Unitl: Ecology and its Relevance to Man

A Comprehensive Visual Masterclass for the Bihar STET Agriculture Examination
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The Foundation of Agricultural Science

Oikos (House/Home) + Logos (Study) = Ecology (arRfeafaeh))

The scientific study of the relationship between living organisms (plants,

e ) - e £ -—”f e Y
animals, microbes) and their environment (soil, water, air, climate).
e

Keyiigys (Exam Facts)
Ernst Haeckel (1866) I »[ A.G. Tansley (1935) J
ki )|
/ .
e First used the word "Efm/ogy"./ e Coined the term “Ecosystem’ (ariRf<afaeh! =)
e Defined it as the functional unit combining biotic

communities with abiotic environments.
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Branches of Ecology

L

Study of a single species
and its environment.

Example: How a neem tree

e
aﬁfé O|OQY/ — —

Study of groups of organisms
(communities).

Example: Plants and animals

smébdlogy) 77

responds to dr_o_Eg_F’i. living together in a-wheat field.
HabitaJ/EcoIogy yAfplied Ecology
Study based on the-specific Q Using ecological knowledge
physical-habitat- for practical human purposes.
Marine, Freshwater, and Agricultural ecology, Forest

Terrestrial ecology.

ecology, Wildlife ecology.
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Ecological Fo

undations: Environmen

\_|

e

t, Habitat & Niche

Environment: Everything surrounding an organism (physical and biological
factors) that affects its life.

— —_—— —

The actual physical
place wherean

organism lives.

Example: Water for a

fish; moist soil for an
earthworn/‘r

 Habitat (The Address)

The functional “role” of
an organism—what it
eats, when it is active.

Example: An owl
hunting at night)lﬁ a
hawk hunting by day in
the same forest.
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BIOPHYSICAL HIERARCHY FOUNDATIONS OF AGROECOLOGY

ECOLOGY:

Derived from Oikos (home) and logos (study).
The study of interactions between organisms and

their environment.

BIQI|€V/ . ABIOTIC:

Biotic (living components like flora, fauna,
microbes) vs. Abiotic (non-living like temperature,

soil, light).

&\ EXAM ALERT: ECOSYSTEM

Coined by A.G. Tansley{1935). It is the structural
and functional unit where biotic and abiotic
components exchange materials and energy.

/

BIOSPHERE

BIOSPHERE:

The highest level; the global ecological system
supporting all life (lithosphere, hydrosphere,
troposphere).” B




Ecosystem Services Framework

Provisioning Services

Direct resources (food, fresh
water, fuel wood, genetic
resources, raw materials).

Maintaining environmental
balance (climate regulation,
flood prevention, water
purification, pest/disease
control).

Foundational processes

(soil formation, nutrient
cycling, prima_ry\ygduction).

* EXAM ALERT: Note the complex link between biodiversity and human health (e.g., the nuanced debate
“AX" around the dilution effect where biodiversity may suppress or alter zoonotic pathogen transmission).

/
] Cultural Services

Non-material benefits
(recreation, artistic inspiration,
scientific research).
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Classification of Natural Resources -~ '~

Naturally occurring assets essential for human survival and economic valuation.

Renewable Resources Non-Renewable Resources

u Replenished naturally (e.g., Solar energy, Wind,
Forests, Water, Biological diversity).

Finite supply (e.g., Fossil fuels, Minerals).

-a— e 4 —_—-

Forest ||

Soil & Land: The physical substrate for
crop growth and nutrient storage.

cellular processes.
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Agricultura
| Productivity

A\ Maximize Yields & Efficiency

Water: Essential for irrigation and Forest & Biological: Source of genetic
diversity, pollinators, and natural pest control.




Natural Resource Management & Green Infrastructure

Natural Resource Management (NRM): The sustainable EXAM ALERT: Sustainable

utilization of land, water, and biosphere to ensure current

with ecological balance, closin
yields do not compromise future generatuons . -

Utilization bridges economic viability

resource loops (e.g., nutrient cycling).

Conservation Strategies \/ ~ Target Resource

Soil Conservation

Conservation tillage,
terracing, cover croppi

00 OO Rainwater harvesting, D
~_ bioswales, efficient
S irrigation (drip/sprinkler)

Agroforestry, wildlife-
friendly farming,
preserving riparian zones

(Prevents erosion, builds
organic carbon)

Forests &
Biodiversity
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Determinants of Agriculture: Physical Environment

Gears of the Physical Environment

| Climate
Availability ™ (Light, Temp, Rain)

Soil SN
Properties <oy

=D

Topography/
Relief /)

Elevation and slope dictate

runoff, erosion rates, and

microclimates (e.g., terrace
- farming on slopes).

Soil \/

& (Edaphic
Factors) /

= -
. A /.

Texture, pH, and nutrient profile
determine which crops can
physically root and thrive.

iz

Water
Availability

_/

XEA

Defines whether a region supports
water-intensive crops
(rice/sugarcane) or drought-tolerant
crops (millets/sorghum).

&

dgd

Light &
Climate

Determines photosynthetic potential
and seasonal crop boundaries.




The Crop Lifecycle Matrix: Climatic Influences

. _ Végetative ._/Flowering / - :
Qt_e?ir/\atuon Growth Pollination Fruutlyg / Yield
Triggers seed g Drives ? ' Extreme heat . \J
Temperature | dormancy enzymatic L acel | CAUSES pollen
i break rates x| sterility 020
: Photoperiodism
Intensity :
Light drives — (@D | determines )
photosynthesis (short/long-day plants)
- High humidity &Gy
Rainfall & gég'dca' for 496 Mz'a|intains 2[%)|.- | aids pollen ?ﬂ
Humidit : o |cellturgor —|{~5/ | viabiljity but o i
: aswellmg o invités disease %,

Wind & /
Gases

CO; dictates
photosynthetic
efficiency j?‘a:

Mifd wind aids -—2n
pollination,  °©

 high wind

causes lodging




Deconstructing the Agricultural Ecosystem

Abiotic (Non-Living

al

Components) =

T

Eco;ystem :

Biotic
(Living Components)

— -

+-- I

e Soil, Wat/er Air

/Sunllght
Temperature/
Minerals.

Producers (3@  Consumers (3U%i<hT) | Decomposers
(Autotrophs) / | (Heterotrophs) | (3TTucah)

Fix sunlight via | Depend on others for i Return nutrients to |
photosynthesis food | the soil.

