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ABSTRACT

This study investigated the effects of compost, compost tea (CT), vermicompost tea (VCT) and
humic substances (HS) as organic fertilizers integrated with synthetic inorganic NPK, on the
rhizosphere biological activity, growth and productivity of faba bean (Vicia faba L.) in clay soil. The
experiment was carried out at El Sharkiya Governorate during the two successive seasons of
2017/2018 and 2018/2019 to study the effects of different organic amendments on growth, nodulation,
yield and nutrients uptake of three varieties of faba bean namely Giza 3, Nobaryia 1 and Giza 716.
Compost and HS were applied as soil application while CT and VCT were applied as foliar spray. The
data revealed that VCT combined with 50% mineral NPK fertilizers achieved the highest significant
increase in plant height and branch number traits in all varieties during the two seasons and
significantly increased yield reaching 11.3, 10.5 and 10.6 ard. /fed. for Giza 3, Nobaryia 1 and Giza 716,
respectively. Compost and vermicompost tea applications resulted in a substantial increase of both the
number and fresh weight of nodules traits. Meanwhile, amendment with VCT improved nitrogenase
activity during the second growing season. Compost treatment in the cultivar Giza 716 achieved the
highest biological activities of enzymes in soil of faba bean plants. Also, the CT and VCT application
recorded the highest NPK uptake in shoots and grains of plants as well as a significant increase in
protein content in grains of all varieties during the two seasons studied.
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Introduction fixation (Romheld and Kirkby, 2010; Gucci et

Faba bean (Vicia faba L.,) is one of the most al., 2019).
important legumes. It has become one of the The application of bio-organic fertilizers
strategic crops due to its income to the farmers. such as organic manure, biofertilizers and
It is also a popular legume food used biogas manure as well as compost and its
worldwide as an important source of protein derivatives could resolve these issues and
and carbohydrates for animal and human make our ecosystem healthier (Ritika and
nutrition (Cazzato et al., 2012). Besides, the Utpal, 2014). Thus, it is important to develop
faba bean has the ability to fix atmospheric credible and usable alternatives to overcome
nitrogen and can grow well in marginal lands the limitation of chemical inputs. Many
(Farag and Afiah, 2012). organic materials have been proposed as a

source of nutrients for plant crops. Humic
substance and compost are among the most
promising  sources  of  bio-stimulants
(Mupambwa et al., 2015). Many recent studies
stated that compost, HS, CT and VCT could be
used to improve and regulate plant growth
and to enhance stress tolerance and resilience
(Nardi et al., 2002; Siddiqui et al., 2008).

The growth and productivity of the faba
bean are affected by many factors, including
chemical and organic fertilizers, where
nitrogen, phosphorus and potassium (NPK)
fertilizers are necessary to increase production.
Plant nutrition is one of the most important
factors affecting growth and yield. Phosphorus
is an essential element that plays an important

role in many metabolic processes of the plant, Olivares et al. (2015) emphasized the
as well as its role in improving the quality of interest in the use of VCT as a foliar spray on
the fruit (Ramadan and Adam, 2007). tomatoes. However, to the best of our
Potassium is an essential nutrient and is knowledge, no information on the effect of
involved in plant metabolism by activating VCT as a foliar fertilizer on faba bean growth
many enzymes and it plays important role in and yield was found in the literature. Humic
water management of plants (Zorb et al., 2014). substance effects may be attributed to many
Faba bean often responds positively to K factors, including the natural source and
application, especially in dry growing seasons concentration of HS, soil pH, and plant species,
(Bartog et al., 2018). Availability of adequate K the humic compounds may be absorbed by the
to faba bean plants has a positive effect on N roots and transported to shoots, enhancing the
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growth of the whole plant (Lulakis and Petsas,
1995). Compost tea can be prepared in a short
period of time and can be applied directly onto
the plant surface. However, the effects of
compost tea are short lived and frequent and
thus repeated applications are required to
replenish plant or soil surface with nutrient
and/or beneficial microbes (Scheuerell and
Mahaffee, 2002 and Ingham, 2005). Humic
substances and CT have a contributable role in
diminishing the unsustainable application of
synthetic-based pesticides and/or fertilizers in
agriculture. So, HS and CT are promising in
sustainable horticultural crop management, it
is necessary to provide further insights into
their application and functionality (Zandonadi
et al., 2007). Therefore, the aim of this study
was planned to examine the impact of various
organic amendments i.e., compost, HS (soil
application)) CT and VCT (as foliar
application) on the growth and yield of faba
bean (Vicia faba L.) as well as the soil biological
activity of the plant.

MATERIALS AND METHODS
Materials:

This study was conducted on clay soil
planted with three faba bean (Vicia faba L.)
varieties (Giza 3, Nobaryia 1 and Giza 716
from Field Crops Research Institute,
Agriculture Research Center, Egypt.) at a
private farm in Belbeis city, El Sharkiya
Governorate, Egypt during the 2018 and 2019
winter seasons. Interaction effects of some
organic fertilizers (compost, CT, VCT and HA
on the growth and yield of faba bean were
studied.

