *** *** *** 

Factor B 50% of RD NPK 56.25 55.05 8.22 11.15 47.82 45.00 17.50 16.45 388.51 368.14 

 75% of RD NPK 56.96 56.90 8.27 11.31 51.68 49.22 18.17 16.91 424.33 381.95 
 100% of RD NPK 57.83 58.25 8.27 11.02 55.45 51.62 18.11 16.96 440.73 383.15 

LSD 5% B (Mineral fertilizers) 0.48 0.31 0.73 0.14 0.79 1.03 0.16 0.06 4.98 5.70 

Factor C 0 Kg Humates 54.52 54.32 8.05 10.71  46.19 43.57 17.17 15.93 348.57 336.56 

                         2 Kg Humates 57.54 56.63 8.27 11.33 51.51 48.64 18.03 16.87 430.64 386.38 

                         4 Kg Humates 58.96 59.25 8.44 11.45 57.26 53.62 18.76 17.52 474.36 410.03 

LSD 5% C (Humates) 0.55 0.32 0.54 0.32 0.62 1.00 0.13 0.06 5.91 6.39 

 
Yield and its components 
 
1. Effect of farmyard manure, mineral fertilizers and potassium humate. 

As seen from Table (4), when garlic plants fertilized with 30 m3 farmyard manure, garlic yield 
significantly increased as compared to other both manure levels (0 and 20 m3per fed.) in both seasons 
of study except bulb ratio in second season, bulb weight in both seasons and cloves number in both 
seasons. Although 30 m3 farmyard manure application recorded the lowest number of cloves, it recorded 
the highest total yield in both seasons and that because its significant effect on cloves weight compared 
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to other treatments.  Our results are in agreement with those reported by Yassen and Khalid (2009), 
Abdel-Kader (2011) and Doklega (2017) who stated that organic manure application would have the 
greatest positive impact on yield and yield components. 

 

Table 4: Total yield and yield components of garlic plants as affected by farmyard manure application, 

mineral fertilizers and potassium humates and their interactions in 2011/12 and 2012/13 

seasons.   

Treatments 
Total yield 
(ton/fed.) 

Blubing ratio 
(%)  

Bulb weight 
(g) 

No. of  cloves 
per bulb 

(g) 

Clove weight 
(g) 

A  
(FYM 

m3) 

B 
(Mineral 

% of 
RD) 

C 
(Humates 

kg) 

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

1st 
season 

2nd 
season 

0 

50% 
0 4.049 3.900 0.49 0.47 49.61 47.50 17.14 17.20 2.89 2.76 

2 4.631 4.033 0.47 0.40 51.36 51.85 16.00 16.61 3.22 3.12 

4 5.188 4.105 0.48 0.39 52.18 54.09 15.67 14.61 3.32 3.68 

75% 
0 5.473 4.304 0.47 0.45 53.78 49.26 16.10 15.83 3.34 3.11 

2 5.898 4.760 0.45 0.44 55.10 52.27 15.87 16.13 3.47 3.23 

4 6.137 5.063 0.45 0.36 57.58 53.21 14.87 14.83 3.87 3.58 

100% 
0 6.336 5.245 0.48 0.44 58.78 50.18 15.17 15.86 3.87 3.16 

2 6.548 5.403 0.48 0.44 61.17 51.33 14.90 15.13 4.10 3.39 
4 7.021 6.030 0.50 0.47 62.91 54.69 14.67 14.83 4.28 3.70 

