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Abstract---A field experiment was conducted in accordance with
Completely Random Block Design (CRBD) and three repeats at the
University of Baghdad/ College of Education for Pure Sciences (Ibn Al-
Haitham) during 2020-2021 to evaluate the effect of nano NPK nano-
fertilizer with concentrations (0.5, 0.7, 1 ml.L-1) with control treatment
(without any addition) and second treatment a combination of
bacterial fertilizer; Bacillus mucilaginosus, Bacillus megaterium,
Rhizobium and Azotobacter chroococcum with two concentrations
(107,109 C.F.U gm! dry soil with control treatment (without any
addition) with two varieties of fenugreek plant (Indian and local).
Results showed that the addition of the nanofertiliser treatment
mixture exceeded the concentration of 0.75 mlL?! and the
combination of the biofertilizer 10° C.F.U gm-! dry soil with the local
variety fenugreek plant significantlly in the wet weight of the
vegetative total (38.526 gm.plant!) compared to the control treatment
(without addition). The results also showed that the treatment of
adding a nanofertiliser treatment mixture exceeded the concentration
of 0.75 ml.L-! and the combination of the biofertilizer 10° C.F.U gm-!
dry soil with the fenugreek plant (local) significantlly in the dry weight
of the vegetative total (15.102 gm.plant!) compared to the control
treatment (i.e. without addition). The addition of the nanofertiliser
treatment mixture at concentration of 0.75 ml.L-! and C.F.U gm-! dry
soil 109 with the Indian fenugreek plant also significantlly exceeds the
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overall chlorophyll content (46.712 spad) compared to the control
treatment (without addition).

Keywords---biofertilizer, nanofertiliser (NPK), fenugreek plant,
chlorophyll.

Introduction

Nanofertilizer is defined as nanomaterials or nanoparticles for certain essential or
beneficial nutrients through which they can be transmitted to plants in order to
support plant growth and improve production, and can be divided into three
macro-nanofertilizer, micro-nanofertilizer and nano-particulate fertilizer based on
plant requirements for nutrients [1]. It has a significant role in losing nutrients to
soil and thus reducing soil pollution with excess mineral fertilizer. Also,
nanofertilizers avoid nutrient interaction with air, water and microorganisms in
the soil 2]. Many studies have also taken care of the positive role of nanofertilizers
in improving biomass, plant length, root size, chlorophyll and protein content.

The continuous and excessive use of chemicals causes health and environmental
risks, degradation of soil characteristics and thus a decrease in crop production,
so the use of different bacterial strains as biofertilizers reduces the use of
chemical fertilizers and provides high-quality crops free of harmful chemicals and
safe for human consumption [4]. Trigonella foenum-graecum L. belongs to
Fabaceae family is a prominent spice crop used in the human diet [5]. Fresh
fenugreek leaves contain ascorbic acid (220.97 mg /100 gm) and beta-carotene
(19 mg/100 g) and are a rich source of calcium, iron and zinc [6]. Fenugreek
plant seeds also contain a high percentage of carbohydrates, proteins, flavonoids,
alkalids, saponins glycosides, gels, free amino acids and minerals [7]. The current
study aims to determine the effect of spraying nanofertiles (NPK) and bio-
fertilizers on the plant's green part of the fresh, dry weight and chlorophylle in two
varieties of fenugreek plant. Fresh weight and dry plant weight are studied to
know the effect of the experimental factors whether they are osmosis or
structural, if the significance between fresh and dry weight are far away, the effect
is osmosis and in the case where the significance between fresh and dry weight
are close, the effect is structural.

Materials and Methods

Isolation and diagnosis of Bacillus megaterium

Bacillus megaterium was isolated from the soil of the field, serial dilutions were
cultured on the solid medium of Pikovskaya and then cultural, microscopic and
biochemical tests were used to diagnose these bacterial colonies that showed a
transparent area around them due to phosphate solubility [8].

Rhizobium isolation and diagnosis

Rhizobium was isolated from the soil of the field, serial dilutions were cultured on
the solid medium of yeast Extract Mannitol Agar and then cultural, microscopic
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and biochemical tests were used to diagnose these bacterial colonies that showed
convex, semi-transparent mucous circular colonies of a creamy color graded in
white [9].