Example: Wheai/ Example: Rhizopus |

Paddy, Gyss y

' i
| Includes Herb /ar |
| Carnivores, |

| Omnlvores

fungu/s,,Bacter a.

-
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Ecosystem Functions: Food Chain vs. F}od Web

Paddy Plant
(Producer)

The Food Chain (Lineﬁequence)

Vi

Arasshopper
(Primary Consumer)

More realistic and stable
than a single food chain.
If one food source
disappears, consumers
can survive on another.

W\

Hawk
(Top Consumer)
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Ecological Adaptation vs. Acclimatization
Adaptation

Acclimatization
e Long-term, evolutionary ’ y c Shor@-tern;,.teve(sible
ch/ange. ; _ physu(cil’o/g!gal aﬂy/stment.

O/Geg/etically determined ® Response to immediate
trait increasing fitness.

environmental stress.

e Xerophytic Example:

e Allen's Rule; Mémmals
Thick cuticles, stomata

LA in colder climates have
™ reduced to spines. minimize heat loss.
(& STET MCQ FOCUS
D

pea ( Arhar ) grown |nr dSout Bi
 represent genetic Adaptation.

Differentiate: Evolutionary permanence (Adaptation)
vs. Reversible physiological shifts (Accllmatlzatlon)

i




Energy Flow: Raymond Lindeman’s 10% Law (1942)

90% Energy ' 90% Energy

Lost as Heat \\Qk Lost as Heat
90% Energy 1 i
Lost as Heat \\\ < L

90% Energy
Lost as Heat

. _J 90% Energy
,,/_/ Lost as Heat

{fJ/ ( Energy flows in one |

2 direction and cannot
be recycled.
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90% Energy .- W ot .~ 90% Energy
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Understanding Ecological Pyramids

Pyramid of Numbers

/\ \\ Parasites (Insects) - 5000 /

Tertiary Consumers
(Snake) 1 \ One Producer
(Tree) -1
Secondary COnsumers
(Frogs) 12 Hyperparasnes
(Fungi) - 100

Primary Consumers
(Insects) - 100

5 / Producers (Plants) - 1000 \

Shows number of individuals.
Usually upright, but can be
inverted (e.g., one tree

supporting thousands of insects).

Pyramid of Biomass

Primary Consumers /
(Zooplankton) - 21 kg -

Producers
(Phytoplankton) - 4 kg

Primary Consumers
(Herbivores) - 1,000 kg
/ Producers (Grass) - 10,000 kg

Shows total mass of living matter.
Upright on land, but can be
inverted in aquatic ecosystems
(fast-reproducing phytoplankton).

Secondary Consumers
(Carmvores) 100 kg

Pyramid of Energy

Tertiary /‘]-1/
Consumers
-1,000 J

Secondary /—7’

Consumers
-10,000 J

Primary Consumers -
100,000 J

Producers (Sunlight -> Plants)
-1,000,000J

Always upright. Energy always
decreases as it moves up

trophic levels due to the 10%
law.




Nutrient Cycling (Biogeochemical Cycles)

Unlike energy, nutrients (Nitrogen, Carbon, Water) cycle repeatedly between
living and non-living environments to maintain soil ferti

Atmospheric
Nitrogen (N,)

DN,

Decomposition &
Denitrification

[319ered vd faarsdiarorn]

Biological Nitrogen
Fixation

[3ifde A8t fRRIeuT]

Crop Uptake &
Consumption
[l ABUT Ud 3THPT]

So%tes

(Available to crops)

|
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~ Classification of Natural Resources

1

~ Materials occurring in nature, used for economic and social benefit without being made by man |

By Renewability

Replenished naturally within a
human lifetime if managed well.
(Sunlight, Wind, Forests, Soil)

——» Renewable

By Origin

kes millions of years to form;

—* Non-Renewable ¢yhausted with continuous use. |

(Coal, Petroleum, Minerals)

Obtained from the living world.
(Fores§, Animals, Fisheries)

3

———= Biotic

Y

Obtained from non-living things.

— Abiotic (Land, Water, Air, Minerals)
— -




Major Natural Resources in Agriculture

Land & Soil

=
Base for all crop production.
Provides anchorage and 17
essential nutrients.

7

m

\

Regulate rainfall,

prevent erosion,

and maintain the ?
water table.

Forest Resources

—C_ Water Resources

'L Agriculture is the largest user of
' _ freshwater in India, consuming
~80% of total available water.

pumps, biogas)-

Crop varietie_gm( wild species
providing genes for disease
resistance and higher yields.

! Conventional (diesel tractors
Blodlversny (Geneﬂy and Non:)a/cwzintional( olar) |




Determinants of Agriculture: Social Environment Filter

—

| Physical Suitability (Nature's Potential) Social & Economic Filter:

* Population Density: Drives demand for high-
canr@tens@od crops vs. cash crops.

» Technology & Farmers’ Knowledge: Adoption

Filter
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proximity dictate farmer crop selection. |
e Social Practices: Traditional dietary preferences

l Actual Cropping Pattern | and cultural farming practices. x
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Cropping Pattern as an Environmental Indicator

The spatial and temporal arrangement of crops reveals underlying soil health, climate, and water availability.

Humid Tropics Dashboard

Temperature Constraints:

T

“ S\ High Water /
AT YN Clay Soils

e e F i l‘

Indlcated by continuous Rice-Rice or Rice-Wheat systems.

Arid Landscape Dashboard

L ETrE A
Low Rainfall/ // .‘ ,L W ’ NANA N T A

N\ Sandy Soils / "

Ay

(D = = . ;;-;;:. . .____.‘ M\ \Vay

Indicated by Pearl Millet, Sorghum, and deep-rooted pglses.

~Cropping seasons Ws. Rabi)
precisely map to monsoon onset and

winter cooling thresholds.

EXAM ALERT: Cropping Intensity
The number of crops per year on the

same land is a direct diagnostic

indicator of irrigation ology and
nutrient availability. /Chﬁ

|

|
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Environmental Dynamics: Impact of Climate Change

Climate
Change

Extreme

‘ Eve%“:ﬁ’

Suitable zones for specific
crops (like wheat or apples) shift

to higher latitudes/altitudes.

