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Abstract
This experiment was conducted at Homs Agriculture Research Center Lab,
General Commission for Scientific Agricultural Research (GCSAR), Syria,
during 2019, to assess the impact of osmotic stress on germination process and
initial seedling growth of five introduced quinoa varieties. The osmotic stress
was generated artificially using PEG6000. completely randomized design was
applied with sex replicates. Results showed that, with decreasing osmotic
potentials, germination percentage, germination index, shoot and radicle length
were decreased, while the average of germination time increased. Results also
indicated that there were significant differences among quinoa varieties in
response to water stress, and the two varieties Giza1 and NSL-1.6389 were the
most tolerant. Seed germination recovery indicated that PEG had an osmotic
inhibition on quinoa seeds.
Key words: Water stress, Germination process, Seedling, Quinoa varieties.
Introduction:
Quinoa (Chenopodium quinoa Willd.) is a traditional Andean seed crop increasingly attracting
attention because of its healthy nutritional attributes, and its high yield potential under adverse soil and
climate conditions such as drought (Cocozza et al., 2012; Sun et al., 2014).
The grain of quinoa is a pseudo-cereal with attractive nutritional proprieties, and this attribute has
greatly increased its consumption in recent years. It contains unsaturated fatty acids, antioxidants, and
essential amino acids, and it is rich in Fe, Mg, fibers, and vitamins while containing high levels of
gluten-free protein (Abugoch, 2009; Gordillo-Bastidas et al., 2016).
The Incan people treated the quinoa grain as sacred and referred to it as the “mother grain” (Koyro and
Eisa, 2008). And because the quinoa plant shows high phenotypic and genetic variability, interest in
this crop has also increased globally (Gamez et al., 2019).
The United Nations has announced 2013 as the International Year of Quinoa. General manager of the
FAO declared that quinoa can become main ally in the war on hunger and malnutrition in developing
countries (FAO 2013).
Al JBawi et al., – Research Journal of Science – RJS 1(1): 1-9 June 2020

2

Abiotic stress is the primary cause of crop losses, decreasing yields by more than 50% Worldwide
(Mittler, 2006). Water shortage is a serious problem affecting plant growth and yield in the
Mediterranean region (Souza et al., 2004). Due to the need of developing and identifying drought
tolerant crop lines, understanding the functioning capacity of drought tolerant plants under water deficit
conditions is inevitable (Bhardwaj and Yadav, 2012).
Syrian economic depends to a great degree on cultivation which 70% of it is un-irrigated, low yielded,
oscillation among years, doesn't get sufficiency resources important for life. In the last year’s drought
appears to be a true problem which force the Syrian government to import wheat for the first time, as a
result to successive years of drought, and stopping the cultivation of some crops as cotton and sugar
beet in some areas (Abbas, 2009).
Germination can be considered as composed by two main part-processes: imbibition (water uptake) and
metabolic reactions conducting the poorly defined embryo to a new plant (Sigstad and Prado, 1999).
This process is a critical stage in plant life cycle, depending on the genetics of each species and
environmental conditions that seeds are exposed. In arid and semi-arid regions with recurrent
adversities such as salinity and water deficiency, the water absorption by the seed during the
germination process is hampered by the negativity of the soil matrix potential (Santos et al., 2016). In
this sense, evaluation of the germination process and seedling development under conditions of water
deficiency are substantial since they may be related to crop sensitivity or tolerance at subsequent
development stages.
In the seedling stage selection for drought tolerance genotypes can be made by using polyethylene
glycol (PEG 6000) for inducing osmotic stress, due to its high molecular weight this osmotic substance
has been used in many studies on drought stress (Jatoi et al., 2014).
In Syria, quinoa had entered since 2014 by General Commission for Scientific Agricultural Research
(GCSAR), but it is assumed that its cultivation areas will suffer from water scarcity. A recent study in
the Syrian conditions found the possibility to follow the deficit irrigation (60% of total consumption)
which saved approximately 31.5% of irrigation water without affecting the productivity of quinoa crop
(Al-Jbawi et al., 2018). Thus, aiming to identify quinoa tolerance to cropping in water deficient
environments, the objective of this research was to evaluate the effect of water stress on the
germination process and initial growth of quinoa seedlings.
Materials and Methods:
The research was carried out at Homs research center laboratory, General Commission for Scientific
Agricultural Research (GCSAR) in Syria, during 2019. A completely randomized design was laid with
sex replicates.
Seeds were surface-sterilized for 20 min in 20 % (v/v) sodium hypochlorite, then rinsed and soaked in
distilled water. This sterilization procedure is required to eliminate saponine from seeds and to avoid
contamination by microorganisms during the germination process. The entire sterilization procedure,
including soaking, took 1 h and did not affect the germination process (Panuccio et al., 2014).
Five varieties of quinoa (Table 1) were germinated on Whatman filter paper in Petri dishes of 10 cm in
diameter, embedded in 8 mL of aqueous solutions containing polyethylene glycol (PEG6000)
concentrations required to obtain osmotic potentials corresponding to -2, -4, -6, -8, and -10 bar. The
control treatment (0 bar) corresponded to the solution containing only distilled water.
Al JBawi et al., – Research Journal of Science – RJS 1(1): 1-9 June 2020
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Table 1. Quinoa varieties and their sources
No.
1
2
3
4
5

Var.
Giza1
Titicaca
Red Carina
Q26
NSL-106398

Source

Seed and Plant Improvement Institute (Iran)

International Center for Biosaline Agriculture (ICBA)

For the evaluation of water stress, the standard germination test was carried out with 6 replicates of 50
seeds in each dish. After sowing, the seeds were incubated in a growth chamber (VS-91G09M-800,
vision Scientific Co. LTD), for five days at constant temperature of 23±1 °C in darkness with a relative
humidity of 70 %.
Germination percentage (GP), which showed the percentage of normal seedlings as recommended by
the rules of seed germination. The germinated seeds were counted daily from the second day, and the
experiment was considered finished when no further radical protrusions were observed after an average
of five days. The germinated seeds were those that developed a normal radicle and had extended at
least 2 mm and had a normal shoot.
Germination index (GI), which was calculated as described in the association of official seed analysis
(AOSA, 1983) by the following equation:
GI = (G1/N1) + (G2/N2) + (G3/N3) + ...+ (Gn/Nn),
where: GI: the germination index; G1, G2, G3, ..., Gn: the number of seeds that germinated on the first,
second, third day, etc. until the nth day of counting; N1, N2, N3, ..., Nn: the first, second, third, etc. to
the nth day after sowing.
GI gives an indication of the rapidity of germination; and it increases when the number of germinated
seeds increases and the time required for germination decreases.
Mean germination time (MGT), a speed index as quicker germination corresponds to lower values of
MGT, and it was computed according to (Kader, 2005),
MGT (days) = ∑ fi.ni / N
Where, fi: is a day during germination period, ni: is the number of germinated seeds on day fi. N: is the
total number of germinated seeds.
Germination recovery (GR), after 5 days non germinated seeds from all different PEG solutions
treatments were transferred to distilled water to study germination recovery. The germination recovery
was determined by counting the number of recovered seeds from total number of seeds using the
following formula:
Recovery (%) = (a –b) c * 100 (Hajri et al., 2018).
where, a: is the total number of seeds germinated after being transferred to distilled water, b: is the
number of seeds germinated in from osmotic treatments of PEG and c: is the total number of seeds.
Seedling length, at six days after sowing, the length of shoot and primary root of ten normal seedlings
of each replicate were measured by means of a millimeter ruler.
Results:
For germination percent (GP) and germination index (GI), there was a significant difference (p<0.01)
between the simple effects of the factors and the interaction Var*Op (Table 2). In terms of mean
germination time (MGT), there was no significant interaction between the varieties and osmotic
Al JBawi et al., – Research Journal of Science – RJS 1(1): 1-9 June 2020
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potentials, therefore, the factors acted independently on MGT. For germination recovery (GR) there
was no significant of the factors and their interaction Var*Op (Table 2).
Table 2. Analysis of variance for germination percent (GP) %, germination index (GI), mean
germination time (MGT) and germination recovery (GR) % of five quinoa varieties exposed to
different concentrations of PEG6000
Source of variation

DF

Variety (Var)
Osmotic Potential (Op)
Var*Op
Residual

4
5
20
240

GP
2289.81**
41104.74**
704.89**
8.181

Mean square
GI
MGT
69.06**
0.193**
1169.97**
4.074**
18.23**
0.018
0.345
0.016

GR
28.61
20.73
13.23
31.64

*, ** Significant differences at level of probability 5% and 0.01 respectively.

Mean comparisons for the germination variables and interactions are presented in Table (3).
Measurements regarding different osmotic potentials and varieties were significant at 1% level. As
PEG concentration was increased (osmotic potentials decreased), GP and GI were decreased. The
highest values were noticed at control and the lowest at Op -10 bar.
The GP mean of all varieties under control reached 74.50 %, but decreased to (73.56, 66.56, 63.11,
34.83 and 8.67%) at the osmotic potentials -2, -4, -6, -8 and -10 bar respectively. The varieties Giza1
and NSL-1.6389 were verified the superior to the others in Gp (%) (Table 3).
The GI mean of all varieties decreased significantly with decreasing OP solution level, and the two
varieties Giza1 and NSL-1.6389 were superior to the others, so they considered the higher vigor and
faster in germination compare to the other varieties.
The MGT mean increased significantly with decreasing OP solution level, and the two varieties Giza1
and NSL-1.6389 had the lowest values attained to 3.416, 3.318 day respectively (Table 3). This
indicates that both varieties have the faster population of seeds that germinated. Also, here were no
significant differences between the independent factors and their interaction regarding GR (Table 3).
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Table 3. Means of GP (%), GI, MGT (day) and GR (%) of five quinoa varieties exposed to
different concentrations of PEG6000
Variety
Gp (%)
Giza1
Titicaca
Red Carina
Q26
NSL-106398
mean
GI
Giza1
Titicaca
Red Carina
Q26
NSL-106398
mean
MGT (day)
Giza1
Titicaca
Red Carina
Q26
NSL-1063980
mean
GR (%)
Giza1
Titicaca
Red Carina
Q26
NSL-106398
mean

0

-2

Osmotic Potential (bar)
-4
-6
-8

-10

mean

76.94
73.61
68.06
63.06
55.83
15.83
73.33
72.22
66.39
62.78
20.00
4.44
70.83
70.28
65.28
63.06
18.89
4.17
72.78
71.39
64.17
62.50
20.28
4.17
78.61
75.28
68.89
64.17
59.17
14.72
74.50a
73.56b
66.56c
63.11d
34.83e
8.67f
LSD0.01var= 1.238, LSD0.01op= 1.356, LSD0.01var*op= 6.064, CV=5.4%

58.89a
49.68b
48.75b
49.21b
60.14a
-

25.89
24.65
22.08
20.30
17.71
4.32
24.17
23.81
21.45
20.24
6.24
1.18
23.17
22.83
20.81
20.03
5.56
1.11
23.92
23.36
20.36
20.07
6.17
1.11
29.72
25.31
22.53
20.33
19.14
3.96
24.77a
23.97b
21.45c
20.20d
10.96e
2.34f
LSD0.01var= 0.521, LSD0.01op= 0.570, LSD0.01var*op= 1.275, CV=3.4%

