Podqjseep egs(gles:sc sopdefgocios(adigos
PodqjzeezReBegos
c[gohiqeq:goe3

e gead sofeosoogd

clgmqjimoniss elgbyesmad:(gegsconigps




c3Q:e42]|004PP:

Oqjxpodqagaoe e300
e[gaaqjjszooogp:
3OCIOUINGOI0IGPEEE

efglyeosgsoonzqp:
c[gadagoacdad:sondgude



B:40Cqpegc0&(03:og0:08 clgadagoen
Q20 E[gIPE§4P3



“Soil” = “Solum”
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plant growth
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§ /// Habitat for
\soil organisms

System for
water supply
and purification

Engineering medium
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Some Characteristics of Soil Separates

Particle Diameter

Surface
Diameter Diameter Number of area in
0.002 mm 0.05 mm 2.0 mm Separate a b Particles per
| | | mm mm 1 Gram,
' o Gram 2
. . cm
§$° 0 Very coarse sand  2.00-1.00 - 90 11
Silt Sand Coarse sand 1.00-0.50 2.00-0.20 720 23
an Medium sand 0.50-0.25 - 5,700 45
Fine sand 0.25-0.10 0.20-0.02 46,000 91
Very fine sand 0.10-0.05 - 722,000 227
Silt 0.05-0.002 0.02-0.002 5,776,000 454
1 Clay Below 0.002 Below 0.002 90,260,853,000 8,000,000
a United States Department of Agriculture System.
b International Soil Science Society System.

C The surface area of play-shaped montmorillonite clay particles determined by the glycol retention

method by Sor and Kemper. (See Soil Science Society of America by Proceedings, Vol. 23, P. 106, 1959.)

The number of particle per gram and surface area of silt and the other separates are based on the assumption
“ that particles are spheres and the largest particle size permissible for the separate.
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c[gE3g,0pd:0(Soil Structure)

== 3

|aty structure

Granular structure Prismatic structure Massive structure
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Single grain

Six primary soil structural
classes and the relative
Prismatic Massive impact the soil structure has

on water movement.

(Adapted from U.S. Department of
Agriculture, Soil Conservation Service.

1991.

Hapid Moderate
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Jn 8onad20g3qp: (Soil Biological Properties)
0 c[gaBagoopcaq 20n3§qp: (03eamoE, 30¢) Soil Biota (Macroflora, Microfauna)

Water Infiltrates Macropore

\ / Soil Surface
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8onad0g3¢qp:(Soil Biological Properties)

Soil Organism populations in healthy soils

\ : \/
_ / A\
, Ag Land Prairie Forest

Organisms per gram (teaspoon) of soil

2o et s 100 mil. -1 bil. | 100 mil. -1 bil. 100 mil. -1

Worm  Mushroom Insects Bacteria

Decomposers

1001 iTu 8 Several yards 10s — 100’s of yds

1-40 miles

Protozoa RIS 1000’s 100,000’s

Nematodes B{I®/I) 10°s —100°’s 100’s

Organisms per square foot
LN 0 TR < 100 500-2000 10,000-25,000

springtail
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Nematode captured by
predatory fungus

Protozoa ( big appetite for
soil bacterial)

(USDA)
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Q1 elodnad20g3qps(Soil Chemical Properties)
On earth

there are
92 naturally
occurring

333§0§Q|38@80393q.§ chemical
30305 0930600 |

18 are essential
to plants
and 15 of
them are

x & 7 el
A4 R s
_..hf:‘:v’t?’ =

ients: needed in large amounts (>50 g/kg)
trients:
Macrony

3 OCIOUIOEOIOGS
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o)l 01030@500(;3@{) (Soil Chemical Propertles)

clgqip/c§038: (Soil pH)

:Jocf:c;cngeooo PH 8.9-9
il c§cx3§zeoo:>e§|
qjéc\3§zea)oe§ e@@q&lu
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620330cp0u38E gm0 (Cation Exchange Capacity)

