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ABSTRACT

Field experiments were conducted at Ehnasia Town, Beni-Suief Geovernorate
during the two successive seasons cf 2004 and 2005 in order to study the effect of
different levels of mineral fertilizers from nitrogen and phosphorous (25, 50 and 109%
of the recommended dose} alone or combined with a mixture of bicfertilizers
containing nitrogen fixers{Azotobacter sp. and Azospirilum sp.j and phosphate
dissolving bacteria (Bacilflus sp.) on growth, yield, c¢hemical constituents and
anatomical structure of moghat plant (Clossostemon bruguieri Desf). For all
treatments, basic dose of potassium f{ettilizer (150 kg K:Q/fed.} was added as
potassium sulphate {48% K20).

The obtained results indicated that increasing level of the used mineral
fertilizers induced significant increase in all morphological characters of vegetative
growth as well as in all yield characters of tuberous roots under investigation in both
studied seasons and the rate of promction increased gradually as the rate of mineral
fertilizers increased up to 100% of the recommended dose. !t is realized that raising
the level of mineral fertilizers from 25% to 100% of the recemmended dose induced
significant increase of 29.8 and 41.1% for plant height, 15.7 and 14.4% for fresh
weight of leaves/piant, 18.8 and 17.9% for dry weight of leaves/plant, 31.1 and 38.8%
for length of tuberous roct, 33.0 and 33.2% for diameter of tubercus root, 26.7 and
27.4% for fresh weight of tuberous roo¥piant, 38.0 and 42.8% for yield of air dried
peeled root/plant and 37.7 and 42.9% for vyield of air dried peeled rootsffeddan of
moeghat plant in the first and second season’ respectively.

Data also revealed that moghat glants obtained from biofertilized seeds
showed significant increase in all morphological and yield characters under
investigation in both studied seasons when compared with moghat piants obtained
from wuninocuitated seeds. The increments in morphological and yield characters of
meghat plant due te biofertilization treatment were 12,1 and 13.0% for plant height,
7.8 and 7.2% for fresh weight of leaves/plant, 8.7 and 8.9% for dry weight of
leaves/plant, 14.7 and 14.9% for tength of tuberous root, 14.5 and 15.8% for
diametier of tuberous root, 13.2 ard 12.3% for fresh weight of tuberous root/ plant,
1723 and 15.81% for yield of air dried peeled roct/plant and 17.18 and 15.80%
for yield of air dried peeled rocts/fedddan in the first and second season; respectively

lLikewise, the interaction between ths used levels of mineral fertiizers and
bi~rfertilizers revealed significant effect in both studied seasons for alf investigated
cheracters. It is realized that increzsing levs! of the used fertilizers from NP or using
a mixture of biofertilizers contairing nitrogen fixers and phosphate dissoiving bacteria
induced significant increase in any of the investigated characters of moghat plant
in both studied seascens. The rate of promction induced by raising the level of mineral
fertilizers was equal to that induced by bicfertilizers treatment. in this respect, it is
worthy to note that the treatment of 100% of the recommended dose of NP did not
statistically differ from that of 50% of the recommended dose of NP plus biofertilizers
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in their effect. This means that inoculated seeds of moghat plant with a mixture of
biofertilizers containing nitrogen fixers and phosphate dissolving bacteria substitute
half of the recommended dose from the used mineral fertilizers of NP.

Worthy to mention that the effect of the used mineral and biofertilizers on
certain chemical constituents and on anatomical structure of moghat plant was under
consideration.

Keywords: Glossostemon bruguieri Desf., Moghat, Reclaimed soils, Minerals,
Bicfertilizers, Growth, Yield, Root quaiity, Anatomy.

INTRODUCTICN

Moghat plant {Glossostemon bruguieri, Desf) is one of the medicinal
plants, having very high nutrition value, belongs to the family Stercuiiaceue.
The family consists of some 50 genera and about 750 species (Bailey, 1969).
Most of the plants belonging to this family are tropical or subtropical perennial
herbs usuaily with fleshy tuber like rhizomes; often thickened roots, The
moghat plant is native to Iraq and Iran, where roots are collected from wild
plants, which are usually several years old (El-Kholy,1971}. According to
Shabatai and Osman (1939) and Ei-Keiy and Hashim (1957), the plant was
introduced and culiivated in Egypt for the first fime in the year of 1932 and
continued to be cultivated in very small area at El-Ayat, El-Saf (Giza
Governorate) and also in upper Egypt. The important crgan in the plant is the
root, which can be harvested after one to two years. The powdered roots with
some additives; i.e. spices, flavoring agents, sugar and butter are used by the
majority of Arab nations for preparing a hot drink specially in winter. The
ladies after delivery used this drink as a general tonic, increasing lactation
and for supplying bone requirements. El-Gengaihi ef a/. (1995) and Sherif
(2001) reviewed reports of the ancient Arab physicians ibn-Sinae, Ibn-Elbitar
and Dawood El-Antaki about the medicinal action of this plant. The reports
stated that moghat is a tonic, nutritive, increase the body weight, demulcent
and for the trealment of bruises, gout and spasms.

in Egypt, improvement of moghat production can be achieved tarough
optimizing the cultural practices, especially that moghat can be cultivated in
the newly reclaimed lands as well as its low water requirement. The soil
fexture in these tands is sandy caicareous and infertile as a result of poor
physical, chemical and nutritional properties.