19.14a
16.18b
15.58c
15.83bc
19.67a
-

2.920
3.057
3.277
3.390
3.517
4.317
3.067
3.110
3.343
3.400
3.747
4.557
3.167
3.187
3.390
3.477
3.940
4.473
3.090
3.143
3.433
3.473
3.910
4.530
2.857
2.990
3.243
3.433
3.433
4.343
3.020d
3.097d
3.337c
3.435c
3.709b
4.444a
LSD0.01var= 0.113, LSD0.01op= 0.124, LSD0.01var*op= 0.278, CV=3.6%

3.416b
3.537a
3.606a
3.597a
3.383b
-

91.7
94.8
96.6
92.5
98.2
95.0
98.2
97.5
100.0
96.7
96.9
95.3
LSD0.01var= 9.24, LSD0.01op= 5.84, LSD0.01var*op= 13.07, CV=5.9%

93.2
94.5
96.6
97.9
98.3
-

There was a significant interaction of Var* Op, on shoot length, and there was no significant interaction
on root length (Table 4). There was a significant difference (p <0.01) between the varieties and the
osmotic potentials of the solution containing PEG6000 (Table 4).
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Table 4. Analysis of variance for shoot length SL (mm) and root length RL (mm) of five quinoa
varieties exposed to different concentrations of PEG6000
Source of variation

DF

Variety (Var)
Osmotic Potential (Op)
Var*Op
Residual

4
5
20
60

Mean square
SL (mm)
254.79**
1671.67**
16.70**
4.16

RL (mm)
7.722**
368.624**
1.699
2.333

*, ** Significant differences at level of probability 5% and 0.01 respectively.

Mean comparisons for the seedling variables and interactions are presented in Table (5). The
independent factors regarding different osmotic potentials and varieties were significant at 1% level.
Shoot length mean achieved 36.60 mm at the control treatment, and increased significantly at Op -2
bar, then it decreased with the decrement of osmotic potentials, but the lowest value was at Op -10 bar
(Table 5).
Root length mean over all varieties under control treatment reached 22.07 mm, and decreased to
(20.87, 18.67, 14.87, 14.87, 12.27 and 9.60 mm) at the osmotic potentials -2, -4, -6, -8 and -10 bar
respectively.
Results also showed that the two varieties Giza1 and NSL-1.6389 were superior to the others in SL and
RL (Table 5).
Table 5. Means of shoot length SL (mm) and root length RL (mm) of five quinoa varieties
exposed to different concentrations of PEG6000
Variety
SL (mm)
Giza1
Titicaca
Red Carina
Q26
NSL-106398
mean
RL (mm)
Giza1
Titicaca
Red Carina
Q26
NSL-106398
mean

0

-2

Osmotic Potential (bar)
-4
-6
-8

-10

mean

37.33
48.33
45.67
38.33
32.33
23.00
37.33
47.00
42.00
36.67
22.67
14.00
35.33
41.67
38.33
31.00
20.33
13.33
37.00
42.00
40.00
31.33
22.00
12.67
36.00
48.67
47.00
41.00
33.00
23.67
36.60c
45.53a
42.60b
35.67c
26.07d
17.33e
LSD0.01var= 1.808, LSD0.01op= 1.980, LSD0.01var*op= 4.428, CV=6.0%

37.50a
33.28b
30.00c
30.83c
38.22a
-

22.00
21.00
18.33
15.67
13.00
10.67
23.00
19.67
17.00
13.67
11.00
8.67
21.00
20.67
19.67
14.67
12.00
8.67
21.67
20.67
19.67
14.67
12.00
9.33
22.67
22.33
18.67
15.67
13.33
10.67
22.07a
20.87a
18.67b
14.87c
12.27d
9.60e
LSD0.01var= 1.355, LSD0.01op= 1.484, LSD0.01var*op= 3.318, CV=9.3%

16.78ab
15.50b
16.11ab
16.33ab
17.22a
-

Discussion:
The effect of water stress on germination has been addressed by several authors and in different species
(kaya et al., 2006; Abbas and Al-Jbawi, 2013; Barbieri et al., 2019). This stage is very important for
the development of the plants, particularly those that live in environments exposed to drought.
Our results revealed that low osmotic potentials notably affected germination percentage, germination
speed and mean germination time negatively in all tested varieties of Quinoa, but it varied in its
response to drought. So, the results showed a significant interspecific variation in drought tolerance
Al JBawi et al., – Research Journal of Science – RJS 1(1): 1-9 June 2020
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during germination, and the study concluded that both varieties Giza1 and NSL-1.6389 were the most
tolerant to osmotic stress. However, slow germination under water stress is obviously due to decreased
water potential of the germination medium, which restricts the water availability to the seeds. In this
regard, Pratap and Sharma, (2010) mentioned that germination at higher level of water stress may be
attributed to the water deficit in the seeds below the threshold, which may lead to degradation and
inactivation of the essential hydrolytic enzymes.
When the osmotic potential of growth medium decreased, some toxic effects in seeds undergoing the
germination process, in addition to the water absorption restriction, these effects may lead to cell
metabolism alterations, reduction in germination percentage and speed, and changes in the
development and growth of seedlings. These findings are consistent with the studies done by Dodig et
al., (2008) and Santos et al., (2016).
The high potential of quinoa varieties to continue in growing after transportation from the osmotic
potentials to the control medium (distilled water) means that the embryo is not affected, and it kept its
vitality during germination later. The results also indicating that PEG6000 had no toxic effects on seed
germination. Merah (2001) and Khajeh-Hosseini et al., (2003) indicated that PEG molecules did enter
the seeds and found that there was no PEG toxicity during seed germination.
Significant reduction in shoot and root length at higher concentrations of PEG6000 was observed as
compare to control. Similar trend of seedling length reduction was observed in many researches and in
different species, in maize (Farsiani and Ghobadi, 2009), in sugar beet (Abbas and Al-Jbawi, 2013), in
wheat (Spanic et al., 2017) and in barely (Helal et al., 2018). The reason for low shoot and root length
may be due to increase in osmotic potential by increasing drought, which leads to dehydration, ionic
imbalance in transpiring leaves that caused reduction in meristem activity and cell elongation,
consequently inhibit the growth.
Conclusion:
The present investigation results indicated that water stress significantly reduced seed germination,
shoot and root length in all varieties, but there were a clear variations between quinoa varieties in
response to water stress, and the two varieties Giza1 and NSL-1.6389 were the most tolerant. Seed
germination recovery indicated that PEG had an osmotic inhibition of quinoa seeds. Further field trials
are needed for potential use of these varieties in arid environments.
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Abstract
The study was carried out with the aim of testing the environmental genetic
interaction for seed yield and its components and oil and protein percent's traits,
estimating the broad sense heritability and stability parameters of three soybean
varieties Lee74, Taqa and Aeman, which were cultivated in twelve
environments resulting from the combinations of six plant densities (285714,
200000, 153846, 142875, 100000 and 76923 plants per hectare), and two
locations (Bany Manqan and Kani Panaka), which belonging to Sulaymaniyah
Governorate, using a randomized completely block design with three
replications. Combining analysis of variance showed significant mean square of
varieties for DFF, PH, HFN, NPP, SPY, 100 SW traits, locations for DFF, PH,
HFN, and 100 SW traits and plant densities for PH, HFN, 100 SW, and
Protein%. The interaction of varieties x environments (locations and plant
densities) was highly significant for NVB, NPP, NSP, SPY and 100 SW traits.
The broad sense heritability was high for DFF and PH traits (98.02 and
81.19%) respectively, moderate for HFN and 100 SW traits (26.28 and 26.91%)
respectively and low for the other traits. Stability parameters results showed
high stability in different environments for variety Lee74 in DFE, HFN and
NSP traits, Taqa variety considered stable in PH and HFN traits, and Aeman
variety for were stable in PH, SPY and Oil% traits, and the same varieties
showed response to good environments only for certain traits, whereas, there
was a response to inappropriate environments as shown by the two varieties
Taqa in DFE and NSP and Aeman in DFE and NPP.
Key words: G X E interaction, Soybean, Stability, Plant density, Location
effect.
Glycine max (L.) Merrill is one of the most important legume crops in the world because of its great
importance that depends on its seeds containing a high percentage of oil (14-24%), and protein (3050%) which is characterized by its high quality because it contains all amino acids which is necessary
for humans and animals (Abbas et al., 2011), in addition to its cultivation to improve the soil properties
and increase its fertility because it contains root nodes bacteria that stabilize the atmospheric nitrogen
Aljibouri et al., – Research Journal of Science – RJS 1(1): 10-21 June 2020

