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ABSTRACT 

Biofertilizers and organic compost are a important source of plant supplements during the plant 

development. Compost was used to pots under greenhouse condition with the application doses of 0, 50, 100, 

and 200 kg ha−1 on the basis of its nitrogen content. Bacterial strains of Azotobacter chroococcum (a symbiotic 

nitrogen fixer) and Bacillus polymyxa as plant growth-promoting rhizobacteria (PGPR) were applied as 

biofertilizers.  Pot test was done to quality the role of organic compost in combination with bacterial inoculation. 

In general, organic compost and biofertilizers improved growth and seed quality of quinoa. Then again, the 

collaboration between bacterial inoculation and nitrogen doses had significant effect for all studied traits. 

Nitrogen dose of 200 kg N ha-1 was end up being the best dose for nitrogen addition of soil for N %, protein 

content %, P % and K % with dual inoculum. The higher physiological content of nitrogen (5.52 %), crude 

protein (34.5 %), phosphorus (0.81%) and potassium (1.65%) were recorded from application 200 kg N ha-1 

with dual inoculum (Azotobacter chroococcum , Bacillus polymyxa). The combination of nitrogen dose of 200 

kg N ha-1 with dual inoculation was promising combination that generated highest plant dry weight 36.4 g plant-

1 and gave the highest seed yield 8.33 g plant-1 with yield increase of about 88.48 % over the uninoculated. 

Finally, the efficiencies of compost obtained from composting method on the growth, mineral nutrition and 

nutrient of quinoa, which will consider a natural agreeable creation of organic quinoa for markets.   
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1. INTRODUCTION  

Quinoa (Chenopodium quinoa Willd.), 

individual of Chenopodiaceae family is a seed 

crop that has been developed for thousands of 

years in the Andean area of South America for 

its nutritious seed and leaves [1]. The protein 

content of quinoa seed is rich in amino acids, 

especially methionine, threonine and lysine, 

which are the restricting amino acids in most 

cereal grains [2,3]. Generally, quinoa seeds have 

a higher dietary value than different cereals like 

barley, wheat, rice, and corn. Also, in light of 

the fact that the quinoa seeds are liberated from 

gluten proteins, they can be utilized to create 

pan bread without gluten items like past, bread, 

cookies, biscuits, and cakes for human 

utilization [4].  

The Organization of FAO has pronounced 

the year two thousand thirteen as the extended 

time of quinoa [5]. In Egypt, little information is 

known about it and it's ideally suited as a 

potential new crop option for Egyptian 

producers. 

Some studies observed large outcomes even 

with starting carbon /nitrogen ratio between 20 

and 50. Higher carbon /nitrogen ratios 

(compared to those recommended) slowed the 

rate of composting and revealed nutrient 

deficiencies in microbiota because extreme 

substrate enrichment. While lower C/N causes 
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an increment in the nitrogen content of carbon 

degradable and inorganic nitrogen, which can be 

lost as ammonia through volatilization or 

draining [6]. An overall pattern is seen with a 

decreased C/N ratio all through the cycle 

because of a higher proportion of waste decay 

carbon to mineralization nitrogen [7]. To 

upgrade C/N during composting, large amounts 

of mass materials like waste materials (for 

example rice husks, peanut husks and wood 

shavings) are recommended. It is realized that 

they developed an increase in porosity in the 

beginning material and uniform waste prior to 

composting [8]. 

Recycling of crop residues in farming 

through compost production carries organic 

substances that are highly needed in the soil and 

are a significant part for the strength of 

agricultural ecosystems [9]. Many efforts were 

done to recognize the nitrogen fertilization 

needed for quinoa. Related to that, quinoa 

reacted well to nitrogen and completed yield up 

to 350 kg ha-1 at 120 kg N ha-1, seeds yield 

helped by 94 when contrasted with the 

unfertilized control [10]. Anyway, completed  

an upward in yield (averaging 12%) at 80 to 120 

kg N ha−1 [11].  Quinoa reacts to nitrogen 

fertilizer by increment the harvest improvement 

and produce as just as the quality of seeds. 

Fertilizer use productivity according to huge 

degree of soil fertility. To use of fertilizers in a 

sustainable manner, management practices must 

aim at maximizing the quantity of nutrients 

which are adopted by the crop and minimizing 

the total amount of nutrients which can be lost 

from the soil. Further, developing agronomic 

productivity gives both direct and indirect 

economic advantages: bigger yield upward can 

be performed for a particular level of fertilizer 

applied; or less fertilizer is expected to complete 

a particular yield target [12]. Nitrogen really 

key since everything except  a significant part  

of chlorophyll, the compound through which 

plants use daylight energy to make carbohydrate 

from water and CO2 for example 

photosynthesis. It can be significant addition for 

plant development, improvement and generation 

and a significant part  of amino acids, the 

building unit of proteins. Phosphorus in plants 

further develops blossom arrangement and seed 

creation, more uniform and prior crop 

development, expands nitrogen fixing limit, 

upgrades in crop quality builds protection from 

plant sicknesses, upholds improvement all 

through lifetime growth [13]. 

The development characters, seed yield and 

seeds quality of quinoa plant developed under 

Egyptian conditions for two progressive seasons 

were improved by the use of minimize the total 

amount of the mineral fertilizer and 

biofertilizers nitrobin and/or phosphorin [14]. 

Likewise, the yield parameters of quinoa were 

expanded with expanding nitrogen fertilizer 

rates, humic acid and ascorbic acid as well as 

the addition of organic manure under states of 

Ras Suder soil during two examined seasons 

[15].  

