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Abstract: The present work implementation was achieved in Tainal watershed, 
Bazian city, west of Sulaimaniyah, north of Iraq. A total of 30% of greenhouse soils 
were infected with root-knot nematodes and most of these soils were not fertile. In 
location N35.750, E45.354, the research, in epidemic soil with nematodes, was done 
by making an analysis for water quality and soil fertility as well as nematode 
infections before any application. Four types of soil improvements (biological 
improvement like dry yeast Saccharomyces cerevisiae with two concentrations, 
biofertilizers, organic matter like humic acid and extract for plant and fungi residue 
called Nemakey) were used. These treatments were applied in a factorial R.C.B.D. 
design on cucumber plant (SAIF F1) with triplication. Each unit contained 18 
cucumber plants. Statistical analysis was done by XLSTAT program. The results 
showed that using dry yeast (10 g/ l) had significant differences (P≤0.05) on the 
abortive flowers, number of nematode larvae and egg masses, galls and total 
suspended solids (TSS). Biofertilizers exerted significant differences (P≤0.05) on the 
nematode activity in all stages (larvae, egg mass and galls). Humic acid resulted in 
significant differences (P≤0.05) on the flower setting.  
 
Keywords: Agroecosystems management, Soil improvements, Non-chemical 

fertilizers, Root-knot nematode, Cucumber flowering. 
 

Introduction 
Use of yeasts as bio-fertilizers in agriculture has received considerable attention because of 

their bioactivity and safety for human and the environment. The application of the yeasts 
significantly (P<0.05) increased the photosynthetic pigments, soluble sugars, sucrose and total 
soluble proteins of sugar beet (Agami et al., 2012). Taha et al. (2016) showed that spraying 
neem plants with yeast extract at 15% significantly increased growth parameters (plants 
height and both fresh and dry weights of both stem and root) and enhanced total chlorophyll, 
phosphorus, potassium and total soluble sugars content. Using the concentration of 5% of dry 
yeast extracts gave the highest values. 

Altering cultural management practices such as crop rotation may be an effective method 
to suppress insect and disease pressure while maintaining yields. Modern agriculture favors 
shorter crop rotations for ease of management and perceived higher profits. However, this 
practice allows polyphagia’s pests to sustain populations between ideal hosts (Cassman et al., 
2011). On longer term, more diverse crop rotations have long been effectively used to prevent 
pests. Rotations that include fewer favorable hosts can interrupt resource requisites in time 
and/ or space, such as position sites or highly nutritious food sources, which may limit the 
success of insect populations as well as reduce virus incidence. Soils under longer crop 
rotations have also been shown to suppress soil-borne pathogens, including fungi and 
nematodes (Abawi & Widmer 2000). Successful management of a plant virus and its vector   
may require a broad approach with multiple changes in cultural practices, such as crop 
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rotation and nutrient management (Sasser, 1972). Bagheri et al. (2017) showed that 
interactions observed in the synthetic must, were upheld in the natural must fermentations, 
suggesting the broad applicability of the observed ecosystem dynamics. Importantly, the 
presence of indigenous yeast populations did not appear to affect the broad interaction 
patterns between the consortium species.  

Results of a research made an organic and synthetic fertility amendments influence soil 
microbial, physical and chemical properties the yields being higher on farms with sort of 
organic production, regardless of soil amendment type (Bulluck et al., 2002). Alternative 
fertility amendments, enhanced beneficial soil microorganisms, decreased pathogen 
populations, increased soil organic matter, total carbon and cation exchange capacity (CEC) 
and lowered bulk density thus improving soil quality (Barker et al., 2000; Agamy et al., 
2013).  

Many soils of greenhouses in different places in Bazian area suffered from infections with 
root-knot nematodes. Cucumber is highly susceptible to Meloidogyne spp. and considerable 
plant damaged and yield loss occurs worldwide. For instance, root-knot nematode is the most 
economically important cucumber disease in north of Iraq. Nematodes are wormlike 
invertebrate animals found in marine, freshwater and terrestrial habitats depending on the 
species. Nematodes might feed on a variety of organisms, including plants, other nematodes 
and their eggs, fungi, protozoans, bacteria and insect larvae (Freckman & Caswell, 1985). 