Cropping Seasons
_ Shorten
Shortened winfer seasons |~ |

impact Rabi crop | > \Z
vernalization and yield. Winter

Crop Selection

Forced shift towards climate-

resilient, drought-tolerant
varieties (e.g., millets osy/ice).

Productivity y

Heat stress reduces grain filling;

erratic rainfall causes

waterlogging or drought stress
at critical growth stages.




Environmental Pollution: Sources and Types

Definition: The introduction of harmful materials (nano/mlcro;c/o/rif/ nants, chemicals, energy) into the environment

that degrad//eg.; its quality. =
Agricultural Sources Human / Industrial Sources
Excessive synthetic fertilizers (nitrate leaching), pesticide Fossil fuel combustion, untreated sewage, heavy metal
runoff, methane from livestock, crop residue burning. discharge, urban solid waste. = —

Air I

SOIl

Heavy metal accumulation, soil acidification, plastic accumulation.




Hazards of Pollution Across Trophic Tiers

—@ Ground-level ozone
stunts growth and
reduces

photosynthetic

efficiency./

—@ Heavy metals
(Cadmium, Lead)
inhibit root growth TN
and metabolic enzymes. V"

Inhibited

Enzyme

.5 ANIMALS

Soil Brown

weakens reproductive success.

Plankton
Egg

toxicity a@e/mdof:rme dlsruptlo

‘/@

—@ Biomagnification of pesticides (e.g., DDT)

Cp-

Weak

—@ Contaminated water sources cause acute

Internal
disruption

Hormonal
disruption

€ HUMANS

causes severe neurological and
physiological diseases. —

Severe
Diseases

~@ Respiratory g/zards from agricultural
burning and-Zoonotic pathogen spillover
exacerbated by habitat degradation.

VPathogen\ (o S
Spillover CAY2 )




Actionable Prevention: Green Infrastructure & Agroecology

Sustainable Farm Layout .

Field with cover crops Bioswale
& conservation tillage capturing runoff

Riparian buffer
protecting stream

- n
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Prevention & Control Measures

Integrated Pest Management (IPM) Nutrient Management Green Infrastructure Policy & Technology
Reducing chemical reliance through recision agriculture and organig Constructed wetlapds, riparian buffers, Regulating emissions, enforcing proper
biological controls and resistant crop mendments (compost, biochar) to and grass erways to physically waste treatment, and utilizing renewable
varieties. prevent fertilizer leaching. filter agricultural runoff and sediment. energy (solar/wind) in operations.

- Grassed
Biological Control  Resistant Varieties Precision Ag.  Organic Amendments Constructed Wetland Waterway




Engineering the Landscape for Conservation

Terracing & B Terracing & Contour Farming

Contour Farming Ploughing along contours or making step-like
| fields on slopes to slow water run-off and
| check soil erosion.

o m—

Mulching & Mulching & Crop Rotation

Crop Rotation | Covering soil with crop residue to stop
| evaporation, and alternating crops to
maintain fertility.

Micro-irrigation

Micro-irrigation

Drip/sprinkler systems deliver water
directly to root zones, saving 40-60%
water.

Watershed Management

Treating a full drainage area (ridge to
valley) with check dams to increase
groundwater recharge.




Biodiversity Conservation Strategies

In-situ Conservation Ex:;itu Conservation
(TTEAT) (STERATA)

Protecting species WITHIN their natural habitat. Protecting specnes OUTSIDE their natural habitat.

Biosphere Reserve and National Park

e Examples: National Parks, Wildlife e Examples: Gene Banks, Seed Banks,
Sanctuaries, Biosphere Reserves Botanical Gardens, Zoos

Exam Tip: This spatial difference is a

highly frequent objective test question.




Crop Distribution: Physical (Natural) Factors

™ 7

Climate

Temperature and
rainfall decide the
crop season.

Rice needs >20°C

NZAN ZANZ

S

T

N

Soil

Nutrient and
moisture
retentior.

Cotton thrives in
black (regur) soil;

Topography

Altitude and
slope dictate

P oo

well-drained hill

d/Water

Irrigation
availability can
overcome rainfall
deficits,
expanding

and heavy rain; Jute and Rice slopes; water-intensive
Wheat needs prefer fertile cereals suit flat, crops into new
cool winters. alluvial soil. irrigable plains. zones.
[ 1 ( ) ( ) ( )




Crop Distribution: Social (Human) Factors

Labour Availability

Densely populated areas
support labour-intensive
crops like paddy transplanting
and cotton picking.

ﬂﬂal & Credit
ccess to loans and
insurance allows investment

~ in high-yielding varieties
(HYV) and fertilizers.

Small/fragmented
| holdings force  allow cash crops /
A subsistence cropping and mechanization. /&
\ (paddy/pulses). "

Government Policy
Subsidies and Minimum
Support Price (MSP)
historically drive
large-scale cultivation of
paddy and wheat.

Market & Transport
Nearness to roads and
cold storage encourages
perishable, profitable
crops like vegetables

and dairy.




Synthesis: The North Bihar Cropping Pattern

Fertile alluvial soil + adequate High rural population (abundant
monsoon rainfall + dense Zi manual labor) + strong
canal/tube-well irrigation G ESTLE LI IGEG R MG CLESI-IM - tradition of rice-wheat diet

Rice-Wheat Croppirg System

- Physical and social factors interact continuousty—: ...
| one can offset the limitation of the other TR O P ==




Agro-Ecological Blueprint

Cardinal Temperatures
and Crop Development

Weather (short-term day-to-day) vs.
Climate (long-term 25-30 year stable average)

7z = | ~
& O G i
/ Minimum Temp Maximum Temp
Below this, growth stops Above this, proteins
or chilling injury occurs Optimum Temp damage
(e.g. 20-25°C)

» Vernalization
CEGIGZAY)

A period of required cold exposure
before certain temperate plants
(like wheat) can trigger flowering

Fastest metabolic activity
and ideal growth rate

Terminal Heat Stress

Reduces grain filling in late-
sown North Indian wheat

, o~ | A
29
! |



Photoperiodism

pais

: Dictating the Agricultural Calendar

Photoperiodism (&If&ianTierdr)

The response of a plant's flowering mechaniWe relative length of day and night.

’—---
- —
- -~
~

Short-Day Plants

Require day length shorter than a
critical limit (Autumn flowering)

Exam Examples: Rice, Jute, Soybean

—o— --s
,” .

