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I Crop Ecology and Geography

UNIT

Crop Ecology and Ecosystem Concepts

Introduction

This part encompasses a wide array of topics
critical to understanding how crops interact with
their environment, adapt to changing climatic
conditions, and achieve optimal productivity.
These topics include principles of crop ecology,
ecosystem concepts, and physiological limits of
crop yield, crop adaptation, and climate shift, and
green-house effect, agro-ecological and agro-
climatic regions of India, geographical distribution
of crops, adverse climatic factors, photosynthesis,
physiological stress, and remote sensing.

Importance of Crop Ecology in Agronomy

Crop ecology bridges the gap between plant

physiology and  environmental science,

addressing how crops respond to biotic (e.g.,

pests, pollinators) and abiotic (e.g., light, water)

factors. It is essential for:

e Optimizing Crop Yields: Understanding
environmental constraints enables better
management practices.

e Sustainability: Balancing productivity with
environmental conservation.

e (Climate Adaptation: Developing strategies
for crops to thrive under changing climatic
conditions.

e Food Security: Ensuring stable crop production
to meet India’s growing population demands.

Principles of Crop Ecology

Definition and Scope

Crop ecology is the scientific study of
interactions between crop plants and their
environment, encompassing both biotic (living)
and abiotic (non-living) components. It
examines how crops grow, develop, and
produce under varying conditions of light,
temperature, water, nutrients, and biological
interactions (e.g., competition with weeds,
symbiosis with microbes). The scope of crop
ecology is vast, addressing:

e Crop-Environment Interactions: How
environmental factors influence crop
physiology, growth, and yield.

e Ecological Sustainability: Strategies to
maintain productivity while minimizing
environmental degradation.

e Adaptation and Resilience: Mechanisms by
which crops cope with stresses like drought,
heat, or salinity.

e Agroecosystem Management: Optimizing
resource use (e.g., water, fertilizers) to
enhance productivity and sustainability.

Crop ecology integrates disciplines such as
plant physiology, soil science, climatology, and
agronomy to address global challenges like
climate change, food security, and land
degradation. In the context of Indian
agriculture, crop ecology is critical for managing
diverse agroecosystems, from the rice-wheat
systems of Punjab to the rainfed millets of
Rajasthan.

Key Principles of Crop Ecology
Crop ecology is governed by several
fundamental principles that explain crop-
environment interactions:
1. Holistic Interactions:
o Crops interact with their environment in
a complex web of relationships. For
example, nitrogen-fixing bacteria (e.g.,
Rhizobium in legumes) enhance soil
fertility, benefiting crop growth, while
pests like aphids reduce yield by feeding
on sap.
o These interactions are dynamic and
influenced by management practices
(e.g., intercropping, crop rotation).
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2. Energy Flow and Nutrient Cycling:

o Solar energy is captured through
photosynthesis, converting CO2 and
water into carbohydrates, which form
the basis of crop biomass.

o Nutrients (e.g., nitrogen, phosphorus)
cycle through soil, plants, and
decomposers, maintaining ecosystem
fertility. For instance, organic matter
decomposition by soil microbes releases
nutrients for crop uptake.

3. Ecological Optima:

o Each crop has an optimal range of
environmental conditions (e.g.,
temperature: 25-30°C for rice; water:
500-700 mm for wheat) for maximum
growth and yield.

o Deviations from these optima (e.g.,
drought, extreme heat) reduce
productivity, necessitating adaptive

strategies like drought-tolerant
varieties.
4. Biodiversity and Stability:
o Diverse agroecosystems (e.g.,

intercropping maize with legumes) are
more resilient to pests, diseases, and
climatic variability than monocultures.

o Biodiversity ecosystem
services like pollination and natural pest
control.

5. Adaptation to Stress:

o Crops exhibit physiological (e.g.,
stomatal closure under drought) and
morphological (e.g., deep roots in
sorghum) adaptations to cope with
environmental stresses.

o Breeding programs in India (e.g., ICAR’s
drought-tolerant wheat varieties)
leverage these adaptations to improve
resilience.

enhances

Practical Applications

e Intercropping: Growing maize with
pigeonpea enhances nutrient use efficiency
and reduces pest incidence, reflecting
ecological principles of biodiversity.

e Conservation Agriculture: Practices like
zero tillage and crop residue retention
promote nutrient cycling and soil health.

e Climate-Resilient Varieties: Varieties like
Sahbhagi Dhan (rice) are bred for drought
tolerance,

aligning  with ecological

adaptation.

PYQ Analysis

1. Which of the following best describes crop
ecology?”
(A) Study of crop genetics,
(B) Study of crop-environment interactions,
(C) Study of crop marketing,
(D) Study of crop storage.
Answer: (B) Study of crop-environment
interactions.
Explanation: Crop ecology focuses on how
crops interact with biotic and abiotic factors,
distinguishing it from genetics, marketing, or
storage. This question tests the definition and
scope.
2. Which principle of crop ecology emphasizes
the role of solar energy?”
(A) Nutrient cycling,
(B) Energy flow,
(C) Biodiversity,
(D) Adaptation.
Answer: (B) Energy flow.
Explanation: Energy flow describes the capture
of solar energy through photosynthesis, driving
biomass production. This question tests core
principles.
3. How does intercropping reflect crop ecology
principles?”
(A) Enhances biodiversity,
(B) Reduces nutrient cycling,
(C) Increases water use,
(D) Promotes monoculture.
Answer: (A) Enhances biodiversity.
Explanation: Intercropping increases species
diversity, improving resilience and ecosystem
services, a key principle of crop ecology.
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Case Study: Crop Ecology in Indian Agriculture
In Punjab’s rice-wheat system, crop ecology
principles are applied through:

e Nutrient Cycling: Crop residues are
incorporated to enhance soil organic matter.

e Biodiversity: Intercropping with legumes
reduces fertilizer needs.

e Stress Adaptation: Drip irrigation mitigates
water stress in water-scarce regions. This
system exemplifies how ecological principles
optimize productivity while addressing
environmental challenges like soil
degradation and groundwater depletion.