The use of PGPRs in farming to be the key 

for lowering chemical fertilization, expanding 

plant development and furthermore, controlling 

microbial pathogens, protecting plants from 

infections. PGPRs present different mechanisms 

that directly advantage plants, like nitrogen 

fixing, phosphate availability, siderophores 

creation and plant hormones biosynthesis; and 

besides,  indirect mechanisms, diminishing the 

potential deleterious impacts of microbial 

pathogens by antibiotic creation, or lytic 

enzymes synthesis [16].  

In some studies, effects of some PGPR such 

as Azospirillum, Azotobacter spp., Bacillus spp., 

Pseudomonas spp. have been studied on barley, 

tomato and pepper plants. The PGPR used in 

organic farming, yield increase between 10% 

and 28% can be achieved and it can be used as 

organic fertilizer in organic farming [17]. The 

use of different PGPR are of great importance in 

organic agriculture applications in terms of 

sustainability of organic agriculture, ensuring 

the continuity of resources and reducing the cost 

of agricultural input [18]. 

The quantity of studies on coordinated 

organic compost  and biofertilizers of quinoa 

plants is still very restricted , particularly in 

Egypt. This point is viewed one of the main 

significant recent in investigations identified 

with the  soil, and plants. The target of this work 

is to discriminate the most proper nitrogen 

nutrient management in coordinated with 

bacterial inoculation for getting the greatest 

quality of quinoa seed yield (Chenopodium 

quinoa) under organic farming system. 
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2. MATERIALS AND METHODS 

2.1. Composting process   

2.1.1. Bacteria used for composting process: 

Achromobacter spanius, Bacillus 

amyloliquefaciens, and Stenotrophomonas 

maltophilia as cellulase producing bacteria were 

actually provided by [19]. Three strains were 

the most potent cellulolytic endophytic bacteria 

able to degrade many cellulosic sources. 

Achromobacter spanius isolated from seedlings 

of Acacia sp. trees collected from Desert 

Research Center, Mataria Suburb–Cairo–Egypt, 

Bacillus amyloliquefaciens isolated from wheat 

(Triticum aestivum), plants from Ras Sedr–

South Sinai Governrate– Egypt and 

Stenotrophomonas maltophilia isolated form 

olive (Olea europaea) plants from Ras Sedr–

South Sinai Governrate–Egypt.The strains were 

identified by 16 S rRNA gene sequencing to 

provide genus and species by Sigma Scientific 

Services Co. 

2.1.2. Preparation process:  

Raw materials of rice, faba bean and wheat 

straw were utilized for preparing organic 

compost. Initially, 10 kg of each straw were 

chopped into  little pieces, and afterward 

combined as one. Moisture content was kept up 

at 60% all through the active  composting period 

and 10 ml from 108 CFU ml-1 of each strain 

Achromobacter spanius, B. amyloliquefaciens, 

and Stenotrophomonas maltophilia per 1 kg of 

raw  material was inoculated. The mixtures were 

turned at 7 days intervals  to look after porosity. 

The heap was covered with plastic sheet  .When 

the heat was evolved in the heap, it was gone 

over to  circulate air underneath the composting 

heap and afterward covered  with plastic sheet. It 

is hence important to mix the composting 

material every 2 weeks through the whole 

period of composting. Additional water is vital 

if the composting material dry. The volume was 

lessening to almost 50% of the first heap and the 

color was changed to dark brown. The heap was 

reached to a mature stage after three months and 

utilized for direct incorporation into the soil at 

preparation  stage prior to planting. In a mature 

compost, most of the material will become 

moist, soft in texture and develop a deep brown 

color and is readily crushed between the fingers. 

Hence, a technique for assessing the level of 

development of maturity is fundamental as 

cellulase and xylanase enzymes, organic carbon 

%, nitrogen % and C: N ratio during 

compositing process [20].  

2.1.3. Extraction and determination of 

enzymes activities from compost: 

Cellulase and xylanase activities were 

completed in water based extracts got by mixing 

the compost with 0.05 M citrate buffer (pH 4.8) 

in a ratio 1:15 (w/v) and stirring at 200 rpm for 

30 min . The extract was then centrifuged at 

10,000 rpm for 10 min and filtered [21]. 

Cellulase and xylanase  activities  were  tested  

in  three replicates and  estimated  based  on  

standard  procedure  was  tested  by  incubating  

0.5  mL  2% (w/v)  carboxymethylcellulose  

(CMC)  in  sodium  acetate  buffer  (0.05  M,  

pH  5)  with 0.5  mL  sample  for  30  min.  

Xylanase  activity  was tested under almost the 

same conditions as above with the exception of 

using  1%  (w/v)  birchwood  xylan  as  reaction  

substrate [22].  All above reaction mixtures 

were boiled  with  1  mL  dinitrosalicylic  acid  

(DNS)  and  2  drops  of  0.1  M  sodium  

hydroxide  to  measure  the  reducing  sugars  

released  [23].  

The cellulase activity was examined 

dependent on the measure of glucose formed 

after the incubation of compost samples with 

carboxymethylcellulose, where the cellulase 

activity was defined as the amount of enzyme 

demanded to produce 1mg of glucose per 24 h. 

One unit (U) of xylanase activity was defined as 

the release of 1 mg of xylose equals per min and 

per g of dry weight compost [22].  

2.1.4. Chemical analysis: 

The total organic carbon (TOC) in the 

compost was tested by [24]. Total nitrogen 

content of compost samples was determined 

with a Kjeldahl analysis system according to 

[25]. 

