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Abstract

Background: Bio-fertilizers as a safe alternative to the synthetic fertilizers come to the front in the agriculture
requirements as they provide the planted crops with their nutrients to ensure high quality and productivity. Many
of them must be screened and examined to configure their effect on the plants.

Results: This study was designed to evaluate two promising bio-fertilizers: Moringa oleifera leaf extract (5.0, 10.0,
20.0%) and Sacharomyces cerevisiae aqueous extract (5.0, 10.0, 20.0%) for their safe usage on Allium cepa root
meristems as a model system for monocots after 3.0 h of direct treatment. This evaluation focused on both
cytogenetic and cytological levels. Cytogenetic studies screened the effect of each extract on the mitotic apparatus
considering the mitotic index, mitotic phase index, percentage, and type of abnormalities. Cytological studies with
transmission electronic microscope screen the effect of each extract on ultra-structural organelles (mitochondria,
endoplasmic reticulum, peroxisomes, dictyosomes in addition to the vacuoles) in the cell cytoplasm. Obtained data
revealed that the yeast extract shows a remarkable cytological effect on cytoplasmic organelles. By the same time,
only the higher used concentration of Moringa extract shows higher chromotoxic effect on chromosomal DNA
despite it shows high proliferation effect on the treated root tip cells.

Conclusion: Among the two tested bio-fertilizers, the Moringa extract in lower concentration is more preferable as
it does not harm neither the cytoplasmic organelles nor the mitotic apparatus.
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Introduction
The increased awareness of the environmental problems
associated with the farmers and plant breeder activities
in agriculture to ensure his food requirements, such as
depending on synthetic fertilizers and pesticides which
were previously proved to pollute the soil and irrigation
canals and reduce the crops’ quality and productivity,
attempted researchers to reconsider the nature resources
gifts as much safer alternatives over the currently used
synthetic products. In this way, bio-organic fertilizers (as
a source of input plant nutrients) may replace the syn-
thetic ones. They can hopefully solve the dilemma of the
obligatory needs for plant nutrient supplement without
damaging the plant earth ecosystem or crops’ quality,
due to their high productivity, high nutritive value, anti-

oxidant effect, easy preparation, low cost, and environ-
mentally safe (Phiri 2010).
Moringa oleifera is one of such promising alternatives

being investigated to ascertain its effect on both growth
and yield of crops and thus can be promoted among
farmers as a possible supplement or substitute to inor-
ganic fertilizers (Phiri 2010), e.g., Moringa leaf and twig
extract increases the contents of growth-promoting hor-
mones (auxins, gibberellins, and cytokinins) in Eruca
vesicaria subsp. sativa (rocket or arugula) progressively
above those of the corresponding controls in a dose-re-
lated manner (Abdalla 2013).
Moringa leaf extract was sprayed onto the leaves of

onions, bell pepper, soya beans, sorghum, coffee, tea,
chili, melon, and maize. It was shown to increase yields
of these crops (Fuglie 2000). Moringa extract products
can be employed either as root tips, soil drenches, or fo-
liar sprays.
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On the other hand, Sacharomyces cerevisiae (bread
yeast) also is considered as a type of bio-fertilizer which
is usually added to the soil or as foliar application on
vegetable crops because of its nutrition properties as
well as its substances like growth regulators such as gib-
berellins and auxins (Sarhan and Sharif 1988) and its
ability to produce a group of essential enzymes (Dinkha
and Elkhazraji, 1990).
Active dry yeast is considered as a bio-stimulant, nat-

ural source of cytokinins that stimulate cell division and
enlargement as well as the synthesis of protein, nucleic
acid, and chlorophyll formation (Wanas 2006). It may
enhance water holding capacity, increase antioxidants,
and enhance the metabolism (Abbas 2013).
The objective of the current study is to test the effect

of Moringa leaf extract and bread yeast aqueous extract
as two bio-fertilizers on the somatic cell division and on
some cytoplasmic organelles such as the mitochondria
of Allium cepa plant as a model system in order to con-
figure its mode of action on monocot plants.

Materials and methods
Plant materials
The Allium cepa (2n = 16) onions (Var. red, Giza) were
used for all the conducted experiments and were ob-
tained from the Crop Research Institute, Agricultural
Research Centre, Giza, Egypt.

