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. Effective and
IIIL”LL“\L nodules:

{a) nodules of 77, tfoliiun
$pp.. incffective on bottom.
ettective on top

(b) effective nodules of
crown vetch (Coronilla varia)
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Kinds of nodules
on forage kegumes:

(1} birdsfont
{Lotus cornicularus)

(b) white clover
(Tnfolittm repens)

{¢) sainfoin
{Onobrychis viciifolia)

é(l) guur
Cyamopsis tetragottolobu)
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Fig. 1 :
Gloeocapsa

Fig. 2 :
Oscillatoria

Fig. 3 :
Lyngbya

Fig. 4 :
Phormidium

Flg. 5
Anabaenopsis

Fig. 6 :

Cylindrospermum

Pig. T 1

Anabaena

L

Nitrogen fixing blue algae genera

Different types of blue-green algae.
(From FAD Soils Bull. No. 46, 1981).
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Azolla, Section Ehrough the upper 1lobe of a lear.
a, Anabaena (ilaments.

(From FAO Soils Bull. No. 41, 1978).
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Upper : Non-mycorrhizal root.

Lower : Mycorrhizal root.

1. Fungal mantle.
2. Harting net.

3. Epidermal cell.
4. Vascular tissue.

(From Walker, 1975)
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Figures 10-13 Tank method of algal production
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Figure 18 Polythene-lined pit method of algal production
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Salt- affected soil farm

(Low productive, and Non-sustainable)

No organic Matter

Non Microbial
Activity

:I = l

| - Hig PH,Ec.SAR
| - Low available

| nutrients _ .
i - High COZ . C1

|- Low permeability
- Water logging
- Hard pan

Physical

[ RECLAMATION

- Composting

- Inoculation

- Residual mulching
- Plant growth

TECHNIQUE

- Acidulation

- Manuring

- Plant growth
- Composting

H - Subsniling

| - Acidulation

| -Composting

| - Sand mulching

I Reclaimed Soil |

Tillage and Agricultural Practice

- Cultivation system
- Fertigation

- Adapted cultivar

- Pest control

Sustainable
Productive Soil

SOIL MANAGEMENT MODEL STRUCTURE
(ABDALLA & YOUNIS 1991)
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Chemlcal Fertlhzers Impact on the Environment and their Res1dual
Effect

By : Dr. Munir Jamil Al-Rusan

Jordan University of Science and Technology

Irbid - Jordan

Impact of fertilizers on the Environment

The increase in food production is obviously a result of the com-
bined effect of several factors among which fertilizers are regarded
as the leading contributor.

Agriculture is a vital section of the economy of the Arab countries.

Feeding the growing population in these countries is a major chal-
lenge to local governments as well as to the scientists. The horizon-
tal expansion in agricultural production is almost out of limits in
most Arab countries due to shortage of land and water resources.
Hence, most of the efforts were concentrated in improving the pro-
ductivity per unit area through intensification of agriculture via
maximizing the use of most recent technologies and inputs in agri-
culture.

Intensive soil use, without a net increase in the use of fertilizers,

will lead to depletion of soil nutrients and lowering soil fertlhty and
consequently productivity levels. With transition from extensive to
intensive cropping, the level of soil fertility and available nutrients
in the soil drop dramatically.

After several seasons of intensive cropping a response to added nu-
trients naturally presnt in the soil at high concentration may be ex-
pected.

Chemical fertilizers played and will continue to play a signifcant
role in maintaining and improving soil fertility and productivity and
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in increasing food production to meet the increasing food demand
of the growing population in Arab countries. For this, more fertiliz-
ers must be used in these countries to ensure satisfactory yield in-
creases and sustained food production.

Proper use of fertilizers is the key to successful fertiliser manag-
ment. Since fertilizers by nature are chemicals, their misuse may
lead to serious negative consequences in the agroecosystem.

The concern about fertilizer use with regard to environmental quali-
ty has focused primarly on accelerated eutrophication of surface

waters and nitrate content in drinking water.

Environmental Concern:

Next to air and water, soil is generally considered as the third main
environmental component. Soil pollution can be described as the
malfunctioning of soil as an environment compos following its con-
tamination with certain compounds as a result of human activities.
Agricultural practices commonly deal with all three components
but most effects are on water and soil. Therefore, for evaluating the
effects of man activities on farming systems, the impact of those
activities on the environment should be considred. The use of
chemical fertilizers, one of the most significant inputs for increas-
ing agricultural production, can have a pronounced effect on the en-
vironment if they were misused.

There are several important environmental concerns regarding ferti-
lizer use. The first is the effect of N and P on the eutrophication of
surface waters; and the second is the accumulation of nitrate in both

surface water and groundwater. The third is the accumulation of
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I t0x1c heavy metals and nitrates in soil and plant materials. The fou-
’J rth is the emission of nitrogen gases into the atmosphere wich caus-
| es reactions that decrease the amount of ozone (O3) wich conse- |
!| quently reduces the atmosphere's ability to screen out ultra-violet [
i radiation. Therefore, we should adopt and develop a fertilizers ma- |
' nagment that minimized the adverse effects on the environment.

} The variation in location and time complicate use of soil testing for

‘J plant nutrients specially for N as a basis for fertilizer recommenda-

| tions. Therefore, most recommendations are based primarily on |

. yeild response data obtained from N rate experiments.
| Any managment practrice that increases fertilizer use efficiency will |'
\ minimize the nutrient losses from the soil- -plant system or accumula-

l tion of elements to undesirable levels in the soil-plant system. |

Nitrogen: ‘

Environmentally acceptable managment of N fertilization should

;\ consider and control the rate and time of application and some time

the form and placement of N fertilizer, the soil and crop characteris- |

| tics, yeild goal, climate, and the type of irrigation.