Generally, it was found that mineral fertifizers are important factors for
higher yield of different plant species. However, very few investigations could
be found in the literature about the effect of mineral fertilizers on growth, yield
components and nutritional value of moghat. In this respect, EI-Gengathi et
al, (1985) studied the effect of nitrogen as ammonium nitrate (at 0, 72 and
1089/m2) and K as potassium sulphate (at 0, 24 and 4ag/m2), gither alone or
in combination with a basic dose of P for all treatments, on vegetative growth
and yield of moghat plant. The obtained results indicated the importance of K
in improving root vield, reflected in 9reaier length and diameter. The
combined treatment of 72g N + 24g K/m” gave the best results. Addition of N
fertilizer increased vegetative growth and seed yield. However, both N and K
applications decreased the mucilage content of the roots. Likewise, Sherif
(2001) found that nitrogen fertilizer at the rates of 50, 100 and 150 Kg N/fed.
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alone or combined with the two levels of K (100 and 150Kg K, Offed.) plus a
basic dose of 48Kg P, Os ffed. for all treatments significantly increased heigit
of moghat plant, herb fresh weight (g)/plant, herb dry weight (g)/plant, root
tength and diameter, root fresh and dry weights(g)/ plant, weight of seeds(g)/
plant and protein content of the roots compared to the control. On the other
hand, all fertilization tireatments decreased the mucilage and starch
percentages in moghat roots compared to the control. In this connection,
other reviewers conformed these findings using sugar beet (Beta vufgaris L.),
for instance, Seleem (1998), Abd El-Maneim (2000), Abdou (2000}, Moustafa
et al. (2000), El-Shahaway et al. (2001) and Kandil et al. (2002 a&b) found
that increasing nitrogen application as soil fertilizer induced significant
increases in length and diameter of roots, rool fresh and dry weights, foliage
fresh weight and root yield ten/ffed.

Biological fertilization of non-legume crops by N2-fixing bacteria had a
great importance in recent years. The effect of inoculation had marked
influence on the growth of plant, which reflect to increase yield. This increase
might due to the effect of N, which was produced by bacteria species, in
addition of some growth regulators like 1AA and GA; which stimulated growth,
Some bacteria called Plant Growth Promoting Rhizobacteria (PGPR),
stimulate plant growth (Kapulnik, 1981 and Kloepper et al, 1991). The
stimulatory effects of microorganisms may result from either direct or indirect
action. Direct effects include production of phytohormones (Noel et al., 1996),
enhancement of availability of some minerals (Kapulnik, 1991), liberation of
phosphates and micronutrients, nonsymbiotic nitrogen fixation and
stimulation of disease-resistance mechanisms (Lazarovits and Nowak, 1997).
Indirect effects arise from (PGPR) altering the root environment and ecology
(Glick,1995). For example, acting as biocontrol agents and reducing
diseases, liberation of antibiotic substances that kill noxious bacteria
(Lazarovits and Nowak, 1997).

In this respect, El-Gamal (1996) and Ashour ef al. (1997) found that
treating cuitivated potato tubers with biofertilizer and different levels of
nitrogen significantly increased plant height, fresh and dry weights of
foliage/plant, tuber fresh and dry weights as well as total tuber yield than the
control. Selim (1998) stated that inoculation of sugar beet balls with
Azotcoacterin significantly increased root and foliage fresh weights, root
length and diameter as well as root yield of sugar beet. Abdulla {(1999) found
that applying the N-biofertilizer (Rizobacterin) combined with poultry manure
gave the best results for vegetative growth traits of potato plants represented
as plant height. Abo-El-Goud {2000) found that inoculation of seeds with
biofertilizer and adding 80 kg N/fed produced the highest root and top fresh
weight, root diameter and total yield of fodder beet. Dawa et al (2000)
pointed out that inoculation of sweet potato plants with N-fixing bacteria
(Azospiriilum or Azotobacter) advanced shoot growth and tuber root yield.
Bassal et al (2001) found that inoculation of sugar beet seeds with bio-
mineral N-fertitization levels up to 60 kg Nffed + Syrialin significantly
increased root length and diameter, root fresh and top weights/plant and root
yield ton/fed. EI-Ghinbihi and Ali (2001) studied the effect of inoculation with
biofertilizer (Halex 2) alone or combined with different mineral N fertilizer
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levels (25, 50 and 75% N) and the recommended dose of N (100% N), on
growth, chemical composition as well as yield and its components in potato
plants. The obtained results revealed that inoculation with Halex 2 increased
significantly plant growth represented by piant height, fresh and dry weights
of leaves and tubers (g/plant). All growth characters were significantly
promoted in response to the interaction between Halex 2 and N levels. The
best treatment was the combination of biofertilizer plus 75% N. Yield and ils
attributes as represented by total tuber yield, average tuber weight, and
starch percentage were significantly increased in response to all fertilization
treatments compared with the control. Kandil ef al. (2002 a&b) found that
inoculation of sugar beet seeds with biofertilization ie. Cerialine and
Rhizobacterin caused significant increase of all growth characters (root fresh
and dry weights and foliage fresh and dry weights) as well as all yield
components{root length and root diameter) and yield {root vield ton/ffed.).
Ramadan et al. (2003) studied the effect of inoculation of sugar beet seeds
with a mixture of nitrogen fixers and phosphate dissolving bacteria under
different levels of mineral fertilizers of nitrogen and phosphorous on yield and
its components. The obtained resu'ts revealed that, inoculation with
biofertilizers caused a significant increase by, 10.00 and 9.66% in root length,
8.42 and 6.00% in root diameter and 12.27 and 11.01% in root yield ton/fed
over the non-biofertilized treatment in the first and second seasons;
respectively. The application of 100% mineral fdilizers in the presence of
biofertilization gave the highest increase in roet length (81.61 and 86.03%),
root diameter (70.27 and 56.10%) and root yield tcn/fed (85.16 and §3.85%)
in the first and second seasons; respectiveiy as compared to the control,

This study was carried out to investigate the effect of mineral and
biofertilizers on vegetative growth, yield components, chemical constituents
and anatomical structure of moghat plant grown under reclamed soil
conditions in an attempt t¢ enhance the vield of such plant and to benefit, in
the meantime, of newly reclaimed suis. Moreover, the use of biofertilizers is
an attempt to substitute part of the mineral fertilizers which in turn could
reduce environmental poflution caused by repeated application of mineral
fertilizers.