Mean  5.697 4.760 0.47 0.43 55.83 51.60 15.60 15.97 3.60 3.30 

20 

50% 
0 0.48 0.42 58.45 58.14 14.90 14.82 3.94 3.95 3.71 3.45 

2 6.496 6.668 0.50 0.38 60.47 51.67 15.13 14.61 3.99 3.53 

4 6.756 6.997 0.43 0.41 61.54 52.86 14.33 13.15 4.29 4.00 

75% 
0 5.977 6.254 0.48 0.45 58.40 57.10 14.87 16.00 3.91 3.56 

2 7.054 7.202 0.48 0.40 62.67 58.76 14.17 14.50 4.42 4.05 

4 7.412 7.478 0.50 0.46 65.67 65.08 14.63 15.12 4.48 4.52 

100% 
0 5.430 5.917 0.48 0.41 53.47 62.77 14.80 14.75 3.61 4.25 

2 5.763 6.367 0.41 0.43 55.98 64.15 14.13 16.75 3.96 4.07 

4 6.294 6.523 0.50 0.38 58.78 60.46 13.57 14.37 4.33 3.99 

Mean  6.266 6.584 0.47 0.42 59.36 58.15 14.56 14.87 4.08 3.94 

30 

50% 
0 6.799 6.901 0.51 0.35 54.12 59.05 15.73 15.97 3.44 3.69 

2 7.406 7.697 0.47 0.40 63.50 63.41 14.51 14.25 4.37 4.41 

4 7.655 7.818 0.53 0.45 68.53 70.35 14.04 12.56 4.88 5.60 

75% 
0 6.523 6.822 0.51 0.44 56.28 60.27 15.05 13.15 3.73 4.58 
2 6.904 7.235 0.51 0.39 57.66 66.89 14.82 14.12 3.88 4.73 

4 7.053 7.407 0.47 0.36 58.95 65.04 13.69 13.75 4.30 4.73 

100% 
0 6.367 6.231 0.50 0.40 56.27 56.40 14.04 13.87 4.00 4.06 

2 6.852 7.121 0.46 0.36 57.23 57.68 13.33 13.87 4.29 4.16 

4 7.296 7.575 0.48 0.38 61.35 61.50 14.03 13.25 4.37 4.62 

Mean  6.984 7.203 0.49 0.39 59.32 62.28 14.36 13.86 4.14 4.51 

LSD 5% (A*B*C) 0.228 0.225 0.017 0.009 0.99 0.63 0.203 0.21 0.06 0.08 
LSD 5% Factor A (FYM) 0.384 0.276 0.006 0.003 1.32 1.29 0.11 0.05 0.04 0.02 

A*B *** *** *** *** *** *** *** *** *** *** 

A*C *** *** *** *** *** *** * *** *** *** 

B*C *** Ns *** *** *** *** *** *** *** *** 

Factor B  50% of RD NPK 6.434 6.268 0.48 0.41 57.62 55.69 15.33 14.84 3.97 3.81 

 75% of RD NPK 6.492 6.283 0.48 0.42 58.45 58.65 14.90 14.82 3.94 4.01 

 100% of RD NPK 6.021 5.997 0.47 0.41 58.44 57.68 14.29 14.74 4.09 3.94 
LSD 5% B (Mineral fertilizers) 0.051 0.068 0.005 0.005 0.30 0.22 0.09 0.10 0.03 0.03 

Factor C  0 Kg Humates 5.797 5.710 0.48  0.43 55.33 54.78 15.37 15.25 3.61 3.63 

 2Kg Humates 6.395 6.280 0.47 0.40 58.35 57.56 14.76 15.11 3.97 3.86 

 4 Kg Humates 6.757 6.550 0.48 0.41 60.83 59.69 14.39 14.05 4.24 4.27 

LSD 5% C (Humates) 0.075 0.076 0.006 0.003 0.33 0.21 0.07 0.09 0.02 0.03 

 
Because organic production systems depend on mineralization of nutrients from organic 

substrates, they are more dependent on soil biological activity than are conventional production systems 
in which plant-available forms of N and P are supplied in the form of soluble chemical fertilizers. 
Consequently, we hypothesized that mineralization of macronutrients would be the primary factor 
limiting yields in organic treatments and that measurements of gross biological activity, which are 
indicative of gross nutrient mineralization (Table 5), would be correlated with growth across the range 
of organic treatments (Table 3). These findings are in line with those reported by Cook (1972 and 1982). 
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Regarding NPK, 75 % of recommended dose recorded the highest yield followed by 50 % and 
100 % except no. of cloves in both seasons. The nitrogen is stimulating the vegetative growth and leaf 
area producing (Wein, 1997). Phosphorus plays an important role in certain essential steps, such as 
accumulation and release of energy during cellular metabolism. In addition, it is a constituent of many 
organic compounds in plant (Marchner, 2011). Potassium is involved in many processes with the plant 
as a catalyst. It plays a role in carbohydrate synthesis and translocation, enhances N uptake, and 
promotes protein synthesis (Marschner, 2011).  Thus, by increasing of NPK using, the plant height and 
leaves number and subsequent bulb yields were increased. The results of some studies have shown that 
one way to increase the yield of garlic is the increasing of the cloves number per unit area (Pelter et al., 
2000). Although it seems that this characteristic is more influenced by genetic factors, but 
environmental factors can also has a positive effect on the yield growth of this plant herb. Furthermore, 
it seems that one of the reasons to increasing the cloves number in garlic is increasing the NPK fertilizers 
using, the limitations of clove measure as a reservoir for the storage of photosynthesis materials. 
According to this issue, garlic yield is follower by vegetative plant growth and the using of NPK 
fertilizer improves the vegetative plant growth such as garlic (Marschner, 2011), so that the garlic yield 
improvement by increasing of NPK fertilizer using during the active growth periods of this herb plant 
seems reasonable (Zeinali and Moradi, 2015). 