The rate and time of N application are considered to be the two ma-

i jor issues in any N fertilization program. The rate should be recom- |
' mended based on soil testing results and N application in excess of
the crop requirement should be avoided. The time of application ||

should be chosen to maximize utilization efficiency by the crops. I
That is to apply N according to crop needs of each physiological ‘

stage and to minimize possible leaching of nitrate below the root

Zone. |
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Accumulation of nitrate in drinking water above the internationally
recognized health standards for domestic use (10 ppm N as Nos)
may create serious various disorders in livestock and methemoglob-

inemia, which is lack of oxygen in blood in infants. The major con-

cern about increased levels of nitrate in water is the possibility of |

inducing methemoglobinemia or cyanosis in infants and the possi-
bility of eutrophication of surface water, which means enrichment
of water with nutrient elements, mainly N and P, which may cause
rapid growth of aquatic plants.

Nitrogen can be lost to the atmosphere as nitrogen oxides (No,, No,
N,0) as a natural product of the denitrification process. The release
of N,o0 into the atmophere may result in the depletion of ozone (03)
which filters out and shields the earth from ultra-violet radiation.
Phosphorus is present in the soil solution at very low concentra-
tions. In the soil, P remains quite immobile and therefore most
tends to accumulate in the soil surface after frequent application to
cultivated soils. Accumulation of P in the soil may increase the pos-
sibility of transport of soil P by runoff and erosion to the surface
water creating concerns for eutrophication of surface water.
Accumulation of P in surface water to level greater than 10 ppb can
enhance the growth of algae in the surface water. This will lead to
eutrophication and degradation of surface water.

Minimizing the transport of P into the surface water can be
achieved by controlling runoff and erosion. For example, no-till
systems and conservation tillage are among the practical methods |
that can minimize and control erosion and water runoff. The devel-

opment of a conceptual approach for effectivly controlling over

land P transport to stream %ystems includes cons1derat10n of the na-
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‘ ture of P in the soil water system, the spacial and transport variabil-

‘ ity of water shed characteristics affecting P in the soil profile, and

“ physcial and chemical phenomenae associated with the transport of
various forms from the land surface to water bodies. |
After application of P fertilizers to agricultural soils they undergo
several reactions. Most of the reaction products are insoluble in wa-

! ter, which is the main reason why P fertilizers do not leach or move |
‘ very far. In acid soil P will react with Al and Fe producting insolu- [
| ble iron and aluminum phosphates. In neutral and alkaline soils, on
| the other hand, P react with calcium and magnesium forming insol-

uble calcium and magnesium phosphates.

Another impact for the excess P in soil is the resultant nutrient im-

balance in the soil created by the excess of P thus causing malfunc-

tioning of the soil and impairing plant growth. For example, high
levels of soil P induces Zn deficiency thus resulting in nutrient im- '

blance in soil.

Cadmium.

Another concern about the misuse of fertilizers is the increased lev-
el of soil heavy metals especially cadmium as a result of P fertiliza-
tion. Cadmium is a heavy metal that can be absorped by plants in
amounts that may be toxic to humans but not to plant. Leafy vege-
tables may contain concentrations of cadmium that are undesirable
for human or animal consumption even though no toxicity symp-
toms are obvious in the plants. This observation makes it even more j
difficult to predict its toxicity level in soil.

. Therefore,.to minimize cadmium contamination it is recommended
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| to avoid growing leafy vegetables in areas which have potential for ||
cadmium contamination, minimize use of phosphate commerical
fertilizers that are high in cadmium contents, and to aviod the use
of sewage sludge as a soil amendment. ;
Residual effects of chemical fertilizers
If the nutrients applied to a soil are higher than the crop requireme- |

nts and are not removed by the crop or lost by some means, the nu-
trients remaining in the soil are referred to as "residual fertilizers". ‘
Residal fertilizers over years will build up nutrients in the soil to
high levels and the growers need to determine these levels so as to

be considered in formulation of the fertiliztion programs.

N fertilizers

Nitrogen is an essential plant nutrient, therefor, an adequate N sup-
ply is required for normal growth and development of most agricul-
tural crops. On the other hand, N can impose an adverse impact on

the environment.

| Applied N. fertilizers undergo various chemical and bio-chemical

transformations which are largely influenced by soil and environ-

| mental factors. All chemical N fertilizers are converted after their

application to the soil into either ammonuim or nitrate ions. Thesse
ions are the main forms that can be taken up by the plants. Nitrate
occurs generally in higher concentrations under aerobic field condi-
tions. Unlike ammonium, nitrate ions are negatively charged and
are naturally repelled by soil particles and remain free in soil solu-

tion. Hence, nitrate is highly soluble in soil water and highly mo-

bile in the soil system and can be lost by leaching. Ideally, ammoni-

Il umis the preferred N form by the plant since energy will be saved i
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when it is used instead of nitrate in the synthesis and a551m11at10n
processes. Nitrate leaching is not only a loss from the stand point of
econmoy and N use efficiency, but also a source for contamination
of ground water. Increased levels of nitrate in drinking water up to
more than 10 ppm as nitrate will create a health hazard to human
and may cause what is known as blue baby disease in infants.
Another adverse effect of high levels of nitrate in the soil-plant sys-
tem is the accumulation of nitrate to undesirable levels in agricultu-
ral products, thus affecting their quality and making them unaccept-
able for marketing and human consumption.