Soil:

The physicochemical properties of the
experimental soil were estimated according to
Horneck etal. (2011). Details of these
physicochemical prosperities are presented in
Table (1).

Organic amendments:
Compost:

A mixture of cattle dung with various
agricultural wastes composted for 12 weeks
was used as a compost material in this work.
Physical, chemical and biological analyses of
the compost are shown in Table (3). The
physical and chemical properties were
determined in raw materials according to
APHA (1989). Total nitrogen, phosphorus and
potassium in dry yield were also estimated to
Black (1965). Total, fecal coliform bacteria,
Salmonellae and Shigella in compost were
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determined according to Difico Manual (1985).
Parasitic organisms were determined in CT
according to Jirillo et al. (2014). Weed seeds in
compost were examined according to Yu ef al.
(2010) and nematodes were examined
according to Rice et al. (2017).

- Compost Tea Preparation:

Compost tea was prepared by mixing
mature compost with tap water in an open
container at a ratio of 1:10. It was steeped at
ambient temperatures for a week with a
continuous stirring of the mixture is. After that
CT was mixed with additional 0.5% (V/V)
molasses for increasing the microbial
population densities during production. CT
was prepared according to the method
described by Scheuerell and Mahaffee (2002)
and Ingham (2005).

The chemical characteristics of the CT were
as follows: total N 0.03%, total P 0.16%, and
total K, 0.23% ammoniacal nitrogen 38 mg/L,
nitrate-nitrogen 46 mg/L, pH 7.01 and E.C.
19.95 dS.m'. CT was applied as a foliar spray
at a rate of 75 L/Fed., divided on three equal
doses after 2, 7 and 11 weeks from sowing.

Vermicompost  and tea

preparation:

vermicompost

Vermicompost was prepared from previous
compost after finishing the thermophilic phase
using Earthworm (Eisenia fetida) worms from
vermicompost farm at Environment and Bio-
Agriculture Department, Faculty of
Agriculture, Al-Azhar University. VCT was
prepared by the same method CT prepared as
described by Shrestha and Mizutani (2013).

Preparation of humic substances:

The humic substances were extract after the
compost maturation phase according to the
methods described by Sanchez et al. (2002).
Data presented in Table (2) clear that elemental
analysis (C, N, HL O and S) of humic
substances. Total acidity was determined as
mentioned by Dragunova (1958). Carboxyl
groups were determined according to
Schintzer and Gupta (1965). Phenolic groups
were determined as described by Kononova
(1966).

Measurements:

Physio-chemical determinations for
vermicompost and their teas were done to
determine the extent of stabilization according
to the method of A.O.A.C. (2000). Organic
matter and organic carbon were measured
after igniting the sample in a muffle furnace at
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550°C for 60 min. as described by Nelson and
Sommers (1996).

The method described by John (1970) was
employed for measuring the total phosphorus
using a spectrophotometer (Jenway, Model
6705 UV/Visible, Designed and Manufactured
in the UK) and total potassium was measured
by using flame photometer (Jenway, Model
PFP7, Designed and Manufactured in the UK)
after digesting the samples. Meanwhile,
microbiological assays were run according to
the Difico manual (1985). Parasitics were
determined according to Jirillo et al. (2014),
seed germination percentage was estimated as
detailed in Yu et al. (2010) and nematodes were
examined according to Lenore ef al. (1999).

Humification = parameters  for  the
assessment of organic matter stabilization in
compost were also calculated: humification
rate. (HR) % = C (HA+FA)/TOC x100,
humification index (HI) = TC extract- C (HA
+FA) /C (HA + FA) and humification degree
(HD) % = C(HA+FA)/TC extract x100 (Ciavatta
et al., 1990).

Total bacteria count (cfu. g! soil
rhizosphere) (Allen, 1959), fungi (cfu g soil
rhizosphere) (Martin, 1950) and actinomycetes
(cfu g soil rhizosphere) (Williams and Davis,
1965), were determined at the end of the
experiment.

Enzymes., Plant roots were sampled after 7
and 11 weeks from sowing for determination
of the numbers and fresh weight of nodules,
nitrogenase activity (umole C:Hs mg for
nodules) while nitrogenase activity in the
rhizosphere (umole C:Hs/gm. soil) was
estimated according to the methods of
Somasegaran and Hoben (1994). Also,
dehydrogenase enzyme activities were
determined according to Page et al. (1982).

Plants were sampled at harvest to
determine the total nitrogen, phosphorus and
potassium contents in shoots and seeds
(Jakson, 1973), plant height (cm), number of
branches/plant, number of pods /plant,
number of seeds/plant, seed weight/plant (g),
and seed yield ard. / Fed. (ard. =155 Kg of faba
bean yield).

