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Abstract
Sugarcane (cv. C 9) cultivated in three governorates of upper Egypt (ElMenia, Assiut, Quena) were sampled to assess the occurrence and characteristic
of the endophytic G. diazotrophicus isolated from tissues of plants, as well as to
determine its abundance in tissues and rhizosphere soil. The 14 endophytic isolates obtained from tissues (roots and stem buds) showed phenotypic and biochemical characteristics identical to those internationally reported in Bergey’s
Manual of Systemic Bacteriology (2005). No variation were recorded in cell
morphology of isolates, or colony characteristic and pigmentation, or physiological traits due to area of plantation or to N - fertilization scheme practiced. The N2
- fixing activity of the isolated strains ranged from 12.2:17.6 mg N/ g sucrose
consumed from culture media (LGI). The enumeration, by the MPN technique on
LGI semisolid medium, for the endophytic cells in tissues of sugarcane grown in
Assiut Exptl. Farm of faculty of agriculture, recorded mean numbers of 2.0 –
15.4 × 105/ g tissues, whereas mean estimated rhizosphere cells ranged from 2.6
– 16 × 104/ g of rhizosphere soil.
Keywords: Endophytes, rhizospheric, diazotrophicus, sugarcane, Gluconacetobacter.

Introduction
The sugarcane bacteria named
Gluconacetobacter diazotrophicus
that fix atmospheric nitrogen, which
was first isolated by Cavalcante and
Döbereiner in (1988) from Brazilian
sugarcane tissues (endophytic), is
mainly characterized by its preference for growth in presence of high
sugar concentration in medium (10%
or more up to 30%), and acid environment (pH around 5.0 - 5.5), and
microaerophilic aeration. Since its
first isolation, several reports were
published indicating its endophytic
nature and isolation from tissues of
sugarcane cultivated in different areas around the world. Also, it has
been isolated from tissues of unrelated other plants like sweet potato,

coffee, tea, banana, pineapple and
rice, as well as from rhizosphere
soils of rage, coffee and banana
(Muthukumarasamy et al., 2002).
Fuentes-Ramèrez et al., (1993)
reported that the level of Nfertilization of cultivated sugarcane
is the key factor for the successful
endophytic existence and association
of G.diazotrophicus with sugarcane
plants. They reported that the existence and density of isolation of this
endophytic bacteria from Mexican
sugarcane tissues were severely limited when mineral N-fertilizers were
supplied in excess (275-300 kg ha-1).
This was also reported by other researchers (Muthukumarasamy et al.,
2002).
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In Egypt, sugarcane plantation,
particularly in Upper Egypt governorates, is heavily fertilized with
mineral nitrogen (200 - 400 kg fed-1
yr-1). This probably, may affect the
endophytic existence of G. diazotrophicus in tissues and association with
sugarcane plants.
The present work was conducted to assess the occurrence and
characteristics of the endophytic
G.diazotrophicus isolated from tissues of sugarcane cultivated in soils
of upper Egypt governorates (ElMenia, Assiut and Quena), and to
determine its abundance in tissues of
sugarcane as well as in rhizosphere
soil.
Materials and Methods
Isolation of G.diazotrophicus
from Sugarcane (Saccharum officinarum L.) tissues:
Samples of young shoots with
healthy roots and sprouting stem
buds Fig. (1) were taken from 1 - 3
years old sugarcane plants, commercial cultivar C9 cultivated at three
Egyptian governorates of Upper
Egypt, namely: El- Menia (Mallawy), Assiut (faculty of Agriculture,
Assiut Farm) and Quena (El- Matana
sugarcane Farm).
The plant samples were carefully washed with tap water and
separated into roots, shoots, or
sprouting buds which were then surface sterilized. One gram of the sur-