2.2. Pot Experiment  

2.2.1. Microbial inoculation:  

Azotobacter chroococcum as asymbiotic 

nitrogen fixer and indol acetic acid (IAA) 

producer and Bacillus polymyxa as PGPR were 

used as bacterial inoculants Fig. (1). It were 

provided from our Microbiology lab., Soil and 

Water Research Department, Egyptian Atomic 

Energy Authority (EAEA). 
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2.2.2. Soil: 

The soil in this study was reclaimed from 

sandy soil. Soil sample was gathered from 

surface layer (0 - 30 cm) of Soil and Water 

Research Department farm, Nuclear Research 

Center. Physico-chemical characteristics of the 

experimental soil were introduced in Table (1). 

Analyses of soil samples were tested by [26].  

Table 1: Some physical and chemical properties 

of experimental soil 

Property Value 

Particle size distribution (%) 

Coarse sand 64.1 

Fine sand 26.4 

Clay 6.8 

Silt 2.7 

Soil Texture Sand 

pH (1:2.5 paste) 7.97 

E.C. (ds m-1) 0.27 

Total N (%) 0.007 

Cations (meq 100 g-1 soil) 

Ca++ 1.25 

Mg++ 1.00 

Na+ 0.32 

K+ 0.09 

Anions (meq 100 g-1 soil) 

SO4
_ 0.53 

CO3
-    0.00 

HCO-
3 0.88 

Cl- 1.25 

2.2.3. Experimental layout  

In November 2018 winter season, a pot was 

managed at department farm using quinoa as a 

test crop. A seed of quinoa (Chenopodium 

quinoa wild ECABA QS5 C.V) was given  by 

Desert Research Center, Egypt.  Quinoa seeds 

were spread around  in pots with 30 cm height, 

30 cm diameter, containing 10 kg soil, 5 

seedlings per pot. The compost loaded with 

bacterial inocula (B. polymxa and /or 

Azotobacter chroococum 10 ml from 108 CFU 

ml-1) was incorporated into the soil during 

preparation for sowing. The pots including 

various treatments were organized in totally 

randomized block design under greenhouse 

condition. All farming practices were kept into 

thought and pots were watered at given time. 

After 120 days, plants were harvested.  Nitrogen 

fertilizer in the form of compost was applied at 

dose of 50, 100 and 200 kg N ha-1, calculated 

based on N% of residues. Potassium sulphate 

(48% K2So4 ) at the dose 288 kg ha-1  and 

calcium superphosphate at the dose 93.75 kg h-1 

P2O5 were applied before transplanting of 

quinoa plants. 

2.2.4. Measurements:  

Before the finish of the pot experiment, 

120 days after planting, some plants were 

harvested. Dry weight from the aerial part of the 

plant was measurement after drying the 

harvested in oven at 75 °C until consistent 

weight.  For assurance of total nitrogen content  

in seeds, samples were estimated by  [25]. The 

total nitrogen amount of the seed tests were 

multiplied by a conversion factor of 6.25 to 

determine crude protein [27]. Phosphorus and 

potassium content in quinoa seeds were 

determined according to [26].  

Experiments were designed in a randomized 

complete block design in three replicates. The 

results were statistically analyzed and, the least 

significant differences were according to [28].    

 

Fig. (1). Showing (A) Bacillus polymyxa culture cells  (B) Bacillus polymyxa under light microscope with 

magnification power of  X100 (C) Azotobacter chroococcum culture cells (D) Azotobacter chroococcum under 

light microscope with magnification power of  X100. 
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3. RESULTS AND DISCUSSION  

3.1 Composting process: 

Cellulase and xylanase are main of the 

different enzymes which are associated in 

hydrolysis of organic matter. Cellulase activity 

expanded from 5.96 mg kg-1 at 0 days to 212 mg 

kg-1 at 60 days of compositing and then declined 

at later interval at 90 days. The best result of 

xylanase activity was seen at 60 days and 

thereafter, it declined. In the compost, the 

nitrogen content shifted from 0.75 % to 1.91 % 

following  90 days of decomposition and the 

greatest expansion in the phosphorus was 

observed at 90 days Table (2). The higher 

measure of organic carbon rate that material 

necessities further decomposition. During the 

current examination, the assessment of organic 

carbon rate in 90 days.  Generally, the value of 

C/N ratio would decrease throughout the 

composting progress. The most extreme decline,  

30.4% in organic carbon was seen at 90 days. 

The bringing down of the amount carbon during 

the method of composting is because of the 

serious microbial activity that has been 

inoculated as inoculum. Microorganisms in their 

regular environments  are basic to the working 

of the world's biological systems and they play a 

significant role in the biochemical cycles. 

Advantageous microbes in the soil are 

associated in decay of organic matter and in 

expanded nutrient availability leading to 

developed soil fertility and yield efficiency [9].  

