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Abstract
Producing snap bean in sandy soil with a good quantity and quality is a big target to meet the demand for local consumption
and exportation, in this concern field experiments were established for studying the effect of foliar application of fulvic acid
concentrations (0, 3 and 6 g/L) on three snap bean cultivars (Giza 3, Bronco and Flantino) during two growing seasons (20182019). The experiments were conducted in sandy soil at the Experimental and Production Station of National Research Centre,
El-Noubaria region, Beheira Governorate, Egypt. Results clearly indicated that increasing the concentration of fulvic acid as
a foliar application increased vegetative growth characteristics and fruit yield and quality of snap bean, where plants were
treated by fulvic acid at rate of 6 g/L produced the highest significant values of plant height, number of leaves and branches
per plant, total fresh weight and dry weight of plant as well as total chlorophyll. Results also revealed that the maximum
values of pod length and diameter, fresh and dry weights of pods, total green pods yield per feddan, TSS and total protein
percentage were obtained with 6 g/L treatment. Regarding snap bean cultivars, Flantino cv. out performed to the other
studied cultivars and showed the highest vegetative growth and fruit yield and quality compared to other cultivars. It could
be concluded that Flantino cv. is recommended for cultivation in sandy soil with using fulvic acid as foliar application at rate
of 6 g/L to achieve the highest yield and quality of green bean.
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Introduction:
Snap bean (Phaseolus vulgaris, L.) is one of the
most important export crops in Egypt and this is clearly
shown by the expansion of beans cultivation area year
by year. On the other hand, green bean belongs to sensitive
vegetable crops for abiotic stresses (El-Zaher et al., 2001
and Abdel-Mawgoud, 2006). Growing snap bean in the
new reclaimed soil experience many problems especially
the poor contents of organic material and mineral elements
(Kulikova et al., 2002). Using biostimulants have multiple
significant impacts on the soil and plants together.
Biostimulants improve the nutrients status of the soil,
increase the fertilizers uptake, enhance plant growth under
the stress conditions and increase the water use efficiency
(Nardi et al., 2002 and Van Oosten et al., 2017).
Increasing the organic matter in the soil demonstrates its
extent efficiency for the agriculture production, humic
substancesre present around 65-70% of these organic
complexes in the soil (Stott and Martin, 1990 and

Mackowiak et al., 2001). Humic substances include fulvic
acids, humic acids and humins (Berbara and García,
2014), which play a role in increasing the vegetative
growth and uptake of some mineral elements such as N,
K, P, Ca, Fe, Zn and Mg (Rose et al., 2014).
Biodegradation of lignin for the plant residuals
increases the organic matter in soil and produces
biostimulants such as a fulvic acid (Malan, 2015). The
molecular weight for fulvic acid (FA) distinguishesit than
humic acid, which helps in mobilizing the minerals by
forming fulvic complexes (Aiken and McKnight, 1985).
Furthermore, FA enhance the performance of foliar
fertilizers by stimulating the absorption of mineral
elements from plant leaves surface. In addition, foliar
application of FA improve the metabolic process by
transporting the trace minerals directly inside plant cells.
In the same trend, Chen et al., (2004) suggested that
increasing the productivity of plants could be achieved
by using FA at specific stages of plant growth.
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Foliar application of FA improved vegetative growth
characteristics of faba bean plants, where Abdel-Baky
et al., (2019) studied the effect of 4 concentrations (0, 3,
6 and 9g L-1) of fulvic acid as a foliar application on 4
faba bean cultivars. The results revealed that increasing
the concentrations of FA increased plant height, number
of leaves per plant and total fresh and dry weight per
plant, leaf area and leaf area index and crop growth rate
of faba bean plants. In the same trend, Mahmoud et al.,
(2019) investigated the impact of FA rates (0, 3 and 6g/
L- 1) as a soil application on onion plants grown in sandy
soil, the results indicated that the rate of 3g/L of FA
produced the highest significant values of vegetative
growth characteristics and production of onions.
Furthermore, many investigators found that application
of FA enhanced the vegetative growth of faba bean
(Ismail and Fayed, 2020) and increased plant height of
radish (Khang, 2011), increased the numbers of roots for
and root elongation of maize (Eyheraguibel et al., 2008)
and tomato (Dobbss et al., 2007) as well as increased
dry weight of shoot of maize (Anjum et al., 2011).
For the effect of foliar application of FA on plants
production, increasing the FA concentrations increased
the seed and straw yield of faba bean (Abdel-Baky et
al., 2019), the productivity and quality of onions (Mahmoud
et al., 2019), as well asincreased the marketable yield of
tomatoes (Suh et al., 2014 and Aggag et al., 2015) and
cucumber (Kamel et al., 2014). In addition, using FA
improved the chemical compositions and fruit quality of
faba bean plants, where increasing FA concentration up
to 9 gL-1 enhanced leaf’s photosynthetic pigments,
nutritional value and seeds quality, as well as increased
mineral content (N, P and K) of faba bean seeds (AbdelBaky et al., 2019) and onions (Mahmoud et al., 2019).
In the same trend, many previous studies demonstrated
that FA application improved chlorophyll content in
soybean (Chen et al., 2004) and maize (Anjum et al.,
2011), as well as increased potassium concentration in
the leaves of tobacco plants (Priya et al., 2014). Fulvic
acids enhanced the uptake of P and increased N content
in maize plants (Eyheraguibel et al., 2008), increased
chlorophyll content in both soybean and ryegrass (Chen