Chemicals and experimental extracts
The chemicals for cytogenetic studies were prepared ac-
cording to Sharma and Sharma (1980) with some modi-
fications. The chemicals for cytological studies with
transmission electronic microscope were prepared ac-
cording to Reynold (1963) with some modifications. One
hundred percent of Moringa plant extract was kindly
prepared and obtained by The Plant Moringa Propaga-
tion Unit, National Research Center, Giza, Egypt.
One hundred percent of yeast extract is prepared in

the cytology and cytogenetics lab, NRC, Egypt, after
Hanafy et al.’s (2012) prescription as follows: various
concentrations (5.0, 10.0, and 20.0 g) of yeast were
weighed and put with 25.0 cm3 of water with a teaspoon
full of sugar in glass beakers. The beakers of each con-
centration were kept in a dark warm place for 30 min,
contents of the beakers were then filtered into a measur-
ing flask, and water was added to 100.0 cm final volume
for each one.

Treatment with the tested materials
The designed experiment was carried out on benchtop
in cytology and cytogenetics lab, NRC, Egypt, as follows:
about 2.0 cm length main roots of onion bulbs were
treated for 3.0 h with the experimented materials for
each concentration at room temperature and then

divided into two groups for cytogenetic studies and cyto-
logical studies.

For cytogenetic studies
The roots were fixed with Carnoy’s fixative for 24 h and
then preserved in 70.0% alcohol ready to be examined
(Sharma and Sharma 1980). About 3000 of onion root
tip meristem cells were scored and observed under an
Olympus light microscope for each treatment. Mitotic
index was computed by determining the mitotic cell fre-
quency at the root tip cells as:

Mitotic index ¼ Number of dividing cells
Total number of cells observed

� 100

Cytological abnormalities at the appropriate mitotic
stages were also observed and scored.

For cytological studies
This part of the study has been carried out in TEM lab
CURP (Cairo University Research Park - Faculty of Agri-
culture). In summary, the roots were fixed in 5.0% glu-
teraldehyds in 0.1M sodium cacodylate buffer, 7.3 pH;
post-fixed in 1% osmium tetroxide in 0.1 ml sodium
cacodylate buffer; immersed in a mixture of resin and
propylene oxide; stained in toluidine blue for light
microscope examination prior to final trimming; stained
for ultra-thin sections: uranyl acetate 30 min followed by
lead citrate for 15 min. The ultra-thin sections of tissue
were stained with uranyl acetate and lead citrate and
then examined by transmission electron microscope
JEOL (JEM-1400 TEM) at the candidate magnification.
Images were captured by CCD camera model AMT, op-
tronics camera with 1632 × 1632 pixel formate as a side
mount configuration. This camera uses a 1394 firewire
board for acquisition.

Results
Table 1 revealed an increase in the mitotic index values
after treating the onion roots for 3 h with aqueous Mor-
inga leaf extract in the two higher used concentrations;
if compared with the control, the maximum mitotic
index (11.63) was recorded after treatment with 10.0%
Moringa extract followed by the mitotic index 9.28 re-
corded after 20.0% while treatment with 5.0% extract
barely affect the mitotic index (8.03).
On the other hand, 3-h treatment with bread yeast ex-

tract shows a concentration-dependent reduction of mi-
totic index values (8.84, 7.94, and 6.26).
As illustrated in Table 1, although the treatment with

5.0% Moringa extract did not affect the mitotic index, it
shows an increase in prophase frequency to reach 46.4%
on the response of metaphase (8.02%) and ana-
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telophases (45.57%). This mode of action was reversed
after the treatment with 20.0% Moringa extract, as there
was a notable decrease in the prophase frequency on the
response of metaphase frequency; the same was regarded
after all treatment with the bread yeast extract concen-
trations on the mitotic phase duration.
Table 1 also reveals that all concentration treatments

with each of the two examined materials increase the
percentages of abnormal dividing cell of the onion root
meristems. The 3-h treatment with Moringa extract was
the most destructive, since it induced concentration-
dependent increases in the percentages of abnormal mi-
toses reach 24.64% after treatment with 20.0%

concentration, worth to mention that the concentration
20.0% of Moringa extract induces twice the percentage
induced after the same used concentration of bread yeast
extract.
Table 1 also illustrates that all concentration treat-

ments with each of the two examined extracts exerted
the highest percentage of abnormalities at the metaphase
stage; these percentages declined at the ana-telophase
stage except after treatment with 5.0% of bread yeast
extract.
As illustrated in Fig. 1 the cytological investigations re-

vealed that both tested materials induced a wide range
of abnormalities distributed among the different mitotic

Table 1 Mitotic and phase indexes and percentages of abnormal mitosis and abnormality in each mitotic phase in Allium cepa root
tip meristems, after 3 h treatment with Moringa oleifera and Sacharomyces cerevisiae extracts

Treatment Mitotic
index ± SE

Percent of
abn.
interphase
cells

Percent of
abn.
mitoses +
SE

Prophase Metaphase Ana-telophase

Index Percent of abn. Index Percent of abn. Index Percent of abn.

