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Meet The Plant
“l:2 “923222“

(Natural and. Cultural History
of Legumes)

Robert Kluson, Ph.D.



OUTLINE

» Overview of “Meet The Plant” Series

» Introduction to Legumes Family
 What's In A Name?

» Natural History

« Center of origin
* Botany
« Phytochemistry

» Cultural History

 Food and other uses



Approach of Talks on
“Meet The Plant”

* Today my talk at this workshop Is part of a
series of presentations intended to expand
the awareness and familiarity of the
general public with different worldwide and
Florida crops.

¢ It's not focused on crop production.

“* Provide background information from the
sciences of the natural and cultural history
of crops from different plant families.



“Meet The Plant” Series Titles

< Brassicaceae €—— Jan 16"

< Cannabaceae €—— Jan 23"

% Leguminaceae €« 10ODAY |

< Solanaceae €—— March 26th

N/

«* Cucurbitaceae e — Aol F5




What’s In A Name?

 Legume

» Etymology:

from F. léegume, L. legumen, fr. legere, to gather. So
called because they may be gathered without cutting.

»Botany:

» A pod formed of a simple pistil,
which is dehiscent by both sutures
and so divides into two valves, the 3
seeds being borne at the inner or e earen ™ (1 carpel, 2 Seams) of a Legume.
ventral suture only.

 In the modification of the legume
called a ‘Loment’ the pod breaks up
Into indehiscent joints.

Loment 8




What’s In A Name?

s+ Pulse

» Etymology:
* means "peas, beans, lentils, etc." late 13c., from Old
French pouls, pols and directly from Latin puls "thick gruel,
porridge, mush," (a cooked bean dish which the ancient
Romans were fond of eating) probably via Etruscan, from
Greek poltos "porridge" made from flour, or both the Greek
and Latin words are from the same source

»Botany:

* The esculent seeds of leguminous plants cultivated as
fleld or garden crops, as peas, beans, lentils, etc.



What’s In A Name?
s+ Bean
» Etymology

« Old English “bean”, from Proto-Germanic “bauno” (source
also of Old Norse “baun”, Middle Dutch “bone”, Dutch
“boon”, Old High German “bona”, German “Bohne”)

 Related to Latin faba "bean;" Greek phakos "lentil;"
Albanian bathé "horse-bean;" Old Prussian babo, Russian
bob "bean,"

« Authorities suggest that the Italic, Slavic and Germanic are
probably independent loanwords from a European

substratum word of the form “bab”- (or similar) “bean”
»Botany:

« A name given to the seed of certain leguminous herbs,
chiefly of the genera Faba, Phaseolus, and Dolichos; also,
to certain other plants and their seeds which are not 4,
leguminous at all, as the coffee-bean.




What’s In A Name?

s+ Bean
ldioms

>

Bean counter - A bean counter is an accountant.

Easy as beans - Something that is so easy that anyone
can do it Is easy as beans.

Full of beans - If someone's full of beans, they are very
energetic.

Not know beans about - (USA) If someone doesn't know
beans about something, they know nothing about it.

Spill the beans - If you spill the beans, you reveal a
secret or confess to something.

Bean-ball - Means “a pitch thrown at the head” and is
U.S. baseball slang; thus slang bean means a *head”;



Legume
Natural History



Natural History

** Legumes are plants of the bean or pea family,
Leguminosae (former name), or Fabaceae.

* The Leguminosae is one of the largest families of
flowering plants with 18,000 species classified into
around 650 genera. This Is just under a twelfth of
all known flowering plants. It ranks third in size
after the Orchidaceae and the Asteraceae-
Compositae plant families.

¢ The principal unifying feature of the family Is the
fruit, a pod, technically known as a Legume. The
Legume Is modified in many ways to faclilitate
dispersal by animals, wind and water. s



Natural History

**Legumes are a significant component of nearly all
terrestrial biomes, on all continents (except
Antarctica). Some are fresh-water aguatics, but
there are no truly marine species.

“*The species within the family range from dwarf
herbs of arctic and alpine vegetation to massive
trees of tropical forest.

**Recent molecular studies of fossil records have
concluded that legumes probably evolved approx.
60 million years ago (Ma), early in the Tertiary
period. This was after the K/T extinction, and a
time at which many other angiosperm families
also first appeared 14



Natural History

“*The Leguminosae is an extremely diverse
family of plants

**The family is usually divided into three sub-
families:

 Papilionoideae
« Caesalpinioideae
 Mimosoideae.