et al., 2004), photosynthesis rate in maize (Anjum et al.,
2011).
For the role of fulvic acid in improving the plant
growth and fruit yield and quality, this study was
established to test different concentrations of FA on three
snap bean cultivars grown in sandy soil.

Materials and Methods
Three snap bean (Phaseolus vulgaris L.) cultivars
were used to investigate the effect of fulvic acid on their
vegetative growth and fruit yield and quality. The
experimental field was located at latitude: 30°29'50"N
and longitude: 30°19'16"E, in the Experimental Station of
National Research Centre in El-Nobaria region, Behira
Governorate, Egypt during two successive growth
seasons (2018-2019). Sample analyses of soil is shown
in table 1.
Plant materials and cultivation
Three snap bean cultivars; Giza 3, Bronco and
Flantino were used as a plant material. Two field
experiments were conducted in newly reclaimed sandy
soil, seeds were sown on two sides of soil beds, 40 cm
width at 10 cm apart within the plant rows on the 1st of
March in the both years. Before planting, drip lines were
placed on soil surface at 1.5 meter apart in each row at
the center of the soil beds. The agricultural practices
were done according to the recommendation of Egyptian
Ministry of Agriculture and Land Reclamation. Plants
received fertilizers as calcium superphosphate (15%
P2O5) at a rate of 300 kg ha-1 was applied during soil
preparation, 250 kg N ha-1 as ammonium nitrate (33%
N) and 150 kg K ha-1 as potassium sulphate (48% K2O),
which applied during the growth season. Also plants
received Mn, Fe and Zn at rate 50 mg L-1 (oxides of
elements) as a spray solution.
Treatments and experimental design

Snap bean plants were treated by fulivc acid as a
foliar application, falvic acid is soluble in the water under
all pH conditions and remain in solution after removal of
humic acid by acidification. Fulvic acids can also be
described as being “humic acids” of lower molecular
weight and higher oxygen content. The color of fulvic
Table 1: Chemical properties of the experimental soil.
acids can vary from light yellow to
Samples
Chemical analysis
brown in color. It obtained from the
(cm)
pH 1:2.5 EC dSm-1 CaCO3 % CEC C mole Kg-1 O.M %
Canza group company in Egypt.
0-15
7.63
0.98
3.22
4.95
0.04
15-30
Samples
(cm)
0-15
15-30

7.30
1.09
2.76
4.32
0.02
Macronutrients (%)
Micronutrients (ppm)
N%
P%
K%
Fe
Zn
Mn
Cu
2.10
0.53
1.19
231
145
322
76
2.11
0.69
1.68
324
172
286
41