Long-Day Plants

Require day length longer than a

Exam Examples: Wheat, Barley

critical limit (Spring/Summer flowering).

Day-Neutral Plants

Flower irrespective of day length.

Exam Examples: Cotton, Sunflower,
Tomato




Rainfall / et;i%ﬁon
Amount and distribution dictate crop

/ : : :
,I,,I 7! choice. Rice needs heavy rain (5100 cm).

l’l 1/

[ : tice needs he: on
— Millets (bajra) tolerate drough
W conditions (40-60 cm). Z

Excess causes water-logging.

Relative Humidity

‘ Affects transpiration.

o High humidity + moderate
/o temperature strongly favors fungal
outbreaks (e.g., Rice blast disease).

Wind Atmospheric CO2

Moderate wind aids pollination | Raw material for photosynthesis.

(maize, wheat) and CO2 exchange. Rising levels benefit C3 plants

Strong wind causes ‘lodging’ (tall | (rice, wheat) more than C4 plants
crops falling over) and grain | (maize, sugarcane) which already
shattering. | use it efficiently.




Agro-Ecological Blueprint
Calculating Crop Maturity: GrowingP;grge Days

| Growing Degree Days (GDD) (gefm f23ft f&4): An accumulated heat-unit
| metric used to accurately predict crop development, flowering, and harvest
| dates, overrldlng tradltlonal calendar days.

- ! R ) S = MU e e 2] ) e B [ 1 =i 1 =3 e g | 1 i i I i _ ' | ! 1 ! ! i I i i !

| i V\’\Jx ’TW\ =
| Maxim Temp+ Minimum Temp

GDD = (31fAgH argar) ﬁm) __ Base Temperature
GUD =1 — — T e o

\

Accumulated
Thermal Time

Q (dfRa ardia a93)
J)
[ rvest
| Se(;gaS;;\:Anll)ng - | » | | (Summed daily over the entire crop growth period l-:::?%? |
until the specific crop threshold is reached).

RO | i i e [ ey e e (i) Bt [ty Py gt ) || Jag M




Synthesis:

Agro- Cllmatlc Zones of Bihar

BIHAR APPLICATION

Zone Il (Gaya, Aurangabad) relies heavily on the
Ahar-Pyne system due to its lower rainfall and sloping
\topography.

Zone |

(North-West)
Loam/sandy—
loam, medium-
rainfall. ldeal

|deal for —
Sugarcane,/

Maize, Rice,
Wheat. /

) STET MCQ FOCUS

Match the Zone: Zone |l =

Jute & High rainfall; Zone

| = Sugarcane; Zone Il =
¢ Pulses & Drought-prone.

Zone |l
(North-East)

Highest rainfall,

clay loam:—
|deal for
Jute, Tea,
Pineapple,
and intensive
nge/

Zone Il
(South)

Alluvial to sandy,
lower rainfall,
drought-prone.

|deal for Pulses,
Wheat, and
drought-tolerant
Crops.

£l |

e — -




Defining the Agricultural Baseline: Weather vs. Climate

A clear differentiation between short-term atmosp

7 -day forecast

Thu

L
\'«

29°C

Wed
;

26°C

Tue
M

/4
28°C

¢ Wind

28°C

27°C | "30°€C

Now: Sunny,

32°C

Definition: Short-term, day-to-day state of the atmosphere
at a specific place.

»

» Variability: Highly dynamic and changeable (e.g.,

unexpected rainfall or sudden temperature drops).

» Agricultural Impact: Dictates daily farm operations (sowing

timing, immediate pesticide spraying, harvesting schedules).

neric states and long-term environmental patterns.

Climate (STefd1y)

Definition: Long-term average of atmospheric conditions
over a specific region (typically m{ggggred over 25-30 years).

.._.---'-":':'-"""'

Variability: Relatively stable and predictable (e.g., "Bihar
operates under a sub-tropical monsoon climate").

» Agricultural Impact: Dictates the overall Cropping Pattern

and the selection of suitable crop varieties for a region.

STET Exam Tip: Weather determines when to farm today; Climate determines what to farm this season.

]

!




The Biological Thermometer: Temperature Thresholds and Crop Physiology

Every crop species operates within strict temperature boundaries that control metabolic activity, photosynthesis, and respiration.

-10°C 0°C 10°C 20°C 30°C 40°C 50°C

SN £ =5 VY )

Minimum: Growth pauses; high Optimum (319g5<1): Peak biological efficiency Maximum: Biological growth halts;

risk of chilling or frost injury to with fastest growth and highest enzyme heat stress irreversibly damages plant

plant tissues. activity (Wheat thrives at 20-25°C; Rice proteins (e.g., terminal heat stress in

requires >20°C). late-sown North Indian wheat).
N J A J - J
r R
Vernalization (a&dta2on): Certain plants

(like winter wheat in temperate zones) require
prolonged exposure to freezing or near-freezing
temperatures to initiate flowering. Without this

l 5 cold shock, they will not produce grai»

.y\

A

H |




Biological Clocks: Sunlight Duration and Photoperiodism

Photoperiodism (€Hftieptierd) is a plant's biological response to the relative length of day and night. It acts as the primary
trigger for flowering and categorizes crops into three groups:

Short-Day Plants (SDP) Long-Day Plants (LDP) Day-Neutral Plants (DNP)

 Require a day length shorter than a  Require a day length longer than a  Flower irrespective of day length;
critical duration to flower. critical duration to flower. driven entirely by plant age and
* Typically autumn-flowering. * Typically spring/summer-flowering. development.
 Examples: Rice (419), Jute, Soybean, » Examples: Wheat (71g), Barley, Oat, » Examples: Cotton, Sunflower,
Tobacco. Mustard. Tomato, Maize.
( STET Exam Tip: Memorize this strict classification. Rice = Short-day; Wheat = Long-day; Cotton = Day-neutral. & S, l




Atmospheric Muttieric Multipliers: Water, @d,ﬁumﬂity, and CO2

Secondary climatic elements shape final agricultural outcomes by either accelerating growth or introducing environmental stress.

Rainfall (aw)

I

|

Dictates nutrient uptake. High rainfall (>100cm) is mandatory for Rice;
Low rainfall (40-60cm) suits Millets (Bajra). Excess creates water-logging.