**The three subfamilies are generally identifiable
by their flowers.

15



Natural History

**Like many f
are hermap

owers, those found on legume plants
nroditic, containing both the stamen

and pistil. T

ne flower typically has five petals and

an ovary with one carpel, cavity, and style

s This makes
individual pl

the plants self-fertile, meaning that an
ant is able to reproduce by itself which

can have the effect of limiting genetic diversity.

*However, hybridization occurs frequently in nature
due to this characteristic, as any plant can pollinate
another due to same hermaphroditic properties.

+*The distinct

Ive nature of the flowers of the legume

subfamilies

IS not in the parts but in the shape of

the parts.

16



Flower Botany of Legumes

‘Perfect’ Flower Parts

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Angiosperm Flower

Stigma
<7/Stvle }Carpel
0" || Ovary

Anther ; P o
Stamen-[ \

Filament— | | - N

_— \

( ' j \ AT )
Petal / =
(petals =
corolla) Receptacle

Ovule

Sepal
(sepals = calyx)

17



Natural History: Papilionoideae

*» The largest of the three subfamilies with about two-thirds
of all the genera and species of the family. It is also the
most widespread, extending further into temperate
regions than the other two subfamilies.

*» The majority of the species are herbaceous.

¢ For the most part the Papilionoideae are easily
recognised by their characteristic papilionaceous
(butterfly-like) flowers.

18




Flower Botany of Papilionoideae

Fabaceae — papilionaceous flowers

bilateral symmetry

5 sepals

5 petals

" Keel 2 fused

“*The flower is irregular (zygomorphic) and is made up of five
petals; a ‘banner’ petal, two wing petals, and two petals
partially fused together to form a boat-shaped keel. The keel
encloses the stamens, which are not visible externally. 19



Natural History: Caesalpinioideae

“*The majority of the Caesalpinioideae are tropical or
subtropical trees and shrubs.

»The flowers of the Caesalpinioideae are irregular
(zygomorphic) with five petals which are not differentiated
Into standard, wings and keel. The stamens are visible

externally.

20

Caecalpinia Cercis (Redbud)



Natural History: Mimosoideae

s*Like the Caesalpinioideae, the majority of the
Mimosoideae are tropical or subtropical trees and
shrubs.

*The Mimosoideae are characterised by their small,
regular (actinomorphic) flowers crowded together,
generally into spikes or heads which resemble a pom-pom.
The stamens have become the most attractive part of the
flower the five petals Inconspicuous.

stamens

corolla
calyx

an individual flower

21

Mimosa Acacia



Botany of Legumes

]
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Anatomy of
a legume

“*Picture shows the
great diversity of
growth forms of
herbaceous
legumes
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Botany of Legumes

*» Leaf Diversity Examples

SOY

PEA

CHICK-PEA  PEANUT BEAN

‘::’I/ LN J“: !
o IS W
- S .

LENTIL BROAD BEAN MUNG

Pulses

Sweetclover
(pinnately trifoliolate)

Kura Clover
(palmately trifoliolate)

=
' '* 3 >
Birdsfoot Trefoil :
(odd pinate)

. ‘W,.*::'-)
leaflet oAt s
hairs or — &
pubescenc T
stipule ﬁ\“{

Crownvetch

Hairy Vetch
(odd pinnate)

(even pinnate with tendrils)

Forages
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Botany of Legumes

*» Seed Pod Diversity

COPYRIGHT J.R. MANHART

24



Natural History

ssConsidering the large array of legume
species it is not surprising that the growth
strategy of beans vary.

s All wild bean species have runners, as
well as some domesticated bean species. =¥

“*The vines climb available trees, poles, or ,
walls, and are known to grow up to twelve §

feet or more. These are known as pole or ™
garden beans.

*Some beans grow on short plants and are " _#% S

known as bush or field beans. B

s*In all types, the distinctive pods typically
grow to five or six inches long.




Natural History
< Symbiotic Nitrogen Fixation

» Legumes are characterized by their capacity for to fix
atmospheric nitrogen via the formation of a symbiosis with
Rhizobium bacteria, a natural soil microbe

» Nitrogen is then available for legume host growth, as well
as to companion and subsequent plants

Legume based cropping system

N,

Mineral Nltrogen

D :

Decomposition

\; \w{c/;s‘d Y
A\

Biological
Nitrogen
Fixation



Natural History:
Symbiotic N Fixation

\

nitrogenase
N, + 12 ATP > 2NH,; + 12ADP + 12 P,

nitrogen ammonia phosphate
(atmospheric) (inorganic)

It takes 12 ATPs to provide sufficient energy to break the strong
triple bond betwen the two nitrogen atoms of N, gas: N=N

Simplified Equation For Nitrogen Fixation

 Nodules
formed where
Rhizobium
bacteria infected
roots of legume
Crops

» Converts
atmospheric
nitrogen in soll
pores for plant
uptake & use In
protein
synthesis



Natural History: N Fixation
Legume Root Nodules Development

[\
GREMBglobin
pink color

C


http://en.wikipedia.org/wiki/File:Indeterminate_Nodule_Zones_Diagram.svg

Natural History: N Fixation

| eghemoqglobin

*+ The red pigment of the nodules.