The three snap bean cultivars (Giza
3, Bronco and Flantino) were exposed
to three rates of fulvic acid (0, 3 and 6
g/L) as a foliar application in 3 times; 21
days after seeding, 10 and 20 days after
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Table 2: Effect of foliar application of fulvic acid on vegetative growth characteristics and chlorophyll content of snap bean
cultivars during 2018 and 2019 seasons.

the first time. The experiment consisted of 9 treatments,
with three replicates. The experiment was laid out in a
split plot design where snap bean cultivars were arranged
in the main plots and fulvic acid treatments were randomly
distributed in the sub-plots. The area of the experimental
plot was 12.8 m2.
Measured characteristics
• Plant Growth Measurements:
A representative sample of 6 plants was taken by

random 45 days after sowing (flowering stage), from each
experimental plot for measuring the plant growth
characters, as follows: Plant height from soil surface to
the highest point of the plant, number of leaves and
branches per plant, total fresh weight and dry weight of
plant (determined at 65ºC for 72 hours using the standard
methods as illustrated by (A.O.A.C., 1990). Total
Chlorophyll: Total chlorophyll content of the sixth mature
leaves was measured as SPAD units using monitor
chlorophyll meter (SPAD-501).

Table 3: Effect of foliar application of fulvic acid on fruit yield characteristics of snap bean cultivars during 2018 and 2019
seasons.
2018
Treatments

Cultivars
Fulvic
acid
Giza 3

Bronco

Flantino

Giza 3
Bronco
Flantino
Control
3 g/L
6 g/L
Control
3 g/L
6 g/L
Control
3 g/L
6 g/L
Control
3 g/L
6 g/L

No.
of
pods
16.9 C
19.0 B
22.7 A
19.9 C
20.8 B
22.5 A
16.2 g
16.7 g
17.8 f
19.0 ef
20.2 e
23.4 d
24.6 c
25.6 b
26.3 a

Pod
Pod
length diamet(cm) er (cm)
9.1 C
9.6 B
10.4 A
9.8 C
10.1 B
10.5 A
8.9 h
9.1 g
9.3 f
9.6 e
10.0 d
10.5 c
10.8 b
11.3 ab
11.6 a

0.55 C
0.62 B
0.68 A
0.61 C
0.64 B
0.68 C
0.51 h
0.56 g
0.59 g
0.62 f
0.64 e
0.69 d
0.71 c
0.73 b
0.76 a

2019
Fresh
weight
pods
(g)
4.4 C
5.2 B
5.9 A
5.2 C
5.5 B
5.8 A
4.1 i
4.5 h
4.7 g
5.3 f
5.6 e
5.9 d
6.1 c
6.5 b
6.8 a

Dry
weight
pods
(g)
1.6 C
2.2 B
2.7 A
2.0 C
2.4 B
2.7 A
1.1 h
1.7 g
1.9 g
2.1 f
2.5 e
2.7 d
2.9 c
3.1 b
3.4 a

Total
yield
(ton/
fed.)
3.4 C
4.1 B
4.8 A
4.1 C
4.4 B
4.6 A
3.1 h
3.4 g
3.6 g
4.1 f
4.5 e
4.7 d
5.1 c
5.3 b
5.6 a

No.
of
pods
16.4 C
18.2 B
22.1 A
19.0 C
20.3 B
22.0 A
15.7 g
16.2 f
17.3 ef
17.5 e
19.7 d
22.9 c
23.8 b
25.1 ab
25.8 a

Fresh
Pod
Pod
weight
length diametpods
(cm) er (cm)
(g)
8.9 C 0.56 C 4.1 C
9.5 B 0.63 B 4.6 B
10.2 A 0.70 A 5.0 A
9.5 C 0.62 C 4.6 B
9.9 B 0.66 B 4.8 B
10.2 A 0.69 A 5.0 A
8.6h
0.52 i
3.9 h
8.9 h 0.57 h 4.1 g
9.3 g 0.59 g 4.3 g
9.4 g 0.62 f
4.6 f
9.8 e 0.67 e 4.8 e
10.2 d 0.69 d 5.1 d
10.5 c 0.73 c 5.2 c
10.9 b 0.74 b 5.4 b
11.2 a 0.79 a 5.6 a