Ecosystem Concept

Definition and Structure

An ecosystem is a dynamic, functional unit
comprising living organisms (plants, animals,
microbes) and their physical environment (soil,
water, air), interacting to maintain balance and
productivity. Agricultural ecosystems
(agroecosystems) are human-managed
ecosystems designed to produce crops,
livestock, or other agricultural products, such as
rice fields, orchards, or pastures.

Components of an Ecosystem
1. Biotic Components:

o Producers: Autotrophic  organisms,
primarily crops (e.g., rice, wheat, maize),
that convert solar energy into biomass
via photosynthesis. For example, rice
plants fix CO2 to produce carbohydrates,
forming the base of the food chain.

o Consumers:
= Primary Consumers: Herbivores

(e.g., aphids, locusts) that feed on
crops, reducing yield.
= Secondary Consumers: Predators
(e.g., birds, spiders) that control
herbivore populations, providing
natural pest control.
Comparison Table

= Tertiary Consumers: Higher
predators (e.g., hawks) that maintain
ecosystem balance.

o Decomposers: Microorganisms (e.g.,
bacteria, fungi) that break down organic
matter (e.g., crop residues), recycling
nutrients back to the soil.

2. Abiotic Components:

o Climate:

humidity, and light intensity influence

Temperature, rainfall,

crop growth. For example, wheat
requires 15-25°C for optimal growth.

o Soil: Texture (e.g., sandy, clayey),
structure, pH, and nutrient content (e.g.,
N, P, K) affect root development and
nutrient uptake.

o Water: Availability (rainfall, irrigation)
and quality (salinity, pH) determine crop
productivity.

o Air: CO2 concentration (ambient~400
ppm) drives photosynthesis, while
pollutants (e.g., ozone) can reduce yield.

Types of Ecosystems

Ecosystems are broadly classified into natural

and agricultural types, each with distinct

characteristics:

e Natural Ecosystems: Include forests,
grasslands, and wetlands, characterized by
minimal human intervention, high
biodiversity, and self-regulating processes.

e Agricultural Ecosystems: Include croplands,
orchards, and pastures, characterized by
high human intervention, low biodiversity,
and reliance on external inputs (e.g.,
fertilizers, pesticides).

Feature Natural Ecosystem

Agricultural Ecosystem

Biodiversity

High (e.g., multiple plant species)

Low (e.g., monoculture of wheat)

Energy Source Solar energy

Solar + external inputs (fertilizers)

Nutrient Cycling Closed-loop, natural

Open-loop, human-managed

Stability High (self-regulating)

Low (susceptible to pests, diseases)
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Human Intervention Minimal

High (tillage, irrigation, pesticides)

Productivity Moderate, sustainable

High, but resource-intensive

Examples

Tropical rainforest, savanna

Rice field, sugarcane plantation

Functions of Ecosystems

Ecosystems perform several critical functions
that sustain life and productivity:

1. Energy Flow:

o Solar energy is captured by producers

(crops) through photosynthesis,
converted into chemical energy
(carbohydrates), and transferred
through trophic levels (producers -
consumers - decomposers).

o Energy flow is unidirectional, with ~90%
loss as heat at each trophic level (10%
rule).

o Example: In a wheat field, wheat plants
(producers) transfer energy to aphids
(primary consumers), which are eaten
by ladybugs (secondary consumers).

2. Nutrient Cycling:

o Nutrients like nitrogen, phosphorus, and
potassium cycle between soil, plants,
and decomposers.

o Example: Nitrogen fixed by Rhizobium in
soybean roots is taken up by the plant,
returned to the soil via residues, and
mineralized by microbes for the next
crop.

3. Ecosystem Services:

o Provisioning Services: Food (e.g., rice
grains), fiber (e.g., cotton), fuel (e.g.,
biofuel crops).

o Regulating Services: Climate regulation
(e.g., carbon sequestration), pest
control (e.g., predatory insects), water
purification.

o Supporting Services: Soil formation,
pollination (e.g., bees pollinating
mustard crops), nutrient cycling.

o Cultural Services: Aesthetic value (e.g.,
terraced rice fields), recreational
opportunities.

4. Productivity:
o Biomass production per unit area/time,
driven by photosynthesis and resource

availability.
o Agroecosystems aim to maximize
productivity  through inputs like

irrigation and fertilizers.

PYQ Analysis
2018

1. What is the primary role of decomposers in
an agroecosystem?”
(A) Photosynthesis
(B) Nutrient cycling
(C) Pest control
(D) Pollination.
Answer: (B) Nutrient cycling.
Explanation: Decomposers (e.g., bacteria,
fungi) break down organic matter, releasing
nutrients for crop uptake, a critical ecosystem
function.
2020
2. Which component of an ecosystem
captures solar energy?”
(A) Producers
(B) Consumers
(C) Decomposers
(D) Abiotic factors.
Answer: (A) Producers.
Explanation: Producers (crops) capture solar
energy through photosynthesis, forming the
base of the energy pyramid.
2023
3. How does an agricultural ecosystem differ
from a natural ecosystem?”
(A) Higher biodiversity
(B) Lower human intervention
(C) Open nutrient cycling
(D) Self-regulation.
Answer: (C) Open nutrient cycling.
Explanation: Agricultural ecosystems rely on
external inputs (e.g., fertilizers), leading to open
nutrient cycles, unlike the closed cycles of
natural ecosystems.
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e Trend: Questions focus on ecosystem
components, functions (energy flow,
nutrient cycling), and comparisons between
natural and agricultural ecosystems. Recent
exams emphasize ecosystem services and
sustainability.

Case Study: Agro-ecosystem in the Indo-

Gangetic Plains

The rice-wheat cropping system in the Indo-

Gangetic Plains (IGP) is a model agroecosystem:

e Producers: Rice (monsoon) and wheat
(winter) dominate, producing high biomass.

e Consumers: Insects (e.g., brown plant
hopper in rice), birds, and rodents interact
with crops.

e Decomposers: Soil microbes decompose
crop residues, recycling nutrients.

e Abiotic Factors: Alluvial soils, monsoon
rainfall, and irrigation (e.g., canals) support
productivity.

e Management: Fertilizers (e.g., urea),
pesticides, and mechanization enhance
yields but pose sustainability challenges
(e.g., soil degradation). This case study
illustrates how ecosystem components
interact to sustain productivity, a key
concept for exam questions.