Isolation and diagnosis of Azotobacter chroococcum

Azotobacter chroococcum was isolated from the soil of the field, serial dilutions
were cultured on the solid medium of Azotobacter Agar Mannitol and then
cultural, microscopic and biochemical tests were used to diagnose these bacterial
colonies that showed rod colonies and their cells are usually in pairs or chains,
some non-motile and others motile by peripheral or polar flagellum, negative for
gram stain [10].

Rhizobium isolation and diagnosis

Bacillus mucilaginosus was isolated from the soil of the field, serial dilutions were
cultured on the solid medium of Aleksanderove Agar Medium and then cultural,
microscopic and biochemical tests were used to diagnose these bacterial colonies
that showed rod circular, white milky colonies transparent on the Aleksanderove
Agar Medium [11].

Field experiment

A field experiment was conducted according to the Completely Random Block
Design (CRBD) and three repeats at the University of Baghdad, College of
Education for Pure Sciences Ibn Al-Haitham during the growth season 2020-
2021. The following factors included; NPK nanofertilizer with three concentrations
(0.5, 0.7, 1 mlL1) with control treatment (without any addition), bacterial
fertilizer of Bacillus mucilaginosus, Bacillus megaterium, Rhizobium, Azotobacter
chroococcum with Two concentrations (107, 109 C.F.U gm-1 dry soil with control
treatment (without any addition) and two categories of fenugreek plant (Indian
and local).

Table (1): Shows some of the physical, chemical and biological characteristics of
field soil before cultivation

Characteristics Value Unite
Soil texture Loam -
Soil interaction 6.89 pH
Electrical conductivity 5.8 Decisiemens.m-!
. Silt 455 gm.kg!
sep::allltors Mud 234 gm.kg
Sand 311 gm.kg!
Available nitrogen 51 mg.kg! soil
Available potassium 574.5 mg.kg! soil
Available phosphours 33.12 mg.kg! soil
Dissolved Calcium 402 mg.kg! soil
ions in Ferric 23 mg.kg! soil
soil Copper 0.4 mg.kg! soil
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solution Zinc 0.3 gm.kg! soil
Rhizobium 2.0231x10% C.F.U gm' dry soil

Total Bacillus

number . 1.5454x105 C.F.U gm' dry soil

of muczlagmosus

bacteria Bacillus 1.7654x106 C.F.U gm! dry soil
megaterium
Azotobacte 1.0653%105 C.F.U gm! dry soil

Preparation of bacterial inoculum from Bacillus mucilaginosus, Bacillus
megaterium, Rhizobium, Azotobacter chroococcum

Nutrient broth media preperated 100 ml and sterilized at 121°C and pressured 15
pounds/inch? for 15 minutes, after the sterilization ended leave the medium to
cool and inoclum by the loop by filled with bacterial isolations that were isolated
and previously diagnosed. The inoclum medium was transferred to a 150 rpm
vibrator incubator for 48 hours, and the microbiome density was counted to the
inoclum [12]. A 2 litre conical flask with 1,000 ml nutrient broth and the flask
was sterilized by autoclave at temperature 121°C; the pressure 15 pounds/inch?
for 15 minutes and left to cool, the flask was inoclumed by adding 1 ml of broth
colonies equipped with sterile pipette and incubation of the flask in the incubator
28°C and for 48 hours [13].

Statistical analysis

The results were statistically analyzed using Genstat and Excel according to the
design of the working experiment in three factors and three repeates according to
the Completely Random Block Design (CRBD) and the mean were tested with the
lowest significant difference (LSD) at a probability level (0.05) according to [14].

Results
Fresh weight of vegetative total (gm. plant -1)

Table 2 shows a significant increase in the mean fresh weight of the first cutting
gm.Plant!, which surpasses the local variety, which recorded 30.721 gm. Plant-!
compared to Indian variety with a record of 28.443 gm. Plant!, an increase of
8.011% compared to the Indian variety. The characteristic of mean
nanoconcentration increased significantally, with a concentration of 0.75 ml. L-!
higher mean 32.111 gm.Plant!, an increase of 21.173% compared to plants not
treated with nanofertilizer. The mean concentration of the bacterial inoclum
increased significantally, with the concentration of 10° C.F.U gm-! dry soil at the
highest mean of 32.427 gm. Plant-! is an increase of 27.169% compared to plants
not treated with bacterial inoclum.