Soil nitrate can be subjected to de-nitrification and be converted

into nitrogen gases. Which can be emitted into the atmosphere. The |

following equation describes the transformation of nitrate in the de- |

nitrification process:

NO3=NO2=NO=N20=N2

These reactions are dominant under anaerobic conditions.

The ammonium ions in the soil are subject to oxidation
(nitrification) through chemical and biological proceses cata-
lyzed by specific autotorophic soil bacteria. first ammonium 1s
converted into nitrite, as an intermediate product, performed
by nitrosomonas and finally into nitrate by nitrobacter bacte-
ria. These changes take place according to the follwing reac-
tion:

NH4 + 3/2 02 = 2H + NO2 + 66 Kcal

NO2 + 1/2 02 = NO3 + 17 Kcal

The major conditions favoring these reactions are the applica-

“tion of high rates of ammonium containing N fertilizers and
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H the aerobic conditions in the soil. i‘

|

" Ammonium ions in the ammonium containing N fertilizers ap- |
| plied to the soil may be converted into ammonia and be lost to I
the atmosphere. This process is called volatilization or ammo- ‘
nium dissociation which is highly pH dependent. I
NH,4 =NH3 + H |
| There are greater risks of losses of ammonia by volatilization |
|| from alkaline and calcareous soil with high pH wich will favor |
the rapid formation of ammonium carbonate which will be |
consequently hydrolyzed releasing the ammonia gases accord-
ing to the following reactions:

(NH4), CO3 + H,O = 2NHj; + 2H,0 + CO,

- P fertilizers:

| The residual effect of P is well known. On the other hand, long |
| term residual effects of N do not usually receive as much rec- I
| ognition as do those of P and K.
" The recovery of added P to the soil is rather low being only 5 |
to 20% by the crop following their application. Accordingly, |
80 to 95% of anual application of P fertilizers accumulate in |

the soil. The accumulated phosphate will react with soil com- |
- ponents to form less soluble forms and results in a build up of
P in the soil. Therefore, improving utlilization of P by the
crops is important from the stand point of both the €conomics
of fertilizers application and the protection of the environment.

| Understanding the reactions occurring upon P application to
the soil will help improve P utilization.

Immediately after dissolution of phosphates from the solid fer-
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tilizers or after apphcatlon of soluble phosphate ions, they will
react with aluminum and iron in acid soils and with calcium
and magnesium in neutral and basic soils to form insoluble
compounds. In both cases the precipitation or sorption of phos-
phate with Al, Fe, Ca and Mg compounds will reduce the
availability of P to plants. Therefore, P will accumulate and
build up in the soil as insoluble and unavailbale forms. The
major residual P compound in calcareous soils is found in the
form of octacalium phosphate and in acidic soil in form of alu-
minum and iron phosphate or adsorbed at the Al and Fe ox-
ides.

When P fertilizers are added to the soil in in amount exceeding
crop uptake and removal, the P residues gradually build up.
The benefits from the residual P in both acidic and basic soils
can persist for as long as 5 to 10 years or even more. The
amount of fertilizers build up in the soil will depend on the
rate of fertilizer application, the yield, the proportion of the

crop harvested and the soil characteristics.
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Effects of arbuscular mycorrhizal fungi and drought stress
on growth and nutrient uptake of two wheat genotypes
differing in drought resistance
G.N. Al Karaki and A.Al Raddad
Jordan University of Science and Technology
Irbid, Jordan

Abstract :

The effects of an arbuscular mycorrhizal (AM) fungus and
drought streess on the growth, phosphorus, and micronutrient
uptake of two wheat genotypes exhibiting differences in
drought resistance were investigated. Plants were grown on a
low P (4 mg kg-1 soil) silty clay (Typic Xerochrept) soil-sand
mix. Mycorrhizal infection was higher under well-watered
than under dry soil conditions and the drought-resistant geno-
type CR057 had a higher mycorrhizal colonization than the
drought-sensitive genotype CR006. Total and root dry matter
yields and total root length were higher in mycorrhizal than in
nonmycorrhizal plants of both genotypes. CR057 had higher
total dry matter but not root dry matter than CR006 plants.
The enhancement in total dry matter due to AM inoculation
was 42 and 39% under well - watered and 35 and 45% under
water - stressed conditions for CR057 and CR0O06, respective-
ly.

For both genotypes, the contents of P, Zn, Cu, Mn, and Fe
were higher in mycorrhizal than in nonmycorrhizal plants and
higher under well-watered than under dry soil conditions. The
enhancement of P, Zn, Cu, Mn, and Fe uptake due to AM in-
oculation was more pronounced in CR006 than in Cr057, par-
ticularly under water-stressed conditions. Thus CR006 bene-
fitted from AM infection more than the CR057 under dry soil
conditions, despite the fact that CR057 roots were highly in-
fected. It appears that CR006 is more dependent on AM sym-
bosis than CR057.
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Benefit, cost and water-use efficiency
of arbuscular mycorrhizal durum wheat
grown under drought stress

Ghazi N. Al Karaki
Jordan Unversity of Science
and Technology
Irbid, Jordan

Abstract :