Degradation rate was influenced by the nature 

of the organic matter according to its 

biodegradability. The use of peroxidases, 

xylanases and cellulases has been fundamentally 

considered for the bioconversion of 

lignocellulosic materials, particularly 

agriculture wastes to produce higher value 

products such ethanol fuel and different 

synthetics materials. Cellulase is as a significant 

enzyme for carbon catabolism  and its activity 

can be an indicator of organic matter 

degradation during the composting of 

agricultural residues [29]. An examination by 

[30], analyzed lignocellulose corruption to 

survey the impact of actinomycetes (four 

cellulolytic organisms) was inoculated into 

composting of dairy waste. The outcomes 

showed that actinomycetes inoculation sped up 

creation of the enzymes, including CMCase, 

xylanase, lignin peroxidase etc. and expanded 

the rate of decomposition of compost. The 

outcomes revealed improved cellulase activities 

and sped up cellulose degradation, increased  of 

the amount humic substances  [31]. Likewise, 

noticed a decrease in the C/N proportion at the 

finish of composting from 36 to 14 by the 

addition of solid of cattle slurry [32].Creation 

excellent quality compost could be ready from 

Paddy straw through 3 months by Paecilomyces 

fusisporou, Aspergillus  awamori and 

Trichoderma  viride  as inoculum.   

3.2. Pot experiment  

3.2.1. Plant dry weight and seed yield  

Quinoa plants inoculated with various 

bacterial inoculum either solely or in 

combination has the advantage to grow well 

comparing to the uninoculated plants (Table 3). 

This was true under various rates of organic 

fertilization. Dry weight per plant values were 

improved by combined inoculum rather than 

individuals. The best plant dry weight was 

induced by addition of organic compost at dose 

of 200 kg N ha-1 but it nearly closed to those 

recorded with 100 kg N ha-1 in case of 

combined inoculum. The treatment 

combinations of the bacterial inoculation  B. 

polymxa and   A. chroococum revealed 

numerically the most seed yield  in the plant. 

Seed yield per plant  after collect was great 

Table 2: Estimation of cellulase and xylanase enzymes, organic carbon%, nitrogen%, P% and C: N ratio 

during compositing periods  

Incubation 

period (days) 
Property 

Cellulase 

activity mg kg-1 

Xylanase 

activity mg kg-1 

Organic 

carbon % 

Nitrogen 

% 

C:N 

ratio 
P % 

0 5.96 8.0 60.2 0.75 78.67 0.012 

30 127.8 88.9 51.8 1.04 51.33 0.059 

60 212.0 124.3 42.3 1.70 25.00 0.156 

90 156.3 55.3 30.4 1.91 15.00 0.170 

L.S.D 0.05 2.190 1.036 4.064 0.063 2.238 0.089 
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when nitrogen was applied at higher dose 200 

kg N ha-1. This demonstrated that bacterial 

inoculation increased the availability of nitrogen 

from the soil. The least seed yield was recorded 

from control (Table 3). If there is a balanced 

provide of nitrogen and bacterial inoculation the 

impact is consistently synergetic for seed yield. 

Expansion in plant growth parameters may have 

worked and accessibility of plant nutrients and 

hence give a good condition for better 

reproductive development. Then again, there 

was no significant difference between two doses 

of 100 and 200 kg N ha-1  with inoculated plant. 

Quinoa plant developed for consumable reason. 

For instance, leaves can be eaten as  green 

vegetable with a fantastic wellspring of 

nutrients, similar to spinach [33]. Result from 

different investigations showed the beneficial 

effect of the organic farming on dry matter yield 

in quinoa reaching 8650 kg ha-1 and 8800 kg ha-

1 for compost and cow manure, respectively 

[34]. A few investigations have demonstrated 

that the utilization of  organic fertilizers can 

possibly build the dry weight and usefulness of 

a large scope of yields [35]. Many authors had 

pointed the beneficial outcome of utilizing 

farmyard manure and biofertilizers on yield 

qualities and its substance parts at quinoa plants 

[35-37]. The utilization of nitrogen fertilizer at 

rate of 50, 100 and 150 kg N fad-1 expanded 

grain and biological yields of quinoa compared 

with non-fertilized control by about 52.3, 58.6 

and 61.9%  and 52.9, 59.7 [39] . These 

augmentations may be attributed to the role of 

nitrogen in improving quinoa growth by 

improvement meristematic cell division and 

expansion [40], activity and metabolic, 

photosynthesis processes and forming filled 

grains as result producing heavier grains [ 41 

and 42]. The nitrogen fertilizer levels influenced 

seed yield of quinoa in light of the fact that 

nitrogen fertilizer had advancing  vegetative 

development [14, 41-43]. Therefore, had 

expanded capacity for photosynthesis and 

photosynthate movement to advance seeds 

quantity and quality. 

3.2.2. Nitrogen percentage and crude protein 

content of seeds:  

The consequences of the present examination 

appear to suggest that a significant dry weight 

plant increase is conceivable with expanding 

use of nitrogen. The expanded nitrogen seeds by 

compost may be a direct result of the way that 

the nitrogen uptake of plants and the resultant 

improvement increases that expanded 

essentially all parts. The most amount of 

nitrogen in seed, 5.52 % was recorded because 

of the combination of dual inoculation with 200 

kg N ha-1 and the least amount of nitrogen in 

seeds, 0.34 % was recorded from unfertilized 

with inoculated Table (4). A comparable pattern 

was seen with both nitrogen content and crud 

protein, so the positive reaction of quinoa plants 

to the increase of nitrogen fertilizer rates and its 

effect on increasing crud protein content [39]. 

Table 3: Plant dry weight g plant-1 and seed yield g plant-1  in quinoa plants under different levels of organic 

compost and bacterial inoculation.  