The results of the bilateral interaction between the two plant varieties and the
mean concentration of nanofertiliser were observed to increase significantally,
with the Indian variety registering at the concentration of nanofertiliser 0.75 ml.
L-! recorded the highest mean binary interaction of 34.174 gm.Plant-!, an increase
of 29.2796% compared to plants not treated with bilateral interaction. While the
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bilateral interaction between the two plant varieties and the mean concentration
of the bacterial inoclum increased significantally, the local variety and the
concentration of the bacterial inoclum 10° C.F.U gm- dry soil recorded the
highest mean bilateral interaction of 33.702 gm. Plant-!, an increase of 34.592%
compared to plants not treated with bilateral interaction.

The bilateral interaction between the mean concentration of nanofertiliser and the
mean concentration of the bacterial inoclum showed a significant increase, with
the nanofertiliser concentration recorded at 0.75 ml.L-! and the concentration of
the bacterial inoclum 109 C.F.U gm-! dry soil the highest mean bilateral inteaction
is 36.121 g,. Plant! and an increase of 57.163% compared to plants not treated
with bilateral interaction. The results of the triplete interaction of the treatments
studied were also significant, and it was observed a significant increase as the
local variety recorded at the concentration of the nanofertiliser 0.75 ml.L-! and the
concentration of bacterial inoclum 10° C.F.U gm-1 dry soil the highest mean
bilateral interaction is 38.526 gm.Plant! is an increase of 69.471% compared to
plants not treated with triplete interaction.

Table (2): The effect of bacterial fertilizer and nano-fertilizer and their interaction
in the mean fresh weight of the first cutting (gm. Plant-!) of the two fenugreek
plant varieties

Effect of mean variety Concentration of Concentrati
interaction x bacteria C.F.U gm-! dry ons of "
. . o Varieties
concentration of soil nanofertiliz
nanofertilizer (ml.L-1) 109 107 0 er (ml.L-1)
29.3 | 27.11 | 23.23
26.565 47 5 3 0
08.403 31.2 | 29.37 | 24.61 0.5
22 6 0 Indian
33.7 | 30.11 | 26.31
30.047 16 1 3 0.75
30.3 | 29.94 | 26.00
28.757 05 5 3 1
29.8 | 26.71 | 22.73
26.434 60 0 3 0
29.996 33.6 | 31.21 | 25.12 0.5
55 1 2 Local
38.5 | 36.38 | 27.61
34.174 26 5 5 0.75
32.7 | 35.71 | 28.36
32.281 65 6 5 1
0.0108** 0.0187** L.S.D =0.05
Effect of mean variety
31.1 | 29.13 | 25.0 . Effect of mean
28.443 53 6 39 Indian variety interaction
x concentration of
30.721 83.7 1 32.50 | 25.9 Local bacteria C.F.U gm-
02 S 58 ; .
dry soil
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0.0054+* | 0.0093** | L.S.D =0.05

Effect of mean concentration of nanofertilizer (ml.L-1)

29.60 | 26.91 | 22.9

26.500 0 Effect of mean
4 3 83 concentration of
29.199 32.43 30.29 24.8 0.5 nanofertilizer
9 4 66 (ml.L)x
32.111 36.12 33.24 26.9 0.75 concentration of
1 7 64 bacteria C.F.U gm-
31.54 | 32.82 | 27.1 1 .
30.519 5 9 33 1 dry soi
0.008** 0.013** L.S.D =0.05
32.42 30.82 25.4 Effect of mean concentration
7 0 99 of bacteria C.F.U gm-! dry soil
0.007** L.S.D =0.05

Dry weight of vegetative total (gm.Plant-1)

Table (3) shows a significant increase in the mean dry weight of the first cutting
gm. Plant! for the fenugreek plant where it exceeds the local variety which
recorded 10.685 gm.Plant! compared to Indian variety with a record of 8.160
gm.Plantl, an increase of 30.939% compared to the Indian variety. The
characteristic of mean nanoconcentration increased significantally, with a
concentration of 0.75 ml.L-1 higher mean 10.680 gm. Plant'!, an increase of
35.224% compared to plants not treated with nanofertilizer. The mean
concentration of the bacterial inoclum increased significantally, with the
concentration of 102 C.F.U gm! dry soil the highest mean of 11.799 gm. Plant-!
and the increase rate is 74.618% compared to plants not treated with bacterial
inoclum.