Arbuscular mycorrhizal fungi (AMF) living symbiotically with
host plants enchance plant gorwth by improving the acquisi-
tion of mineral nutrients and water relations. This study deter-
mined the effects of AMF inoculation on growth, benefit/cost |
and water-use efficiency (grams dry matter produced per kilo-
gram water evapotranspired) in two durum wheat gentoypes
(drought sensitive and drought tolerant) under water-streessed
and well-watered conditions. Plants were grown in a low-P
silty caly (Typic Xerochrept) soil mix in a greenhouse. Shoot
and root dry matter (DM) and root AMF colonization were
higher for well-watered than for water-stressed plants. The
mycorrhizal plants were more water-use efficient than nonmy-
corrhizal plants. Shoot DM differences between mycorrhizal
and nonmycorrhizal plants represent the benefit derived by
plants from AMF-root associations. Shoot DM differences be-
tween mycorrhizal and nonmycorrhizal plants under similar
conditions of water treatment represent the cost to the plant of
AMF-root associations. Values of benefit cost for AMF/root
associations were highest when plants were water-streesed
and decreased under well watered conditions, Genotypic dif-
ferences in calculated costs and beenfits were pronounced.
Benfit/cost analysis may be helpful in evaluating host plant
genotypes in order to optimize efficiencies of AMF symbiosis
under different environmental conditions.
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Some examples of organisms that can carry out nitrogen fixa- tr
tion:

Symbiotic nitrogan fixation:

1. Leguminous plants; Parasponia: Rhizobuium, Bradyrhizo-
bium

2- Alder (tree), Ceonothus (shrub), Casuarina (tree): Frankia
(actionmycete)

3- Tropical grassses : Azospirillum (actinomycete)
4- Azolla water fern : Anabaena

Nonsymbiotic nitrogen fixation

1. Cyanobacteria (blue - green algae) : Nostoc, Anabaena, Ca-
lothrix, etc !

2. Other bacteria
a. Aerobic:Azotobacter, Beijerinckia, Derxia, etc.
b. Facultative: Bacillus, Klebsiella, etc.
c. Anaerobic:

i. Nonphotosynthetic : Clostridium, Methanococcus |
(archaebacterium), etc. '

ii. Photosynthetic: Rhodospirillum, Chromatzum, etc.
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FIGURE 12.1. Nitrogen cycles through
the atmosphere as it changes lrom a
gaseous form to reduced ions before
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N2 + 3H2 --------- 2NH3
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The Role of Biofertilizers In Reduc-
ing Agricultural Costs, Decreasing
Environmental Pollution and Raising
Crop Yield
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The Role of Biofertilizers In
Reducing Agricultural Costs,
Decreasing Environmental
Pollution and Raising Crop Yield

Dr. Mohamed S.Mustafa
Ain Shams University
Cairo Egypt

ABSTRACT

The need for increased food production in most developing
countries, becomes an ultimate goal to meet the dramatic ex-
pansion of their populations. However, this is also associated
in many cases with a reduction of the areas of arable land,
which leaves no option for farmers, but to increase the yeild
per unit area through the use of improved crop varieties, irriga-
tion and fertiliztion. The major problem facing the farmer is
that he cannot afford the cost of these goods; particularly that
of chemical fertilizers.Moreover, in countries where fertilizer
poduction relies on imported raw materials, the costs are even
higher for farmer and for the country. Besides this, chemical
fertilizers production and utilization are considered as air, soil
and water polluting operations. The utilization of bio-
fertilizers is considered today by many scientists as a promis-
ing alternative, particularly for developing countries. Biofertil-
ization is generally based on altering the rhizosphere flora, by
seed or soil inoculation with certain organisms, capble of in-
ducing beneficial effects on a compatible host. Biofertilizers
mainly comprise nitrogen fixers (Rhizobium, Azotobacter;
Azospirillum, Azolla or blue green algae), phosphate dissolvers
or Vesicular - Arbuscular mycorrhizas and silicate bacteria.
These organisms may affect their host plant by one or more
mechanisms such as nitrogen fixation, production of growth
promoting substances or organic acids, enhancing nutrient up-
take or protection against plant pathogens.Rhizobium inocu-
lants by far, are the most reliable to reduce the rate of chemical
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nitrogen apphed for legume productlon However productlon
of legume inoculants is facing many problems related to carri-
er materials, storage conditions and their credibility as a sub-
stitute for mineral nitrogen. Overcoming of such obstacles
dealing with production and application of biofertilizers are
also considered.
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Procaryotes.

Filaments.

Gram +.

Heterotrophic micro - organisms.
Aergbic, Micro--aerophilic.
Nitrogen Fixation. ;

Types:
Hypha.
Spores.
Reproductive torulose hypha (RTH).
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Genera of nitrogen-fixing plants with Frankia symbiosis
Genus No. of nodulated species
Albus 34
Casuarina 25
Ceanothus 31
Cercocarpus 4
Chamaebatia 1
Colletia 3
Coriaria 14
Cowania 1
Satisca 2
Discaria 6
Dryas 3
Elaeagnus 17
Hippophae 1
Kentrothamnus 1
Myrica ™"’ 26
Purshia 2
Pubus 1
Sheperdia 3
Talguena 1
Trevoa 2

Source: Moirud and Gianinazzi-Pearson, 1984




Currently Identified Actiocrhizal Families and Genera

Family Cenus Number of species
Betulaceae Alnus 47
Casuarinaceae Allocasuarina 54
Casuarina 16
Ceuihostama 2
Cymnostonia 18
Coriariaceae Coriaria 16
Datisce ceae Datisca 2
Elaea aceae Elaeagnus 38
Hippophae 2
Shepherdia 2
Myricaceae Comptonia 1
Myrica 28
Rhamnaceae Ceanothus 31
Colletia 4
Discaria 5
Kentrothamnus 1
Retanilla 2
Talguenea 1
Trevoa 2
Rosaceae Cercocarpus 4
Chamaebatin =
Cowania 1
Dryas 3
Purshia 2
Rubus 2

Compiled from Bond (1983) and Torrey and Berg (1988)
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Biomass yield of Frankia isolates from different genera in BAP propionate medium supplemented with
phosphatidylcholine mixture or free fatty acids.