¢ A product of the Rhizobium-
legume symbiosis & not present
In either organism grown alone

» The main functions are (1) to
facilitate oxygen supply to the
nitrogen fixing bacteria and (2) to
protect the enzyme, nitrogenase
from being inactivated by oxygen.

4

Hemoglobin
s+ Has close chemical & structural similarities to

hemoglobin found in all mammals, as well as the
red color. Therefore, we really are "human beans™®




Natural History

**Legume sub-families differ in capacity for symbiotic
nitrogen fixation

Table 2-1. Nodulation in the subfamilies of the Lequminosae,

Number of species reported

Estimated number

Subfamily of species Nodulated  Not nodulated Total
Mimosoideae 2,900 351 37 388
Caesalpinoideae 2,800 72 180 252
Papilionoideae 14,000 2,416 46 2,462
Total 19,700 2,839 263 3,102

From O.N. Allen and E.K. Allen, 1981. In Leguminosae: A Source Book of Characteristics, Uses,
and Nodulation.
30



Natural History
“*Legume species within sub-families differ in capacity
for symbiotic nitrogen fixation

Legumes
Average N Fixation per Season Example
species of
Snap bean 40 1b/A Papilionoideae
Peanut 40
Pea 70
Vetch 80

Lentil 100
Alfalfa 190

Erdman. USDA/ARS 31



Natural History: N Fixation
*» Evolutionary History

» Assuming an origin of the Leguminosae at 60 Ma, the next
few million years were a time of great climatic change,
particularly with respect to carbon dioxide and temperature.
At approx. 55 Ma, several linked changes occurred. There
was an abrupt rise in temperature of 5-10°C over a wide
range of latitudes accompanied by a ‘catastrophic’ release of
both methane and carbon dioxide from sea-floor sediments.

» This period marked the origin of two major groups of
nodulating legumes, the genistoids and dalbergioids, as well
as groups of caesalpinioids that include nodulating genera.

» It's hypothesized then that the high atmospheric CO, levels
promoted plant growth via enhanced photosynthesis but
meant that N would become limiting, thus producing the
selective pressure for the evolution of N fixation.



Natural History

e.e Phosphate ions

AM fungal hyphae

A N; fixing nodule

~% Soil microbes

“* Symbiotic Nitrogen

Fixation is Actually
a Tripartite
Symbiosis of a
Legume host,
Rhizobium bacteria
and Mycorrhizae
fungi.

33



Natural History: Mycorrhizae

v Myco (fungi) + rhizae (root)
v’ Serves as an expanded root system that

provides water and nutrient benefits to plant host

A B

NON-MYCORRHIZAL ROOT ENDOMYCORRHIZA

C
ECTOMYCORRHIZA

LYSED EPIDERMAL
AND CORTICAL
CELLS

EXTERNAL HYPHAE
OTHAR | 0 N h RHEQUOREHS

A MICROBES
"warAND PLANT
| :l: MUCILAGES

& ' 4 _SLOUGHED ROOT MANTLE
by oy CAP CELLS
%‘F:T._if‘l :



Natural History

** Legume Nitrogen Fixation also benefits
companion non-legume plants via direct and
Indirect pathways.

White clover
Atmospheric . ‘§§Q§§
Nitrogen Companion
I m Plants -;
/

| thtllllni or through mycorrhizal hyphae

% ecay of plant tissue
3. Exudation Uptake

I\ living cells Soluble
cumpnund.\

Soil g




Natural History
Legume N Fixation & N Cycle

plant protein
| converted
to animal O\

| | nitrates to gaseous nitrogen by
| | bacteria, e.g., Pseudomonas

o

Excretion products
of animals; dead

| | Nitrate formation (nitrification):
nitrite oxidized to nitrate by
| Nitrobacter

&U%{o

animal and plant
tissues enter soil.

R\In‘.osphvric N, fixed |
symbiotically by root-
nodule bacteria (e.g.,
Rhizobium)

Atmospheric N, fixed by
free-living soil bacteria
(e.g., Azotobacter,
Clostridium)

sy

)

Nitrite formation: ammonia
oxidized to nitrite by
Nitrosomonas

c,\/(]\

EA

nitrogen

_ Soil bacteria utilize
Soil ammonia to make
organic @ bactesial protein.