Relative Humidity (STder 3mgadr)

A~

VA . a

",. | | o>
Regulates transpiration. High humidity + moderate temperaturescreates th
perfect breeding ground for fungal diseasesA®.q., Rice Blast,/Potato Bligtt).

o A\ /
- N~
74

Moderate wind aids Maize/Wheat pollination. Strong winds cause lodging
(mature crops violently falling over) and grain shattering.

Carbor@ioxﬁe (CO,) =

A Higher
Efficiency

C3 Plants C4 Plants
(Rice, Wheat)  (Maize, Sugarcane)
The raw material for photosynthesis. Rising global CO, levels uniquely benefit
C3 plants (Rice, Wheat) more than C4 plants (Maize, Sugarcane) duatn
inherent differences in photosynthetic efficiency. L [94 I i |




The Disrupted Balance: Greenhouse Gases in the Agro-Ecosystem

Climate change is driven by Global Warming—the trapping of heat by Greenhouse Gases (GHGs) in the atmosphere.
Agriculture is uniquely positioned as both a primary victim and a major contributor.

(Carbon Dioxide (C02): i

Released heavily from burning

fossil fuels (tractors, pumps) |
and the burning of post-harvest 8
crop residue (stubble burning).
\. / arbon
Dioxide \

Methane (CH4): N CO2)

Released massively from
e anaerobic decomposition in

flooded Paddy (rice) fields,
| and from livestock digestion
(enteric fermentation).

f’
_—

Nitrous Oxide (N20):
Emitted from the excessive and
imbalanced application of

nitrogenous chemical fertilizers
in the soil. — .




Forced Evolution: How Climate Change Alters Cropping Patterns

Environmental Disruptions (The Threat)

I

zones to higher altitudes; drastically forces delayed Kharif sowing, permanently frost kill of pests, extending survival

Rising Temperatures: Shifts ideal growing Erratic Monsoons: Unpredictable rainfall Warmer Winters: Eliminates the natural
increases year-to-year yield instability. disrupting the subsequent Rabi calendar. periods for aphids and whiteflies.

ransitioning to specialized drought, heat Shifting from monocropping to pulses/oilseeds, Adopting zero tillage, mulching, and strict

Climate-Resilient Varieties: Crop Diversification & Micro-Irrigation: Climate-Smart Practices:
T .
and flood-tolerant seed genetics. and abandoning flood irrigation for drip systems. residue management instead of field burning. |

\

N\

ca Th
& a \
» 3 |
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Nature's Alarm System: Biological Indicators of Environmental Change

What are Bio-indicators (Sta-Sehdeh)? Organisms that are acutely sensitive to subtle environmental shifts. They respond
in measurable ways, detecting localized pollution or macro climate shifts long before human instruments register them.

Lichens (Air Pollution) Phenological Shifts (Climate Change)
* A symbiotic combination of fungus and.algae_- * The study of life-cycle timing in biology.

e Extremely sens'm“\@ Sulphur Dioxide (802)‘ levels in the air. * Indicator Mechanism: Earlier-than-normal flowering of
« Indicator Mechanism: Complete absence of lichens = High fruit trees (e.g., Mango, Litchi) indicates a rapidly warming
air pollution. Healthy, crusty growth = Clear]_m/r/' regional climate.
st L
=

_ STET Exam Tip: Lichens are the most frequently asked bio-indicator for air pollution in-state exams. ] | | 3 ﬁ



The Toxic Footprint: Sources of Environmental Pollution in Agriculture

Environmental Pollution (uafeRor WeHon): The localized introduction of harmful contaminants that actively degrade the rural ecosystem.

Triggered by crop residue (stubble) burning,-smoke
from rural brick kilns, and massive dust clouds
from mechanical threshing.

Caused by imbalanced/excessive chemical fertilizer dumping, overuse
of weedicides, and the burial of non-biodegradable farm waste.

\

J

Water Pollution (ST Wguvn)

Driven by the unchecked run-off of chemical fertilizers
and pesticides into village ponds, and untreated
effluents from agro-industries like sugar mills.

Noise Pollution (saf= Tgwon)

Generated by poorly maintained tractors, loud threshers,
pump sets, and increasing rural heavy vehicle traffic.




Crops Under Stress: The Anatomical Impact of Pollution

Environmental pollution does not just threaten human health; it acts as a physical barrier to plant biology, directly
degrading crop physiology and sIashmg agricultural output.

Blocked Photosynthesis: P F o
Airborne particulate matter /£ . s
and dust settle heavily on [f =&
leaves, physically clogging \\a=2t
the stomata and blocking  \
critical sunlight.

" Stunted Root Growth & Yield
Decline: Industrial effluents and
heavy metals in irrigation water

inhibit seed germination.
Persistent chemical pesticides kill

Acid Rain Damage: /

Sulphur Dioxide (S02) + beneficial soil microbes (e.g.,
Nitrogen Oxides (NOx) Nitrogen-fixing Rhizobium),

combine with rain toatw permanently lowering nutrient
external leaf tissues and % 7| availability. !
dangerously acidify

topsoil.




The Toxic Escalator: Bio-accumulation vs. Bio-magnification

Toxins in an ecosystem do not disappear; tné'& are absorbed and concentrated within living organisms through two distinct pathways.

Bio-accumulation (St9-¥=a) - The Individual Scale Bio-magnification (S19-31asl) - The Ecosystem Scale

Bird/Hawk 4

Toxin Concentration

Water
Definition: The build-up of a toxic substance within a single
2o organism over its lifetime. Definition: The massive increase in the concentration of a toxin
A Mechanism: Occurs when an organism (e.g., grazing cattle as it moves up successive levels of an entire food chain.
= ingesting pesticide-laced fodder) absorbs a toxin faster than *>=  Mechanism: Toxins are passed from prey to predator,
its body can excrete it. é_.ﬁ multiplying at each step. (Water - Plankton — Fish = Hawk).

- STET Exam Tip: Accumulation = One organism over its life.
Magnification = Multiple organisms up a food chain ladder.

> 7“;. A -
<«
uy%.-_ Lasaey | |
\ |

—_— )




Restoring the Balance: Sustainable Agricultural Solutions

Mitigating environmental hazards requires a transition from chemical-heavy extraction to ecological management.