Productivity of Ecosystems
Definition
Ecosystem productivity is the rate at which
biomass is produced per unit area per unit
time, reflecting the efficiency of energy capture
and conversion. In agroecosystems,
productivity is synonymous with crop yield or
biomass output, measured as:

e Gross Primary Productivity (GPP): Total
organic matter produced by photosynthesis
(g C/m?/day).

e Net Primary Productivity (NPP): Biomass
available for consumers after plant
respiration (GPP — respiration).

e Net Ecosystem Productivity (NEP): Biomass
remaining after respiration by all organisms
(NPP — heterotrophic respiration).

Types of Productivity
1. Gross Primary Productivity (GPP):
o Represents the total carbon fixed by
photosynthesis.
o Formula: GPP = Total photosynthetic
rate (g C/m?/day).
o Example: In a maize field, GPP includes
all carbohydrates produced by leaves.
2. Net Primary Productivity (NPP):
o Represents the biomass available for
consumers (e.g., herbivores, humans).
o Formula: NPP = GPP — Plant respiration
(g C/m?/day).
o Example: In wheat, NPP is the grain and
straw yield after respiratory losses.
3. Net Ecosystem Productivity (NEP):
o Represents the net carbon storage after
all respiratory losses.
o Formula: NEP = NPP — Heterotrophic
respiration (e.g., by soil microbes).
o Example: In a sugarcane plantation, NEP
reflects carbon stored in soil and
biomass.

Factors Influencing Ecosystem Productivity
Productivity is determined by the interplay of
biotic and abiotic factors, with variations across
crops and regions:

1. Light:

o Photosynthetic active radiation (PAR,
400-700 nm) drives photosynthesis.

o Light saturation points vary: C4 plants
(e.g., maize) require higher light
intensity than C3 plants (e.g., rice).

o Example: Shading in dense canopies
(e.g., sugarcane) reduces productivity.

2. Water:

o Water availability affects stomatal
opening, COo2 uptake, and
photosynthetic rates.

o Drought stress closes stomata, reducing
GPP. For example, rainfed sorghum in
Rajasthan has lower NPP than irrigated
rice in Punjab.

ToppersNotes / 9614-828-828



3. Nutrients: 7. Management Practices:

o Nitrogen (N), phosphorus (P), and o lrrigation (e.g., drip systems) and
potassium (K) are essential for biomass fertilization increase GPP.
production. o Pest control prevents biomass loss to

o N deficiency reduces leaf area index consumers (e.g., locusts).
(LAI), lowering photosynthesis. For o Overuse of inputs (e.g., excessive ure(A)
example, yellowing in maize indicates N can lead to soil degradation, reducing
stress. long-term NEP.

o Balanced fertilization (e.g., 120:60:40 Productivity in Agroecosystems
kg/ha N: P: K for rice) optimizes Agroecosystems are designed to maximize NPP
productivity. through human intervention, but their

4. Temperature: productivity varies:
o Optimal temperature ranges vary: 25— e High-Input Systems:

30°C for rice, 20-25°C for wheat, 30—
35°C for maize.

o Heat stress (>35°(C) reduces enzyme
activity (e.g., Rubisco in photosynthesis),
lowering GPP.

o Example: High night temperatures in
wheat reduce grain filling, impacting
NPP. *

5. CO2 Concentration:

o Elevated CO2 (e.g., 550 ppm under
climate change) enhances
photosynthesis in C3 plants (e.g., wheat)
by increasing CO2 fixation.

o C4 plants (e.g., maize) are less
responsive  due to their CO2-

O

Example: Punjab’s rice-wheat system
uses HYVs, irrigation, and fertilizers to
achieve high NPP (e.g., 4-6 t/ha for
rice).

Challenges: Soil salinization,
groundwater depletion, and high carbon
footprint.

Low-Input Systems:

o

Example: Rainfed millets in Rajasthan
have lower NPP (e.g., 1-2 t/ha for pearl
millet) due to water and nutrient
limitations.

Advantages: Lower  environmental
impact, higher sustainability.

Sustainability Challenge:

concentrating mechanism. o Intensive agriculture boosts short-term
6. Soil Properties: productivity but risks long-term
o Fertile, well-drained soils (e.g., alluvial degradation (e.g., loss of soil organic
soils in IGP) support higher productivity carbon).
than saline or sandy soils. o Practices like conservation agriculture
o Soil pH affects nutrient availability (e.g., (e.g., zero tillage, residue retention)
P is less available at pH < 5.5). balance productivity and sustainability.
Productivity Data for Major Crops
Crop GPP (g C/m?/year) NPP (g C/m?/year) Yield (t/ha) Key Limiting Factor
Rice 800-1000 500-700 4—6 Water, nutrients
Wheat 600-800 400-600 3-5 Temperature, water
Maize 900-1200 600-800 5-8 Light, nutrients
Sugarcane 1200-1500 800-1000 60-100 Water, temperature
Soybean 500-700 300-500 1-2 Nutrients, pests
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PYQ Analysis

1. What is the primary factor limiting
ecosystem productivity in rainfed
agriculture?”
(A) Light (B) Water,

(C) Nutrients
Answer: (B) Water.
Explanation: In rainfed systems, water

(D) Temperature.

availability is the primary constraint, limiting
stomatal opening and photosynthesis.
2. Which of the following measures net
primary productivity?”
(A) GPP — Respiration
(B) GPP + Respiration
(C) NEP — Respiration
(D) GPP — NEP.
Answer: (A) GPP — Respiration.
Explanation: NPP is the biomass remaining
after plant respiratory losses, calculated as GPP
minus respiration.
3. How does elevated CO2 affect productivity
in C3 crops?”
(A) Decreases GPP
(B) Increases GPP
(C) No effect
(D) Reduces NPP.
Answer: (B) Increases GPP.
Elevated Cco2
photosynthesis in C3 crops (e.g., wheat) by

Explanation: enhances

increasing CO2 fixation, boosting GPP.
4. What is the wunit of net ecosystem

productivity?”
(A) g C/m?/year (B) kg/ha,
(C) MJ/m? (D) t/ha.