The results of the bilateral interaction between the two plant varieties and the
mean concentration of nanofertiliser indicated a significant increase as the Indian
variety recorded at the concentration of nanofertiliser 0.75 ml.L-! recorded the
highest mean binary interaction of 12.250 gm. Plant-!, an increase of 78.090%
compared to plants not treated with bilateral interaction. While the bilateral
interaction between the two plant varieties and the mean concentration of the
bacterial inoclum increased significantally, the local variety and the concentration
of the bacterial inoclum 10° C.F.U gm-1 dry soil recorded the highest mean
bilateral interaction of 13.384 gm.Plantl, an increase of 102.788% compared to
plants not treated with bilateral interaction.

The bilateral interaction between the mean concentration of nanofertiliser and the
mean concentration of the bacterial inoclum is shown to increase significantally,
with the nanofertiliser concentration recorded at 0.75 ml.L-! when the bacterial
inoclum 10° C.F.U gm-! dry soil has the highest mean bilateral interaction of
13.357 gm.Plant!, an increase of 131.410% compared to plants not treated with
bilateral interaction. The results of the triplete interaction between the treatments
studied were also significant, with the local variety and the concentration of
nanofertilized recorded 0.75 ml.L-! and the concentration of the bacterial inoclum
109 C.F.U gm-! dry soil the highest mean bilateral interaction is 15.102 gm.Plant-!
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is an increase of 168.336% compared to plants not treated with triplete

interaction.

Table 3: The effect of bacterial fertilizer and nanofertilizer and their interaction in
the mean dry weight of the first cutting (gm. plant-1) of the two fenugreek plant

varieties
Effect of mean Concentration of bacteria | Concentration
variety interaction x C.F.U gm"! dry soil s of .
. .. Varieties
concentration of 109 107 0 nanofertilizer
nanofertilizer (ml.L-1) (ml.L-})
6.879 8.643 6.365 5.628 0
8.241 10.149 7.861 6.712 0.5 ndian
9.110 11.611 8.322 7.398 0.75
8.410 10.452 8.116 6.662 1
8.918 11.712 9.127 5.915 0
10.252 12.111 11.722 | 6.923 0.5 Local
12.250 15.102 13.656 | 7.993 0.75
11.318 14.612 12.518 | 6.823 1
L.S.D
0.0040%* 0.0069%* -0.05
Effect of mean variety
8.160 1021 1 7 666 6.600 Indian | ifect of mean
4 variety
interaction x
concentration
10.685 13438 1 1675 6.913 Local of bacteria
C.F.U gm-! dry
soil
0.0020%* 0.0035%* L.S.D =0.05

Effect of mean concentration of nanofertilizer (ml.L-})

7.898 10.17 | 7 746 5.772 0 Effect of mean
8 concentration
9.246 113 | g 799 6.818 0.5 of
0 nanofertilizer
13.35 (ml.L-1)x
10.680 - 10.989 7.696 0.75 concentration
12.53 of bacteria
9.864 2 10.317 6.743 1 C.F.U gm ! dry
soil
*%
0.003 0.005%** L.S.D =0.05
11.79 Effect of mean
é 9.711 6.757 concentration of bacteria
C.F.U gm-! dry soil

0.002**

L.S.D =0.05
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Total chlorophyll content (Spad)

Table 4 shows a significant increase in the mean total Spad content of the
fenugreek plant, with the Indian variety exceeding 38.098 Spad compared to the
local variety of 35.318 Spad and an increase of 7.872% compared to the local
variety. The characteristic of mean nanoconcentration increased significantally,
with a concentration of 0.75 ml.L-! is the highest mean of 39.380 Spads and an
increase of 23.98% compared to plants not treated with nanofertilizer. The
characteristic of the mean concentration of the bacterial inoclum increased
significantally, with the concentration of 10° C.F.U gm-! dry soil the highest mean
of 39.358 Spad and an increase of 20.578% compared to plants not treated with
bacterial inoclum. The results of the bilateral interaction between the two plant
varieties and the mean concentration of nanofertiliser were observed to increase
significantally, with the Indian variety registering at the concentration of
nanofertiliser 0.75 ml. L-! recorded the highest mean binary interaction of 41.695
Spad and an increase of 32.6300% compared to plants not treated with bilateral
interaction.

