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INTRODUCTION

Crop Physiology (CRP 302) is a two (2)-credit umiburse on
introduction to crop Physiology. The course is lemoknto 27 units in all
in six (6) modules. These units will teach and akpPhysiology study
as a tool and systematic process for ensuring tatsiology
considerations are taken into account in all predoactivities. This
course guide defines what the course is all abswell as the course
material that you will need to consult to ensura tihhe course is simple
and within your reach. It suggests some generatflajuies for the
amount of time you are likely to spend studyingheaait in order to
complete it successfully. It also gives you somglguce on your tutor-
marked assignments. The course will deal with @h&doprinciples and
selected applications of physiology for agricultiuweops, emphasizing
the need for a different type of agriculture, irder to support the
increasing needs for food (quantity and qualitgjrig climatic changes
as well as increased abiotic and biotic stress itond. The basic
aspects of the major biotechnological tools andutswis will be
evaluated.

WHAT YOU WILL LEARNIN THISCOURSE

On successful completion of this module, you wdldble to:

1. To describe the major basic biotechnologiesatedl to
agricultural production.

2. To explain the major practical biotechnologaased at solving
agriculture and food production problems.

3. To evaluate the achieved progress, the possgdgds and future
needs of agricultural biotechnologies.

4. To examine the ecological, sociological andiceth issues
associated with genetically-modified (GM) plantadatheir
products.

COURSE AIMS

The Course aims and obj ectives ar e follows:

1. To expose the students to the basic scienéfitlence and
technical aspects of the different disciplines agricultural
biotechnologies (mainly for plants and crops).

2. To clarify the major scientific, ecological amsbciological
aspects of physiology in agriculture and food piciabn.
3. To discuss the general issues and interreltipa of science,

agriculture and human well-being.
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COURSE OBJECTIVES

For the aims to be achieved, there are set obgsctizach unit of this
course also has its specific objectives that avadoat the beginning of
each unit. You will need to understand these olyestbefore you start
working on each unit. You are encouraged to refehém periodically
to check on your progress in learning and assimdathe content. On
completion of a unit, you may re-examine the ohyest to ensure that
you fully learn what is required. By so doing yoancbe sure that you
have achieved what the unit expects you to acquire.

By meeting these objectives, the aims of the coassa whole would
have been achieved. These objectives include:

. Define and explain the meaning of physiology
. Understand the Background to general physiology:
. Explain Agricultural biotechnologies and breeding global

perspectives and trends.
. Describe the Applications of plant Physiology inogr

improvement.

. Understand the concept of Micro techniques

. Explain Plant Genetic Engineering and Productioi r@insgenic
Plants.

. State the importance of Applications of GeneticiBagring

. Describe the Application of Cell Culture SystemsMetabolic
Engineering.

. State the aims and scope of Molecular Farming gopliéations.

WORKING THROUGH THISCOURSE

To complete this course, you are required to rdsm dtudy units
carefully and read other recommended materials. wihlbe required to
answer some questions based on what you have methe icontent to
reaffirm the key points. At the end of each ungrthare some Tutor-
Marked Assignments (TMA) which you are expectedstdomit for
Marking. The TMA forms part of your continuous @gsnents. At the
end of the course is a final examination. The ewisuld take you 12
to 13 weeks to complete. The component of the eoigrgiven to you to
know what to do and how you should allocate yoonetito each unit in
order to complete the course successfully on time.
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COURSE MATERIALS
The major components of this course are:

Course Guide

Study Units

References and Further Reading
Assignment File

Presentation Schedule

arwnPE

STUDY UNITS

MODULE 1 INTRODUCTION TO CROP
PHYSIOLOGY AND ITS
IMPORTANCE IN AGRICULTURE

Unit 1 Definition of Terms

Unit 2 A Brief History of Crop Physiology

Unit 3 Meaningof Crop Physiology and its Importance in
Agriculture

Module2 Plant Cell: An Overview

Unit 1 Brief OverviewPlant Cell
Unit 2 Brief Description of Various Organelles and their
Functions

Module3 Diffusion and Osmosis; Absorption of Water,
Transpiration and Stomatal Physiology

Unit 1 Meaning and Definition of Diffusion and Osmosis

Unit 2 Explanation on Different Type of Solutions

Unit 3 Meaning of Water Potential and its Components and
Importance

Unit 4 Conceptof Water Uptake and Movement (Transpiration
Stream)

Unit 5 Methodsof Measuring Water Status in Plants

Unit 6 Concept of Stomatal Physiology and Transpiration

Unit 7 Concept of Evapotranspiration

Unit 8 Concept of Soil Water Availability

Vi
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Module4  Mineral Nutrition of Plants: Functions and Deéiocy
Symptoms of Nutrients, Nutrient Uptake Mechanisms

Unit 1 Meaning of Mineral Nutrition

Module5 Photosynthesis. Light and Dark Reactions, C3, C4
and CAM Plants

Unit 1 Meaning and Concept of Photosynthesis
Module6 Crop Geometry and Cultural Manipulations.
Unit 1 Meaning of Crop Geometry
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ASSESSMENT

You will be assessed in two ways in this courséne- Tutor-Marked
Assignments (TMA) and a written examination. Yoe axpected to do
the assignments and submit them to your tutorialitator for formal

assessment in accordance with the stated deadifintee presentation
schedule and the assignment file. Your tutor-mar&ssignment will
account for 30 per cent of the total course mark.

TUTOR-MARKED ASSIGNMENT (TMA)

There are Tutor Marked Assignment and self-assigmirire each unit.
You would have to do the TMA as a revision of eanlt. And there are
four Tutor Marked Assignment you are required toahml submit as
your assignment for the course. This would help tgobave broad view
and better understanding of subject. Your tutofadilitator would
inform you about the particular TMA you are to subto him for
marking and recording. Make sure your assignmesthes your tutor
before the deadline given in the presentation sdieednd assignment
file. If, for any reason, you cannot complete youwrk on schedule,
contact your tutor before the assignment is dugigouss the possibility
of an extension. Extensions will not be grantedraiftie due date unless
there are exceptional circumstances. You will ble &b complete your
assignment questions from the Contents containedhis course

viii
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material and References/Further reading; howevers idesirable to
search other References/Further reading, whichgmk you a broader
view point and a deeper understanding of the subjec

FINAL EXAMINATION AND GRADING

The modalities for the final examination for CRR234ill be determined
by NOUN. The pattern of the questions will not be different from
those you have responded to in the tutor-markeigrasent. However,
as the university has commenced online examingtiygms may have to
adjust to whatever format is made available to gbany point in time.
Nonetheless, be assured of the content validith@examinations. You
will only be examined strictly on the content oéttourse, no matter the
form the examination takes. It is thus advisablat thou revise the
different kinds of sections of the course propé&dyore the examination
date.

HOW TO GET THE BEST FROM THIS COURSE

The study units in this course have been writtesuich a way that you
can easily go through them without the lecturengghysically around
and this is what happens in distance learning. Baaty unit is for one
week. The study units will introduce you to theitofor that week; give
you the objective(s) for the unit and what you expected to be able to
do at the end of the unit. Follow these religioushd do the exercises
that follow. In addition to the above, unlike otloeurses where you just
read and jot notes, CRP 302 has a lot of basiciptes and theories to
learn. You therefore need a lot of concentratiomewyoing through the
course.

TUTORSAND TUTORIALS

This course has tutorial hours. The dates, timeklacation of these
tutorials will be communicated to you as well as ttame and phone
number of your tutorial facilitator. You will alsbe notified of your
tutorial group. As you relate with your tutorialctetator, he/she will
mark and correct your assignments and also keégpsa watch on your
performance in the tutor-marked assignment andcddiece at tutorials.
Feel free to contact your tutorial facilitator bijagme or e-mail if you
have any problem with the contents of any of thesunits.
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SUMMARY

This course intends to introduce you to the phggipland taxonomy of
crops. Upon completion of this course, you willdmipped with basic
knowledge and understanding of the components @b Ethysiology
and Taxonomy.

After successfully gone through this course, yowlde able to do the
following:

Define some of the Vital terms in Crop Physiology
Explain the meaning of Crop Physiology

Explain the meaning of Plant Cell

Outline the different types of plant cell

Differentiate between the plant cell and animal cel
Describe various organelles associated with plant
Outline functions of the mentioned organelles
Explain the meaning of Diffusion and Osmosis
Discuss Diffusion as means of Transport in plants
List types of Diffusion in plants

Outline the importance of Diffusion in plants

Explain how Osmosis affect plant cells

Define solvent and solute

Differentiate between solvent and solute

Explain the meaning of solution

Identify and explain the various types of solution
Explain the meaning of water potentials

Outline and discuss the components of water patienti
State the importance of water potentials in Agtio
Explain the uptake of water in plants

Explain the various methods of measuring wateustat
Explain the meaning and define stomata

Discuss the different theories of stomatal movemaerit
photosynthesis

Explain the meaning of stomata evapotranspiration
Outline different factors affecting evapotranspoatwith each
specific factors

Explain the meaning of water availability

Discuss a typical soil profile

Explain the concept of soil-water availability

Explain the meaning of mineral nutrition

Outline the classification of essential elementsvia groups
List the specific roles of essential mineral eletaen
Explain the physiology of Nutrient uptake
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o Explain the meaning and definition of photosyntkesi
) Explain photochemical Reaction
o Outline the concept of cyclic photophorylation

You should be able to use the knowledge acquirgatdgide practical
solutions in Agriculture and Horticulture througletter management
practice for profitable crop yield in your localitywish you success and
hope that you find it interesting and useful.

Xi
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MODULE 1 INTRODUCTION TO CROP
PHYSIOLOGY AND ITS
IMPORTANCE IN AGRICULTURE

Unit 1 Definition of Terms

Unit 2 A Brief History of Crop Physiology

Unit 3 Meaningof Crop Physiology and its Importance in
Agriculture

UNIT 1 DEFINITION OF TERMS
CONTENTS

1.0 Introduction

2.0 Objective

3.0 Main Content

3.1  Definition of Vital Terms in Crop Physiology

3.1.2 Plant Processes
3.1.3 Plant Function
3.1.4 Crop
3.1.5 Plant Nutrients
3.1.6 Plant Growth
3.1.7 Gels
3.1.8 Solution
3.1.9 Colloidal Solution
3.1.10 Turgor Pressure (Tp)

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

Genetic potential of a plant and its interactiorthwenvironmental
factors decides its growth and development by erfking or
modifying certain internal processes. Plant phygglstudies about
these internal processes and their functional aspec

Plant physiology is a study d&fital phenomena in plant. It is the
science concerned with Processes and functionsreffmonses of
plants to environment and the growth and developrtteat results
from the responses. It helps to understand varibisdogical
processes of the plants like Photosynthesis, retsmir, transpiration,
translocation, nutrient uptake, plant growth regata through
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hormones and such other processes which have prfioypact on
crop yield.

2.0 OBJECTIVE

By the end of the unit, you should be able to:
e define vitals terms in crop physiology

3.0 MAIN CONTENT
3.1  Definition of Vital Termsin Crop Physiology
3.1.1 Plant Processes

Processes mean natural event/ sequence of evexasapkes of
processes that occur in living plants are

Photosynthesis

lon absorption
Transpiration
Assimilation

Seed formation and

Respiration

Translocation

Stomatal opening and closing
Flowering

Seed germination

* & & o o
* & & o o

To described and explain the plant processes isnthia task
or the first task of plant physiology.

3.1.2 Plant Function

Function means natural activity of a cell or tissareorgan or a
chemical substance. So, the second task of plasiqdbgy is
to describe and explain the function of an orgasue, cell
and cell organelle in plants and the function ofthea
chemical constituent, whether it may be an ion,euoole or
a macro molecule.

Both processes and functions are dependent onxteenal
factors and are modified by the external factoichsas light
and temperature. Since these two factors are neoldidy the
external factors, the third task of plant physigioig to
describe and explain how processes and functieporel to
change in the environment.

Essentially the overall goal of plant physiologytasevolve a
detailed and comprehensive knowledge of all theunaat
phenomena that occur in living plants and thus ndenstand
the nature of plant growth, development and pradingt
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Many aspects of practical agriculture can benefitnf more
intensive research in plant physiology.

3.1.3 Crop
It is a group of plants grown as a community inpacsfic
locality and, for a specific purpose.

3.1.4 Plant nutrients
Soil is a major source aoilutrientsneeded bylantsfor
growth. The three mainutrients are nitrogen (N), phosphorus
(P) and potassium (K). The role thesdrientsplay
in plant growth is complex, and this document provides anly
brief outline.

3.1.5 Plant growth
Growth in plantsoccurs as the stems and roots lengthen.
Someplants, especially those that are woody, also increase in
thickness during their life span. The increaseeimgth of the
shoot and the root is referred to as pringmywth, and is the
result of cell division in the shoot apical mermate

3.1.6 Ges
Are thick semisolid elastic colloidal systems whante formed
by hydrophilic sols. A gel is a reverse of sol. &ien-
Conversion of hydrosols to gels Solation- Conversibgels to
sols. Emulsion is a mixture of two immiscible lidai It is
essentially unstable and breaks up with time in thstinct
layers e.g. oil in water.

3.1.7 Solution
The dispersion of a substance in molecular or idieicn
throughout the medium of another is known as smutiTrue
Solution or Crystalloid- A homogeneous and stabigtume of
two or more chemical substances which have difteren
molecular species & size of particles is 1nm orobele.g.
common salt in water.

3.1.8 Colloidal solution
A stable and heterogeneous solution in which sfzpaaticles
is in between 1-200 nm. Suspension- An unstable
heterogeneous solution in which the particle sgeusually
more than 0.um.

3.1.9 Imbibition
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It is the phenomenon of adsorption of water or atier liquid
by the solid particles of a substance without foxgna solution.
Here, in this process liquid molecules move from tagion of
high partial pressure to low partial pressure. (Bgarticles
which imbibe water or any other liquid are callaetbibants &

liquid absorbed is calleianbibate.

3.1.10Turgor Pressure(TP)

It is the hydrostatic pressure generated by theoplasm within the cell

against cell wall as a result of osmotic entry aitev into it. Turgor

Pressure is always less than Osmotic Pressuresuhiesell is in water.
Cell wall being rigid and elastic exerts an equad @pposite pressure
on expanding protoplasm, called wall pressure (W®)a given time

TP=WP

SELF-ASSESMENT EXERCISE

Outline the different definitions of Crop Physiologvailable in
the literature.

40 CONCLUSION

This unit has defined several vital terms frequentied in the field
of crop physiology.

5.0 SUMMARY

Genetic potential of a plant and its interactiorthwenvironmental
factors decides its growth and development by @rfing or
modifying certain internal processes. Plant phygglstudies about
these internal processes and their functional aspec

6.0 TUTOR-MARKED ASSIGNMENT

Define plant processes and give 10 examples of it.
Explain plant functions in crop physiology.
Define any five of the following terms.

Crop

Plant nutrients

Gel or gelation

Turgor pressure

Plant growth

Solution

e 6 o o o o (LWMN P
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e Colloidal solution
e Imbibition

7.0 REFERENCESFURTHER READING

Dennis, D. T. & Turpin, D. H. (1990Rlant Physiology, Biochemistry
and Molecular Biology. Harlow, Essex, UK: Longman Group.

Salisbury, F. B. & Ross, C. W. (1985plant Physiology, (3rd ed.).
Belmont, CA: Wadsworth Publishing,.

Taiz, Lincoln, & Eduardo, Zeiger.Plant Physiology, (2nd ed.).
Sunderland, MA: Sinauer Associates,
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UNIT 2 A BRIEFHISTORY OF CROPPHYSIOLOGY
CONTENTS

1.0 Introduction
2.0 Objective
3.0 Main Content
3.1 Brief History of Crop Physiology
3.1.1 Early Experiments on Plant Growth
3.1.2 Experiments on Plant Nutrition and
Transportation
3.1.3 Current Research on Cellular and Molecular
Plant Physiology
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Plant physiology is concerned with the life proesssf plants, and from
the beginning has been focused largely on the higheen terrestrial
plants, the autotrophic (self-feeding) plants flegd us animals. In part,
plant physiology has roots in agriculture.

The central question of plant physiology is how gants grow,
develop, and reproduce? When primitive humans cielte seeds and
began raising food plants, they must have noted fhants need
sunlight, warmth and moist (but not wet) soil ofogotilth, and that
seeds from vigorous plants produced vigorous pldrtey observed the
beneficial effects of manuring (mentioned in theblBj Luke 13:8).
Centuries of agricultural practice produced impobwvearieties and
cultural practices, and early studies of physiolalygw on this basic
knowledge of plant growth and gross anatomy.

20 OBJECTIVE

By the end of this unit, you should be able to:
e give a brief history of evolution of crop physiologhrough
various stages.
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3.0 MAINCONTENT
3.1 Brief History of Crop Physiology
3.1.1 Early Experimentson Growth

An early physiological question was where a platsdhe material with
which it grows. In the early 1600s, Jan van HelmamtBelgian
physician, decided the source must be water alMae.Helmont grew a
willow seedling in 200 pounds of soil, and only addainwater. A 164-
pound tree was produced with only 57.1 grams (Zeshof soil lost.
He knew of carbon dioxide but never dreamed thdiffase gas could
produce willow wood.

In the next century Antoine Lavoisier foundganic matter to be largely
formed of carbon and oxygen. Joseph Priestley,dganhousz, and
Jean Senebier demonstrated that plant leaves hih ke up carbon
dioxide and emit equivalent amounts of oxygen. Labdicholas de

Saussure noted that water was involved in the psoc&he reverse
occurred in the dark—plantgspired like animals, taking up oxygen
and emitting carbon dioxide. J. R. Mayer observeat the process
converted light energy into the chemical energgrginic carbon. Thus,
growth of seedlings in the dark or of roots in Hod was at the expense
of this energy. Therefore, by the nineteenth centphotosynthesis,

although not understood biochemically, was estabtisas the primary
and essential synthetic process in plant growth.

3.1.2 Experimentson Plant Nutrition and Transportation

In his experiment, van Helmont assigned no impasato the two
ounces of soil lost. However, starting in the [2#00s and extending
into the mid-1800s, Julius Sachs and others usedhidal assays to
establish that quantitatively minor soil constittseenof nitrogen,
potassium, phosphate, sulphur, and other elemerd Mmajor
importance in plant growth. The long-recognisedonignce of manure
lay with its content of thes@organic nutrients, especially nitrogen. It
was discovered these could be added to the saloaganic salts, such
as potassium nitrate. The organic material of manar the residue of
its decay, contributed to improved tilth, or sditusture, but did not
provide nutrients. From these discoveries camartbdern agricultural
use of chemical fertilizers.

What about the extensive loss of water from th&séan Helmont had
to continuously water his willow tree with many ragqoounds of water
than were ultimately incorporated by the tree. 27 an English
clergyman and amateur physiologist, Stephen Hales,
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publishedVegetable Saticks, an account of his pioneering studies on the
transpiration, growth, and gas exchanges of platdses demonstrated
that water from the soil moves up the stems tdehees where it is lost
as water vapour, a process called transpiratiohs&uent research of
the 19th and early 20th centuries showed that taeemdiffuses out
throughstomata (singular stoma), pores in the leaf epidermis (oute
layer of leaf cells).

With light and adequate water, the two cells bongdhe stoma inflate,
opening the pore to gas diffusion; under dry coodg the cells grow
flaccid and the pore closes, conserving water. |@api forces
originating in the microscopic pores of the leafsoghyll (internal
green photosynthetic cells), with some contributimm osmosis, pull
columns of water up the open vessels and tracHeigexylem (wood)
carrying nutrient salts from the roots. The coheeebetween water
molecules and their adherence to cell walls prevehée taut water
columns from breaking even in trees of great heights scheme was
first proposed in 1895 by Henry Dixen and John Jdymerous
researchers in the 20th century confirmed and edfithis "cohesion-
tension” theory of transportation.

Hales also measured the root pressure (forced intpedf decapitated
plants. Subsequent work showed that under condit@mingood soil
moisture and aeration, roots actively secrete bmicentrations of salt
into the root xylem creating a high osmotic presdhat forces water up
the stem and out pores at the tips of leaves (gut)a In 1926, E.
Munch proposed a similar mechanism ticanslocation, the movement
of sugars from leaves to roots and other plantspditis mechanism is
known as the pressure flow modkel. 1915 Crop physiology, with the
aim of understanding the dynamics of yield develepmin crops,
really began with the work of W.L. Balls. Along WwitHolton he
analysed the effects of plant spacing and sowinte dm the
development and yield of Egyptian cotton plantshwitcrop stands,
not in isolated plants. It was from his work thentécrop physiology’
came into existence. From then onwards, variousnsisis have
started applying the advances in physiological Kedge for better
crop management. In 1924, in England- a rapid dgweént of the
methods of growth and yield analysis by differemvestigators (V.H.
Blackman, F.G. Gregory, G.E. Briggs etc.) was sthriwith the
development of various methods of growth analythgy started
explaining ‘the physiology of crop yield’ in 194the concept of LAI
(Leaf area index) was developed by D.J. Watsons Tiex has
provided a more meaningful way of analysing growttcrops, and
stimulated renewed interest in crop physiologyl®%0’s, studies on
photosynthetic rate of the leaf and the loss oftgéymthates by
respiration was studied by the development of dffRed Gas
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Analysis (IRGA)'method. This method has facilitatée estimation
of short-term rates of Photosynthesis and respmdty crops in the
field. In 1953, Monsi and Saeki explained aboutrienner of light
interception by the crop canopy with their concept light
interception coefficient.

In 1963, Hesketh and Moss showed that photosyrsthgsleaves of
Maize, Sugarcane and related tropical grasses caddh much
higher rates, with less marked light saturatiomntlheaves of other
plants. (This was the starting point for researohfind other
photosynthetic CQ@ fixation path ways like C4, and CAM
Mechanisms). The differenceih pathway are associated with
differences in photosynthetic rate, in responsdight intensity,
temperature and oxygen level, in photorespirationigaf anatomy
and chloroplast morphology, in rate of transloaati@and in the
efficiency of water use, which can have profounte@t on the
physiology of yield determination.

3.1.3 Current Research on Cedlular and Molecular Plant
Physiology

By the 20th century, plant physiologists increalirigrned to chemistry
and physics for assistance with fundamental questiorhey also
established their own societies with journals tdlgh their findings,
which had a catalytic effect in increasing the lesad amount of
research. A great deal of the fundamental biocheynef cell growth
and function, known from the more extensive medieaimal, and
microbiological research, was found to apply tonpleells. Anatomical
studies gave structural details to support phygiold findings, and sub
microscopic cell structure was revealed by thetedeamicroscope.

