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(List of Top 10 Pulses Producing Countries in the World)
Country Current Production Major Pulses Pulses Export
(million metric tons) Value (As Per FY)
India 28 Various, incl. chickpeas, 54 billion INR
pigeon peas, lentils
Myanmar 55-6 Various, incl. mung beans, 1.47 billion USD
pigeon peas, black gram
Canada 51 Lentils, peas, chickpeas 175 million USD
China 5 Soybeans, peas, lentils 102.41 million
USD
Russia 4.1 Lentils, peas, chickpeas 0.7 billion Euros
Nigeria 4 Cowpeas, pigeon peas 279.64 billion NGN
Niger 3.5 Cowpeas 219.99 billion NGN
Ethiopia 3.47 Chickpeas, lentils 137 million USD
Brazil 2.9 Beans, soybeans 113 million USD
USA 2 Lentils, peas 983.2 million USD
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; Fertility in agro-system =% | v Environmental pollution
Re_51s_tance to biotic and j v Global warming
abiotic stresses 7 T £ cli b
v/ Nutrient availability and act otc [NAL cuBne
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v Sustainability v Use of synthetic fertilizers
B !
. R Nodule
leoga e— S . »3»3® SR
.O.‘ iy Infection thread: b\ ; ;
@ ocTomuireacs Swelling bacteroids

N, + 8H* + 8e* + 16ATP 2NH3 + H, + 16ATP + 16Pi

—_—
Nitrogenase

K Mechanism of Rhizobial infection and root nodule formation \

Root signal and bacterial response.

Root hairs release a substance that attracts Rhizobium.

Rhizobium proliferates and causes an infection thread to form.

Infection thread grows into the cortex of the roots.

Infection thread releases bacterial cells, that become bacteroids in the root cells.
Formation of rood nodule from rapidly dividing infected cortical cells.

Bacteroids perform symbiotic nitrogen fixation. /

ﬂvvvvvv
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Root nodules

1 ~53

Root nodule bacteria

-t ~~

L S = 70% alcohol
Nodule with root (10 sec)
Wash with water g, — &
& detach the nodules o 6 o =>
- &

Legume root I
With nodule:
/ J < | —
. i Sterile water  0.5% sodium hypochlorite Sterile water
To contirm the success of (5 min)

surface disinfection
process

Rhizobial isolates
/
S Non-rhizobial isolates
Crush the nodule

with sterile water Streak over Yeast Mannitol Agar with Congo Red
o ( ) N @ C 0CO _© C o@ @ Co C C
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J - ground water quality
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Food Quality
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o chemical value
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1 > Environmental
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ool Bean’s Optimum Soil Requirements

v" Organic matter > 1.5 %

v’ Calcium carbonate < 4 %

v" EC conductivity < 4 mmohs/cm

v" P (Olsen extractant) > about 20 ppm
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v' K (ammonium acetate) > 66 or (sodium acetate) > 75

v Available Fe and Mn > 5

v Available Zn > 1.5 ppm

v’ Susceptible to K deficiency (clay soils)

v' P, Zn, Mn and Fe deficiency (intensive cropping in arid/ semi-arid regions)
Source: IFA World Fertilizer Use Manual (1992)

00l Bean’s Optimum Fertilizer Recommendation
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Nutrient

Calcium
(Ca)

Nitrogen

(N)

Magnesium
(Mg)

Phosphorus
(P)

Potassium

(K)

Sulfur
(S

MACRONUTRIENTS
Replace macronutrients in soil regularly (at least once per growing season)

Deficiency symptoms

New leaves (Top of plant) are
Distorted or irregularly shaped

Causes blossom-end rot.(0§:9¢e3805)

° L L

General yellowing of older leaves (bottom of
plan). The rest of the plant is often light green.

Older leaves turn yellow at edge leaving a green
arrowhead shape in the center of the leaf.

Leaf tips look burnt, followed by older leaves
turning a dark green or reddish-purple.

Older leaves may wilt, look scorched.
Interveinal chlorosis begins at the
scorching. Inward from leaf margin.

base,

Younger leaves turn yellow first. Sometimes
followed by older leaves.

File; KKMU-Legume Textbook

Comments

Desert soils and water generally

Have plenty of calcium, so deficiency problems are
rare. Excessive calcium can limit the availability of
other nutrients.

Most plants absorb nitrogen in the form of ammonium
of nitrate. These forms readily dissolve in water and
leach away.

Plants absorb magnesium as an ion (charged particle)
which can be readily leached from soil. May be
readily leached from soil if calcium is not present.

Plants absorb phosphorus in the form of phosphate.
This form dissolve only slightly in water but pH
strongly affects uptake.

Plant absorbs potassium as an ion which can be
readily leached from soil. Desert soils and water
generally have plenty of potassium, so deficiency
problems are rare.