While the bilateral interaction between the two plant varieties and the mean
concentration of the bacterial inoclum increased significantally, the Indian class
at the concentration of the bacterial inoclum 10° C.F.U gm-! dry soil recorded the
highest mean bilateral interaction of 41.953 Spad and an increase of 29.129%
compared to plants not treated with bilateral interaction. The bilateral interaction
between the mean concentration of nanofertiliser and the mean concentration of
the bacterial inoclum is shown to increase significantally, with the nanofertiliser
concentration recorded at 0.75 ml.L-! at the concentration of the bacterial
inoclum 10° C.F.U gm-! dry soil the highest mean spad 42.459 and an increase of
41.98% compared to plants not treated with bilateral interaction. The results of
the triplete interaction between the treatment studied were also significant, as we
observed a significant increase as the Indian variety and the concentration of
nanofertilized 0.75 ml.L-1 were recorded at the concentration of the bacterial
inoclum 109 C.F.U gm-! dry soil the highest mean spad 46.712 and an increase of
56.814% compared to plants not treated with triplete interaction.

Table 4: The effect of bacterial fertilizer and nanofertilizer and their interaction in
the mean total chlorophyll content (Spad) of two fenugreek plant varieties

Effect of mean Concentration of Concentratio
variety interaction x | bacteria C.F.U gm-! dry ns of
concentration of soil . Varieties
nanofertilizer (ml.L- nanofertilizer
1 ’ 109 107 0 (ml.L-)
33.81 30.71 29.78
31.437 3 1 3 0
38.438 42i36 41i32 31:.))63 0.5
Indian
41.695 46.71 43.66 | 34.71 0.75
2 3 1
44,92 | 43.71 33.82
40.820 4 3 3 1
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33.82 | 32.41 30.01
32.084 3 3 ” 0
35.335 36.119 37é31 32.150 0.5
38.20 | 38.61 | 34.37 Local
37.065 ) ’ : 0.75
6 7 1
36.786 38.83 | 37.24 | 34.28 1
6 1 1
0.0031%** 0.0053** L.S.D =0.05
Effect of mean variety
38.097 41.95 | 39.85 30.488 Indian Effect Qf mean
2 2 variety
interaction x
36.76 | 36.39 concentration of
35.317 4 6 32.792 Local bacteria C.F.U
gm-! dry soil
0.0015** 0.0026** L.S.D =0.05
Effect of mean concentration of nanofertilizer (ml.L-1)
31.761 33.818 31;6 29.903 0 Effect of mean
3931 concentration of
36.887 39.276 7 32.067 0.5 nanofertilizer
2112 (ml.L-1)x
39.380 42.459 : 34.541 0.75 concentration of
0 .
20 47 bacteria C.F.U
38.803 41.880 7 34.052 1 gm-! dry soil
0.002** 0.004** L.S.D =0.05
39.35 Effect of mean concentration
8 38.124 32.641 of bacteria C.F.U gm-! dry soil
0.002** L.S.D =0.05
Discussion

Fresh weight results for the vegetative total in table (2) showed that the addition
of the nanofertilizer treatment mixture exceeded the concentration of 0.75 ml-!
and the combination of the biofertilizer of 109 C.F.U gm-! dry soil with the (local)
variety fenugreek plant significantally in the fresh weight of the vegetative total
(38.526 gm.Plant-1l) compared to the control treatment (i.e. without addition). This
superiority is due to the role of nanofertiliser NPK, one of whose components is
nitrogen, as it is characterized by its importance in increasing and sustaining
vegetative growth processes as well as its role in the formation of proteins and
chlorophyll and encouraging the formation of growth regulators, which is reflected
in increased vegetative growth and thus the increase of the fresh weight of the
plant, and we can note this through its effect on plant height or it may be due to
the positive and effective role of nitrogen in the formation of a strong root total
with the ability to absorb nutrients and elements from the soil and thus increase
the efficiency of carbon representation and then increase plant growth [15]. The
results in agreement with Mathiola incana L. Nanofertilizer also have a high
surface area and slow release that helps quickly absorb nutrients and speed of