1. Soil & Nutrient Management 2. Pest & Residue Management 3. Water Conservation

o |ntegrated Nutrient Management ® Integrated Pest Management (IPM): o Buffer Strips: Planting deep-rooted
(INM): Blending traditional erganic Prioritizing biological control vegetation between fields and

waterways to naturally filter
chemical run-off.

(frogs, birds), cultural practices, and
resistant seeds. Chemical pesticides
are the absolute last resort.

manure with strictly need-based,
targeted chemical fertilizers.
Sl el

/

¢ Organic Farming: Utilizing bio-
fertilizers (Rhizobium, Azotobacter)
and crop rotation to maintain fertility
naturally without soil toxicity.

® Micro-Irrigation: Deploying drip
systems to prevent waterlogging,
conserve groundwater, and stop
nutrient leaching.

¢ In-Situ Residue Management:
Utilizing advanced machinery (Happy
Seeder) or mulching techniques
instead of stubble burning to
eliminate agricultural air pollution.




Unit 1 Synthesis: Foundational Concepts and Discoverers

A consolidated matrix of the historical facts and core definitions most frequently tested in the Bihar
STET Agriculture exam.

Core Concept

Meaning in Agriculture

Ecology

The foundational study of the

organism-environment relationship.

Ecosystem

The functional unit of interacting

biotic & abiotic factors.

10% Energy Law

Only 10% of energy transfers to the

next trophic level (heat loss).

Niche

The ‘occupation’ or functional
survival role of an organism.

Biosphere

The sum total of all ecosystems on

Earth (where life exists).
— s

..—--"

Coined By / Discoverer

Ernst Haeckel

A.G. Tansley

Raymond Lindeman

Grinnell (implied context)

Eduard Suess

@

Year

1866

1935

1942

N/A

N/A




Provisioning Services

Basic resources essential for
survival, including food, fresh
water, timber, and biochemicals.

Regulating Services

Processes that control the
environment, including climate
regulation, flood prevention,
and water purification.

$125

Trllllon / Year |

(Prof Robert Costanza, 2007 USD)

|
1
a
t

a

Supporting Services

Underlying foundational processes
like soil formation, primary

production, and nutrient cycling.

Cultural Services

Non-material human benefits derived
from nature, including recreation,
spiritual inspiration, and ecotourism.

Crucial Insight: Existing isolated academic disciplines are insufficient. A trans-disciplinary
approach is required to integrate this natural capital into economic policy. a




The Millennium Ecosystem Assessment (MA)
The First Comprehensive Audit of Earth’s Natural Capital

The Gains The Deficit

Human Well-being &
& Crop Yields
(1950 - Present)

Ecosystem Health &
Biological Diversity

@
Systemic Risk:
Non-linear, Abrupt,
and Irreversible
System Changes

e Rapid agricultural expansion has e 60% of 24 examined ecosystem

yielded substantial net gains in food services are degraded and being
security and economic development. used beyond sustainable limits.

Takeaway: More land was converted to croplziryn the 30 years after 1950
than in the entire 150-year period between 1700 and 1850. =



Soil Health as the Foundation of Terrestrial Resilience

= I(i)t tfgggi;gl:]ﬂggnic leaf Regenerative Agriculture
| Interventions

— A Horizon: Topsoil, dense

with microbiome networks. Minimal Disturbance
Conservation tillage (no-till)

preserves delicate
aggregate structures.

Constant Cover

Cover cropping (e.g., clover)
prevents erosion and
fixes atmospheric nitrogen.

L B Horizon: Subsoil. 2
— In-situ Amendments

Green manuring rapidly
boosts Soil Organic Carbon
(SOC) and water retention.

—— )

C Horizon: Parent material.
"

R Horizon: Bedrock.

N




Water Resources & Green Sponge Infrastructure

Industrial
Runoff
(Vulnerability)
Compacted soil rejects rainfall,
causing severe nutrient leaching and downstream flooding.
4 d Y ) ' — Grassed Waterways  — Permeable Surfaces Riparian Buffers
y d 4 Slows stormwater velocity. Promotes deep Vegetated zones filtering
_— groundwater infiltration. pollutants before they
> reachtheriver. Constructed Wetlands
Engineered depressions
SPOHQE that mimic floodplains.
Agriculture e |
(Resilience) S i

Recharged Blue Aquifer N —

" Nature-Based Solutions (NbS): Utilizing ecological corridors to buffer
extreme weather events and stabilize agricultural microclimates.




The Physical and Social Constraints on Crop Distribution
Geographic Archetypes and Limiting Factors

Geographical :
Archetype Soil & Topography

- , uvial Soils (Highly
| River Basins . :10). Flat plains

Black Vertisols (High
clay, moisture
retentive); Plateaus

Arid Uplands

Laterite Soils (Acidic,
heavily leached); Steep
gradients requiring
terracing

Tropical tlo;s

Climatic Limiter

Socio-Economic Driver

Subsidized staples |
High water (R il pa
S . Rice/Wheat); Proximity to
avallalﬂwy required assive urban markets _
Cash-crop export demand
Drought-prone; High (Cotton)-or drought-
—evaporation resilient subsistence
—— (Millets)
e Long-term land tenure
High continuous required for plantation

investments (Tea,

Rubber, Coffee)
/

rainfall and humidity

o



Natural Resource Conservation Techniques

Cover Cropping Terracing & Contour Farming Conservation Tillage (No-Till)

Growing non-commodity crops between Cultivating along natural topological Minimal physical disturbance of the soil
cash crop cycles. Fixes atmospheric contours. Dramatically reduces surface horizon. Preserves macro-aggregate
nitrogen, suppresses weeds, and completely ~ water runoff velocity on steep gradients, structure, traps moisture, and protects
eliminates bare-soil wind and water erosion. preventing catastrophic topsoil loss. the delicate fungal microbiome.

Core Principle: Conservation agriculture reduces dependency on synthetic inputs

by hijacking the ecosystem’s own regenerative cycles. &9 11




Integrating Green Infrastructure (GI) in Agriculture

. 2 07 7 ‘:m 8 . .
Hedgerows & - 7 ' Riparian
Windbreaks Buffers

Intercepts chemical
pollutants and
stabilizes riverbanks
against flooding.

Reduces wind erosion
and provides vital
biological corridors
for wildlife.