Dry
weight
pods
(g)
1.1 C
1.6 B
2.1 A
1.6 C
1.9 B
2.1 A
0.9 i
1.1 h
1.3 g
1.6 f
1.9 e
2.1 d
2.3 c
2.6 b
2.8 a

Total
yield
(ton/
fed.)
3.3 C
4.0 B
4.5 A
3.9 C
4.2 B
4.5 A
3.1 i
3.3 h
3.6 g
4.0 f
4.3 e
4.6 d
4.7 c
5.1 b
5.4 a
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• Green Pod Yield and its Attributes:
At harvest stage (60 days from seeds sowing), green
pods were collected along the harvesting season (40 days)
and the following data were recorded: fresh and dry
weights of pods (g) total green pods yield per feddan (ton).
• Green Pod Quality:
A random sample of 100 green pods at 2-picking
were taken, average pod length (cm) and diameter (cm)
were recorded.
• Nutritional Value:
A random sample of 50 green pods at 2-picking were
taken and the following data were recorded: The total
soluble solids (TSS%): was measured by using the hand
refractometer, according to method described by
(A.O.A.C., 1990). Fiber percentage in pods: was

determined according to Rai and Mudgal, (1988). Total
protein percentage in pods: a factor of 6.25 was used for
converting the total nitrogen to protein percentage
(A.O.A.C., 1988).
• Statistical analysis:
All data were subjected to statistical analysis using
MSTAT Computer Program (MSTAT Development
Team, 1989). The Duncan’s New Multiple Range test at
5% level of probability was used to test the significance
of differences among mean values of treatments (Steel
and Torrie, 1980).

Results and Discussion
Vegetative growth characteristics
Data in table 2 present the effect of fulvic acid
treatments on vegetative growth characteristics and total

Fig. 1: Effect of foliar application of fulvic acid on pod’s protein % of snap bean cultivars during 2018 and 2019 seasons.
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chlorophyll of snap bean cultivars.
Results clearly indicated that foliar application of
fulvic acid significantly increased vegetative growth
characteristics; plant height, number of leaves and
branches per plant, total fresh weight and dry weight of
plant as well as total chlorophyll of snap bean plants
compared to control treatment (0 g/L FA). Increasing
the concentration of FA increased the vegetative growth
characteristics where the highest significant values were
obtained with (6 g/L) of FA in both tested seasons. These
results are in harmony with those obtained by Mahmoud
et al., (2019) on onion plants, Abdel-Baky et al., (2019)
and Ismail and Fayed, (2020) on faba bean plants, Dobbss
et al., (2007) on tomato plants and Khang, (2011) on
radish plants. These results may be due to the role of
fulvic acid as natural chelators which increase the
mobilization and transportation of micronutrients
(Bocanegra et al., 2006) and enhance the photosynthesis
rate and increase chlorophyll content, which reflect on
the plant growth and fruits development (Chen et al.,
2004 and Anjum et al., 2011).
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Regarding the snap bean cultivars; Giza 3, Bronco
and Flantino, data in table 2 revealed that Flantino cv.
had the highest significant values for the previous
characteristics compared to other cultivars and followed
by Bronco cv., while Giza 3 cv. showed the lowest values
of vegetative growth characteristics and total chlorophyll
in the two studied seasons.
Concerning the interactions of snap bean cultivars
and fulvic acid treatments, the obtained data revealed
that Flantino cv. plants which received the highest
concentration of FA (6 g/L) produced the maximum
significant values for vegetative growth characteristics
and total chlorophyll.
Green pod yield and quality characteristics
Fulvic acid treatments enhanced the productivity and
fruit quality of green bean plants. In table 3 the effect of
foliar application of fulvic acid is clear regarding; average
pod length and diameter, fresh and dry weights of pods
and total green pods yield per feddan.
Data in table 3 shows that, the fruit yield and quality