face- sterilized samples (root or
buds) was macerated and homogenized in sterile mortar and pistol
with 5 % sterile sucrose solution, and
the homogenized suspension was
then serially diluted in tubes containing 9 ml sterile 5 % sucrose solution.
The diluted plant suspensions were
then inoculated on tubes of N- free
LGI semisolid medium: K2HPO4
0.2g; KH2PO4 0.6g; MgSO2.7H2O
0.2g;
CaCl2.2H2O
0.02g;
NaMoO4.2H2O 0.002g; FeCl3.6H2O
0.01g; yeast extract 0.02g; 5ml of
bromothymol blue (BTB) 5 % solution in 0.2 N KOH; crystalized sucrose 100g; agar 1.8 g/l (adjusted to
pH 5.5 - 6.0) for growth and
enrichment of the diazotrophic
acetobacters in the diluted samples
(Cavalcante & Döbereiner., 1988; Li
and McRae., 1991). The inoculated
tubes were then incubated for 5-7
days at 28 -30o C. The highest dilution from each sample showing enriched growth, in the form of subsurface yellow pellicle Fig. (2) was serially sub-cultured on tubes of the Nfree LGI semi solid medium (for at
least 5-7 times, every 3-5 days) for
further enrichment and purification.
The enriched tubes, showing yellow
thick surface pellicle were then
streaked on plates of LGI agar medium (18 g/l) and incubated for 5-7
days at 30o C for obtaining separated
colonies.
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Fig. 1. Samples showing roots and sprouting buds of sugarcane plant

Fig. 2. Three-day’s old cultures of isolated strains growing on tubes of LGI semisolid
media showing the subsurface yellow pellicle.
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10- Phosphate solubilization
on modified phosphate LGI agar
medium.
11- Starch hydrolysis by cultures grown on LGI agar (medium
containing 0.5 % soluble starch).
Testing the isolates for N2-fixing
activity:
The ability of the isolates
G.diazotrophicus strains to fix N2 in
culture medium was tested by two
methods:
1- By determining the total nitrogen content of 25 ml of the culture
grown for 7 days in liquid LGI medium by the micro-Kjeldahl method
(Jackson., 1958), and determining
sucrose content in medium and
grown cultures colorimetrically by
the method described by Dubois et
al., (1956).
2- By the acetylene reduction
assay for the cultures grown on 10
ml semisolid LGI medium in 30 ml
vials that were sealed tightly with
rubber stopper and Para film and injected with 10 % acetylene. After
one-hr. from injection, 0.25 ml gas
samples from the vials were removed
by microneedle and injected in the
gas chromatography apparatus at the
Agricultural Research Center, Giza,
Egypt: Hewlett-Packard 5890 fitted
with two flame ionization and electron capture detectors and Al2O3 capillary column.
Enumeration of G.diazotrophicus
in rhizosphere soil and in tissues of
sugarcane grown in Assiut Exptl.
farm:
 Abundance in rhizosphere soil:
Young plants of sugarcane cultivar (C9, second ratoon) were uprooted, gently shaken to remove
loosely attached soil particles.