11534

penetration, representation and movement, leading to increased growth speed
and quality (e.g. protein and starch) by stimulating photosynthesis [18] leading to
fresh weight gain in the end. The effect of the quadruple bacterial inoclum in the
fresh weight gain of the vegetative total is also due to its role in dissolving low-
dissolving organic acids and dissolving non-dissolved mineral phosphorus,
producing certain hormones such as auxins, gibberellic and vitamins and
stimulating plant resistance against viruses, leading to improved growth
conditions and fresh weight gain [19, 20]. The results are also consistent with [21]
on the fenugreek plant.

Dry weight results in table (3) showed that the addition of the nanofertilized
treatment mixture exceeded the concentration of 0.75 ml-! and the combination of
the biofertilizer 10° C.F.U gm-! dry soil with the (local) variety fenugreek plant
significantally in the dry weight of the vegetative total (15.102 gm.plant-)
compared to the control treatment (i.e. without addition). The results of the total
chlorophyll content also showed table (3) the treatment of adding the
nanofertilizer treatment mixture at concentration of 0.75 ml! and the
combination of the biofertilizer 10° C.F.U gm-! dry soil with the variety fenugreek
plant (Indian) significantally in the form of total chlorophyll content (spad 46.712)
compared to the control treatment (i.e. without addition). The use of NPK
nanofertilizer, which increases the dry weight of leaf (3), chlorophyll (table 4)
compared to the control treatment, these results are consistent with what he
found [22] when NPK nano was used on the beans plant, the results could be due
to the physiological role of nitrogen in a bi-molecule compound such as porphyrin
found in metabolism such as cytochrome stain and chlorophyll.

It is essential for respiration, photosynthesis and phosphorous-promoted co-
enzymes and essential for most of the enzymes and amino acids produced that
are used to produce protein [23], however, potassium is responsible for enzyme
activity and protein stability [24]. Nitrogen found within the nano-fertilizer
structure increases the activity of biophysical and synthesizing processes within
the plant, such as carbon representation, respiration, energy production, growth
hormones, and stimulating plant enzymes responsible for the synthesis of various
plant tissue synthesing materials such as proteins, vitamins, sugars and other
important substances, thus reflecting weight gain and size [25]. The effect of
nanofertiliser, which makes nutrients available to plants that increase the
formation of chlorophyll pigment and photosynthesis, is also due to the promotion
of parameters of vegetable growth in general [26]. The bacterial isolated used in
this study increases the amount of dry weight of the vegetative total [3], due to the
increase in the amount of nitrogen, phosphorus and potassium processed
through the effectiveness of the four bacteria used in the soil and the conversion
of these elements into amino acids and compounds used by the plant in tissue
formation and thus the formation of plant growth [27]. It is also consistent with
the results [28] on flax and results [29] on the fenugreek plant.

The use of the bacterial inoclum consisting of Bacillus mucilaginosus, Bacillus
megaterium, Rhizobium, Azotobacter chroococcum acts as it increases the
chlorophyll (table 4) and the results are consistent with [30]. This may be due to
the use of co-bioinoclum, which has led to increased nutrient availability,
photosynthesis activity, chlorophyll formation, and nitrogen metabolism in plants,
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which eventually improves plant height leading to strong plant growth [31, 32].
Nitrogen absorption leads to increased total chlorphyll in the plant, leading to
increased representation and biosynthesis and metabolism processes [33] as
consistent with the results [34] on cowpea lobea (Vigna unguiculata L. Walp). It
also corresponds to the results [35] the use of isobacter on two varities of pea
plant.

The difference in varieties in their response to the transactions used is due to
genetic variation, which is reflected in their behaviour in the absorption of
nutrients from the soil as well as their geographical origin and their response to
environmental damage [36]. [37] also noted that the varieties of the fenugreek
differ significantlly in the number of seeds, pods and total product, and the
difference in the content of their seeds from trigonelline is due to the genetic
composition of the varieties under the circumstances of the studied experiment.
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