Bacterial fertilizers are preparation of living bacteria which are applied to improve soil 
(Bowman, & Sayler, 1996). So, the theoretical idea of the present study depends on the 
interrelationship between plant, water and soil, which are the natural resources that human use 
positively or negatively to maintain soil fertility from exhaustion and inhibit nematode 
activity. This research depends on using some applications of agroecosystem management to 
protect the triangle natural resources (soil, water and plants).  
 
Materials and Methods  

Bazian city is located in northeast of Iraq, 20 km. southwest of Sulaimaniyah governorate, 
35N latitude and 45E longitude. It is a big and important agriculture area which contains at 
least 4000 greenhouses. It is located at a level which reaches 837-847 m above sea surface 
level. Table (1) shows the climate data for Bazian station. 
 
Table 1: Average climate data for Bazian city for the period from February till July 2016. 

Months 
Temperature  (oC) Rain 

precipitation 
(mm.) 

Wind speed 
(M/ hr.) 

Humidity 
(%) 

Sun  
hours  

Pressure 
(Mb) Max. Min. Avg. 

Feb.  15 4 11 69.5 6.5 59 73 1021.1 
Mar.  17 6 15 175.4 10.5 47 106.3 1015.1 
April  24 10 20 73.9 9.4 38 136 1013.1 
May  30 17 25 19.9 11.4 23 146 1010.5 
June  37 21 31 3.8 12.3 16 149.8 1007.4 
July  42.1 25 34.5 0 11.6 13 155 1002.8 
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      Table 2: Soil analysis for soil samples before the research. 
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Research properties in the greenhouses 

Research design R.C.B.D., no. of treatments 7, no. of replications 3, distance of treatments 
5 m, width of terraces 1 m, area of plot 5 m2, distance between plots 1 m, no. of sow lines in 
treatments 2 in a zigzag way, distance between two plants 40 cm, no. of guard line 2, numbers 
of plants in each plot 18 cucumbers plants, no. of plants selected for parameters and data 10, 
distance between each feed line 40 cm, cucumber variety SAIF F1, excel program used 
statistical analysis X.L.STAT.   

 
Methods  
1. Control which uses only water (T1). 
2. Use of compost component of humic acid (T2): 
- Addition to the soil an amount of 1 mm/ plant before planting for 7 days. 
- Addition to the soil an amount of 1 mm/ plant by fertigation.  
- Addition to the soil an amount of 1 mm/ plant after planting for 15 days. 
- Addition to the soil an amount of 1 mm/ plant during the flowering. 
- Addition to the soil an amount of 1 mm/ plant at the first fruit. 
- Addition to the soil an amount of 1 mm/ plant after a month.  
- Addition to the soil an amount of 1 mm/ plant after two months of production. 
- Addition to the soil an amount of 1 mm/ plant after three months of production. 
3. Biological fertilizer (infoxgen) (T3): Addition to the soil was in following stages: 
- With planting when watering by addition of 25 g/ l water (1.38 g/ plant). 
- After the planting (for 20 days) in the same concentration (1.38 g/ plant). 
- Directly after the first harvest in a concentration of 30 g/ l water (1.66 g/ plant). 
- A month after the first harvest in a concentration of 30 g/ l water (1.66 g/ plant). 
- Two months after first harvest in a concentration of 30 g/ l water (1.66 g/ plant).  
4. Yeast (Saccharomyces cerevisiae) of yeast bread (Commercial dry yeast):  
- Addition to the soil with a concentrations of 5 g/ l (277.77 mg/ plant) as T4. 
- Addition to the soil with a concentrations of 10 g/ l (555.55 mg/ plant) as T5. 
- In the first stage was before planting by 7 days, in the second stage in the middle of the 

season and the third stage before the end of the season in one month. 
A- N.P.K. addition of the chemical fertilizer (20: 20: 20) after transplanting with one week, 

starting with 1 g/ plant each week until the harvest. After that, it was applied as 1.5 g/ plant 
(T6). 