TIME(days)
Strains 0 1 2 3 4 5 6 7 8 10 14
Phosphatidylcholine
BR 1.0£0.2 2240.1 48409  13.6:0.8  21.4%0.9 23.8+0.2 23.0+02 229303  21.6:0.1  19.040.1  [6.1:02
Thr  1.040.3 19503 42407 93403  19.9404 23.1x0.1 197+0.1 18330.5  17.9%02 150401  12.3203
S21  1.020.5 17403 39409 92403  19.9+0.3 19.6:+0.4 193202 17.1#04 163402 142405  13.1302
Allo2  1.0402 20406  47+1.0 159403  20.1€0.5 21.9+0.3 182+0.6 15.9+0.3 141205  12.580.4 105204
G80  1.0x0.1 1.5%0.4  3.0%04  6.310.4 1320403 172402 19.2+0.3 21.3+0.4 209403  19.9404  14.1303
Palmitic acid
BR 1.0£0.2 23404  4.6+0.6 128402  22.9£0.2 23.1+0.2 228403 21.3304  21.0+0.5 18403  16.7304
Thr 1.0£0.3 14303 42403  9.8+04  20.1+0.3 21.9%0.2 20.6:0.4 19905  18.640.6  17.130.4  14.530.26
S21  1.0£0.5 13405  3.9+0.6  8.4+03  18.9+0.4 22.110.4 19.330.6 18.9+0.3  17.330.6  15.6:02 129305
Allo2  1.040.2 17403 38404  9.1+0.3  19.3+02 22.330.3 211404 20.8£04  19.840.3  16.4%03  14.1406
G80  1.0:0.1 13504  2.8t03 59402 1531018 17.9402 20.9+0.5 20.3+0.3 199405  18.3304 153203
1.040.2 1.820.5  4.1x0.3 92404  19.1£0.3 22.8+0.3 23.0£0.4 21.1#03  19.9403  17.70. 13.8£0.3
1.0£0.3 1.450.4  40+04  89+04  18.330.4 21.8+0.6 22.120.6 20.8£0.5 193802 159403  10.930.6
S21  1.0£0.5 19403  3.930.5 §.4+05  17.84£0.6 20.9+0.3 209308 192407 171404 149804 110405
Allo2  1.040.2 1.740.5  4.00.3 8.6+03  18.240.5 21.140.4 219303 209304 188305  13.9802  11.8304
G80  1.010.1 1.540.4  2.830.4 6503 12.240.4 20.6+0.5 21.6:0.4 20.8+0.3  20.1303  17.5%0.3  13.120.3
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51
H Elfect of the amount of Frankia protein used as inoculum on nodulation and growth of C. equisetifolia
=N “In planta”
_ .m. Total Frankia®  Shoot Root Shootdry  Root dry Number  Dry weiglyt ARA SARA (nmoles i
P | protein added height fength weight weight  Nodulation® of nodules of nodules  (nmoles CoHy ™' mg™ dry .u
1| per plant (ug) (cm) (cm) (mg) {mg) (%) per plant (ing) C,Hs ™Y weight nodules)
3| 0.0 (control) 238425 184%17 471+122 201 £12.0 0.0 0.0 0.0 0.0 0.0
01 o02s 242£24 186%13 600154 240+ 114 0.0 0.0 0.0 0.0 0.0
3 0.50 ¢ 253127 19018 6204192 2374182 0.0 0.0 0.0 0.0 0.0
.NM 1.0 ; 309%26 20.1%21 914171 350+ 12.6 60 2.00(0-3)  193+£27 868+ 3 45042
<f 20 409+ 1.1 220420 1359+ 160 410+ 14.1 81 250(0-3)  23.0+2.1 1303414 3564 +£5
] 50 467113 271410 1581+ 129 490+ 19.2 i00 4.40(2-5) 293+34 2229+ 16 76.1£3
10.0 496143 283%25 689+ 127 590+ 179 100 4.50(2-5) 302+6.6 2313+ 14 765+ 4
; 20.0 45.3+£26 256+22 15904130 570+ 13.5 100 4.20(2-5) 27.6+46 2056+ 15 745%2
7) 50.0 399428 243121 1470+ 133 473%115 75 3.80(24) 238437 1676 =l i T04+3

Seeds used are sample 71 from the CIRAD-Forét collection. Values are mean £ SE (except nodulation (%) and number of nodules per plant); i = 15 seedlings.
Germination, nodulation, and growth carried out in a greenhouse,

“Added always in 4 mL of an appropriate syringe-disrupted suspension of a 4-day-old Frankia culiure.

"Ratio of number of nodulated plants to total number of plants times 100.
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Frankia protein per plant (ug)

Effect of variable amounts (Lg protein) of different morphological, Frankia structures
used as inoculum, on aodule formation and *‘in planta™

Exponential hyphz
Diazovesicles

Stationary cells

N.-fixing activity measured as ARA
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Production of Microbial
Biofertilizers

Strains selection =
Mass production
Carriers

Survival

Quality control of the inoculant
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Strain Selection

I35 Nitrogen Fixing Activity.