Experimental treatments:

The experimental treatments were arranged
in split block design with three replications as
the following: T1: Compost (soil application)
+50% NPK; T2: HS (soil application) +50%
NPK; T3: CT (foliar application) +50% NPK;
T4: VCT (foliar application) + 50% NPK; Tb5:
Mix (compost + CT+ HS+ VCT); Té6: Full NPK
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(control). Control as recommended dose of
NPK, as following, Nitrogen (15 kg
nitrogen/Fed., is divided into three doses after
2, 7 and 11 weeks of sowing, Phosphorus (200
kg/Fed.) and potassium (50 kg/Fed.). Both
phosphorus and potassium were added once
during soil preparation before sowing. All
treatments except the control one as a half-
recommended dose, whereas the fifth
treatment didn't receive any mineral fertilizer.

Statistical Analysis

The data collected were evaluated using the
combined two-way ANOVA (years and
treatments) of design with three replications
and the significant differences were identified
using the Fisher’s least significance difference
(LSD) method when the ANOVA suggested a
significant difference at p < 0.05 (Steel and
Torrie, 1980). Statistical analysis was
performed using SPSS 20.0 program.

RESULTS AND DISCUSSION

Compost and vermicompost were suitable
for tea extract because they reached to
maturation degree where their organic matter
contents recorded 34.82 and 38.98%
respectively.  Also, both compost and
vermicompost were free from pathogenic
bacteria, parasitic, nematode and weed seeds,
as shown in Table (3).

Results are in harmony with Afifi, et al.
(2012) where they reported that compost
reaches maturation when it is free of any
pathogen bacteria and parasitic with a low HI
1 and the HR and HD% reach more than 50% .
Besides, the percentage of humic acid is
greater than fulvic acid.

Data in the Table (4) presented the overall
results on biochemical composition analysis
for both compost and vermicompost. The pH
and electric conductivity in compost than
vermicompost. On the other hand, organic
matter in vermicompost was higher than
compost and also contents of total nitrogen,
phosphorus and potassium in vermicompost
were higher than compost. The proportion of
total coliform, fecal coliform, salmonella and
shigella bacteria have not been detected
neither in compost nor vermicompost which
means raw materials of compost and
vermicompost which manufactured tea were
mature. Quality of compost or vermicompost
tea depends on microbial food sources,
compost to water ratio, levels of aeration,
degree of maturation, compost age, duration of
incubation, and the quality of water used.
Also, consistent compost quality is necessary.
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Sugar or molasses, are commonly used as
amendments for CT or VCT to increase quality
(Ingham, 2005).

Data presented in Table (5) indicated that
all plants that received the organic
amendments were taller than those supplied
with the full NPK-dose application. Giza3
plants measured up to 95.54 and 96.7 cm/plant
during 2018 and 2019, respectively.
Meanwhile, the treatments were humic
substances during the first season (87.83
cm/plant) while compost tea (84.63 and 90.5
cm/plant) during season 2018 and 2019
respectively.  Compost tea and VCT
applications with Giza3 achieved the highest
values of plant height during 2019 measuring
10land 101.3cm in height, respectively. It is
worthy to mention, the treatment which
contents mix of organic fertilizers only
obtained 78.03 and 80.33 cm during two
seasons, respectively and it achieved values
greater than full NPK. Plant height increase
was already observed on other legume species
treated by vermicompost (Sinha et al., 2010).

Vermicompost tea application significantly
increased the mean number of branches in
plant genotypes and seasons. Due to the VCT
application, a maximum mean of 7.46 branches
/plant was enumerated in 2019 compared to a
maximum of 6.46 branches/plant in 2018. Giza
3 plants attained more branches than
Nobaryial and Giza 716. The positive effect of
VCT might be due to its growth-promoting
effect on roots which enhanced nutrient uptake
and improved plant growth vigor. This is in
harmony with the results reported by Chaichi
et al. (2018) who found that foliar application
of VCT to faba bean plants resulted in
enhanced plant growth, earlier flowering and
higher number of pods per plant, which
probably favored higher yield. It appears that
foliar application of VCT had a beneficial effect
on growth and production in faba bean plants.

Also, data presented in Table (5) refer to
increased numbers of pods and seeds/plants as
a result of foliar application of VCT. Plants
sprayed with VCT had maximum numbers of
25.08 pods/plant and 75.56 seeds/plant as well
as maximum seeds weights of 55.43¢g
seeds/plant during 2019 season. Similar results
using vermicompost tea in the substrate or as a
spray or drench applied to the roots have been
reported in cereals, fruits, and legumes (Doan
et al., 2013, Amiri et al., 2017; Khan et al., 2015;
Yang et al., 2015; Zhang et al., 2011), or as a
foliar spray (Kim et al. 2015), or both (Olivares
et al, 2015). A superior increase in seed
yield/fed was scored by plants sprayed with
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VCT. The yield of these plants reached up to
8.8 and 10.8 ard. /fed. during the two seasons,
respectively, compared with amounts of 4.66
and 7.19 ard. /Fed for full NPK in both
varieties during the two seasons, respectively.
Variety produced higher pod number/plant as
well as seed numbers and weights compared
with Giza 3 and Giza 716. In addition, it
achieved significantly higher seed productivity
than other cultivars (9.55 seed yield ard. /fed.),
during 2019 season.