B- Nemakey vegetable extracts (T7) was used at a rate of 1 mm/ m2 one week before planting 
and after the first setting in the same rate as well as in the middle of the harvest.   
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Water supply and controlling amounts of irrigations  
As water is one of the most precious natural resource components and agroecosystem 

elements, it must be kept from any losses. In the present research, the analysis of water of a 
well, which was good for irrigation, is demonstrated in table (3). 
 
                    Table 3: Analysis for water used in irrigation. 
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The analysis showed that the electrical conductivity (total concentration of salts dissolved 

in irrigation water) is suitable for irrigation. The value of the soluble sodium percentage (SSP) 
was 2.77%, which is less than the critical value specified by the US Salinity Research 
Laboratory. The value of sodium adsorption ratio (SAR) and values of the Ca, Mg and Na of 
irrigation water (0.0272) is very suitable as the US Salinity Research Laboratory. Extended to 
water salinity, the residual sodium carbonate (RSC) was 1 meq/ l and is within the allowable 
limits. Either Magnesium ratio (28.57%) is very suitable because it is less than the 50% 
allowed, Calcium in the value of irrigation water was 3 meq/ l and is within the permissible 
(less than 10 meq/ l). To control the amounts of water which was used to irrigate the plants, 
tensionmeters (irrometers) were applied by using a 16 mm dripper pip for the sub lateral lines 
that feed the plants with 6 l/ hr. water with a distance of 40 cm between each dripper. 
 
Soil sample taking for nematode analysis  

Sampling was followed in the end of August after the summer season which is the best 
time for nematode samples from 20-25 cm by using clean and sterilize shovel. Sampling of 
Root-Plant Sample was followed for analysis. Root samples from the effected plants in 
greenhouses were cut. The wet weight was taken for these samples. 
 
Table 4:  Procedure of nematodes analysis. 
      No. Materials Procedure and Source 

1 20-mesh sieve (833 µm aperture) 
Howard Ferris, 

Departments of Entomology 
and Nematology, 

University of California 
     Zuckerman et al. (1981) 

2 200-mesh sieve (74 µm aperture) 
3 325-mesh sieve (43 µm aperture) 
4 Coarse sieve (1 cm aperture) 
5 Two stainless steel bowls or plastic buckets 
6 250 ml beaker, 600 ml beaker 
7 Coarse spray wash bottle or tube attached to faucet  
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Results and Discussion 
Table (5) shows that using humic acid (1 mm/ plant), bioferitlizer (25 g/ l water) and yeast 

(10 g/ l) exerted a significant difference effect on flowering operation and chlorophyll ratio. 
Also, using yeast (10 g/ l) had a significant difference effect on numbers of aborted flowers. 
Biological fertilizer achieved a significant difference effect on numbers of setting flowers. 

In the present study, the yeast S. cerevisiae had a role as bioferitlizer. Yeast, as fertilizer, 
increased the nitrogen and phosphorus content of roots and shoots of cucumber. Yeast 
addition to the soil also increased the root-to-shoot ratio and induced species-specific 
morphological changes which included increased tillering in sugarcane and greater shoot 
biomass in tomato plant (Lonhienne et al., 2014). Adding yeast as a soil amendment increased 
the nitrogen (N) and phosphorus (P) contents. Yeast addition to soil also increased the root-to-
shoot ratio. These findings support the notion that brewers “yeasts” are a cost-effective 
bioferitlizer which improve not only plant nutrition, but also plant vigor during the early 
growth phase (Lonhienne et al., 2014). 
 
Table 5: Effect of soil amendments on flowering operation and chlorophyll ratio. 