MATERIALS AND METHODS

Two field experimenis were conducted at Ehnasia Town, Beni-Suief
Governorate during the two successive seasons of 2004 and 2005 in order to
study the effect of inoculation of moghat seeds (Glossastemon bruguieri
Desf) with a mixture of nitrogen fixers namely, Azofobacter sp. and
Azospirillum sp. in addition to phosphate dissolving bacteria {Bacilius sp.) and
different levels of mineral fertilizers of nitrogen and phosphorus (NPY on
growth, yield, chemical constituents and anatomical structure of plant
throughout its whole life span. The mixture of biofertilizers was obtained from
G.O.AEF. (General Organization for Agricultural Equalization Fund),
Agricultural Research Center, Ministry of Agriculture, Egypt.

Moghat seeds of approximately similar size were washed and
immersed in the adhesive materal Arabic gum to make their surface sticky
before inoculation with specific bacteria. Then, the seeds were ailowed to dry
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before inoculation. Thereafter, seeds were inoculated with a mixture of
biofertilizers (Azotfobacter sp., Azospirillum sp. and Bacillus sp.) in equal
quantities and mixed with finely sieved sterilized peat and vermiculite (Allen,
1971).

Mineral fertilizers (NP) were added at the rates of 25, 50 and 100%
from that recommended by the Egyptian Ministry of Agriculture (200 Kg
N/fed. and 48 Kg P; Os /fed.) with or without biofertilizers.

The nitrogen fertilizer was added as urea (46% N) at the rates of 50,
100, and 200 Kg N/fed. Phosphorus fertilizer was added as super phosphate
{(15.5% P, Os) at the rates ¢f 12, 24 and 48 Kg P; Os /fed. in addition to 25 m’
organic fertilizers /feddan, both being added as one part before sowing during
the preparation of land. For all treatments, basic dose of potassium fertilizer
{150 Kg K, O/fed.) was added as potassium: sulphate {(48% K, O).

Nitrogen and potassium fertilizers were divided into two equal portions.
The first one was added after three weeks from the sowing and the second
was added after a month from the first one.

Chemical analysis for reclaimed soil of the experiment sites in each
growing season was done before sowing according to Jackson (1867). The
soil type was loamy sand and mechanical and chemical properties are
presented in Table {1).

Table (1): Mechanical and chemical properties of the experimentai
soil in the two growing seasons

Soil analysis First season (2004) | Second season (2005)
Mechanical
o

properties%: 88.5 88.6
Sand

; 5.4 56
Silt 6.1 58
Clay ‘ ‘
Chemical properties: 77 79
PH 2.2 23
E.C. (mmhos/cm) 5'9 6'6
CaCol3% ' '
Qvailable (ppm): 6.8 63
P 7.4 7.3
K 1.2 1.1

The trails were planted on 15" March in the two growing seasons of
2004 and 2005. The experiment was made in a split plot design with three
replicates. The replicate contained three main plots, each assigned for one
level of mineral fertilizers. Each main plot was divided into two sub plots, one
sown with seeds inoculated with biofertilizers and the other sub plot was
sown with seeds not inoculated with biofertilizers. Thus, the three levels of
mineral fertilizers (25, 50 and 100% of the recommended dose from N and P)
beside the two levels of biofertilizers required that the experimental land of
each replicate be divided into six sub plots, each contained one treatment.
The sub plot consisted of 5 rows, 5 m long, 70 cm apart and the spacing
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between hills was 40 cm. Seeds were sown directly in hills at the rate of 15
Kg ffed. (3 seeds/hill). After three weeks from planting, seedlings were
thinned out to one plant per hill. All other cultural practices were carried out
as recommended.
Harvesting was carried out 15" of September in the first and second
seasons; i.e., after 180 days from sowing date.
The following data were recorded on 15 plants for each treatment at
harvest time.
I - Morphological parameters of vegetative growth:
1 - Plant height (cm.). 2 - Leaves fresh weight (g/piant).
3 - Leaves dry weight (g/plant).

ll-Yield of tuberous roots and its components:
1- Root length {cm.}. 2- Root diameter (cm.).
3- Root fresh weight (g/plant). 4 - Peeled root dry weight (g/plant).
5- Root yield ton/fed.

IIl- Chemical constituents of the root at harvest time:
1- Protein content:

After determination of nitrogen content, using modified Kjeldahl method
by Pregl {(1845), nitrogen was multiplied by {(6.25) to obtain protein content
(Anon., 1950). Va'ues of proteins were calculaies .1 {mg/g) of dry material for
different root samples,

2- Starch content:

Strach percentage was determined by perchloric acid method
according to Rose ef al. {19981).

3- Mucilage content:

Mucilage percentage was determined using cold extraction method
according to Simth and Montogomery (1959) and Robinson (1983}, where
50q of the powdered roots of Glossostermnor bruguieri (Desf.) were mixed with
1/2 litre of distiliad water slightly acidified with hydrochleric acid (0.5%),
stirred for 12 hours at about 28 °C and feft to stand at room temperature for
another 12 hours. The solution was passed through a folded muslin, filtered
through filter paper under suction, by means of a Buchnar funnel. The
process was repeated to exhaustion, the mucilage was precipitated from the
combined aqueous extract by adding slowly with stirring ethanol 95% until no
precipitate formed. The precipitate obtained by centrifugation was washed
several times with ethanol till free from chloride, then shaken vigorously with
absolute acetone, filtered and the mucilage formed dried at vacuum
dessicator over anhydrous calcium chloride. The mucilage obtained was
starch free, did not reduce Fehling’s solution and gave negative test for
nitrogen.