Plants absorb sulfur in the form of sulfate. This
readily leaches from the soil sulfur may acidly the soil
(lower he pH).

olo)

Fertilizer Sources

Anything with the word
“calcium”: also gypsum

Anything with the words
“ammonium”, ‘“nitrate”, or
“Urea”, also manures.

Anything with the words
“magnesium”, also Epsom
salts (magnesium sulfate).

Anything with the words
“phosphate” or “bone”, Also
greensand.

Anything with the words

“potassium” or “potash”.

Anything with the words
“sulfate”.
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Nutrient
Boron

(B)
Copper
(Cu)

Iron
(Fe)

Manganese

(Mn)

Molybdenum

(Mo)

Zinc
(Zn)

MICRONUTRIENTS
Replace when deficiency symptoms are evident.
Comments Fertilizer Sources
Plants absorb boron in the form of borate. Problems are Anything with the words
seen in intensely cropped areas. “borax” or “borate”

Deficiency symptoms
Terminal buds die, witches’ brooms form.

Plants absorb copper as an ion. Arizona soils have plenty of Anything with the words
copper, so problems are rare. “copper”. “cupric” or

“cuprous”

Leaves are dark green, plant is stunted.

Yellowing occurs between the veins of young Plants absorb Iron as an ion through their foliage as well as Anything with the words
leaves. their roots. Uptake is strongly affected by pH. Chelated Iron “Iron chelate”

is readily available for use by the plant., other forms of Iron

may be tied up in the soil.
Yellowing occurs between the veins of young Plants absorb manganese as an ion through their foliage as Anything with the words
leaves. Pattern is not as distinct as with iron. well as their roots. “manganese” or “manganous’
Palm fronds are stunted and deformed, called Often required with Zinc
application.

’

“frizzle top”. Reduction in size of plant parts
(leaves, shoots, fruit) generally. Dead spots or
patches.

General yellowing of older leaves (bottom of Plants absorb molybdenum in the form of molybdate. Anything with the words
plant). The rest of the plant is often light Problems are rare in Arizona soils but are occasionally seen “molybdate” or “molybdic”
green on legumes where it mimics nitrogen deficiency.

Terminal leaves may be rosetted, and Plants absorb zinc as an ion through their foliage as well as Anything with the word
yellowing occurs between the veins of the their roots. High pH may limit availability.
new leaves.

“zinc”.
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Nutrient deficiencies in common beans
(Adapted from Chapter 14 of Nutrient Deficiencies and Toxicities in Crop Plants, edited by William F. Bennet, 1993.)

Nutrient

Deficiency

Nitrogen (N)

Older leaves are pale green to yellow; stunted plants with few
flowers and poorly filled pods.

Phosphorus Slow growth; small dark green leaves in upper part of plant; older

P) leaves yellow then turn brown and senesce. Stunted plants with thin
stems and short internodes. Flowers abort.

Potassium Symptoms mainly in young plants. Marginal chlorosis of older

(K) leaves which turns to yellow brown scorch in between the veins
(sometimes resembling common bacterial blight, but without water-
soaked appearance); leaf may curl downward while scorched
margins curl upward; plants can be stunted with poor root systems,
leading to collapse.

Boron (B) Terminal buds and apical meristems die; witches' broom; thick,
deformed primary leaves; interveinal chlorosis; swollen stems near
nodes.

Sulfur (S) Uniform yellow chlorosis of leaves, similar to N deficiency.

Zinc (Zn) Deformed, pale green younger leaves with yellow tips and margins,

interveinal chlorosis, and development of necrotic areas with time;
blossoms and pods may abort; dwarfed plants.

File; KKMU-Legume Textbook

When it Occurs

Occurs in all soils, but especially in sandy soils or soils with
low organic matter; can be induced by heavy rains or irrigation
that cause leaching of nitrates. If soil pH is outside 6.0-8.0
range, N availability may be restricted.

Occurs in soils with low pH or that have leached nutrients. P
availability is very reduced in soils with pH below 6.2.

Occurs in soils with low fertility but high calcium and
magnesium, especially sandy soils. K is less available in soils
with pH below 6.0.

Rare in beans—occurs in soils with coarse textures, low
organic matter, and high aluminum and iron hydroxide. It can
also occur in alluvial soils with high pH, or in dry, neutral to
alkaline soils under intense light.

Rare in beans—can occur in soils with pH below 6.0.

Occurs in soils with high pH (or acidic soils that have been
‘over-limed' or have too much P). Can be worse under
conditions of soil compaction, low organic matter, or too much
manure or crop residue. The increased absorption of other
nutrients can cause Zn deficiency, especially Fe.
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Nutrient toxicities in common beans
(Adapted from Chapter 14 of Nutrient Deficiencies and Toxicities in Crop Plants, edited by William F. Bennet, 1993.)

Nutrient Toxicity When it Occurs
Boron (B) Stunting, Occurs with non-uniform applications of fertilizer or bands of fertilizer too close to seed,
yellowing, especially in dry weather; can also occur if beans follow a crop heavily fertilized with B,
Necrosis. such as turnips.