Control 8.40 ± 0.69 0.00 6.34 34.920 3.41 12.70 9.40 52.38 7.58

Moringa oleifera

5.0% 8.03 ± 0.59 0.15 14.35 ± 0.12 46.41 6.36 8.02 31.58 45.57 19.44

10.0% 11.63 ± 1.07 0.13 15.92 ± 0.49 37.58 3.39 9.87 64.52 52.55 15.76

20.0% 9.29 ± 2.03 0.00 24.65 ± 0.32 22.66 1.25 25.50 38.89 51.84 27.87

Sacharomyces cerevisiae

5.0% 8.84 ± 0.84 0.04 10.42 ± 0.49 25.42 6.56 11.25 7.41 63.33 12.5

10.0% 7.93 ± 0.84 0.11 15.13 ± 0.42 13.45 9.375 20.17 22.92 66.39 13.92

20.0% 6.26 ± 1.08 0.00 12.78 ± 0.21 16.48 0.00 20.09 25.00 63.47 12.23

Abn abnormality, SE standard error

a b c

d e f
Fig. 1 a-c: Allium cepa root tip meristems after three hr of Moringa extracts. Micronucleus in resting cell and other split anaphase cell with
structural bridge and a micronucleus after treatment with 10.0% Moringa extract (a), Sever sticky metaphase cell after treatment with 20.0%
Moringa extract (b) and Two anaphase cells with partial stickiness and structural bridges after treatment with 10.0% Moringa extract (c). d-f:
Allium cepa root tip meristems after three hr of bread yeast extracts. Two disturbed anaphases with structural bridges after treatment with 20.0%
yeast extract (d), Severe sticky metaphase after treatment with 10 % yeast extract (e) and Disturbed prophase after treatment with 5.0% bread
yeast extract (f)
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stages (Table 2). These abnormalities can be classified
into three groups arranged in the following general
order of frequencies: chromatin material liquefaction ab-
normalities > chromosomes kinetic abnormalities >
chromosomal structural aberrations, followed by less fre-
quent dividing cells with micronuclei noticed only after
treatment with 10.0% Moringa extract by the percentage
of 0.6%.
Chromatin material liquefaction comprised of

chromosome stickiness (Fig. 1) and sticky bridges. Gen-
erally, cells suffering stickiness of the chromosomes
dominated. Stickiness was the most frequent abnormal-
ity observed after all concentrations of both tested mate-
rials, worth to mention that Moringa extract was the
most destructive, since it induced the higher proceeding
percentage (5.91, 6.37, and 23.23% ) of mitotic cells suf-
fering stickiness of the chromosomes.
Chromosomes’ kinetic abnormalities comprised of

cells with disturbed chromosomes (Fig. 1) and cells with
lagging chromosomes (Fig. 1) in addition to clumped
chromosomes at metaphases. As illustrated in Table 2,
Moringa extract treatment in the three concentrations
produces concentration-dependent lowered percentages
of normal disturbance (Fig. 2) and clumped metaphases
reach 1.13% after treatment with 20.0%, while the lag-
ging chromosomes as a type of disturbance did not exist.
On the other side, the yeast extract produces consider-

able percentages of disturbance in its three forms com-
pared with Moringa extracts and control; these
percentages were not concentration dependent as it
reaches 3.65.0% after treatment with 20.0% concentra-
tion which exceeds the percentage of disturbance in-
duced by the same concentration of Moringa by nearly
twice its value.