All the mineral nutrients required for plant growtiere established. The
key to their selective uptake from the soil andchs$gort into the root
xylem proved to lie with an energy-requiring prot@mydrogerion)
pumping mechanism in the cell membranes.

Environmental, hormonal, and genetic controls orowgh and
development have been extensively explored, buetlgestill more to
learn. Ethylene, a simple two-carbon gas generhyeglants initiates
fruit ripening and regulates aspects of seed gextoin. Phototropism’s
(bending in response to unilateral light, invedegla by Charles
Darwin), and geotropisms (root growth down, sterowgh up) were
found to be due to displacement of a cell gromdhmone, or auxin. In
some circumstances, auxins could also elicit ceiliswn (root
formation in stem cuttings). Other hormones, thabgrellins, regulate
cell division at the stem apex and activategyme formation in seed
germination.
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Attempts to culture plant tissues led to discoveirynore cell division
hormones, the cytokinin. Another type of hormonésdsic acid,
initiates the senescence axbcission of leaves in the fall, and causes
the stomata to close under water stress. Additignaivth regulating
compounds are being found and investigated butoadotated picture
of hormone interaction is lacking.

Photoperiodism, the regulation of flowering by ddsngth was
discovered. Sleep movements, such as the droopingam leaves in the
evening, were found to be controlled by a biologicalock,"

acircadian rhythm, not by the onset of darkness. In 1952, gditytome
was discovered and found to be the pigment at thetec of
photoperiodism.

In recent years there has been a major shift teecatdr genetics in
attempts to locate the genes responsible for ploggaal processes. In
photosynthesis chlorophyll structure was determeued localised in the
internal membranes of the chloroplasts of the magbpells. Red and
blue portions of the light spectrum were found effes, leading to the
discovery that two light reactions are requiredtHa 1930s, C. B. Van
Neil used radioactive water to show that water,gawbon dioxide, was
the source of oxygen released during photosynth8sigar was found
to be synthesised in the stroma (fluid part) of ¢héoroplast, and the
molecular details of its creation were worked oytMelvin Calvin and

Andrew Benson. All plant cells were found to respian energy-
yielding process essentially the same as that imals, involving

another membranous organelle, the mitochondriond gielding

metabolic energy available for transport reactiand synthesis of cell
substance.

The formation of fats and oils from carbohydrateswound to be
similar to that in animals, but plants had the addbility to transform
oils in germinating seeds into carbohydrates sixlthaglucose used
in cellulose wall formation. The symbiotic relationships of piarand
microorganisms were explored, notably in the cadesduced nitrogen
formation from atmospheric nitrogen by nodule baate

At the end of 20th century, the small mustard phsabidopsis
thaliana took center stage in the attempt of scientistsngeustand plant
genomesThe full sequence of this genome was elucidate2Dih by an
international consortium of plant geneticidigter on, several research
works were carried out to understand the procddsegranslocation
of food materials, their partitioning towards econo yield, storage
mechanisms, physiology of flowering, effect of ssgfil
environmental factors on crop growth and developnreie of plant
growth regulators in increasing the crop produttivetc. All these

10
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areas have enriched the knowledge of physiologicatesses and
their role in deciding the crop yield.

SELF-ASSESMENT EXERCISE

Attempt to differentiate the history of crop physigy based on
different stages of researches with dates.

4.0 CONCLUSION

Plant physiology is concerned with the life proesssf plants, and from
the beginning has been focused largely on the higheen terrestrial
plants, the autotrophic (self-feeding) plants flegd us animals. In part,
plant physiology has roots in agriculture.

The central question of plant physiology is how gants grow,

develop, and reproduce? When primitive humans ciglte seeds and
began raising food plants, they must have noted fhants need
sunlight, warmth and moist (but not wet) soil ofogotilth, and that
seeds from vigorous plants produced vigorous pldrtey observed the
beneficial effects of manuring (mentioned in theblBj Luke 13:8).

Centuries of agricultural practice produced improbwvearieties and
cultural practices, and early studies of physiolalygw on this basic
knowledge of plant growth and gross anatomy.

50 SUMMARY

A brief history of Crop Physiology based &arly Experiments on
Plant Growth, Experiments on Plant Nutrition anénigportation and
Current Research on Cellular and Molecular PlangsPltogy were

discussed in this unit. Some of the discoverieditigrent researchers at
different times were as follows;

o An early physiological question was where a plartsgthe
material with which it grows. In the early 1600sanJvan
Helmont, a Belgian physician, decided the sourcstrbe water
alone. Van Helmont grew a willow seedling in 200upds of
soil, and only added rainwater. A 164-pound tres webduced
with only 57.1 grams (2 ounces) of soil lost. Heewnof carbon
dioxide but never dreamed that a diffuse gas caqurloduce
willow wood.

o Van Helmont assigned no importance to the two osirafesoil
lost. However, starting in the late 1700s and editem into the
mid-1800s, Julius Sachs and others used chemicayssto
establish that quantitatively minor soil constitteenf nitrogen,

11
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potassium, phosphate, sulphur, and other elemeauds najor
importance in plant growth.

Crop physiology, with the aim of understanding ttymamics
of yield development in crops, really began witle thork of
Balls (1915). Along with Holton he analysed theeett of
plant spacing and sowing date on the developmenhtyaeid
of Egyptian cotton plants within crop stands, notisolated
plants. It was from his work the term ‘crop physgy’ came
into existence. From then onwards, various scientimve
started applying the advances in physiological Kedge for
better crop management.

In 1924, in England- a rapid development of thehuds of
growth and yield analysis by different investigatqiv.H.
Blackman, F.G. Gregory, G.E. Briggs etc.) was sthriVith
the development of various methods of growth anslythey
started explaining ‘the physiology of crop yield’

In 1947, the concept of LAI (Leaf area index) waseloped by
D.J. Watson. This index has provided a more medmivgay
of analysing growth in crops, and stimulated rers\wéerest
in crop physiology.

In 1950’s, studies on photosynthetic rate of thef End the
loss of photosynthates by respiration was studigdthe
development of ‘Infra-Red Gas Analysis (IRGA)'medho
This method has facilitated the estimation of siemn rates
of Photosynthesis and respiration by crops in iblel.f Monsi
and Saeki explained about the manner of light agjetion by
the crop canopy with their concept of light intgpten
coefficient.

In 1963, Hesketh and Moss showed that photosyrghmgi
leaves of Maize, Sugarcane and related tropicasgisacould
reach much higher rates, with less marked lightirasibn,
than leaves of other plants. (This was the starpoomt for
research to find othgvhotosynthetic CQ fixation path ways
like C4, and CAM Mechanisms). The differendaspathway
are associated with differences in photosynthetite,r in
response to light intensity, temperature and oxyigeel, in
photorespiration, in leaf anatomy and chloroplastphology,
in rate of translocation, and in the efficiency wéter use,
which can have profound effects on the physiologyield
determination.

By the 20th century, plant physiologists increabingirned to
chemistry and physics for assistance with fundaaieqestions.
They also established their own societies withnals to publish
their findings, which had a catalytic effect in i@asing the level
and amount of research.
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6.0 TUTOR-MARKED ASSIGNMENT

Briefly discuss the history of Crop Physiology basethe following
headings;

a. Early Experiments on Plant Growth
b. Experiments on Plant Nutrition and Transportation
C. Current Research on Cellular and Molecular Plagsiogy

7.0 REFERENCESFURTHER READING
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UNIT 3 MEANING OF CROPPHYSIOLOGY ANDITS
IMPORTANCE IN AGRICULTURE

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Meaning ofCrop Physiology
3.2 Importance of Crop Physiology in Agriculture:
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Plant physiology is concerned with the life proesssf plants, and from
the beginning has been focused largely on the higheen terrestrial
plants, the autotrophic (self-feeding) plants flead us animals. In part,
plant physiology has roots in agriculture.

The central question of plant physiology is how plants grow,

develop, and reproduce? When primitive humans cielte seeds and
began raising food plants, they must have noted phants need
sunlight, warmth and moist (but not wet) soil ofodotilth, and that
seeds from vigorous plants produced vigorous pldritey observed the
beneficial effects of manuring (mentioned in theblBj Luke 13:8).

Centuries of agricultural practice produced impubwvearieties and
cultural practices, and early studies of physiolaygw on this basic
knowledge of plant growth and gross anatomy.

Many aspects of Agriculture and Horticulture canbleaefitted from
more intensive research in plant physiology to mtevpractical
solutions in agriculture and horticulture. Undenstiag the
physiological aspects of seed germination, seedyjrgvth, crop
establishment, vegetative development, floweringitfand seed
setting and crop maturity, plant hormone interagtioutrient
physiology, stress (biotic/abiotic) physiology etcprovides a
reasonable scientific base for effective monitorisugd beneficial
manipulation of these phenomena. Since in agricelltwe are
interested in economic vyield which is the output tfese
phenomenons and well-being of plants, Plant Phggiobrovides a
platform for getting better yield of crops. Studyithese phenomena

14
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with a view to develop better crop management prastforms the
subject matter of crop physiology.

Crop physiology is important in agriculture as waslhorticultural crops
because:

It studies the entire plant and its communities.

They deal with a plant in terms of knowledge frame different field
such as soil science, plant physiology, botany etc.

It aims to "increase the yield" of the plant ecomatity."

20 OBJECTIVES
By the end of this unit, you should be able to

o explain the meaning of crop physiology
o outline the importance of crop physiology in aglicte

3.0 MAINCONTENT
3.1 Meaning of Crop Physiology

Crop physiology is the study of the ways in whichanp
physiological processes are integrated to cause lewhmant
responses in communities. The subject matter obp q@ioysiology
includes the ways in which the knowledge of plahysology is
applied for better management of crops.

Crop physiology is the study of the plant processsponsible for the
growth, development, and production of economiddyi®/ crop plants.
Crop physiologists focus on whole plants and porhmunities - not
individual plant parts, organs, or cells becausstrbthe processes that
control vyield operate at the whole plant - plantmoounity
level. Consequently, most crop physiology reseascltonducted in
growth chambers, greenhouses, or in the field. pQobysiologists
investigate processes responsible for the primaogyztivity of crop
communities (e.g., photosynthesis, respiration,htlignterception,
nutrient utilisation), how the products of theseqasses are converted
to economic yield (e.g., sink size, seed growth,rtif@@ning,
senescence), and developmental processes thak dénlength of
critical growth stages by controlling flowering amdaturation. Crop
physiology is an integrative science, bringing mfation from a variety
of disciplines (soil science, ecology, plant phiayy, botany, statistics,

15
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micro meteorology, modeling) to bear on problems yield
improvement and crop management.

Crop physiology has an important role to play imegmting the large
increases in yield that will be needed in the n2&tyears to feed a
burgeoning world population. Increasing total protibn in a

sustainable manner without increasing the land areter cultivation

represents a huge challenge that can only be meintegrative

investigations at the whole plant-plant communitgvel. Crop

physiologists will make significant contribution® tmeeting this
challenge.

3.2 Importance of Crop Physiology in Agriculture

Many aspects of Agriculture and Horticulture canbleaefitted from
more intensive research in plant physiology to mevpractical
solutions in agriculture and horticulture. Undenstiag the
physiological aspects of seed germination, seedijrgvth, crop
establishment, vegetative development, floweringitfand seed
setting and crop maturity, plant hormone interactioutrient
physiology, stress (biotic/abiotic) physiology etcprovides a
reasonable scientific base for effective monitorisugd beneficial
manipulation of these phenomena. Since in agricelltwe are
interested in economic vyield which is the output tfese
phenomenon and well-being of plants, Plant Phygilprovides a
platform for getting better yield of crops. Studyithese phenomena
with a view to develop better crop management prastforms the
subject matter of crop physiology.

The importance of physiology in agriculture andtiooiture can be
seen from the following examples;

*  Seed Physiology

Seed is the most important input in agriculturerr@eation of seed
and proper establishment of seedling depends upoous internal
and external factors. Knowledge of Seed physioldwips in
understanding of different physiological and morplgecal changes
that occur during germination. Any deviation in sheprocesses
causes Seed dormancy. The dormant condition ofstexl bars
Immediate use of harvested seed for next crop wisicimportant in
intensive agriculture. By understanding the caasekeffects of this
problem, Crop physiologists have come up with déf¢ methods of
breaking the seed dormancy. Example: Whenever Peddged as a
seed material in the very next season it is reconu®e to treat the
seeceither with HNCB or with GA.
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. Optimum seedling growth and plant population

By knowing the process of radicle and plumule eraecg and their
function we can achieve best plant health, whicthéoutcome of
best plant physiology. By knowing the different ing requirement
of plants (water, nutrients, sunlight) we can gasianage the plant
populations to get highest yield. Input interactiohplants within
their body is the matter of plant physiology.

. Growth measurement of crops

The first prerequisite for higher yields in cropsigh total dry matter
production per unit area. High dry matter produtti® a function of
optimum leaf area (Optimum leaf area Index) and Astimilation
rate. (CGR = LAI X NAR).

Example: Pruning operation in horticultural cropkel mango is
done based on this principle of proper canopy mamamt for better
photosynthesis.

. Har vest index

The difference between total amount of dry mattedpced and the
photosynthates used in respiration is the net podof
photosynthesis. Economic yield depends on how tlgenthtter is
distributed among different organs of the planttiBan of total dry
matter amongst the major plant organs is of intdethe farmers as
they are more interested in its partition toward@®nm®mic yield.
Example: excessive vegetative growth period in Gdoout produces
a smaller number of Pods as the reproductive payeid constricted.
Thus, groundnut varieties with relatively extendeeriod of
reproductive growth are desirable.

. M ode of action of different weedicides

The use of herbicides to kill unwanted plants isdegpread in
modern agriculture. Majority of Herbicides -aboualfhof the
commercially important compounds—act by interrugtin
photosynthetic electron flow (Ex. Paraquat, diuronglectron flow
of respiration. In Photosynthesis when the electt@nsport is
blocked, it virtually stops light reaction of pheymthesis. When light
reaction is stopped the dark reaction deeshappen and thus QQs
not fixed as carbohydrate. Therefore, the weedledkoy starvation.

17
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. Nutriophysiology

Nutriophysiology is yet another important area talerstand crop
physiology. For the healthy growth of a crop arodrfdessential
elements are required. Knowledge of nutriophysiplbgs helped
in identification of essential nutrients, ion uptaknechanisms,
their deficiency symptoms and corrective measutre$so helps to
check the toxicity symptoms of various nutrientheTuse of
fertilizers and their intake by plants can be tgtahderstood by
studying plantphysiology.

. Photoperiodism

Response of plant to the relative length of day raigtit is called as
photoperiodism. This concept was used to chooséophsensitive
varieties. The semi dwarf Rice varieties that haseolutionised
Indian agriculture, are lodging resistant, ferglizesponsive, high
yielding and photo insensitive. Photo insensitiviigs allowed rice
cultivation in nontraditional areas like Punjab.eBvin traditional
areas rice-wheat rotation has become possible dab/ to these
varieties.

. Plant growth regulators

Plants can regulate their growth through intermaixgh mechanisms
involving the action of extremely low concentrasonf chemical
substances called Plant growth substances, phytar@s or Plant
growth regulators. The regulation of flowering, ddéermation and
fruit setting has been controlled through the agapion of different
hormones at the appropriate time of plant heighteaye.

Indian agriculture being predominantly rain fed mature, so

development of drought resistant varieties is viemportant. Root

zone depth, density of roots, plant water potentelative water

content, water use efficiency, xerophytic charactdrleaves etc. are
some of the characters helped to breed droughatdigarieties and to
develop efficient irrigation management practicgwifikler and drip

irrigation).

18



CRP 302 MODULE 1

Among Several physiological approaches, transpinagifficiency or
water use efficiency is the most dependable tnditch is “the
amount of dry matter produced per unit amount deweanspired”.
The importance of water use efficiency (WUE) inuihcing grain
yield under water limited conditions can be expdglby the
following model given by passioura.

Grain Yield =T x TE x HI

Where T = Total

transpiration by the crop

canopy TE = Transpiration

Efficiency or WUE

HIl = Harvest Index (Economic Fraction of Dry malter
This relationship provides an analyticalltto select the

genotype with high

levels of T and TE.

. Post-har vest physiology

Post-harvest losses of agriculture and horticulewescausing a great
distress to farming community. Moisture and temperare the two
Important factors causing physiological changes tbduce the post-
harvest quality of grains. Control of moisture @it and
maintenance of low temperatures have proved efied storage of
grains. Being perishable in nature the magnitudeost-harvest loss
Is comparatively higher in horticultural crops. Exae: In recent
years a method called ‘modified atmospheric stdrags developed
for prolonged post-harvest life of fruits and vexggés. Shelf life of
cut flowers can be increased by application of timécytokinin).
This will reduce the burst of ethylene and thusuoss the rate of
senescence.

Thus, physiological understanding of crop plantovmes the
fundamental scientific base about various aspettmetabolism,
growth and development. This is immensely importont crop
improvement or technology improvement in agricudturor
horticulture.

SELF-ASSESTMENT EXERCISE
What is the meaning of crop physiology?

Outline the importance of crop physiology in Agticue as it's
relates to Nigerian Context.
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4.0 CONCLUSION

The study of plant physiology is important in agtiare. It is the

science and art of how plants are cultivated. Agtice is the base of
the development of human civilisation. The workkatexl to farming

of domesticated species generate food surpluseswinake people able
to live in cities. The modern agriculture deals hwplant breeding,
agronomy and agrochemicals such as the use ofettibzérs and the
pesticides. The technological developments have ngdw the

conventional agricultural processes significantlyhe technological

developments have increased the number of cromsgAWwith it, the

technological tools caused environmental and ecanohanges.

The modern agricultural practices are also shapgdddpletion of
aquifers, global warming, deforestation, use ofwghohormones and
antibiotics. Increase demand for genetically medifiorganisms is
another key trend in agriculture. The products le tagricultural
industry are broadly categorised as fibres, foodsy materials and
fuels. The food products obtained from the agrigalt industry are
classified as vegetables, cereals, oil and fruit.

The applied researches, on the contrary, give itapoe to solving
practical problems. However, the crop physiologydss the plants and
plant communities as a whole. This is because tioeegses which
control the production. The area also gives impm#ato studying how
the plants interact with the environment.

50 SUMMARY

In this unit, it has been established that cropspilggy is concerned
with the life processes of plants, and from theim@gg has been
focused largely on the higher green terrestriahtslathe autotrophic
(self-feeding) plants that feed us animals. In,paldnt physiology has
roots in agriculture. The knowledge of the physyidal factors
associated with the plants is essential for condgcthe agricultural
works effectively. Crop physiology is an importgart of the subject. It
deals with investigating different processes in plants. The key areas
of focus in the domain of Crop physiology are — #wativities which
drive growth in the plants, the development proeessnd the
production of crop plants in an economic manner.
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This area of the subject includes both the bastcapplied research to
determine the functionalities of the crop plantse basic researches in
the crop physiology give importance to developingpwledge in the
area.

6.0 TUTOR-MARKED ASSIGNMENT
Briefly discuss Crop Physiology base on the follegvheadings;

a. meanings
b. importance and
C. current research d molecular plant physiology
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MODULE 2 PLANT CELL: AN OVERVIEW

Unit 1 Brief Overview of Plant Cell

Unit 2 Brief Description of Various Organelles and Their
Functions

UNIT 1 BRIEF OVERVIEW OF PLANT CELL
CONTENTS
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1.0 INTRODUCTION

The cell (from Latin cellar, meaning "small room’§ the basic
structural, functional, and biological unit of aknown living
organisms. A cell is the smallest unit of life. [Sedre often called the
"building blocks of life". The study of cells islezd cell biology. The
cell was discovered by Robert Hooke in 1665, whoned the
biological units for their resemblance to cellsabtied by Christian
monks in a monastery. Cell theory, first developed1839 by
Matthias Jakob Schleiden and Theodor Schwann sstfade

1) All organisms are made up of one or more cells Hrel
products of those cells.

2) All cells carry out life activities (require engrggrow, have a
limited size).

3) New cells arise only from other living cells byetprocess of
cell division.

Plant cells are the basic unit of life in organisofsthe kingdom
Plantae. They are eukaryotic cells, which haveua trucleus along
with specialised structures called organelles daaty out different
functions. Animals, fungi, and protists also hawkaryotic cells,
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while bacteria and archaea have simpler prokarydils. Plant cells
are differentiated from the cells of other orgarssby their cell
walls, Pastids (chloroplasts and chromoplasts),l del cell

communication by plasmodesmata and central vacuole.

2.0 OBJECTIVES
By the end of this unit, you should be able to:

explain the meaning of plant cell

give different definitions of plant cell

outline different types of plant cell

differentiate between plant cell and animal cell

3.0 MAIN CONTENT
3.1 Meaning and Definitions of Plant Cell

Plantcells are the basic unit of life in organismstw kingdomPlantae.

They are eukaryotic cells, which have a true nw«lalong with

specialised structures called organelles that aautydifferent functions.
Plant cells have special organelles called chlasipl which create
sugars vighotosynthesis They also have eell wallthat provides
structural support.

3.1.1 Plant Cells vs. Animal Cells

Plant and animal cells are both eukaryotic cellsaning they possess a
defined nucleus and membrane-bound organelles. Ehaye many
common features, such as call membrang
nucleusmitochondria Golqi apparatuendoplasmic reticulum
ribosomes, and more.

However, they have some apparent differenceslyifgant cells have
a cell wall that surrounds the cell membrane, waer@nimal cells do
not. Plant cells also possess two organelles thana cells lack:
chloroplasts and a large central vacuole.

These additional organelles allow plants to formugmight structure
without the need for a skeleton (cell wall and cantacuole), and also
allow them to produce their own food through phgtikesis

(chloroplasts).
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Parts of a Plant Cell

Cytoplasm
Golgl apparatus
Chloroplas —
Amyloplast
Nucleus Ribosame
Nucleolus Sl Hiesrb i,
Cell Membrane
Endoplasmic Reticulum
Cell Wall
Mitochondna ———
Vacuole
Peroxisome

Fig 1. Diagram of a Plant Cell with the Organelled_abeled

The plant cell has many different features thatvallt to carry out its
functions.Each of these structures, called organelles, carrgut a
specialised role.

Animal and plant cells share many common organelidsch you can
find out more about by visiting theAhimal Cell’ article. However,
there are some specialised structures in plants,calicluding
chloroplasts, a large vacuole, and the cell wall.

3.1.2 Specialised Structure in Plant Cells

° Chloroplasts

Chloroplasts are specialised organelles found anlglants and some
types ofalgae These organelles carry out the process of
photosynthesis, which turns water, carbon dioxideand light energy

into nutrients from which the plant can obtain enegy.

There can be ovame hundred chloroplasits certain plant cells.