Q C ¢ cC Oo¢ oc¢
d G@&)CS’Z)OQC C%OO(T)OCD§8CD’38§CGODD (G@GQ)S

Soil Solution

?(:7 UR%GOS) 39(%3%(%808580@3@ @g)(ﬂ&)éll

a Cationseﬂ:)z(r% soil particleogé 08050050033@3

c C N c oOCc ¢
@q»copjcocpgeozc%cgem@oz
0 e@agcgo? 39@(5]83@10%%’13333 sgoésgomoqélog
(@) c C oOCcC C O c c c
goz 03 BOCMAOLISERS:41e3C ca0oCGIDEVS

O Calcium (Ca*, Magnesium(Mg?* Potassium(K*)

O Ammonium(NH#* ) Sodium (Na*), Hydrogen(H"),

Clay Particles
Root Hairs aluminum(Al3*): Iron(Fe3* or Fe2*): Copper(Cu?*)

Zinc(Zn%")
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A SCHEMATIC LOOK AT CATION EXCHANGE
CEC 25 CECS

MORE CLAY, MORE POSITIONS
TO HOLD CATIONS

LOW CLAY CONTENT,
FEWER POSITIONS TO HOLD CATIONS

(Heavy
Clay)
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Figure 35.Typical symptoms of salinity damage in
chickpea (From left to right: normal, simple and
multipennate leaves)
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28240 qpe[03:092:08 320300 A9320600 BOCIOUIVEEI0P:

Boron (B), Chlorine (CI), The 10nic forms for the essential plant mineral nutrient elements are:
Copper (Cu), Iron (Fe),
Manganese (Mn), Major Element Ionic Form(s)
Molybdenum (Mo),
Nickel (Ni), Zinc (Zn) Nitrogen (N) NH," and NO5~
Micronutrients Phosphorus (P) H,POy, HPO42'
Potassium (K) K"
Secondary Calcium (Ca) Ca*’
Macronutrients Magnesium (Mg) Mg2+
Sulfur (S) SO~
Micronutrient
Primary Macronutrients 3
Boron (B) BO;
Chlorine (CI) CI
Copper (Cu) Cu?’
Iron (Fe) Fe2+, Fe’*
Obtained Through Air & Water Manganese (Mn) MnZ"
Molybdenum (Mo) MoO4*
Zinc (Zn) Zn*t
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Source of Nutrients in the Soil and plant system (Lal, 2004)

Atmospheric deposition

Decomposition of plant residues
Fertilization application

Composts, Organic amendments & Manures
Microbial based fertilizer

N-fixation by legumes

Inorganic industrial by product

Deposition of nutrients rich in sediments from erosion and flooding



Biological Nitrogen Fixation (BNF)

Figure 4 | Picture showing nitrogen fixation in red gram (pigeon peas)
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(Role of Pulses in Nutrient Recycling)

NITROGEN CYCLE [BBYJU'S

Leguminous
plant

.\:nmomncnﬂon

NITROGEN FIXING -
BACTERIA \ DENITRIFICATION
| BACTERIA

Root nodule —;—L

/ 49‘ \‘\

Nitrogen fixing bacteria
like Rhizobium fixes atmospheric

nitrogen into nitrogenous compounds.
BACTERIA
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Phosphorous CYCIE (Cornell University Cooperative Extension, 2005)

Crop Residue

Manure

Fertilizer

Adsorbed P

(Inorganic)

Slo
o o
Soil ~I° Solution
Adsorption Immobllization
Available P Microbial P
& . . .
Desorp on_g inepdlization| (Organic)
% o Leaching
o =3
o Ta)
W \
Mineral P

Phosphorus Adsorption

High

Medium

Low

Maximum Plant
Available P

P bound to iron:

iron: Pibound
and/or aluminum

to éalcium

pH

Plant Available P

Figure 1: Simplified phosphorus cycle.