The obtained data revealed that the two tested mate-
rials were safe without mentioned clastogenic effect if
compared with the control. A very ignorable percentage
of micronucleus in mitosis was recorded only after treat-
ment with 10.0% Moringa extract.
On the level of cytological investigations with trans-

mission electronic microscope, Figs. 3 and 4 show that
Moringa extract in its two lower concentrations found
to be a much safer extract with non-mentioned stress on
the ultrastructural organelles in the cell cytoplasm (clear
cytoplasm, normal-sized nucleus, normal endoplasmic
reticulum extended normally in the cytoplasm, mito-
chondria in healthy figure with no lysis or pores or deg-
radation, normal dictyosomes, and small clear vacuoles)
if compared with control (Fig. 2), only by the exception
of the appearance of peroxisomes after treatment with
10.0% of Moringa extract. Raising the concentration of
Moringa extract to 20.0% shows its effect on the clear-
ance of the cytoplasm which became cloudy with hardly
distinguishable organelles, many small vacuoles, peroxi-
somes, and other small organelles with crystal shiny core
suspected to be electron-translucent bodies (Fig. 5).
On the other hand, treatment with bread yeast ex-

tract declares its effect on cytoplasmic organelles even
after the lowest used concentration as it affected the
cytoplasm to be much turbid and cloudy with a di-
lated endoplasmic reticulum weakly folded around the
mitochondria and many small autophagic vacuoles
with organelles engulfed in it, in addition to the pres-
ence of peroxisomes (Fig. 6). By exceeding the yeast
extract concentrations to 10 and 20.0%, their effects
on the cytoplasmic organelles became much fatal as it
induces cytoplasm shrinkage away from cell wall, ac-
cumulated endoplasmic reticulum folded around

Table 2 Percentage of the different types of abnormalities/scored number, occurring in the mitoses of Allium cepa root tip
meristems, after 3 h treatment with Moringa oleifera and Sacharomyces cerevisiae extract

Treatment Percent of different types of abnormal mitoses/scored number

Chromat. mater. Liquefac. abn. Chromos. kinetic abnormality Chrom. structural aberr. Micro-
nu.Sti. Sti.br. Sum. Dist. Lag. Sum. Str.br. Frag. &

break.
Sum.

Dist. Clump.

Control 0.40 0.40 0.80 3.90 0.00 0.40 4.30 0.00 0.80 0.80

Moringa oleifera

5.0% 5.91 0.00 5.91 8.02 0.00 0.00 8.02 0.00 0.00 0.00 0.00

10.0% 6.05 0.32 6.37 5.41 2.55 0.00 7.96 0.32 0.64 0.95 0.56

20.0% 21.81 1.42 23.23 0.57 0.57 0.00 1.13 0.28 0.28 0.56 0.00

Sacharomyces cerevisiae

5.0% 7.08 0.00 7.08 2.50 0.00 0.00 2.50 0.83 0.00 0.83 0.00

10.0% 10.08 2.10 12.18 1.68 0.00 0.42 2.10 0.00 0.84 0.84 0.00

20.0% 7.31 2.74 10.05 2.74 0.46 0.46 3.65 0.91 0.00 0.91 0.00

Chromat. mater. Liquefac chromatin material liquefaction, Sti. sticky, Sti.br. sticky bridge, Chromos. kinetic abnormality chromosome kinetic abnormality, Dist.
disturbancy, Lag. laggard chromosome, Clump. clumped chromosome, Chrom. structural aberr. chromosomes structural aberrations, Str.br. structural bridge, micro-
nu micronucleus, Frag. & break. fragment and breakage
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partially degraded mitochondria, and huge autophagic
vacuoles (Figs. 7 and 8).

Discussion
The mitotic index variations as a parameter for cytotox-
icity used as indicators of adequate cell proliferation
(Gadano et al. 2002) and the types of chromosomal ab-
errations and their frequency used as a parameter for
the genotoxic effects of the tested materials were ana-
lyzed and illustrated in Tables 1 and 2 and Fig. 1.
The increase in mitotic index values after the treatment

of the onion roots for 3 h with Moringa leaf extract in the
two higher concentrations compared with control may be
due to the enrichment contents of growth-promoting hor-
mones (auxins, gibberellins, and cytokinins) in Moringa
extract (Abdalla 2013), and it may reflect the Moringa ef-
fect on DNA biosynthesis and the other substances re-
quired for cell division (El-Awadi 1996).
The yeast extract mito-depressive action may be due

to a negative interference of this alcoholic extract with
specific proteins and enzymes which mediate DNA poly-
merase (Hidalgo et al. 1989), DNA synthesis, blockage in
the G2 phase of the cell cycle, inhibiting the cell to enter