Chloroplasts are disk-shaped organelles that arewswed by a double
membrane. The outer membrane forms the externalacsur of
thechloroplastand is relatively permeable to small moleculegvahg
substances entry into tleeganelle The inner membrane lies just
beneath the outer membrane and is less permeablexternal
substances. Between the outer and inner membrana itin
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intermembrane space that is about 10-20 nanomeides The center of
the chloroplast that is enclosed by the double manbis a fluid matrix
called thestroma(you can think of this like theytoplasmof the
chloroplast).

Within the stroma, there are many structures cathgtiakoids, which
look like flattened disks. Thylakoids are stackedap of one another in
vascular plants in stacks called grand. Thylakoli®s/e a high
concentration othlorophyllandcarotenoids which are pigments that
capture light energy from the sun. Tineleculechlorophyll is also what
gives plants their green colour.

x i o intermembrane
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Fig..2: Labeled Diagram of a Chloroplast
. Vacuoles

Plant cells are unique in that they have a largetrak vacuoleA
vacuole is a small sphere gilasma membranewithin the cell that
can contain fluid, ions, and other moleculesvacuoles are essentially
just large vesicles. They can be found in the ceflsnany different
organisms. However, plant cells characteristichliye a large vacuole
that can take up anywhere from 30% to as muc®Oaser cent of the
total cell volume.

The central vacuole of a plant cell helps maini&énturgor pressure,
which is the pressure of the contents of the agdhpng against the cell
wall. A plant thrives best when its cells have higigidity, and this
occurs when the central vacuole is full of walkturgor pressure in
the plants decreases, the plants begin to wilRlant cells fare best
in hypotonicsolutions, where there is more water in the emvirent
than in the cell. Under these conditions, watemegsinto the cell
by osmosisand turgidity is high.

25



CRP 302 MODULE 2

Animal cells, in comparison, cdyseif too much water rushes in; they
fare better insotonicsolutions, where the concentration of solutehén t
cell and in the environment is equal and the neteneent of water in
and out of the cell is the same.

Many animal cells also have vacuoles, but thesarareh smaller and
tend to play a less crucial function.

« Cell Wall

Thecell wallis a tough layer found on the outside of the ptzeik that
gives it strength and also maintains high turgidityplants, the cell
wall contains mainly cellulose, along with other miecules like
hemicellulose, pectin, and ligninThe composition of the plant cell
wall differentiates it from the cell walls of otherganisms.

For example, fungi cell walls contamhitin, and bacterial cell walls
containpeptidoglycan These substances are not found in
plants.Importantly, the main difference between plant andanimal
cells is that plant cells have a cell wall, whileramal cells do not.

Plant cells have a primary cell wall, which is exible layer formed on

the outside of a growing plant cell. Plants caw &lave a secondary cell
wall, a tough, thick layer formed inside the prijmatant cell wall when

the cell is mature.

3.1.3 Plant Cell Types

There are five types dissueformed by plant cells, each with different
functions. Parenchymacollenchyma, and sclerenchyma are all simple
plant tissues, meaning they contain a single cslpet In
contrastxylem andphloemcontain a mixture of cell types and are
referred to as complex tissues.
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Parenchyma tissue Collenchymatissue  Sclerenchyma tissue
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Fig.13: Plant TissueTypes Form by Parenchyma, Collenchyma and
Sclerenchyma Cells

. Parenchyma tissuaepresents the majority of cells in a plant.
They are found in leaves and carry out photosyrghasd
cellular respiration, along with other metaboliogesses. They
also store substances like starches and protethbare a role in
plant wound repair.

. Collenchyma tissueprovides support to growing parts of a plant.
They are elongated, have thick cell walls, and gaow and
change shape as a plant grows.

. Sclerenchyma tissueontains hard cells that are the main
supporting cells in the areas of a plant that heaased growing.
Sclerenchyma cells are dead and have very thi¢kvedis.

. Xylem cellstransport mostly water and a few nutrients
throughout a plant, from the roots to the stemlandes.
. Phloem cellstransport nutrients made during photosynthesis to

all parts of a plant. They transport sap, which as
waterysolutionhigh in sugars.
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SELF-ASSESTMENT EXERCISE

Explain the meaning of plant cell

Give different definitions of plant cell
Outline and explain different types of plant cell
Differentiate between plant cell and animal cell

4.0 CONCLUSION

The cell (from Latin cellar, meaning "small room’§ the basic
structural, functional, and biological unit of aknown living
organisms. Plant cells are the basic unit of lifeorganisms of the
kingdom Plantae. They are eukaryotic cells, whicdveh a true
nucleus along with specialised structures callefhioelles that carry
out different functions. Animals, fungi, and prdsisalso have
eukaryotic cells, while bacteria and archaea hawelsr prokaryotic
cells. Plant cells are differentiated from the €a@f other organisms
by their cell walls, Pastids (chloroplasts and amoplasts), cell to
cell communication by plasmodesmata and centraloac

5.0 SUMMARY

Plant cells are the basic unit of life in organisofsthe kingdom
Plantae. They are eukaryotic cells, which haveua trucleus along
with specialised structures called organelles daaty out different
functions. Animals, fungi, and protists also hawkaryotic cells,
while bacteria and archaea have simpler prokaryatils. Plant cells
are differentiated from the cells of other orgarssby their cell
walls, Pastids (chloroplasts and chromoplasts),l del cell
communication by plasmodesmata and central vacuibnt and
animal cells are both eukaryotic cells, meaning thessess a defined
nucleus and membrane-bound organelles plant calis & cell wall that
surrounds the cell membrane, whereas animal cellaad. Plant cells
also possess two organelles that animal cells lellkaroplasts and a
large central vacuole. These additional organellesv plants to form
an upright structure without the need for a skeletoell wall and
central vacuole), and also allow them to produedr thwn food through
photosynthesis (chloroplasts).
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However, there are some specialized structuresaimt gells, including
chloroplasts, a large vacuole, and the cell walleré are five types
of tissueformed by plant cells, each with different
functions Parenchymacollenchyma, and sclerenchyma are all simple
plant tissues, meaning they contain a single gp#.t

6.0 TUTOR-MARKED ASSIGNMENT
Explain the meaning of plant cell

1. Give different definitions of plant cell

2. Outline and explain different types of plant cell

3. Differentiate between plant cell and animal cell

7.0 REFERENCES/FURTHER READING

Biology dictionary.net Editors. “Plant CellBiology Dictionary,

Biology dictionary.net, 05 Apr. 2017,
https://biologydictionary.net/plant-cell/.
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UNIT 2 BRIEF DESCRIPTION OF VARIOUS
ORGANELLES AND THEIR FUNCTIONS

CONTENTS
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1.0 INTRODUCTION

The cell (from Latin cellar, meaning "small room¥) the basic
structural, functional, and biological unit of aknown living

organisms. A cell is the smallest unit of life. [Sedre often called
the "building blocks of life". The study of cells icalled cell
biology. The cell was discovered by Robert Hookel&65, who
named the biological units for their resemblancedtls inhabited
by Christian monks in a monastery. Cell theorystfoleveloped in
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1839 by Matthias Jakob Schleiden and Theodor Schwsiates
that

1) All organisms are made up of one or more cellsthed
products of those cells.
2) All cells carry out life activities (require engrggrow,
have a limited size).
3) New cells arise only from other living cells byeth
process of cell division.

Plant cells are the basic unit of life in organisofsthe kingdom
Plantae. They are eukaryotic cells, which haveua trucleus along
with specialized structures called organelles ttaaty out different
functions. Animals, fungi, and protists also hawkaryotic cells,
while bacteria and archaea have simpler prokargdils. Plant cells
are differentiated from the cells of other orgarssby their cell
walls, Pastids (chloroplasts and chromoplasts),l del cell

communication by plasmodesmata and central vacuole.
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2.0 OBJECTIVES
By the end of this unit, you should be able to:

. describe various organelles associated with plant
. outline functions of the about mentioned organelles

3.0 MAIN CONTENT
3.1 Brief Description of Various Organelles and Thie Functions

The brief description of the plant cell and varimuganelles and their
functions are as follows:

3.1.1 Description of Plant Cell Wall

Cell wall is a non-living component of the cell arsdsecreted and
maintained by the living portion of the cell, call@rotoplasm. A
typical cell wall is composed of three differengie@s 1. Middle
Lamella 2. Primary cell wall (1-8m thick and elastic) 3. Secondary
cell wall (5-10um thick and rigid)

Functions of Plant Cell Wall

1. It protects the inner contents of the cellt3ives definite shape to
the cell. 3. It provides mechanical support to tissues and act as a
skeletal framework of plants. 4. It helps in tramgpof substances
between two cells. 5. The cell wall is hydrophilic nature and it
imbibes water and helps in the movement of watat salutes
towards protoplasm. It also acts as a permeablectate during
absorption of minerals and solutes.

3.1.2 Description of Protoplasm

It is the living, colloidal and semi fluid substandt is also called as
cytoplasm. Cell devoid of cell wall is called prptast. Protoplast is
enclosed by a membrane called as cell membrane lammp
membrane.

3.1.3 What is a Cell membrane?
All cells are enclosed by a thin, membrane calledipa membrane or
plasmalemma. The plasma membrane and sub cellelabnane are

collectively called biological membrane. Cekmbrane consists of
proteins, lipids and other substances.
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1. Proteins: - The proteins present in the membrasaas be
categorised into two types

a. Intrinsic proteins or integral proteins: - Whicheaembedded
or buried in the lipid layer. These proteins assec with
hydrophobic interactions to the tails or fattydachains of the

lipid layer. In addition to the hydrophobic assdicas, integral

proteins also possess hydrophilic amino acid tesid which
are exposed at the surface of the membrane. Tiexdeins cannot
be removed easily.

b. Extrinsic proteins or peripheral proteins: - Theyg attached
to the membrane surface by weak ionic interactidrisese
proteins are not much involved in the architectwe
membrane. Peripheral proteins are bound to hydioph
proteins of the integral proteins protruding frahe lipid
layer.

2. Lipids: - The cell membrane consists of phosphdspand
glycolipids. The fatty acid chains in phospholgicand
glycolipids usually contain 16-20 even numberedbca
atoms. Fatty acids may be saturated or unsatur@tier

3. 3 substances like polysaccharide, salicylic acad ate found
attached to the proteins or lipids on the memhrane

Functions of cell membrane:

1. The cell membrane surrounds the protoplasm of ¢tle thus
separating the intracellular components from tkiieaeellular
environment.

2. It anchors the cytoskeleton to provide shape toc#le and
in attachment to the extracellular matrix.

3. The plasma membrane is differentially permeable abk
to regulate the transport across the membrane.

4. The cell membranes maintain the cell pidén

3.1.4 Description of Plant Cell Nucleus:

It is oval or spherical in shape and is generallgér in active cells
than in resting cells. A nucleus consists of thne@n parts viz.
nuclear envelope, nucleolus and chromatin. Theeusdk separated
from the cytoplasm by a double membrane called rthelear
envelope. The space between the outer and innerbrnaem is
known as nuclear pores which provide direct conordbetween
nucleus and cytoplasm. Nucleolus is a sphericdlpidal body
found in the nucleus and is the place where alnadistODNA
replication and RNA synthesis occ@hromatin is the basic unit of
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chromosome and contains genes which play importalet in the
inheritance of characters to offspring from parents
Functions of plant cell nucleus:

1. It regulates growth and reproduction of cells.

2. The nuclear envelope allows the nucleus to coits@ontents,
and separate them from the rest of the cytoplasnerevh
necessary.

3. The DNA replication, transcription and post tramsional
modification occur in the nucleus.

3.1.5 Description of Chloroplast

Chloroplasts are organelles found in plant celld atmer eukaryotic
organisms that perform photosynthesis because efptesence of
green pigment, chlorophyll. They are flattened slissually 2-10
micrometers in diameter and 1 micrometer thick. Thiroplast is
surrounded by double layered membrane. The spaseée these two
layers is called intermembrane space. Stroma isatheous fluid
found inside the chloroplast. The stroma contaims tnachinery
required for carbon fixation, circular DNA, 70 $osomes (that why
called as semiautonomous organelle) etc. withirstfe@ma the stacks
of thylakoids are arranged as stacks called grArtaylakoid has a
flattened disc shape and has a lumen or thylakegtes The light
reactions occur on the thylakoid membrane.

Functions of chloroplast:

1. The important processes of photosynthesis i.éht Agd dark
reactions occur within the chloroplast.

2. The granum is the site of NADP reduction forming
NADPH+H" and photophosphorylation i.e., formation of

ATP in presence of light. Thus, light reaction pifotosynthesis
takes place in the granum region.

3. The stroma is the main site for the dark reactiof
photosynthesis.

4. The chloroplast has its own genetic system @ndself-
replicating, thus, associated with cytoplasmictance.

3.1.6 Description of Mitochondria:
Mitochondria are rod shaped cytoplasmic organehesich

are main sites of cellular respiration. Hence, they referred
to as power house of the cell. Each mitochondrsoariclosed
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by two concentric unit membranes comprising of arieo
membrane and an inner membrane. The space betivednwd
membranes is called peri mitochondrial space. Timeeri
membrane has a series of infoldings known as eristéne
inner space enclosed by cristae is filled by atiredly dense
material known as matrix. The matrix is generally
homogeneous but may rarely show finely filamentaus
fibrous structures. The matrix contains severale®pf round
or circular DNA molecules and 70 S ribosomes (iuhy it is
also called as semiautonomous organelle).

Functions of mitochondria:

1. ATP, the readily available form of energy is proédcin
mitochondria.

2. Krebs cycle takes place in the matrix of mitochaadr

3. The enzymes of electron transport chain are foarttie inner
membrane or cristae of mitochondria.

4. Heme synthesis occurs in mitochondria.

5. Controls the cytoplasmic €aconcentration

3.1.7 Description of Ribosomes:

Chemically, ribosomes are ribonucleoprotein com@éexThis is a
membrane less Ribosomes are of two types. Ribosoonfes
prokaryotes have sedimentation coefficient of 7@rfsl consist of
two sub units of unequal sizes 50S and 30 S suhuRibosomes of
eukaryotes have 80 S sedimentation coefficient @68 S). The two
or more ribosomes become connected by a single A &Ml then
may be called polyribosome. The major function loé tsmaller
subunit of ribosome is to provide proper site fording of mMRNA
and its translation. The larger subunit of ribosorsepports
translation and translocation processes coupleth walypeptide
synthesis.

Functions of Ribosomes: 1. They provide the platfdor protein
synthesis 2. They have the machinery for proteirirssis.

3.1.8 Description of Golgi Complex

Golgi bodies is an assemblage of flat lying cisserone above the
other in close parallel array. Each Golgi compleas I8 to 12
interconnected cisternae which are composed opiiieins.

Functions of Golgi complex: 1. It helps in Packapaf proteins for
exporting them. 2. It plays a role in sorting ofoins for
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incorporation into organelles. 3. It is involvedtime formation of
the cell wall of plant cells.

3.1.10Meaning of Endoplasmic Reticulum:

Endoplasmic reticulum arises from the outer memdranh the
nucleus forming an intermediate meshed networis. &f two types,
the granular or rough endoplasmic reticulum in Wwhibe outer
surface of endoplasmic reticulum is studded withosome and
agranular or smooth endoplasmic reticulum in whiok ribosomes
are not attached.

Functions of Endoplasmic reticulum: 1. Rough endsplic
reticulum is associated with the synthesis of pnste2. Smooth
endoplasmic reticulum is associated with synthedidipids and
glycogen. 3. It acts as an inter-cellular transgydtem for various
substances4. It contains many enzymes which perform various
synthetic and metabolic activities.

3.1.10. Meaning of Vacuole:

It is @ membrane bound organelle found in plant @etl occupies
most of the area in the plant cell. A vacuole is@unded by a single
layer membrane called tonoplast. It is an enclosechpartment
filed with water containing inorganic and organimolecules
including enzymes in solution. It maintains the'seélirgor, controls
movement of molecules between the cytosol and Sapes useful
material and digests waste proteins and organelles.

Functions of vacuole:

1. Isolating materials that might be harmful or a #ir® the cell.

2. Stores waste products.

3. Maintains internal hydrostatic pressure or turgathim the
cell.

4. Maintains an acidic internal ph.

5. Exports unwanted substances from the cell.
6. Allows plants to support structures such as learasd

flowers due to the pressure of the central vacuole.

7. Most plants store chemicals in the vacuole thattre@th
chemicals in the cytosol.
8. In seeds, stored proteins needed for germinatien ar

kept in protein bodies which are modified vacuole.

3.1.11 Description of Micro bodies
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Micro bodies are ubiquitous organelles found in thajority of

eukaryotic plant cells. They are mostly sphericad Aave a diameter
ranging from 0.2um to 1.5um. Two types of micro iesd

peroxisomes and glyoxysomes, have been charaderiBkrese
organelles differ in their distribution and enzynetemposition,

although both have the capacity to transform nabataydrate

material into carbohydrate.

3.1.12. Meaning of Peroxisomes:

Peroxisomes are found in leaves of higher plaritss la small
organelle present in the cytoplasm of many cellsictv contains
the reducing enzyme catalase and usually some segda

Functions of Peroxisomes: Peroxisomes act in pralith
chloroplast in higher plants and are believed todentake
photorespiration.

3.1.13. Meaning of Glyoxysomes:

A glyoxysome is a specialised form of peroxisome type of
microbody) found in some plant cells, notably thellsc of
germinating seeds. Glyoxysomes are temporary gsabeur during
transient periods in the life cycle of a plant sashin certain beans
and nuts which store fats in their seeds as enespgerves.
Glyoxysomes appear in the first few days after sgexamination in
endosperm cells and associate closely with lipidlidm They
disappear after the storage fats are broken downcanverted into
carbohydrate.

Functions of Glyoxysomes:

Glyoxysomes are involved in the formation of sugdmg the
breakdown of fatty acids in germinating seeds.
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3.1.14. Description of Cytoskeleton

The cytoskeleton is scaffolding contained withia dytoplasm and is
made up of protein. The cytoskeleton is presenalincells. The
cytoskeleton provides the cell with structure andpe

There are three main kinds of cytoskeleton filaraent

1. Microfilament: - They are composed of actin subsinit

2. Intermediary filaments: - They function in the niaimance of
cell shape by bearing tension. They also partieipathe cell-
cell and cell matrix junctions.

3. Microtubules: - They are like hollow cylinders migst
comprising of 13 protofilaments which in turn adpha and
beta tubulin. They are commonly organised by the
centrosome.

Functions of cytoskeleton

1. Provides mechanical support
2. Anchors organelles
3. Helps to move substances intracellular.

3.1.15. Description of Plasmodesmata:

Plasmodesmata (singular: plasmodesma) are micriascbannels
which traverse the cell walls of plant cells andnsoalgal cells,
enabling transport and communication between thepecialised
cell-to-cell communication pathways known as pladesmata, pores
in the primary cell wall through which the plasnmalea and
endoplasmic reticulum of adjacent cells are comsu Unlike
animal cells, almost every plant cell is surrounkgeé polysaccharide
cell wall. Neighbouring plant cells are therefoeparated by a pair of
cell walls and the intervening middle lamella, fangn an
extracellular domain known as the apoplast. Althoagll walls are
permeable to small soluble proteins and other esjut
plasmodesmata enable direct, regulated, sympldsticsport of
substances between cells. There are two forms agnmdesmata:
primary plasmodesmata, which are formed during dweikion, and
secondary plasmodesmata, which can form betweemreneglls.
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Filmentouy
Lsmodesma cyteikeeon
i y Serall mismbrangis
Flatma mimbrang weucles
Cell wiall

| Chlmoelad
(Thikakoid membrang
Starch geain

Goigibody  Bough
{Golg apparatitl  endoalysmic
feticulum

Fig.4: Diagrammatic Representation of Typical PlantCell
SELF-ASSESSTMENT EXERCIS(SAE)

Describe various organelles associated with plant
Outline functions of the about mentioned orgarselle

4.0 CONCLUSION

In this unit, the briefdescription of various organelles and their
functions were brought forth.

5.0 SUMMARY

The descriptions and functions were done variogamelles such as
Plant Cell Wall, Cell membrane, Cell Nucleus, Chbjaast,

Mitochondria, Ribosomes, Golgi complex, Endoplasmatculum,

Vacuole, Microbodies, Peroxisomes, Glyoxysomes, oSkeleton

andPlasmodesmata
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6.0 TUTOR-MARKED ASSIGNMENT
Give Descriptions and functions of any five of tbéowing;

Plant Cell Wall,
Cell membrane,
Cell Nucleus,
Chloroplast,
Mitochondria,
Ribosomes,
Golgi complex,
Endoplasmic reticulum,
Vacuole,
Microbodies,
Peroxisomes,
Glyoxysomes,
Cytoskeleton and
Plasmodesmata

7.0 REFERENCES/FURTHER READING
Biologydictionary.net Editors. “Plant CellBiology Dictionary,

Biologydictionary.net, 05 Apr. 2017, https://biojalictionary.net/plant-
cell/.
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MODULE 3 DIFFUSION AND OSMOSIS;
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ABSORPTION OF WATER,
TRANSPIRATION AND STOMATAL
PHYSIOLOGY

Meaning and Definition of Diffusion and Osmosis

Explanation on Different Type of Solutions

Meaning of Water Potential and its Components and
Importance

Conceptof Water Uptake and Movement (Transpiration

Stream)

Methodsof Measuring Water Status in Plants

Concept of Stomatal Physiology and Transpiration

Concept of Evapotranspiration

Concept of Soil Water Availability

UNIT 1 MEANING AND DEFINITION OF DIFFUSION

AND OSMOSIS

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content

4.0
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7.0

1.0

3.1  Meaning and Definitions of Diffusion andrassis
3.1.1 Diffusion
3.1.2 Meaning and Definition of Osmosis
Conclusion
Summary
Tutor-Marked Assignment
References/Further Reading

INTRODUCTION

Plants need water, minerals, and food for theiwgnoand survival.
Water and minerals are taken up by roots and lepregzare the food.
These are then transported to the other partsegblmts. When we talk

about
is the

2.0

transport, there should be some means afpoaation. Diffusion
main pathway of transportation in plants.

OBJECTIVES

By the end of this unit, you should be able to:
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explain the meaning of diffusion and osmosis
discuss diffusion as means of transport in plants
list types of diffusion in plants

outline importance of diffusion in plants

explain low osmosis affects cells

give examples of osmosis
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3.0 MAIN CONTENT
3.1 Meaning and Definition of Diffusion and Osmosis
3.1.1 Diffusion

Diffusion is the process of movement of molecules a region of
higher concentration to a region of lower concditra

Diffusion is the process by which molecules sprfeah areas of high
concentration, to areas of low concentration. Bifbim occurs when
the spontaneous net movement of particles or mAs@preads them
from an area of high concentration to an area wf étmncentration
through a membrane. It is simply the statisticalcome of random
motion. As time progresses, the differential gratieof
concentrations between high and low will drop (beeancreasingly
shallow) until the concentrations are equalised.lddales will
always move down the concentration gradient, toveseds of lesser
concentration. Think of food coloring that spreads in a glass of
water, or air freshener sprayed in a room. Diffasicreases entropy
(randomness), decreasing Gibbs free energy, amdftine is a clear
example of thermodynamics. Equilibrium - When theleoules are
even throughout a space, concentration gradient diffarence
between concentrations in a space.