11

in the soil and provide the plant with its needs for growth (Rizk and Ali, 1981). Soybean yield is a
complex quantitative trait that is controlled by multiple genes, and is determined by the multiple
interactions between genes and the environment (Li et al., 2008), which are greatly influenced by
environmental conditions, especially the length of day from different latitudes (Bhartiya and Aditya,
2016 and Abdul Hamid et al., 2017). Because of the photosensitivity, the cultivation area of each
soybean variety was restricted to a very small range of latitudes to achieve the highest yield (Cober and
Morrison, 2010). Therefore, it is useful to identify soybean varieties that have good production
performance and are more stable in a wide range of environmental conditions, though the Genotype ×
Environment (G × E) interaction is considered a major problem in the study of quantitative traits such
as yield and yield component, because it complicated the interpretation of genetic experiments and
predictions (Becker and Leon, 2010).
The stability of the genotype (whether it is a variety, pure line or hybrid) is defined as its good
performance for yield and its components to a wide range of different environmental conditions, and
the stability of the genotype behavior is one of its most desirable characteristics, on the basis of which
it can be adopted as an appropriate variety of environmental conditions. In this case and for the purpose
of identification of the phenotypic stability of genotypes, usually in crop breeding programs, genotypes
are evaluated in multi-environment (years, locations and both) experiments to test their performance
across environments and to choose the best in specific environments. Likewise researchers, including
Singh and Chaudhary (2007) have indicated that it is possible to test the stability of genotypes in
unrepeated experiments by creating different environmental conditions by applying different
agricultural processes, such as the cultivation of the genotypes at different agricultural dates and
distances between plants or lines, or using different fertilizer or irrigation levels ... etc. Significant (G
× E) interaction of quantitative traits such as grain yield can severely limit the progression of adaptive
variety selection (Luo et al., 2012). Several studies have been carried out to determine the effect of (G
× E) interaction on yield and other traits using several statistical modeling methods (Grüneberg et al.,
2005; Luo et al., 2009). These methods may use linear models, such as joint regression analysis
(Eberhart and Russell, 1966), or multivariate analytical methods such as AMMI analysis (Gauch,
1994), or other methods.
The aim of the current study is to evaluate three varieties of soybeans at two locations and different
plant densities and to assess their stability for different environmental conditions resulting from the
combinations between the locations and the levels of plant densities, as well as estimating some genetic
parameters.
Materials and Methods:
Three varieties of soybeans, Lee74, Taqa and Aeman (their seeds were obtained from Faculty
Agriculture, at Salahuddin University, Erbil) were used in this study, which was carried out in the
Sulaymaniyah Governorate (Iraqi Kurdistan) during 2016 in two locations, the first is the Bany
Manqan's Research Center (75 km west of the Governorate Center) and the second is the Kani Panaka's
Research Center (35 km southwest of the Governorate Center). The seeds of the three varieties were
planted in six plant densities (285714, 200,000, 153846, 142857, 100,000 and 76923 plants per
hectare), calculated from three cultivation distances between lines (35, 50 and 65 cm) and two
distances for cultivation between plants (10 and 20 cm). The experimental farm was plowed at a depth
of 30 cm twice perpendicularly, then it was smoothed, leveled and divided. The seeds were sown on the
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eighth and tenth of Mays in the two locations, respectively. Three seeds were placed in each hole at a
depth of 3-5 cm, and the drip irrigation system was adopted as needed. Compound fertilizer NPK was
added at a rate of 130 g per experimental unit (an area of 4 m2) before planting during the preparation
of the land, and after 45 days of planting, urea fertilizer (N 46%) was added at a rate of 80 g per
experimental unit. Thinning and replanting process took place 15 days after planting, and the weeds
controlled by manual cultivation three times during the growing season. Randomized complete block
design was used with three replicates, whereby the combinations between the levels of the study factors
(varieties and plant densities) were distributed randomly within each block (contains 18 experimental
units) and each experimental unit contains three lines with a length of 5 m. On maturity, data were
recorded from the average of five plants randomly chosen from each experimental unit for
characteristics: number of days from planting until the first flower appeared (DFF), plant height (cm)
(PH), height of the first node on the stem from the soil surface (cm) (HFN), number of vegetative
branches per plant (NVB), number of pods per plant (NPP), number of seeds per pod (NSP) from the
equation: [seed number per pod = (seeds number per plant) / (pods number per plant)], single plant
yield (gm) (SPY), seed index (100 grams of seed weight) (100 SW) and the oil and protein percent's
(calculated by the oil and protein testing device in the Peramagroon's seeds store). The combining
analysis of variance was carried out across the two locations according to the experimental design
method used, then the trend analysis for plant densities was performed to determine the nature of the
response of the different traits to the plant densities, and the differences between the means of varieties
and the combinations of the two locations with the densities levels were compared using Duncan's
Multiple Range Test (Al-Zubaidy and Al-Falahy, 2016). The components of phenotypic variance
(environmental and total genetics), broad sense heritability, expected genetic advance, and phenotypic,
genetic and environmental coefficients of variability (PCV, GCV and ECV respectively) for all traits
were estimated in the manner indicated by Al-Zubaidy and Al-Juboury (2016). For the purpose of
distinguishing the stability of soybean varieties in the environmental conditions approved in this study
(the number of which is 12 environments resulting from the combination between the two locations and
plant densities), the following linear regression model was used: Yij = µ + biIj + δij + eij, (Eberhart and
Russell, 1966), as Yij: The mean of variety (i) in the environment (j) and bi: means the regression
coefficient of variety (i) at specified environmental index, which means the response of variety to
environmental change, and Ij: is the environmental index, which is defined as the mean deviation of all
varieties at the specified environment from the general mean, and δij = deviation from the regression for
variety (i) at environment (j) and eij = the average experimental error.
Two parameters for stability were estimated which based on: (1) The regression coefficient, which is
the regression behavior of each variety in different environments, which is estimated from the equation:
bi=ΣYijIj / Σ Ij2 (Al-Zubaidy and Al-Juboury, 2016), where: ΣYijIj is the sum of products and ΣIj2, sum
of squares and (2) Mean deviation (S2di) from linear regression: (Σδij2 / s-2)] - S2e / r, note that: Σδij2 =
[ΣYij2 - Yi2 / t] - (ΣYijIj)2 / ΣIj2, and S2e is the estimation of pooled error. The significance of the
regression coefficients for varieties and for each trait was tested by t - test. As the linear regression
coefficient (bi) for the relationship between each trait of the variety in each environment and the
product and behavior of each trait of the environment rate is a measure of the linear response to
environmental changes. The variance mean of regression deviation (S2di) measures the consistency of
this response, or in other words, it is a measure of heterogeneity. Depending on these two parameters,
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the validity of the varieties is evaluated. In this case, when (1) S2di = zero and bi > 1, the varieties
respond to good environments, (2) S2di = zero and bi = 1, the varieties are less responsive to
environmental changes and are highly stable, (3) S2di = zero, and bi < 1, as the varieties grow well in
inappropriate environments, and (4) S2di > zero, then the linear prediction is weakened.
All statistical analyzes were carried out using the available software: (SAS) Statistical Analysis
System, Microsoft Office Excel 2003 and Minitab.
Results and Discussion:
Table (1) shows the results of the combining analysis of variance for the traits of soybean varieties at
different plant densities across the two locations of study, and it was shown that the mean square of the
locations was significant at 1% probability level for the traits: DFF, PH and HFN, at 5% probability
level for 100 SW and not significant for other traits. The mean square of varieties was highly
significant for DFF, PH, HFN, NPP, SPY and 100 SW traits, and non-significant for the rest of the
traits, these results are consistent with those of Rahman and Hossain (2011) and Seadh and Abido
(2013), who found significant differences between the varieties in some soybean yield components.
The mean square due to plant densities showing a high significance for PH, HFN, HFN and Protein%
traits, from previous studies, significant differences were observed between plant densities for yield
and its components in soybeans, among which, Güllüoğlu et al., (2016) from the study in which
thirteen plant densities were used, found significant differences for seed yield and number of pods per
plant, and Mahesh et al., (2017) indicated differences in the effect of plant densities on soybean traits,
as the increase in density caused increase in seed yield, while the lower densities increased the number
of pods per plant, number of seeds per pod and 100 seeds weight. The mean square of the interaction
between the varieties and plant densities, as well as their interactions with the locations, shown
significant for some traits as follows: (Varieties x Locations) for all traits except oil and protein
percent’s, (Densities x Locations) for NVB, NSP, 100 SW, oil% and protein%, (Varieties x Densities)
for most traits except DFF, HFN and oil%, and finally (Varieties x Densities x Locations) for NVB,
NPP, NSP, SPY and 100 SW traits. The significant interaction of the varieties with each of the plant
densities and locations, and both of them, indicates that some varieties differ in their behavior towards
the traits according to the different environmental conditions in which they grow. It is also noted that
each of the locations and plant densities (which represent different environments) and the varieties and
the interactions between them differed from each other in their relative importance towards the traits
under study. It is clear that the variations due to the environments (locations and plant densities) were
much greater than those due to each of the varieties and their interactions with the environments for the
traits HFN, NVB, NPP, 100 SW and Oil%, and those due to the varieties represented twice as much as
they are for the variation of the interaction of varieties with the environments for HFN, NPP and 100
SW. The variations due to varieties appeared very high for the traits DFF, PH and SPY. These results
show that the highest percentage of variations in the traits: HFN, NPP, SPY and oil% were due to
random environmental fluctuations, and this is confirmed by the highest values of coefficient of
variability for these traits, which respectively reached 17.350%, 12.437%, 14.949 and 17.5.9 and they
were much higher than that for other traits.
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Table 1. Combining analysis of variance for ten traits of three varieties of soybeans in 12 environments
(two locations and six plant densities).
Mean Square
SOV
df
DFF
PH
HFN
NVB
NPP
Location (L)
1
452.23**
6908.8**
80.601**
34.003
7340.9
Reps / Loc
2
0.351
1806.47
20.873
25.251
11192.9
Varieties (V)
2
9622.9**
14787.6**
12.67**
0.874
2476.9**
Plant density(D)
5
0.861
228.8**
3.545**
0.289
182.111
DL
(1)
2.064
374.6**
4.965**
1.134
166.770
DQ
(1)
0.024
582.9**
5.381**
0.004
44.092
DC
(1)
0.079
4.153
0.131
0.008
568.68
DQu
(1)
2.032
174.31
4.686
0.005
0.909
VxL
2
93.62**
902.43**
6.876**
6.601**
2564.8**
DxL
5
0.209
62.631
1.093
2.443**
313.36
VxD
10
0.606
170.71**
1.506
1.305**
438.24*
VxDxL
10
0.365
76.130
1.475
1.357**
528.07**
Error
68
0.626
48.113
0.862
0.429
198.22
Coefficient of variability
1.016
7.882
17.350
8.279
12.437
SOV
df
NSP
SPY
100 SW
Oil %
Protein %
Location (L)
1
0.093
31.872
8.869*
0.222
4.898
Reps / Loc
2
0.224
307.36
4.928
2.142
12.781
Varieties (V)
2
0.017
54.607**
2.660**
0.004
0.107
Plant density(D)
5
0.013
2.466
0.252**
0.093
1.324**
DL
(1)
0.006
0.029
1.046**
0.028
0.442
DQ
(1)
0.039**
0.200
0.022
0.004
1.363**
DC
(1)
0.0097
10.195
0.113
0.304*
2.868**
DQu
(1)
0.001
0.099
0.079
0.103
0.154
VxL
2
0.033**
63.47**
1.562**
0.066
0.016
DxL
5
0.037**
1.388
0.363**
0.564**
2.281**
VxD
10
0.016*
12.783*
0.178**
0.052
0.363**
VxDxL
10
0.018**
14.719**
0.284**
0.087
0.289
Error
68
0.007
6.045
0.065
0.057
0.153
Coefficient of variability
3.486
14.949
4.032
17.509
1.377
(**) and (*): are significant at 1% and 5% probability level respectively.

Budak (2000) indicated that the coefficient of variability was unstable in different studies, and this may
be due to the variations between the varieties or the environmental conditions in which they grow. The
components of phenotypic variance (genetic, environmental and their interaction) are shown in Table
(2), and it is noted that the genetic variance is greater than that due to the genetic environmental
interaction for DFF and PH traits, while it was lower for the other traits, and it is clear that the broad
sense heritability was high for these two traits and reached 98.02% and 81.19% respectively, moderate
for HFN and 100 SW traits (26.28% and 26.91%), and low for other traits (ranged from 1.17% for
Protein% and 15.88% for NPP), these results show that the traits: NVB, NPP, NSP, SPY and protein%
more sensitive than others to inappropriate environmental conditions, and this is explained by the
presence of tension during the growth and maturity periods, which leads to a decrease in its heritability
(Weibel and Pandelton, 1964). Therefore, the effect of environment on these traits is great as compared
to other traits. The results also show that the expected genetic advance in the next generation as a
percent of the trait mean, was high (according to the gradation proposed by Agarwal and Ahmed, 1982)
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for the traits DFF and PH (36.563% and 35.116%, respectively), and low for other traits, and this
confirms the greater effect of environmental variation on these last two traits, that is, the behavior of
both heritability and expected genetic advance were the same for all traits.
Table 2. Variance components and genetic parameters for ten traits of soybeans in 12 environments (two
locations and six plant densities).
Traits
Parameters
DFF
PH
HFN
NVB
NPP
Genetic Variance
267.297
410.321
0.344
0.020
66.967
G x E variance
5.189
79.016
0.677
0.814
288.771
Environmental Variance
0.209
16.038
0.287
0.143
66.073
Phenotypic Variance
272.695
505.375
1.309
0.977
421.812
Heritability
0.9802
0.8119
0.2628
0.0208
0.1588
Genetic advance
28.488
32.124
0.529
0.036
5.739
Genetic advance as percent
36.563
35.116
9.888
0.457
5.069
GCV
20.983
22.143
10.960
1.799
7.228
PCV
21.194
24.574
21.382
12.488
18.140
NSP
SPY
100 SW
Oil %
Protein %
Genetic Variance
0.001
1.461
0.073
0
0.002
G x E variance
0.008
7.428
0.178
0.013
0.080
Environmental Variance
0.002
2.015
0.022
0.019
0.051
Phenotypic Variance
0.009
10.904
0.272
0.032
0.133
Heritability
0.0424
0.1339
0.2691
0
0.0117
Genetic advance
0.007
0.779
0.247
0
0.008
Genetic advance as percent
0.309
4.734
3.920
0
0.026
GCV
0.852
7.349
4.294
0
0.139
PCV
4.137
20.077
8.278
0.755
1.282