IV- Anatomical studies:

For anatomical investigations specimens of selected treatments were
taken during the second season from the roots {middle of the root) and
leaves (fourth leaf) at the age of two months from sowing. Specimens were
kilied and fixed for at least 48 hr. in F. A. A. (10 ml. Formaiin, 5 ml. Glacial
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acetic acid and 85 ml. Ethyl alcohol 70%). The selected materials were
washed in 50% ethyl alcohol, dehydrated in a normal butyl aicohol series,
embedded in paraffin wax of 58 % melting point, sectioned to a thickness of
20 microns, double stained with the crystal violet erythrosine. Cleared in
xylene and mounted in Canada balsam {(Nassar and El-Sahhar, 1998).
Sections were examined to detect histological manifestations of the chosen
treatments and photomicrographed.

Statistical analysis:

The obtained data were subjected o appropriate statistical analysis
according to Snedecor and Cochran (1982). The least significant difference
(L. 8. D.) at 0.05 level was calculated for each investigated character.

RESULTS AND DISSCUSION

I-Morphological characters of vegetative growth:

Resuits in Table (2) clearly show that increasing level of mineral
fertilizers induced significant increase in all morphological characters under
investigation in both studied seasons. Worthy to note that the rate of
promaotion increased significantly as the rate of mineral fertilizers increased
up to 100% of the recommended dose which gave the highest values of
vegetative growth of moghat plant. It is realized that raising the level of
mineral ferilizers from 25% to 100% of the recommended dose induced
significant increase of 29.8 and 41.1% for plant height, 15.7 and 14.4% for
fresh weight of leaves/ plant and 18.8 and 17.9% for dry weight of
leaves/plant of moghat in the first and second season; respectively. The
obtained results are in agreement with those reported by El-Gengaihi et al.
(1995} and by Sherif (2001). They stated that increasing NPK applications as
soil fertilizers induced significant increases in plant height, herb fresh weight
(g)/ptant and herb dry weight {g)/plant.

The positive effect of mineral fertilizers on growth characters of moghat
plants may he due to the role of nitrogen in protoplasm formation and all
proteins; e.g., amino acids, nucleic acid, many enzymes and energy transfer
materials ADP and ATP (Russel, 1973). Also, the role of phosphorus as a
major nutrient element, where phosphorus compounds are of absolute
necessity for all living organisms, nucleoproteins constituting the essential
substances of the cell and for cell divisicn and development of meristematic
tissues ((Yagodin, 1982). Potassium is important for plant growth and is
involved in every metanolic process, including carbohydrates metabolism,
protein biosynthesis, assimilate translocation, conformation of enzymes and
stomatal movement (Munson, 1972). These effects reflected on vigorous
vegetative growth such as, plant height, leaves fresh weight (g)/plant and
consequently leaves dry weight (g)/plant. in this respect, Seleem {1898), Abd
El-Moeneim (2000), Abdou (2000), Moustafa ef af. (2000), El-Shahaway et al.
(2001) and Kandil et al. (2002 a&h) on sugar beet, found that foliage fresh
and dry weights (g)/plant were significantly increased with increasing nitrogen
rates. All, being generally in agreement with the present findings.
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Table (2): Certain morphological characters of vegetative growth of
moghat plant {Glossostemon bruguieri Desf.), grown under
reclaimed soil conditions, as affected by biofertilizers and
different fevels of mineral fertilizers from nitrogen and
phosphorus (NP} in two successive seasons of 2004 and

2005
’—_ Treatments Morphological characters
Plant height | Fresh weight of | Dry weight of
. " Biofertilizers {cm.) leaves {g)/plant |leaves (g)/plant
MlneralJ;;talIzers {Seed First [Second| First | Second | First Second
( inoculation) | season | season [seascon| season |season|season
[2004) | (2008) | (2004) | (2005) | (2004) [ (2003)
. 67.1 4.3 | 323 335 1098 | 1125
5% of recommended + 78.3 75.5 351 359 1229 [ 1264
dose Mean 717 695 | 337 347 116.4 | 119.5
§0% of recommended - 78.4 81.9 349 355 1235 { 1257
pose + 90.8 95.7 387 391 1376 { 139.2
Mean 84,6 g8.8 368 73 130.6 ] 1325
100% of recommended! - 8%6 95.4 382 383 1358 | 1378
dose I + 965 | 101.7 | 398 406 140.7 | 143.8
Mean 93.1 98.6 390 397 138.3 | 1409
Mean of seed - 78.4 805 . 351.3; 3593 123.0 | 1254
inoculation with + B7.9 91.0 | 7871 3883 1337 | 13865
biofertilizers
IFL.S.D. (0.05) for:
Mineral fertilizers  (A) 6.32 5.74 186 192 7.2% 7.67
' Biofertilizers (B} 517 4.48 127 133 569 614
| Interaction {AXB) 853 | 757 218 228 2.23 963 |

= Seeds were not inoculated with biofertilizers, + = Seeds ware inoculated with
biofertilizers

Regarding the effect of bicferiilizers, data in Table (2) aiso indicate that
moghat plants obtained from biofertilized seeds showed significant increase
in all investigated morphological characfers in both studied seasons when
compared with moghat plants obtained from uninoculatled seeds. The
beneficial effect of inoculation with Azofobacter sp., Azospiriffum sp. and
phosphate dissolving bacteria (Baciffus sp.) was mainiy in improving the
fixation of atmospheric N, increasing the release of P in the so0il which is
reflected in increasing P activity and the growth promoting substances
produced by them. Those may lead to the activation of cell division and cell
enlargement and finally increasing the growth parameters (Patil, 1985). The
increments in morphological characters of moghat plant due to biofertilization
treatment were 12.1 and 13.0% for plant height, 7.8 and 7.2% for fresh
weight of leaves/plant and 8.7 and 8,8% for dry weight of leaves/plant in the
first and second season; respectively.