Boron toxicity is likely if dry beans are grown in the high-boron soils on the west side of
the San Joaquin Valley, part of Yolo County, and several other areas in California.

Boron tolerance (ppm)

e Common beans: 0.50 to 0.75 ppm

e Lima beans: 0.75to 1.0 ppm

e Blackeyes beans : 2.5 ppm

e (Garbanzos: sensitivity likely around 1.0 ppm (no specific data available, but based on
grower input from Yolo County, an area high in boron).

Yolo County, officially the County of Yolo, is a county located in the northern portion of the U.S. state of California. Yolo County was one of the original
counties of California, created in 1850 at the time of statehood.
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(o®-n) Green gram Crop Nutrients Application

L J

L J

Nitrogen; 10-20kg N/ha has been recommended or Foliar spray of DAP 2% at
weekly intervals.

Potassium; Soil application of Murate of potash spraying of 1% potash at flowering
stage.

Calcium; Foliar spray of CaSO, 1% at fortnightly intervals.

Boron; Foliar spray of Borax 0.2% at fortnightly intervals.

Iron; Spraying of 1% FeSO, — 10 day intervel of 3 times. Application of 25 kg of
FeSO, as basal dose.

Manganese; Spraying of 1% MnSO, during 20, 30, 40 DAS or application 10 kg of
MnSQ, as a basal dose.

Zinc; Application of basal dose ZnSO, at the rate of 25 kg per ha. Spraying of 0.5%
ZnSQO, during 20, 30, 40th day after sowing.

(o®- 9)Black gram Crop Nutrients Application

L J
L J
L J

L

Magnesium; Foliar spray of MgSO, 1% at fortnightly intervals (two weeks)
Calcium; Folia spray of CaSO,@0.5-1.0%

Boron; Foliar spray of Borax 0.2% at fortnightly intervals Manganese; Spraying of
1% MnSO, during 20, 30, 40 DAS or application 10 kg of MnSO, as a basal dose
Zinc; Application of basal dose ZnSO, at the rate of 25 kg per ha. Spraying of 0.5%
ZnSO,4during 20, 30, 40th day after sowing.

(o® - 0) Soy bean Crop Nutrients Application

L g

o 1 1 e

L g

Nitrogen; Foliar spray Urea 1% at fortnightly interval

Potassium; Foliar spray of KCI 1% at fortnightly interval

Magnesium; Foliar spray of MgSO, @ 2% at fortnightly interval

Sulphur; Foliar spraying of Calsium Sulphate 0.5-1.0 % can control the deficiency.
Boron; Spraying of foliar application of Borax @ 3 g/Litre twice at 10 days interval.
Application of Borax @ 5g/ha

Iron; Foliar spray of FeSO,4 1% at fortnightly intervals or soil application of FeSO, 5
to 10 kg/ha

Manganese; Foliar spray of MnSO, @ 0.5% at fortnightly intervals or soil
application of MnSO, @ 20 to 25 kg/ha

Zinc; Foliar spray of ZnSO,4 1% at fortnightly intervals or soil application of ZnSQO,
20 to 25 kg/ha
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(o® -20) Pigeon Bean (Red Gram) Crop Nutrients

e 1 13 13 13 P B 1P

Phosphorus; Foliar spray of DAP 2% at fortnightly interval.

Potassium; Foliar spray of KCI 1% at fortnightly interval

Magnesium; Foliar spray of MgSO, 2% and 1% Urea

Sulphur; Foliar spraying of Calcium Sulphate 0.5 % can control sulphur deficiency
Boron; Spraying of Boron 0.2 % at two week interval by foliar spray.

Iron; Foliar spray of FeSO, 0.5% at weekly intervals

Manganese; Spraying of manganese sulphate (5g / 1) at 10 days interval

Zinc; Foliar spray of ZnSO, at 0.5% at fortnightly interval or soil application of
ZnS04 10-15 kg/ha.

o1 O:d805(g¢:[ySa§SEeomnmagsemypeq: (Benefits of Legumes)

% Soil Quality Benefits of Legumes
% Soil quality benefits of legumes include: increasing soil organic matter, improving

&
&

&
&

¢

¢

soil porosity, recycling nutrients, improving soil structure, decreasing soil pH,
diversifying the microscopic life in the soil, and breaking disease build-up and weed
problems of grass-type crops.

Soil Organic Matter

As mentioned previously, legumes are high in protein, and therefore, nitrogen rich.
Because most crop residues contain much more carbon than nitrogen, and bacteria
in the soil need both, the nitrogen supplied by legumes facilitates the decomposition
of crop residues in the soil and their conversion to soil building organic matter.

Soil Porosity

Several legumes have aggressive taproots reaching 6 to 8 feet deep and a half inch
in diameter that open pathways deep into the soil. Nitrogen-rich legume residues
encourage earthworms and the burrows they create. The root channels and
earthworm burrows increase soil porosity, promoting air movement and water
percolation deep into the soil.