into divisional phases (0.4% v/v concentration of ethyl
alcohol was proved earlier to delay the cell cycle for 13 h
after given to the root tips of Allium cepa for 2 h, this
delay cover the S and G phases (Arcara and Ronchi,
2014)), microtubule formation, impaired nucleoprotein
synthesis, and reduced level of ATP to provide energy
for spindle elongation, microtubule dynamics, and
chromosomal movement (Majewska et al. 2003; Türko-
ğlu 2012; Gagliardi and Shain 2013).
There was a notable decrease in the prophase fre-

quency on the response of metaphase frequency, after
treatment with 20.0% Moringa extract and all treatment
with the bread yeast extract concentrations on the mi-
totic phase duration. Similar effect on the phase fre-
quency was observed previously by Ali (2009) after
treatment of Vicia faba roots with the extract of “S. bi-
color seedlings extract,” author attributed this effect to
be due to the hinder of DNA synthesis rather than re-
tardation of the spindle formation, where MI depression
was not accompanied by lowering the metaphase and
anaphase (same as yeast extract in all concentration).
The increase in metaphase and ana-telophase percent-

age could be the result from the lengthening of their

Fig. 2 Ultra-thin section in Allium cepa root tip meristems as control. The normal cell organelles: nucleus (N), mitochondria (M), dictyosomes (D),
peroxisomes (P), and endoplasmic reticulum (ER) in addition to vacuole (V) and autophagic vacuoles (AV)

Fig. 3 Ultra-thin section in Allium cepa root tip meristems shows the effect of 3 h of direct treatment with 5.0% Moringa leaf extract on cell
organelles: normal size nucleus (N), mitochondria (M), dictyosomes (D), and endoplasmic reticulum (ER) in addition to vacuole (V) and autophagic
vacuoles (AV)

Ali et al. Bulletin of the National Research Centre          (2019) 43:138 Page 5 of 9



duration that leads to their accumulation (Abdel-Salam
et al., 1997).
Worth to mention that the alcohol produced by the

yeast fermentation changes the PH of its extract; this PH
acts as a controlling factor for microtubule disassembly/
assembly probability ratios, as well as it controls its
polymerization and depolymerization during metaphase
chromosome orientation. This, in turn, controls the tim-
ing and dynamics of post-attachment mitotic chromo-
some motions through metaphase (Gagliardi and Shain
2013); this in turn affects the lengthening of metaphase
and anaphase duration.
Considering the chromosomal aberrations as an indi-

cator for the mutagenic effect of the tested materials on
the following:

1. Chromosome DNA (chromotoxic effect)
liquefaction abnormalities are interpreted to be the
result of treatment which affect the
depolymerization of DNA, partial dissolution of

nucleoproteins or breakage and exchanges of the
basic folded fiber unit of chromatids, and/or
stripping of protein covering of DNA in
chromosomes (Ignacimuthu and Saravana 1994;
Asita and Mokhobo 2013). The presence of
stickiness in the chromosomes reflected highly toxic
effects, usually irreversible which might lead to cell
death (Liu et al. 1995).

2. The chromosome kinetic abnormalities (turbogenic
effect) are interpreted to be the result of treatment
effect of the tested material on spindle mechanism
disorder which controls chromosomes mobility and
alignment in the cell cytoplasm. It comprised of
cells with disturbed chromosomes and cells with
lagging chromosomes in addition to clumped
chromosomes at metaphases. As illustrated in Table
2, the lower turbogenic effect of Moringa extract
may be explained by the severe chromotoxic effect
of this extract, which induces increasing percentage
of stickiness, and is much higher than its toxic

Fig. 4 Ultra-thin section in Allium cepa root tip meristems shows the effect of 3 h of direct treatment with 10.0% Moringa extract on cell
organelles: normal size nucleus (N), mitochondria (M), and peroxisomes(P) in large numbers in addition to vacuole (V)

Fig. 5 Ultra-thin section in Allium cepa root tip meristems shows the effect of 3 h of direct treatment with 20.0% Moringa extract on cell
organelles: mitochondria (M), peroxisomes (P), and dilated endoplasmic reticulum (d ER) in addition to vacuole (V) and electron-translucent
bodies (eb)
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effect on spindle fiber which affects the
chromosome mobility in the cell cytoplasm.

3. Chromosome protein core (clastogenic effect)
comprised of cells with breakage, fragments, and
micro/macronucleus; in our evaluation, the
obtained data revealed that the two tested materials
were safe without mentioned clastogenic effect if
compared with control as micronuclei noticed only
after treatment with 10.0% Moringa extract by
percentage 0.6%.