The values of phenotypic and genotypic coefficients of variability (PCV and GCV)) are shown in the
same table, and it is noted that the PCV was high for the traits DFF, PH, HFN and SPY, as it reached
respectively (21.194, 20.983, 21.382 and 20.077), moderate for NVB and NPP low and low for other
traits. It is noted that the values of the PCV were greater than the values of the GCV of all traits, and
this is explained by high effect of environmental factors on the phenotypic expression of the traits in
various degrees. It also appears that GCV following the trend of PCV in its behavior for the traits DFF
and PH, and this indicates the non-significance of genetic environmental interaction, and for the same
two traits were observed high values of broad sense heritability, which was also reflected on the high
values of expected genetic advance, and accordingly as a result of the strong relationship among the
four genetic parameters (heritability, genetic advance, PCV and GCV), genetic improvement that may
occur in the next selection cycle can be expected based on the PCV for these two traits. In such cases,
mass selection can achieve the desired success. This relationship among the four genetic parameters
was not observed in this direction for other traits, and in such traits the expected genetic advance is not
directly proportional to the values of PCV, so the last parameter is not always a true measure of genetic
variability. For this reason, the values of broad sense heritability must be taken into account when
conducting the selection for such cases, and these results lead to the conclusion that the expected
genetic advance as a result of selection depends on both PCV and heritability. Singh and Bains (1968)
obtained a similar conclusion and noted that the expected genetic advance is an outcome of both the
estimated selection difference in the expression of phenotypic standard deviation, PCV and the square
root of heritability.
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It is observed that the results of the analysis of variance (Table 1) are reflected and documented by
means of the genotypes as an average of different environments and mean of environments
(combinations of plant densities and locations) as an average of the varieties and the results of which
are presented in Tables (3) and (4), respectively. It was shown from Table (3) that the differences
between the three varieties were insignificant for the traits NVB, NSP, Oil% and Protein%. The variety
Lee 74 appeared to be more early in flowering compared to Taqa and Aeman.
Varieties
Lee 74
Taqa
Aeman
Mean
Lee 74
Taqa
Aeman
Mean
-

Table 3. Varieties means as average of environments for ten soybean traits.
Traits
DFF
PH
HFN
NVB
59.278 c
114.472 a
4.861 b
8.067 a
84.639 b
83.761 b
6.011 a
7.928 a
89.833 a
76.206 c
5.181 b
7.756 a
77.917
91.479
5.351
7.917
NSP
SPY
100 SW
Oil %
2.383 a
15.171 b
6.092 b
23.528 a
2.382 a
17.628 a
6.210 b
23.533 a
2.345 a
16.544 a
6.611 a
23.547 a
2.37
16.448
6.304
23.536

NPP
105.111 c
121.689 a
112.856 b
113.219
Protein %
28.464 a
28.372 a
28.469 a
28.435

The values followed by the same letter for each trait do not differ significantly according to DMRT.

Table 4. Means of environments as average of varieties for ten soybean traits.
Environments
Plant density
Locations
(plant / ha)
285714
200000
Bany
153846
maqan
142857
100000
76923
285714
200000
153846
Kani panka
142857
100000
76923
Mean

Traits
DFF

PH

HFN

NVB

NPP

76.222b
90.44abc
4.744 def
8.956 a
119.71 ab
75.778b
81.33 e
4.767 def
8.289 abc
120.87 ab
76.111b
82.62 e
4.33 fg
8.333 abc
131.96 a
75.889b
79.47 e
3.744 g
8.800 ab
117.44 abc
75.444b
81.62 e
4.578 efg
8.267 bc
119.27 ab
75.778b
85.40 de
4.756 def
8.222 bc
119.53 ab
80.222a
104.91a
7.100 a
6.600 e
97.44 e
79.889a
101.01 a
6.444 abc
7.400 d
108.16 b-e
79.889a
98.27 ab
6.056 bc
7.267 d
101.69 de
80.222a
100.33 a
5.54 cde
7.267 d
104.18 cde
79.778a
92.38 bc
6.533 ab
7.667 cd
105.78 b-e
79.778a
99.93 a
5.611 bcd
7.933 cd
112.60 bcd
77.917
91.479
5.351
7.917
113.219
NSP
SPY
100 SW
Oil %
Protein %
285714
2.277 cd
16.83 a
6.092 cd
23.91 a
27.73 d
200000
2.346 bcd
17.39 a
5.908 d
23.70 ab
28.27 c
153846
2.264 d
17.32 a
5.966 cd
23.40 cde
28.27 c
Bany
maqan
142857
2.406 ab
16.52 a
6.199 c
23.63 bc
28.40 c
100000
2.412 ab
16.65 a
5.892 d
23.43 cde
27.80 d
76923
2.339 bcd
17.24 a
6.049 cd
23.41 cde
28.87 b
285714
2.404 ab
15.28 a
6.850 a
23.34 de
29.32 a
200000
2.383 ab
16.57 a
6.723 ab
23.20 e
29.17 ab
153846
2.467 a
15.65 a
6.733 ab
23.60 bcd
28.31 c
Kani panka
142857
2.423 ab
16.37 a
6.481 b
23.60 bcd
27.42 c
100000
2.361 bc
15.39 a
6.558 b
23.63 bc
28.18 c
76923
2.358 bc
16.16 a
6.199 c
23.57 bcd
28.49 c
Mean
2.37
16.448
6.304
23.536
28.435
- The values followed by the same letter for each trait do not differ significantly according to DMRT..
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As it gave the significantly fewest number of days to flowers (59.278 days), as well as its plants were
more high (114.472 cm), with a significant difference from other two varieties, and an increase of
50.214% over the variety that gave less height plants Taqa variety significantly outperformed the
highest means for HFN, NPP and SPY, and by an increase in SPY (16.195%) over Lee 74 that gave the
lowest yield per plant, whereas the Aeman variety showed surpassed significantly with the highest
mean for 100 SW (6.611 gm). The comparison between the environments (Table 4) indicated that the
plants at all plant densities in Bany maqan region were more early flowering compared to those planted
in Kani panka region, and the highest mean of PH reached 104.91 cm at the highest plant density in
Kani panka with non-significant difference from the same density in the Bany maqan, and this is
explained by the crowding of plants to the light, which makes it tend to rise, while the lowest PH mean
was at the third density in Bany maqan. It is also noted that the higher plant density in Kani panka
region was outperformed by high means for the traits HFN, NSP, 100 SW and Protein%, while the top
three densities in Bany maqan were outperformed by high means for NVB, NPP and Oil% traits, with a
significant difference from all plant densities Kani panka. The differences between all the environments
SPY did not reach to the significant limit. It is concluded from the above that the instability of SPY and
other traits is due to genetic differences between the varieties and to environmental fluctuations.
A trend analysis for plant densities (as they represent levels of a quantitative factor) was conducted
with the aim of identifying the nature of the response of the studied traits to it (Table 1), and it is noted
that the mean squares of the second-degree relationship (quadratic) was highly significant for the PH,
HFN and NSP, indicating that the second degree regression equation is the one that governs the
relationship between these traits and plant densities (i.e. their response to the densities), while the
relationship (the regression equation) of the third degree governs the relationship of Protein% and
Oil%, since the mean squares of the third degree relationship (cubic) was significant at 1% and 5%
probability levels for the two traits respectively. These relationships were graphically drawn (Figures 15). For other traits, the mean squares of the trend analysis degrees did not reach the significant limit,
indicating that there is no appropriate regression relationship between each of them and the plant
densities. Figures (1-5) were adopted in determining the best plant density giving the best response to
the five traits, by drawing a vertical line on the horizontal axis (plant density levels) curvature of the
curve at the best case and from it determining the best plant density, as well as a horizontal line from
the same point towards the vertical axis (trait response) to determine the best mean o the trait, and it is
noted from the results in the five figures and Table (5), that the best means for the traits: PH, HFN,
NSP, Protein%, and Oil% reached 89.0 cm, 5.1 cm, 2.38 seeds per pod, 29 .02% and 23.59% at plant
densities 140000, 130500, 235000, 230000, and 237500 plants per hectare, respectively. Table (5) also
shows the appropriate regression equations for the five traits, which can be used to predict each of them
at any proposed plant density.
Table (6) shows the results of the analysis of variance for stability by Eberhart and Russel method
(1966), and it is clear that the mean square of environments (linear) did not reach the significant limit
for all traits, indicating that the response to different environments is under genetic control (Dawod,
2008). It appears that the mean square of the linear component of of varieties x environments
interaction when tested against pooled deviation was significant for all traits except NVB, Oil% and
Protein%, while the test pooled deviation against pooled experimental error indicates that its mean
square was not significant for traits. It is also evident that the mean squares of each of the three
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varieties reached the significant limits in variety Lee 74 for NVB, NPP, SPY, 100 SW and Protein%,
Taqa variety for NVB, SPY and 100 SW, and Aeman variety for NVB, NSP, 100 SW, and Protein%.