Recycle Nutrients

Because perennial and biennial legumes root deeply in the soil, they have the ability
to recycle crop nutrients that are deep in the soil profile. This results in a more
efficient use of applied fertilizer and prevents nutrients (particularly nitrate nitrogen)
from being lost due to leaching below the root zone of shallower-rooted crops in the
rotation.

Improve Soil Structure

Research indicate improved soil physical properties following legumes. The
improvements are attributed to increases in more stable soil aggregates. The protein,
glomalin, symbiotically along the roots of legumes and other plants, serves as a
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“glue” that binds soil together into stable aggregates. This aggregate stability
increases pore space and tilth, reducing both soil erodibility and crusting.

% Lower Soil pH

% Because inoculated, nodulated legumes acquire their N from the air as diatomic N
rather than from the soil as nitrate, their net effect is to lower the pH of the soil. In
greenhouse studies, alfalfa and soybeans lowered the pH in clay loam soil by one
whole pH unit. Legumes could lower the pH and promote increased plant-soil-
microbial activity on soils with a pH above the range for optimum crop growth and
development.

Biological Diversity

Legumes contribute to an increased diversity of soil flora and fauna lending a
greater stability to the total life of the soil. Legumes also foster production of a
greater total biomass in the soil by providing additional N. Soil microbes use the
increased N to break down carbon-rich residues of crops like wheat or corn.

¢

% Break Pest Cycles

% Legumes provide an excellent break in a crop rotation that reduces the build-up of
grassy weed problems, insects, and diseases. A three year interval between the same
type (grassy, broadleaf, coolseason, warm season) crop is usually sufficient to
greatly reduce weed, insect, and disease pressure.

% Soil quality benefits of legumes include:

% increasing soil organic matter, improving soil porosity, recycling nutrients,
improving soil structure, decreasing soil pH, diversifying the microscopic life in the
soil, and breaking disease build-up and weed problems of grass-type crops.

Jon OgjedaB:éaé c(gadagooy§sence: (c[gaeapdaneag:)
Legume Crops and Soils Health (Soil Quality)

(Jo - o )Nitrogen fixation
Main : Nitrogen fixation, Green manure, and Fertilizer tree

Many legumes contain symbiotic bacteria called Rhizobia within root nodules of
their root systems (plants belonging to the genus Styphnolobium are one exception to
this rule). These bacteria have the special ability of fixing nitrogen from atmospheric,
molecular nitrogen (N,) into ammonia (NHz). The chemical reaction is:

N2+8H++86_—>2NH3+H2

Ammonia is then converted to another form, ammonium (NH",), usable by (some)
plants by the following reaction:
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R
NH3 + H+ — NH+4

This arrangement means that the root nodules are sources of nitrogen for
legumes, making them relatively rich in plant proteins. All proteins contain nitrogenous
amino acids. Nitrogen is therefore a necessary ingredient in the production of proteins.
Hence, legumes are among the best sources of plant protein. When a legume plant dies
in the field, for example following the harvest, all of its remaining nitrogen,
incorporated into amino acids inside the remaining plant parts, is released back into the
soil. In the soil, the amino acids are converted to nitrate (NO 3 ), making the nitrogen
available to other plants, thereby serving as fertilizer for future crops.

(Jo-9) Nitrogen Fixation Legume plant

Nitrogen Fixation Legume plant and seed tissue is relatively high in protein.
This can be directly attributed to a legume’s ability to supply most of its own nitrogen
needs with the help of symbiotic Rhizobia bacteria living in their roots. Inoculated with
the proper strain of Rhizobia bacteria, legumes can supply up to 90% of their own
nitrogen (N). Shortly after a legume seed germinates in the presence of Rhizobia
bacteria in the soil, the bacteria penetrate the root hairs and move into the root itself.
The bacteria multiply, causing a swelling of the root to form pale pink nodules.
Nitrogen gas present in the soil air is then bound by the bacteria which feed on
carbohydrates manufactured by the above-ground plant during photosynthesis.

The bacteria produce ammonia (NHs3) from the hydrogen acquired from the
plant’s carbohydrates and nitrogen from the air. The ammonia then provides a source
of nitrogen for the plant to grow. This symbiotic relationship between bacteria and
legume allows them both to flourish and produce a high-protein seed or forage crop.
Even though legumes can fix nitrogen from the atmosphere, they can take up large
quantities of soil nitrogen if it is available. The higher the protein content of a plant the
more nitrogen it will return to the soil.

Nitrogen is an important element for the formation of soil organic matter.
Nitrogen release from a legume crop occurs as the above-ground plant residues, roots
and nodules gradually decompose. Soil microorganisms decompose the relatively
nitrogen-rich organic material and release the nitrogen to the soil when they die.
Usually about two-thirds of the nitrogen fixed by a legume crop becomes available the
next growing season after a legume in a rotation.