Diffusion is a very important process for photosws#is where carbon
dioxide from the stomata diffuses into the leaved &nally into the
cells. Also, during transpiration, the water anggen diffuse from the
leaves into the environment.

It includes the movement of particles of a mediwomT the region of its
higher concentration to the region of its lower @amtration without the
expenditure of energy. This process is slow andigcmostly in gases
and liquids. The rate of diffusion is affected bgrieus factors like
temperature and pressure, concentration gradiergparating

membrane’s permeability etc.

Diffusion as Means of Transport in Plants

Transportation in plants is an important and natph@nomenon which
takes place in all the higher plants. All plantguiee some essential
organic material and inorganic material for the pganofunctioning of

cells and tissues. This process is carried ouht®etmeans of transport.
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a. Diffusion
b. Facilitated Diffusion
c. Active Transport

DIFFUSION: MEANS OF TRANSPORT EBYJus

I

.f"li'

I @. Diffusion I@ Faciliated diffusion E@ Passive transport IG_‘:) Active transport

Fig.5: Diffusion as Means of Transport in Plants
Types of Diffusion in Plants
Diffusion in plants is of two major types:

Simple Diffusion: The diffusing molecules do not combine with the
constituents of the membrane.

Facilitated Diffusion: The molecules diffuse through the membrane
with the help of transporter proteins.

Factors Affecting Diffusion in Plants
Following are the important factors affecting dgfion in plants:

° Diffusion Pressure Gradient
The difference in the diffusion pressure determihesrate of diffusion.
The rate of diffusion is directly proportional ttet difference in
concentration of the molecules in the two regions.

Temperature

The rate of diffusion is directly proportional tdet increase in
temperature.

. Density
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The rate of diffusion is inversely proportional tioe square root of
density of the gas.

Importance of Diffusion in Plants

The process of diffusion is important for the psam the following
ways:

1. The exchange of gases through stomata takes plgcehdo

process of diffusion.

Transpiration occurs by the principle of diffusion.

The ions are absorbed by simple diffusion.

The food material is translocated by this process.

This process keeps the walls of the internal tissafethe plant

moist.

It is responsible for spreading the ions and madéscthroughout

the protoplast.

7. Aroma of flowers is due to the diffusion of aroncatompounds
to attract insects.

akrwn

o

3.1.2 Meaning and Definition of Osmosis

Osmosis is the process of diffusiohwater across a semipermeable
membrane. Water will move in the direction wherergéhis a high
concentration of solute (and hence a lower conagatr of water).
Water molecules are free to pass across the celfibreme in both
directions, either in or out, and thus osmosis lags hydration, the
influx of nutrients and the outflow of wastes, argather processes.

Osmosis is a type dfiffusion that, in biology, is usually related to cells.
Diffusion is when molecules or atoms move from apaaof high
concentration to an area of low concentration. Gssnes when a
substance crossessamipermeable membraire order to balance the
concentrations of another substance. In biologks ith usually when
asolventsuch as water flows into or out ofcall depending on the
concentration of aolutesuch as salt. Osmosis happens spontaneously
and without any energy on the part of the cell.

How Osmosis Affects Cells

Osmosis affectplantand animal cells differently because plant and
animal cells can tolerate different concentratioofs water. In a
hypotonic solution, aanimal cellwill fill with too much water
andlyse, or burst open. However, plant cells need moreemwé#tan
animal cells, and will not burst in a hypotonicwgan due to their thick
cell walls; hypotonic solutions are ideal for plasglls. The optimal
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condition for an animal cell is to be in an isomsolution, with an
equal amount of water and solutes both inside amside. When alant
cellis in an isotonic solution, its cells are no longegid and full of
water, and the leaves of the plant will droop. Ihygertonic solution,
water will rush out of both animal and plant cebsd the cells will
shrivel (in plants, this is called plasmolyzatioihis is why slugs and
snails shrivel and die when salt is sprinkled otitem; water leaves
their cells in order to balance the higher con@ittn of salt outside the
cells.

This figure shows the effects of osmosis onlykxbd cells:

Hypertonic Isotonic Hypotanic

7] = =
9

Examples of Osmosis

Osmosis is how plants are able to absorb water §oin The roots of
the plant have a higher solute concentration tharstirrounding soil, so
water flows into the roots. In plants, guard celte also affected by
osmosis. These are cells on the underside of le¢hatopen and close
to allow gas exchange. When the plant’s cells alteof water, the guard
cells swell and open the stomata, small holesahaiv the plant to take
in carbon dioxide and release oxygen.

Osmosis can have adverse effects on animals suiishasf freshwater
or saltwater fish are put into water that has ekt salt concentration
than they are used to, they will die from having tuch water enter or
leave their cells. Osmosis can affect humans als wel person infected
with cholerapacteriaoverpopulate the intestines, leaving the intestine
unable to absorb water. The bacteria actually sevahe flow of
absorption because osmosis causes water to flowofotite intestinal
cells instead of in. This causes severe dehydraimhsometimes death.
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SELF-ASSESSTMENT EXERCISE (SAE)

Differentiate between diffusion and osmosis
State the importance of each mentioned above datdseheir
relationships with plant cell

4.0 CONCLUSION

Diffusion is the process of movement of molecules i a region of
higher concentration to a region of lower concditra The process by
which molecules spread from areas of high conceaftrato areas of
low concentration is also call diffusion. Osmossthe process of
diffusion of water across a semipermeable membrane. Water will
move in the direction where there is a high conegiain of solute (and
hence a lower concentration of water).

5.0 SUMMARY
Meaning and definition of Diffusion and Osmosis @eiscussed.

Diffusion is the process of movement of molecules a region of
higher concentration to a region of lower concdiura’

Diffusion is the process by which molecules sprfeah areas of high
concentration, to areas of low concentration wli@emosis is how
plants are able to absorb water from soil. Thes@btthe plant have a
higher solute concentration than the surrounding so water flows
into the roots. In plants, guard cells are alscec#d by osmosis.
Diffusion as Means of Transport in Plantsdiscussed as a process and
carried out by three means of transport, Diffusiéacilitated and
Diffusion. Diffusion in plants is of two major typeSimple Diffusion
and Facilitated Diffusion. The important factors affecting diffusion in
plants: Diffusion Pressure Gradient and Density.e Tiprocess of
diffusion is important for the plants in the followg ways:

1. The exchange of gases through stomata takes plgcahdo
process of diffusion.

Transpiration occurs by the principle of diffusion.

The ions are absorbed by simple diffusion.

The food material is translocated by this process.

This process keeps the walls of the internal tissafethe plant
moist.

It is responsible for spreading the ions and madéscthroughout
the protoplast.

akrwp

o
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7. Aroma of flowers is due to the diffusion of aroncatompounds
to attract insects.

Osmosis affects plant and animal cells differerigcause plant and
animal cells can tolerate different concentratiohwater.

2.0 TUTOR-MARKED ASSIGNMENT

Explain the meaning of diffusion and osmosis
Discuss diffusion as means of transport in plants
List all types of diffusion in plants

Outline the importance of diffusion in plants
Explain low osmosis affects cells

Give examples of osmosis

oA WNE
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1.0 INTRODUCTION

Solutions have two parts, a solvent and a solutee\solute dissolves
in a solvent, the end product is callegadution Salt water is an
example of a solution; salt is the solute, and watehe solvent*A

simple rule to remember is: salt sucks. Salt i®lats, when it is
concentrated inside or outside the cell, it wilawrthe water in its
direction. This is also why we get thirsty aftetiegq something salty.

2.0 OBJECTIVES

By the end of this unit, you should be able to:

define solvent and solute

differentiate between solvent and solute

explain the meaning of Solution

identify and describe the various types of solution

3.0 MAIN CONTENT

3.1 Solvents and Solutes

Solutions have two parts, a solvent and a solutee\solute dissolves
in a solvent, the end product is callegadution Salt water is an
example of a solution; salt is the solute, and wigtéhe solvent.

A solution is a homogeneous mixture of one or nemeites dissolved

in a solvent.
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. solvent: the substance in which a solute dissolve to preda
homogeneous mixture
. solute: the substance that dissolves in a solvent to ymeda

homogeneous mixture
Definition of Solvent

A solvent is a substance that dissolves the solygarticles during the
formation of a solution.

. Most solvents are in a liquid state, but some sudtvenight be in
a gas or solid-state.

. The solvent breaks down the larger solute pariitde smaller
particles that can then be dispersed throughowdhgion.

. Solvent forms the medium of the solution that malkgsnost of
the volume of the solution.

. The amount of solute that can be dispersed indhlest depends
on the temperature of the medium.

. A solution is a homogenous mixture where the sopadicles

are uniformly distributed throughout the solventiu$, each
volume of solvent in the solution has the same eotration of

solute.

. The solvent and solute in a solution exist in tiegle-phase
forming solute-solvent complexes, also known agatek.

. During the formation of a solution, multiple solteparticles

surround the solute particle where heat energsaissterred from
solvent to the solute, creating a more thermodyoalfyi stable

condition.

. The polarity of the solvent particle is crucial determine the
solubility of any solute in the solvent.

. Water is a polar compound that is also considesed aniversal
solvent that dissolves a large number of solutéghes.

. Most solvents are classified into two categoriep@ar and non-
polar solvents. Mercury forms a particular typesofvent called
amalgams.

. The boiling point of the solvent is lower than tbasolute.

. Examples of the solvent include water, hydrocarbahsohols,
esters, etc.

Definition of Solute
A solute is a substance that is added to a solvewotform a solution.

. The solute can exist in all three forms of mattesalid, liquid, or
gas.
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. In a homogenous mixture, the solute completely ales in
another substance, and the solute is uniformly ribiged
throughout the solution.

. In a heterogeneous mixture, the solute is not idiged
uniformly, and its concentration is different inffdrent parts of
the solution.

. The amount of solute in a solution is measuredeims of its

concentration. The concentration of solute in autswh is
determined by the ratio of the amount of the soartd the total
volume of the solution.

. The property of solute particles to dissolve witkine solvent is
termed as solubility. The solubility of a solutepdads on a
number of factors.

. In solids and gases, temperature directly affdwssblubility of
the solute. Pressure, however, only affects thebdal of gases.
. Besides, the ability of solid particles to dissolmea solvent is

dependent on their own chemical structure. Polartesalissolves
in a polar solvent and vice versa.

. The molecular size of the solute is also essemtiile solution as
the solvent breaks down the solute particles amstriloutes it
throughout the solution.

. In almost all types of solutions, the amount onuweé of solute is
less than that of the solvent.

. Solute particles tend to have a higher boiling pthan solvents.

. Examples of solute include salt in seawater, ptam the

cytosol, sugar in tea, etc.

Key Differences (Solute vs Solvent)

Basis for

: Solute Solvent
Compariso

A solvent is a
substance thg
dissolves the solut
particles during the
formation of a
solution

A solute is a
substance that i
Definition added to a solver
to form a
solution.

~—r

£y %4

The solvent is the
The solute is thg medium phase of

=

Phase dispersed phas| solution that
of a solution. disperses solut(
particles

Quantity The quantity o/ The quantity o
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solute is less tha| solvent is more thal)
the solvent in g solute in a solution.
solution

Most solvents are ir
. Solute might exis{ a liquid state, bu

Physical . A :
in a solid, liquid,| some solvents might

state e X
or gaseous state.| exist in the gaseous

State
The solution| The  solution i

State of| might or might| almost definitely in

solution not in the state o| the state of thg
thesolute solvent
Solute has & J

. : - Solvents have @
Boiling higher boiling . _
: . lower boiling point
point point than the
than solute.
solvent
The solubility of
a solute depend Solubility depends
- on the propertiey on the properties qf

Solubility of solute like the solvent like its
surface area an| polarity.
size of molecule
In a solution, hea| In a solution, heat i

Heat :
is transferred tq transferred from thd

transfer
the solute solvent
Examples of
solute include sall Examples of the

Examoles in seawater| solvent include

P protons in the water, hydrocarbong,
cytosol, sugar in alcohols, esters, etc.
tea, etc

Examples of Solutes

Salt in seawater

. Salt is the solute, and water is the solvent invsder.

. The salt, NaCl, is an ionic compound where the tregg

charged chloride ion is attracted by the slighthgipvely charged
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hydrogen atom of water. A similar attraction occlnestween
sodium and oxygen atoms.

This attraction causes the breakdown of NaCl intoalker

particles which are then dispersed throughout thmy

The range of solubility and time period dependstton surface
area of the solute particle.

Thus, coarse salts dissolve to a lesser extenffif@nsalts with a
larger surface area.

Once all the salt is dissolved, no salt crystal§lva visible in the
solution.

Examples of Solvent

Water is considered a universal solvent as it tissoa wide
variety of solute particles.

Water forms the basis of many biological solutidhat carries
important particles and moves them throughout tayb

Water is a polar solvent where the oxygen atomiesa partial
negative charge, and the hydrogen atom carriestelpaositive
charge.

The polarity of water molecules makes it very cotiipp@ with
several solutes’ molecules.

One of the most important examples of water ashaesbis the
seawater. Seawater carries large quantities ofdssdblved in
water.

Oil also acts as a solvent in cooking where it prag the sticking
of polar and non-polar solutes to the pan.

The hot oil creates a solution where other fooasbEcooked.
The oil carries some solute which can then be adoe¢de food
being cooked.

Oil is an organic compound and an example of a pular
solvent that allows the dispersal of non-polar solonolecules
throughout the solution.

When compared to other petroleum solvents, vegetabl is
considered a non-volatile organic compound (VOQG)t thave
high dissolving power and flash point, togetherrwidw toxicity
and less environmental impact.

Note that thesolventis the substance that is present in the greatest
amount.

Many different kinds of solutions exist. For examph solute can be a
gas, a liquid or a solid. Solvents can also begdsgiids or solids.
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Types of Solutions

In crop physiology, there are three different typésolutions that cells
can be inisotonig hypotoni¢c andhypertonic Different types of
solutions have different impacts on cells due a@ss.

Isotonic

An isotonic solutiorhas the same concentration of solutes both inside
and outside the cell. For example, a cell withghame concentration of
salt inside it as in the surrounding water/fluidulbbe said to be in an
isotonic solution. Under these conditions, ther@asnet movement of
solvent; in this case, the amount of water enteaing exiting the cell’s
membrane is equal.

Hypotonic

In ahypotonic solutionthere is a higher concentration of solutes inside
the cell than outside the cell. When this occursrarsolvent will enter
the cell than leave it to balance out the concéintraf solute.

Hypertonic

A hypertonic solutions the opposite of a hypotonic solution; there is
more solute outside the cell than inside it. Irs tiyjpe of solution, more
solvent will exit the cell than enter it in order lbwer the concentration
of solute outside the cellherefore, it is dangerous to drink sea water -
it's a myth that drinking sea water will cause yougo insane, but
people marooned at sea will speed up dehydratiod (eeath) by
drinking sea water. This is also why "salting f@ldvas a common
tactic during war, it would kill the crops in theeld, thus causing
food shortages. Both Diffusion and Osmosis are dypkpassive
transport, that is, no energy is required for the molecutesnove
into or out of the cell. Sometimes, large molecudasnot cross the
plasma membrane, and are "helped" across by cana¢eins - this
process is callethcilitated diffusion.

SELF-ASSESSTMENT EXERCISE (SAE)

In a tabular form outline the key differences ofus® and Solvent.
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4.0 CONCLUSION

Solutions have two parts, a solvent and a solutee\solute dissolves
in a solvent, the end product is callegadution Salt water is an
example of a solution; salt is the solute, and wigtéhe solvent.

5.0 SUMMARY

A solution is a homogeneous mixture of one or nemeites dissolved
in a solvent.

. solvent: the substance in which a solute dissolve to preda
homogeneous mixture
. solute: the substance that dissolves in a solvent to ym®da

homogeneous mixture

Note that thesolventis the substance that is present in the greatest
amount. Many different kinds of solutions existrxample, a solute
can be a gas, a liquid or a solid. Solvents cao laés gases, liquids or
solids. In crop physiology, there are three diffiereypes of solutions
that cells can be insotonig hypotonig andhypertonic Different types

of solutions have different impacts on cells duesmosis.

6.0 TUTOR-MARKED ASSIGNMENT

Define solvent and solute

Differentiate between solvent and solute

Explain the meaning of Solution

Identify and describe the various types of solution

PopNE
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1.0 INTRODUCTION

Water potential or chemical potential of water isqaantitative
expression of the free energy associated with welater potential is
symbolised by the Greek lettgr(psi) and is defined relative to the
water potential of pure water, which is zero. Hetieevalue of psiis
always negative. The units of water potential aegaPascal (MPa). It
is a relative quantity and depends on concentragpwassure and
gravity at the same temperature. Wapmtential as the sum of
component potentials which may be written as,

¥Y=¥s+¥m+¥p +Y¥g

Where, WYs = Solute osmotic potential (symbm) ¥Ym = Matric
potential (symbol T)

Yp = Pressure potential (symbol P)

Yg = Gravitational potential (symbol G)

2.0 OBJECTIVES
By the end of this unit, you should be able to:
o explain the meaning of water potentials

o outline and discuss the components of watesrials
state the importance of water potentials irpgrbysiology
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3.0 MAIN CONTENT
3.1 Meaning of Water Potentials

Water potential integrates a variety of differeatgmtial drivers of water
movement, which may operate in the same or diffedirections.
Within complex biological systems, many potentiaktbrs may be
operating simultaneously. For example, the addibbrsolutes lowers
the potential (negative vector), while an increas@ressure increases
the potential (positive vector). If flow is not tasted, water will move
from an area of higher water potential to an ahed is lower potential.
A common example is water with a dissolved salthsas sea water or
the fluid in a living cell. These solutions havegagve water potential,
relative to the pure water reference. With no restn on flow, water
will move from the locus of greater potential (pwater) to the locus of
lesser (the solution); flow proceeds until the eli#nce in potential is
equalized or balanced by another water potent@bfasuch as pressure
or elevation.

3.2 Components of Water Potential
Osmotic potential

The osmotic potentialY’s (orn) is the component produced by the
solute dissolved in the cell sap, chiefly vacusiap.

Matric Potential:

The matric potential’'m (or T) refers to water held in micro
capillaries or bound on surfaces of the cell walisd other cell
components.

Pressure potential

The pressure potentidlp (or P) is the turgor pressure produced by
diffusion of water into protoplasts enclosed in Mvalhich resist
expansion. In the xylem of transpiring plafitp is usually negative
and in guttating plants it is positive as a restitbot pressure.
Gravitational Potential:

The effect of gravity\¥g (or G) is a term of negligible importance

within root or a leaf but becomes important in campg potentials
in leaves at different heights on trees and irssoill
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Upward movement of water in a tree trunk must overe a
gravitational force of 0.01 Mpa/m and gravity cadsainage of water
downward in soil. The volume of matric water is wesmall as
compared to the volume of vacuolar water in pargma) therefore
potential water constitutes a small fraction of tb&al water, matric

potential can control the cell water potential. $htor herbaceous
Y=Ws+WYporP_

plants and annual field crops of a short vertieaht (less than 10 m)
the values of the matric potential and gravitatigpaaential are small
and are commonly omitted. Thusater always moves from less
negative water potential to more negative wateepil. (Figure 6)

T~ \[—
Aviam | To:m =[5 W =-0.4 [ Wy = =(1.5 |
e ¥pe 04 Yp= 02 | Ppu 0.2
Y=g ¥ =-01 W w2 W o=-03
: / Al
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— r—— i
Chirectn of watar flow

Fig.6: Water Movement from Negative to Positive
3.3 Importance of Water Potential

1. Water potential is a diagnostic tool that enables plant
scientist to assign a precise value to the watdustin plant
cells and tissues.

2. The lower the water potential in a plant cell agstie, the
greater is its ability to absorb water.

3. Conversely, the higher the water potential, theatgr is the
ability of the tissue to supply water to other madesiccated
cells and tissues.

4. Thus, water potential is used to measure watecitlafid water
stress in plant cells and tissues.

5. As a general rule, leaves of most plants rooteddah-watered
soils are likely to have water potentials betwelbou -2 to -8
bars.

6. With decreasing soil moisture supply, leaf wateteptial will
become more negative than -8 bars and leaf grosids will
decline.

7. Most plant tissues will cease growth completelg.(iwill not
enlarge) when water potential drops to about -15.ba
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SELF-ASSESSTMENT EXERCISE (SAE)

Explain the meaning of water potentials
Outline and discuss the components of water p@tisnti
State the importance of water potentials in cropspitogy

4.0 CONCLUSION

Water potential or chemical potential of water isqaantitative
expression of the free energy associated with wdtater potential is
symbolised by the Greek lettgr(psi) and is defined relative to the
water potential of pure water, which is zero. Hetleevalue of psi is
always negative. The units of water potential aegaPascal (MPa). It
is a relative quantity and depends on concentrajwassure and
gravity at the same temperature. Water potentialth&s sum of
component potentials which may be written as

Y= ¥Ys+ Ym+ ¥Yp + ¥g, Where,¥Ys = Solute osmotic potential
(symbolr)

¥Ym =Matric potential (symbolT)
Yp = Pressure potential (symbol P)
Yg = Gravitational potential (symbol G)

5.0 SUMMARY

Water potential or chemical potential of water igj@antitative
expression of the free energy associated with water Components
of Water Potential are; Osmotic potential: Matriotéhtial,
Pressure potential Gravitational Potential. Howethex Importance
of water potential are identified as follows;

1. Water potential is a diagnostic tool that enables plant
scientist to assign a precise value to the watdustin plant
cells and tissues.

2. The lower the water potential in a plant cell agstie, the
greater is its ability to absorb water.

3. Conversely, the higher the water potential, theatgr is the
ability of the tissue to supply water to other mdesiccated
cells and tissues.

4. Thus, water potential is used to measure watecitiafd water
stress in plant cells and tissues.

5. As a general rule, leaves of most plants rootedeh-watered
soils are likely to have water potentials betwabout -2 to -8
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6.0

7.0

bars.

With decreasing soil moisture supply, leaf wateteptal will
become more negative than -8 bars and leaf grosids will
decline.