Figure 2: Soil pH impacts P availability.
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Table 2 Cross-inoculation groups of Rhizobium

Cross-1noculation

Rhizobium species group Legume types

R. leguminosarum Peas Pisum, Vicia

R. phaseoli Beans Phaseolus

R. trifoli Clover Trifolium

R. meliloti Alfalfa Melilotus, Medicago, Trigonella
R. lupini Lupini Lupinus, Ornithopus
Bradyrhizobium japonocum Soybean Glycine

Bradyrhizobium spp. Cowpea Cajanus, Vigna, Arachis

Source: Modified from Majumdar (2011)

https://www.researchgate.net/publication/312110058 Application_of Microbiology in_Drylan
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(A summary of the symbiosis between soil and pulses) (FA0,2016)

Soils
provide
multiple
ecosystem Biclogical N,

services fixation

Pulses
contribute to
soil health

MaGntain

andenhance

Increases .
SoilloOFganic Litter Apled gl .
Ratter fall % soil Biodiversity
Content

Root

I -
- soil'structure system

= 50il aggregatelstability
=150il Fnrum
=MAFater Holding capacity

P
(e e solubilization Organicfavailable M
SoillOrganic
Carbon Increases
stocks soil
fertility

In symbiosis, soils and pulses
contribute to food security
and nutrition, climate change
adaptation/mitigation, carbon
sequestration and to achieve
the Sustainable Development Goals.

Soil resistance
andresilisence
Hgainst
disturbance
and stress

HOOT
exudates
stimulate
microbial

Sttty
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Investigation of Nodules in Field Condition
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Investigation of Nodules in Field Condition

32
- C C c C N C oo
@@?@Gﬂ@(@ml 3980339@38?(; 3’3@@(%00@(1)@

C C
- 3’3@@&9@_]’)8@\3 G’BGGFDC

Nodules on soybeans with active (red colour) bacteria (Bradyrhizo-
bium) (Photo: Monika Messmer, FiBL).

4 : . B i !
AL\ TR W N Older, more senescent and inactive nodules with grey colour, on p - f* ' i (Trifol )
= e ; ; ; ; Brown or “empty” nodules from red clover (Trifolium pratense).
Searching for root nodules in a clover ley, Norway. We found nod- Hunganan vetch (VICECI pannomca)' (PhOtO. R. PommereSChe' Photo: R. P h NORS¢K
ules and active nitrogen-fixating bacteria on some of the red clover NORS¢K) ( oto: K. Fommeresche, )

roots (Photo: S. Hansen, NORS@K).
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Interpretation of the findings

= Color and number of nodules
= Sjze of the nodules

= Distribution of nodules on the roots

Nodules on soybeans with active (red colour) bacteria (Bradyrhizo-
bium) (Photo: Monika Messmer, FiBL).

= Nodules only on the tap and main root

Older, more senescent and inactive nodules with grey colour, on

Hungarian vetch (Vicea pannonica). (Photo: R. Pommeresche, Brown or “empty” nodules from red clover (Trifolium pratense).
NORS®@K) (Photo: R. Pommeresche, NORS@K).
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I Interpretation of the findings

Observations

Possible conclusions and recommendations

Colour and number of
nodules

Regardless of the plant species, if about 15 nodules are found on the roots of one plant and most
of them are red inside, it can be assumed that the nitrogen-fixating bacteria are performing well.

Generally, Rhizobia and Bradyrhizobia bacteria are found in the soil if the plant genus is found nat-
urally in the area, or if the legume genus has successfully been grown on the field before. If the
matching bacteria are missing in the soil, most legumes will show suboptimal growth. In such cases,
inoculation with the matching bacteria is indispensable for optimal plant performance. Lack of the
bacteria cannot be compensated by N fertilisation. N-fertilization affects nodulation negatively.

After successful inoculation and repeated cultivation of the same legume species, the number of
nodules can exceed 100 per plant. However, the number of nodules is not equivalent to a high
fixation rate, but a precondition for efficient symbiosis.

Size of the nodules

Evenly distributed nodules of regular size often indicate higher nitrogen fixation rates than the pres-
ence of a few, very large nodules.

Distribution of the
nodules on the roots

Nodules in the upper root zone only, may indicate shortage of air in the lower root zone. In such
cases, better soil structure may improve aeration of the lower root zone and access to nitrogen and,
as a result of it, may induce development of nodules in deeper soil layers.

Nodules only on
the tap/main root

Nodules on the tap or main root only, may indicate that the bacteria try to compensate low fixation
by increasing their number insidethe/modules. 67