Answer: (A) g C/m?/year.

Explanation: NEP is measured as carbon stored

per unit area per unit time, typically in g

C/m?/year.

e Trend: PYQs focus on factors affecting
productivity, measurement units, and the
impact of environmental variables (e.g.,
CO2, water). Recent questions emphasize
sustainability and carbon dynamics.

Case Study: Productivity in Rainfed vs.
Irrigated Systems
e Rainfed System (Rajasthan, Pearl Millet):

o NPP: 200-400 g C/m?/year.

o Limiting Factor: Water (300-500 mm
rainfall).

o Management: Drought-tolerant
varieties, contour bunding.

e Irrigated System (Punjab, Rice):

o NPP: 500-700 g C/m?/year.

o Limiting Factor: Nutrients (high fertilizer
demand).

o Management: HYVs, canal irrigation,
balanced fertilization. This comparison
highlights how resource availability
drives productivity, a key concept for
exam questions.

Conclusion

This part has provided an exhaustive
exploration of crop ecology, ecosystem
concepts, and ecosystem productivity, laying a
strong foundation for understanding crop-
environment interactions. Crop ecology
principles highlight the dynamic interplay of
biotic and abiotic factors, guiding sustainable
agricultural practices. The ecosystem concept
elucidates the structure and functions of
agroecosystems, emphasizing energy flow,
nutrient cycling, and ecosystem services.
Productivity, a key metric of ecosystem
performance, is driven by resources like light,
water, and nutrients, with management
practices playing a critical role in optimization.

Physiological Limits of Crop Yield and
Ecological Optima

Introduction

This part integrates plant physiology with
ecological principles, addressing questions on
yield gaps, source-sink relationships, and
environmental influences. It emphasizes the
physiological basis of yield, variability due to
ecological factors (e.g., temperature, water,
nutrients), and their implications for Indian
agriculture, where diverse agro-ecosystems
face unique challenges.
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This part focuses on:

e Physiological Limits of Crop Yield: Genetic,
environmental, and management
constraints that cap yield potential.

e Variability in Relation to Ecological Optima:
How deviations from optimal conditions
(e.g., temperature, water) affect yield.

e Related Concepts: Source-sink dynamics,
assimilate partitioning, and yield

components.

Physiological Limits of Crop Yield

Definition and Scope

The physiological limit of crop yield refers to

the maximum biomass or grain yield a crop can

achieve under ideal conditions, constrained by
its genetic potential, environmental factors,
and management practices. It represents the
theoretical ceiling of productivity, often termed
potential yield, which is rarely achieved in field
conditions due to limiting  factors.

Understanding these limits is crucial for:

e Yield Gap Analysis: Identifying the
difference between potential and actual
yields.

e Breeding Programs: Developing high-
yielding varieties (HYVs) to push genetic
limits.

e Agronomic Management: Optimizing inputs
(e.g., water, fertilizers) to approach
potential yields.

e In Indian agriculture, physiological limits are
particularly relevant due to diverse agro-
ecosystems, ranging from irrigated rice
fields in Punjab to rainfed millets in
Rajasthan.

Components of Physiological Limits
Crop yield is determined by the interplay of
three primary components:
1. Genetic Potential:
o The inherent capacity of a crop variety
to produce biomass and grain, encoded
in its genome.

o Example: Modern HYVs of rice (e.g.,
IR64) have higher yield potential (8-10
t/h(A) than traditional varieties (3-4
t/h(A) due to improved traits like
increased grain number and harvest
index.

o Constraints: Genetic limits are fixed
unless modified through breeding or
genetic engineering (e.g., transgenic
crops for stress tolerance).

2. Environmental Factors:

o Abiotic factors (light, water,
temperature, nutrients) and Dbiotic
factors (pests, diseases) influence
physiological processes like
photosynthesis, respiration, and
assimilate partitioning.

o Example: Drought stress in rainfed
sorghum reduces photosynthesis,
lowering yield.

o Constraints: Environmental variability
(e.g., erratic monsoon) often prevents
crops from reaching genetic potential.

3. Management Practices:

o Agronomic interventions (e.g., irrigation,
fertilization, pest control) bridge the gap
between actual and potential yields.

o Example: Balanced fertilization
(120:60:40 kg/ha N:P:K) in wheat
maximizes grain filling.

o Constraints: Overuse of inputs (e.g.,
excessive nitrogen) can lead to lodging
or environmental degradation, while
underuse limits yield.

Key Physiological Processes Limiting Yield

Crop vyield is the culmination of physiological
processes, each with potential bottlenecks:

1. Photosynthesis:

o The primary source of assimilates
(carbohydrates) for biomass and grain
production.

o Constraints:
= Light Saturation: C3 crops (e.g., rice,

wheat) reach maximum
photosynthetic rates at lower light
intensities (~1000 pumol/m?/s) than
C4 crops (e.g., maize, ~2000
umol/m?/s).
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= CO2 Limitation: Ambient CO2 (~400
ppm) C3 photosynthesis,
though elevated CO2 (e.g., 550 ppm)
enhances it.

limits

Water
uptake,

= Stomatal Closure: stress
reduces CO2

photosynthetic rates.

lowering

o Example: Shading in dense rice canopies
reduces photosynthesis, limiting grain
yield.

2. Respiration:

o Respiratory losses consume assimilates,
reducing biomass available for yield.
o Constraints:
= High Night Temperatures: Increase
dark respiration, reducing net

assimilate accumulation (e.g., in

wheat).

= Photorespiration: In C3 crops,
photorespiration under high
temperatures diverts assimilates,

lowering efficiency.
o Example: Heat stress in rice increases
respiration, reducing grain filling.

3. Assimilate Partitioning:

o The allocation of photosynthates to
different plant parts (e.g., leaves, stems,
grains).

o Constraints:
= Source-Sink Imbalance: Weak sinks

(e.g., low grain number) limit
assimilate  utilization, even if
photosynthesis (source) is high.