Metallic minerals simply dissolve into the
CT structure and become bio-chemically
reactive and mobile. It is worth mentioning
that plants treated with a mixture of the
organic ~ amendments  only  achieved
significantly higher yield/fed (5.33 and 8.53
ard. /fed.) than those received the full NPK
fertilizer in both seasons. However, the
mechanism of CT, VCT and HS for promoting
plant growth is not completely known. Many
authors reported that increasing cell
membrane permeability, oxygen uptake,
respiration, photosynthesis, phosphate uptake
and root cell elongation of plant growth factors
while, Kim (2014) explained the positive effect
of humic substances.

Numbers and fresh weight of nodules and
nitrogenase enzyme in nodules.

The full dose of chemical NPK fertilizer had
a low effect on nodule formation by the three
examined plant genotypes. In contrast, all the
applied organic treatments had a consistent
favorable effect on nodule formation by the
examined plant varieties when compared with
the chemical NPK fertilizer application.
Vermicomposting tea application was superior
in this respect resulting in the formation of the
highest nodule numbers in both varieties
grown through two seasons. For instance,
Nobaryia 1 plants treated with vermicompost
tea formed as high as 226.6 and 2295
nodules/plant in the 1 and 2 seasons,
respectively (Table 6).

In the soil amended with compost or HS,
nodule fresh weights were higher than
nodules formed by plants supplemented with
the full dose of chemical fertilizer. The highest
nodules formed by the variety Giza 716 during
the first season where, nodules fresh weight
(mg/plant) were 2904. Meanwhile, the variety
of Nobaryia 1 treated by humic substances was
superior in the second season (3422.3 nodules
fresh weight mg/ plant). These results agree
with those of Ahmed and El-Abagy (2007) who
attributed the differences among faba bean
cultivars in growth characters to the
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differences in the number of nodules formed
on the root of the tested cultivars,
consequently, the growth of each cultivar may
depend mainly on nitrogen fixation, and the
differences in partition and migration of
photosynthates between cultivars and the
endogenous.

The positive effect of organic fertilizer in
some vegetative growth characteristics and
more yield characteristics may be due to the
organic fertilizer content of various sources on
the organic compounds dissolved in water,
such as sugars, amino acids, humic acids and
organic acids, all these compounds contribute
directly or indirectly to the growth and
development of the plant are encouraging
growth by enzymatic or hormonal as it
contains nutrients needed by the plant or they
affect the nutrient availability already present
in the soil by improving soil pH and thus
improving plant productivity (Al-Bayati and
Kammel, 2014).

VCT  treatment was the superior
amendment provoking the highest nitrogenase
activity. Giza 3 achieved higher nitrogenase
activity during the first season (0.98 umole
C2Hs/g dry nod) while, G3 and Nobaryia 1
were the best in the second season they
recorded 1.03 and 1.04 umole C2H4/g dry nod)
respectively. The mixed organic fertilizers
supported higher nodule formation than full
NPK (control) treatment, as shown in Table (6).

These results agree with those of Ahmed
and El-Abagy (2007) who attributed the
differences among faba bean -cultivars in
growth characters to the differences in the
number of nodules formed on the root of the
tested cultivars, consequently, the growth of
each cultivar may depend mainly on nitrogen
fixation, also to the differences in partition and
migration of photosynthetic between cultivars
and the endogenous.

Dehydrogenase enzyme activities reflect
the living microbial cell in the soil; it is

considered the best indicator of
microbiological redox systems Bhaduri et al.,
(2019). The dehydrogenase activity was

increased due to compost application over
other treatments when determined at 7 and 11
weeks after sowing. The dehydrogenase
activity during the season 2019 exhibited
higher values than in 2018. The maxima
dehydrogenase activities (25.5 and 30.65
UTPF/g dry rhizosphere) were estimated in
compost soil cultivated with variety Giza 716
as shown in Table (7). Meanwhile, compost
and HS were superior for increasing
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nitrogenase activities in all plant rhizosphere
during 2019. Both amendments resulted in
significantly higher values of N2-ase activities
with compost treatment and Giza 716 than
Nobaryia 1 and Giza 3, recording 34.6 pmole
CoHs/g dry rhizosphere while Nobaryia 1
cultivar with HS was higher than other
treatments 36.3 pmole C2Hs/g. Moreover, No-
ase through period 11 weeks was higher than 7

weeks during season 2018 and 2019
respectively. when HS tested with 50 % NPK,
it gave the highest activities of both

nitrogenase and dehydrogenase enzymes at 75
days from sowing of wheat plant respectively,
as reported by Massoud et al. (2013).

Data in Table (8) show that the nitrogen
achieved with foliar application of VCT 4.01,
491 and 4.07 % with Giza 3, Nobaryia 1 and
Giza 716 verities in the 2018 season,
respectively. Total phosphorus was (0.23, 0.26),
(0.26, 0.27) and (0.25, 0.28) % in plants treated
with CT during both seasons with three
verities. Meanwhile, the values of total
potassium in shoots of Giza 3, Nobaryia 1 and
Giza716 plants received with foliar application
of CT were (3.60, 3.67), (3.68, 3.76) and (3.64,
3.69) % in 2018 and 2019, respectively. Other
studies have attributed the effect of CT and
VCT application to the availability of minerals,
mostly nitrogen, which can be used quickly by
plants (Amiri et al., 2017; Khan et al., 2015;
Sinha et al., 2010; Yang et al., 2015).