Fig. 1. Response of plant height to plant density

Fig. 2. Response of first node height to plant density

Fig.3. Response of number of seeds/pod to plant density

Fig 4. Response of oil percent to plant density

Fig 5. Response of protein percent to plant density

Aljibouri et al., – Research Journal of Science – RJS 1(1): 10-21 June 2020

19

Table 5. The best regression equation between plant density and five traits in soybeans.
Degree of
equation

Surpassed
response
value

Best
density

PH

Quadratic

89.0

140000

HFN

Quadratic

5.1

130500

NSP

Quadratic

2.38

235000

Oil %

Cubic

23.59

237500

Protein %

Cubic

29.02

230000

Traits

The prediction equation
Plant height = 96.32 - 0.000100 density
+ 0.000000 density2
st
1 node height = 5.818 - 0.00001 density
+ 0.0000001 density2
Number seeds/pod = 2.307+ 0.000001density
- 0.0000001 density2
oil percent = 22.54 + 0.000021 density
- 0.0000001 density2 + 0.0000001 density3
protein percent = 32.63 - 0.000090 density
+ 0.0000001 density2 - 0.0000001 density3

Table 6. The results of combining analysis for stability of three varieties of soybean.
Mean Square
SOV
df
DFF
PH
HFN
NVB
NPP
Varieties (V)
(2)
3207.3**
4929.24**
4.211**
0.291
825.715*
E+(V x E)
(33)
6.611
298.74
1.488
0.884
248.595
Environment (E) (linear)
1
152.56
2788.45
34.603
15.894
3272.81
VxE (linear)
2
30.276**
376.52**
2.177*
1.046
798.284*
Pooled deviation
30
0.169
22.383
0.339
0.373
111.142
Lee 74
(10)
0.250
25.712
0.273
0.505**
150.723*
Taqa
(10)
0.166
13.956
0.454
0.298*
115.090
Aeman
(10)
0.089
27.482
0.289
0.316*
67.612
Pooled Error
72
0.157
17.469
0.336
0.159
69.497
SOV
df
NSP
SPY
100 SW
Oil %
Protein %
Varieties (V)
(2)
0.006
18.202*
0.887**
0.00095
0.0355
E+(V x E)
(33)
0.0075
4.577
0.199
0.05086
0.2978
Environment (E) (linear)
1
0.1140
17.047
3.982
1.16951
7.6449
VxE (linear)
2
0.0155*
15.459*
0.497**
0.03452
0.0217
Pooled deviation
30
0.0034
3.436
0.053
0.01466
0.0713
Lee 74
(10)
0.0029
4.703*
0.047*
0.01634
0.085**
Taqa
(10)
0.0034
4.966*
0.065**
0.00962
0.0171
Aeman
(10)
0.0039*
0.637
0.047*
0.01803
0.112**
Pooled Error
72
0.0019
2.295
0.022
0.01249
0.0302
(**) and (*): are significant at 1% and 5% probability level respectively.

Table (7) shows the traits means, the regression coefficient values bi (which determines the response of
the varieties to the different environments, which are measured by the linear regression of the variety
mean over the average of varieties in each environment) and the mean deviation from the regression
(S2di) for each variety. It is noted for the traits DFE, NVP, NPP, NSP and Protein% that the regression
coefficient reached in variety Lee74, 0.394, 0.487, 0.018, 0.382 and 0.917, respectively, and was not
significant from one, and given that the deviation from the regression was not significant for DFE and
NSP traits, then the variety Lee74 has a good response to different environments and highly stable
environments for these two traits, and at the same time it was surpassed NSP mean over the other two
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varieties. For PH and 100 SW traits, the regression coefficient was insignificant in Taqa and Aeman
varieties, and the deviation from the regression was highly significant for the trait in both varieties,
therefore, they respond well to different environments with high stability for PH trait. The two
varieties, Lee74 and Taqa were distinguished by a non-significant regression coefficient and deviation
from regression for HFN trait, indicating high performance and stability for this trait for different
environments, especially Taqa variety that exceeded the two varieties with highest mean for the trait.
Finally, it is noted that the regression coefficient and the deviation from the regression were not
significant in Aeman variety for SPY and oil% traits, indicating the quality of its performance (gave the
highest means) and its high stability to the varying environmental conditions for these two traits.
According to the gradation shown by Eberhart and Russell (1966) and as shown in Table (8), it was
concluded from the above that there is a high stability in the different environments in variety Lee74
for DFE, HFN and NSP traits, Taqa variety for PH and HFN traits, and Aeman variety for PH, SPY
and oil%, as well as response to good environments only in variety Lee74 for PH and oil%, Taqa
variety for NPP, oil% and protein%, and Aeman for HFN. Whereas there was a response to
inappropriate environments in Taqa variety for DFE and NSP and Aeman variety for DFE and NPP
traits,
Conclusion:
The results provide the possibility of using this information in crop breeding programs by hybridization
techniques.
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Abstract
The present investigation was conducted to demonstrate and to exploit T.
harzianum isolated from local soil by coated seeds to control B. cinerea, the
causative agent of brown spot disease in faba bean cv. Minor in greenhouse.
Faba bean leaves were collected on 14 days after inoculation. The results
showed a pronounced and significant reduction in percent disease incidence. B.
cinerea was applied to leaves of pretreated plants, spot area was less appeared
(22.3%), and the protection percentage reached about 77.7%. Whereas, the
protection percentage did not exceed 18.3% and the spot area was more
appeared on non-treated plants (81.7%). Plant length and root extension
measurements were enhanced in pretreated plants and inoculated with
pathogen.
Keywords: Botrytis cinerea, Trichoderma harzianum, Leaf spot, Faba bean.
Introduction:
Faba bean (Vicia faba L.) is a species of (Fabaceae) and one of the economic important legumes grown
in Libya and many parts of the world, which can be planted in the open field in two-year seasons,
summer and winter. They may be consumed as seeds (green or dried, rehydrated), used as a source of
protein in human diet for substitute of animal protein, animal feed and also as green manure (ElSaghier, 1986). The crop had high nutritional value due to its richness in vitamins and protein. In
addition, helps to improve the soil fertility through to fix nitrogen. Therefore, improving the production
of this crop is one of the objectives in agriculture in many countries.
Brown spot disease, caused by Botrytis cinerea Pers is the most serious disease affecting faba bean in
Libya and in several countries in all the countries of North Africa (Abo-Ghniya, 1991). It occurs on all
top growth of the plant. The leaves are usually the first infected organs are first brown circular spots 1
to 3 mm in diameter. When the temperature conditions are favorable, these spots enlarge, reaching
from 10 to 15 mm are zoned merge and thus covering a large part of the leaf surface, causing
defoliation of plants. Mode and the development of infection have been described by Mansfield and
Deverall (1974).
Botrytis diseases on different crops are usually controlled by spraying with chemical fungicides are
hazardous to human health. In addition, the repeated applications of chemicals have negative impact
and their residues caused lot of problems such as environmental pollution and resistance in diseasecausing organisms to fungicides (Stangarlin et al., 1999; Leroux et al., 2002). Biological control is a
promising strategy for control of foliar diseases in several crops, and Alternatives of these fungicides.
Biological control, the use of specific microorganisms that interfere with plant pathogens and pests, is a
nature-friendly, ecological approach to overcome the problems caused by standard chemical methods
of plant protection.
El Gali – Research Journal of Science – RJS 1(1): 22-29 June 2020

23

Among beneficial microorganisms Trichoderma spp. are the most common bio-control agents of plant
pathogenic fungi that caused soil-borne, air-borne and post-harvest diseases in several crops
(Jegathambigai et al., 2009; Christopher et al., 2010; El-Gali et al., 2015). Several studies were
investigated role of Trichodermna bio-control agents against diseases of leaves spots and plant growth
enhancement (Prasad, 2013 ; El-Gali, 2015). The objective of the present research was determine (i) to
study the disease severity in plant subjected to Trichoderma and (ii) to measure effect of Trichoderma
harzianum on specific growth parameters in plant.
Materials and Methods:
Fungal material:
The bioagent fungus T. harzianum was isolated from soil samples taken from the field in El-Beida city
in northeast of Libya, and The pathogenic fungus B. cinerea was isolated from a diseased plant, and all
the fungi were maintained in the collection of Microbiology Laboratory of Plant Protection, Faculty of
Agriculture, Omer Al-Mukhtar University. Both fungi used in experiments were grown on PSA plates
for 7-14 days.
Seed selection:
Vicia faba, Variety-minor seeds were obtained from market of El-Beida and stored at room temperature.
Healthy seeds without cracks and other visible deformations were selected and surface and sterilized
for 4-5 minutes with 1% sodium hypochlorite solutions. Seeds were then rinsed twice with sterile
distilled water and dried in air.
For coating with T. harzianum, seeds dipping into 1% Carboxy Methyl Cellulose (CMC) solution as a
sticker for 2 min. The seeds were taken from CMC and rolled over T. harzianum 14 days old culture
in Petri-plates (Ramezani, 2010), then allowed to dry overnight (Fig 1-a). The plastic pots (20 cm
diam.) were filled with sterilized soil, 2-coated seeds were sown into pots. Each experiment was run in
10 replicates and repeated twice. There were 4 treatments in each assay including health control,
pathogen control, bioagent alone and their mixture (Biofun. + Pathofun.). Plants were watered regularly
(once a day) so that the soil was maintained near saturation (Fig. 1-b,c).

Fig. 1.a: Faba bean seeds coated with T. harzianum, b: seeds sown and c: seedling covered

Plant leaf inoculation with B. cinerea:
Plants were infected with B. cinerea on same day, at 20 days after germination. Botrytis mycelium
disks of actively growing hyphae (0.5 cm in diameter) from 8-day-old cultures on PSA were placed on
the upper surface of five leaves per plant seedling (one disk per leaf). Inoculation was performed on
leaves that were carefully chosen (similar size and position of insertion). All the plants were covered
with plastic bag (Fig. 1-d), then removed after 24h.
Data collection:
Data was collected from the 2week after inoculation. The development of B. cinerea was estimated by
measuring the areas of the lesions around the mycelial disks. B. cinerea leaf invasion is expressed as
the percentage of damaged tissue of the total leaf areas and protection against B. cinerea as the
percentage of the difference between the necrosis areas of the damaged tissues of non-treated plants
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and that of the treated ones, divided by that of non-treated ones according to formula (1) and (2) that
remind by Mohamed et al. (2007):
% 𝐼𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛 =
𝑃𝑟𝑜𝑡𝑒𝑐𝑡𝑖𝑜𝑛 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 =

𝑆𝑝𝑜𝑡 𝑎𝑟𝑒𝑎

𝐿𝑒𝑎𝑓 𝑎𝑟𝑒𝑎

𝑋 100……… (1)

% 𝑖𝑛𝑓. 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − % 𝑖𝑛𝑓. 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡
𝑋 100 … … … … … (2)
% 𝑖𝑛𝑓. 𝑐𝑜𝑛𝑡𝑟𝑜𝑙

for plant length and root extension, Five plants were examined, removed from soil, then washed under
tap water to cleaning soil granules on roots. The measurements were recorded by used the ruler (Fig.
2).

Fig.2.a: Measurements of Faba bean seedlings, b: Shoot length, c: Root length.
Statistical analyses:

The experimental design of the present study was a randomized complete design . Analysis of variance
(ANOVA) of the data was performed with the Co-STAT statistical. Least significant difference (LSD)
at 5% was used to compare treatment means by using Duncan’s multiple range test (DMRT).
Percentage date was transformed into arcsine angles before carrying out the ANOVA to produce
approximately constant variance.
Results:
Observation in vivo, after 14 days of inoculation, results showed that the large spots or lesions on plants
leaves were found in case the seeds non coated with T. harzianum and inoculation with Botrytis alone
compared with small lesions on leaves from seed coated with biofungus and also inoculated with
pathofungus (Fig.3).

El Gali – Research Journal of Science – RJS 1(1): 22-29 June 2020

25

Fig.3. Efficacy of T. harzianum in controlling brown spot caused by B. cinerea on leaves. (L): Inoculation
with pathogen without treated with Th; (R): Treated with Th and then inoculated with pathogen

The degree of protection obtained with T. harzianum could be estimated by recorded the dimensions
(length and width) of leaf and spot or nicrosis on leaf (Bc. + Th), then, compared with the necrosis
measured for plants infected by B. cinerea without pretreatment (Fig. 4-A).
After 14 days of B. cinerea inoculation, the phenomenon was even more obvious. For the final
measurements, in the non-pretreated plants, the spread of B. cinerea infection resulted in the rotting of
infected leaves that finally fell from the stem (Fig. 4-B), whereas in the other cases (Bc + Th), pathogen
progression was slowed and protection could be estimated for Trichoderma pretreatment.