In a perennial grass and legume mixture, legumes not only supply their own N,
but approximately 36% of the N needs of the grass plants growing alongside them. The
total amount of N fixed and released by a legume can be estimated from the amount of
seed produced by an annual legume as follows: For perennial or biennial legumes such
as alfalfa or sweet clover, 40 to 70 pounds of N are produced per ton of forage if the
crop is left unharvest. If the crop is harvested as forage, the remaining stubble and
roots will return 5 to 15 pounds of nitrogen to the soil as a function of each ton of
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forage removed. Tillage is not necessary to release legume-N into the soil. A study
involving no-till corn after legumes demonstrated that the N benefits following a
legume were the same whether the legume was killed with herbicide or with tillage.

(Jo - 0) Nitrogen cycle and its stages

Root nodules are found on the roots of plants, primarily legumes, that form
a symbiosis with nitrogen-fixing  bacteria. Under nitrogen-limiting  conditions,
capable plants form a symbiotic relationship with a host-specific strain of bacteria
known as rhizobia. This process has evolved multiple times within the legumes, as
well as in other species found within the Rosid clade. Within legume root nodules,
nitrogen gas (N,) from the atmosphere is converted into ammonia (NHs), which is then
assimilated into amino acids (the building blocks of proteins), nucleotides (the
building blocks of DNA and RNA as well as the important energy molecule ATP), and
other cellular constituents such as vitamins, flavones, and hormones.

Their ability to fix gaseous nitrogen makes legumes an ideal agricultural
organism as their requirement for nitrogen fertilizer is reduced. Indeed, high nitrogen
content blocks nodule development as there is no benefit for the plant of forming
the symbiosis. The energy for splitting the nitrogen gas in the nodule comes from sugar
that is translocation from the leaf (a product of photosynthesis). Malate as a
breakdown product of sucrose is the direct carbon source for the bacteroid. Nitrogen
fixation in the nodule is very oxygen sensitive. Legume nodules harbor an iron
containing protein called leghaemoglobin, closely related to animal myoglobin, to
facilitate the diffusion of oxygen gas used in respiration.

Nitrogen in i
atmosphere (N3)

(aerobic and anaerobic
bacteria and fungi)

Nitrogen-fixing
soil bacteria

¢ (26 ) Nitrogen cycle

File; KKMU-Legume Textbook



)

Howito increase crop productivity and soil fertility’
Soil microbiome as a solution

Understanding soil-root y
microbiome diversity and function %% .7
to uncover novel microbes that can
be used as biofertilisers and
biopesticides

Promoting crop-microbe
associations through the
development and optimisation of
microbial inocula

Enhancing beneficial soil
microbiome diversity and function
through optimising soil
management methods

X 29 ) Nitrogen cycle and crop-microbe processes

@
Functional impacts of the legume-soil microbiome

z > {Q} >
§ — SHV* K <%

A
Host Native soil ~ Edapho-climatic factors Management
genotype community (PH, texture, moisture, (tillage, c:jop rotation,
nutrients, toxicity) amendments)
& s
Non-rhizobia nodule endophytes L £ \\ .

-t S S8

Rhizosphere
% v LA -
Microbiome: Nod factors, antimicrobial
compounds, phytohormones, chelating agents,
- Nutrient acquisition = Pathogen resistance VoCs
=+ Nitrogen fixation - Nodulation

- Stress tolerance

<°3 ( QG ) Functional impacts of the legume- soil microbe interaction
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Cereal Legume Modes of interspecific P mobilization
and mechanism of increased uptake

=

. @ Temporal niche complementarity
hizosphere (different sowing and harvest dates,
overlap

or plant development)
7 )@ Resource complementarity
(
Q,

use of different chemical forms of P)

B : ® Spatial niche complementarity
X4 E A j (crop arrangement)

Insoluble soil P (Fe-P, Al-P, @ Direct interspecific facilitation

Ca-P) and organic P PO via root exudates
Acidification % Pi **scseseses’
Desorption : \11‘ 3 ® Indirect interspecific facilitation
Hydrolysis A P via microbial activity
R—— . -
. == S
: @ Root exudates
Rooting zone of : Rooting zone of @ Pi — Soluble inorganic P
cereals<— ‘ ——=>legumes @ P,— Accessible organic P

c‘;) ( Qq )Different of Cereal and legume crop P mobilization and mechanism

Jon 3B:48adqjseo8d (Cropping System)

In many traditional and organic farming practices, crop rotation involving
legumes is common. By alternating between legumes and non-legumes, sometimes
planting non-legumes two times in a row and then a legume, the field usually receives a
sufficient amount of nitrogenous compounds to produce a good result, even when the
crop is non-leguminous. Legumes are sometimes referred to as "green manure"”. Sri
Lanka developed the farming practice known as coconut-soybean intercropping. Grain
legumes are grown in coconut (Cocos nuficera) groves in two ways: intercropping or as
a cash crop. These are grown mainly for their protein, vegetable oil and ability to
uphold soil fertility. However, continuous cropping after 3—4 years decrease grain
yields significantly.