&\% 0

Fixed nitrogen
utilized by plants
and converted to
plant protein

Organic nitrogen degradation:
e proteins attacked by a wide
i prod variety of microorganisms;
:?;:mianl:acwu‘: complete breakdown yields
deamloaed by iy mixtures of amino acids.
microorganisms; l
ammonia is one of

the end products.
Amino
%&g acids

“*Legumes and
symbiotic N
fixation are a
critical part of
the N cycle of
functional soll
ecosystems

36



Natural History: Pollination

“*The pollination requirements for legumes vary
according to whether they are self-fertile or self-sterile

Insect Pollinated Plants

¢ Legume crops can be very |
attractive to pollinators, CEE, R
especially Hymenoptera, for both
their pollen and nectar.

s*There are special problems with some important
legume varieties. In alfalfa, for example, the
blossoms must be tripped in order for pollination
to occur. To result in the required cross-
pollination bees must carry out the tripping. 37




Natural History: Pollination

Some bees are better pollinators of flowers like
alfalfa, blueberry, and tomato than honey bees

® because of flower structure--in alfalfa, honey bees avoid
being whacked on the head alkali bee

Nomia melanderi

alfalfa

©2003, Ckla. St. Univ

alfalfa leaf cutter bee (European)
Megachile rotundata

untripped vs. tripped

“* Native bees trip over 80% of alfalfa flowers visited
while honey bees trip 20%.



Natural History

Detfensive mutualisms

» Example, Acacia and acacia ants

* Leaves have extrafloral nectary at base (makes nectar but
not produced on a flower)

* Young leaflets have Beltian Bodies (protein rich) at tips

avid E. Lemke W \
.

\ .&.—

— 4
—_
/,
=




Natural History

* Biologically active phytochemicals are
found in legumes.

*» They are produced by plant “secondary”
metabolism that produces compounds such
as alkaloids, flavonoids, anthocyanidins,
terpenes and phenolics.

‘s Secondary phytochemicals are organic
compounds that are not directly involved in
the normal growth, development, or
reproduction of an organism. Secondary
metabolites often play an important role In
plant chemical-based ecological interactions
with their biotic and non-biotic environment.

40



Natural History

*» Chemical protection via secondary phytochemicals plays a

decisive role in the resistance of plants against pathogens
and herbivores.

¢ As is the situation with all defense systems of plants and
animals, a few specialized pathogens have evolved in plants
and have overcome the chemical defense barrier.

*» Furthermore, they are often attracted by a given plant toxin.

¢ During domestication of our crop and food plants secondary
metabolites have sometimes been eliminated.

*» Taking lupines as an example, research has shown that
guinolizidine alkaloids are important as chemical defense
compounds and that the alkaloid-free varieties (“sweet
lupins™), which have been selected by plant breeders, are

highly susceptible to a wide range of herbivores to which the
alkaloid-rich wild types were resistant. 4



Natural History

Vision/diapause
Flower colour/odour
Pollinator attraction

N S
o
| geranial | neral

Female mate
acceptance
behaviour

Leaf colour signals
resource quality

? Herbivore enemy

attraction
»  Release of volatile

'rb apocarotenoids
o

o
a-ionone

Aposematic colour

Oxidative
stress

. Cryptic colour

»

,

[

Predators

A repelled Ambrosia beetles release
\ . sulcatol as H
T J pheromone Y\/T\ \v
C/
Grasshopper
No/aion ketone Conspecific
Sequestered dietary attraction
carotenoids transformed
into defence secretions
Strigolactones

Plant chemical defense example s, e e

plant architecture
AMF colonization

pressumed to affect 7
resource quality

Legume plant chemical

ecology includes multiple
processes -



Legume
Cultural History



Cultural History

» Legumes are plants with a long history of cultivation
and used for food (human & livestock), fiber, oll, fuel,
medicine, ornamentals, and shelter.

» Examples from the 3 legume sub-families include:

« Papilionoideae - contains most of the important
leguminous pulse crop species such as the soy bean
(Glycine max), common pea (Pisum sativum), chickpea
(Cicer arietinum), French bean (Phaseolus vulgaris), lentil
(Lens culinaris) and peanut (Arachis hypogaea).

« Caesalpinioideae — contains well-known tropical
ornamentals such as Flamboyant (Delonix regia) and
Barbados Pride (Caesalpinia pulcherrima). Alexandrian
Senna (Senna alexandrina) is a commercially grown
medicinal plant, known for its purgative qualities. e



Cultural History

» Legumes are plants with a long history of cultivation
and used for food, fiber, oil, fuel, medicine, cover
crops, ornamentals, and shelter.