The present resuits are in consistent with those obtained by EI-Gamal
(1658), Ashour ef al. (1637), Abdulla (1999) and Ei-Ghinbihi and Ali {2301).
They found that, inoculation of potato seed tubers with biofertilizers led to a
significant increase in growth characters represented by plant height and
fresh and dry weights of leaves (g)/plant compared to the control. Likewise,
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Selim (1998), Bassal et a/. (2001), Kandi! ef al. (2002 a&b) and Ramadan et
al. (2003) reported that inoculation of sugar beet seeds with biofertilizers
increased significantly plant height and leaves fresh weight {(g)/plant
compared to the control, being in hamony with the present findings.

The interaction between levels of mineral fertilizers and biofertilizers
revealed significant effect in both studied seasons for all investigated
morphological characters of moghat plant. It is evident that increasing level of
the used mineral ferilizers from NP or using a mixture of biofertilizers
containing nitrogen fixers and phosphate dissolving bacteria without raising
the level of mineral feriizers induced significant increase in all morphological
characters of moghat plant under investigation in both studied seasons.
Worthy to note that the promotion induced by raising the level of mineral
fertilizers was equal to that induced by biofertilizers which substituted half of
the recommended dose from the used NP (Table, 2 and Figure,1) and this
decrease the environmental pollution. The maximum increase in
morphelogical characters was recorded when raising the level of mineral
fertilizers in the presence of biofertilizers.

From the aforementioned results, it could be stated that inoculation of
moghat seeds with a mixture of biofertilizers containing nitrogen fixers and
phasphate dissolving bacteria under different levels of mineral fertilizers from
NP increased significantly all investigated morphological characters of
moghat plant in both studied seasons. In this connection, Selim (1998),
Bassal ef al. (2001), Kandil et al. {2002 a&b) and Ramadan et al. (2003)
reported that inoculation of sugar beet seeds with biofertilizers under different
levels of mineral fertilizers increased significantly plant height and leaves
fresh weight/plant, being in accordance with the present findings. Likewise,
Ouda (2000) working on tomato, Paramaguru and Natarajan (1993} working
on chilli, Abd EI-Ati ef al. (1996) and Ei-Gamal (1996) working on potato and
Abd El-Fattah and Sorial (2000) working on squash as well as Sallam {2002)
working on pepper recorded significant enhancement in plant growth due to
application of biofertilizers under different levels of mineral fertilizers and
stated that biofertilizers saved about 25 to 50% of the used mineral fertilizers
especially nitrogen and phosphorus. All, being in agreement with the present
findings.

Generally, it could be stated that the enhancing effect of biofertilizers
on some growth characters of moghat plant might be attributed to many
factors such as (a) its ability to release plant promoting substances, mainly
IAA, GA; and cytokinin-like substances which might be stimulated plant
growth {Reynders and Vlassak, 1982), (b) synthesis of some vitamins; e.g.,
B12 (Okon and Gonzalez, 1984), (c) increasing amino acids content (Schank
et al., 1981), (d) increasing the water and mineral uptake from tho soil {Sarig
et al., 1984). This could be ascribed to increases in root surface area, root
hairs and root elongation as affected by Azotobacter as mentioned by
Sundaravelu and Muthukrishinan (1993), (e) increasing the ability to converl
N, to NH; and thus make it available to plant and (f) enhancing the production
of biologically active fungistatical substances which may change the
microflora in the rhizosphere and affect the balance between harmful and
beneficial organisms (Apte and Shende, 1981).
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Fig. (1): Habit of mature plants, at the age of 150 days, of moghat

(Glossostemon bruguieri Desf.) as affected by mineral and

biofertilizers.

A-Control (plant received 100% of the recommended dose of mineral
fertilizers).

B-Flant recelved 50% of the recommended dose of mineral fertilizers.

C-Plant received 50% of the recommended dose of mineral fertilizers
+ bicfertilizers treatment.

ll-Yield of tuberous roots and its components:

Data presented in Table (3) reveal that increasing level of the used
mineral fertilizers induced significant increase in all yield characters under
investigation in both studied seasons and the rate of promotion increased
gradually as the rate of mineral fertilizers increased up to 100% of the
recommended dose. Worthy to note that raising the level of mineral fertilizers
from 25% to 100% of the recommended dose induced significant increase of
31.1 and 38.9% for length of tuberous root, 33.0 and 33.2% for diameter of
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tuberous roat, 26.7 and 27.4% for fresh weight of tuberous root/ plant, 38.0
and 42.8% for yield of air dried peeled root/plant and 37.7 and 42.9% for yield
of air dried peeled roots/feddan of moghat plant in the first and second
season; respectively.

Table (3): Yield of tuberous roots and its components of moghat plant (
Glossostemon bruguieri Desf. ), grown under reclaimed soil
conditions, as affected by biofertilizers and different levels of
mineral fertilizers from nitrogen and phosphorus (NP} in two
successive seasons of 2204 and 2005