5™ Infectiveness. "‘

5 Competitiveness.

5™ Tolerance to adverse conditions.
(57 Persistance.

I3 Ability to multiply in broth and
survive in carries.

ILS” Genetic stability during storage
and growth.




2- Production of Frankia Inoculants
Using Alginate Beads Technology

e

(5™ Harvesting of cells.

(S~ Mixing of cells with sodium
alginate. ‘-

(5" Polymerization of sodium

alginate - cell mixture with
calcium chloride.

& Drying of alginate polymers.
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3- Application of Frankia Polymeric
Inoculants to Casuarina Seedlings
in the Nursery

I[L&” Dissolution of alginate beads
with P buffers.

5™ Root inoculation with hyphal
suspension of Frankia.

I Transplantation of inoculated
seedlings.

Rt 3 o
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4- Evaluation of the Performance of

Inoculated Casuarina Seedlings in
the Field

I3 Plant growth

IS5 Nodulation

IS N2- fixation
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Rhizobium . g3 ,0-2

Division I. The Bacterra
Part 1 Gram negative, aerobic rods and cocci.

Family III Rhizobiaceae
Genus I. Rhizobium
- fast growers
Genus II Bradyrhizobium
- Slow growers
Genus 11l Agrobacterium
Genus 1V Phyllobacterium
- leaf nodule bacteria
Within genera I and II the following is proposed.
Genus 1
Rhizobium leguminosarum
- type species
Rhizobium lequminozarum
- Biovar viceae
Rhizobium legummosarum
- biavar phaseoli
Rhizobinum legumunozaruns
- biovor riceae
Rhizobium meliloti
Rhizobium loti - fast growing low
pea type
Genus Il
Bradyrhizobium japonicum
- Soybean and slow-growing
Sowpea trisobia
R. japonicum (ARCC strain?)

Lac! 341 Zaalald Lo yall Laiiall obus! )




- R Leguminosarum
- R. trifolii

- R. phaseoli

- R. leguminosarum
- R meliloti

- R loti

- R. fredii

- R spp, tropical strains
2- BRADYRHIZOBIUM
- B japonicum

- B parasponiae
- B spp, cowpea miscellany

3- AZORHIZOBIUM

- A. caulionodans

Clover
Bean
Pea
Alfalfa

Lotus, Lupinus,
Cicer, Sesbania,
Leucaana, Mimosa
Soybean

Soybean

Parasponia

Vigna, Arachis
Macroptilium, Cicer,
Acacia, Aeschynomene

Sesbania rostrata

e daiill s pa) Zalsall gle




Current taxonomic classification of the rhizobia

Bradyrhizobium (Jordan 1982) B. japonicum (Jordan- 1982)
Rhizobium (Jordan 1982) R. leguminosarum (Jordan 1982)
R. meliloti (Jordan 1982)

R. loti (Jordan 1982)

R. galegae (Lindstrom 1989)

R. tropici (Martinez et al. 1991)
type 1I R.etli.

R. huakuii (Chen et al. 1991)
Azorhizobium (Dreyfus et al. 1988) | A. caulinodans (Dreyfus et al.
1988)

Sinorhizobium (Chen et al. 1988) | S. fredii (Chen et al. 1988)

S. xinjiangensis (Chen et al.
1988)

R. leguminosarum bv. phaseoli (R. tropici, R.etli,)




Summary of differences between fast -
and slow-growing rhizobia

Generation time
Carbohydrate nutrition

Metabolic pathways

Flagellation

Symbiotic gene loction
Nitrogen fixation gene
location

Intrinsic antibiotic
resistance

<6h

Uses pentoses, hex-
oses, nnd mono-di-,
and tri-saccharides.
EMP low activity
strain-specific

ED main pathway
TCA fully active

PP pathway
Peritrichous
Plasmid and chro-
mosome nifH, nifD,
nifK on same operon
Low

>6h
Uses solely pentoses
and hexoses

EMP low activity
ED main pathway
TCA fully active
Hexose cycle

Subpolar
Cromosome

nifD, nifK, and nifH
on separate operons
High

Azorhizobia are an exception, being more selective as to carbohydrate

source.

ED. Entner-Doudroff pathwy, EMP, Embden-Meyerhof-Parnas pathway;

PP, pentose phospate pathway; TCA, tricarboxylic acid cycle.

Tael 3l dsaiill Lo yatl aliisall shae )




aﬂ _‘ |c, . - .. : P _. 3‘”

; Examples of nitrogen - fixation rates |
1 by some tropical legumes

Controsema pubescens Africa 126--395

Leucaena leucocephala : .
Sesbania canabaena Africa 74-584/yr

Arachis shypogea Africa 542/yr
Israel 87-227
not identified 84-297
Vigna unguiculata Senegal 25-56
Chyeine war not identified 24-240
Senegal 165

Senegal 200
India 102

Macroptilium autropur- Africa 291
pureum
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Nitrogen fixation estimates of grain legumes

Arachis hypogae 109
Cajanus cajan 224
Cicer arietinum 104
Cyamposis tetragonoloba 130
Glycine max 88
Lens culinaris 83
Lupinus angustifolius 160
Phaseolus vulgaris 49
Pisum sativum 75
Vicia faba 114
Vigna unguiculata 198

(2,30 Zawiall L yad) Zaddisal) 31 )




Charcteﬁstlcs Ued for Idntlficatlon of RhlZObla

€
€
| €
€
€
€
€
I
I
I
€

Assimilation of different carbohydrates
Antibiotic resistance markers.
Agglutination test.