» Examples from the 3 legume sub-families include:
(cont.)

« Mimosoideae - examples of genera within this subfamily
are Acacia and Mimosa. Certain Acacia species are
extremely important economically. An extract from the bark
of the Golden Wattle (Acacia pycnantha) is used in
tanning, several species, such as Australian Blackwood
(e.g. Acacia melanoxylon) provide useful timbers and
some (e.g. Acacia senegal) yield commercial gum arabic,

which is used in a wide range of industrial processes.
45



Cultural History

» Legumes or beans are second only to the
Grasses (cereals) in providing food crops for
world agriculture. In comparison to cereal
grains the seeds of Legumes are rich in high
quality protein, providing man with a highly
nutritional food resource.

» Legumes or beans were among the first
cultivated plants in the Mediterranean, as well
as one of the first domesticated plants in the
New World, appearing before 6000 B.C.

46



Cultural History

» The Mediterranean’s most famous beans are the
fava bean, lentil, and chickpea.

» The New World bean. Phaseolus is the genus that
has provided the most edible species of beans. Four
different species were domesticated in the Americas,
e.g., the scarlet runner bean (Phaseolus coccineus),
originally from Mexico, the tepary bean (Phaseolus
acutifolius), the lima bean (Phaseolus lunatus),
originally from Peru, and the common bean

(Phaseo

» Old Wor

us vulgaris), the most wic

d beans that were once c

espread bean.

assified as

Phaseolus are now assigned to the genus Vigna. s



Legume Crop Diversity

Plant parts as vegetables
— Leaf
— Stem
— Root
— Seed

Herbs (culinary)

Fruits

Medicinal

Flowers (nursery & edible)

48
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Beans and chickpeas are

mentioned in Homer's famous.

?

The earliest evidence of
humans growing lentils, chickpeas,
broad/faba beans and peas dates back to
this time. This evidence comes from the
Fertile Crescent, a region in the Middle East
also known as the Cradle of Civilization,

as it was home to some of the earliest

s

ancient Greek poem, the Tiad.

Wild chickpeas were grown

human civilizations. in France.

Peas were grown in the Nie
Delta area of Eqypt

b
C

It is believed this is when the

Romans brought broad/faba beans
to Britain. They soon discovered
that these crops grew well in

?

By this time in history,
black-eyed beans/peas had spread

from their native land in West Africa
to the Mediterransan, Asia and India.

0

Britain's cold, mild climate

Chickpeas were mentioned in a
text written by Charlemagne, then
King of the Franks, about how to

manage his estates.

°

Charles the Good, count of
Flanders, mentioned peas in a
literary document as a staple
food for the French.

©

Phaesclus beans, a ferm of pulse
which had been grown in Mexico for
thousands of years, were brought
1o Europe by Spanish explorers
returning home after discovering
America. From there Phaesolus
beans spread throughout the world.

Green peas were introduced to
the court of Louis XIV of France.

o

Fur traders in Canada and the United
Stetes were fuelled on their canoe
adventures by pea soup made with
whole yellow peas.

?

Ground and roasted chickpeas
were cited by a German writer a8 a

substitute for coffee in Europe.

0

Pea soup was manufactured and
packaged to feed to German troops
during the Franco-Prussian war.

e

French Flageolis beans (a French
Kidney bean) were bred from o mutant
dwarf bean by a gardener just south
of Paris and widely adopted.

0

Global pulse production nearly doubles
in three decades, to 70 million tonnes
in 2010,

United Nations recognizes the
growing importance of pulses as the
future food of health, nutrition and
sustainability, by declaring 201 the
International Year of Pulses.

egume Crop Diversity

*» Pulse Food Crops

 |tis estimated that humans have
been growing and eating pulses
for more than 11,000 years.

« Although the exact number
might be unknown, one can
estimate that there are hundreds
of varieties of pulses, including
many local varieties that are not
exported or grown worldwide.

49



Legume Crop Diversity Examples

PULSES

THEWORLD’S GREATEST

PULSE DISHES

+» Watch short video “Pulses Around The World” — see
https://pulses.org/what-are-pulses/pulses-around-the-worlgo
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Legume Crop Diversity Examples

*» Leafy Legume Food Crops

* Those known to have leaves eaten by humans in
a preliminary count published in 1990 total 88
genera with 290 species, including

— Papilionoideae - 63 genera and 205 species
— Caesalpinioideae - 15 genera and 52 species
— Mimosoideae - 10 genera and 33 species

« This total does not include leaves used for tea or
medicinal purposes, but only those eaten as
vegetables: raw, steamed boiled, fried or cooked
mixed in with other foods.