Inoculation 
Plant dry weight g plant-1  Seed yield  g plant-1 

Compost-N added kg ha-1 

 0 50 100 200 0 50 100 200 

Control (uninoculated) 2.30 15.6 19.2 20.5 0.55 0.89 0.92 0.96 

B. polymxa 2.37 23.1 29.4 30.1 1.45 2.45 3.74 3.75 

A. chroococcum 3.60 21.9 30.2 30.2 1.14 3.57 4.62 4.73 

B. polymxa+  A. chroococcum 4.37 24.2 35.7 36.4 1.57 4.65 8.26 8.33 

L.S.D at 0.05   0.827 0.405 
 

Table 4: Nitrogen percentage and crude  protein content  in mature dried seeds in quinoa plants under 

different bacterial inoculation and different levels of organic compost. 

Inoculation 
N % Crude Protein content %  

Compost-N added kg ha-1 

 0 50 100 200 0 50 100 200 

Control (uninoculated) 0.34 1.27 1.52 1.84 2.15  7.92 9.51 11.5 

B. polymxa 0.39 1.30 1.75 2.89 2.46 8.14 10.91 18.1 

A. chroococcum 0.44 2.43 2.91 3.47 2.73 15.42 18.21 21.7 

B. polymxa+  A. chroococcum 0.62 2.99 3.43 5.52 3.92 18.73 21.47 34.5 

L.S.D at 0.05   0.087 0.204 
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The large increase of protein in quinoa fertilizer  

with soluble inorganic nitrogen (23%) compared 

with cow manure (21%) [46]. The significant 

reality that decides the seed protein content is 

nitrogen accessibility, and quinoa is 

exceptionally receptive to nitrogen fertilizer 

[40]. The gradual expansion in the protein 

amount of quinoa seed with the expanding 

nitrogen dose was likewise announced by [41]. 
The quinoa yield may be expanded when treated 

by dissolvable inorganic nitrogen as fast as 

available [47]. 

3.2.3.  Phosphorus and potassium contents in 

seeds: 

Phosphorus and potassium contents were 

significantly increased with increasing N doses 

up to 200 kg N ha-1. This was valid under all 

inoculation treatments (Table 5). The two of 

them were significantly increased with bacterial 

inoculation with changed qualities as per 

inocula. In this regard, the best P and K 

percentages were recorded with dual inoculum 

followed by A. chroococum inoculum. 

Generally, inoculation with either individuals or 

dual inoculum had enhanced P and K content 

contrasting with the uninoculated plants. All 

nitrogen doses were significant in phosphorus 

content in seeds. The most phosphorus content 

in seed was recorded at the dose of  200 kg N 

ha-1 which was followed by 100 kg N ha-1  with 

dual inoculation. On the other hand, there was 

no significant difference between two doses of 

nitrogen fertilizer 200 and 100 kg N ha-1 . The 

most reduced content of phosphorus in seed was 

recorded in the uninoculated and unfertilized 

Table 5. The mineral content (i.e P, K, Ca and 

Fe) in the seeds of fertilized plants with N-

levels were higher than those of the non-

fertilized control and at the same time, gradually 

increased with increasing N rates [39] . 

Comparable results were accounted for before 

by [48],  [14] and [49]. In the same direction, a 

slight increment of P and K in grains along with 

an increased nitrogen dose from 60 to 180 kg N 

ha-1[50],  estimated higher P and K in seeds 

when quinoa plants treated with high level 150 

kg ammonium nitrate fed-1 in combination with 

nitrobin (commercial biofertilizer) [14]. 

4. CONCLUSION  

B. polymxa and   A. chroococum were 

assessed for their single and dual  impacts on 

the growth advancement of quinoa and the 

expanded of seed yield. As far as anyone is 

concerned, this is the principal record that 

arrangements with the investigation of  B. 

polymxa and A. chroococum related to quinoa 

that grows in Egypt. The enormous scope 

definition steps, we acquired compost in a 

common and efficient way, which will an 

environmentally friendly production of organic 

quinoa for markets, simultaneously keeping the 

microorganisms populations in  the soil. This 

investigation showed that quality  production of 

quinoa  yields  high seed quality in Egypt. 

Quinoa crop was just fundamentally influenced 

by bacterial inoculation and nitrogen 

fertilization.  Compost can be utilized to 

develop soil properties when applied to the soil. 

In light of the plant dry biomass, seed yield and 

nutrient concentrations. Concerning application 

doses, their effect on the parameters again, 

except for 0 kg N ha-1 (control), 200 kg N ha-1 

 

Table 5: Potassium and phosphorus content in mature dried seeds in quinoa plants under different bacterial 

inoculation and different levels of organic compost. 

Inoculation 

K % contents of the seed P % contents of the seed 

N added kg ha-1 

0 50 100 200 0 50 100 200 

Control (uninoculated) 0.21 0.55 0.57 0.65 0.12 0.24 0.26 0.32 

B. polymxa 0.33 0.76 0.93 0.95 0.23 0.42 0.45 0.50 

A. chroococcum 0.45 1.23 1.34 1.35 0.32 0.65 0.70 0.71 

B. polymxa+  A. chroococcum 0.58 1.54 1.65 1.65 0.38 0.69 0.78 0.81 

L.S.D at 0.05   0.127 0.049 
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with dual inoculation  A. chroococcum and  B. 

polymxa demonstrate to be adequate for quinoa  

growth and availability nutrition in this soil 

condition. 

CONFLICT OF INTEREST STATEMENT  

Authors declare that there are no conflicts 

of interest. 

FUNDING  

This work was not supported by any 

funding. 

REFERENCES 

[1] Pearsall DM. The origins of plant cultivation in 

South America. In: C.W.Cowan, P.J.Watson 

(Eds.), The Origins of Agriculture. Smithsonian 

Institute Press, Washington, DC, (1992); p.173-

205.  