From data in Table (4), it can be noticed that potassium humate at different levels affected garlic 
yield and its components. Except no. of cloves in both seasons of the study, Potassium humate at 4 
kg/fed application gave the highest yield and its components followed by 2 and 0 kg/fed. Soil 
conditioner using the humate substances has special significance being an ecofriendly and cost effective 
strategy for enhancement of garlic productivity, in addition to the positive effects on the plant growth 
and nutrition. Several researchers have studied the application of humic acids on various crops. It was 
found that they have an important role in the enhancement of plant growth, nutrition, water relations 
(Marschener, 2012 and Mai, 2015). Humic acid increased root and shoot development and is associated 
with the increasing of leaf area and this increment is associated with the increasing of yield (Adami et 
al., 1998). The yield and yield components improvement as affected by applying humic acid which 
reflect on increasing phosphorus content (Autio, 2000). Investigators reported that humic acid increased 
the nitrogen content and this increases growth, height, leaves number and consequently the plant yield 
(Zeinali and Moradi, 2015). 

 
2. Effect of the interactions 

Garlic plants treated with mineral fertilizers (75% of RD), and humates (4kg/fed.) under 30 m3 
manure level had significant effects on yield and yield components (Table 4), expressed as, total yield, 
bulb weight, bulb ratio, number of cloves per bulb and clove weight, in comparison with other 
treatments, in both seasons. Application of mineral fertilizer or humates substances had significant 
increase of yield and yield components. As for bilateral interactions between different factors, they had 
significant effect of all yield parameters except total yield in second season for mineral and potassium 
humate interaction  (Table 4). Concerning the triple interactions among different factors, it was noticed 
that all triple interactions significantly affected all yield components in both seasons of the study. 

 
Chemical composition  
 
1. Effect of farmyard manure, mineral fertilizers and potassium humate 

Data in Table 5 showed that nitrogen, phosphorus and potassium percentages of clove were 
significantly affected by main factors. Individual amendments with potassium humates or farmyard 
manure or NPK-mineral fertilizers had significant effects on clove element composition (N, P and K) 
in both seasons. Fertilization of garlic plants with 30 m3of farmyard manure had a significant effect on 
mineral composition. Also, application of mineral fertilizers manure or humates had increased values 
of NPK contents. 

The effect of using humates on increasing fresh and dry weight of bulbs and decreasing bulb 
weight loss might be referred to improve the uptake of both macro and micro-elements which positively 
influenced by humates. In addition to the growth promoting activity of humates was found to be caused 
by plant hormone-like material cytokinins contained in humates (Salman et al., 2005). This result in 
turn led to keep nutrient balance inside the bulb tissues. 



Middle East J. Appl. Sci., 9(2): 287-296, 2019 
ISSN 2077-4613 

294 

 
2. Effect of the different interactions among farmyard manure, mineral fertilizers and potassium 
humate. 

As seen in table (5), all dual and triple interactions significantly affected chemical composition 
of cloves in both seasons of the study. The best interaction for chemical composition of cloves was 
adding 30 m3 farmyard manure and 50 % mineral fertilizer plus 4 kg potassium humate per feddan. 
 
Table 5: Chemical constituents of garlic plants as affected by farmyard manure application, mineral 

fertilizers and potassium humates and their interactions in 2011/12 and 2012/13 seasons.  