Most plant tissues will cease growth completelg.(iwill not
enlarge) when water potential drops to about -15.ba

TUTOR-MARKED ASSIGNMENT

1. Explain the meaning of water potentials
2. Outline and discuss the components of water patsnti
3. State the importance of water potentials in cropspilogy
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1.0 INTRODUCTION

The use of water, since population pressures antahuactivities are
constantly increasing, is a matter of crucial ieg¢r If we were bound to
summarise the overall problem of water use in pdew sentences,
those will probably include: the distribution of t®a resources for
agricultural, industrial and urban use is causmgjfient social conflicts
in arid and semiarid areas; environmental anxistyncreasing as a
consequence of the degradation in the quality ouigd and surface
water due to non-sustainable practices in the usewater and
agrochemicals; planners are demanding more infoomain the fate of
water in natural and cropped systems, and on hewsk of this natural
resource can be optimised. Over recent decadesge spasitive
developments have occurred: first, the problem basn identified,
which is always the first step to solve it. Biolsty, growers,
environmentalists, planners, and society, in génara now well aware
of the need for optimising the use of water. Secamdhnological
improvements are giving us an invaluable hand ideustanding water
transport and consumption processes. There aexetiff components to
the hydrological cycle, and this article deals vitie root zone, the soll
region explored by roots. The aim of this article to give a
comprehensive picture of the processes involvedvater uptake by
plants: how water moves in the soil and into thetspand how it is
transported within the plant up to the aerial partd to the atmosphere.
Many of those processes are not yet well understblod is due, on the
one hand, to the fact that they occur mostly belogground surface.
Being out of sight has curtailed the amount of aese on the subject.
On the other hand, the processes involved areiglgr@omplex. There
IS a strong relation between root structure andtfan, but the existing
knowledge is far from capable of giving a cleartymie. It is well known
that root behavior not only depends on the plaetigs, but it changes
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with time and growth conditions. The reader, themef may be
disappointed when, after reading this article, mahkis or her detailed
guestions still remain unanswered. The good newsthet the
development of new instruments and novel techniqaesletermining
the fate of water in the soil-plant-atmosphere eysts improving. The
speed of these developments would have been uathimlust a few
years ago. The use of these techniques is chaogingiew of the root
structure and functioning, and new insight is beimdded to our
understanding of water uptake, and certain aspgdiseories that had
been accepted for decades are now being clarifies article shows
the main advances in the understanding of wateremewt in the soil-
plant system, and the newest theories describiegntture of water
uptake.

2.0 OBJECTIVES
By the end of this unit, you should be able to:

o explain the uptake of water in the plants
o discuss the movement of stream in plants

3.0 MAIN CONTENT
3.1 Uptake of Water

The way in which water is entered into the root lzeid the precise
mechanism of water absorption can be explainedwuy different
approaches:

(@) Active uptake

Water is absorbed because of activities in the iteelf and does not
concern with any process in shoot.

(b) Passive uptake of water

The governing force of water absorption originaiteshe cells of
transpiring shoots rather than in root itself. Aliigh the absorption
of water by roots is believed to be a passive,quesdriven process,
it is nonetheless dependent on respiration. Rdspyranhibitors
(such as cyanide), anaerobic conditions (waterldggendition)
decrease in the hydraulic conductance of most radbisse are some
supporting points for active absorption of watenwéver, the exact
role of respiration and active uptake is not clear.

Except for few exceptions, it is now believed tbhatake of water
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iIs a Passive process. Tension or negative pressigieating at the
actively transpiring leaf surface creates a pullfogce for water
movement in xylem (Cohesion-tension theory of Do Jolly).

The movement of water inside the plant is driveralmgduction in
free energy, and water may move by diffusion, bl fllow or by a

combination of these fundamental transport mechanisWater

diffuses because molecules are in a constant theagigation,

which tends to even out concentration differentéater moves by
bulk flow in response to a pressure difference, velver there is a
suitable path way for bulk movement of water. Thwiater potential
difference (i.e., solute potential and pressuresipiidl) across the
cells starting from root hairs to xylem plays amportant role in

uptake and transport of water.

FEURE A3 Paibways fon waler uptaie by e ook Thirgh fra o, wals? ray

Trares] i L aguapliat guithiony. the Inassmembrane patowey, and the symplsi)
sy, I the vrrplast pailiway waier lows beiwven cells heough the plamisi-
reniia withot crosaing; U plosma membmans In the marsmemboane pathey,

wister mioves sorms (b plesng memhiasies i shert vis e fhe h'I|E'|[II'|I'F
Al e endodeemis, o spopiel pathoasy is bkl by [l Casparian shep

Fig. 7: Pathways of Uptake of Water by Roots
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3.2 Movement (Transpiration Stream)

Air (atmosphere) usually has extremely low wateeptal, compared
with plants or soils, so water gradient developsifithe soil to the air.
Since water moves from a high water to a low watater will flow
from roots toleaves.

Water lost by transpiration must be replenishedabgorption of an
equivalent amount of water from the soil through thot system. This
establishes an integrated flow of water from thieteoough the plant,
and into the atmosphere, referred to as the staRrtatmosphere
continuum (SPAC) (transpiration stream).

Soil is a very complex medium, consisting of sqlitase comprised
of inorganic rock particles and organic materials@l solution
containing dissolvent solutes and a gas phase gléner equilibrium
with the atmosphere. Soil structure affects theopity of a soil and
ultimately, its water retention and aeration. Wteesoil is freshly
watered, either by rain or irrigation, the wateil yiercolate down
through the pore space until it has displaced mib$te air. The soil is
then saturated with water. Water will drain frelym the large spore
space due to gravity.

The water that remains after free drainage is indlide capillary pores.
At this point, the water in the soil is said to aefield capacity.

Consequently, soil water at or below field capacityi be under

tension and its water potential will be negativettee water content of
the soil decreases, either by the evaporation fitensoil surface or
because it is taken up by the roots the air watterfiace will retreat
into capillary spaces between the soil particle.

As water is removed from the soil by a root, tensian the soil will

draw more bulk water toward the root. The effeate®s of the roots
as absorbing organs is related to the extent ofdbesystem. Plant
can only absorb water from the soil when the watdential of the

plant sap (cell sap) is lower than water potemidhe soil.
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Fig. 8: Movement of Water Stream in Plant

Movement of water towards more negative water ga@ken
SELF-ASSESSTMENT EXERCISE (SAE)

Explain the uptake of water in the plants
Discuss the movement of stream in plants

4.0 CONCLUSION

The way in which water is entered into the root lzeid the precise
mechanism of water absorption can be explainedwuy different

approaches: Active uptake: Water is absorbed beaafuactivities in

the root itself and does not concern with any psec@ shoot and
Passive uptake of water: The governing force ofewatbsorption
originates in the cells of transpiring shoots rathan in root itself.

Air (atmosphere) usually has extremely low wategeptal, compared
with plants or soils, so water gradient developsithe soil to the air.
Since water moves from a high water to a low watater will flow
from roots toleaves
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5.0 SUMMARY

The way in which water enters into the root haid @he precise
mechanism of water absorption can be explainedway different

approaches: Active and Passive uptake of water.gblwerning force

of water absorption originates in the cells of s@inng shoots rather
than in root itself. Although the absorption of esatby roots is

believed to be a passive, pressure driven prodess,nonetheless
dependent on respiration. Respiratory inhibitonscsas cyanide),
anaerobic conditions (waterlogged condition) deseean the

hydraulic conductance of most roots. These are seupporting

points for active absorption of water. However, #wact role of

respiration and active uptake is not clear. Watst by transpiration
must be replenished by absorption of an equivadembunt of water
from the soil through the root system. This estdit@ds an integrated
flow of water from the soil through the plant, andto the

atmosphere, referred to as the soil- plant-atmagpl®ntinuum

(SPAC) (transpiration stream).

Soil is a very complex medium, consisting of sglilthse comprised
of inorganic rock particles and organic materials@l solution
containing dissolvent solutes and a gas phase gléner equilibrium
with the atmosphere. Soil structure affects theopity of a soil and
ultimately, its water retention and aeration. Wteesoil is freshly
watered, either by rain or irrigation, the wateilywiercolate down
through the pore space until it has displaced mibi$te air. The soil is
then saturated with water. Water will drain frellym the large spore
space due to gravity.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the uptake of water in the plants
2. Discuss the movement of stream in plants

7.0 REFERENCES/FURTHER READING

Clothier, B.E. & Green S.R. (1997). Roots: the tmgvers of water and
chemical in soil. Soil Science, 162(8), 534-54&ifTwork gives
a clear picture of the relevant scientific achieeats in the
history of the studies on water uptake by roots].

Fernandez, J.E., Clothier, B.E. & Van, Noordwijk (2000). Water
uptake. In Root methods: a handbook (Ed.). A.LitSMG.
Bengough, C. Engels, M. Van Noordwijk, S. Pelle&i®.C. Van
de Geijn), pp. 461-507.

65



CRP 302 CROP PHYSIOLOGY AND TAXONOMY
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UNIT 5 METHODS OF MEASURING WATER STATUS
IN PLANTS

CONTENTS

1.0  Introduction
2.0 Objective
3.0 Main Content
3.1 Methods of Measuring Water Status in Plants
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 Reference/Further Reading

1.0 INTRODUCTION

Precise definition of both the environmental coodi$ and of the plant
responses is a prerequisite for the conduct of atapée and

interpretable experiments. This paper reviews #rege of approaches
available for monitoring plant and soil water sgtincludes discussion
of both direct and indirect methods, and aims tovijge some

recommendations as to how to select the most apptegechnique for

specific purposes. The discussion builds on theegdnconcepts

presented previously, with the aim being to compard contrast the
general types of measurement available rather th®@mpting to

evaluate all the specific instruments on the maf&eimeasurement of
water status. Further details of the necessaryuim&ntation and its use
may be found in appropriate literature.

The choice of measurement technique in any expetintepends
critically on the experimental objectives, and atso any pre-existing
hypotheses concerning the mechanisms of any respradaptation to
the water deficit. All too often, modern plant plojegists do not
incorporate an understanding of the control systemderlying the
expected physiological responses into the desigthef experiments
and their analysis or into their choice of watetis¢ measure. For
example, recent improvements in the understandingnechanisms
involved in plant adaptation to drought have ordyeoped through the
increasing recognition of the involvement of rodiest signalling in the
control of stomata aperture and growth in some mgttessed plants.
Although these advances might have been expectk@doto a shift in
the ways in which water status is quantified inudyiat studies, there has
been surprisingly little recognition of these chesign much modern
experimental work relating to plant response orpéatéon to drought.
Where water status is measured (and that is allraoely) it is too
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commonly based on measurements of water potemtidhe leaves,
neither of which (water potential or leaves) isalsuoptimal. In this
paper, some of the evidence which indicates a fmed change in the
general approach to measurement of water statusodbern drought
studies, including a need for a shift away fromrilence on leaf water
potential, is reassessed. Although these argunaetsiot new Jones,
1990 a survey of typical usage (outlined below) hights the
deficiencies in current practice and the need fomare thoughtful
approach to the choice of method for monitoring ewastatus in
experimental systems.

Why measure water status?

It is generally accepted that the accurate measmewi plant and/or
soil water status is critical in any experiment vehene is concerned
with understanding the effects of differing wateupgly. Such
measurements are essential to define the condibbiise experiment
(both in terms of the treatments applied and imgeof the effects on the
plants) and as a first step in facilitating repetitof the experiment
(which is an essential part of rigorous scientifreethod). Precise
definition of water status in different parts oktlkoil-plant system is
also required for the formulation and testing of agorous mechanistic
hypotheses, such as those relating to the mechan@mdrought
tolerance or adaptive responses in any plant. dtss essential that the
measure of water status chosen is relevant to higsigdogical process
of interest. Reliable measures of water status@iseide powerful tools
for crop management purposes where there is a fueetepeatable
control as in irrigation scheduling.

In measuring water status, it is useful to distiegwcause and effect (=
‘stress’ and ‘strain’ using the terminology. Foraexple, soil water
deficits and the consequently lowered soil watetepiials are usually
considered as the underlying stresses in the sysienteaf water status
Is then a result of the soil water deficit. Inde#dtk actual leaf water
status is modulated by plant responses such asattbrolosure or
changing xylem hydraulic conductance, so it neithiquely nor
usefully describes the experimental treatment. Bome purposes,
however, the leaf water status can usefully berceghas a stress: these
are where one is concerned with the direct effetteaf water status on
metabolic or physiological processes within thef.l@he leaf water
status can therefore be regarded both as a stidia atress, with its role
at any time being dependent on the adaptive mestmanihat occur in
the plant.

Unfortunately, there is not necessarily any uniquébest’ measure of
water status that is applicable in all situatiofise choice of the most
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appropriate method(s) for measuring or describiragewstatus in any
situation depends on the purpose of the experimeame may be very
different for (i) those concerned primarily withagtical management
such as irrigation scheduling or quantification tfe benefits of

management treatments such as mulching or prufiinghose aiming

to understand the mechanisms of water movementth@se aiming to

understand the mechanisms involved in water seéssts on growth

and physiology and the adaptive plant responsesviad, and (iv) those
aiming to identify differences in drought tolerand® isolate the

controlling genes, or to breed or test droughtreoliegenotypes.

General principles and approaches to measurement @fater status

Before what should be measured and reported inestud plant water

relations is considered in detail, it is worth ewving some of the

fundamental principles of water-status measuremé&he available

measures of soil or plant water status can be brahdded into those

based either on (i) the amount of water or onit@i)energy status. The
principles and practice underlying the quantificatiand measurement
of soil and plant water status have been well desdrin a number of

texts and reviews. And these should be consultedniare detail and

background theory.

2.0 OBJECTIVE

By the end of this unit, you should be able to:

o explain the various methods of measuring wateustat
3.0 MAIN CONTENT

3.1 Methods of Measuring Water Status

The first one is based on the energy associateld water in the
plant tissue. Water potential is considered by madant
physiologists to be the most useful and significalay to describe
the water status of plant tissues. In terms of wptdential, water
deficit exists in a tissue whenever its water pbédims less i.e., more
negative than zero mega Pascal (Mpa). The wateenpat is
measured by (1) liquid immersion method (dye met@)l vapour
equilibration method (Thermocouple Psychrometed @) pressure
chamber method. The second way to describe wattussis to
measure the quantity of water in atissue, i.e water content and to
express it in relation to a selected referencee@lof these methods
are
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1. fresh weight method
2. dry weight method and
3. relative water content (RWC) method.

1. Liquid immersion method or dye method or Chardkov’s
Falling Drop Method:

Tow graded series of sucrose solutions (ranginghfbh15 to 0.50
molal in increments of 0.5 molality) are placedest tubes, set up in
duplicate. Homogeneous plant tissue is placedziath test tube of one
of the series (test series). Only a drop of metig/lblue is mixed into
each solution of the second series (control serignt tissue is not
added to the control series and the dye does potajably change the
osmotic potentials.

After the tissue is incubated for 15 to 30 minuiess removed from
each tube. The actual time of incubation can belargy enough for
osmosis to proceed and change the concentratieaadf solution in
the test series; the attainment of equilibrium @ necessary. After
the tissue is removed, a small drop of the respeatontrol series
solutions is introduced below the surface of itsregponding test
solution. If the drop rises in the test solutidnmeans that the drop is
lighter and that the tissue incubation solutiom@e concentrated; an
indication that water from the solution enteredtissue. Conversely,
if the drop falls, it means that the test soluti®highter-an indication
that water has left the tissue and diluted thetswiu In this latter
instance, the water potential of the solution atliyi is more negative
than that of the tissue. Accordingly, if the deysit the drop from the
methylene blue solution is the same as that dfetsiesolution, the drop
will diffuse into the solution uniformly. At thisgnt (called the null
point), the water potential of the tissue and soluis equal.
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2. Vapour equilibration (Thermocouple Psychromesr)
Method

Psychrometry (the prefix "psychro-" comes from theeek word

psychein, "to cool") is based on the fact that\thpor pressure of
water is lowered as its water potential is redudeslychrometers
measure the water vapour pressure of a solutigohaoit sample, on
the basis of the principle that evaporation of witem a surface;

cools the surface.

Meter

Sealed ‘H N
psychrometer :
chamber

Thermocouplg
junction

Droplet of |
solution
of known
lP’h.l".-’

|
$ 44

Plant

am—— Water uaﬁnr
unknown cET——
;9

Fig.10: Schematic Representation of Vapour Equilibration
(Thermocouple Psychrometer)

Method

Investigators make a measurement by placing a wktissue sealed
inside a small chamber that contains a temperatnsor (in this case,
a thermocouple) in contact withsmall droplet of a standard solution
of known solute concentration (knowks and thus knowntw). If
the tissue has a lower water potential than thahefdroplet, water
evaporates from the droplet, diffuses through iheaad is absorbed
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by the tissue. This slight evaporation of waterlsabe drop. The
larger the difference in water potential betweea tissue and the
droplet, the higher will be the rate of water tf@nsnd hence the cooler
the droplet. If the standard solution has a lowatew potential than
that of the sample to be measured, water will défirom the tissue
to the droplet, causing warming of the droplet. Bleang the change
in temperature of the droplet for several solutiohlsnown'Yw makes
it possible to calculate the water potential obduson for which the
netmovement of water between the droplet and the dissould be
zero signifying that the droplet and the tissueehthwe same water
potential.

Psychrometers can be used to measure the watertiptdeof both
excised andntact plant tissue. Moreover, the method can = us

measure th&¥s of solutions. Thigan be particularly useful with plant
tissues.

A major difficulty with this approach is the extremsensitivity of the
measurement to temperature fluctuations. For exangplchange in
temperature of 0.01°C corresponds to a change tarvpmtential of
about 0.1 MPa. Thus, psychrometers must be opeuaigel constant
temperature conditions. For this reason, the meihaded primarily
in laboratory settings.

3. Pressure chamber method

A relatively quick method for estimating the wapmtential of large
pieces of tissues, such as leaves and small sheodby, use of the
pressure chamber. This method was popularised b$cRolander
and coworkers. The pressure bomb is a device thaiised to
determine the plant moisture stress and the wattempal of a leafy
shoot and is based on the assumption that the waliemn in a plant
is almost always under tensidecause of the pull exerted by the
osmotic influences (water potential) of the livinglls of the leaves.
If the tension is high, the water potential of tleaf cells is very
negative. When a stem is cut, the water colummyiem) is disrupted
and because the water column is under tensionl] tegede back into
the stem toward the leaves. The shoot is placedcimmber, with the
cut end protruding through an airtight hole. Presssiincreased within
the chamber and the water column within the twifpreed back to
the cut surface. The pressure in the chamber is tterefully
recorded.
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Fig.11: Schematic Representation dPressure Chamber Method

The pressure required to force the water to apgketire cut surface
is equal to the tension (but with the opposite sighthe water
column at the time the shoot was cut. If low presss sufficient to
force water to the cut surface of the shoot, theoshs under
relatively low moisture stress. But if high pressus required to
force to the cut surface the moisture stress (@@afss relatively
high due to very negative water potential of thed leells.

SELF-ASSESSTMENT EXERCISE (SAE)

With the aid of a diagram discuss the vapour egpation
(Thermocouple Psychrometer) method
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40 CONCLUSION

It is generally accepted that the accurate measmewf plant and/or
soil water status is critical in any experiment véhene is concerned
with understanding the effects of differing wateupgly. Such

measurements are essential to define the condibbrike experiment
(both in terms of the treatments applied and im&of the effects on the
plants) and as a first step in facilitating repetitof the experiment
(which is an essential part of rigorous scientifiethod).

5.0 SUMMARY

In measuring water status, it is useful to distiegucause and effect (=
‘stress’ and ‘strain’ using the terminology. Foraexple, soil water
deficits and the consequently lowered soil wateepials are usually
considered as the underlying stresses in the sysienteaf water status
is then a result of the soil water deficithe water potential is
measured by (1) liquid immersion method (dye metH@)l vapour
equilibration method (Thermocouple Psychrometed) @) pressure
chamber method. The second way to describe wattussis to
measure the quantity of water in atissue, i.ewater content and to
express it in relation to a selected referencee@lof these methods
are

1. fresh weight method

2. dry weight method and

3. relative water content (RWC) method.

6.0 TUTOR-MARKED ASSIGNMENT

1. List and explain the various methods of rangag water status.

7.0 REFERENCE/FURTHER READING

Hamlyn, G. Jones]ournal of Experimental Botanyolume 58, Issue 2,
January 2007, Pages 119-130, https://doi.org/93/ixb/erl118
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1.0 INTRODUCTION

Stomata was discovered by Pfeffer & name ‘stomats given by
Malphigii. Stomata cover one to two per cent of E@a. It is minute
pore present in soft aerial parts of the plant. aglgfungi and
submerged plants do not possess stomata.

Transpiration is the process of evaporation froanfd (i.e., it is the
loss of water from the plant in the form of wataper). The greatest
loss (more than 90%) of water vapor from plantsuescthrough

leaves and is driven by differences in vapor presdqietween the
internal leaf spaces (intercellular space) and antbair. A small

amount of water vapour may be lost through smathapgs (lenticels)
in the bark of young twigs and branches. The caigelrves to restrict
evaporation of water directly from the outer suelmof leaf epidermal
cells and protects both the epidermal and undeglymesophyll cells
from potentially lethal desiccation. The integritiythe epidermis and
the overlying cuticle is occasionally interrupteddmall pores called
stomata. Each pore is surrounded by a pair of goalld. The guard
cells function as hydraulically operated valved ttantrol the size of
the pore. The interior of leaf is mainly comprisgfdphotosynthetic
mesophyll cells. Stomata, when open, provide a erolgr the
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exchange of gasses (oxygen, carbon dioxide andrwatpour)
between the internal air space and the bulk atnmeygpsurrounding
the leaf.
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2.0 OBJECTIVES
By the end of this unit, you should be able to:

define stomata

outline the characteristics of stomata

list the number of stomata (stomatal frequency)
explain the distribution and types of stomata

discuss extensively the theories of stomatal moveme
briefly explain mechanism of stomatal opening alogiag
explain the meaning and definition of transpiration
highlight the significance of transpiration

3.0 MAIN CONTENT
3.1 Stomatal Physiology

3.1.1 Meaning of Stomata

Stomata may refer to the natural openings to thsideienvironment,
such as those on plant leaves or oral cavitiegéin_animals. Stomata
may also refer to the artificial body openings tedaby surgery.
In plants, the stomata are actually the pores edeély the swelling
of guard cells to allow CO2 to enter into the leahich is a necessary
reactant of photosynthesis. The water vapor an&r@zlso allowed to
escape via the pore. In order to form a pore omat@smotic
pressure draws water to increase_the cells volume; this
in turn causes the guard cells to bow apart froncheather because
the inner wall of the pore is more rigid than tha@lvan the opposite side
of the cell.