= Competition: Vegetative growth

competes with grain filling, reducing
harvest index.

o Example: In traditional wheat varieties,
excessive vegetative growth lowers

grain vyield compared to HYVs with

higher harvest indices.

o Constraints:
= Grain Number: Limited by floret
fertility and pollination success.
= @Grain Size: Determined by cell
division and assimilate supply during
grain filling.
o Example: Drought during anthesis in maize
reduces grain number, lowering yield.

5. Translocation:

o The movement of assimilates from
source (leaves) to sink (grains).
o Constraints:

= Vascular Limitations: Narrow
phloem pathways restrict assimilate
flow.

= Stress Effects: Water or nutrient

stress impairs translocation
efficiency.

o Example: Nitrogen deficiency in rice

reduces translocation, leading to

unfilled grains.

Yield Gap Concept
The vyield gap is the difference between

potential vyield
conditions) and actual Yyield

under ideal
(obtained in

(achievable

farmers’ fields). It is categorized as:

Yield Gap I: Difference between potential
yield (Yp) and attainable yield (Ya), due to
environmental constraints (e.g., water,
temperature).

Yield Gap IlI: Difference between attainable
yield (Y(A) and actual yield (Y), due to
management constraints (e.g., suboptimal

fertilization, pest damage).

Example: Rice in Punjab

Potential Yield (Yp): 10 t/ha (HYV, optimal
conditions).

Attainable Yield (Ya): 7-8 t/ha (limited by
monsoon variability).

Actual Yield (Y): 5-6 t/ha (due to delayed
sowing, pest losses).

. . e Yield Gap I: 2-3 t/ha (environmental
4. Sink Capacity: constraints).
o The ability of reproductive organs (e.g., e« Yield Gap Il: 1-2 t/ha (management
grains, pods) to store assimilates. constraints)
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Strategies to Overcome Physiological Limits
e Breeding for High Yield:

o Develop HYVs with improved
photosynthetic efficiency, sink capacity,
and stress tolerance.

o Example: Pusa Basmati 1121 (rice) has a
high harvest index and drought tolerance.

e Agronomic Interventions:

o Optimize inputs: Balanced fertilization
(e.g., 120 kg/ha N for rice), timely
irrigation.

o Use growth regulators (e.g., gibberellins)
to enhance sink capacity.

e Stress Management:

o Mitigate environmental stresses
through mulching, drip irrigation, or
shade nets.

o Example: Mulching in maize conserves
soil moisture, reducing water stress.

e Biotechnological Approaches:

o Genetic engineering for traits like C4
photosynthesis in C3 crops (e.g., rice).

o Example: Bt maize enhances vyield by
reducing pest losses.

PYQ Analysis

1. What is the primary physiological limit to

crop yield in C3 plants?”

(A) Photosynthetic efficiency,

(B) Respiration rate,

(C) Sink capacity,

(D) Translocation.
Answer: (A) Photosynthetic efficiency.
Explanation: C3 plants (e.g., rice) have lower
photosynthetic efficiency than C4 plants due to
photorespiration and CO2 limitations, capping
yield potential.
2. Which factor contributes most to the yield

gap in rainfed agriculture?”

(A) Genetic potential,

(B) Water availability,

(C) Nutrient supply,

(D) Pest control.
Answer: (B) Water availability.
Explanation: Water stress limits photosynthesis
and assimilate partitioning, widening the vyield
gap in rainfed systems.

3. What is the role of sink capacity in yield
determination?”

(A) Determines photosynthetic rate,
(B) Limits assimilate storage,

(C) Enhances respiration,

(D) Reduces translocation.

Answer: (B) Limits assimilate storage.

Explanation: Sink capacity (e.g., grain number,

size) determines how much assimilate can be

stored, directly affecting yield.

4. How does high night temperature affect
crop yield?”

(A) Increases photosynthesis,
(B) Reduces respiration,

(C) Increases respiratory losses,
(D) Enhances translocation.

Answer: (C) Increases respiratory losses.

Explanation: High night temperatures increase

dark respiration, consuming assimilates and

reducing yield.

5. What s the yield gap?”

(A) Difference between GPP and NPP,

(B) Difference between potential and actual
yield,

(C) Difference between C3 and C4 yields,

(D) Difference  between irrigated and
rainfed yields.

Answer: (B) Difference between potential and

actual yield.

Explanation: The yield gap quantifies the

shortfall between theoretical maximum vyield

and field-level yield due to environmental and
management constraints.

e Trend: PYQs focus on physiological
processes (photosynthesis, sink capacity),
yield gap analysis, and environmental
impacts on yield. Recent questions
emphasize climate-related constraints (e.g.,
heat stress).

Case Study: Yield Limits in Indian Wheat

In Punjab’s wheat system:

e Genetic Potential: HYVs like HD 2967 have a
potential yield of 6-7 t/ha.

e Environmental Constraints: Heat stress
during grain filling (March—April) reduces
sink capacity, lowering yields to 4-5 t/ha.
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e Management Constraints: Suboptimal
nitrogen application (e.g., <100 kg/h(A)
limits photosynthesis and translocation.

¢ Interventions: (early

Timely  sowing

November), split nitrogen doses, and
sprinkler irrigation narrow the yield gap.
This case study illustrates how physiological
limits interact with environmental and

management factors, a key exam concept.

Variability in Relation to Ecological Optima
Definition and Concept

Ecological optima refer to the ideal range of
environmental conditions (e.g., temperature,
water, nutrients) under which a crop achieves
maximum growth, development, and yield.
Variability in crop vyield occurs when
environmental conditions deviate from these
optima, triggering physiological responses that
reduce productivity. This concept is critical for
understanding vyield fluctuations in Indian
agriculture, where climatic variability (e.g.,
erratic monsoons) and resource constraints

(e.g., nutrient-deficient soils) are common.

Key Environmental Factors and Their Optima
Each environmental factor has an optimal
range, with thresholds beyond which vyield
declines:

e Temperature:

o Optima: Varies by crop (e.g., 25-30°C
for rice, 20-25°C for wheat, 30-35°C for
maize).

o Impact of Deviation:
= High

phenological development, reducing

Temperatures:  Accelerate
grain-filling duration (e.g., wheat
yields drop >35°C).