Phenotypic properties and biochemical tests performed on
strains isolated from sugarcane:
The pure isolates developing on
LGI agar medium (3-5 days old)
were tested for the following phenotypic and biochemical tests, and
were characterized according to Bergey’s Manual of Systemic Bacteriology, 2005.
1- Cell morphology: Gram
stained smears of the isolates were
optically examined, and also determined by scanning electron microscope (Pelczar et al., 1957).
2- Cell motility in liquid cultures (48 hr. old) by the hanging
drop method, and by stabbing in
tubes of LGI medium containing
0.5% agar (Pelczar et al., 1957).
3- Catalase reaction by flooding colonies on LGI agar plates with
10% solution of H2O2.
4- The ability to utilize various
C substrates, (at 0.5 – 1.0 % concentrations), as sole C source in replacement of 10 % sucrose in LGI
semi solid medium in tubes.
5- Growth in the presence of
30 % sucrose in LGI semi solid medium in tubes.
6- Growth and colony characteristic and pigmentation on modified 1% ethanol and CaCO3 agar
medium in plates.
7- Colony characteristics and
pigmentation on modified glucose,
yeast extract, CaCO3 (GYC) agar
medium in plates.
8- Colony characteristic and
pigmentation on potato sucrose agar
medium (PS) in plates.
9- Nitrate reduction in liquid
LGI medium containing 10 mM of
KNO3.
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Healthy roots were then separated
and shaken with gentle agitation in
90ml sterile tap water in 250 ml Erlenmeyer
flasks
to
remove
rhizosphere soil adhering to roots
surfaces. The rhizosphere soil slurry
obtained was serially diluted in tubes
each containing 9 ml of sterile 5%
sucrose solution. From each dilution,
aliquots of 1 ml were inoculated on
five tubes of LGI semi solid medium
for growth and enrichment of the diazotrophic acetobacter in rhizosphere
soil. After 10 days incubation at 30o
C, the number of positive tubes in
each dilution, showing the typical
yellow to orange subsurface pellicle,
were used for calculating the MPN
of G.diazotrophicus / gram of
rhizosphere soil using McCradye table (Alexander, 1982).
 Abundance
of
endophytic
G.diazotrophicus in roots, stem
buds of sugarcane:
Samples (1-2g), of the separated washed surface sterilized roots
or sprouting buds of sugarcane were
macerated and homogenized in 10
ml aliquots of 5 % sterile sucrose solution, then serially diluted in tubes
containing 9 ml of sterile 5 % sucrose solution. Aliquots of 1 ml from
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each dilution were inoculated on 5
tubes of LGI semisolid medium for
MPN enumeration of endophytic
G.diazotrophicus bacteria per gram
of fresh plant sample as previously
described in rhizosphere soil (Alexander, 1982). Tubes showing yellow
to orange subsurface pellicle after 10
days incubation were considered
positive.
Results and Discussion
Fourteen pure isolated strains
were finally obtained after repeating
subculturing of macerated sugarcane
tissues and streaking on plates of
LGI agar medium. Table (1) shows
labels and source of isolated strains,
plantation area, soil characteristics
and N- fertilization scheme followed.
The identification of the isolated bacterial strains from tissues of
sugarcane and confirmation of their
belonging to the species Gluconacetobacter diazotrophicus were based
on colony characteristics of the isolates on the specific agar media as
well as on diagnostic phenotypic and
biochemical tests as reported by
Cavalcante & Döbereiner (1988) and
described in Bergey’s Manual of
Systemic Bacteriology (2005).
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Table 1. Labels and sources of endophytic G .diazotrophicus strains isolated
from sugarcane (cv.C9) and plantation area of host plant.

plant

Plantation
area of host
plant

Sugarcane

Quena
Matana Experimental
station

El-Menia
Mallawy
Experimental
station

Soil texture Scheme of N
Plant
Label of
and
–fertilization
stage
at
isolated Source of isolates
pH(1:2.5) of host plant sampling strains
suspension
(kg N / fed)

Clay
pH 7,5

Clay
pH 8,0

210

186

First
ratoon

Third
ratoon

Young stem buds

M b2

Young stem buds

M b4
M r5
M r7

Young stem buds
Roots
Roots

M r8

Roots

El-M r1
Roots
El-M r2
Roots
El-M b1 Young stem buds
El-M b2 Young stem buds

Second
ratoon
Assiut
Farm of Fact.
of Agriculture

M b1

Clay
pH 8,1

As1 r1

Roots

As1 b2

Young stem buds

As2 r1

Roots

As2 b2

Young stem buds

186
Eighth
ratoon
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Colony characteristics of the isolated strains developing on LGI
agar medium:
Colonies of the isolated strains
from sugarcane tissues (roots or stem
buds) on LGI agar plates (14-days
old) were small, 2-3 mm in diameter,
gummy, smooth, round, yellow to
deep orange of entire margin. Fig. (3)
shows size, pigmentation and colony
characteristics of some selected
strains isolated from sugarcane tissues. No differences in pigmentation
or colony characteristic were detected
due to source of isolation (roots or
stem buds) or due to sugarcane plantation area (Assiut, El-Menia or Matana).
Colony characteristics of the isolated strains developing on PS agar
plates:
All strains isolated from sugarcane produced large slimy brown
colonies, 3- 4 mm in diameter, Fig.
(4).