Stomata are present in all terrestrial plants fforgphyte phase), except
for theliverworts. Dicots usually have more stomaton the
lower epidermis than the upper epidermis whereasoecmts usually
have the same number of stomata on both
sides. Plants whose leaves float in water have a@nonly on the
upper _epidermis whereas plants whose leaves arpletaly submerged
may lack stomata entirely.

3.1.2 Characteristics of Stomata

(@) Stomata are minute pores of elliptical shape, isth®f two
specialised epidermal cell called guard cells.

(b)  The guard cells are kidney shape in dicotyledondundbbell
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shape in monocotyledon.

(¢  The wall of the guard cell surrounding the por¢hisken and
inelastic due to rest of the walls are thin, etasthd semi-
permeable.

(d)  Each guard cell has a cytoplasmic lining, centeduole. Its
cytoplasm contains single nucleus and number aroplasts.
The chloroplast of guard cell is capable of veryomo
photosynthesis, because the absence of RUBISCOenzy

(e) Guard cells are surrounded by modified epidermiéd,denown
as subsidiary cells or accessory cells, which stppio the
movement of guard cells.

(f) The size and shape of stoma and guard cell varg frlant to
plant. When fully open, the stomatal pore meas@r&2 [ in
width and 10-40 u in length.

Fig. 12: Opening and Closing of Stomata
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(9) In many gymnosperms and xerophytic plants (plantsvong in
desert), the stomata are present embedded deeply i@aves, so
that they are not exposed to sunlight directly. iSueeply
embedded stomata are called sunken stomata. Thianis
adaptation to check excessive transpiration inetipdents.

VASCULAR STRAND UFPER EPIDERMIS

"_ 4
STOMA LOWER EPIDERMIS AlR SPACE

Fig. 13: Vertical Section of Leaf Blade Showing thd?assage of
Water Vapours During Transpiration

EFIDERMAL  suBSIDIARY
CELLS CELLS STOMA

oy
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Fig. 14: A) Portion of Lower Epidemis of Leaf Magnfied to Show
Stomata,
B) A Stoma Magnified

3.1.3 Number of Stomata (Stomatal Frequency)

The number of stomata in a definite area of leafegafrom plant to
plant. Xerophytes possess larger number of stothataMesophytes.
Number of stomata/sq cm. is 1000-60,000 in diffeyg@ant species.
The number of stomata per unit area of leaf isedalStomatal
Frequency.

Stomata frequency of trees and shrubs is higher lteabs. Stomata
occupy nearly one to two per cent of total leabasbden fully open. In
iIsobilateral leaves (in monocots) approximately shene number of
stomata are found on upper surface (adaxial) ameerio(abaxial)

surface. But in dorsiventral leaves (indicots) tinenber of stomata on
the upper surface is much less in comparison teettfiound on the
lower surface.

3.1.4 Distribution and Types of Stomata:

A. Depending upon the distribution and arrangemendtomata
in the leaves five categories of stomatal distitouhave been
recognised in plants.

1. Apple or mulberry (hypostomatic) type:
Stomata are found distributed only on the lowerfaze of
leaves, e.g., apple, peach, mulberry, walnut, etc.

2. Potato type:
Stomata are found distributed more on the lowefase and
less on its upper surface, e.g., potato, cabbaggm,ktomato,
pea, etc.

3. Oat (amphistomatic) type:
Stomata are found distributed equally upon the swdaces,
e.g., maize, oats, grasses, etc.

4, Water lily (epistomatic) type:
Stomata are found distributed only on the uppefase of
leaf, e.g., water lily, Nymphaea and many aqudaats.

5. Potamogeton (astomatic) type:
Stomata are altogether absent or if present theywastigeal.
e.g., Potamogeton and submerged aquatics.

81



CRP 302 CROP PHYSIOLOGY AND TAXONOMY

B. Types of Stomata based on movement
Loftfield (1856) classified three main groups dbreata in
accordance with their daily movement:

1. Alfalfa Type: The stomata remain open throughoetday and
closed all night, e.g., peas, bean, mustard etc.

2. Potato Type: The stomata will open throughout thg dnd
night except for few hours in the evening, e.g.]iuih,
cabbage, pumpkin, etc.

3. Barley Type: The stomata open only for a few honra day,
e.g., Barley and other cereals.

C. Types of stomata based on Behaviour

Considering the behaviour of the stomatal movemeriige
categories have been recognised:

1. Photo-active movements: Light directly or indirgctdontrols
stomatal movements. Such stomata remain open duldyg
time and closed in nights (dark).

2. Skoto-active movements: Stomata remain closed dudiay
time and open during night. Such cases are fourstigculent
plants and other CAM Plants.

3. Hydro-active movements: In some cases, stomata dperto
excessive loss of water from the epidermal cell$ @ose due
to turgid conditions of epidermal cells. This isuabBy found
during mid-day.

4. Autonomous movements: In certain cases, stomata apd
close at a rate of 10-15 minutes showing diurnathgthmic
pulsation.

5. Passive and Active movements: Opening of stomata is

considered as active process and closing is th&vyeagrocess
and this is caused by the turgor changes in thedguedis.

3.1.5 Theories of Stomata Movement

Factors affecting stomata opening and closing:

i) There is an endogenous rhythm (a biological clo&pmata
open during the day and close during the nighto(ih certain
succulents, which are native to hot, dry conditidmsve a
reversed rhythm to enable them to economise onrwass.)
However, stomata continue to open and close on an
approximately 24-hour clock (circadian = about a)daven
when switched to continuous light. The phase of thpening
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and closure can be shifted (made to occur at dthms of the
day) by control of the end of the dark period.

i) The water balance of a plant affects stomata ageriilting
plants close their stomata. The plant growth reagulabscisic
acid (ABA) seems to act as a mediator under thesdittons.
Water stress in the roots can transmit its infl@etecstomata in
leaves by the signal of ABA.

i)y Low concentrations of C®cause stomata to open. If @@ree
air is blown across stomata in darkness, their atarapen. High
CO2 causes stomata to close.

iv) Light causes stomata to open. The minimum lightelefor
opening of stomata in most plants is 1/1000 to 1&3Cfull
sunlight, just enough to cause some net photosgisthBlue light
(430-460nm) is nearly 10 times as effective as lrgit (630-
680nm). The wavelengths that are effective in g part of the
spectrum are the same as those that are effesfpleiosynthesis
that is absorbed by chlorophyll. However, the Hight effect is
guite independent of photosynthesis. Photosynthveflishange
intercellular CO2 concentrations and may have its effect through
the mechanism written in point iigbove.

3.1.6. Mechanism of Stomata Opening a and Closing

The pigment zeaxanthin (a carotenoid) detects ldine-wavelengths
of daylight, and activate proton pumps in the guaetl membranes,
which proceed to extrude protons from the cytopladrthe cell; this
creates a "proton motive force" (an electrochemgraldient across
the membrane) which opens voltage operated chaninelghe
membrane, allowing Kions to flow passively into the cell, from the
surrounding tissues. Chloride ions also enter th#, avith their
movement coupled to the re-entry of some of theued protons
(CI/H symport) to act as a counter-ion to the paitaw. Water
passively follows these ions into the guard calig] as their turgidity
increases, the stomata pore opens, in the mormksg.the day
progresses the osmotic role of that of sucrose,clwhtan be
generated by several means, including starch hysisol and
photosynthesis, supplements potassium. At the éntieoday (by
which time the potassium accumulation has dissipateseems it is
the fall in the concentration of sucrose that atés the loss of water
and reduced turgor pressure, which causes clodutbeostomata
pore.

ABA also seems to trigger a loss of bns from guard cells. Some
scientists suggest that in some species, ABA aliegor pressure
without changing solute potential or water potdniiaere is evidence
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of a role for increased cytoplasmic calcium{¢an closure, possibly
by effects on opening/closing of ion channels aglasma membrane.

Break down of starch to phosphoenol pyruvate (FRERjimulated
by blue light. This PEP then combines with @Oto form

oxaloacetic acid, which is converted to madicid. It is H ions

from the malic acid, which leave the cell in theam&nism outlined
above. Thus, the intake of K ions is matched bynfition of anions
from malic acid in the guard cells. This causes imtrease in
osmotically active substances in exchange for tteakidown of
starch in guard cells.

3.2  Concept of Transpiration
3.2.1 Meaning and Definition of Transpiration

Transpiration is the process of evaporation froanfd (i.e., it is the
loss of water from the plant in the form of watempoeur). The
greatest loss (more than 90%) of water vapour fpdamts occurs
through leaves and is driven by differences in wappressure
between the internal leaf spaces (intercellulacepand ambient air.
A small amount of water vapour may be lost throsgtall openings
(lenticels) in the bark of young twigs and brancHd®e cuticle serves
to restrict evaporation of water directly from thater surfaces of leaf
epidermal cells and protects both the epidermal anderlying
mesophyll cells from potentially lethal desiccatidrhe integrity of
the epidermis and the overlying cuticle is occaallyninterrupted by
small pores called stomata. Each pore is surrouhgedpair of guard
cells. The guard cells function as hydraulicallyemgied valves that
control the size of the pore. The interior of lesafmnainly comprised of
photosynthetic mesophyll cells. Stomata, when opeovide a route
for the exchange of gasses (oxygen, carbon dicxndiewater vapour)
between the internal air space and the bulk atnmergpsurrounding
the leaf.

Diffusion of water through the stomata pores knoas stomata
transpiration cover 90 to 95 per cent of water lvem leaves. The
remaining 5 to 10 per cent is counted for by cudéicdranspiration
(although the cuticle is composed of waxes and rofilyelrophobic
substances and generally impermeable to water,| gjuahtities of
water vapor can pass through).
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3.2.2 Significance of Transpiration
Transpiration is advantageous because:

It creates suction force and helps in the ascesamf

It helps in the absorption of water and mineralsdoys.

It helps in evaporating excess amount of water fnoonst soil.

It plays a role in translocation of food from oretpof the plant
to the other.

5. It brings opening and closure of stomata which riectly
influences the gaseous exchange for the procesdes
photosynthesis and respiration.

PwbdPR

6. It helps in dissipating the excess energy absofoed the sun,
which will otherwise raise the leaf temperature.
7. It maintains suitable temperature of leaves by ntpa a

cooling effect.

According to Curtis (1926) transpiration is regat@s an unavoidable
(necessary)evil. It is unavoidable because leaf structure ristta)
which is favorable for uptake of COand @ necessary for
photosynthesis and respiration is also favouratrehe loss of water
through transpiration. One of the advantages oispaation is that it
reduces the temperature of the leaf and if it doesduce the
temperature then it must be advantageous to plaetause we
understand the importance of temperature in aacellhow it affects
enzymes. Some claim that transpiration helps imstocation of
mineral salts to the upper parts of the body. Budies show that
only one to two per cent of transpiration is suéfit to translocate
the mineral salts.

Transpiration is an ‘evil’ because often it causgsry by dehydration
due to heavy transpiration loss when the atmosplennditions are
aggressive such as high light intensity, hot windspleted soil
moisture and poor water retentive capacity of soil.

SELF-ASSESSTMENT EXERCISE (SAE)
Explain the meaning and definition of stomata
Outline the characteristics of stomata

1

2

3. List the number of stomata (stomatal frequency)
4 List and explain the distribution and types of saban
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4.0 CONCLUSION

Stomata were discovered by Pfeffer & name ‘stomats given by
Malphigii. Stomata cover one to two per cent off laaea. It is
minute pore present in soft aerial parts of theplalgae, fungi and
submerged plants do not possess stomata.

Transpiration is the process of evaporation froanfd (i.e., it is the
loss of water from the plant in the form of watempour). The
greatest loss (more than 90%) of water vapor frdamtp occurs
through leaves and is driven by differences in wappressure
between the internal leaf spaces (intercellulacepand ambient air.
A small amount of water vapour may be lost throagtall openings
(lenticels) in the bark of young twigs and branchidse cuticle serves
to restrict evaporation of water directly from thater surfaces of leaf
epidermal cells and protects both the epidermal anderlying
mesophyll cells from potentially lethal desiccatidrhe integrity of
the epidermis and the overlying cuticle is occaailyninterrupted by
small pores called stomata. Each pore is surrouhgedpair of guard
cells. The guard cells function as hydraulicallyegied valves that
control the size of the pore. The interior of lsafainly comprised of
photosynthetic mesophyll cells. Stomata, when opeovide a route
for the exchange of gasses (oxygen, carbon dicxidiewater vapour)
between the internal air space and the bulk atmergpsurrounding
the leaf.

5.0 SUMMARY

Stomata may refer to the natural openings to thisideienvironment,
such as those on plant leaves or oral cavitieedfain animals. Stomata
may also refer to the artificial body openings tedaby surgery. In plants,
the stomata are actually the pores created bywb#iisg of guard cells to
allow CO2to enter into theleaf, which is a neaegs reactant
of photosynthesis. The water vapour and O2 are allowed to escape
via the pore. In order to form a pore or stoma,asmn
pressure draws water to increase the cells volume; this
in turn causes the guard cells to bow apart frontheather because
the inner wall of the pore is more rigid than thalvon the opposite side
of the cell.

Stomata are present in all terrestrial plants gorgphyte phase), except
for the liverworts. Dicots usually have more stoanaton the

lower epidermis than the upper epidermis whereasocmts usually have
the same number of stomata on both sides. Plardgsenlbaves float in
water have stomata only on the upper epidermise@seplants whose
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leaves are completely submerged may lack stométalgn

Transpiration is the process of evaporation froanfd (i.e., it is the
loss of water from the plant in the form of watapwr). The greatest
loss (more than 90%) of water vapor from plantsuescthrough
leaves and is driven by differences in vapour presboetween the
internal leaf spaces (intercellular space) and antbair. A small
amount of water vapour may be lost through smahamgs (lenticels)
in the bark of young twigs and branches. The ceigelrves to restrict
evaporation of water directly from the outer suemof leaf epidermal
cells and protects both the epidermal and undeglymesophyll cells
from potentially lethal desiccation. The integriti/the epidermis and
the overlying cuticle is occasionally interrupteddmall pores called
stomata. Each pore is surrounded by a pair of goelld. The guard
cells function as hydraulically operated valved t@ntrol the size of
the pore. The interior of leaf is mainly comprisagidphotosynthetic
mesophyll cells. Stomata, when open, provide a eroiar the
exchange of gasses (oxygen, carbon dioxide andrwatpour)
between the internal air space and the bulk atnmeygpsurrounding
the leaf.

6.0 TUTOR-MARKED ASSIGNMENT

Explain the Meaning and definition of Stomata

Outline the Characteristics of stomata

List the Number of Stomata (Stomata Frequency)

List and explain the Distribution and Types of Saian
Discuss extensively the Theories of Stomata Movemen
Briefly explain Mechanism of Stomata Opening andsiiig
Explain the Meaning and Definition of Transpiration
Highlight the Significance of Transpiration

© N g~ PRE

7.0 REFERENCE/FURTHER READING

Hamlyn, G. Jones]ournal of Experimental Botanyolume 58, Issue 2,
January 2007, Pages 119-130, https://doi.org/93/ixb/erl118
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UNIT 7 CONCEPT OF EVAPOTRANSPIRATION
CONTENTS

1.0 Introduction
2.0  Objectives
3.0 Main Content
3.1 Meaning of Evapotranspiration
3.2 General Factors Affecting Evapotranspiration
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 Reference/Further Reading

1.0 INTRODUCTION

Evapotranspiration (ET) IS the sum of
water_evaporation and transpiration from a surfacarea to
the atmosphere. Evaporation accounts for the monenfevater to the
air from sources such as the soil, canopy interaepand water bodies.
Transpiration accounts for the movement of wateéhiwia plant and the
subsequent exit of water as vapour through stomatiés leaves

in vascular _plants and phyllids in non-vascularngga A plant that
contributes to evapotranspiration 5 called an
evapotranspiration.[1] Evapotranspiration is an omgnt part of

the water cycle.

Potential evapotranspiration (PET) is a represemtat of the
environmental demand for evapotranspiration andresgmts the
evapotranspiration rate of a short green crop §yrasmpletely shading
the ground, of uniform height and with adequateewatatus in the soil
profile. It is a reflection of the energy availalieevaporate water, and
of the wind available to transport the water vapgooim the ground up
into the lower atmosphere. Often a value for thetempimal
evapotranspiration is calculated at a nearby clonatation on a
reference surface, conventionally short grass. Vhise is called the
reference evapotranspiration (ETO). Actual evapsipaation is said to
equal potential evapotranspiration when there iplarwater. Some US
states utilise a full cover alfalfa reference ctbpt is 0.5 m in height,
rather than the short green grass reference, dihe toigher value of ET
from the alfalfa reference.
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2.0 OBJECTIVES

By the end of this unit, you should be able to:

o explain the meaning of evapotranspiration

o outline the different factors affecting evapotrareon with
each specific factors.

3.0 MAIN CONTENT
3.1 Meaning of Evapotranspiration

Evapotranspiration (ET) IS the sum of
water_evaporation and transpiration from a surfacarea to
the atmosphere. Evaporation accounts for the monenfevater to the
air from sources such as the soil, canopy interaepand water bodies.
Transpiration accounts for the movement of wateéhiwia plant and the
subsequent exit of water as vapour through stomatiés leaves

in vascular _plants and phyllids in non-vascularnfga A plant that
contributes to evapotranspiration 5 called an
evapotranspiration.[1] Evapotranspiration is an omgnt part of

the water cycle.

Potential evapotranspiration (PET)is a represemtat of the
environmental demand for evapotranspiration andresgmts the
evapotranspiration rate of a short green crop §yrasmpletely shading
the ground, of uniform height and with adequateewatatus in the soil
profile. It is a reflection of the energy availalieevaporate water, and
of the wind available to transport the water vapgooim the ground up
into the lower atmosphere. Often a value for thetempimal
evapotranspiration is calculated at a nearby clonatation on a
reference surface, conventionally short grass. Vhise is called the
reference evapotranspiration (ETO). Actual evapsipaation is said to
equal potential evapotranspiration when there iplarwater. Some US
states utilise a full cover alfalfa reference ctbpt is 0.5 m in height,
rather than the short green grass reference, dihe toigher value of ET
from the alfalfa reference.

3.2 General Factors Affecting Evapotranspiration

The total amount of water lost from the field bytlbevaporation and
plant transpiration
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A. Environmental factors affecting ET:

1 Solar radiation,

2 Temperature,

3. Relative humidity,
4 Wind

Plant factors affecting ET:
Stomata closure

Stomata number and size
Leaf amount

Leaf rolling or folding

Root depth and proliferation

arwdEFE @

Knowing how environment and the plant influence
evapotranspiration helps to explain the daily patteof
evapotranspiration in the field.

SELF-ASSESSTMENT EXERCISE (SAE)

Explain the meaning of evapotranspiration
Outline the different factors affecting evapotrarson with
each specific factor.

4.0 CONCLUSION

Evapotranspiration (ET) is the sum of
water_evaporation and transpiration from a surfacarea to
the atmosphere. Evaporation accounts for the moneonfewvater to the
air from sources such as the soil, canopy interaepand water bodies.
Transpiration accounts for the movement of wateéhiwia plant and the
subsequent exit of water as vapor through stomatéds leaves

in vascular plants and phyllids in non-vascularnga A plant that
contributes to evapotranspiration is called an
evapotranspiration.[1] Evapotranspiration is an omgnt part of

the water cycle.

Potential evapotranspiration (PET)is a represemtat of the
environmental demand for evapotranspiration andresgmts the
evapotranspiration rate of a short green crop §yrasmpletely shading
the ground, of uniform height and with adequateewatatus in the soil
profile. It is a reflection of the energy availalieevaporate water, and
of the wind available to transport the water vagoom the ground up
into the lower atmosphere. Often a value for thetepimal
evapotranspiration is calculated at a nearby clonatation on a
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reference surface, conventionally short grass. Vhise is called the
reference evapotranspiration (ETO). Actual evapsipaation is said to
equal potential evapotranspiration when there iplarwater. Some US
states utilise a full cover alfalfa reference ctbpt is 0.5 m in height,
rather than the short green grass reference, dile toigher value of ET
from the alfalfa reference.

5.0 SUMMARY

Evapotranspiration (ET) is the sum of
water_evaporation and transpiration from a surfacarea to
the atmosphere. Evaporation accounts for the moneonfewvater to the
air from sources such as the soil, canopy interaepand water bodies.
Transpiration accounts for the movement of watehiwia plant and the
subsequent exit of water as vapor through stomatéds leaves

in vascular plants and phyllids in non-vascularnga A plant that
contributes to evapotranspiration is called an
evapotranspiration.[1] Evapotranspiration is an omgnt part of

the water cycle.

Potential evapotranspiration (PET)is a represemat of the
environmental demand for evapotranspiration andresgmts the
evapotranspiration rate of a short green crop §yrasmpletely shading
the ground, of uniform height and with adequateewatatus in the soil
profile. It is a reflection of the energy availalteevaporate water, and
of the wind available to transport the water vagoom the ground up
into the lower atmosphere. Often a value for thetempimal
evapotranspiration is calculated at a nearby clonatation on a
reference surface, conventionally short grass. Vhise is called the
reference evapotranspiration (ETO). Actual evapsipaation is said to
equal potential evapotranspiration when there iplarwater. Some US
states utilise a full cover alfalfa reference ctbpt is 0.5 m in height,
rather than the short green grass reference, dile tioigher value of ET
from the alfalfa reference. General Factors Affecting
Evapotranspiration are; Environmental factors dfifgc ET: Solar
radiation, Temperature, Relative humidity and Wirahd Plant
factors affecting ET: Stomatal closure, Stomatainhar and size,
Leaf amount, Leaf rolling or folding and Root deptid proliferation

6.0 TUTOR-MARKED ASSIGNMENT
1. Explain the meaning of evapotranspiration

2. Outline the different factors affecting evapotrarson with
each specific factor.
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7.0 REFERENCE/FURTHER READING

Hamlyn, G. Jones]ournal of Experimental Botanyolume 58, Issue 2,
January 2007, Pages 119-130, https://doi.org/93/ixb/erl118
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1.0 INTRODUCTION

Available water capacity is the amount of watet #goil can store that
Is available for use by plants. It is the watedhe¢étween field capacity
and the wilting point adjusted downward for rockgments and for salts
in solution.

Of the water entering a soil profile, some will bored within the
rooting zone for plant use, some will evaporate anthe will drain

away from the plant root zone. Plant available waethe difference
between field capacity (the maximum amount of wétersoil can hold)
and the wilting point (where the plant can no langetract water from
the soil) measured over 100 cm or maximum rootiegtid (Hunt and
Gilkes, 1992). Beyond the wilting point there idl stater in the soil

profile, however it is contained in pores that @ small for plant roots
to access. Soil texture, soil structure and plawting depth are the
crucial factors in determining the amount of wateailable for plants to
access.