51



Legume Crop Diversity

“*How Did Legume Crops & Cultivars Originate?

— Crop domestication = human-induced plant adaptation
— Centers of Origin have wild relatives of the crop.

— Hybridization and polyploid formation are important
driving forces in crop evolution

— In each Center of Origin numerous crops were
domesticated

— Genetic diversity can be measured at the molecular
level



Legumes — Changes Under Domestication

Annual habit, selfing breeding system
Less seed scattering
Greater seed size

Synchronous fruiting

A

Loss of dormancy

- question: which came first, domestication or loss of dormancy?

Recent studies — no common set of “domesticated genes”
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*

Barley
= Legumes Onion
* Pea Common Millet
% Lentil Buckwheat
% Chick-Pea Alfalfa
Plum Fig Hemp % Soybean
Grape Date Foxtail Millet Cabbage
gluebeny Oats Flax - Grape Onion
Pranbeny Sugarbeet Pear % Broadbean? Peach
szﬁn Rye Pomegranate Foxtail Millet
ower Cabbage
% Topary Bean Grapeg — —
Olive Oriental Rice
. ® Banana
Citrus
“ Yam
Pineapple Yam
Cassava TMI::ggugarcane
: Sweet Potato
et Coon

Sieva Bean
Scarlet Runner Bean
Cotton
Avocado
Papaya
i African Rice ~
Sweet Potato ggglh:ﬂ’a‘le .
Comman Bean Finger Millet I
Yam 3
Potato Watermeion
* Peanut % Cowpea Noble Sugarcane
% Lima Bean Coffee Coconut Macadamia Nut
% Common Bean Cotton? Breadfruit
Cotton Sesame?
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Legume Crop Diversity

Domestication of legumes
centers of origin

Near East and Europe: peas, broad beans, lentils,
and garbanzos.

New World: common beans, lima beans, and
peanuts

South East Asia and China: soy beans, mung beans
(Vigna aureus) and adjuki bean (Vigna mungo).

Africa: black-eyed pea, pigeon pea.
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Facts About Historical Crop Origins

* Unlike other staple foods which vary from
place to place around the world, nearly every
culture has depended on the ubiquitous bean
for sustenance.

« Archaeological research has led scientists to
believe that beans first began to be cultivated
somewhere between 7,000 and 3,000 B.C.
which places them among the world’s first
domesticated plants.
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Facts About Historical Crop Origins

« Crops have been moved globally from their centers
of origin in the course of agriculture development.
This has made the exact origins of native species
difficult for scientists to sort.

« Crops have also been selected by farmers &
gardeners as “land races” for adaptation to local
conditions.

« Through their culinary history beans have been
developed into a wide range of uses. “Some are
dried and boiled, others are eaten fresh and
Immature; some are ground into flour; some are
processed into food only vaguely reminiscent of
beans such as soy milk, tofu or vegetable oil”



Bean Crop Diversity

“ Example names of different legume beans
*Asparagus bean <Asparagus pea <Baby lima bean

Black bean Black-eyed pea <Black turtle bean
*Boston bean *Boston navy bean *Broad bean
*Cannellini bean <Chickpeas *Chili bean
Cranberry bean <Dwarf bean *Egyptian bean
*Egyptian white broad bean *English bean
Fava bean *Fava coceira *Field pea

*French green bean *Frijol bola roja <Frijole negro
*Great northern bean Green bean +<Green/yellow peas
*Kidney bean Lentils Lima bean
Madagascar bean Mexican black bean 58



Bean Crop Diversity

*» Example names of different legume beans (cont.)
*Mexican red bean *Molasses face bean *Mung bean

‘Mung pea ‘Mungo bean *Navy bean
*Pea bean Peanut *Peruvian bean
*Pinto bean *Red bean ‘Red eye bean
‘Red kidney bean <Rice bean *Runner bean

*Scarlet runner bean «Small red bean *Snow pea
*Southern pea eSugar snap pea <Soybean

\Wax bean *\White kidney bean *\White pea bean
*Winged bean
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Nutritional value of legumes

* Legumes rich in protein
(nitrogen).

 Many are in the 20-30%
range.

 Legumes also contain
some fats but usually less
starches than cereal grains.

Nutrition Facts

Serving Size 1/3 cup (65g)
Servings Per Container

Amount Per Sorving
Calories 80 Calones from Fat 0
% Daity Value®

Total Fat Og 0%
Saturated Fat Og 0%
Trans Fat Og

Cholesterol Omg 0%

Sodium Omg 0%

Total Carbohydrate 14g 5%
Dietary Fiver 59 20%
Sugars 29

Protein 59
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Nutritional value of legumes

 Amino acid composition different from that of
cereal grains.