M4
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Colony characteristics on ethanolCaCO3 agar medium:
The isolated strains from sugarcane (roots or stem buds) produced
distinguishable
large
blue-green
gummy colonies with deep blue centers, probably due to precipitation of
dissolved CaCO3. Fig. (5).
Colony characteristics on glucoseCaCO3 agar medium (GYC):
Fig. (6) shows the characteristics colonies produced by some selected isolated strains on plates of
GYC agar medium. The growth pattern of colonies produced on this medium were similar to those produced
on ethanol- CaCO3 agar medium
(blue green gummy). But after 3weeks of incubation, the colonies and
the medium in the plates turned to
dark brown, probably due to over
oxidation of the glucose present in
the medium.

As1 r1

El-M r1

Fig. 3. Colonies, 10-14 days old cultures, of some of selected isolated endophytic
G.diazotrophicus strains on LGI agar medium: (M4) strain from Matana
sugarcane; (As1 r1) strain from Assiut sugarcane; (El-Mr1) strain from ELMenia sugarcane.
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M1

As1 r1

EL-M b1

Fig. 4. Colonies (2 weeks old culture) of some selected isolated endophytic
G.diazotrophicus strains on PS agar medium: (M1) strain from Matana sugarcane;
(As r1) strain from Assiut sugarcane; (EL-M b1) strain from EL- Menia sugarcane.

As2 r1
Fig. 5. Colonies (2 weeks old cultures) of some selected isolated endophytic
G.diazotrophicus strains on ethanol agar medium; (As 2 r1) strains from Assiut
sugarcane.

M2

As2 r1

Fig. 6. Colonies (2weeks old culture) of some selected isolated endophytic
G.diazotrophicus strains on glucose agar medium; (M2) strain from Matana sugarcane; (As2 r1) strain From Assiut sugarcane.
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Diagnostic phenotypic and biochemical tests performed for identification of the isolated strains:
Table (2) shows the results obtained for the tests performed on the
isolated strains.
Cell morphology:
Optical examination of gram
stained smears from the agar colonies of isolated strains on LGI plates
(5 - 7 days old culture) showed nonspore former unicellular G (-) short
rods, 1 - 1.5 µ in length and 0.5 µ in
width. Fig. (7) present scanning electron microscope photo (10000 magnification) of cells of the isolated
strain As1 r1 grown on Ps medium.
The photo shows the same cell description obtained from optical examination: unicellular rods 1 - 1.25 µ
in length x 0.5 - 0.75 µ in width,
with round ends and non-spore
formers.
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Cell motility:
The liquid cultures (3-5 days
old) of all isolated strains gave negative results for motility test by the
hanging drop technique. But, when
motility of the strains was tested by
stabbing small part of the agar colonies with straight needle in tubes of
LGI semi-solid medium (containing
5 g agar/l), all isolated strains gave
positive motility results. Fig. (8)
shows the growth pattern of three of
the isolated strains in tubes of the
semi-solid medium after 10 days of
incubation.
The positive motility results
obtained by the stabbing technique is
probably due to the suitable microaerophilic conditions and better
growth of the isolated strains in the
semi-solid medium in comparison to
their slow growth in the liquid medium.

Table 2. Results of phenotypic and biochemical tests performed on isolated strains
of G.diazotrophicus

Tests
Cell morphology by optical examination
Motility tested by stabbing technique
Growth in tubes of LGI semi solid
medium
Growth in presence of 1% ethanol
Growth in presence of 30% sucrose
Catalase reaction
Nitrate reduction
Phosphate solubilization
Starch hydrolysis
N2-fixing activity
* Number of strains.

Sugarcane isolates from Assiut, ElMenia and Matana (14 strains)
Single G(-), non-spore former rods
+
Sub surface yellow to orange pellicle and
acid production
++
++
++
-(13)*
+(1)*
++
+ (from 12.2- 17.6 mg N/ g sucrose)
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Fig. 7. A scanning electron microscope picture for cells of isolated strain As1 r1
from Assiut sugarcane root (10000 x magnification) for G .diazotrophicus
growth on PS medium.