Treatments Yield components of tuberous roots
Length of Diameter off Fresh [Yield of air] Yield of air!
tubercus | tuberous weight dried dried
" root {cm.) | root {em.) (of tuberous| peeled peeled
a e root root root
- L
€~ N o c c
o o == o € o [ = = Q
-2z T|o @ =] o) o =] =] B
o 2 80 |58 |8 (E5 8= B85S
] 2laZ|wl oS [vwE|a3 03303 oggwg v 8
£ AlvSlme |"&|pe |Yo |loed¥he [OadP"S |[ge
g ﬁN SN ﬁw gN 'GN %34,501 33“5‘" gN
= 1] ke ] .= = = 7]
w @ o @ [ w [T -]
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- 276 | 291 | 3.87 | 3.96 [228.2(236.7| 368 | 38.7 [710.2[7445
25% of recommended * 328 | 357 {479 | 484 1267.4(2815} 442 | 47.3 |8548|911.3
dose Mean| 302 ) 324 [ 433 | 4.40 |2478|2591| 40,5 | 43.0 |7T82518B279
- 324 | 365 | 4.82 1 475 (259.7|287.4| 439 | 47.8 {846.7 (9211
50% of recommended « 383 42.7 | 563 ) 582 |3139!330.2| 54.7 | 588 11055.3]11313
dose Mean| 354 } 396 | 5.23 | 5.29 | 286.8 |306.8| 49.3 | 63.3 |951.0 [1026.2
- 379 43,2 | 558 { 5,69 {308.3;321.9( 53,5 ; 59.6 11031 8111489
100% of + | 412 468 | 594 | 6.03 {3196!3383| 583 [ 632 1123412167
recommended dose Mean| 38.6 | 450 | 576 | 5.86 |313.9(|330.1| 65.9 | 61.4 [1077.611182.8
Mean of seed inoculation - 326 | 363 | 476 | 480 |2654|282.0) 44.7 | 48.7 | 8629|9382
with biofertifizers + |374 417 [545 | 556 |3003(316.7| 524 : 56.4 [1011.211086.4
L.§.D. {0.05) for:
Mineral fertilizers [A) | 398 | 487 | 049 | 0.56 |1462|17.52| 452 ) 519 |88.23 | 96.47
Biofertilizers (B) | 247} 3.41 1032 | 038 1108113671 3.34 | 4.21 |63.57[74.83
Interaction {AXB)) 4.62 | 5.89 J_0.58 0.72 |18.27121.36| 596 | 6.87 |112.981128.45

The present findings are in harmony with those reported by El-
Gengaihi et al. (1995) and by Sherif (2001) on moghat plant. They found
that increasing NPK applications as soil fertilizers induced significant
increases in root length, root diameter, rool fresh weight (g)/plant and peeled
root dry weight {g)/plant. In this connection, Seleem (1998), Abd El-Moneim
{2000y, Abdou (2000), Moustafa ef al. {2000), EI-Shahaway et al. (2001) and
Kandil et al. (2002 a & b) on sugar beet, observed that root fresh weight
(g)/plant and root vyield (ton)/feddan were significantly increased with
increasing ritrogen rates.

As to the effect of biofertilizers, results in Table (3} clearly show that
moghat plants obtained from bioferilized seeds exhibited significant increase
in all yield characters under investigation in both studied seasons when
compared with moghat plants obtained from uninoculated seeds. The

increments in yield characters of moghat plant due to bioferlilization treatment
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were 14.7 and 14.9% for iength of tuberous root, 14.5 and 15.8% for diameter
of tuberous root, 13.2 and 12.3% for fresh weight of tuberous root/piant,
17.23 and 15.81% for yield of air dried peeled root/plant and 17.18 and
15.80% for yield of air dried peeled roots/feddan in the first and second
season; respectively. The beneficial effect of biofertilizers on yield and its
components is attributed to the vigorous growth of biofertilized plants and to
the amount of metabolites synthesized by these plants as well as to the role
of biofertilizers in absorhing nutrients especially P, Fe, Zn, Mn and Cu which
plays an important role in activation of the metabolic processes. In addition to
increasing the amounts of N-fixation by Azotobacter and Azospiriffum
(Mchamed, 2000).

The present results are in line with those obtained by El-Gamal {1996),
Ashour et af. (1997), Abdulla (1999} and El- Ghinbihi and Ali (2001). They
found that inoculation of potatc seed tubers with bioferilizers led {o a
significant increase in tuber fresh and dry weights and total tuber yield. In this
respect, Selim (1998), Bassal ef al. (2001), Kandil ef al. (2002 a&b), and
Ramadan et al. (2003) reported that inoculation of sugar beet seeds with
hiofertilizers induced significant increase in root fresh and dry weights
{g)/plant and root yisld (ton)/feddan compared to the control.

The interaction between the used ilevels of mineral fertilizers and
biofertilizers revealed significant effect in both studied seasons for all
investigated characters of moghat yield from tuberous roots. It is clear that
increasing level of the used mineral fertilizers from NP or using a mixture of
biofertilizers containing nitrogen fixers and phosphate dissolving bacteria
induced significant increase in any of the investigated yield characters of
tubsrous roots of moghat plant in both studied seasons. The rate of
promotion induced by raising the level of minera: fertilizers was equal to that
induced by biofertilizers. In this respect, it is worthy to note that the treatment
of 100% of the recommended dose of NP did not statistically differ than that
of 50% of the recommended dose of NP pius biofertilizers in their effect
{Table, 3 and Figure, 2). This means that inoculated seeds of moghat plant
with a mixture of biofertilizers containing nitrogen fixers (Azolobacter sp. and
Azospirifflum sp.) and phosphate dissolving bacteria {Bacillus sp.) substitute
half of the recommended dose from the used mineral fertilizers of NF.

In this respect, Selim (1998), Bassal et al. (2001}, Kandil et al. (2002
a&b), and Ramadan et al. (2003) reported that inoculation of sugar beet
seeds with biofertilizers under different levels of mineral fertilizers increased
significantly root fresh and dry weights (g)/plant and root yield (ton)/feddan,
being in harmony with the present indings.
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A B Cc
Fig. {2): Tuberous roots, at the age of 150 days, of moghat plants as
affected by mineral and biofertilizers.
A- Control ({tuberous root of moghat plant received 100% of the
recommended dose of mineral fertilizers).
B-Tuberous root of moghat plant received 50% of the
recommendad dose of mineral fertilizers.
C-Tuberous roct of meghat plant received 50% of the
recommended dose of mineral fertilizers + biofertilizers
treatment.

llI-Chemical studies:
1-Protein percentage in tuberous root:

It is noted from Table (4) that increasing level of the used mineral
ferilizers induced significant increase in protein percentage of tuberous root
of moghat plant in both studied seasons. It is clear that the rate of promotion

1445



Hassan, H.R. et al,

increased significantly as the rate of mineral fedilizers increased up to
100% of the recommended dose. Worthy to mention that raising the level of
mineral fertilizers from 25% to 100% of the recommended dose induced
significant increase of 50.6 and 54.3% in protein percentage of moghat root in
the first and second season; respectively. In this respect, Sherif (2001) stated
that increasing N rates increased tubers and roots protein contents of moghat
plant, being in agreement with the present findings.