Definitions;

1. Available water: water that can be extracted from the soil by
plant roots. It is the difference between the amadnvater in
the soil at field capacity and the amount of watethe soil at
permanent wilting percentage.

2. Field capacity: water held in the soil against the gravitational
force.
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Permanent wilting percentage:the percentage of soil moisture at
which a plant will wilt and not recover in an atrpbgsre of 100%
relative humidity.

3. Water use efficiency

The water use efficiency (WUE) of field crops idided as ‘Amount
of dry matter produced per unit amount of watarsgred’
Dry matter production (DM) WUE = Evapotranspiration

This is expressed as g DM kgvater. WUE measurements can be
made on plants in containers, on individual pla@sd on crop
communities. They can be used for economic yieldval as total
dry matter calculations.

A related term, water requirement is the reciprafaWUE. Water
requirements is usually expressed in weights ofakquagnitude,
such as g water (g DM)

3. Water use efficiency in C3, C4 and CAM plants:

Field data for WUE, when regrouped into C3 and (@écees,
illustrate a twofold increase for C4 species whalcuwated for either
grasses or dicots. Water use Efficiency (g DM kgater) for C4 and
C3 species.

Species Grasses Dicots
C3 149 1.59
C4 3.14 3.44

Large differences in WUE occur when species aregmaized by

CO2 fixation pathway. It is now accepted that the WUE of C4 msec
is generally higher than C3 species. The higher VOE4 species is
a result of higher photosynthetic rate under hightlintensity and

temperature and lower transpiration rates undefigivt.

The WUE values for both C3 and C4 species are lonwpared with
CAM plants. One CAM species, pineappknénas comosjs has
shown a WUE of 20g DM kgwater.Use of crop species with CAM is
limited because the COfixation and overall productivityof CAM
plants is low (CAM is only a survival mechanism bnbot a
productive mechanism).

94



CRP 302 MODULE 3

2.0 OBJECTIVES
By the end of this unit, you should be able to:

e explain the meaning of soil water availability
e discuss a typical soil profile
e explain the concept of soil-water availability

3.0 MAIN CONTENT
3.1 Concept of Soil Water Availability

Soil water availability is the capacity of a sod hold water that is
available for plant use. A soil is simply a porouedium consisting of
minerals, organic matter, water, and gases. Tltktitaal definition of
soil is: Soil is a dynamic natural body having prdpes derived from
the combined effects of climate and biotic actesti as modified
by topography, acting on parent materials over time
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Fig.14: Diagram of a Typical Soil Profile

The capacity of a soil to hold water is largely elegeent on soil texture.
Soil comes in a variety of textures but resultsrfriovo principal mineral

types. Primary minerals, such as those found inl send silt, are those
soil materials that are similar to the parent matdrom which they

formed. They are often round or irregular in sh&®condary minerals,
on the other hand, result from the weathering ef ghimary minerals,
leading to the formation of plate like particledled clay. Clays have a
large surface area, which is important for soil misgry and water
holding capacity. The texture of a soil is basedtlo&a percentage of
sand, silt, and clay found in that soil. The idkedition of sand, silt, and
clay are made based on size. The following is usédge United States:

Sand 0.02 - 2.00 mm in diameter

Silt 0.002 - 0.02 mm in diameter
Clay < 0.002 mm in diameter
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Fig. 15: The USDA Soil Texture Triangle.

The texture of a soil can be determined from itsdsasilt, and clay
content using a textural triangle. The triangletloa right (Figure 15) is
the one created by the U.S. Department of Agriceltu Natural
Resources Conservation Service and is primarilyd usethe United
States. There are various textural triangles useaighout the world but
most are
similar. Percent clay in this triangle is read be teft-hand side of the
triangle, the percent silt is read on the rightdhame of the triangle, and
the percent sand is on the bottom of the triangte.example, if a soil
contains 20 per cent clay, 40 per cent sand, anged@ent silt (total =
100%), then it is a loam.
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Fig. 16: A Plant’'s Available Water Holding Capacity for Soils with
Different Textures.

The texture of a soil is important for soil wateradability because it
controls not only how well a soil can hold watet blso how well water
is absorbed into the soil. Any water that infilestinto a soil does so
primarily through large pores in the soil calleddono pores” that are
created by plant roots, microorganisms, and phigicacesses such as
freezing and thawing and drying and wetting. Thaseesses help form
conglomerations of soil particles called “aggregatéhat are held
together in part by organic molecules that origedatirom plants,
animals, and microorganisms. Aggregates help foom Sructure —
which in turn helps maintain macro pores and godiitriation capacity.
Good soil structure also improves soil aeration lbath roots and
microbes.

Once water has entered the soil it is held throzagillary action by the
small interparticle spaces called “micro pores.isTis very similar to a
paper towel absorbing spilled water. The coursetéxéure, the fewer
small spaces exist and the less water the soilhcdth. An example
might be water running through a jar of marblesthaut being held.
Alternatively, a very fine sponge will hold watentu all the micro

pores are filled, at which point excess water imnsugh. For a soil, this
point is called the “water holding capacity” or€fd capacity.” Soils
with different textures and levels of aggregaticavdn very different
water holding capacities. For trees to absorb waben a soil, it must be
held at an energy level that trees can use. Saffidirlg coarse with

limited micro pores, has a very poor water holdtagacity versus clay
that is a matrix of very fine pores. Although clegn hold the most
water of all soil textures, the very fine micro psthold water so tightly
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that plants have great difficulty extracting all if The point where

water is held microscopically with too much enefgya plant to extract

is called the “wilting coefficient,” and in generalater in such a state of
energy is not available for most plants to extra¢tus, loams and silt
loams are considered some of the most productiveexttures because
they hold large quantities of water that is avdédbr plants to use.

SELF-ASSESSTMENT EXERCISE (SAE)

Explain the meaning of Soil water availability
Discuss a typical soil profile
Explain the concept of soil-water availability

4.0 CONCLUSION

Available water capacity is the amount of watet #agoil can store that
is available for use by plants. It is the waterdhie¢étween field capacity
and the wilting point adjusted downward for rockgments and for salts
in solution.

Of the water entering a soil profile, some will bored within the
rooting zone for plant use, some will evaporate anthe will drain
away from the plant root zone. Plant available wadethe difference
between field capacity (the maximum amount of wétersoil can hold)
and the wilting point (where the plant can no langgtract water from
the soil) measured over 100 cm or maximum rootiegtle. (Hunt and
Gilkes, 1992).

5.0 SUMMARY

Soil water availability is the capacity of a sodl hold water that is
available for plant use. A soil is simply a porouedium consisting of
minerals, organic matter, water, and gases. Titivaal definition of
soil is: Soil is a dynamic natural body having prdpes derived from
the combined effects of climate and biotic actesti as modified
by topography, acting on parent materials over time

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the meaning of soil water availability
2. Discuss a typical soil profile
3. Explain the concept of soil-water availability
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MODULE 4 MINERAL NUTRITION OF PLANTS:
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NUTRIENT UPTAKE MECHANISM S

UNIT1 MEANING OF MINERAL NUTRITION
CONTENTS

1.0 Introduction
2.0 Objectives
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3.1.2 Classification of Plant Nutrients Based on
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10 INTRODUCTION

Mineral nutrients are elements acquired primarilythe form of
inorganic ions from the soil. Although mineral naftits continually
cycle through all organisms, they enter the biosplpgedominantly
through the root systems of plants, so in a setagtgact as the
"miners" of Earth's crust. The large surface areaoots and their
ability to absorb inorganic ions at low concentrai from the soil
solution make mineral absorption by plants a vdfgctive process.
After being absorbed by the roots, the mineral eleimare translocate
to the various parts of the plant, where they ailessed in numerous
biological functions. Other organisms, such as myupal fungi and

100



CRP 302 CROP PHYSIOLOGY AND TAXONOMY

nitrogen-fixing bacteria, often participate with teen the acquisition
of nutrients.

The study of how plants obtain and use mineraliewis is called
mineral nutrition.

20 OBJECTIVES

By the end of this unit, you should be able to:

o explain the meaning of mineral nutrition

o outline the classification of essential elements two groups

o discuss the criteria of essentiality of minerahsdats

o classify plant nutrients based on their biochemicdé and
physiological function

o discuss the mineral availability shows an interggtdose
effect

o list the specific roles of essential mineral eletaen

o explain the physiology of nutrient uptake

3.0 MAIN CONTENT
3.1 Meaning of Mineral Nutrition

The chemical compounds required by an organismtemaed as
nutrients

1. Nutrition may be defined as the supply and absonptf
chemical compounds needed for plant growth and
metabolism

2. For plant growth and metabolism, 17 elements aserdml.
They are C,H, O, N, P, K,
Ca, S, Mg, Fe, Mn, Zn, B, Cu, Mo, Cl and Ni.

These essential elements are classified into twopg

1. Major elements (macro nutrients)
2. Minor elements (Micro nutrients) (Trace elements)

Major elements

The essential elements which are required by thentgl in
comparatively large amounts are called as majonetds or macro
nutrients. According to another definition minerédsind in >1000
ppm concentration are macronutrients. They are GO HN, P, K,
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Ca, S, Mg.
Minor elements

The essential elements which are required in vergllsamounts or
traces by the plants are called as minor elemantsi@onutrients
or trace elements. According to another definitimnerals found in
<100 ppm concentration are micronutrients. Theyra,eZn, Mn, B,
Cu and Mo. Si is now transferred from list of becief elements to
essential elements.

Beneficial elements. (Na, Si and Co)

Sodium has beneficial effect, and, in some case g$sential. There
are some plant species, particularly the Chenopediss plants and
species adapted to saline conditions that takehigpelement in
relatively high amounts. Na is also required fonips, sugabeets
and celery. The same is true for Si, which is aeesal nutrient for
rice. Cobalt is an essential element for the graoftthe Blue green
algae, but it has not been shown to be essentiaitii@r algae or for
higher plants. It is also required by certain legsmto fix
atmospheric nitrogen. Here, however the cobalisamecessary for
the symbiotic bacteria present in the nodules aatmt with the
roots.

3.1.1 Criteria of Essentiality of Mineral Elements
The term essential mineral element was proposedropn and

Stout (1939). According to them an element to beswmtered
essential, three criteria must be met:

1. A given plant must be unable to complete itsdiyele in the
absence of mineral elements.

2. The function of the element must not be re@ate by
another mineral element

3. The elements must be directly involved in plar@tabolism.

For e.g., asa component of an essential ptargtituents or
it must be required for a distinct metabolic ssgigh as an
enzyme reaction.

Based on the mobility, elements are also classifiemithree types.
1. Mobile elements: N, P, K, S and Mg

2. Immobile elements: Ca, Fe and B
3. Intermediate in mobility: Zn, Mn, Cu, Mo
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3.1.2 Classification of Plant Nutrients Based on their

Biochemical Role and Physiological Function

Essential elements are now classified accordinfpeo biochemical
role and physiological function. Based on the bemical behavior
and physiological functions, plant nutrients maydbaded into four
groups.

Table5: Nutrient Elements Uptake and Biochemical Function

Nutrient | Uptake Biochemical function
elements
15" grougIn the form of CQ, Major constituents of the organic
C, H, O/HCO3, H20, Op,|compounds of the plant. Essential
N, S NO3, NH*, elements of atomic groups which are
42 involved in enzymatic processes.
N2SO4, SO2. The iongAssimilation by oxidation reduction
from reactions.
the soil solution, th
gases from th
atmospher:
2" GrougIn the form of They are important in energy
P, B, Si |phosphates, boric acidtorage reactions or in maintaining
or borate, silicatestructural integrity. Elements in this
from the soil solution{group are often present in plant
tissues as phosphate, Borate @and
silicate esters in which the
elemental group is bound to the
hydroxyl group of an organic
molecule (i.e., sugar- phosphates)
(Esterification). The phosphate
esters are involved in energy transfer
reactions
34 Groug In the form of cation Present in plant tissues as either free
K, Na, from the soil solutiojions or ions bound to substances
Mg, except chlorine such as the pectic acids present in
Ca, Mn the plant cell wall. Of particular
Cl importance of their roles as enzyme
cofactors and in regulation of
osmoti(potentials
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4™ Group | In the form of ions ¢ Present predominantly in a chelated
Fe, Cujchelates from the soilform Incorporated in prosthetic
Zn, Mo | solution groups. Enable electron transport|by
valency change.

(Source: Taiz and Zeiger 2002)
"Esterification: Compounds formed by condensatioaroacid
and alcohol with elimination of water ADP + Pi = RT

3.2 Mineral Deficiencies Produce Visible Symptoms

When minerals are deficient, the growth of the planstunted, or
the plant shows other symptoms. The combinatiorsyshptoms
observed for deficiency of a particular mineral t@ntraced to the
roles that mineral plays in metabolism or physiglog

1. Stunted growth is a symptom for many deficiencies,
especially stunted stems with nitrogen deficiengg atunted
roots in phosphorus deficiency.

2. Chlorosis decreased chlorophyll synthesis or increased
chlorophyll degradation, is observed with magnesium
nitrogen, and iron deficiencies. Magnesium is teetal atom
for the electron cloud of chlorophyll from whichkeetrons flow
through the light reactions.

3. Necrosis, dead spots or zones, is observed when magnesium,
potassium or manganese deficiencies are present.
4, Colour changes such as excessiw¢hocyanin production

are observed in stems with phosphorus deficiendyeyT
generally pick up an intense purple Colour someiime
extending onto the leaves.

3.2.1 Mineral Availability Shows an Interesting
Dose Effect:

The following graph demonstrates how deficiencyucss growth. As
the mineral availability is increased, growth ireses. As the mineral
content continues to be increased there is noduititrease in growth,
but quality may be continuing to increase. Thisezas called the
luxury zone. However, continuing to increase thenemal
concentration ultimately reaches toxic levels andowgh is
diminished.
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broad rnge for macronutnents
NAmow range for micronutrients
0 |
o |
| abficien e hooury corsumption toxic
Mireml Concentrabion

Fig. 16: Graph Showing Defiency Reduces Growth

The goal of a plant grower is to keep the plarthm sufficient
to luxury zone but never to get as low as defigyarrcas high as
toxicity for any one of the macronutrients or mitudrients.
The trouble with that goal knows how wide the luxuaone is
in terms of concentrations. For minerals like borive zone is
very narrow, and it is easy to achieve toxic lewvwido be in
deficiency. For minerals like phosphorus, the lyxaobne is
quite broad and large amounts can be given angdl#mas will
respond nicely in spite of that. As a result, itdifficult to
overdose plants on phosphorus.

3.2.2 Specific Roles of Essential Mineral Elements

A. The macronutrients

1. Nitrogen specificrole

. Nitrogen is important constituent of proteins, miclacids,
porphyries (chlorophylls & cytochromes) alkaloidspme

vitamins, coenzymes etc. Thus, N plays very impurtale in
metabolism, growth, reproduction and hereditgfi€ency

symptoms

. Plant growth is stunted because protein contentdielsion
and cell enlargement are decreased

. N deficiency causes chlorosis of the leave i.dlpwng older
leaves are affected first

. In many plants e.g., tomato, the stem, petiolethedeaf veins
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become purple colored due to the formation of aryhoin
pigments.

Phosphorus

It is important constituent of nucleic acids, phosipids,
coenzymes NADP, NADPH2 and ATP

Phospholipids along with proteins may be important
constituents of cell membranes

P plays important role in protein synthesis througlcleic
acids and ATP

Through coenzymes NAD, NADP and ATP, it plays intpot
role in energy transfer reactions of cell metabolie.g.,
photosynthesis, respiration and fat metabolism etc.

Deficiency symptoms

106

P deficiency may cause premature leaf fall

Dead necrotic areas are developed on leave os fruit
Leaves may turn to dark green to blue green ColSametimes
turn to purplish Colour due to the synthesis anclawlation
of anthocyanin pigments.

Potassium Specificrole:

Although potassium is not a constituent of impadtrtarganic
compound in the cell, it is essential for the pssceof
respiration and photosynthesis

It acts as an activator of many enzymes involved in
carbohydrate metabolism and protein synthesis

It regulates stomata movement

Regulates waterbalance Deficiency symptoms

Mottled chlorosis of leaves occurs

Neurotic areas develop at the tip and margins efdhf

Plants growth remains stunted with shortening tefrimodes.

Calcium

It is important constituent of cell wall

It is essential in the formation of cellmembranes

It helps to stabilise the structure of chromosome

It may be an activation of may enzymes deficiengpgtoms
Calcium deficiency causes disintegration of growing
meristematic regions of root, stem and leaves

Chlorosis occurs along the margins of the youngpares
Malformation of young leaves takes place
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5. Magnesium

. It is very important constituent of chlorophylls

. It acts as activation of many enzymes in nucleid agnthesis
and carbohydrate metabolism

. It plays important role in binding ribosomal paléis during
protein synthesis. Deficiency symptoms

. Mg deficiency causes mottled chlorosis with veimsegm and
leaf tissues yellow or white appearing first onasltbaves

. Dead neurotic patches appear on the leaves

. In cotton Mg deficiency leads o reddening of leawexl

disorder is called as reddening in cotton.

6. Sulphur specificrole

. Itis important constituent of some amino acids{ire, cysteine
and methionine) with which other amino acids fohma protein

. S helps to stabilise the protein structure

. It is also important constituent of vitamin i.eigin, thiamine
and coenzyme A

. Sulfhydryl groups are necessary for the activity mmany
enzymes. Deficiency symptoms

. Deficiency causes chlorosis of the leaves

. Tips and margins of the leaf roll in ward

. Stem becomes hard due to the development of scleyera.

B. Micronutrients:

1. Iron specificrole:

. Important constituent of iron porphyrin proteinskeli
cytochromes, peroxidases, catalases, etc.

. It is essential for chlorophyll synthesis

. It is very important constituent of ferredoxin whi@lays

important role in photochemical reaction in photagesis and
in biological nitrogen fixation.

Deficiency symptoms

Iron deficiency causes chlorosis of young leavesciwhs usually
interveinal.
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2.

Zinc specificrole:

It is involved in the biosynthesis of growth horneoauxin
(indole 3 acetic acid)

It acts activator of many enzymes like carbonicyainhse and
alcohol dehydrogenase, etc.

Deficiency symptoms
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Zinc deficiency causes chlorosis of the young Isawich
starts from tips and the margins

The size of the young leaves is very much reducBus
disorder is called as ‘little leaf disease’

Stalks will be very short.

M anganese

It is an activator of many respiratory enzymes

It is also an activator of the enzyme nitrite redge

It is necessary for the evolution of oxygen (phygsad) during
photosynthesis Deficiency symptoms

The young leaves are affected by mottled chlorosis

Veins remain green

Small necrotic spots developed on the leaves wéhow
strips

Copper specificrole

It is an important constituent of plastocyanin (oep
containing protein)

It is also a constituent of several oxidizing enegmDeficiency
symptoms

Copper deficiency causes necrosis of the tip of ybang
leaves

It also causes die-back of citrus and fruit trees

Also causes reclamation disease or white tip deseésereals
and leguminous plants.

Boron specificrole

Boron facilitates the translocation of sugars byrimg sugar
borate complex.

It involves in cell differentiation and developmeswice boron
is essential for DNA synthesis

Also involves in fertilization, hormone metabolism
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Deficiency symptoms

Boron deficiency causes death of shoot tip

Flower formation is suppressed

Root growth is stunted

The other diseases caused by B deficiency is Hetadf beet,
Stem crack of celery, Brown heart of cabbage, Weatee of
turnip, Internal cork formation in apple, Hen arndc&en in
grapes.

M olybdeneum
It is constituent of the enzyme nitrate reductase thus plays

an important role in nitrogen metabolism
It is essential for flower formation and fruit set.

Deficiency symptoms

7.

Molybdenum deficiency causes interveinal chloradislder
leaves

Flower formation is inhibited

Causes whiptail disease in cauliflower plants.

Chlorine:

Specificrole

Chlorine has been shown to be involved in the oryge
evolution in photosystem Il in photosynthesis (@tavn are
important for this reaction)

It raises the cell osmotic pressure

Chlorine accelerates the activation of amylase Wwiticnverts
starch into soluble sugars

Deficiency symptoms

Chlorosis of younger leaves and an overall wiltifighe plant
In some plant species, like tomato, leaves showarotit
mottling, bronzing and tissue necrosis
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Identify Nutrients Deficiency

- —~
-]
O joaf 192"

Visual symptoms of nutrient disorders

Upper Leaves

Note: Symptoms can be caused by other factors - e,g., drought can also cause
browning of leaf edges

Sourca: Modified from TH Falrborer, C Wit B Burash, snd & Dobarmann (ade), 2007, Rice: A Proctical Gulde to Nt s
Management | 2od edition], IRRI, 1PN and IF), Singapore
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3.3 Physiology of Nutrient Uptake

Mineral nutrients are found either as soluble foatg of soil solution
or as adsorbed ions on the surface of colloidatigd@s. Various
theories proposed to explain the mechanism of ralnsalt
absorption can be placed in two broad categories:

. Passive Absorption
. Active Absorption

lon uptakeisboth active and passive:
After several decades of research on this processaiptake it is

now believed that the process involves both pasaive active
uptake mechanisms.
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Whether a molecule or ion is transported activetypassively
across a membrane (casparian band, plasma mendrram®plast)
depends on the concentration and charge of thediamolecule,
which in combination represent the electrochendcaing force.

Passive transport across the plasma membrane oalumg with
the electrochemical potential. In this process iand molecules
diffuse from areas of high to low concentrationsides not require
the plant to expend energy.

Active transport, (in contrast, to passive trangpanergy is
required for ions diffusion against the concentmratigradient
(electro chemical potential). Thus, active transpequires the cell
to expend energy.

3.3.1 Passive Transport Mechanism

A) Diffusion: Simple diffusion to membranes occurshnamall,
non-polar moleculeg¢i.e., @, CQ2). In this process ions or
molecules move from the place of high&ncentration to
lower concentration. It needs no energy.

B) Facilitated diffusion: For small polar species .(ild20, lons
and amino acids) specifisroteins in the membrane facilitate
the diffusion down the electrochemical gradienthisT
mechanism is referred to as facilitated diffusion.

a) Channel proteins: The specific proteins in the memé form
channels (channeproteins), which can open and close, and
through which ions or PO moleculegass in single file at very
rapid rates. A K and NH4 channel also operates by the same
process of facilitated diffusion. In addition, N@an also enter the
cell by this process.

b) Transporters or Co-transporters or carriers: Anothe
mechanism involves transporters or co-transporésggonsible
for the transport of ions and molecules across bmanes.
Transporter proteins, in contrast to channel pmeteébind only
one or a few substrate molecules at a time. Aftading a
molecule or ion, the transporter undergoes a wirakcchange
specific to a specific ion or molecule. As a resthle transport
rate across a membrane is slower than that assdcvwath
channel proteins.
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Three types of transporters have been identified:

1. Uniporters: transport one molecule (i.e., gluc@seino acids)
at a time down a concentration gradient.

2. Antiproters: catalyze movement of one type of ionmwlecule
against its concentration gradient. This is coupleth the
movement of a different ion or molecule Iin the off®
direction. Examples of antiporter transport argdN4" and H
/Ca'? transport into the vacuole.