Fig. 8. Three tubes showing motility of isolated strains inoculated by stabbing in tubes
of LGI medium containing 0.5% agar.
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Other biochemical tests performed
on isolated strains:
Table (2) shows that all isolated
strains from sugarcane gave positive
results for catalase reaction, growth
in presence of 30% sucrose or 1%
ethanol and positive phosphate solubilization. But gave negative results
for starch hydrolysis and nitrate reduction tests. The good growth obtained with 30% sucrose in the medium is a distinguishable character
indicating the ability of this species
to grow in presence of high sugar
concentration.
Ability to use different sugars and
certain organic materials as sole
C-source:
Results in Table (3) indicate
that most of the isolated strains from
sugarcane were able to use glucose,
fructose, rhamnose, arabinose, lactose, maltose, mannitol and citrate as
sole carbon source for growth in LGI
medium with acid production in
most cases. But K-malate was the
only tested organic substance that
was not assimilated and used for
growth by all isolated strains.

ISSN: 1110-0486
E-mail: ajas@aun.edu.eg

N2-fixing activity of the isolated
stains:
The nitrogenase activity of the
strains determined by the AR assay
showed great variations, recording
from 0.04 to 470 n mole ethylene/ml/hr. the highest activity was
recorded for EL-Menia strain (ElMb1) isolated from buds, and the
lowest were recorded for the strains
isolated from El-Matana sugarcane
buds (0.04 - 0.8 n mole/ml/hr. The
reason for this great variation in activity of the enzyme determined by
this technique is not known, but may
be due to difference in rate of growth
of the isolated strains and consequently in the enzyme capacity to
reduce acetylene. On the other hand,
the capacity of N2-fixation by the
isolated strains grown for 7-days on
LGI medium and determined by the
micro-Kjeldahl technique, gave close
results, recording between 12.2 17.6 mg N fixed/g sucrose consumed. These results mean moderate
N2-fixing capacity of the isolated
strains.

Table 3. Numbers of isolated strains growing on different sugars and C- sources,
in replacement of sucrose (10%), in LGI semisolid medium
Tested C- sources and
concentrations
Glucose 0.5%
Fructose 0.5%
Rhamnose 0.5%
Arabinose 0.5%
Lactose 0.5%
Sucrose 1%
Maltose 1%
Mannitol 1%
Ethanol 1%
k.malate 0.5%
sodium citrate

Sugarcane isolates from Assiut, El-Menia and
Matana (14 strains)
14 (+)
14 (+)
14 (+)
12 (+)
2 (-)
14 (+)
14 (+)
12 (+)
2 (-)
12 (+)
2( -)
14 (+)
14 (-)
12(+) with no acid production
2 (-)
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The high enumeration results
obtained in this investigation for
endophytic G.diazotrophicus in sugarcane are in contrast to the reports of
Fuentes-Ramèrez et al., (1993) and
Muthukumarasamy., (1995), indicating that supplementation of N- fertilizers in excess severely limit the
endophytic existence of this species
in sugarcane tissues.
The high rhizosphere numbers
of G.diazotrophicus recorded in the
present investigation are in accordance with those reported by other
investigators (Li and McRae., 1991
and 1992), and are probably due to
secretion of soluble sugars in root
exudates and provision of C- sources
and favorable environment (acidity
and partial aeration) for flourishing of
this species in rhizosphere of sugarcane.

Abundance of G.diazotrophicus in
rhizosphere soil and in tissues of
sugarcane (cv. C9) grown at Assiut
Exptl. Farm:
Table (4) shows numbers of
G.diazotrophicus in rhizosphere soil
and tissues of sugarcane (endophytic)
determined by the MPN technique
(Alexander, 1982) in two trial determinations and using LGI semi-solid
medium for cultivation.
Mean numbers estimated for
endophytic cells in tissues (roots and
stem buds) ranged from 2.0 – 15.4 ×
105/g, whereas the numbers in
rhizosphere soil (associative) were
lower than those in tissues and ranged
from 2.6 - 16 x 104 /g soil. These recorded numbers indicate the establishment of this bacterial species in
both soil and tissues of sugarcane cultivated in Assiut Exptl soil in spite of
its alkaline pH(8.0 - 8.1) and heavy
N-fertilization scheme (200 kg N/
fed.yr-1) and dry weather of the area.