Fig. 2: Effect of foliar application of fulvic acid on pod’s fibers % of snap bean cultivars during 2018 and 2019 seasons.
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characteristics significantly responded to increasing the
concentration of fulvic acid, where plants received FA
with (6 g/L) produced the highest pod length and diameter
and fresh and dry weights of pods, as well as the
maximum total yield were achieved with (6 g/L) treatment
in both tested seasons. These results are in conformity
with those obtained by Mahmoud et al., (2019) on onion
plants, Abdel-Baky et al., (2019) and Ismail and Fayed,
(2020) on faba bean plants and Suh et al., (2014) and
Aggag et al., (2015) on tomato plants. In addition,
Aminifard et al., (2012) found that FA improved fruit
yield and quality of peppers. This improvement of yield
and quality may be due to the effect of fulvic acid
application on snap bean plants, where FA enhances the
uptake of mineral elements by affecting the cell
membranes, leading to improvement of protein synthesis
and the activation of plant hormone as well as promoting
photosynthesis and carbohydrate accumulation (Malan,

2015).
Respecting the behavior for three snap bean cultivars,
there were significant differences among studied cultivars.
The maximum total yield and the pods yield quality
characteristics were observed with Flantino cv. plants in
both studied seasons compared to the other cultivars.
The interaction between studied treatments shows,
foliar application of fulvic acid by 6 g/L on Flantino cv.
plants achieved the highest significant values of average
pod length and diameter, fresh and dry weights of pods
and total green pods yield per feddan in both studied
seasons.
Nutritional value of Green pods
Data in figs. 1, 2 and 3, illustrated the effect of fulvic
acid treatments on total protein percentage, fiber
percentage and total soluble solids (TSS) in snap bean
pods with different cultivars.

Fig. 3: Effect of foliar application of fulvic acid on pod’s total soluble solids (TSS) of snap bean cultivars during 2018 and 2019
seasons.
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Results clearly indicated that, while the total soluble
solids (TSS) and total protein percentage in snap bean
pods increased with increasing the fulvic acid
concentration, fiber percentage decreased in the pods.
Where the highest significant values of TSS and total
protein percentagewere observed with plants received 6
g/L of fulvic acid, while the maximum significant values
for fiber percentage were obtained with 6 g/L of fulvic
acid treatment in the both tested seasons. In this concern,
Mahmoud et al., (2019) found that FA treatments improve
the fruit quality of onions, the same results were found
on faba bean (Abdel-Baky et al., 2019 and Ismail and
Fayed, 2020) and tomatoes (Suh et al., 2014 and Aggag
et al., 2015).
Concerning the snap bean cultivars; Giza 3, Bronco
and Flantino, data in fig. 1, 2 and 3 showed that snap
bean pods for Flantino cv. had the highest significant
values of TSS and total protein percentage and the lowest
values were observed with pods of Giza 3 cv. plants. In
contrast, pods of Giza 3 cv. had the highest significant
values of fiber percentage and the lowest values were
observed with pods of Flantino cv. in both studied seasons.
Regarding the interactions of snap bean cultivars and
fulvic acid treatments, data in fig. 1, 2 and 3 revealed
that Flantino cv. plants which received the highest
concentration of FA (6 g/L) had the maximum significant
values of TSS and total protein percentage. While the
highest significant values of fiber percentage were
achieved with treatment of Giza 3 cv. and 6 g/L of FA
and the lowest values were noticed with treatment of
Flantino cv. and 6 g/L of FA.

Conclusions
According the results of this study, it could be
concluded that the recommended foliar application of
fulvic acid on snap bean plants should be at 6 g/L in 3
times (21 days after seeding, 10 and 20 days after the
first time) during the season with Flantino cv., for achieving
the maximum vegetative growth and fruit yield and quality
under sandy soil conditions.
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