Bacteriophage markers (phage typing).
Fluorescent Antibodies technique (FA).

Enzyme Linked immunosorbent Assay
(ELISA).

Gus gene as a marker.

Total protien banding pattern.
Enzymes activity pattern.

Plasmid pattern.

Polymerase Chain Reaction (PCR).

ey 541 Laaiidl Lo yadf Laldiad) ol s
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a- water - soluble flouresence
b water - insoluble in cells

Carbohydrate utilization:
a- Starch

b- Mannitol

¢- Rhamnose

Motility:

a- Peritrichous
b- Liphotrichous
¢- Monotrichous

Cysts formed

Capsular slime produced
Habitat usually soil

Habitat Limited to fresh water
DNA base ratio GC%

+

65-66

None
Cinnamon

+ 4+




1- Water - soluble fluorescence
2- Carbohydrate utilization

a- Starch

b- Mannitol

c- Rhamnose

3- Motile by:

a- Peritrichous flagella

b- Lophotrichous flagella

¢- Monotrichous flagella

4- Capsular slime produced

5- Habitat usually soil

6- Habitat limited to Fresh water
7- DNA base ratio GC%

53-54

53-54




Non- leguminous root nodulated plants.

A- Angiosperms
sl Blsis il Tropical & Subtropi-
| | L Rhizobium Trema; Zygophyllum cal plants
II. Actinomycetes Alnus Temperate
(Frankia) Coriaria Temperate
Hippophae Temperate
Casuarina Tropical
Myrica Cosmopolitan
B- Gymnosperms
: el 31520 o5l Tropical & Subtropi-
I11. Blue green algae Cycas cal
Zamia = B
Macrozamia
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Jslaall 8 315 pganulipy 4

Relatively unavailable potasium
(Feldspars, micas, etc)
90-98% of total potassium

Slowly available potassium Readily available potassium
1-10% of total potassium 1-2% of total potassium
(nonexchangeable fixed) exchangeable (90%) and in

soil solution (10%).

Nonexchangeable K———= Exchangeable K ———> so0il solution k
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dans, Thiobacillus thioparus, Nitrosospira breinsis, Nitrobact-
er uniagradsbyi.
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Aspergilus niger, Cephalosporzum sp, F usarium sp., Pem-
cilium notatum, Penicillium glaucum, Penicillium brevicaule,
Penicillum expansum, Penicillium simphicissimum, Scopulari-
opsis brevicaule, Trichoderma lignorum, Bacillus circulans,
Bacillus subtilis, Mycobacterium sp., Proteus mirabilis, Pseu-
domonas sp. and Enterobacter sp.,
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Biochemical reactions used for identification of the long
sporulated rod shaped Tal and Zml isolate of silicate bacteria

Test

Isolate's code

Tal

Zml

Gram stain reaction
Capsule production
Motility
PHB accumulation
Nitrogenase activity (acctylene reduction)
Grwoth at:
4°C ..
10°C
20°C
30°C
35°C
43°C
Growth with:
2% NaCl
4% NaCl
8% NaCl
16%NaClI
Growth at:
pH4.5
pH 5.0
pHS.5
pH 6.0
pH 6.5
pH 7.0
pH7.5
pH 8.0
* Beta galactosidase production
* Arginine dihydrolase
* Lysine decarboxylase
* QOrnithine decarboxylase
* Citrarte utilization
* H,S production

ol S 1 E

+ 4+ +1

+ +

+ 4+ +1 1

+ |

+ + +

+ 4+ 40

+ 1




Biochemical reactions used for identification of the short non-
sporulated rod shaped Zm3 and Tal isolate of silicate bacteria

Test Isolate's code
Zm3 “Tal
Gram stain reaction — -
Motility + *
Catalase reaction - +
Oxidase reaction =t =
Pigment production + i
Starch hydrolysis - -
Casein hydrolysis = -
Gelatin hydrolysis - *
Tween 80 hydrolysis + +
Use of ethanol as carbon source C 2 -
PHB accumulation -, =
Nitrogenase activity (acetylene reduction) . +
Grwoth at:
4°C _ -
10°C = -
20°C + +
30 °C + ¥
35%% + >
43°C + +
Growth at:
2% NaCI . +
4% Na CI - ¥
8% Na C1 _ 5
16% NaCl _ -
Grwoth at :
pH 4.5 = -
pH 5.0: . —
pHS.5 . L
pH 6.0 o -
pH 6.5 4 +
pH 7.0 ks +
pH7.5 + +
pH 8.0 -
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Test Isolate's code H
Zm3 “Tal :

beta-galactosidase production +
H,S production -
Urease production -
Indole production -
Acetion production (VP) -
argininc dihydrolase -
* Lysine decarboxylase +
Ornithinc decarboxylase -
Tryptophase desaminase -
Citrate utilization +
Utilization of :
* Glucose +
* Mannitol

* Inositol

* Sorbitol

* Rhamnose
* Sucrose

* Melibiose
* Amygdalin
* Arabinose
* Lactose

* Mannose
* D-xylose
* Glucose fermentation Acid Acid & Gas

£ % ¥ ¥ ¥ %
1 o+ 0+ 4+ o+ +

¥ W W

+ 4+ 4+ + o+
T i o S S SR S S S

* Tests performed within the use of API 20.