Table 4. Most Propable No. of G.diazotrophicus in rhizosphere soil and plant parts
of sugarcane growing in Assiut Experimental Farm
First
Second
Mean of the two
Sugarcane
determination*
determination*
determinations
-1
-1
(g )
(g )
(g-1)
Rhizosphere soil
2.6× 105
16.0× 104
21× 104
Plant- Roots
2.8×106
2.8× 105
15.4× 105
4
5
stem Buds
1.7×10
4.0×10
2.1× 105
*Samples were taken on 15/11/2015 and 30/11/2015 in the first and second determinations, vespectively.
Bergey’s Manual of Systematic Bacteriology. 2005. 2nd ed . Vol ∏. The
proteobacteria, 72-77.
Cavalcante, V. A. and J. Döbereiner.
1988. A new acid-tolerant nitrogen-fixing bacterium associated
with sugarcane. Plant and Soil,
108: 23- 31.
Dubois, M.; K.A.Gilles; J.K. Hamilton;
P.A. Rebers and Fred Smith.1956.

Reference
Alexander, M. 1982. Most Probable
Number Method for Microbial
Populations. In A.L. Page et al.
(ed.) Methods of Soil Analysis.
Part 2. 2nd ed. Agronomy 9:815820.
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ﺘﻌﺭﻴﻑ ﺒﻜﺘﻴﺭﻴﺎ  Gluconacetobacter diazotrophicusﺍﻟﻤﻌﺯﻭﻟﺔ ﻤﻥ ﻗﺼﺏ ﺍﻟﺴﻜﺭ
ﺍﻟﻤﺯﺭﻭﻉ ﻓﻰ ﻤﺼﺭ ﺍﻟﻌﻠﻴﺎ
ﻫﻴﺜﻡ ﻓﺘﺤﻰ ﺃﺤﻤﺩ ،ﻓﺭﻴﺩﺓ ﺤﺴﻥ ﺒﺩﻭﻯ ،ﺼﻼﺡ ﻤﺤﻤﺩ ﻤﺤﻤﻭﺩ ،ﻤﺤﻤﻭﺩ ﻤﺤﻤﺩ ﺍﻟﺩﺴﻭﻗﻰ
ﻗﺴﻡ ﺍﻷﺭﺍﻀﻰ ﻭﺍﻟﻤﻴﺎﻩ -ﻜﻠﻴﺔ ﺍﻟﺯﺭﺍﻋﺔ -ﺠﺎﻤﻌﺔ ﺃﺴﻴﻭﻁ