l Croppingsystem

Sustainability

NGRS ~ostive

Soil biodiversity

Soil health and quality

Crop productivity and soil restoration

Food and nutritional security

¢ ( 99 ) Cropping System
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(Legumes and symbiotic nitrogen fixing bacteria called root nodules)

Legumes are notable in that most of them have symbiotic nitrogen-
fixing bacteria in structures called root nodules. For that reason, they play a key role
in crop rotation. Crop rotation is the practice of growing a series of different types of
crops in the same area across a sequence of growing seasons. This practice reduces the
reliance of crops on one set of nutrients, pest and weed pressure, along with the
probability of developing resistant pests and weeds. Nitrogen is the most commonly
limiting nutrient in plants. Legumes use nitrogen fixing bacteria, specifically symbiotic
rhizobia bacteria, within their root nodules to counter the limitation.

Rhizobia bacteria convert nitrogen gas (N,) to ammonia (NHs) in a process
called nitrogen fixation. Ammonia is then assimilated into nucleotides, amino
acids, vitamins and flavones which are essential to the growth of the plant. The plant
root cells convert sugar into organic acids which then supply to the rhizobia in
exchange, hence a symbiotic relationship between rhizobia and the legumes.

Symbiosis-Legumes and Rhizobia

| Legume
Co: » \/
T

Photosynthesis .«

L

Organic
acids | 4 Nucleotides,
\ vitamins, flavones
Rhizobia bacteria \ / hormones
In root nodules

Nitrogen 't = } Acds, K N
irogenase '
Gas Ammonia V| Ureides

Nitrogen Fixation by Rhizobia Bacteria in Legume

BACTERIAL CELLTN THE ROOT NODULE

CLJ ( Q@ ) Legumesand symbiotic nitrogen fixing bacteria
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Robiniapseudoacacianodules ~ Closeupof dissected
[\{odules onthe L0ybean ; s '0 Root nodule of
Vicia Fabaroots. Black Locust,

Medica

QC

QqlaSR(goeoo(gdedaoamadg):

Nodule-like structures

Nitrogen-fixing
nodulesona
clover root.

( Vigna
ata spp.)roots.

Cross section ofthe nodule.
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Jon 0oéel gpadponcdaadygiob (Climatic Condition and Legume Crops)

@uo0:(6) Ogjsdeiepadporcdaadyqind

System Soil pH | Other soil Temperature range |Growing period
range |characteristics (°C) rainfall (mm)

Maize-bean 5.5-6

Maize- 6-7
cowpea

Maize- 55-7
groundnut

Maize- 5-7
pigeonpea

Maize- 6-6.5
soybean

Well-drained loams

Well-drained, sandy
loam to clay loam
soils

Well-drained,

light sandy

loams, groundnut
harvesting difficult in
heavy soils

Well drained, heavy
to light sandy soils

All except sandy,
well-drained

15-27

Bean germination
requires a soil temp
of at least 15

20-30

18-33
Groundnut

germination requires

a soil temp of at
least 20

18-30
Pigeonpea

germination requires

a soil temp of at
least 19

18-30

500-1500

Excessive rain &

hot weather cause
bean flowers and
pods to drop &
disease incidence to
increase

400-900

500-1300

600-1000

700-1500

JG1 Suémgiamencdndegyieadsianc(gsscs (Soil pH and Legume Crops)
The majority of leguminous plants grows and develops better in neutral soils; the

exception is lupine, which grows in low-pH soils.
The optimal pH values for leguminous plants are as follows:

pea —6.0-7.5,
maillot -7.0-8.7,
clover —-6.0-6.5,
lupine —4.0-5.0,
alfalfa -7.0-8.3,
soybean —5.5-6.5,
haricot —-7.0-8.0

(Appunu & Dhar, 2006; Moiseenko & Zajtseva, 2009; Nebolsin & Nebolsina, 1997; Valkov, 1986).
Rhizosphere microbiocenoses are involved in the transformation of substances and

actively affect soil composition and acidity. When clover was grown on low-fertility
soil, soil pH under the clover decreased from 7.0 to 4.2 because the H™ ions released by
the roots outnumbered absorbed cations. Soil pH under ryegrass, however, remained at
(Dzyun, 2018; Kaufman & Blinnikova, 2018; Valentine, Benedito, & Kang, 2010)

the initial level.
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(Acidic Soils and Legume Cultivation)

Growers are advised to double the inoculation rate when sowing legumes into
very acidic soils to ensure adequate rhizobia numbers are present when seeds
germinate. Legume nodulation may be suboptimal below pH 5.5 and lime application
should be considered to increase soil pH for grain legumes and crops other than lupine.
Most legumes grow and develop better in neutral soils, with the exception of lupine,
which grows at pH 4.0-5.0. Red clover secretes hydrogen ions into the soil through its
roots, changing soil pH.