Percentages of NPK in faba bean grains
increased NPK with CT treatment in plant
uptake and reflected their increase in seeds as
shown in table (9). Total NPK were the highest
in seeds with variety Nobaryia 1 achieved (4,10
and 4.81%) total nitrogen and (0.56 and 0.96 %)
total phosphorus, while variety G 3 was the
best when spray by CT (1.40 and 1.45) total
potassium for CT (foliar application) +50%
NPK treatment, during seasons 2018 and 2019,
respectively. A similar finding was gained by
Khaled et al, (2012) who reported that the
highest values of K contents in sesame seeds
were achieved by soil application of humic
acid combined with the high rate of mineral N
fertilizer.

The moral role when adding half the
amount of chemical fertilizer with the amount
of organic manure in each of the contents of
total nitrogen, phosphorus, potassium and
protein percentages in faba bean grains.
Nobaryia 1 variety achieved the highest
significant value of protein percentage than
other two varieties as shown in tables (9). This
may be due to the contribution of both mineral
and organic fertilizer to each other to reach the
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state of optimal nutritional balance suitable for
the growth and development of the plant
because they equipped the plant with the
necessary nutrients, which was reflected in
significant increases in most of the indicators
of the studied factor (El-Shakry, 2005; Al-
Habar et al., 2014).

CONCLUSION:

Use of compost, CT, VCT and HS as organic
fertilizers integrated with synthetic inorganic
NPK fertilizer contribute to lowering pollution
of mineral NPK fertilizers and decreased the
cost by using environmentally friendly organic
and bio-organic fertilizers and compensate
compensation NPK fertilizer for faba bean.
Organic fertilizers in clay soils have key role in
enhancing physiochemical and biological soil
properties. All treatments recorded the highest
NPK uptake in shoots and grains of plants as
well as a significant increase in protein content
in grains of all varieties during the two seasons
of study.
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Table 1: The physicochemical properties of the experimental soil.
Physical properties
Sand% Silt % Clay % Soil texture
18.35 15.75 65.9 Clay
Chemical properties
o EC Na* Ca™ Mg+ K+ COs~ HCOs Cl- SO« ESP
P dS.m™! meq 1! meq. I meq 1! meq 1! meq I Meq I meq I meq I
7.68 2.95 13.16 6.32 9.73 0.10 0.00 7.13 10.13 12.01 7.46
Available elements
N P K Fe Mn Zn Cu B cd Ni Pb
mg/kg”  mgkg mg kg mg kg- mgkg  mgkg mg kg mg kg mg kg mg kg meg
95.2 36.88 642.25 43.948 13.000 1.11 2.682 0.00 0.00 0.063 1.86
Table 2: Characteristics of humic substances extracted from compost.
Tc‘)t:.al Total . Total Phenolic
Nitrozen  Hvdrogen Acidity Carboxylic oups
Carbon % 1 (;)ge y 0/08 Oxygen%  Sulfur% (mmol/10 groups (miol /fO 0g)
° ° 0g) (mmol/100g) &
50 4.1 5.0 39.9 1.0 600 290 310
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Table 3: Physical, chemical and biological analyses of compost and vermicompost.

Type of analysis Compost  Vermi., Compost  Vermi.,
Physical and chemical analysis
Density (kg/m3) 536 400 Total nitrogen (%) 1.3 1.6
Moisture content (%) 18 27 Organic matter (%) 34.82 38.98
Dry matter (%) 82 73 Organic carbon (%) 20.19 22.61
pH (1:10) 7.5 7.2 Ash (%) 65.18 61.02
EC dS/m (1:10) 52 3.7 C/N ratio 16:1 14:1
Ammonia (ppm) 90 58 Total phosphorus (%) 0.69 1.2
Nitrate (ppm) 277 402 Total potassium (%) 0.58 0.89
Biological analysis

Total bacterial count (cfu/g 60 120 Total coliform (cfu/g Nd Nd

x10¢) x103)

Total aCtmirﬁ)Z)C etes (cfu/g 12 10 Fecal coliform (103) Nd Nd
Total fungi (cfu/g x10¢) 9 13 Salmo(rc‘fellll/; M gf)“ge“a Nd Nd
Nematode (larva/200g) nd nd Weed Seeds Nd Nd

Parasitic nd nd Germination percentage 78 83

Vermi: Vermicompost Nd: not detected; C/N: Carbon / Nitrogen ratio; cfu: colony forming unit

Table 4: Chemical and biological determinations of compost and vermicompost tea.

Type of analysis Compost tea
Chemical analysis
pPH 6.96 8.05
EC (dS/m) 4.96 2.70
Organic matter (%) 8.8 12.6
Organic-Carbon (%) 5.14 7.3
N-NH* (ppm) 93 8.0
N-NOs3 (ppm) 115 36
Total-N(ppm) 369 810
Available-P(ppm) 88 11200
Available-K(ppm) 118 13200
Biological determination (cfu/ml)
Total coliform Nd Nd
Fecal coliform Nd Nd
Salmonella and shigella Nd Nd

Nd: not detected
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Table 5: Response of three faba bean varieties to organic amendments and their interactions on plant height, yield and yield components during two successive
winter seasons.