[2] Bhargava A, Shukla S,  Ohri D. Genetic 

variability and interrelationship among various 

morphological and quality traits in quinoa 

(Chenopodium quinoa Willd.). Field Crops 

Research. (2007); 101:104–116. 

[3] Comai S, Bertazzo A, Bailoni L, Zancato M, 

Costa CVL, Allegri G.  The content of proteic 

and nonproteic (free and protein bound) 

tryptophan in quinoa and cereal flours, Food 

Chem. (2007); 100:1350-1355. 

[4] Bilalis DJ, Travlos IS, Karkanis A, Gournaki M, 

Katsenios G, Hela D, Kakabouki I. Evaluation 

of the allelopathic potential of quinoa 

(Chenopodium quinoa Willd.). Romanian 

Agricultural Research. (2013); 30:359-364 

[5] FAO Origin and History, International Year of 

Quinoa (2013). Available online: 

http://www.fao.org/quinoa-2013/what-is-

quinoa/nutritional-value/en/?no_mobile=1 

[6] Zhang J, Chen G, Sun H, Zhou S, Zou G. Straw 

biochar hastens organic matter degradation and 

produces nutrient-rich compost. Bioresour. 

Technol. (2016);  200: 876–883. 

[7] Rastogi M, Nandal M, Nain, L. Additive effect of 

cow dung slurry and cellulolytic bacterial 

inoculation on humic fractions during 

composting of municipal solid waste. Int. J. 

Recycl. Org. Waste Agric. (2019); 1–8. 

[8] Zhang L, Sun X. Influence of bulking agents on 

physical, chemical, and microbiological 

properties during the two-stage composting of 

green waste. Waste Manag. (2016); 48: 115–

126. 

[9] Goyal S, Sindhu SS.  Composting of rice straw 

using different inocula and analysis of compost 

quality. Microbiology Journal (2011);1: 126-

138. 

[10] Erley GS, Kaul HP, Kruse M,  Aufhammer W. 

Yield and nitrogen utilization efficiency of the 

pseudocereals amaranth, quinoa, and buckwheat 

under differing nitrogen fertilization. European 

Journal of Agronomy. (2005); 22 (1): 95-100. 

[11] Jacobsen SE, Jørgensen I, Stølen O. Cultivation 

of quinoa (Chenopodium quinoa) under 

temperate climatic conditions in Denmark. J. 

Agrc. Sci. (1994); 122: 47-52. 

[12] Bationo A, Fairhurst T, Giller K, Kelly V, 

Lunduka R, Mando A, et al, Handbook for 

integrated soil fertility management. Africa Soil 

Health Consortium Fairhurst. Nairobi, Kenya: 

CAB International. (2012). 

[13] Brady NC, Weil RR. The Nature and Properties 

of Soil. 13th Edition, Prentice Hall, Upper 

Saddle River, New Jersey. (2002). 

[14] Gomaa, EF. Effect of nitrogen, phosphorus and 

biofertilizers  on  quinoa plant (Chenopodium  

quinoa). J. Applied Sci. Res. (2013); 9: 5210-

5222. 

[15] Fawy  HA, Attia MF, Hagab RH. Effect of 

nitrogen fertilization and organic acids on grains 

productivity and biochemical contents of Quinoa 

plant grown under soil conditions of Ras Sader 

Sinai.  Egyptian J. Desert Res. (2017);  67(1): 

169-183 

[16] Glick, BR. Plant Growth-Promoting Bacteria: 

Mechanisms and Applications. Hindawi 

Publishing Corporation, Scientifica. (2012). 

[17] Yagmur, B., Gunes, A. Evaluation of the Effects 

of Plant Growth Promoting Rhizobacteria 

(PGPR) on Yield and Quality Parameters of 

Tomato Plants in Organic Agriculture by 

Principal Component Analysis (PCA). Gesunde 

Pflanzen 73, 219–228 (2021). 

https://doi.org/10.1007/s10343-021-00543  

[18] Esitken A, Yildiz HE, Ercisli S, Donmez M, 

Turan M, Gunes A (2010) Effects of plant 

growth promoting bacteria (PGPB) on yield, 

growth and nutrient contents of organically 

grown strawberry. Scientia Horticulturae 

124(1):62–66 

[19] Abdel-Moghies AH. Impact of endophytic 

bacteria and organic sources on nitrogen bio-

availability I one legume crop using nuclear 

technique. M.Sc. Thesis, Al-Azhar Univ., Fac. 

of Sci. Bot and Microb Dep., Cairo, Egypt 

(2018). 

http://www.fao.org/quinoa-2013/what-is-quinoa/nutritional-value/en/?no_mobile=1
http://www.fao.org/quinoa-2013/what-is-quinoa/nutritional-value/en/?no_mobile=1
https://doi.org/10.1007/s10343-021-00543


CONTRIBUTION OF ORGANIC COMPOST AND BACTERIAL INOCULATION …  

 

141 

[20] Misra RV, Roy RN,  Hiraoka H. On-farm 

composting methods. FAO, Land and Water 

Discussion Paper 2, Viale delle terme di 

Caracalla, 00100 Rome, Italy (2003). p. 35. 

[21] Dhillon GS, Kaur S, Brar, SK. Verma M. 

Potential of apple pomace as a solid substrate for 

fungal cellulose and hemicellulase 

bioproduction through solid-state fermentation. 