Treatment Chlorophyll 
ratio 

No. aborted 
flowers 

No. of setting 
flowers 

No. of total 
flowers 

Control 38b 7b 17c 24a 
Humic acid (1 mm/ plant) 40.33a 4b 15d 23a 
Bioferitlizer (25 g/ l water)  41a   6bc 29a 27a 
Yeast (5 g/ l) 38.6b  4bc 23b 27a 
Yeast (10 g/ l) 41.3a 1a 21bc 22a 
NPK (1 g/ plant) 37.6b 7bc 21bc 28a 
Nemakey (1 mm/ m2) 38.3b 8c 20bc 26a 

Means with different letters are significantly different according to Duncan's multiple ranges test at P≤0.05. 
 

Number of nematode larvae in soil, egg masses and number of galls were significantly 
different among treatments as shown in table (6).  
 
 Table 6: Effect of fertilizer on nematodes.  

 Means with different letters are significantly different according to Duncan's multiple ranges at P≤0.05.  
 

S. cerevisiae caused significant differences in numbers of nematode larvae, similar to the 
nematicides, when applied as a rhizosphere soil. Different yeast strains are promising bio- 
control agents for different crops root knot nematode infection, which reduced nematode 
reproduction and increased plant growth parameters. The yeast was more affective at 10 g/ l. 
Furthermore, the application of S. cerevisiae resulted in improving yields and increasing fruit 
yield (Hussain & Khalaf, 2007; Karajeh, 2013). Karam et al. (2012) used dry yeast as 
bioferitlizer. There was a high degree of inconsistency in plant growth response and tissue 
nutrient contents of treated plants. 

The environmental pollution, costliness of synthetic pesticides and chemical control will 
no longer hold future in sustainable agricultural production, thus, justifying attempts by

Treatments No. larvae/ 250 g soil No. egg masses/ plant No. galls/ plant 
Control 430d 12b 18d 
Humic acid (1 mm/ plant) 48a 3a 3a 
Bioferitlizer  (25 g/ l water) 94ab 4a 4ab 
Yeast (5 g/ l) 105ab 6a 6ab 
Yeast (10 g/ l) 70a 3a 3a 
NPK (1g/ plant) 278c 6a 11b 
Nemakey (1 mm/ m2) 156b 7b 8c 
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previous workers to develop non-chemical alternative control technologies using organic 
substances (Adegbite & Adesiyan, 2005; Renčo et al., 2007; Atungwu & Kehinde, 2008). 
Addition and maintenance of organic matter, spatially the active fraction, will improve the 
physical, chemical and biological properties of soil against specific pathogens and their 
resultant disease. Total soil nematodes and plant parasitic nematodes are spatially affected by 
organic matter (Widmer et al., 2002) and might be due to the fact that bread yeast induces 
nutrient minerals absorption through improvement of soil pH to acidity (Pawter et al., 1985). 

The significant effect of biofertilizers may be due to the fact that they have a positive effect 
on chemical composition in leaves in any agroecosystems by providing nutrients to the plants 
and in some cases to provide plants with some promoting growth regulators. In addition, 
biofertilizers increase microorganisms living in the soil and these microorganisms work on 
the organic matter in the soil to convert organic N to mineral N (Lampkin, 1990; Bargaz et al., 
2018).  
 

Figures 1 and 2 show that the treatment with the yeast reduces number of nematode larvae 
and number of galls/ root.              
                                                                 

                                                                              
Figure 1: Effect of soil amendments on                        Figure 2: Effect of soil amendments on  
                number of larvae.                                                          numbers of galls/ root.  
      

The mechanism of yeast bio-control activity may involve competition for nutrients site 
exclusion parasitism and induced resistance and/ or make physical and chemical soil 
properties changes clear (Noweer & Hasabo 2005). The yeast S. cerevisiae as well as the 
nematicides Ethoprophos when applied as a rhizospheric soil drench treatment led to an 
obvious reduction of root galling caused by the nematode Meloidogyne javanica and resulted 
in reducing the nematode reproduction ability on cucumber (Karajeh, 2013). Noweer & 
Hasabo (2005) found that the effect of yeast on M. incognita might be due to the activity of S. 
cerevisiae to convert carbohydrates to ethyl alcohol and CO2 toxic to nematodes. Increase in 
number and weight of fruits in treatments is partially due to the effect of the tested materials 
on the nematode; besides its role in plant nutrition as suggested by Akhtar & Alam (1990).   