Fig.4. Botrytis spot symptoms at 14days after infection on faba bean leaves. A: (Bc:
Botrytis alone, Trichoderma + Botrytis) and control, B: Wilt and died leaves

In pot culture under glasshouse condition spores of T. harzianum applied as seed coating caused highly
significant reduction in disease incidence as compared to Botrytis treatment (Table 1), showed the
results of the treatments on percentage disease severity over 2weeks. Plants from seeds that were
coated with Trichoderma spores had less diseases (22.3%) compared to (81.7%) in plants which were
also inoculated with B. cinerea but seeds were not coated with Trichoderma spores, however the level
of disease severity varied significantly.
Concerning to % protection on plants, data in Table (2) shows that, the treatment with bioagent
increased significantly the protection percentage. It recorded 77.7% in case Th. + Bc. higher than
18.3% in Botrytis alone.
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Table 1. Disease incidence on faba bean seedlings subjected to T. harzianum
Treatments
Control
Botrytis alone
Trichoderma alone
Th. + Bc.
LSD at 5%

% Infection
0.0 (0.0) c
81.7 (64.67) a
0.0 (0.0) c
22.3. (23.03) b
18.2***

% Protection
100 (90.0) a
18.3 (25.33) c
100 (90.0) a
77.7 (23.03) b
0.55***

Control: seedlings from seed non coated and without inoculation.
Each value is a mean of 10 replicates
Values between brackets are angular transformed (arc sine angles √y) data
Values followed by the same letter(s) are not significantly different at P= 0.05

One set of the plants (3 pots; 2 plants/pot) were kept to 14 days to observe the effect of the treatment on
growth parameters (plant length and root extension). Plants treated with T. harzianum followed by
infected with pathogen B. cinerea showed stimulating vegetative growth and root development
compared than the plant from the control B. cinerea alone and the others without infection respectively.
Plants subjected to T. harzianum seed coat pretreatment exhibited increased shoots and roots
measurements compared with no pretreated plants (Fig. 5).

Fig. 5. Enhanced roots exploration in faba bean seedlings. a and c: roots from seeds without coat by
bioagent, b and d: roots from seeds coating with bioagent

The data presented in Table (2) indicates that the length of the plants infected by the pathogen was less
among all types of studied treatments. It recorded 16.8 cm less than 26 cm in case of Th. + Bc.
Concerning treatment with Trichoderma on roots extension, the results indicated that it increases the
roots but non-significant differences were recorded between all treatments.
Table 2. Increased plant response in faba bean seedlings treated by T. harzianum
Treatments
Plant length (cm)
Root extension (cm)
Control
20 bc
12.8 b
Botrytis alone
16.8 c
11.0 b
Trichoderma alone
31 a
21.2 a
Th. + Bc.
26 ab
13.3 b
LSD at 5%
6.7**
4.3**
Control: seedlings from seed non coated and without inoculation.
Each value is a mean of (3 pots; 2 plants/pot)
Values followed by the same letter(s) are not significantly different at P= 0.05
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Discussion:
The results presented in this paper describe the ability of T. harzianum to induce and reduce the
severity of the diseases causing by B cinerea on faba bean leaves and stimulating vegetative growth
and root development of the treated plants. Many bio control agents, such as fungi, bacteria and
viruses, are not only able to control the pathogens that cause plant disease, but are also able to promote
plant growth and development (Harman et al., 2004). Trichoderma species are well known as
biocontrol agents for control of several crop diseases (Batta, 2001; Montealegre et al., 2010; El-Gali
2015).
Induction systemic resistance (ISR) has been reported against foliar diseases. In this case, Koike et al.
(2001) found that Trichoderma GT3-2 was able to induce resistance in melon plants against
Colletotrichum orbiculare, the causal agent of cucumber anthracnose. Also, Sawant (2014) mentioned
several studies about Trichoderma used against foliar diseases. In previously study also, El-Gali
(2015) demonstrated that treating carob (Ceratonia siliaua L.) seedlings with T. harzianum conidial
suspension and culture filtrate before inoculation with A. alternata has significantly reduce disease
incidence on leaves.
The ISR is attributed to an increase in the activities of the defense enzymes, peroxidase and chitinase in
the leaves of plant (Sawant, 2014). Induction of this resistance was explained by a lignin deposition at
the point of pathogen infection in the epidermal tissues of cucumber hypocotyls. In other cases,
induction of resistance was accompanied by biochemical reactions such as salicylic acid, jasmonic acid
and/or ethylene secretions (Pieterse, et al., 2001 ; Kloepper, et al., 2004)
Others studies have shown that it also induces local and systemic resistance in plants, and suppresses
enzymes involved in pathogenesis. Some isolates of Trichoderma, including T. harzianum T39 have
the ability to deactivate or minimize the activities of enzymes involved in pathogenesis by B. cinerea
viz. endo-and exo-polygalacturonases, pectin methyl esterase, pectate lyase, and cutin esterase, etc
(Zimand, et al., 1996; Kapat et al., 1998; Elad and Kapat, 1999).
In faba bean a significant increase of plant growth treated with T. harzianum was observed on the
measured parameters (plant length, root extension), in treatment of Trichoderma compared to nontreated seedlings. Similarly results were obtained by El-Gali (2015) showed that the plants treated with
Trichoderma suspension or culture filtrate followed by infected with pathogen A. alternata showed a
good vegetative growth, root development and enhanced leaf area compared than the plant from the
control A. alternata alone and the others without infection respectively.
The enhanced growth response of several plants following application of Trichoderma spp. has also
been well documented (Yedidia et al., 2003; Abd-El-Kareem, 2007; Sriram et al., 2009; El-Gali, 2015).
The compounds produced by the BCA in the fungal culture contained various secondary metabolites,
like peptaibols, which may also act as elicitors of plant defense mechanisms against pathogens. In fact,
the application of peptaibols was found to activate a defense response in tobacco plants (Benítez et al.,
2004; Viterbo et al., 2007). Similarly, the peptaibol isolated and identified from the Lib1 culture could
represent a molecular factor possibly involved in the induction of defense mechanisms in Trichodermatreated plants. Vinale et al., (2008) have found that some Trichoderma compounds, such as 6-pentyl-αpyrone (6PP) acted as effectors on plant growth, possibly by acting in an auxin-like manner or by
stimulating the hormone production in the plant, thus enhancing growth of the root system and plant
size. In Other study, Lo and Lin (2002) also reported that the fungus increased both root, shoot and leaf
area growth of cucumber. The increased growth response induced by T. harzianum may be attributed to
that the fungus could improve nitrogen use efficiency in plant and also could also solubilize a number
of poorly soluble nutrients, such as Mn+4, Fe+3 and Cu+2 etc. (Altomare et al., 1999).
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Conclusion:
The results showed that T. harzianum as a seed coating was able to reduce disease incidence of B.
cinerea causative of brown spots in faba bean plants. Plants treated with T. harzianum followed by
infected with pathogen B. cinerea showed a good growth compared to the plant in the control treated
with B. cinerea alone and the other treatments without infection respectively.
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Abstract
The present study discussed the germination vigour efficiency of various seeds
tested and their plant growth using magnetized water produced from aqua guard
domestic water purifiers, which were compared with the normal tap water.
These studies were carried out by few of the universities from India such as
Cochin University, Babasaheb Bhimrad Ambedkar University, Sri
Venkateswara College from Delhi University and Gauhati University. The
seeds of red cow pea (Vigna unguiculata), soybean (Glycine max), mung bean
(Vigna radiata), corn (Zea mays), mustard (Brasssica juncea), tomato
(Lycopersicum esculentum) and rice (Oryza sativa) were used. The parameters
like seed germination, osmosis assay, shoot length, root length and leaf sizes
were documented. The results showed clear evident that the penetration of
magnetized water into various seeds had positive impact on germination vigour
and the growth. The germination vigour was documented at different time
intervals from 18 h to 72 h. Very interestingly, the avg. % of seed germination
from each magnetized treated groups were high compared to seeds treated with
normal tap water. In addition, the plant growth parameters like leaf size, shoot
length, and root length were increased in treated groups compared to normal
groups. The weight of the seeds was gradually increased from treated groups
compared to normal groups in all the seeds. In addition, the plant growth
parameters like leaf size, shoot length and root length were increased in treated
groups compared to normal groups. The weight of the seeds was gradually
increased from treated groups compared to normal groups in all the seeds. From
the above findings, it was clear evident that the hydration of the seeds soaked in
Aquaguard with biotron technology is faster than the normal water soaked
seeds and also the exhibited better germination and growth in Aquaguard
treated water.
Key words: Water purifiers, Biotron, Magnetized water, Seed germination,
Plant growth .
Introduction:
Magnetized water is nothing but the water exposed to the magnetic field or passed through the
magnetic device Hozayn and Abdul Qados (2010). During this process magnetic field causes number
of changes in water particularly at the atomic and molecular level and also cause changes in electronic
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structure (Silva and Dobranszki , 2014; Pang and Dobranszki, 2008). Hence the resulting magnetized
water molecules are restructuring into very smaller clusters and made of six symmetrically organized
molecules. Because of the tiny and uniform cluster of hexagonal structure of the magnetized water can
easily enter into inside the cells through the membranes and these features make the magnetized water
more bio-friendly compound for plants and animal cells (Ali et al., 2014).
Currently, there are number of reports were discussed on the positive impact of magnetized water on
seed germinations and plant growth (Maheshwari and Grewal, 2009; Mahmoud and Usman, 2014). In
particular, Sadeghipour and Aghaei (2013) had done the study on improving the growth of cowpea
(Vigna unguiculata L.Walp.) using magnetized water compared with non-magnetized water and the
study was carried out during the summer season. The results showed that the irrigation with magnetized
water increased the leaf, stem and root of both fresh and dry weight as well as total biomass compared
to treat with non-magnetized water. Followed by previous study, Elshokali and Abdelbagi (2014) had
carried out the study on impacts of magnetized water on elements contents like calcium, potassium,
iron and zinc concentrations in plant seeds of onion, sun flower and tomato where the results were
compared with the normal water. These studies were conducted during the winter and the results were
clearly showed that the crops contents of the plants were irrigated with the magnetized water exhibited
remarkable increases in elements concentration compared to crops using normal water and also
achieved the increase of the yields at the time of harvest .
In an another study, Mahmood and Usman (2014) had explained the consequences of magnetized water
application on maize seed emergence in sand culture in order to know any beneficial effects of
magnetized water application on seedlings. The outcome of the results indicated that the particular
group of magnetized treatment promoted the seed germination as well as faster and heavier growth
compared to all the other groups. Interestingly ,
Hilal and Hilal (2000) had done the study on exposing of pepper, cucumber, wheat and tomatoes seeds
into magnetized treated water and reported that the notable improvements in seed germination and
seedling emergence were observed .
Similarly, Morejon et al., (2007) had carried out the study on exposing of magnetized water and nonmagnetized water to Pinus tropicalis seeds and the results showed that 43% of seed germination
observed in control group where as 81% of seed germination observed in magnetically treated water. In
addition remarkable improvement on seedlings growth was achieved in magnetically treated group
compared to normal group. Recently, in a previous work where a study was carried out on the
interactions of magnetized water on three different seeds from the Amaranthaceae family namely
Amaranthus tricolor, A.gengeticus and A.blitum where the results clearly showed that the magnetized
treated water had positive impact on all the treated groups in terms of seed germination compared to
normal treated group (Krishnaraj et al., 2017). Hence based on the previous reports and the present
work carried out from few of the universities in India, here the study discusses the comparative
efficiency of magnetized water produced from aqua guard domestic water purifiers and normal tap
water on various seeds tested .
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Materials and Methods:
Seeds selection:
Surface sterilization of seeds:
Ten numbers of healthy seeds with similar size, shape and weight were selected for the study. The
seeds were surface cleaned twice with sterilized water thoroughly to remove any physical impurities
adhered on the surface of seeds. Triplicates were maintained throughout the study .
Impact of magnetized water on seeds:
The surface sterilized seeds were immersed in freshly collected magnetized water produced from
Aquaguard domestic water purifier for 3 h. Similarly, the seeds were exposed to normal tap water for 3
h.
Production of magnetized water:
In order to produce the magnetized water, 5 set of each magnetic rings were connected with a tube and
packed in a housing chamber. This housing chamber is called as biotron cartridge and fixed in aqua
guard water purifier end point. Each biotron cartridge was produced 5000 gauss of magnetic effect into
water .
Seed germination study:
Seed germination study was carried out to check the absorption/penetration efficiency of magnetized
water on seeds. Uniform layer of cotton beds were made in to sterilized petri plates, 40 ml of each
biotron and normal tap water were added separately. Further the excess amount of water was drained
carefully without pressing the cotton layer. Then the pre-soaked seeds were raised in to the cotton bed
and the germination of different treatment groups were calculated using the formula:
G.I= No. of seeds germinated / total no. of seeds × 100.
The above work was carried out in natural light condition (16 h light: 8 h dark) and the temperature
ranged between 25 – 30 ºC .
Plant growth study:
After 72 h of incubation the leaf size / no. of leaves developed, shoot length and root length were
measured in terms of mm.
Osmosis assay:
In order to understand the rapid penetration and rate of absorption of magnetized water molecules into
the seeds an osmosis study was carried out. Ten numbers of known quantities of each dry seeds were
soaked into freshly produced magnetized water and normal tap water. Further the penetration efficiency
of water molecules were documented at different time intervals likely, 1, 3 and 6 h. The initial weight
and the final weight were documented .
Results and Discussion:
The present study was carried out from few of the universities in India. The study demonstrated the
simple, rapid and inexpensive way of producing magnetized water from aqua guard water purifier.
For these, the seeds were exposed 3 h each into normal tap water and magnetized water. Then the seeds
were shifted to cotton bed and raised for germination.
Function of biotron (magnetic) cartridge on water:
Biotron cartridge consist of a 5 set of magnetic rings connected with a tube and each magnetic ring was
produced 1000+ gauss of magnetic field. When water molecules passed through the magnetic field a
process of de clustering was achieved there by macro cluster form of water molecules converted into
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micro cluster form. Due to micro cluster form, the movement and penetration of molecule into cells
were achieved faster than the normal water .
The reason behind the fast movement of water molecule in magnetized treated water was due to
number of hydrogen bonds was proportional to strength of magnetic fields. Due to increase in number
of hydrogen bonds in presence of magnetic fields the size of the water molecules were controlled,
resulted in change in behaviour of the water molecules (Changa and Weng, 2006; Krishnaraj et al.,
2017) .
Effect of magnetized water on seed germination:
In order to confirm the water absorption/penetration efficiency on seeds, the seed germination studies
were carried out using various seeds, such as Vigna unguiculata, Glycine max, Vigna radiata, Zea
mays, Brasssica juncea, Lycopersicum esculentum and Oryza sativa. From the results, it was clear
evident that the penetration of magnetized water into tested seeds had positive impact on germination
vigour and the growth. The germination vigour was documented at different time intervals from 18 h to
72 h. The avg. % of seed germination from each magnetized treated groups were high compared to
seeds treated with normal tap water .
These results are in consistent with the previously published studies (Maheshwari and Grewa, 2009;
Hozayn and Abdul Qados, 2010; Grewal and Maheshwari, 2011; Ijaz et al., 2012; Sadeghipour and
Aghaei, 2014). The reason behind the increase in seedlings and there by enhanced growth in presence
of magnetized treated water was due to activation and production process of enzymes/hormones,
enhanced level of the seed-store auxin resulted in initial stimulation, improvement of seed germination,
vegetative growth and yield (De Souza et al., 1999; De Souza et al., 2005; De Souza et al., 2006).