V Plant height (cm) No. of branches/plant

2018 2019 2018 2019
o G.3 Nub.l G716 Mean G.J3 Nub.l G.716 Mean | G.3 Nub.l G716 Mean G.J3 Nub.l G.716 Mean
T1 91 62.8 75.3 7703 943 62.5 84.8 80.53 | 6.3 3.6 5 4.96 8 49 6.6 6.5
T2 100 78.3 85.2 8783 1004 774 90 89.26 | 7.6 43 6.3 6.06 8 5.8 7 6.93
T3 98.6 71.7 83.6 84.63 101 74.1 96.4 90.5 7.3 3 5.8 5.36 8.1 4 5.5 5.86
T4 10006 72.1 87.2 8645 1013 765 90.3 89.36 | 82 3.8 7.4 6.46 8.4 7 7 7.46
T5 91.2 65.3 77.6 7803 916 67.2 82.2 80.33 |7 3.3 5.7 5.33 6.3 4 6.3 5.53
T6 924 62.1 74.3 7626  91.6 64.8 78 7813 |53 2.6 5.5 4.46 6 3.5 4 4.5
Mean | 9554 69.55 80.53 8254  96.7 7041  86.95 84.68 | 6.95 343 5.95 5.44 746  4.86 6.06 6.13
LSD V:36, T:51, VT: 0.88 V:37, T:52, VT: NS
0.05

No. of pods/plant No. of seeds/plant
T1 23 22 211 22.03 236 19.6 244 22.53 73.1 72.2 713 722 74.08  69.9 74.6 72.86
T2 19.3 2407 23 2212 215 22.6 20.5 21.53 69 74.1 733 7213 711 71.3 70.3 70.90
T3 215 247 222 22.8 25 21 20.2 22.06 71.01 749 721 7267 747 75.4 70.1 73.40
T4 242 25.8 243 2476 25 242 26.06  25.08 74.1 75.9 744 748 75.3 75.1 76.3 75.56
T5 19.6 19.1 20.6 19.76  20.04 20.1 17.2 19.11 69.2 69.2 701  69.5 70.2 70.07  66.3 68.85
T6 18 18.7 18.1 1826 163 16.3 18 16.86 68 67.8 678 6786 655 66.03 68 66.51
Mean | 2093 2240 2155 21.62 2190 20.63 21.06 21.19 7073 7235 715 7152 7181 713 7093  71.34
LSD V:NS, T:59, VT: 1.02 V:0.46, T:64, VT: 1.12
0.05

Seed weight (g/plant) Seed yield (ard. /fed)
T1 52,6 52.1 514 52.03 522 50.1 54.7 52.33 | 6.7 8.7 7.4 7.6 8.5 11 9.1 9.53
T2 50.4 54.3 52.7 5246 51.3 51.3 50.3 50.96 |73 7.6 8.9 7.93 8.7 9.4 10.5 9.53
T3 51.2 54.5 52.5 52.73 548 54.8 50.2 5326 | 7.1 8.1 8.3 7.83 9 10.3 10.6 9.96
T4 54 56.1 54.3 54.8 55.1 55.1 56.1 5543 | 8.6 9.5 8.3 8.8 11.3 10.5 10.6 10.8
T5 48.3 49.01 50.1 4913 503 50.3 47 49.2 5.1 5.7 5.2 5.33 8.3 9.1 8.2 8.53
T6 48.2 47.6 48.03 4794 455 45.5 48 46.33 | 5.1 4.8 4.1 4.66 7.5 7.03 7.05 7.19
Mean | 50.78 5226 5150 5151 5153 51.18 51.05 5125 | 665 74 7.03 7.02 8.88 9.55 9.34 9.25
LSD V:NS, T:4.74, VT: NS V:NS, T: NS, VT: NS
0.05

T: treatment, V: variety and VT interaction between treatment and variety.
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Table 6: Effect of compost, humic substances, compost and vermicompost tea on number, fresh weight and nitrogenase activity in nodules of three faba bean
varieties after 7 and 11 weeks from culture during two successive winter seasons.