The treatments of yeast increased number of egg masses/ root and decrease the T.S.S. as 
observed in figures 3 and 4, respectively. The process that occurred in dry yeast produces CO2 
in high quantity, a factor that may increase photosynthesis and consequently plant growth. 
The high content of dry yeast from vitamin B5 and minerals might play a considerable role in 
orientation and translocation of metabolites from leaves into the productive organs (Mohamed 
et al., 1999). The application of S. cerevisiae could suppress population of M. javanica and 
root gall formation on cucumber through its effects on nematode infection and reproduction 
and through inducing plant resistance and enhancing fruit production of cucumber (Agami et 
al., 2012). 
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The treatments of yeast increased number of egg masses/ root and decrease the T.S.S. as 
observed in figures 3 and 4, respectively.   

 

                                                                                               
Figure 3: Effect of soil amendments on                            Figure 4: Effect of soil amendments on total  
                number of egg masses/ root.                                              soluble sugars.   
 

High content of total phenolic compounds in cucumber roots treated with S. cerevisiae 
gave the ability to resistance and soil application of the yeast enhanced cucumber plant and 
root fresh and dry weight and fruit yield. Yeasts were able to enhance growth and increase 
tissue nutrient contents of marigold (Azzam et al., 2012). The pronounced increase in 
cucumber growth and fruit yield of S. cerevisiae treated plants may be due to the indirect 
effect of the yeast on the nematode infection; besides the yeast direct role in promoting plant 
growth and development (Akhtar & Alam, 1990). The application of the yeast S. cerevisiae 
could suppress population of M. javanica and root gall formation on cucumber through its 
effects on nematode infection and reproduction and through inducing plant resistance and 
enhancing fruit production of cucumber (Agami et al., 2012). Organically-amended soil may 
change the physical properties of soil, which in turn may adversely affect the nematode 
behavior, such as hatching, movement and survival. The biofertilizers further improve soil 
fertility through nitrogen fixation, thus supplement additional nitrogen, which might be 
detrimental to the population of nematodes. Phosphates are known to reduce soil pH, which 
has an adverse effect on nematode multiplication (Pant et al., 1983). The dry yeast solution 
treatment (6 g/ l) increased T.S.S. (Hussain & Khalaf, 2007). Taha et al. (2016) reported that 
most of dry yeast extracts treatments caused significant increase in total soluble sugars. Total 
soluble sugars of the present investigation are generally in agreement with those reported by 
some investigators (Abd El-Naby, 1998; Abd-El-Fattah & Sorial, 2000; El-Mansi et al., 2000; 
Shiboob, 2000). Figures 5 and 6 demonstrate the significant effect of the yeast on chlorophyll 
in leaf (mg/ wet plant weight) and reducing the abortive flowers/ 5 m2. 
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Figure 5: Effect of soil amendments on                      Figure 6: Effect of soil amendments on aborted                                         

                  chlorophyll in leaf.                                                       flowers. 
 
From figure 6, a significant difference with using yeast (10 g/ l concentration) on 

chlorophyll ratio in leaf is due to its influence on the nutritional signal transduction producing 
growth regulators and suppressing pathogen (Amer, 2004; El-Tohamy & El-Greadly, 2007). 
Sarhan et al. (2011) found that using yeast extract and humic acid gave a significant result on 
amounts of chlorophyll in eggplant by increasing the total chlorophyll amounts in the plant. 
Abbasniayzare et al. (2012) found that the biofertilizers have a significant effect on flowering 
in comparing with the control. Mady (2009) discovered through his escapement on faba bean 
that using dry yeast as a biological fertilizer has a significant difference on the total flower. 
Ali et al. (2014) found that the yeast had a positive effect on Geranium plant in characteristics 
of flowering growth (numbers and widths). 
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