 Legume seeds have more of some amino
acids than cereal grains. Need to combine
with grains to get complete protein

« Seeds of almost all legumes are toxic if eaten
uncooked because of proteins or peptides

that inhibit digestive enzymes.




Essential amino acids

* Not manufactured by body
* Must be consumed in diet

Red: low in grain, high in beans

Green: high in grain, low in beans

isoleucine
leucine
tryptophan

lysine

* methionine

phenyalanine
threonine
valine
histidine



Maize and Beans - Complementary

Traditional staples in Central
and South America

Nutritionally complementary

— Beans rich in amino acids deficient
in corn and vitamin niacin

— Corn rich in amino acids deficient
in beans
Ecologically complementary
— Poly-cropping
— Crop rotations
— Well adapted to low inputs




Companion Planting — the 3 Sisters — corn, beans, squash
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Direct-Sow, Easy-to-Grow: ‘J 4 #8 ﬁ f y ¥ _,
The Ancient Three Sisters Method iia .. =
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Cultural History

» Legume breeding history included selection for reducing
or removing certain natural occurring phytochemicals
found in wild types in centers of origin.

» For example, Lima beans’ distinctive taste comes from
cyanogenetic glucoside, a cyanide-containing compound
that appears in very small amounts.

» The grasspea or India pea (Lathyrus sativus) is a legume
eaten in the Mediterranean as well as Asia, and when
eaten in quantity without other foods can cause a disease
known as lathyrism, which leads to a paralysis of the
lower limbs that can be permanent. In the seventeenth-
century Moroccan medical compendium, Tuhfat alahbab,
this legume is described as an aphrodisiac. 65



Cultural History

» The medicinal use of
phytochemicals from 7 : .
different plant families has g &

Brocolli Sulphoraphane) Cabbage Sindole-3carbinol

. - Garlic Dially! sulphide Ginger Gingerol
a long history with human ¢~ j& W
po p u Iati O n S ! a ; k L a F “fOOd aS Greer; ‘Tea Epigallocatechin-3gallate Grapes Res

medicine” iia
- Kol
» Legume breeding history g Chil peppers cpsc

also included selection for INM " W] ”D»M
natural ocurring & oo Tomatoes wycper

Soybeans Genistein

phytochemicals that are B O ik
health promoting and Nl
found in wild types in @ 0

Curcumin

centers of origin.

» Picture shows examples of crops bred from wild plants
with medicinal phytochemicals.
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Cultural History

» The majority of legumes contain phytochemicals
Including: enzyme inhibitors, phytohemagglutinins
(lectins), phytoestrogens, oligosaccharides, saponins,
and phenolic compounds, which play metabolic roles in
humans who frequently consume these foods.

» Dietary intake of phytochemicals may provide health
benefits, protecting against numerous diseases or
disorders, such as coronary heart disease, diabetes,
high blood pressure and inflammation.

» In recent decades, the Mediterranean Diet, using
frequent legume foods, has emerged as a healthy
dietary pattern that protects against cardiovascular
disease and other chronic diseases. 67




UL Cultural History
Eaaakallesl > However, if you are a follower of
a Paleolithic diet, you may have a
different opinion about the
phytochemicals of legume foods.

» This modern diet requires the sole
... or predominant consumption of

I LiSUMES HAvE oARES AND o foods presumed to have been the
S ©. = only foods available or consumed
S _ by humans during the Paleolithic
e era.

n THE PROTEIN IN LEGUMES ISN

S LLGLERRNE = - |t typically includes vegetables,
o fruits, nuts, roots, and meat and
< typically excludes certain foods,
Including leqgumes.

n LEGUMES ARE LOW IN
NUTRITIONAL VALUE

Il LtGuMES CONTAIN PHYTATES  F@~
| A

n LEGUMES CONTAIN LECTINS

n LEGUMES ARE HIGH IN
PROTEASE INHIBITORS

1

n LEGUMES CONTAINS FODMAP




Cultural History

» Legumes contain unabsorbed short-chain carbohydrates
called galacto-oligosaccharide (GOS) and fructans. These
poorly absorbed sugars are rapidly fermented by gut
bacteria in the large bowel, resulting in gas.

» Although legumes contain these poorly absorbed sugars,,
thev can actiially nromote aood airit health



Cultural History

Love is not
having to hold
your farts in
anymore.

867 CA8

» To reduce the chance of flatulence here are some tips:
a) properly prepare your dry legumes by soaking and

rinsing before cooking
b) make sure to rinse legume Iin a can under water in a

colander until the bubbles disappear &
c) introduce legumes slowly into your diet.