Legume root nodules form better at pH 6.5-7.0, and at pH values less than 3,
the root cells’ cytoplasm breaks down. At pH 8.7, the plants are deficient in NOg/,
phosphates, iron, manganese, copper, and zinc. In acidic soils, an excess of Aluminum
inhibits the uptake of phosphorus, calcium, potassium, iron, sodium, and boron by root
cells.

Legumes are sensitive to the on centration of aluminum ions in the soil. In
aluminum-sensitive pea varieties, nutrient absorption is suppressed; hemicellulose,
and cellulose synthesis is inhibited in root cell walls; membrane water permeability
decreases and enzyme activity is inhibited. In an acidic medium, clover growth is
inhibited, nodules form poorly, and nitrogen fixation rate decreases. The higher the
acidity, the harder it is to assimilate soil magnesium. Magnesium deficiency leads to
reduced photosynthesis and decreased sugar transport to roots and nodules.

As a result, nitrogen fixation stops, and the plant’s leaves turn yellow and fall
off. For legumes, the Ca : Mg ratio is important. The combined application of calcium
and magnesium increases plant biomass yield, reduces nodule formation in lupine, and
increases it in beans. This difference is related to the fact that beans, clover, and haricot
are calciphiles, whereas is calciphobous. The use of waste beet sugar production —
defecate, calcium fertilizer, is very effective. Decreased acidity increases
leghemoglobin content in nodules, increases nodule weight, and increases nitrogen
fixation 3—4 times. Acidity is among the most important indicators of soil fertility, and
increased acidity serves as a deterrent to increasing productivity and degrading the
quality of leguminous plants. Legumes’ role in agriculture is considerable: they
improve soil structure, enrich soil with organic matter and biological nitrogen, and
saturate humans and farm animals’ diets with protein.

Lupin beans are a traditional food in Mediterranean cuisine. Lupin beans are
eaten whole and also used to make ingredients such as lupin flour and lupin protein.
These ingredients are often used in baked goods and pasta, including gluten-free
products.
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Sundial Iupine (Lupinus perennis) lupine (Lupinus aIbs)L.
{) (G ) Acid-tolerant pea varieties

JBi sonzeclode(gac 62824 (Soil Salinization and Legume Crops)

Soil salinization is a serious global environmental problem affecting sustainable
development of agriculture. Legumes are excellent candidates for the phytoremediation
of saline soils. Soil salinization is a major edaphic factor that decreases soil fertility and
limits global agricultural production. Saline soils have high electrical conductivity
(EC), low water potential, low nutrient content, and excessive amounts of ionic salts,
which adversely affect soil structural stability and plant growth. It is estimated that salt
has affected more than 800 million hectares of cropping land worldwide accounting for
6% of the total land area.

Soil salinity is a continuous process occurring globally in over 100 countries.
Several studies have proposed that legumes are better candidates for phytoremediation
because of their atmospheric nitrogen-fixing ability, which accelerates soil biochemical
cycling and increases soil microbial activity. Wild soybean (Glycine soja) is a salt-
tolerant legume widely distributed in the Yellow River Delta, China.

G. soja could absorb approximately 264.57 kg soluble salt per hectare in one year from
saline soils, and these salts are mainly stored in their roots

Sesbania cannabina (Corkwood tree) is a salt-tolerant legume plant that improves
coastal saline-alkali soils

The potential of legumes in phytoremediating saline soils; thus, a comprehensive
understanding of the underlying mechanisms governing saline soil improvement is still
lacking.

ean) Sesbania cannabina
0 (6Q) Salt-tolerant legume plant
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Phytoremediation technologies use living plants to clean up soil, air and water
contaminated with hazardous contaminants. It is defined as "the use of green plants and
the associated microorganisms, along with proper soil amendments and agronomic
techniques to either contain, remove or render toxic environmental contaminants
harmless”. The term is an amalgam of the Greek phyto (plant) and Latin remedium
(restoring balance).

Phytoremediation is proposed as a cost-effective plant-based approach of
environmental remediation that takes advantage of the ability of plants to concentrate
elements and compounds from the environment and to detoxify various compounds.
The concentrating effect results from the ability of certain plants called
hyperaccumulators to bioaccumulate chemicals. The remediation effect is quite
different. Toxic heavy metals cannot be degraded, but organic pollutants can be, and
are generally the major targets for phytoremediation. Although attractive for its cost,
phytoremediation has not been demonstrated to redress any significant environmental
challenge to the extent that contaminated space has been reclaimed. Several field trials
confirmed the feasibility of using plants for environmental cleanup.

Jou Effect of phytoremediation on soil physicochemical properties

Phytoremediation is a promising remediation strategy for salt-affected soil.
Soil remediation is expensive and complicated process. Phytoremediation could in
principle be a more cost effective solution. Phytoremediation may be applied to
polluted soil or static water environment.