" Low Temperatures: Delay
germination and growth (e.g., rice
seedlings suffer <15°C).

o Example: Heat stress in wheat during

anthesis reduces floret fertility, lowering

grain number.

Water:

o Optima: 500-700 mm for wheat, 1000—
1500 mm for rice, 400-600 mm for
sorghum.

o Impact of Deviation:
= Drought: Closes stomata, reducing

photosynthesis  and assimilate

supply (e.g., rainfed maize yields

drop <300 mm).

= Waterlogging: Impairs root

respiration, limiting nutrient uptake

(e.g., rice tolerates flooding, but
wheat does not).

o Example: Monsoon failure in Rajasthan
reduces pearl millet yields by 30-50%.

Nutrients:

o Optima: Balanced supply (e.g,
120:60:40 kg/ha N:P:K for rice).

o Impact of Deficiency:
= Nitrogen: Reduces leaf area and

photosynthesis, lowering biomass.
=  Phosphorus: Limits root growth and
seed formation.
= Potassium: Impairs stomatal
function and stress tolerance.
o Example: Nitrogen deficiency in maize
causes yellowing (chlorosis), reducing
yield.
Light:
o Optima: 1000-2000 pmol/m?2/s PAR,
depending on crop (C3 vs. C4).
o Impact of Deviation:
= Low Light: Reduces photosynthesis,
especially in dense canopies (e.g.,
sugarcane).

= Excess Light: Causes photoinhibition
in sensitive crops (e.g., soybean).

o Example: Cloud cover during monsoon
reduces rice photosynthesis, lowering
yield.

Cco2:

o Optima: 400-550 ppm for C3 crops, less
critical for C4 crops.
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o Impact of Deviation:
= Low CO2: Limits C3 photosynthesis
(e.g., wheat).
= Elevated CO2: Enhances C3 vyields
but may reduce grain quality (e.g.,
lower protein in wheat).
o Example: CO2 enrichment in
greenhouses boosts tomato yields.
Physiological Responses to Deviations
When environmental conditions deviate from
optima,
responses that affect yield:

crops  exhibit  physiological

e Stomatal Regulation:

o Drought or high temperatures trigger
stomatal closure, reducing CO2 uptake
and photosynthesis.

o Example: Water stress in sorghum
reduces stomatal conductance, lowering
GPP.

e Enzyme Activity:

o Temperature extremes impair enzymes
like  Rubisco (photosynthesis) or
amylases (grain filling).

o Example: Heat stress (>35°(C) in rice
reduces Rubisco activity, decreasing
assimilate production.

e Hormonal Changes:

o Stress induces hormones like abscisic
acid (ABA), which promotes stomatal
closure but inhibits growth.

o Example: ABA accumulation in drought-
stressed maize reduces leaf expansion.

e Metabolic Shifts:

o Nutrient deficiencies alter metabolic
pathways (e.g., reduced chlorophyll
synthesis in N-deficient plants).

o Example: Phosphorus deficiency in
soybean impairs seed development.

e Phenological Adjustments:

o Temperature or water stress shortens or
extends growth phases, affecting yield
components.

o Example: Early flowering in heat-
stressed wheat reduces grain-filling
duration.

Yield Components and Variability
Yield is determined by specific components,
which vary with ecological conditions:
e Cereals (e.g., Rice, Wheat):
o Components:
tillers/panicles, grains per panicle, grain
weight.
o Impact of Deviation:
= Drought reduces tiller number and
grain filling (e.g., rice yields drop 20—
30% under water stress).

= Heat stress reduces grain weight
(e.g., wheat grains shrink >30°C).

Number of

e Legumes (e.g., Soybean, Chickpea):
o Components: Number of pods, seeds
per pod, seed weight.
o Impact of Deviation:
= Nutrient deficiency (e.g., P) reduces
pod set.
= Water stress causes pod abortion
(e.g., chickpea vyields drop 40%
under drought).
e Oilseeds (e.g., Mustard, Groundnut):
o Components: Number of siliquae/pods,
seeds per siliqua, seed weight.
o Impact of Deviation:
= Low light reduces siliqua formation
in mustard.
=  Waterlogging impairs seed filling in
groundnut.
Management Minimize
Variability

Strategies to

e Varietal Selection:

o Use varieties with tolerance to
deviations (e.g., Sahbhagi Dhan rice for
drought).

o Example: Heat-tolerant wheat (DBW
187) maintains vyield wunder high
temperatures.

e Irrigation and Water Management:

o Drip irrigation or alternate wetting-
drying (AW(D) in rice maintains water
optima.

o Example: AWD reduces water use by
20-30% while sustaining rice yields.
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e Nutrient Management:

o Apply balanced fertilizers based on soil
tests (e.g., 4R Nutrient Stewardship:
Right source, rate, time, place).

o Example: Split N application in wheat
enhances uptake efficiency.

e Agronomic Practices:

o Adjust sowing dates to align with
optimal temperature windows (e.g.,
early sowing of wheat in November).

o Use mulching to conserve soil moisture
in rainfed crops.

e Climate-Smart Technologies:

o Use weather forecasting for timely
interventions (e.g., irrigation before
drought).

o Employ protected cultivation (e.g.,
polyhouses) to control temperature and

light.
PYQ Analysis

2017
1. What is the optimal temperature range for
rice growth?”

(A) 15-20°C (B) 25-30°C

(C) 35-40°C (D) 10-15°C.
Answer: (B) 25-30°C.
Explanation: Rice achieves maximum

photosynthesis and growth at 25-30°C;
deviations reduce yield.

2019
2. How does drought affect yield components
in maize?”

(A) Increases grain weight
(B) Reduces grain number
(C) Enhances cob size
(D) Improves pollination.
Answer: (B) Reduces grain number.
Explanation: Drought during anthesis reduces
floret fertility, lowering grain number and yield.
2021
3. Which environmental factor has the
greatest impact on vyield variability in
rainfed sorghum?”
(A) Temperature
(C) Light

(B) Water
(D) CO2.

Answer: (B) Water.

Explanation: Water availability is the primary

limiter in rainfed systems, affecting

photosynthesis and sink capacity.

2023

4. What is the effect of high CO2 on C3 crop
yields?”

(A) Decreases yield

(B) Increases yield

(C) No effect

(D) Reduces grain quality.