Pulse Crops and Climate Change

» It is estimated that globally, some 190M ha of pulses
contribute to 5M to 7M tonnes of N Iin solls. As pulses can
fix their own nitrogen in the soll, they reduce use of fossil
fuel-dependent synthetic N fertilizers, and in this way, they
play a part in reducing greenhouse gas emissions.”

3.6 kg CO5-eqv 0.1 kg CO, 5.6 kg CO,-eqv

Fertilizer i
. Farming/
Production Fertilizer Fertilizer gUse

Transportation

71
» Examples of C emission sources from synthetic fertilizers



A Little Taste of Legume Poetry ...

“Sweet Peas”

Developing by every art
To floriculture known,
From tares exempt, and kept apart,
Careful, as if in some fond heart

Its legume germs were sown.

- by Hattie Howard (1860-1920)
(https://allpoetry.com/Hattie-Howard)
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Thank You !

LEGUMES HERE, LEGUMES TH

LEGUMES EVERYWHERE!
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References and Resources

» Allaire, H. and T. Brady. Classification and Botanical Description of
Legumes — see
http://academics.hamilton.edu/foodforthought/Our Research files/b
eans peas.pdf

» Antunes, P.M. and M.J. Goss. 2005. Communication in the tripartite
symbiosis formed by arbuscular mycorrhizal fungi, rhizobia, and
legume plants: a review. — see
https://www.researchgate.net/publication/228232496 Communicatio
n in the tripartite symbiosis formed by arbuscular mycorrhizal f
ungi rhizobia and legume plants a review

» Barrett, R.P. Legume Species as Leaf Vegetables — see
https://hort.purdue.edu/newcrop/proceedings1990/V1-391 .html

» Bogler, D. The Legumes: Fabacaea — see
http://www.davidbogler.com/Economic-Botany/Bogler-Lecture-13-
Min-Legumes-HSSU-2015.pdf
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References and Resources

» Bouchenak, M. and M. Lamri-Senhadji. 2012. Nutritional Quality of
Legumes, and Their Role in Cardiometabolic Risk Prevention: A
Review — see
https://www.researchgate.net/publication/235519730 Nutritional Quali
ty of Legumes and Their Role in Cardiometabolic Risk Preventio
n A Review

» Fine Dictionary. Legume; Bean; Pulse — see
http://www.finedictionary.com/

» Heil, M. 2010. Ant-Plant Mutualisms — see
https://www.researchgate.net/publication/230273556 Ant-
Plant Mutualisms

» International Legume Database & Information Service — see
http://ildis.org/

» Love, S. Legumes — see
http://www.webpages.uidaho.edu/plsc451/files/l ecture%20Notes%202
010/Veq%20Crops-Lesson%2021%20Pea,%20Bean.pdf

» Online Etymology Dictionary. Legume; Bean; Pulse — see
https://www.etymonline.com/ 4
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References and Resources

» Rao, |.U. and B.K. Pandey. 2006. Economic Botany: Origin and
Introduction of Crop Plants, Cerals, and Pulses — see
https://www.upscsuccess.com/documents/economy-botany

» Republic of Beans. A Selective History of Beans — see
http://www.republicofbeans.com/history.php

» Sprent, J.I. 2007. Evolving ideas of legume evolution and diversity: a
taxonomic perspective on the occurrence of nodulation. New
Phytologist Vol 174(1): 11-25 — see
http://onlinelibrary.wiley.com/doi/10.1111/].1469-
8137.2007.02015.x/full

» The Global Pulse Confederation. Celebrate Global Pulse Year — see
https://pulses.orqg/global
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References and Resources

» UN/FAO.

» 2016 International Year of Pulses — see http://www.fao.org/pulses-
2016/faqgl/en/

» Pulses and Climate Change — see
http://www.fao.org/fileadmin/user upload/pulses-
2016/docs/factsheets/Climate EN PRINT.pdf

» University of CA-Riverside. Legume Pollination — see
http://www.faculty.ucr.edu/~legneref/pollination/pollinat3.htm

» University of Hawaii. Legume and Their Use — see
https://www.ctahr.hawaii.edu/bnf/Downloads/Training/BNF%20technol
oqy/Lequmes.PDF

» University of MD. Lecture 26 — Legumes and Starchy Staples — see
http://www.life.umd.edu/classroom/bscil24/lec26.html

» Wright, C.A. 2018. Did You Know: Food History - The World of
Legumes — see

http://www.cliffordawright.com/caw/food/entries/display.php/topic id/6/i
d/103/ "
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