Bioswales o )4

Py

| Captures and filters &2

> 4/ ‘ ) .- h
< v o o -
P QAP . -
" r - . b
> A o P ¥ TN o X
”~ Y ) [\ -
o~ o L . "
/{,‘{ "/ ey ¢ ¥ : & i '[ y
T < g » of 4 -
: < oy g -
* oS 5 .y ' k
o d - »
- o ’/

stormwater runoff, e et
s allowing deep aquifer S i g
s, infiltration. W /

» Pollinator Strips
Habitat zones that
support beneficial
insects, ensuring crop
pollination and
natural pest
control.

(Green Infrastructure: Natural networks |
\ designed to provide ecosystem services

~ within human-managed landscapes.




Physical Environment: Topography and Relief

Altitude: Higher elevations suffer
shorter growing seasons anc
steep temperature gradients.

llllll'
™
w
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o
o
~
(@p)
o
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receive intense solar
radiation, dictating distinctly

i Exam Focus: Topography creates highly h

localized microclimates that override broad

regional weather patterns, strictly dictating
where specific crops can surviv' | ¢ li i

Cold Air Drainage: Valleys act as
dangerous ‘frost pockets’, capable of
destroying sensitive crops overnight.

\




Physical Environment: Soil Texture & Crop Suitability

" Soil Type Water Retention Aeration Ideal Crops
D
Sandy Soil —Low Very High Root vegetables

(Drains instantly)

(Garrots, Potatoes)

: High ow Water-intensive crops |
Clay Soil - — (Prone to waterlogging) PooMroEygen flow) | (Rice paddies, Cotton)
Deaty Soil Very High __Low Brassicas, Legumes
y (Sponge-like) (Acidic) (Requires heavy amendment)
5 S

.
o I t
(M
N2
-~
-
.
LI
S A \

Sand " Clay

Soil texture determines water holding capacity and root penetration.
You cannot force a water-loving crop into fast-draining sand.

)



The Social Environment & Economic Geography

Market Demand & Distance

Farmers near urban centers grow highly
perishable goods (vegetables/dairy).

Without paved roads or cold-chain
logistics, farmers are forced into
localized subsistence farming regardless
of soil perfection.

Transport Infrastructure

Minimum Support Prices (MSPs)
artificially skew distribution, convincing

Remote farmers grow durable,
transportable goods (grains).

Fragmented or leased land severely
discourages long-term ecological
Investments like agroforestry or
terracing.

Farmer’s
Crop Choice

farmers to grow water-heavy rice in
arid, drought-prone regions.

Government Policy & Subsidies

 Crucial Takeaway: Agricultural distribution is often dictated more by social, |
~economic, and political environments than by biophysical perfection. ‘

bl _ —) (=i |




Land Use Change and Spatial Chaos

Map 1 (Year 1950) Map 2 (Year 1990) Map 3 (Year 2020)

—

Ecological

ULy
A\

Agricultural

Eco-Environmental
Quality Index (EQI) \

e The unregulated expansion of living spaces completely devours ecological and agricultural production
spaces.

* This creates the “Ecological-Produetion-Living” tension, where economic development systematically
degrades environmental quality and pwﬂy removes erpsoil from the food supply.

" —— )



Cultural Farming Environments: The Path to Agroecology

Industrial " Agroecology & * Tlr:gigg)::llns&
Agriculture Sustainable Agriculture
o Intensification i pomg
* High Yield Focus - ' e | ocalized Ecological
e Heavy Synthetic ® Dlendsindigenous - RPEITERNE
. knowledge with modern I
Chemical [nputs | biophysical science. | * High Biodiversity (E.g., The
LRI, o Maximizes yield while | e ot gmelio)
VEGR  strictly maintaining g e Circular Nutrient Cycling
MO0 CRLIIEUERES - ecological resilience. e (ultural Heritage

Preservation

EEE— . .

| key_Concept: Preser;/ingcultural farming her_iteige IS a Iiferaffbrm ‘of ' diversit_y I
' conservation; it protects vital, localized genetic seed resources adaptedto micro-climates.k

s
) —

e — —




Climatic Elements as Factors of Crop Growth

Temperature

Drives the fundamental rate of
biochemical reactions,
photosynthesis, and respiration.

\

o ———

The absolute energy source for
agriculture, dictating planting
density and photoperiodism.

- 2
.
s" ."lz
j\‘: Solar Radiation

r

-

\

T ———

Precipitation Q

Acts as the primary transport
medium for soil nutrients and
maintains cellular turgor pressure.

2

J

r~

Exam Focus: 'Macroclimate' dictates broad regional crop suitability, but the highly
localized 'Microclimate’ determines the actual daily physiological stress on the plant.

Humidity & Wind _—OQ

—

Regulates evapotranspiration
rates and dictates the
microenvironment for fungal
diseases.

1

F

7

.




Enzyme Kinetics / Growth Rate

Temperature and Plant Physiology

Base Temperature
(Germination halts)

Optimum Temperature
(Maximum Photosynthesis)

\
B
0.

e e e oo e e e b e e Rt

Maximum Temperature
(Protein Denaturation &

Tissue Death)

Temperature (°C)

E——

ﬁ

 Growing Degree Days (GDD):
A cumulative heat index used
by agronomists to predict
exact plant and pest
development rates.

e Vernalization: Certain crops
(like winter wheat) require a
prolonged, mandatory period
of freezing temperatures to
chemically initiate flowering.

* Night Stress: Abnormally high
night temperatures force
plants to increase respiration,
burning through stored sugars
and drastically lowering final
crop yields.

ﬁ
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Solar Radiation and Light Interception

= =3

1. Light Quality @
Plants exclusively utilize the blue
and red wavelengths within the

. ; PAR zone to drive photosynthesis.
White gl PAR. | ,
L (Photosynthetically 2. Light Intensity £
" Active Radiation): Dictates the absolute rate of
photosynthesis. Excessive
400 - 700nm unshaded intensity causes
photoinhibition (physical

destruction of chlorophyll).

3. Photoperiodism  -©)
The physiological reaction to the

Green light is reflected, length of day vs. night. Dictate§
not absorbed. whether a plant is a ‘Short-day

or 'Long-day’ bloomer.

- F 4
e

Core Principle: Crop density, row spacing, and field orientation are managed
entirely to optimize leaf light interception without shading neighbors.

r 4 -




Precipitation, Humidity, and Water Stress

Adequate Moisture / High Humidity

———

Drought / Water Stress

Water acts as a nutrient transport medium. High
humidity reduces water loss, but creates ideal breeding
grounds for bacterial and fungal blights.