Ind. Crops Prod. (2012); 38: 6–13. DOI: 

10.1016/j.indcrop.2011.12.036  

[22] Ang SK, Shaza EM, Adibah YA, Suraini AA. 

Madihah MS. Production of cellulases and 

xylanase by Aspergillus fumigatus SK1 using 

untreated oil palm trunk through solid-state 

fermentation. Process Biochem. (2013); 

48:1293–1302. 

https://doi.org/10.1016/j.procbio.2013.06.019 

[23] Miller GL. Use of dinitrosalicylic acid reagent   

for determination of reducing sugar. Analytical   

Chemistry. (1959);   31, 426-428 . 

[24] Nelson DW, Sommers  LE. Total carbon, 

organic carbon and organic matter: In: A.L. 

Page, Miller RH and Keeney DR Methods of 

soil analysis. Part 2 Chemical and 

Microbiological Properties, (1982);  p: 539-579. 

[25] Estefan G, Sommer R, Ryan J. Methods of soil, 

plant and water analysis: A manual for the West 

Asia and North Africa regions. International 

Center for Agricultural Research in the Dry 

Areas (ICARDA), 3 Ed. (2013). 

[26] Carter MR,  Gregorich EG. Soil Sampling and 

Methods of Analysis. (2nd ed.), CRC Press 

Taylor & Francis Group, 6000 Broken Sound 

Parkway NW, Suite 300 Boca Raton, FL, 

(2008);  p. 1224. 

[27] Anon. “Conversion of a Flooded Potash Mine to 

Solution Mining”, Phos. and Potas., No. 168, 

(1990). p. 23–28 (July-Aug.). 

[28] Snedecor GW, Cochran WG. Statistical 

Methods. Eight Ed., Iowa State Univ. press Iowa 

USA (1989). 

[29] Guo XH, Lv YD, Jiang J, Li HY,  Liu GF. 

Expression, purification and characterization of 

a peroxidase from Tamarix hispida. African 

Journal of Biotechnology. (2012).  11: 1540-

1544. 

[30] Zhao Y, Zhao Y, Zhang Z, Wei Y, Wang H, Lu 

Q. et al Effect of thermo- tolerant actinomycetes 

inoculation on cellulose degradation and the 

formation of humic substances during 

composting. Waste Manag. (2017); 68: 64–73. 

[31] Wei Y, Li J, Shi D, Liu G, Zhao Y, Shimaoka T. 

Environmental challenges impeding the 

composting of biodegradable municipal solid 

waste: a critical review. Resour. Conserv. 

Recycl. (2017); 122: 51–65. 

[32] Brito LM,  Coutinho J, Smith S. Methods to 

improve the composting process of the solid 

fraction of dairy cattle slurry. Bioresource 

technology. (2008);  99: 8955-8960 

[33] Pathan S, Eivazi F, Valliyodan B, Paul K, 

Ndunguru G, Clark K. Nutritional composition 

of the green leaves of quinoa (Chenopo-dium 

quinoa Willd.). J of Food Res. (2019); 8:55–65. 

https:// doi. org/ 10. 5539/ jfr. v8n6p 55 

[34] Bilalis D, Kakabouki I, Karkanis A, Travlos I, 

Triantafyllidis V, Hela D. Seed and saponin 

production of organic quinoa (Chenopodium 

quinoa Willd.) for different tillage and 

fertilization. Not Bot Horti Agrobo. (2012);  

40:42-46 

[35] Al-Sayed HM, Hegab SA, Youssef MA, 

Khalafalla MY. Integrated effect of inorganic 

and organic nitrogen sources on growth  and 

yield of Roselle (Hibiscus sabdariffa L.). Ass J 

Agric Sci (2019); 50:164–183 

[36] Roussis I, Kakabouki I, Bilalis D. Comparison 

of growth indices  of (Nigella sativa L.) under 

different plant densities and fertilization. 

Emirates J Food Agric (2019); 31:231–247. 

https:// doi. org/ 10. 9755/ ejfa  

[37] Yousef AF, Youssef MA, Ali MM, Ibrahim 

MM, Xu Y, Mauro RP  Improved growth and 

yield response of Jew’s mallow (Corchorus 

olitorius L.) plants through bio fertilization 

under semi-arid climate conditions in Egypt. 

Agron (2020). 10:1801–1815.https:// doi. org/ 

10. 3390/ agron omy10 111801 

[38] Bhalshankar C. Study of the impact of organic 

manures and  bio-fertilizers on growth of 

Phaseolus aureus roxb. Nepal J Biotechnol 

(2020). 8:76–81 

[39] Awadalla A,  Morsy ASM Influence of planting 

dates and nitrogen fertilization on the 

performance of quinoa genotypes under Toshka 

conditions  Egypt. J. Agron. (2017). 39 (1): 27-

40. 

[40] Basra SMA, Iqbal S, Afzal I. Evaluating the 

response of nitrogen application on growth, 

development and yield of quinoa genotypes. Int. 

J. Agric. Bio. (2014). 16(5): 886-892. 

[41] Shams AS. Response of quinoa to nitrogen 

fertilizer rates under sandy soil conditions,  

Proc. 13th International Conf. Agron., Fac. of 

Agric., Benha Univ., Egypt, 9-10 September, 

(2012). p:195-205. 

https://doi.org/10.1016/j.indcrop.2011.12.036
https://doi.org/10.1016/j.procbio.2013.06.019


ABEER M. MOUSA, et al. 

 

142 

[42] Ebrahim A, Hamid RB,  Moral M. Effects of 

ascorbic acid foliar spraying and nitrogen 

fertilizer management in spraying cultivation of 

quinoa (Chenopodium quinoa) in North of Iran. 