Answer: (B) Increases yield.

Explanation: Elevated CO2 enhances
photosynthesis in C3 crops (e.g., wheat),
increasing biomass and yield.

2024

5. How does nitrogen deficiency affect wheat
yield?”

(A) Increases grain size

(B) Reduces tiller number
(C) Enhances photosynthesis
(D) Improves translocation.

Answer: (B) Reduces tiller number.

Explanation: Nitrogen deficiency limits leaf area

and tillering, reducing assimilate production

and yield.

e Trend: PYQs emphasize optimal ranges,
physiological responses to deviations, and
their impact on yield components. Recent
questions  focus on  climate-related

variability (e.g., drought, heat).

Case Study: Yield Variability in Rainfed
Pearl Millet
In Rajasthan’s arid zone:
e Optimal Conditions: 400-600 mm rainfall,
30-35°C, 50 kg/ha N.
e Deviations:
o Drought (<300 mm): Reduces tillering
and grain number, lowering yields to
0.5-1 t/ha.
o High Temperature (>40°C): Accelerates
senescence, reducing grain filling.
o Nutrient Deficiency: Low N limits
photosynthesis, reducing biomass.
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e Interventions:

o Drought-tolerant varieties (e.g., HHB 67).

o Contour bunding to conserve water.

o Foliar N sprays to address deficiency.
This case study highlights how ecological
optima  drive yield and how
management can mitigate variability.

Source-Sink Relationships and Assimilate
Partitioning

Definition

The source-sink relationship describes the
balance between assimilate production (source:
leaves, stems) and storage (sink: grains, pods,
tubers). Assimilate partitioning is the allocation
of photosynthates to different plant parts,
determining yield. These concepts are critical
for understanding physiological limits and yield
variability, as they link photosynthesis to grain
formation.

Components
e Source:

o Photosynthetic organs (leaves, green
stems) that produce assimilates via
photosynthesis.

o Strength depends on leaf area index
(LAI), photosynthetic rate, and duration.

o Example: High LAl in rice (4-5) ensures
strong source capacity.

e Sink:

o Reproductive organs (grains, pods) or
storage organs (tubers, roots) that store
assimilates.

o Strength depends on number (e.g.,
grains per panicle) and size (e.g., grain
weight).

o Example: High grain number in wheat
(HD 3086) indicates strong sink capacity.

e Translocation:

o The movement of assimilates from
source to sink via phloem.

o Efficiency depends on vascular structure
and environmental conditions.

o Example: Water stress in maize impairs
phloem transport, reducing grain filling.

Factors Affecting Source-Sink Dynamics

e Genetic Factors:

o HYVs have optimized source-sink
balance (e.g., high harvest index in rice
~0.5 vs. 0.3 in traditional varieties).

o Example: IR36 rice has more grains per
panicle, enhancing sink strength.

e Environmental Factors:

o Light: Low light reduces source strength
(e.g., cloudy monsoons affect rice).

o Water: Drought weakens both source
(photosynthesis) and sink (grain filling).

o Temperature: Heat stress reduces sink
capacity by lowering floret fertility.

e Management Practices:

o Fertilization: Nitrogen boosts leaf area
(source), while phosphorus enhances
seed set (sink).

o Pruning/Training: Removes excess
vegetative growth, directing assimilates
to sinks (e.g., in grapes).

o Timing: Sowing dates affect source-sink
development (e.g., late-sown wheat has
weaker sinks).

Source-Sink Imbalance

e Source-Limited Yield: When photosynthesis
is insufficient to meet sink demand.

o Example: Shading in sugarcane reduces
assimilate production, limiting cane
yield.

e Sink-Limited Yield: When sink capacity (e.g.,
grain number) cannot utilize available
assimilates.

o Example: Low floret fertility in drought-
stressed maize limits grain number,
wasting photosynthates.

e Balancing Strategies:

o Breeding for high sink capacity (e.g.,
more grains per spike in wheat).

o Enhancing source strength through
fertilization and irrigation.

o Example: Split N application in rice
boosts LAl and grain number, balancing
source and sink.
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Assimilate Partitioning Patterns

Assimilate partitioning varies across crops and

growth stages:

e Vegetative Phase: Assimilates are allocated
to leaves, stems, and roots for growth.

70-80%  of

assimilates go to stems before

o Example: In maize,

flowering.
e Reproductive Phase: Assimilates are
redirected to grains, pods, or tubers.

o Example: In wheat, 60-80% of
assimilates go to grains during grain
filling.

e Stress Effects:

o Drought shifts assimilates to roots for
survival, reducing grain allocation.

o Example: Water stress in chickpea
reduces pod set, diverting assimilates to
stems.

Harvest Index (Hl)

e Definition: The ratio of economic yield (e.g.,
grain) to total biomass, expressed as a
percentage.

e Formula: HI = (Economic Yield / Total
Biomass) x 100.

e Importance: High HI indicates efficient
assimilate partitioning to sinks.

e Examples:

o Rice: Modern HYVs (e.g., IR64) have HI
~0.5, vs. 0.3 for traditional varieties.

o Wheat: HYVs (e.g., HD 2967) have HI
~0.4-0.5.

o Maize: HI ~0.5, reflecting strong sink
capacity.

PYQ Analysis
2018

1. What is the source in a source-sink
relationship?”
(A) Grains
(C) Roots

Answer: (B) Leaves.

(B) Leaves
(D) Stems.
Explanation: Leaves are the primary
photosynthetic organs, producing assimilates
for sinks like grains.

2020
2. How does a low harvest index affect crop
yield?”
(A) Increases grain yield
(B) Reduces grain yield
(C) Enhances biomass
(D) Improves translocation.
Answer: (B) Reduces grain yield.
Explanation: Low HI indicates poor
assimilate partitioning to grains, reducing
economic yield.
2022
3. What limits yield in source-limited crops?”
(A) Grain number
(B) Photosynthesis
(C) Sink size
(D) Translocation.
Answer: (B) Photosynthesis.
Explanation:  Source-limited crops have
insufficient assimilate production due to low
photosynthetic rates.
2024
4. How does nitrogen fertilization affect
source-sink dynamics?”
(A) Reduces source strength
(B) Enhances source strength
(C) Decreases sink capacity
(D) Impairs translocation.
Answer: (B) Enhances source strength.
Explanation: Nitrogen increases leaf area and
photosynthesis, boosting assimilate production.
e Trend: PYQs focus on source-sink
definitions, harvest index, and factors
affecting assimilate partitioning. Recent
guestions emphasize management impacts
(e.g., fertilization).