J/

S

.

To survive extreme heat and save water, the plant
aggressively closes its stomata.

" —

r 4

e ——

& The Fatal Tradeoff: When a plant experiences water stress and closes its stomata to save &
water, it completely stops CO, intake—instantly halting photosynthesis, growth, and yield.

4
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Microclimate Modification and Resilience

F~ \

e Windbreaks & —

Drastically reduce wind erosion,
prevent physical lodging
(snapping) of crops, and lower
evaporative water |0ss.

e Agrivoltaics: PHY
Installing solar panels directly
over crop fields provides
partial shade, diffusing intense
radiation and cooling
the soil beneath.

o The Goal: @

As global macro-climates
become increasingly erratic,
active human manipulation
of the field-level
microclimate is essential for
agricultural survival.

Wind Speed

Low

—————————

Distance from Shelterbelt




Climate Change & Transgressing Planetary Boundaries

Planetary Boundaries Framework

Biogeochemical Flows
. (Nitrogen & Phosphorus
< from fertilizers)

Biosphere Integrity
(Biodiversity loss from
monocultures)

Land-System Change

(Deforestation for cropland)

) Safe Operating Space
© Zone of Uncertainty
LO High Risk Danger Zone

—————

Y

J

Planetary Boundaries Framework

~

.

e Humanity has pushed the
Earth System beyond safe
biological limits, largely
driven by industrial
agriculture.

e |ncreased frequency of
extreme events (droughts,
floods) fundamentally
disrupts historical,
predictable agricultural
calendars.

* Elevated atmospheric
CO, physically alters plant
chemistry, significantly
reducing the nutritional
density (zinc, iron, protein)
of staple grains.

~




Shifting Cropping Patterns & Breadbasket Failures

Historical Baseline (1990) Projected Climate Reality (2050)
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i V&7 intensive crops (rice/sugarcane) for drought-resistant crops (millets/sorghum).

(6‘/ e Geographic Migration: Changing temperature and rainfall patterns are forcing the optimal zones for global
/l) staple crops to migrate poleward.

9 e Multiple Breadbasket Failure: The increasing statistical risk that climate extremes will simultaneously destroy

¥%¥ harvests in the world’s major food-producing regions.
6 % o Farmer Adaptation: Cropping patterns are real-time environmental indicators. Farmers are abandoning water-




AGRICULTURE
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Agrifair introducing Agriculture Dictionary

www.Agrifair.in

(A-Z with synonyms)
on Agrifair.in website
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o Agriculture Books

www.Agrifair.in
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Quick Revision Summary

High-yield definitions and scientific terms for rote memorization.

Ecosystem: Interacting system of biotic
and abiotic factors (Tansley). —

«— Troposphere
Hydrosphere
Troposphere

Biosphere: Global zone of life
(lithosphere, hydrosphere,
troposphere).

Cropping Intensity: Ratio of gross cropped
area to net sown area.

Py = 7

Eutrophication: Nutrient over-enrichment
in water bodies causing algal blooms.

————

Biomagnification: Increasing AR

concentration of toxic substances Fodchain
. v

up the food chain. @/

| Core Concepts to Review |

- Dilution effect (how biodiversity impacts disease transmission and zoonotic risk) &
- Ecosystem services categories (Provisioning, Regulating, Cultural, Supporting) | D
- Renewable vs. non-renewable resource classification syste S @

F
==

“« €




Rapid Recall: High-Yield STET Ecological Facts

Energy vs. Nutrients: Ecosystem energy
flow is strictly one-way (pyramid always
upright). Nutrients cycle repeatedly
(Nitrogen/Carbon cycles). ~

= S—

Photosynthetic l?et/hyays: Ric%& Wheat =
C3 Plants (benefit most from rising global
CO2). Maize & Suggrgane = C4 Plants.

Largest err Consumer: Agriculture
accounts for ~80% of India’s freshwater

consumption, driven by inefficient floWgation.

In-situ vs Ex-situ: In-situ = Protection
within natural habitat (Biosphere Reserve).
Ex-situ = Protection outside habitat (Gene
Bank, Botanical GardeV

Nitrogen Fixation: Rhizobium bacteria fix
nitrogen sym blotlcally in leguminous
crops (pulses). — |

Crop Distribution Soi/ls/C/ton/derﬁ\ands
Black (Regur) soil; Jute and Rice strongly
demand Alluvial soil. ("




Key Takeaways for Bihar STET

Ecology is the Foundation: Agricultural viability depends
entirely on the health of underlying ecosystem services and
natural resource conservation. —

Physical X Soci The Dual Environment: Crop distribution is never dictated by
physical climate alone; it is always filtered through social,
economic, and policy environments.

Climate-Crop Lockstep: Specific-climatic elements
- (temp, light, rain) precisely govern specific phenological
Germinaion Flowring | Yild | Stages (germination' flowering, YIE|d)

Indicator Species & Patterns: Local cropping patterns

serve as direct biological readouts of regional soil, water,
and climate health.

Systemic Pollution: Agricultural and industrial pw/
creates cascading hazards through biomagnificati

requiring integrated, green-infrastructure solutions to
protect crops, animals, and humans.

ESA|
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Exam Diagnostic: Self-CheckMCQs IS

Test your immediate retention of Unit 1: Ecology and Environment. & Logic:
W i 2R didod .. S——— T
Q1. Which ecological pyramid is ALWAYS upright? 1:C
*A)* Pyramid of numbers «C>Pyramid of energy I (Ercrgy follows the 10% law; |
*B)* Pyramid of biomass *D)* None of the above @@5%1 %"’J = italways decreases upward).
/&/O - - bbb bl IlLL__\
Q2. Growing Degree Days (GDD) is primarily used to predict: bt | 2:B _
*A)* Solil feml'ty, (Based on daily thermal time |5
*B)* Crop maturity based on accumulated heat Wf%/ e mUlation above 3 -
*C)* Rainfall intensity *D)* Wind speed baseline). =
— — 2:-54»~1 A (TS & g“’
Q3. Which greenhouse gas is mainly released from standing water I 3:B
in paddy fields? / | (Generated via the anaerobic [
*A)' Carbon dioxide *B)* Methane (CH4) =  decompositioninflooded &

*C)" Nitrous oxide *D)' Ozone = soils).

L)
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