Biological forum-An Int. J. (2014). 6 (2), 254-

260. 

[43] Geren H, Effects of different nitrogen levels on 

the grain yield and some yield components of 

quinoa (Chenopodium quinoa Willd.) under 

Mediterranean climatic conditions. Turk. J. Field 

Crops. (2015).  20: 59-64. 

[44] Kansomjet PP, Thobunluepop N, 

Tonmukayakul P, Boonkorkaew P,  Junhaeng P. 

et al., Harvesting time and nitrogen management 

on yield and seed quality of quinoa. Agric. Sci. 

J., (2014) 45: 93-96. 

[45] Kansomjet   P,  Thobunluepop P, Lertmongkol 

S,   Sarobol E,   Kaewsuwan P,  Junhaeng P. et 

al Response of physiological characteristics, 

seed yield and seed quality of Quinoa under 

difference of nitrogen fertilizer management. 

Am. J. Plant Physiol. (2017). 12 (1): 20-27. 

[46] Kakabouki I, Bilalis D, Karkanis A, Zervas G, 

Tsiplakou E, Hela D, Effects of fertilization and 

tillage system on growth and crude protein 

content of quinoa  (Chenopodium quinoa 

Willd.): An alternative forage crop. Emir J Food 

Agric (2014).  26:18-24. 

[47] Kakabouki OP, Hela D, Roussis I, 

Papastylianou P, Sestras AF,  Bilalis DJ. 

Influence of fertilization and soil tillage on 

nitrogen uptake and utilization efficiency of 

quinoa crop (Chenopodium quinoa Willd.). J 

Soil Sci Plant Nutri (2018).18:220–235 

[48] Repo-Carrasco R, Espinoza C, Jacobsen S. 

Nutritional value and use of the Andean crops 

quinoa (Chenopodium quinoa) and Kaniwa 

(Chenopodium pallidicaule). Food Rev. Int. 

(2003).  19:179-189. 

[49] Muhammed AI. (2015). An assessment of 

quinoa (Chenopodium quinoa Willd.) potential 

as a grain crop on marginal lands in Pakistan. 

Am- Euras. J. Agric. & Environ. Sci. (2015). 

15(1):16-23. 

[50] Al Madini AM, Badran AE,  Algosaibi AM.  

Evaluation of efficiency and response of  quinoa 

plant to nitrogen fertilization levels. Middle East 

J. Appl. Sci., (2019). 09: 839-849.  

DOI:10.36632/mejas/2019.9.4.1. 

 

 

 

مساهمة الكمبوست العضوي والتلقيح البكتيري 

جودة بذور الكينوا في تحسين  

براهيم ، يحيى جلال إعبير موسى ، رباب   

هيئة الطاقة الذرية، مركز البحوث النووية، قسم بحوث  

مصر 13759الأراضي والمياه، أبو زعبل   

   الملخص

 

و الحيوية  الأسمدة  العضوي مصدرًا   الكمبوستتعتبر 

 تجربة فى    الكمبوستو النبات. تم استخدام  اء نمأثن   مهمًا

و   50و    0بجرعات الاتية     الزراعية الصوبة في  أصص

من   200و    100 محتواها  أساس  على  هكتار  كجم 

البكتيرية   السلالات  استخدام  تم  النيتروجين. 

مثبتة    Azotobacter chroococcumمن كبكتيريا 

و تكافلية  غير    Bacillus polymyxa لنيتروجين 

كأسمدة حيوية. تم  (PGPR) كبكتيريا معززه  لنمو النبات

العضوي مع التلقيح   الكمبوستوجودة    قدرةإجراء اختبار  

العضوي والأسمدة    الكمبوستالبكتيري. بشكل عام ، أدى  

الحيوية إلى تحسين نمو وجودة بذور الكينوا. وكذلك ، كان 

الكم  وجرعات  البكتيريى   التلقيح  بين    بوست التعاون 

على الم معنوي  تأثير  النتيروجيتى  للسماد  كبديل  ختلفة 

 200جميع الصفات المدروسة. وكانت جرعة النيتروجين  

من   المزدوج  التليقح  مع  /هكتار  نيتروجين  كجم 

Azotobacter  chroococcum    &  Bacillus 

polymyxa    ٪البروتين المحتوى  فى  أفضل معاملة   هي 

وP و  ٪ Kتسجيل تم  للنباتات  محأعل  ٪  من ى  توى 

( )5.52النيتروجين  الخام  والبروتين   )٪34.5 )٪

٪( من الاستخدام 1.65٪( والبوتاسيوم )0.81والفوسفور )

كجم نيتروجين /هكتار مع التليقح    200جرعة النيتروجين  

البالغة  النيتروجين  جرعة  بين  الجمع  وكان   . المزدوج 

نتروجين    200 وادى   1هكتار  /كجم  المزدوج  التلقيح  مع 

لل جاف  وزن  أعلى  انتاجية   نبات     36.4نبات  إلى   / جم 

بذور   أعلى محصول  نبات  مع زيادة   8.33وأعطى  جم/ 

بنحو   ، 88.48المحصول  وأخيرًا   . الملقح.  غير  عن   ٪

كفاءة الكمبوست التي تم الحصول عليها على نمو وتغذية  

انت تعتبر  والتي   ، الكينوا  الزراعة  لنبات  بمفهوم  كينوا  اج 

 .العضوية  فى  الأسواق

 