Regarding the effect of biofertilizers, data in Table (4) reveal that
tuberous roots of moghat plants obtained from inoculated seeds with a
mixture of biofertilizers containing nitrogen fixers and phosphate dissolving
bacteria had more protein content than those obtained from uninoculated
seeds. The increase in protein content due to biofertilizers treatment was
22.2% in the first season and 22.6% in the second one,

The interaction between the used levels of mineral fedilizers and
bioertilizers proved significant effect in both studied seasons. It is realized
that increasing level of the used mineral fertitizers from NP or using a mixture
of biofertilizers containing nitrogen fixers and phosphate dissolving bacteria
induced significant increase in protein percentage of tuberous root of moghat
plant in both studied seasons. The maximum percentage of root protein
(9.63% in the first season and 10.35% in the second one) was detected at the
treatment of 100% mineral fertilizers combined with biofedtilizers.

2-Starch percentage in tuberous root:

It is clear from Table (4} that increasing level of mineral fertilizers from
25 to 50% of the recommended dose induced significant increase in starch
content of tuberous root of Moghat plant in both studied seasons. The
increase in starch content was 9.16% in the first season and it was 8.85% in
the second one. By contrast, it was found that increasing level of mineral
fertilizers from 50 to 100% of the recommended dose induced significant
decrease in root content of starch in both sludied seasons. The decrease in
starch content was 5.79% in the first season and it was 5.37% in the second
one. Worthy to note that starch percentage in tuberous roots of maghat plants
received 100% of the recommended dose from mineral fedilizers did not
statistically differ than that found in tuberous roots of moghat plants received
25% of the recommended dose from mineral fertilizers. Results also indicate
that the effect of biofertilizers as well as the interaction between the used
levels of mineral fertilizers and biofertilizers proved insignificant in this
respect.

The previous report of Sherif (2001) found that increasing N rates
decreased starch percentage in moghat root, being partiaily in accordance
with the present findings.

3-Mucilage percentage in tuberous root:

Data given in Table (4) prove that neither mineral ferlilizers nor
biofertilizers had statistical effect on mucilage percentage in tuberous roots
of moghat plants grown under reclaimed se¢il conditions, afthough a slight
insignificant decrease was observed in this respect.
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In this connection, El-Gengaihi ef al. (1995) and Sherif (2001) found
that mineral fertilizers from NPK decreased the mucilage content of moghat
roots, being partially in accordance with the present findings.

{V-Anatomical studies:

From the aforementioned results of morphological characters of
vegetative growth and of yield characters of tuberous roots of moghat plant
as affected by mineral and biofertilizers, it could be stated that the treatment
of 100% of the recommended dose of the used mineral fertilizers (control
treatment) did not statistically differ from that of 50% of the recommended
dose of the used mineral fertilizers plus biofertilizers in their effects.
Therefore, the anatomical structure ¢f tuberous roots and leaves of such
treatments was under consideration.

Table {(4): Percentages of protein, starch and mucilage in air dried
peeled roots of moghat plant (Glossostemon bruguieri
Desf.), grown under reclaimed soil conditions, as affected by
biofertilizers and different levels of mineral fertilizers from
nitrogen and phosphorus (NP} in two successive seasons of
2004 and 2005

Treatments Chemical constituents

) . iofertilizer Protein % Starch % Mucilage %
Mineral fertilizers 8 (;r;; d s First [Second| First | Second First | Second
{NP) inoculationy [S83son season season; season | season | season

' |"2004 | 2005 | 2004 | 2005 | 2004 | 2005

25% of recommended dose - 5.07 538 | 3243 3287 22.26 2255

- 6.52 6.81% 3370 34.03 2268 22.14

Mean 5.85 6.10 33.07 33.35 2247 22.36

50% of recommended dose - 7.23 743 | 3557 35.74 22.30 22.24

| * 8.54 8.92 36.63 36.86 21.98 22.02

Mean 7.89 8.18 36,10 36.30 2214 2213

100% of recommended dose . 7.98 8.47 33.40 33.87 21.29 21.74

+ 9.63 10.35 | 34.62 34,83 20.93 2012

NMean B.81 9.41 34.01 34,35 21.11 20.93

Mean of seed inoculation - 6.76 1.09 33.80 34.09 21.95 2219

Iwith biofertilizers | * 826 8.69 2498 35.24 21853 21.43

L.S.D.{0.05) for:

Mineral fertilizers (A} 0.41 0.45 1.87 1.92 NS NS

Biofertilizers {B) n.2s5 0.28 NS, N.S. N.S. N.S.

Interaction {AXB} 0.49 0.55 N.5. N.S. N.5. N.S.

-Anatomy of the main root:

It is evident that the important economic organ of moghat plant is the
main reot which exhibit anomalous secondary growth and most of the
secondary xylem tissue corprised of storage »narenchyma and this makes
the root tuberous.