Fig. 1. Germination of sunflower seeds watered with magnetically treated water.
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Fig. 2. Germination of sunflower seeds subjected to the activity of a variable magnetic field for: a – 15 s,
and b – 30 s, and watered with magnetically treated water.
Table 1. Germination of sunflower seeds
Sample

Final number of
germinated seeds

Variation coefficient
Germination capacity
of germination capacity
(%)
(%)

Relative germination
capacity of seeds

Series I
P1

20.3±1.2

67.7

5.9

0.772*

P2

29.3±0.9

97.7

3.1

1.114

P3

26.3 1.1

P4

24.6±1.3

82.0

5.3

P5

27.6±1.5

92.0

5.4

0.932

P6

23.0±1.9

76.7

8.3

0.777*

P7

29.3 0.7

P8

26.6±0.8

88.7

1.9

1.194*

P9

27.3±1.2

91.0

4.4

1.225*

P10

25.6±1.5

85.3

5.8

1.148*

P11

22.6±1.5

75.3

6.6

1.013

P12

30.0±0.0

100.0

0.0

1.346*

P13

26.3±0.9

87.7

3.4

1.180

87.7 Series
II

98.7 Series
III

4.2

2.3

0.831*

-

P14
22.3±0.7
74.3
3.1
*Samples of statistical significance were marked. Explanations of the names of samples are describes in the Table 1.
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b

a

Fig. 3. Germination curves of tomato seeds: a – seeds exposed to 125 mT for 20 min (D3), 24 h (D5),
chronic exposure (D6) and control; b – seeds exposed to 250 mT for 20 min (D9), 24 h (D11), chronic
exposure (D12) and control
Table 2. Germination of tomato seeds
Sample

Exposure
times

Final Number of
germinated
seeds (%)