o ‘3 Nodules number Nodule fresh weight(mg/plant) Nitrogenase activity (umole C2Hs/g dry nod.)
g £ 2018 2019 2018 2019 2018 2019
\ <
= é 7 11 Mean 7 11 Mean 7 11 Mean 7 11 Mean 7 11 Mean 7 11 Mean
T1 116 119 117.5 118 121 119.5 2350 2375 23625 3190 3235 32125 | 0.65 077 0.71 0.55 0.65 0.60
T2 173 181 177 176 180 178 2017 2203 2110 2379 2394 23865 | 0.62  0.72 0.67 0.52 0.61 0.56
T3 200 205 202.5 192 196 194 1095 1003 1049 1211 1253 1232 0.5 0.6 0.55 0.74 0.83 0.78
T4 212 214 213 129 120 124.5 1261.6 1401 13313 2275 2295 2285 094 1.03 0.98 0.99 1.08 1.03
T5 55 61 58 74.3 77 75.65 563.3 576 569.6 511 230.6 370.8 | 0.47  0.66 0.56 0.53 0.68 0.60
G3 T6 42 49 45.5 49 58.6 53.8 515.3 531.6 5234 516 536 526 045 0.52 0.48 0.52 0.61 0.56
Mean | 133 138.1 1355 123.05 12543 124.24 1300.3 13482 13243 16803 16572 1668.8 | 0.60  0.71 0.65 0.64 0.74 0.69
ISSOI; Y:0.50, T:0.87, YT: 1.23 Y:4.79, T:8.3, YT: 11.7 Y:0.005, T:0.008, YT: 0.012
T1 111 1136 1123 119 122.6 120.8 2730 2792 2761 31306 3286 32083 | 0.55  0.62 0.58 0.646  0.68 0.66
T2 207 209 208 2083  209.6 208.9 2407 2521.3 24641 33646 3480 34223 | 050  0.64 0.57 0.75 0.98 0.86
- T3 211 214 212.5 216 220 218 1660 1765 17125 1777 1851 1814 0.64  0.98 0.81 0.986 1.10 1.04
.a T4 225 2283  226.6 228 231 229.5 1802 1903 18525 21006 2213 21568 | 0.50  1.04 0.90 0.983 1.06 1.02
E, T5 66 62 64 71.3 75.3 73.3 616 650.3  633.1 750 859 8045 | 041 052 0.46 0.46 0.64 0.55
2 T6 59 61 60 65 67.3 66.15 584 633 608.5 715 749.6 7323 | 032  0.36 0.34 0.37 0.45 0.41
Mean | 1465 1479 1472 1512 1543 152.7 1633.1 17107 16719 19729  2073.1 2023 0.53  0.69 0.61 0.69 0.81 0.75
16501; Y:0.47, T:.081, YT: 1.15 Y:0.53, T:0.93, YT: 1.31 Y:0.004, T:0.008, YT: 0.011
T1 116 122 119 123 126 124.5 2477 3331 2904 2862 27743  2818.1 0.55 0.7 0.62  0.59 0.68 0.63
T2 211 233 222 224 227 225.5 2389 3233 2811 2395 2401 2398 0.73 079 076  0.76 0.85 0.80
T3 127 181 154 229.6 2336 2316 | 11303 15933 13618 1237 1519 1378 0.74 098 086  0.88 1.01 0.94
T4 210 2126 2113 228.6 233 230.8 2015 2201.3 21081 2767 2931 2849 0.8 1 090 0.85 1.07 0.96
Giza T5 53 76 64.5 75 78 76.5 580.6 600.3  590.4 593 609 601 0.42 045 043 049 0.52 0.50
716 T6 48 53.3 50.6 64.3 74 69.15 571 581 576 592 607 599.5 0.34 038 036 043 0.49 0.46
Mean | 1275 1463 1369 157.4 1619  159.6 | 15271 19233 17252 1741 18068 1773.9 0.59 071 065 0.66 0.77 0.71
I(;SOI; Y:40.4, T:70.05, YT: 99.07 Y:56.2, T:97.3, YT: 137.6 Y:0.005, T:0.010, YT: 0.014

Y: year, T: treatment and YT interaction between and year treatment
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Table 7: Changes in dehydrogenase and nitrogenase activities in the rhizosphere of faba bean varieties
treated with different treatments during two successive winter seasons.