Treatments 
N 

(%) 
P 

(%) 
K 

(%) 
A  

(Compost 
m3) 

B 
(Mineral 
% of RD) 

C 
(Humates 

kg) 
1st season 2nd season 1st season 2nd season 1st season 2nd season 

0 

50% 
0 2.05 2.29 0.320 0.367 1.157 1.230 

2 2.22 2.40 0.351 0.382 1.227 1.317 

4 2.35 2.53 0.366 0.392 1.263 1.367 

75% 
0 2.45 2.82 0.379 0.407 1.313 1.467 

2 2.56 2.74 0.407 0.413 1.337 1.413 

4 2.68 2.70 0.423 0.435 1.397 1.517 

100% 
0 3.18 3.17 0.469 0.441 1.587 1.713 

2 2.96 3.09 0.453 0.437 1.523 1.637 

4 2.78 2.93 0.432 0.429 1.460 1.560 

Mean  2.58 2.74 0.339 0.411 1.363 1.469 

20 

50% 
0 2.34 2.44 0.365 0.387 1.233 1.330 

2 2.68 2.74 0.421 0.457 1.370 1.463 

4 2.82 2.85 0.431 0.462 1.433 1.507 

75% 
0 2.43 2.55 0.376 0.395 1.293 1.340 
2 2.99 2.88 0.447 0.466 1.500 1.563 

4 3.27 3.14 0.471 0.476 1.603 1.687 

100% 
0 2.06 2.35 0.326 0.332 1.107 1.213 

2 2.19 2.44 0.352 0.370 1.160 1.240 

4 2.56 2.67 0.405 0.419 1.337 1.447 

Mean  2.59 2.67 0.339 0.414 1.337 1.421 

30 

50% 
0 2.32 2.43 0.367 0.388 1.233 1.343 

2 3.00 3.07 0.447 0.462 1.500 1.647 

4 3.19 3.23 0.343 0.487 1.603 1.687 

75% 
0 2.20 2.37 0.353 0.384 1.160 1.250 

2 2.53 2.61 0.403 0.415 1.337 1.470 

4 2.69 2.76 0.417 0.431 1.370 1.460 

100% 
0 2.07 2.19 0.330 0.347 1.107 1.250 

2 2.44 2.50 0.337 0.387 1.293 1.377 
4 2.83 2.96 0.434 0.419 1.433 1.583 

Mean  2.59 2.68 0.400 0.418 1.337 1.452 

LSD 5% (A*B*C) 0.07 0.08 0.006 0.019 0.025 0.053 
LSD 5% Factor A (FYM) 0.136 0.153 0.018  0.009 0.054 0.056 

A*B *** *** *** *** *** *** 

A*C *** *** *** *** *** *** 

B*C *** *** *** ** *** *** 

Factor B  50% of RD 2.55 2.67 0.393 0.421 1.336 1.432 

 75% of RD 2.65 2.73 0.409 0.425 1.368 1.463 

 100% of RD 2.56 2.70 0.397 0.398 1.344 1.447 

LSD 5% B (Mineral fertilizers) 0.02 0.06 0.002 0.007 0.008 0.023 

Factor C  0 Kg Humates 2.35 2.51 0.365 0.383 1.243 1.349 

 2 Kg Humates 2.62 2.72 0.406 0.421 1.361 1.459 
 4 Kg Humates 2.80 2.86 0.428 0.439 1.433 1.535 

LSD 5% C (Humates) 0.24 0.03 0.002 0.006 0.008 0.018 

 
The interaction of organic manures and humates amendment as well as conventional fertilizers, 

had significant effects on N, P and K clove contents in both seasons (Table 5). Concerning the effect of 
farmyard manure and humate treatments, the result may be due to the role of farmyard manure and 
humates on increasing the availability of nitrogen for plant absorption which in turn increases the 
vegetative growth and increasing yield as well as improving quality. Also, the superiority of the humates 
may be due to the absorption of the phosphorus and other micro-nutrients, hence increasing the 
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concentration and availability of this element in root zone. Phosphorus also enhances DNA synthesis. 
These results in agree with those reported by Cook (1972 and 1982) and Mengal and Kirkby, (1982). 
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