ﺍﻟﻤﻠﺨﺹ
ﺃﺨﺫﺕ ﻋﻴﻨﺎﺕ ﻤﻥ ﻨﺒﺎﺕ ﻗﺼﺏ ﺍﻟﺴﻜﺭ ﺼﻨﻑ  C9ﻤﻥ ﺜﻼﺙ ﻤﺤﺎﻓﻅﺎﺕ ﺒﺼﻌﻴﺩ ﻤﺼﺭ )ﺍﻟﻤﻨﻴـﺎ
– ﺃﺴﻴﻭﻁ – ﻗﻨﺎ( ﻻﺨﺘﺒﺎﺭ ﻭﺠﻭﺩ ﻭﻭﺼﻑ ﺒﻜﺘﻴﺭﻴـﺎ ، Gluconacetobacter diazotrophicus
ﻭﻜﺫﻟﻙ ﺘﻘﺩﻴﺭ ﺴﻴﺎﺩﺓ ﻫﺫﻩ ﺍﻟﺒﻜﺘﻴﺭﻴﺎ ﻓﻰ ﺃﻨﺴﺠﺔ ﺍﻟﻨﺒﺎﺕ )ﺠـﺫﻭﺭ ،ﺴـﻴﻘﺎﻥ ،ﺒـﺭﺍﻋﻡ ،ﺘﺭﺒـﺔ ﻤﻨﻁﻘـﺔ
ﺍﻟﺭﻴﺯﻭﺴﻔﻴﺭ( ،ﻨﺘﺞ ﻋﻥ ﻋﻤﻠﻴﺔ ﺍﻟﻌﺯل ﻟﻠﺒﻜﺘﻴﺭﻴﺎ  ١٤ﻋﺯﻟﺔ ،ﻭﺒﺩﺭﺍﺴﺔ ﺍﻟﺼﻔﺎﺕ ﺍﻟﻅﺎﻫﺭﻴﺔ ﻭﺍﻟـﺼﻔﺎﺕ
ﺍﻟﺒﻴﻭﻜﻴﻤﺎﺌﻴﺔ ﻟﻠﺒﻜﺘﺭﻴﺎ ﺍﻟﻤﻌﺯﻭﻟﺔ ﻜﺎﻨﺕ ﻤﺸﺎﺒﻬﺔ ﻟﺘﻠﻙ ﺍﻟﺘﻰ ﺠﺎﺀﺕ ﻓـﻰ ﺍﻟﻤﺭﺠـﻊ ﺍﻟـﺩﻭﻟﻲ ﻟﻠﺒﻜﺘﻴﺭﻴـﺎ
) .Bergey’s Manual of Systemic Bacteriology (2005ﻜﻤﺎ ﺃﻨﻬﺎ ﻟﻡ ﺘـﺴﺠل ﺍﺨﺘﻼﻓـﺎﺕ
ﻓﻰ ﺍﻟﺸﻜل ﺍﻟﺨﺎﺭﺠﻲ ﻟﻠﺨﻼﻴﺎ ﺃﻭ ﻓﻰ ﺼـﻔﺎﺕ ﺍﻟﻤـﺴﺘﻌﻤﺭﺍﺕ ﺃﻭ ﺍﻓـﺭﺍﺯ ﺍﻟـﺼﺒﻐﺎﺕ ﺃﻭ ﺍﻟـﺼﻔﺎﺕ
ﺍﻟﻔﺴﻴﻭﻟﻭﺠﻴﺔ ﺒﺴﺒﺏ ﺃﺨﺘﻼﻑ ﻤﻨﺎﻁﻕ ﺃﺨﺫ ﺍﻟﻌﻴﻨﺎﺕ ﺃﻭ ﻨﻅﺎﻡ ﺘﺴﻤﻴﺩ ﺍﻟﻨﻴﺘـﺭﻭﺠﻴﻥ ﻭﺘﺭﺍﻭﺤـﺕ ﻜﻔـﺎﺀﺓ
ﺘﺜﺒﻴﺕ ﺍﻟﻨﻴﺘﺭﻭﺠﻴﻥ ﻤﺎ ﺒﻴﻥ  ١٧,٦ : ١٢,٢ﻤﻠﺠﻡ ﻨﺘﻴﺭﻭﺠﻴﻥ ﻟﻜل ﺠﺭﺍﻡ ﺴﻜﺭﻭﺯ ﻤﺴﺘﻬﻠﻜﺔ ﻓـﻰ ﺒﻴﺌـﺔ
 ،LGIﺃﻴﻀﺎﹰ ﺘﺭﺍﻭﺤﺕ ﺃﻋﺩﺍﺩ ﺍﻟﺒﻜﺘﻴﺭﻴﺎ ﺍﻟﻤﻌﺯﻭﻟﺔ ﻤﻥ ﺍﻟﻘﺼﺏ ﺍﻟﻨﺎﻤﻲ ﻓﻰ ﻤﺯﺭﻋـﺔ ﻜﻠﻴـﺔ ﺍﻟﺯﺭﺍﻋـﺔ
ﺒﺄﺴﻴﻭﻁ ﻤﺎ ﺒﻴﻥ  /٥ ١٠× ١٥,٤: ٢,٠ﺠـﻡ ﻨـﺴﻴﺞ ﺍﻟﻘـﺼﺏ ﻭ /٤ ١٠ × ١٦ : ٢,٦ﺠـﻡ ﺘﺭﺒـﺔ
ﺍﻟﺭﻴﺯﻭﺴﻔﻴﺭ.
ﺍﻟﻜﻠﻤﺎﺕ ﺍﻟﺩﺍﻟﺔ :ﻗﺼﺏ ﺍﻟﺴﻜﺭ -ﺘﺜﺒﻴﺕ ﺍﻟﻨﻴﺘﺭﻭﺠﻴﻥ – ﺍﻟﺭﻴﺯﻭﺴﻔﻴﺭ .
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