o “E Dehydrogenase activity (ug TPF/g dry rhizosphere) Nitrogenase activity (umole C2Hs/g dry
k3] g rhizosphere)
8 E 2018 2019 2018 2019
- 7 11 Mean 7 11 Mean 7 11 Mean 7 11 Mean
T1 20.6 223 214 24.4 26.5 25.4 18.4 20.8 19.6 19.7 299 29.9
T2 18.4 194 18.9 19.8 24.8 22.3 17.6 21.6 19.6 14.5 24.7 19.6
T3 16.5 18.6 17.5 10.5 13.5 12 14.6 18.4 16.5 16.6 20.2 18.4
T4 144 16.6 15.5 18.4 21.4 19.9 12.3 16.4 14.3 16.1 20.1 18.1
G3 T5 43 6.7 5.5 5.3 11.2 8.2 4.4 8.7 6.5 5.8 7.8 6.8
T6 4.2 6.1 5.1 5.2 10.9 8. 4.5 9.7 7.1 7.6 8.6 8.1
Mean 13.06 149 1398 139 18.05 159 11.9 159 13.9 12.1 18.5 16.8
OI'JOSéD Y:0.37, T:0.64,.YT: 0.91 Y:0.52, T:0.90, YT:1.28
T1 224 24.5 23.4 26.4 28.1 27.2 21.6 2503 233 20.6 27.3 239
T2 22.1 24 23 26.2 29.2 27.7 20.6 223 214 26.4 46.2 36.3
- T3 20.3 22.5 21.4 17.7 204 19 18.6 20.3 19.4 29.2 324 30.8
.a T4 16.5 18.8 17.6 17.4 22.6 20 18.4 224 204 19.5 29.2 24.3
E’ T5 7.7 8.9 8.3 8.3 15.4 11.8 7.5 11.5 9.5 6.6 8.8 7.7
ZO T6 5.6 7.7 6.6 6.5 11 8.7 4.6 8.7 6.6 6.5 7.5 7
Mean  15.7 17.7 16.7  17.08 21.1 19.06 15.2 18.3 16.7 18.1 25.2 21.6
16501; Y:0.45, T:0.78, YT: 1.1 Y:0.44, T:0.77, YT: 1.09
T1 234 27.6 25.5 29.7 31.6 30.65 24.5 336 29.05 285 40.7 34.6
T2 23.4 259  24.65 26.6 29.3 27.95 21.3 234 2235 206 305 2555
T3 214 2403 2271 19.8 223 21.05 20.3 232 2175 205 262  23.35
T4 14.4 165 1545 15.5 204 17.95 17.5 224 1995 157 19.7 17.7
Giza T5 8.3 114 9.85 9.4 16.4 12.9 5.6 6.5 6.05 7.1 11.06  9.08
716 T6 5.5 8.5 7 6.4 11.6 9 4.4 6.4 5.4 5.2 10.4 7.8
Mean 16.06 1898  17.52 17.9 21.9 19.9 15.6 1925 1742 1626  23.09  19.68
16501; Y:0.45, T:0.78, YT: 1.10 Y:0.38, T:0.66, YT: 0.93

Y: year, T: treatment and YT interaction between and year treatment
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Table 8: Effect of compost, humic substances, compost and vermicompost tea on the contents of total
nitrogen, phosphorus and potassium % in faba bean shoots during two seasons.

g Total nitrogen % Total phosphorus % Total potassium %
Variety §
= 2018 2019 2018 2019 2018 2019
T1 3.00 2.97 0.13 0.16 2.70 2.75
T2 3.51 3.95 0.18 0.20 2.75 2.80
T3 3.93 3.83 0.23 0.26 3.60 3.67
. T4 4.01 4.01 0.23 0.25 3.40 3.44
Giza3
T5 2.85 2.59 0.13 0.14 2.40 244
T6 2.37 2.37 0.11 0.14 2.44 2.46
T1 3.10 3.00 0.19 0.19 3.18 3.23
T2 4.01 3.95 0.22 0.24 3.29 3.36
T3 412 4.00 0.26 0.27 3.68 3.76
. T4 4.91 412 0.27 0.29 3.59 3.65
Nobaryial
T5 2.89 2.95 0.15 0.16 3.10 3.16
T6 2.39 2.38 0.11 0.14 2.92 2.99
T1 3.05 2.99 0.15 0.18 2.73 2.78
T2 3.66 4.00 0.20 0.23 2.78 2.82
Giza716 T3 4.03 3.92 0.25 0.28 3.64 3.69
T4 4.07 4.03 0.18 0.28 3.42 3.48
T5 2.87 2.77 0.12 0.15 242 2.46
T6 2.40 2.38 0.12 0.14 245 2.51

Table 9: Effect of compost, humic substances, compost and vermicompost tea on the contents of total
nitrogen, phosphorus, potassium and protein percentages in faba bean grains during seasons

2018/2019.

é Total nitrogen %  Total phosphorus % Total potassium % protein %

Variety g 2018 2019 2018 2019 2018 2019 2018 2019
=
T1 250 3.40 0.17 0.20 1.12 1.25 16.00 22.61
T2 259 3.64 0.19 0.21 1.14 1.26 17.00 23.73
T3 3.90 4.01 0.31 0.41 1.40 1.45 23.61 26.31

Ciza3 T4 345 3.98 0.30 0.41 1.37 1.32 22.50 25.00
5 312 3.27 0.14 0.17 1.10 1.16 17.50 19.81
T6 2.93 3.11 0.12 0.15 1.11 1,15 17.90 19.93
T1  3.60 3.71 0.32 0.74 1.10 1.16 24.00 24.89
T2  3.68 3.84 0.50 0.94 1.12 1.19 24.00 25.10
T3 410 4.81 0.56 0.96 1.23 1.35 26.10 29.00

Nobaryial T4  4.00 4.10 0.56 0.92 1.19 1.28 18.66 28.54
5 3.17 3.22 0.28 0.31 1.09 1.11 19.00 21.91
T6e 2.85 3.20 0.23 0.26 1.04 1.09 18.13 20.31
T1 3.10 3.46 0.25 0.45 1.13 1.20 21.00 23.71
T2  3.30 3.64 0.35 0.59 1.14 1.21 20.00 24.00

Giza716 T3 4.01 412 0.46 0.69 1.35 1.40 24.66 26.64
T4 378 4.06 0.44 0.67 1.30 1.33 21.00 27.10
5 315 3.26 0.20 0.24 1.10 1.14 18.20 20.00
T6  2.90 3.15 0.18 0.21 1.08 1.12 17.62 20.12
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