This technology has been increasingly investigated and employed at sites with
soils contaminated heavy metals like with cadmium, lead, aluminum, arsenic and
antimony. These metals can cause oxidative stress in plants, destroy cell membrane
integrity, interfere with nutrient uptake, inhibit photosynthesis and decrease plant
chlorophyll. Phytoremediation has been used successfully include the restoration of
abandoned metal mine workings, and sites where polychlorinated biphenyls have been
dumped during manufacture and mitigation of ongoing coal mine discharges reducing
the impact of contaminants in soils, water, or air. Contaminants such as metals,
pesticides, solvents, explosives, and crude oil and its derivatives, have been mitigated
in phytoremediation projects worldwide. Many plants such as mustard plants, alpine
pennycress, hemp, and pigweed have proven to be successful at hyperaccumulating
contaminants at toxic waste sites.
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| Phytodegradation

Phytoextraction |
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Rhizofiltration

& ( 66 ) Effect of phytoremediation

Uptake of Heavy Metals

Some heavy metals such as copper and zinc are removed from the soil by moving up
into the plant roots.

Q( 6§ ) Heavy metals removed from the soil by plant roots
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Photodegradation of Organic Contaminants

The roots secrete enzymes that degrade (breakdown) organic pollutants in the soil.

c} ( 9@ ) Photo degradation of organic contaminants

Phytovolatilisation Phytoextraction

Phytodegradation

Phase-lll =
Phase-ll
Aboveground/
above water

Underground/ .,
Rhizoremediation N Water
Organic compounds

-
@
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“:'."'",;..T" e °
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.t’ "D, ©
/\ J o
Phytouptake of organi DA
EoE "o pollutants .
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Q (gq) Effect of phytoremediation processes in above ground and under ground
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(Advantages and limitations of the phytoremediation)

Advantages:

v the cost of the phytoremediation is lower than that of traditional processes[which?]
both in situ and ex situ

v the possibility of the recovery and re-use of valuable metals (by companies
specializing in "phyto mining")

v it preserves the topsoil, maintaining the fertility of the soil

v Increase soil health, yield, and plant phytochemicals

v the use of plants also reduces erosion and metal leaching in the soil

Limitations:

v phytoremediation is limited to the surface area and depth occupied by the roots.

v with plant-based systems of remediation, it is not possible to completely prevent the
leaching of contaminants into the groundwater (without the complete removal of the
contaminated ground, which in itself does not resolve the problem of contamination)

v the survival of the plants is affected by the toxicity of the contaminated land and the
general condition of the soil

v Dbio-accumulation of contaminants, especially metals, into the plants can affect
consumer products like food and cosmetics, and requires the safe disposal of the
affected plant material

v when taking up heavy metals, sometimes the metal is bound to the soil organic
matter, which makes it unavailable for the plant to extract.
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(Components of Integrated Nutrient Management)

Components of Integrated Nutrient Management

Municipal
compost
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("3 ( 5o ) Components of Integrated Nutrient Management
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(Soils Plants Interaction and Environmental Biology)

C\ ’/ co,

nutrient inputs

respiration

ronment and Sustainability

decomposituon

nutrient
losses

c} ( 9o ) Soils Plants Interaction and Environmental Biology
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(Pulses and Beans — The Nutritious Staple)

Beans are the most significant legume for human consumption since they rank
as the second richest source of protein in our diet. Beans are among the world’s
earliest cultivated crops, along with wheat, barley, grapes, and melons. Pulses include
all the edible seeds that grow in pods, and include all types of peas, beans and lentils.
Cheap and affordable, besides protein, they are a rich source of dietary fiber,
minerals and vitamins. They are low in fat and are great sources of energy, helping
the human body get rid of dietary deficiencies. Their protein content is as high as
24%. They are the perfect complement to staples such as wheat and rice to complete
a nutritious, wholesome meal.

30 Pasta with

Legumes

waww.the-pasta-project.com
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Flavonoids are phytochemical compounds present in many plants, fruits, vegetables,
and leaves, with potential applications in medicinal chemistry. Flavonoids possess a
number of medicinal benefits, including anticancer, antioxidant, anti-inflammatory, and
antiviral properties.

Flavonoids and Foods B . e

(a) Different requirements for lig

Flavanols and flavan-3-ols:

Kale, lettuce, tomatoes, apples, grapes,
berries, garlic, scallions, and onions derived from different root

() Efficient use of soil resources

distribution
Flavones:

Parsley, thyme, celery, hot peppers,
and green olives

Flavanones:
Citrus fruits

Isoflavones:
Soybeans and other lequmes

Anthocyanins:

Cranberries, black currants, red grapes,

merlot grapes, raspberries, strawberries,
blueberries, bilberries, and blackberries

(d) Maize exudates promote N,

(e) Nitrogen transfer

fixation in legumes

c} (2 ) Flavonoids are phytochemical compounds formation
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