Microscopical counts and measurements of certain characters in
fransverse sections through the median portion of the main root of moghat
plant as affected by mineral and biofertilizers are given in Table (5). Likewise,
microphotographs illustrating the effects of these treatments are shown in
Figure (3).
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Table (5): Counts and measurements in micron of certain histological
features in transverse sections through the median portion of
tuberous root of moghat plant, at the age of 60 days, as
affected by mineral and hiofertilizers {Means of three sections
from three specimens)

Treatments
Control ( 100 % 50% *+% to 50% * % to
Histological of recommended mineral control Mineral control
characters dose of mineral | fertilizers ertilizers+
fertilizers) biofertilizers

Root diameter 6985.0 51920 -2567 (71160 +1.88
Mean diameter of 181.2 1264 -30.20 173.5 -4.25
mucilage canal
Thickness of phloem 443.7 3596 -1895 (4368 -1.56
tissue
Diameter of xylem tissug 4684.0 36950 -2586 |51260 +2.85
Number of vessels
/ microscopic field 8.3 257 +209684 |90 +8.43

It is obvious from Table (5) and Figure (3) that moghat plants received
50% of the recommended dose of the used mineral fertilizers showed a
prominent decrease in root diameter by 25.67% less than the root diameter of
control plants which received 100% of the recommended dose of mineral
fertilizers. The decrease in root diameter of plants received half of the
recommended dose of mineral fertilizers could be attributed to the prominent
decrease in secondary growth which reflected in decrease of phloem tissue
thickness and of xylem tissue diameter by 18.95 and 25.86%: respectively
less than those of control treatment. Also, the mean diameter of mucilage
canal was decreased by 30.20% less than the control. By contrast, the
number of vessels per microscopic field of secondary xylem was increased
by 209.64% more than the control.

Results also indicated that moghat plants obtained from biofertilized
seeds and received 50% of the recommended dose of mineral fertilizers
showed a slight increase in root diameter by 1.88% more than root diameter
of control plants which received 100% of the recommended dose of mineral
fertilizers.The increase in root diameter could be attributed to the increase in
secondary growth of xylem tissue by 2.85% in its diameter although a slight
decrease in thickness of phioem tissue by 1.56% less than the control was
observed. Also, a slight decrease of 4.25% in mean diameter of mucilage
canal was observed less than that of the control. At the same time, number of
vessels per microscopic field of secondary xylem was increased by 8.43%
more than the control. .

These results are almost in harmony with those obtained by Ramadan
et al. (2003) ahout the effect of mineral and biofertilizers on root anatomy of
sugar beet.
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Figure (3): Transverse sections through the median portion of the main

root (storage root) of moghat plant (Glossostemon bruguieri
Desf.), at the age of 2 months, as affected by mineral and

biofertilizers. (X 40}

A-Control (100% mineral fertilizers). B-50% mineral fertilizers.
C-50% mineral fertilizers + biofertilizers treatment.
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2-Anatomy of the leaf:

Microscopical measurements of certain characters in transverse
sections through the blade of fourth leaf on the main stem of moghat piant as
affect by mineral and biofertilizers are presented in Table (6). Also,
micropnotographs illustrating the effects of these treatments are shown in
Figure (4).

Table (6): Measurements in micron of some histolegical characters in
transverse sections through the blade of the fourth leaf on
the main stern of moghat plant, at the age of 2 months, as
affected by mineral and biofertilizers (Means of three
sections from three specimens)

Treatments
H-I' ) [Control { 100 % 50% +% to 50"% t % to
istological characters Pf recommended ineral  control Tuneral centrol
dos_e_ of mineral ertilizers fe_rtllrzgljs +
fertilizers) biofertilizers
Thickness of midvein 1185.9 1124.6 -5.17 1279.4 +7.88
Thickness of lamina 1656 1375  -1697 (1973 +19.14
IThickness of palisade tissue 69.8 57.5 -17.82 8456 +2120
Thickness of spongy tissue 46.3 8.9 -1598 572 + 2354
Dimensions of midvein bundle:
Length 268.5 234.2 -1278 2871 + 10865
Width 679.2 6186 -8.92 751.3 +10.62
&essel diameter 338 B1.9 -5.62 475 +40.53

Il is clear from Table (8) and Figure {4) that moghat plants received
50% of the recommended dose of mineral fertilizers from nitrogen and
phosphorus (NP) showed a prominent reduction in thickness of midvein and
lamina of the fourth leaf by 5.17 and 16.97% less than the control (plants
received 100% of the recommended dose of the used mineral ferlilizers);
respectively. The thinner leaves induced by median level of mineral fertilizers
could be attributed to the decrease in thickness of palisade and spongy tissue
as well as in dimensions of midvein bundle. The decremenis below the
control were 17.62, 15.98, 12.78 and 8.92% for the thickness of palisade
tissue, thickness of spongy lissue, length of midvein bundle and width of
midvein bundle; respectively. Also, vessel diameter was decreased by 5.62%
less than vessel diameter in leaves of controi planis.

Data also revealed that moghat plants obtained from biofertilized seeds
with a mixture of nitrogen fixers and phosphate dissolving bacteria and
received half of the recommended dose of mineral fertilizers frorn nitrogen
and phosphorus (NP) showed a prominent increase in thickness of both
midvein and lamina of the fourth leaf by 7.88 and 19.14% more than the
control (plants received 100% of the recommended dose of mineral
ferlilizers); respectively. It is obvious that the increase in lamina thickness
was accompanied with 21.20 and 23.54% increments in thickness of palisade
and spongy tissues compared with the control; respectively. Likewise, the
midvein bundle was increased in size by 10.60% more than that of the
control. Moreover, xylem vessels had wider cavilies, being 40.53% more than
the control.
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Figure (4): Transverse sections through the blade of fourth leaf developed
on the main stem of moghat plant (Glossostemon bruguieri
Desf.), at the age of 2 months, as affected by mineral and
biofertilizers. (X 40)
A- Control {100% mineral fertilizers). B-50% mineral fertilizers.
C- 50% mineral fertilizers + bicfertilizers treatment.
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The obtained results are almost in harmony with those obtained by
Ramadan et al. (2003} about the effect of mineral and biofertilizers on the
anatomical structure of sugar beet leaves.
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