Case Study: Source-Sink in Rice

In the rice-wheat system of Uttar Pradesh:

e Source Strength: High LAl (4-5) in HYVs
(Sarjoo 52) ensures strong photosynthesis.

e Sink Capacity: High panicle number and
grains per panicle (100-150).

ToppersNotes / 9614-828-828

15



e Constraints:
o Low light during monsoon reduces
source strength.
o Water stress during flowering lowers
grain number (sink).
e Interventions:
o Timely transplanting
maximizes light capture.
o Split N application (60:30:30 kg/h(A)
enhances LAl and grain filling.
o AWD irrigation maintains sink capacity.
This case study illustrates how source-sink
balance drives yield, a key exam concept.

(June—lJuly)

Yield Components and Their Physiological
Basis

Definition

Yield components are the measurable
attributes of a crop that collectively determine
its economic yield. They vary by crop type and
are influenced by physiological processes and
ecological conditions. Understanding vyield
components is essential for diagnosing vyield
limitations and optimizing management.

Yield Components by Crop Type
e Cereals (Rice, Wheat, Maize):
o Components:
= Number of productive tillers/
panicles/cobs per unit area.
= Number of grains per
panicle/spike/cob.
=  Grain weight
weight, TGW).
o Physiological Basis:
» Tiller/Panicle Number: Determined by
early vegetative growth, influenced by
N availability and water.
= Grain Number: Depends on floret
fertility and pollination, affected by
temperature and water stress.
= Grain Weight: Driven by assimilate
supply during grain filling, limited by
source strength and translocation.
o Example: In rice, 200-300 panicles/m?,
100-150 grains/panicle, and 20-25 g
TGW yield ~5-6 t/ha.

(thousand-grain

e Legumes (Soybean, Chickpea):
o Components:
= Number of pods per plant.
= Number of seeds per pod.
=  Seed weight.
o Physiological Basis:
= Pod Number: Depends on flowering
success, limited by water and P
availability.

= Seed Number: Influenced by
pollination and assimilate supply.

= Seed Weight: Determined by sink
strength and translocation
efficiency.

o Example: In chickpea, 20-30 pods/plant,
1-2 seeds/pod, and 0.2-0.3 g/seed yield
~1-2 t/ha.

e QOilseeds (Mustard, Groundnut):
o Components:
=  Number of siliquae/pods per plant.
= Number of seeds per siliqua/pod.
=  Seed weight.
o Physiological Basis:
= Siliqua/Pod Number: Driven by
branching and flowering, limited by
light and nutrients.

= Seed Number: Depends on
fertilization success, affected by
water stress.

=  Seed Weight: Influenced by assimilate
partitioning during seed filling.

o Example: In mustard, 100-150
siliquae/plant, 4-6 seeds/siliqua, and 3—
5 g TGW yield ~1.5-2.5 t/ha.

Factors Affecting Yield Components
e Genetic Factors:

o HYVs have higher component values
(e.g., more grains/spike in wheat PBW
725).

o Example: IR64 rice has higher panicle
density than traditional varieties.

e Environmental Factors:

o Temperature: Heat stress reduces grain
number (e.g., wheat >30°C).

o Water: Drought lowers tiller number
and seed set (e.g., maize).

o Light: Low light reduces siliqua
formation in mustard.
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e Management Practices:
o Fertilization: N increases tillering; P
enhances seed set.
o Sowing Density: Optimal spacing (e.g.,
22.5 cm for wheat) maximizes tiller
number.

o lIrrigation: Timely water supply ensures

grain filling.
PYQ Analysis

1. What is the primary yield component in
rice?”
(A) Tiller number,
(B) Grain weight,
(C) Panicle length,
(D) Leaf area.
Answer: (A) Tiller number.
Explanation: Tiller number determines panicle
density, a key driver of rice yield.
2. How does water stress affect chickpea yield
components?”
(A) Increases pod number,
(B) Reduces seed number,
(C) Enhances seed weight,
(D) Improves flowering.
Answer: (B) Reduces seed number.

Explanation: Water stress causes pod abortion

and lowers seed set, reducing yield.

3. Which yield component is most affected by
heat stress in wheat?”

(A) Tiller number,
(B) Grain number,
(C) Grain weight,
(D) Spike length.

Answer: (B) Grain number.

Explanation: Heat stress during anthesis

reduces floret fertility, lowering grain number.

4. What determines grain weight in maize?”
(A) Photosynthetic rate,

(B) Sink capacity,
(C) Tiller number,
(D) Leaf area.

Answer: (B) Sink capacity.

Explanation: Grain weight depends on the

sink’s ability to store assimilates during grain

filling.

e Trend: PYQs focus on yield components,
their physiological basis, and environmental
impacts. Recent questions emphasize stress
effects on specific components.

Crop Component | Component 2 | Component Typical Values Physiological Basis
1 3
Rice Tiller Grains/panicle | Grain 200-300/m?, 100— | N availability, floret
number weight 150 grains, 20-25 g | fertility, assimilate
supply
Wheat Spike Grains/spike Grain 300-400/m?, 35— Photosynthate supply,
number weight 50 grains, 35-45 g | sink strength, tillering
Maize Cob number | Kernel Kernel 1-2 cobs, 12-18 Silking-shedding
rows/cob weight rows, 250-300 synchrony, pollination,
g/cob N uptake
Chickpea | Pod number | Seeds/pod Seed weight | 25—-40 pods, 1-2 Flower retention,
seeds/pod, 15-25 assimilate flow,
g/100 seeds drought tolerance
Mustard | Siliqua Seeds/siliqua | Seed weight | 300-500 siliquae, Flowering duration,
number 10-20 seeds, 4—6 nutrient remobilization
g/1000 seeds
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