Test Isolate's code

Tal3’ Tal

** Esculine + +
** Salicine s L
* Cellobiose + +
** Maltose + +
** Lactose + L
** Trehalose + s
** Tnuline + +
** Meleziotse + +
** D-Raffinose + +
** Amidon + L
** Glycogene + +
** Xylitol L s
** B Gentiobiose + +
** D-Turanose + +
** D-lyxose - -
** D-Tagatose . L
** D-fucose : -
** L-flucose + +
** D-Arabitol A 1
** 1.-Arabitol 2 :
** Gluconate . +
** 2-Ceto-gluconate E -
** 5-ceto-gluconate L -

* Tests performed within the use of API 20.
** Tests performed within the use of API 50.
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Effects of inoculation with different combinations of Bacillus circulans
Tal, Pseudomonas mendocina Zm3 and Azotbacter chroococcum UF5
on grain yield (Aradab/fed) and straw yield (Ton/fed) of plants grown
on soil amended with two forms of K.

In : Seeds yield (Aradab/fed) Straw yield (Tonf/fed)
oculation

treatments | Without K| K,SO, | Orthoclase| Without K| K,S0, | Orthoclase
A. chroococcum 17 90i | 9.0i 23f 2.5bc | 24cd
B.circulans + 9.9g
chroococcum 144e | 12.8b 2.5bc 2.9a 2.9a
Ps. mendocin + 9.7h 10.2f | 12.1b 2.5bc 2.6b 2.8a
A.chroococcum
B.circulans+Ps. 10.If 11.Id 15.5a 2.6b 2.8a 3.0a
mendocina + .
chroococcum -

For each parameter, means not followed by the same letters are significantly different by
Duncan's test (P < 0.05).
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Nitrogenase activity [uM C,H+/g dry weight of nodules/h] of broad-bear)|
plants inoculated with different combination of Bacillus circulans TAl,
Pseudomonas mendocina Zms and rhizobium leguminosarum bv. viceae
602 and grown on soil amended with two sources of K.

Time in days

Inoculation 1
treatments 8 i L

Without K | K80, {Orthoclase] Without K | K,S0, | Orthoclase| Without K| K;S0, { Orthoclase
R leguminosarom | 112h |180gh | 126k | 1279f | 1278f| 1155 0l6i | 044g| 03k

B. circulans + 250 | 670c| 9%0b | 2166 |2166c| B5b | 0T | 108d | 1.64b
R. legominosarum

Ps.mendocina+ | 238fg | 329 | 990b | 16084 [1608d | 2065 | 04% | 1034 Llkd
R. legurminosarum

B. circulans + 4150 | 706c | 1452 | 2800 (270b| 34k | 0% | LI7c| 207a
Ps. mendocina + i
R. leguminosarum |

Within each interval, means not followed by the same letters are significantly different by |
Duncan’s test (P < 0.05).




=

e

.

(Effects of inoculation with different combinations of Bacillus circulans Tal,
Pseudomonas mendocina Zm3 and Rizobium leguminosarum bv.Viceae
602 on seeds yield (Ardab/fed) and straw yield (Ton/fed) of wheat plants
and grown on soil amended with two forms of K.

Inoculation Seeds yield (Aradab/fed) Straw yeild (Ton/fed)

treatments

Without K | K,S0, | Orthoclase | Without K| K80, | Orthoclase
R. leguminosarum 1051 | 118g | 1L5h 2.16; | 2.91gh 2581

B. circulans + 12.5f | 145d | 15.3b 293fg | 3.17d 3.7b
R. leguminosarum

Ps. mendocina + 124f | 143e | 15.3b 2.89h 3.0de 3.64c
R leguminosarum

B. Circulans + 142 | 151 15.8a 296f | 3.67c 4.34a
Ps. mendocina
R. leguminosarum

For each parameter, means not followed by the same letters are significantly different by
Duncan's test (P < 0.05).

PR ARCTEIPTE XTI




A1 3y gult

v

s

19

33;.“0

Tl >

M |

“J

b_}.!’)g-ig-d-" -5

Lo yilsg

b

dungadl 4o

(d]

root hairs ———» |

[——--

root surface ————»

COIt eximrratmrs————]

stels

AN

NN

arbuscule

hyphal coil

vesicle

distributive hyphas

— 02 mm —>¢|mm-+< 50mm »

AN NANN

diffusion path of
| s
po0 L "

soil particles

u:umu:.mnm..n.mﬂwmnuomlu.u_qm

<—VAM hyphae in soil by-pass the
’ phosphate amupmﬁwo: zone

by vAM hyphae
appressordum

‘w———small gecondary Spares e

| «——1large 'nmmﬂ':w:munﬂm

typical dimensions

HV_.anP?. nols &o Scale,

Laliiol

Tl

Zaal




e e L LT

'36‘:“' Jo> | J.ﬂ.ll 5,94

FAMILY AZOTOBACTERIACEAE

i 4

Large ovoid cells; most Small rods producing

species produce extrac- very tenacious extracellular
ellular slime. Rapid slime or gum,and conspicuous
growth;catalase positive internal globular lipoid ko-

dies. Slow growth catalase
may or may not be produced.

} )

Cysts formed Cysts not Lormed
G+ C 63-66 % G + C 53 - 59%
1- Azotobacter 2~ Azcomonas
Lipoid bodies bipolar Lipoid bodies numerous
G+ C 55 ~-59% G+ C 70%
Catalase positive Catalase negative

3~ Beijerinckiw 4~ Derixia
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Organic Manuring

1- Green manures
2- Compost using:
L Farm residues

|:> City refuses.
|::> Sewage sludge
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