On the cytological level, the appearance of peroxi-
somes in the cell cytoplasm after treatment with 10.0%
of Moringa extract may reflect the reaction of the cell
defensive apparatus toward the treatment stress. Taking
in mind that the meristemic cells under treatment with
this 10.0% Moringa extract scored the highest mitotic
index which itself is a cell stress but in a positive direc-
tion especially to the plant breeders.
It is well known that the mitochondria is a powerhouse

of the cell as they convert the ADP into ATP through
phosphorylation oxidation reaction to provide cell with

energy to carry out its vital functions; it is also considered
as a housekeeping organelles in the cytoplasm as it con-
tains enzymes in its inner matrix; if leaks out through
pores or ruptures in the outer mitochondria membrane
would work on digesting the cell itself in a spontaneous
suicide in a phenomenon known as apoptosis (Jones
2002). The presence of such defected mitochondria may
give a convincing explanation for the effect of yeast extract
on the cell proliferation as the reduction in the mitotic
index may result from the reduced level of ATP mainly
provided to the cell via mitochondria which extremely af-
fected with yeast extract. Also, it is well known that the
endoplasmic reticulum plays an essential role in spindle
formation and transport chemically modified materials to
different parts of the cell; if become dilated as a result of
accumulation of the secreted incompetent materials
within it or ruptured or even stressed would drive the cell
to self-killing depending on the degree of damage. The
presence of such defected endoplasmic reticulum after
treatment with the yeast extract may give another explan-
ation for the chromosomes kinetic abnormalities as a re-
sult of spindle disorder. Also, it is well known that the

Fig. 6 Ultra-thin section in Allium cepa root tip meristems shows the effect of 3 h of direct treatment with 5.0% yeast extract on cell organelles:
mitochondria (M), dilated mitochondria (dM), peroxisomes (P), and dilated endoplasmic reticulum (ER) in addition to vacuole (V) and many
autophagic vacuoles (AV) with engulfed organelles

Fig. 7 Ultra-thin section in Allium cepa root tip meristems shows the effect of 3 h of direct treatment with 10.0% yeast extract on cell organelles:
mitochondria (M), dilated mitochondria (dM), peroxisomes (P), and dilated endoplasmic reticulum (ER) in addition to vacuole (V) and many
autophagic vacuoles (AV) with engulfed organelles
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endoplasmic reticulum and mitochondria are organelles
known as a device for protein synthesis which in turn re-
flects the activation of genes. The formation of dilated
endoplasmic reticulum and the presence of numerous un-
differentiated mitochondria may explain the gradual de-
crease in protein synthesis as the deleterious effect on
them may block RNA synthesis or translation process as
previously reported by Lord et al. (1991). On the other
hand, the electron-translucent bodies are considered as a
mechanism of recovery of damaged organelle because it
reduces the transport of substances through the mito-
chondria pores (Selga et al. 2005).
The notable effect of the yeast extract on the cytoplasmic

vital organelles may be attributed to its effect on the cell
cytoplasm PH which is 7.4 in normal conditions where the
cytoplasmic organelles can do their accurate function, as it
is well known that yeast produces alcohol as a result of its
anaerobic respiration which in turn changes the PH of the
treated root tip cells. The alcohol-induced mitochondria
and ER stress response fits this theory, because alcohol eas-
ily crosses the cellular membranes and affects all compart-
ments inside the cell. Alcohol also impairs autophagy and
triggers the lysosome and peroxisomes stress response to
increase (Cheng 2015; Lugea et al. 2015).

Conclusion
After getting these two natural fertilizers investigated on
both cytology and cytogenetic levels, the yeast extract
shows to somewhat extent the more having remarkable
cytological effect; their effect may be attributed to the
mode of action of its extract on the PH of the cell cyto-
plasm of root tip meristems; by the same time, the
higher used concentration of Moringa extract shows
higher chromotoxic effect on chromosomal DNA despite
it shows high proliferate effect on the treated root tip
cells. To achieve the least mutagenic effect, lower con-
centrations might be used for the two bio-fertilizers
under investigation.

Abbreviations
ADP: Adenine di-phosphate; ATP: Adenine tri-phosphate;
DNA: Deoxyribonucleic acid; ER: Endoplasmic reticulum; MI: Mitotic index
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