Time (hour)± standard error
T1

T10

T25

T50

T75

T90

MGT

Exposed to 125 mT stationary magnetic field
C

non exposed

90.00
±1.00

86.88
±1.68

97.92
±0.72

105.12 ±1.44 115.20 ±2.40

129.36 ±3.36

117.60
±1.44

P1

1 min

91.00
±2.52

88.32
±1.20

96.96
±0.96

102.96 ±0.72c 111.12 ±0.72c

124.32 ±4.08

114.00
±1.20b

P2

10 min

89.00
±1.00b

89.76
±0.48c

98.16
±0.72

103.92 ±0.96 111.60 ±1.20c

124.08 ±2.64

113.04
±1.44b

P3

20 min

90.00
±4.16

84.96
±1.20

94.56
±0.96b

101.40 ±1.68b 109.44 ±2.16c

121.68 ±3.60c

109.92
±1.68a

P4

1h

90.00
±3.46

84.96
±0.96

94.80
±0.96b

101.52 ±1.20b 111.12 ±2.16c

126.96 ±5.28

114.00
±2.16c

P5

24 h

92.00
±1.00

82.80
±2.16

92.64
±0.48a

99.36
±1.20a

108.48 ±2.16b

122.64 ±2.16c

111.36
±0.96a

P6

chronic exposure

91.00
±1.91

94.80
±0.72b

99.60
±0.72a

106.32
±0.72a

118.32 ±1.20a

110.40
±1.20a

88.32
±0.96

Exposed to 250 mT stationary magnetic field
C

non exposed

90.00
±1.00

86.88
±1.68

97.92
±0.72

P7

1 min

91.00
±1.91

83.04
±1.44c

P8

10 min

92.00
±3.65

P9

20 min

P10

105.12
±1.44

162.24
±5.76

117.60
±1.44

115.20 ±2.40

129.36 ±3.36

94.56
±0.48a

102.72 ±0.96c 114.00 ±2.40

132.48 ±5.52

86.40
±1.44

94.80
±1.20b

100.56 ±1.20b 108.48 ±1.92b

120.72 ±4.80c

169.44
±37.20

111.36
±1.92b

95.00
±3.00

85.68
±1.92

94.56
±0.48a

100.56 ±1.20b 108.72 ±2.16b

120.44 ±3.84c

143.52
±34.00

111.84
±0.96a

1h

94.00
±2.00

87.36
±0.72

95.76
±0.96c

101.52 ±1.20b 109.44 ±1.68b

121.44 ±1.68b

153.84
±37.92

113.28
±0.48b

P11

24 h

90.00
±2.58

84.72
±2.40

92.40
±1.20a

97.92
±1.20a

P12

chronic exposure

95.00
±1.00c

87.60
±0.96

93.84
±0.72a

98.16
±0.48a

105.6
±1.44a
103.92 ±0.72a

118.56 ±2.40b
112.80 ±1.92a

–

–
135.12
±19.68

117.60
±2.40

108.48
±2.64a
107.76
±1.68a

Samples of statistical significance were marked. Explanations of the names of samples are describes in the Table2
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Plant growth study:
Plant growth study was carried out to check the bioavailability of water from seeds to plants. The
results of these studies were clearly confirmed that there was a visible change in the growth of plants at
72 h compared to seeds exposed with normal tap water. The seedlings from magnetized treated water
were found to have stronger stem, deep penetration capacity of roots as the roots were well developed
and healthy leaves.
Conclusion:
The present study discussed on the comparative efficiency of magnetized water produced from
aquaguard domestic water purifier and normal tap water on various seeds. From the results, it was clear
evident that the penetration of magnetized water into various seeds had positive impact on germination
vigour and the growth. The weight of the seeds was gradually increased from treated groups compared
to normal groups in all the seeds. Based on overall findings, it was clearly concluded that the
magnetized treated water produced from aquaguard domestic water purifiers is superior and fast
penetration in to the cells, there by hydrating of the cells is faster than the normal tap water which tends
the faster growth in seed germination.
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Abstract
This experiment was conducted at the Poultry Farm of the Faculty of
Agriculture, University of Al-Qasim Green during the period from 18/9/2019 to
23/10/2019. The study aimed to study the effect of adding different levels of
lemongrass leaves (Cymbopogon citratus) to the diet or its extract to drinking
water on microbial content the gut of broiler chickens (Ross 308). 225 unsexed
broiler chicks (Ross), which obtained from Al-Anwar hatchery, were randomly
distributed on 15 pen, with 5 experimental treatments, and 45 birds for each
treatment. Each treatment included three replicates per 15 birds. The treatments
of the experiment were as follows: First treatment: control group free from any
addition. The second treatment: a basic feed added to 10 g of lemon grass/kg
feed, the third treatment: a basic feed added with 20 g of lemon grass/kg feed,
the fourth treatment: adding 100 ml of the aqueous extract of the
lemongrass/liter of drinking water, and the fifth treatment: adding 200 ml of the
aqueous extract of the lemongrass liter of drinking water. The experiment
included studying the following characteristics: The number of total aerobic
bacteria, colon bacteria and lactobacilli. Significant decrease (p≤0.05) in
logarithmic number of aerobic and Coliformis bacteria, with a significant
increase (p≤0.05) in logarithmic Lactobacillus bacteria in duodenal of the small
intestine as well as in cecum in the addition treatments (second, third, fourth
and fifth) compared to the first treatment (control).
Key words: Lemon grass, Cymbopogon citratus, Broiler chicken, Microbial
content, Gut of broiler.
Introduction:
Medicinal plants contain many active compounds with different effects and they are either present in
the plant or in the form of metabolic products and these materials are divided into either a toxic and
deadly type or beneficial and nutritious (Al-Ani, 2002). Herbs have been used in the treatment of health
problems that appear in poultry, these were used medicinal and aromatic plants and their extracts for
improving health (Al-Shahat, 2000). Some plant extracts have a stimulating effect on the digestive
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system of animals and poultry, as they improve the function of organs, especially the liver, and this
leads to an increase in digestive enzymes that increase the benefit from eating food and meeting the
needs of the body (Jamroz and Kamel, 2002). the feeds and natural additives are among the
components that affect improving growth as well as food conversion, so plants and medicinal herbs
have been used in recent years to feed animals (Hassan and Muhamad, 2007). Plant extracts have been
used to treat many diseases, especially animal respiratory diseases (Al-Shahat, 1986), and lemon grass
cymbogon citratus is one of these plants. It is considered one of the medicinal plants wide use since
ancient times and it is an aromatic herb perennial with long and smooth leaves. It lives in hot countries
such as Egypt, Sudan, Saudi Arabia, India, Ceylon and East Africa (El-Degwy, 1996). Recent and
ancient studies have shown that this plant has many medicinal benefits for its high content of volatile
oil, which contains many compounds, especially the main compound Citral, which ranges between 6590% and the compound myosin 10-25% and neighbors 1-4%, as this plant is used as a disinfectant and
analgesic for headaches, and the treatment of rheumatism, as it is antihypertensive and is useful in
treating ulcers and colitis as well as cold and flu diseases (Al-Rawi and Jakerh, 1988). Also, it
considered as inhibitor of the growth of microorganisms and fungi (Al-Sadiq, 2006). It has also been
used industrially for food preservation and flavor addition (Tarab and Shawwa, 2000). With the
increase in the global population of nearly seven billion people, and expectations that this number will
reach eight billion in 2020 and with an annual increase of 93-95 million (Gore, 1993). This increase
will accompany with the diseases of the modern era and the danger resulting from the side effects of
the chemical drugs used, all these reasons were sufficient to go or advise people to go to nature in
search of plants with a medical effect in treating diseases and that most of the diseases that we suffer
from find the solution in nature more than in pharmacy, and that pharmacology is used in the broadest
field of nature herbs for the composition of drugs and medicines (Al-Mayah, 2001). Based on the above
of the foregoing, and given the great importance of the leaves of the lemon grass plant, the aim of the
present study is to find out the nutritional value of the powder of lemon grass plant and its use and
determination the best of proportions that preferred to be added to the diet or to drinking water that can
be used in poultry diets and its impact on productive performance.
Materials and Methods:
This experiment was conducted at the Poultry Farm of the Faculty of Agriculture, University of AlQasim Green during the period from 18/9/2019 to 23/10/2019. The study aimed to study the effect of
adding different levels of lemongrass leaves (Cymbopogon citratus) to the diet or its extract to drinking
water on microbial content of the gut of broiler chickens (Ross 308). 225 unsexed broiler chicks (Ross),
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were obtained from Al-Anwar hatchery, and were randomly distributed on 15 pens, with 5
experimental treatments, where 45 birds for each treatment. Each treatment included three replicates
with 15 birds. The treatments of the experiment were as follows: First treatment: control group free
from any addition . The second treatment: a basic feed added to 10 g of lemon grass/kg feed, the third
treatment: a basic feed added with 20 g of lemon grass/kg feed, the fourth treatment: adding 100 ml of
the aqueous extract of the lemongrass / liter of drinking water, and the fifth treatment: adding 200 ml of
the aqueous extract of the lemongrass/liter of drinking water. The experiment included the study of the
following traits: The number of total aerobic bacteria and colon bacteria and lactobacilli. Completely
randomized design was used to study the effect of different treatments on the studied traits, and the
significant differences between the averages were compared using Duncan's Multiple Range Test
(Duncan, 1955) and SAS (SAS, 2012) software was used to analyze the data.
Table 1. Percentage of feed materials included in the composition of the initial diet and final diet used in
the experiment with the calculated chemical composition for both diets.
Feed material
Yellow corn
Local wheat
Soybean meal (44% protein)
Concentrated Protein*
Vegetable oil (sunflower)
Limestone
Food salt
Total

Initiator diet (1-21) %
Final diet (22-35 day) %
48.2
58.7
8
7.5
28.5
20.5
10
10
4
2.5
1
0.5
0.3
0.3
%100
%100
Calculated chemical analysis **
Metabolized Energy (kcal/kg)
3079.85
3102.6
Crude protein (%)
21.56
18.87
Lysine (%)
1.04
0.85
Methionine + Cysteine (%)
0.455
0.42
Raw fiber (%)
3.54
3.2
Calcium (%)
1.28
1.07
Phosphorus availability (%)
0.42
0.41
*Concentrated protein (Belgian origin), each kilogram contains: 2200 kcal/kg metabolized energy, 40% crude
protein, 8% fat, 3.5% fiber, 25% ash, 8% calcium, 3.1 phosphorus availability, 1.2% lysine, 1.2% Methionine, 1.8%
Methionine + 70 mg, 30 mg Vitamin B1, 300 mg Vitamin E, 2500 IU D3, Cysteine A, 2% Chlorine, 10,000 IU 12 mg
Folic Acid, 250 mg B12, B 120 mg Pantothenic acid, 400. mg niacin, 50 mg vitamin B2, 5000 mg Choline chloride,
450 mg iron, 70 mg copper, 600 mg, C 600 mcg biotin, 1000 mg special vitamin, 750 manganese , 5 mg iodine, 1 g
cobalt and antioxidants.
** chemical composition was calculated according to analysis of feed materials mentioned in (NRC, 1994).

Results and Discussion:
Table (2) shows the effect of adding different levels of lemongrass leaves or its extract to drinking
water on the logarithmic numbers of the total aerobic bacteria, colon bacteria, and lactobacillus (cfu/gr)
for the duodenal and greek contents of broilers at the age of 35 days, as the table indicates a significant
(P≤0.05) decrease in the logarithmic numbers of the total aerobic bacteria and coliform bacteria in the
duodenum and the cecum in favor of transactions of lemon valerian leaf or its extract to drinking water
compared to the first treatment that recorded the highest logarithmic numbers of the total aerobic
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bacteria and coliform bacteria in the duodenum and the aurin amounted to 5.34 and 11.31 cfu/gr,
respectively, 3.86 and 7.45 cfu/gr, respectively. The same tabulation also shows a significant
superiority (P≤0.05) in favor of treatments for lemon leaves or their extract to drinking water in the
numbers of Lactobacillus bacteria for the duodenum regions). The aurin when compared to the first
treatment (control), the fifth treatment recorded the highest rate of Lactobacillus bacteria compared to
the rest of the treatments in the duodenal region.
Table 2. Effect of adding different levels of lemon grass leaves or its extract to drinking water in
the logarithmic numbers of total aerobic bacteria, coliform bacteria and lactobacillus bacteria
(cfu) / gr) for Duodenum and Cecum contents of broiler meat at the age of 5 weeks (mean ±
standard error)

First
treatment

Total air
bacteria
5.34±0.08
a

Duodenum
coliform
bacteria
11.31±0.05
a

Lactobacillus
bacteria
3.69±0.09
d

Second
treatment

4.52±0.04
b

10.61±0.05
b

4.25±0.06
c

Treatments

Total air
bacteria
3.86±0.06
a
3.42±0.06
bc

Cecum
coliform
bacteria
7.45±0.05
a

Lactobacillus
bacteria
2.82±0.04
b

7.07±0.02
b

3.57±0.06
a

Third
4.47±0.05
10.62±0.06
4.36±0.09
3.46±0.07
6.87±0.06
3.60±0.09
treatment
b
b
bc
b
c
a
Fourth
4.34±0.06
10.46±0.06
4.62±0.05
3.2±60.06
6.61±0.05
3.74±0.04
treatment
b
bc
ab
bc
d
a
Fifth
4.47±0.06
10.34±0.06
4.72±0.10
3.22±0.06
6.39±0.04
3.67±0.07
treatment
b
c
a
c
e
a
Significant
*
*
*
*
*
*
level
First treatment: control group free from any addition . The second treatment: a basic feed added to 10 g of lemon
grass/kg feed, the third treatment: a basic feed added with 20 g of lemon grass / kg feed, The fourth treatment:
adding 100 ml of the aqueous extract of the lemongrass / liter of drinking water, and the fifth treatment: adding 200
ml of the aqueous extract of the lemongrass liter of drinking water.

The treatments of lemon grass leaves, either with fodder or drinking water, gave the best results in the
decrease in the numbers of total aerobic bacteria and coliform bacteria, with an increase in the numbers
of anaerobic bacteria represented by lactobacilli bacteria, due to the effectiveness of lemon valerian
leaves because they contain phenolic acids, flavonoids and tannins. They act as natural antioxidants and
antimicrobials (Hasim et al., 2015; Dian; et al., 2017) as they inhibit many pathogenic bacteria, in
particular Escherichia coli, klebsiella, Pneumonia proteus, Staphlococcus aureus, as well as they have
a counter activity against the negative and positive pathogenic bacteria of the dye-staining (Hassoun
and Mustafa, 2009; Al-Ani et al., 2013). Most of the active compounds or substances such as pinene,
α-pinene γ-terpinene B - and limonene affect the structural and functional characteristics of the cell
membrane in the microorganisms and affect the permeability of the membranes and then influence the
performance of these organisms and their vitality, and therefore the active substances in the lemon
leaves Important in promoting and supporting the microbial balance of the intestinal environment by
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killing or inhibiting harmful microorganisms, thus beneficial bacteria (Lactobacilli) outperform their
numbers on harmful bacteria, and thus support the microbial balance within the intestine (Bharti et al.,
2013), as beneficial microorganisms outperform microorganisms harmful to number because the active
compounds of the lemon grass have an effective antimicrobial and antibacterial activity against harmful
or pathogenic bacteria (Cheel et al., 2005).
Conclusion:
The research concluded that the treatments of lemon grass leaves, either with fodder or drinking water,
gave the best results in the decrease in the numbers of total aerobic bacteria and coliform bacteria, with
an increase in the numbers of anaerobic bacteria represented by lactobacilli bacteria.
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