3. Symporters: catalyze movement of one type of ion or
molecule against its concentration gradient coupted
movement of a different ion or molecule down its
concentration gradient in the same direction. Tigh HH*
concentration in the apoplast provides the enayggyfmporter
transport of NO and the other anions.

Therefore, the energy for antiporter and symporteansport
originates from the electric potential and/or cheahigradient of a
secondary ion or molecule, which is ofteh H

3.3.2 ActiveTransport M echanism:

Larger or more-charged molecules have great difficm moving
across a membrane, requiring active transport nmesms (i.e.,
sugars, amino acids, DNA, ATP, ions, phosphateteprs, etc.).
Active transport across a selectivghgermeable membrane occurs
through ATP-powered pumps that transport ions agaitheir
concentration gradients. This mechanism utilisesrgyn released by
hydrolysis of ATP. The NaK™ ATP pump transports Kinto the cell
and N4 out of the cell, another example is the GATP pump.

Thus, it can be understood from the above discossiat the ion
transport mechanisms operate both actively andvysgsFor some
of the ions the uptake mechanism is active andgdone others it is
passive.
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Publishers, Sunderland, M assachusetts.

SELF-ASSESSTMENT EXERCI SE (SAE)

Explain the Meaning of Mineral nutrition

Outline the classification of essential elements two groups
Discuss the Criteria of essentiality of Mineral fEents
Classification of plant nutrients based on theocbiemical
role and physiological function

Briefly discuss the Mineral availability shows amaresting
dose effect

List the Specific roles of essential mineral eletaen

Explain the Physiology of Nutrient Uptake

40 CONCLUSION

Mineral nutrients are elements acquired primaritytihe form of
inorganic ions from the soil. Although mineral niatits continually
cycle through all organisms, they enter the biosplpgedominantly
through the root systems of plants, so in a setasatgact as the
"miners" of Earth's crust. The large surface areaoots and their
ability to absorb inorganic ions at low concentva from the soil
solution make mineral absorption by plants a vdfgative process.
After being absorbed by the roots, the mineral eleis are
translocated to the various parts of the plant,revtieey are utilised in
numerous biological functions. Other organismshsag mycorrhizal
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fungi and nitrogen-fixing bacteria, often partidipavith mots in the
acquisition of nutrients.

50 SUMMARY

The Meaning of Mineral nutrition and the criterib essentiality of
mineral elements classification of plant nutriemi@sed on their
biochemical role were discussed. Explain further swéhe
physiological function mineral availability shows ateresting dose
effect with specific roles of essential mineral neénts and
Physiology of Nutrient Uptake

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the Meaning of Mineral nutrition

2. Outline the classification of essential elements two groups

3 Discuss the Criteria of essentiality of Mineral mBents
Classification of plant nutrients based on thecbiemical
role and physiological function

4. Briefly discuss the Mineral availability shows amaresting
dose effect
5. List the Specific roles of essential mineral eletaen

6. Explain the Physiology of Nutrient Uptake
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UNIT 1 MEANING AND CONCEPT OF
PHOTOSYNTHESIS

CONTENTS
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2.0  Objectives
3.0 Main Content
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3.1.1 Light Phase of Photosynthesis:
3.2 Definition of Absorption and Action Spectrum
3.3 Meaning of Photochemical Reaction
3.4  Concept of Emission of Radiant Energy in
Photosynthesis
3.4.1 Reaction Scheme for ATP and NADPH
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3.5 Concept of Cyclic photophosphorylatio
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5.0 Summary
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1.0 INTRODUCTION

Photosynthesis is a process used by plants andr atganisms
to convertlight _energyintochemical energyhat, througtcellular
respiration can later be released to fuel the organism's boéta
activities. This chemical energy is storedcarbohydratenolecules,
such asugars which are synthesised frooarbon dioxideandwater—
hence the name photosynthesis, from Gheekphos (e®¢), "light”,
and sun thesiss(vOeoic), "putting together”. In most casesygenis
also released as a waste product. Ndmbts algae
andcyanobacteriperform  photosynthesis; such organisms are
calledphotoautotrophs Photosynthesis is largely responsible for
producing and maintaining tlexygen contenof the Earth's
atmosphere, and supplies most of the energy negdsséife on Earth.
Although photosynthesis is performed differently dijferent species,
the process always begins when energy from lightalsorbed
by proteinscalledreaction centrethat contain
greenchlorophyllpigments. In plants, these proteins are held
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insideorganellescalledchloroplasts which are most abundant in leaf
cells, while in bacteria they are embedded inglaema membrandn
these light-dependent reactions, some energy isd ude
stripelectrondrom suitable substances, such as water, producing
oxygen gas. The hydrogen freed by the splittingvafer is used in the
creation of two further compounds that serve astdbon stores of
energy, enabling its transfer to drive other reandi these compounds
are reducedicotinamide adenine dinucleotide phosphi&ADPH)
andadenosine triphospha(ATP), the "energy currency" of cells.

2.0 OBJECTIVES
By the end of this unit, you should be able to;

Explain theMeaning and Definition of Photosynthesis
Discuss thdefinition of Absorption and Action Spectrum
Give Meaning of Photochemical Reaction

Explain the Concept of Emission of Radiant Energy i
Photosynthesis

o Outline the Concept of Cyclic photophosphorylation

3.0 MAINCONTENT
3.1 Meaning and Definition of Photosynthesis

Photosynthesis is the absorption of light energy iés conversion
into chemical energy. During photosynthesis, €Cand water
transformed into simple carbohydrates angli®liberated into the
atmosphere.

o The simple CBIO3 produced during photosynthesis are
converted by additional metabolfgocess, into lipids, nucleic
acids, proteins and other organic molecules.

o These organic molecules in turn, are elaborateal liedves,
stems,
. roots, tubers, fruits, seeds and other tissudagan system.
o Thus, the overall reaction of oxygenic photosynthesn be
represented as.
LIGHT
CHLORO
PHYLL
BCO, +12 H.O CgH 0 + 6 H,0 5 0t

This equation is frequently represented by the
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simplified form:
CO2 +2 H2O0 (CHO) + H20 + O2

The photosynthetic process is carried out by teteps:
i. The absorption of light and retention of light emer

i The conversion of light energy into chemical poieant
i The stabilization and storage of chemical potential
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Based on the three steps, the yield of a crop eaexpressed by an
equation Y = Q x I x E x H Q = Quantity of soladration received
by the leaf or striking the leaf. | = Fraction ofu@lised by plants.

E = Overall photosynthetic efficiency of the canofiye.,
efficiency of the conversion of solar energy toroineal energy)
in terms of total dry matter produced by the plants

H = Fraction of dry matter allocated to the hargdgparts (Harvest
index).

3.1.2 Light Phase of Photosynthesis

The absorption of radiant energy of green leavesius to the
presence of several pigments:

1. Chlorophyll a 2. Chlorophyll b 3. Carotenoids

Chlorophyll a and b account for the absorption ed tight (600-
700nm) and blue light (400 to 500 nm). The caroigmalso absorb
in the blue region of the spectrum. In the absefdight chlorophyll
‘a’ synthesis is impaired. That is why plants grawdark are usually
lack chlorophyll ‘a’. So, they are usually yellowColour and possess
elongated growth habit. Their leaf developmenttisrgyly reduced.
Plants displaying the characters are said to biagtd plant. So a brief
exposure of radiant energy of appropriate wavelengsufficient to
induce the formation of chlro ‘a’ in etiolated ptan

Photosynthesis is one of the most thoroughly studphoto-
physiological reactions. Chlorophyll pigments albsbghts energy.
But they chiefly absorb in the blue and red parhefspectrum. Apart
from chlorophyll several leaf pigments participatehe absorption of
radiant energy used in photosynthesis. But chloybbplan’ only
participate directly in the conversion of light egye into chemical
energy. Whereas the other pigments (accessory pigné&ansfer
their excitation energy to chlorophyll ‘a’. The misfer of excitation
energy between the pigments occurs by the processvik as
inductive resonance. This can be illustrated bgxample. Consider
two pigments A and B. A + radiant energy = A*

A pigment with the absorption of radiant energycamverted to an
excited state. Where this excitation energy issiamed to another
pigment B, then B gets excited. This is called ctdie resonance.
Inductive resonance normally occurs from accessopgynents to
chlorophyll ‘a’ but not from chlorophyll ‘a’ to aessory pigments.
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3.2 Definition of Absorption and Action Spectrum

Action Spectra: An action spectrum is the rate of a physiological
activity plotted against wavelength of light.

Absorption Spectra: An absorption spectrum is a spectrum of
radiant energy whose intensity at each wavelersgihnneasure of the
amount of energy at that wavelength that has pas$isexigh a
selectively absorbing substance e.

The absorption of radiation by a substance canuamtified with an

instrument called a spectrophotometer. This isvacéehat produces
a beam of monochromatic ("single-color") radiatitrat can be
shifted progressively across the spectrum; passeebdam through a
solution of the substance and measures the radigiad gets through.

The relationship between the action spectrum fatgdynthesis and
absorption of light by chlorophylls and other pigrnse(carotenoids)
indicates that the pigments are involved in phatdsgsis.

3.3 Meaning of Photochemical Reaction

In a photochemical event, only one above or oneeou¢ is

activated for each photon absorbed. Thereforeyuh&er of excited
molecules equals the number of photons absorbede\Whserving

the structure of a pigment molecule, nucleus peesethe protons
and neutrons. Whereas electrons are seen at valis@asces away
from the nucleus, the electrons have differentgiesr depending on
the distance from the nucleus. Nearer the eledmothe nucleus,
greater is the pull or attraction of the nucleuseabectrons. If a
photon of appropriate energy strikes the pigmd,alectron in an
inner shell is raised to an outer shell and thengigt is said to be in
an excited state. The excitedolecule will participate in the
chemical reaction (chlorophyll ‘a’) or it may trdasthe excitation

energy (accessory pigment) to the neighboring prgen@olecule by
resonance transfer. Otherwise, the excited moleaag return to

the ground state by two processes.

1. By emitting the radiant energy (Emission ofiaatenergy) or
2. Bydissipating the heat (Heat dissipation).
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3.4 Concept of Emission of Radiant Energy in Photosynthesis

Chlorophyll molecules are capable of absorbing lbeth light and
blue light. Red light is lesser energetic than Bigkt. Following the
absorption of red light (660 nm), chlorophyll malée attains the
excited level called the first excited level. Tlfetime of the excited
molecule is quite short, often of the order of'4 108 s. When the
energy is transferred to another pigment, excitddrophyll returns
to the ground state through the loss of energyhbyemission of light.
The emission of light within this short period ahe (104° to 108S)
Is referred to as fluorescence. The red light atvlavelength of 700
nm has raised the electron to the first excitecllewhereas more
energetic blue light of shorter wavelength (400 nrajsed the
electron to the second excited level. The life tiofethis excited
molecule is long i.e., 10to 10! seconds. Such long lived excited
molecules have much greater probability of intenactwith
neighbouring molecules and participating in photultal reaction
or the energy of the long-lived molecule is emitiesl light. This
process is referred to as ‘Phosphorescence’. Therndé#ference
between fluorescence and phosphorescence is thatesicence
occurs rapidly whereas the light emission by phospbs is delayed.
The excited chlorophyll molecule is involved in tin@ensformation of
radiant energy to chemical energy. As the resutheftransformation
of radiant energythe chemical potentials such as ATP and NADPH
are found besides releasing@.O

ATP formation
Regarding ATP formation, it is generated during

1.) The oxidation of glucose to @Gand HO in mitochondria.
This process is known axidative phosphorylation

2.) The formation of ATP by the absorption of &adienergy by
the chlorophyll pigments is known as photophospladion.
ADP + inorganic phosphate (pi) Radiant energy ATP

Chloroplast
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NADPH formation:

NADPH is formed by accepting electrons from wateslenules and
releasing Q. 4H20 Radiant Energy 9 + 4 (H" + &) + 2H20O
(Photolysis of water)

_—

4H 20 + 2 NADP—Ctttoroplast  2NADPH + D+ 2H" + 2H20

Therefore, the illuminated chloroplasts are capablgenerating
both ATP and NADPH through the following reaction.

2 ADP +4 0O + 2Pi+ 2NADR___ 3

ATP+2NADPH+2HO+0O2+2H
Chloroplast
341 Reaction Schemefor ATP and NADPH Formation

Two pigment systems are involved:

1.
2.
3

Photo system | (PS I) (Photo system | containsroployll ‘a’,
‘b’ and carotenes)

Photo system Il (PS Il) (Photo system |l contaihkbophyll
‘a’, ‘b’ and xanthophylls) The two photo systemse ar
connected by severalintermediates:

Plastoquinone
Cytochrome
Plastocyanin

Non-cyclic electron transport and phosphorylation:
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In 1960, Hill and Bendall proposed this scheme aild Bendall
scheme (zZscheme). This is the light requiring process in alihi
electrons are removed fronpB resulting in the evolution of Das a
byproduct and transfer of these electrons via abarmf carriers to
produce a strong, negative reducing potential whth subsequent
formationof NADPH2, a reducing agent with the potential of -0.34
V. Two ATP molecules can bgimultaneously formed from two
ADP and two pi, so that energy is stored in thanfaf this high
energy compounds. The NADPHand ATP are the ‘assimilatory
powers’ required to reduce @@o CH20.

The components of non-cyclic electron transporthwaly are
organized into three components that span the apblast
membranes. These components are PS [l complexiopigll ‘b’
complex and PSI complex. Plastoquinone, plastocyaand
ferredoxin are the mobile carriers that shuttlectetens across the
complexes. An electron is transferfsdm H20 to NADP in almost
20 ms. Two different light reactions each occurrimgdifferent
photosystem are required to raise the electrona fredox level of
H20 (+ 0.82V) to the redox level of NADPH-0.34V). Photosystem
| have a predominance of chlorophylh’ with an absorption
maximum at 680 nm (bluish green in Colour), wherB&s Il the
closely related chlorophyll ‘b’ which has its maxim absorption
peak at 650 nm (Yellowish green in Colour).

3.5 Concept of CyclicPhotophosphorylation

The cyclic photophosphorylation operates when dpltasts are
illuminated with wave lengths of light greater thGBOnm. Under
these circumstances only photo systemactivated and electrons are
not removed from BO. When the flow of electrons from2@ is
stopped, non-cyclic assimilation retarded, oxidikZ¥DP is no longer
available asan electron acceptor. Activation of photo systerhyl
wave lengths of light greater than 680 nm causasrein to flow from
P700 to chlorophyll molecule and Ferredoxin. Thée electrons
instead of passing on to NADP return back to P7@&0 oyt b6-f
complex, plastoquinone and plastocyanin.

Cyclic transport system is likely to result in thgnthesis of ATP at

two locations. One is between Fe-s protein andoéytomplex and
another between cyt-b6 and cytochrome f.
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Significance

Evidence for the operation of cyclic electron tqaor$ in C3 plantén
vivo is limited but it has been demonstrated under pihggical
conditionsin vivo in C4 plants where there is an additional ATP
requirement in their carbon fixation pathway. Ityreso play an
important role in the synthesis of ATP requiredgootein synthesis
during PS Il repair, following photo inhibition.

Pseudo cyclic phosphorylation

Another source of generation of ATP is that elatdronight be
transferred from ferredoxin back to oxygen redudtrtg water. It is
possible that this process might also involve attebn transport
chain and produce ATP. Here the electron that ecl backto
reduce molecular oxygen to water is not the samieghreleased from
the water. Hence it is called as pseudo cyclic phosylation.

3.5.1 TheMeaning of Dark Reaction (CO2 fixation):

All photosynthetic eukaryotes, from most primitizkyae to the most
advancedangiosperms, reduce QQo carbohydrates via the basic
mechanism, the C3 photosyntheatarbon reduction (PCR) cycle. The
PCR cycle is sometimes referred to as Calvin cyctleonour of its
discovered, the American biochemist, Melvin Calvin.

In PCR cycle, CQ from atmosphere and water are enzymatically
combined with afive-carbon acceptor molecule to generate two
molecules of a three-carbon intermediate. Thesarnrgdiates are
reduced to carbohydrate using the photo chemicmherated ATP
and NADPH. The cycle is complete by regeneratioriivad carbon
acceptor.

C3 PCR cycle involves three stages:

1. Carboxylation (Carboxylation of CDacceptor, ribulose 1-5
bisphosphate to form two molecules of three
phosphoglycerate, the first stable intermediatethef PCR
cycle)

2. Reduction (Reduction on this 3 PGA to a carbohydirat
the form of glyceraldehyde 3 phosphate)

3. Regeneration (Regeneration of the Z&xceptor, ribulose, 1-
5 bisphosphate fromlyceraldehyde’s 3-phosphate)
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3.5.2 Carboxylation of Ribulose Bisphosphate:

CO2 enters the PCR cycle by reacting with ribuloseldigphosphate

to yield two molecules of 3-phosphoglycerate, a reaction that is
catalysed by the chloroplast enzyme ribulose bisphate
carboxylate / oxygenase (Rubisco). Carboxylatiorribtilose 1,5-
bisphosphate, catalyzed by Rubisco proceeds in 8tages:
Carboxylation and hydrolysis.

1. Carboxylation involves the addition of @Qo carbon 2 (Q)
ribulose 1,5- bisphosphat® form an unstable enzyme bound
intermediate 2 carboxy 3 keto arabinitol 1,5- bisghate, which
undergoes hydrolysis to yield two molecules of &agiroduct, 3-
phosphoglycerate. Rubisco, the enzyme responsibléxing 200
billion tons of CQ annually, is without doubt the world’s most
abundant enzyme. Rubisco accounts for some 40 gquer af the
total soluble protein of most leaves. The conceioimaof Rubisco
active sites within the chloroplast stroma is cklted to be about
4mM or about 500 times greater thdine cone of one of its
substrates C2@ The molecular mass of Rubisco is 560 KDa. It is
composed of eight large subunits each of whichdmaactive site,
and eight small subunits.

The gene for the large submit is encoded by theroplast
genome and this sub unit is synthesised by the rapilast
ribosomes. Gene for the small subunit is synthdsise cytosolic
ribosomes, transported into the chloroplast andrabged there with
large sub units for L8 S8 Rubisco molecules.

The Reduction step of the C3 PCR cycle

In this stage, the 3-phosphoglycerate formed agsaltr of the
carboxylation of ribulose bisphosphate is first glworylate to 1-3
diphosphoglycerate by the ATP generated in thd ligactions and
is then reduced to glyceraldehyde’s -3-phosphataguhe NADPH

generated by the light reaction. The chloroplastyere NADP:

glyceraldehyde’s 3 phosphate dehydrogenase catalyisistep.

Theregeneration of ribulose 1,5- Bisphosphate:

Continued fixation of CQ requires that the C®acceptor, ribulose
1,5 bisphosphate, be consultancy regenerated. To aeqilkting the
cycle of intermediates, 3 molecules of Ribulose biSphosphate are
formed by reshuffing the carbon from 5 molecules o
triosephosphate. One molecule of glyceraldehydefh@&phate is
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converted to dihydroxyacetone 3 phosphate. Dihyghogtone 3
phosphate then undergoes condensation with a mieleot
glyceraldehyde 3 phosphate to give fructose 1,fhaisphate. This
product is hydrolysed to fructose 6- phosphates Tbmpound reacts
with third molecule of glyceraldehyde’'s 3-phosphaie give
erythrose 4 phosphate and xylulose 5-phosphate tligfPcombines
with a fourth molecule of triose phosphate to yisklven carbon
sugar sedoheptulose 7 phosphate. This reacts itinfolecule of
glyceraldehyde’s 3 phosphate and produces ribogkoShate and
xylulose 5 phosphate. The two molecules of xylulegtosphate are
epimerized to give ribulose 5- phosphate. Ribod®oSphate is also
isomerized to ribuloses 5 phosphate. Finally, kel 5-phosphate
is phosphorylated with ATP, thus generating the 2C&xceptor
ribulose 1,5bisphosphate.

(6) NADP*

(6) NADPH e e Bl el
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SELF-ASSESSTMENT EXERCISE (SAE)

Explain themeaning and definition of photosynthesis

Discuss thalefinition of absorption and action spectrum

Give meaning of photochemical reaction

Explain the concept of emission of radiant energy i
photosynthesis

5. Outline the concept of cyclic photophosphorylation

PoONPE

40 CONCLUSION

Photosynthesisis a process used by plants andr aifganisms
to convertlight energyinto chemical energyhat, througtcellular
respiration can later be released to fuel the organism's boéta
activities. This chemical energy is storedcarbohydratenolecules,
such asugars which are synthesised frocarbon dioxideandwater—
hence the name photosynthesis, from Gineekphos (@&c), “light”,
and sun thesiss(vbeoig), "putting together”.

50 SUMMARY

The unit showed thmeaning and definition of photosynthesis #mel
definition of absorption and action spectrum. Bcakxplained the
meaning of photochemical reaction and the concémgnussion of
radiant energy in photosynthesis the concept of licyc
photophosphorylation

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain themeaning and definition of photosynthesis

2. Discuss thalefinition of absorption and action spectrum

3. Give meaning of photochemical reaction

4. Eplain the concept of emission of radiant energy in
photosynthesis

5. Outline the Concept of Cyclic photophosphorylation
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MODULE 6 CROP GEOMETRY AND CULTURAL
MANIPULATIONS.

UNIT 1 MEANING OF CROP GEOMETRY
CONTENT

1.0 Introduction

2.0  Objectives

3.0 Main Content
3.1 Meaning and Definition of Crop Geometry
3.2 Importance of Crop Geometry
3.3 Meaning of Cultural Manipulations
3.4 Importance of Cultural Manipulations

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Reading

INTRODUCTION

Crop geometry refers to the shape of the spacdaalaifor individual
plants. It influences crop yield through its infhwe on light
interception, rooting pattern and moisture extactipattern. Crop
geometry is altered by changing inter and intra-spacing (Planting
pattern).

. Wider spaced crops have advantage under thismetep

. Plants which requires no restriction in all ditens are given
square geometry

. Usually perennial vegetations like trees/shralos under this
arrangements

0] Square planting - Square arrangements of plavitt be more
efficient in the utilization of light, water anditrients available to
the individual plants than in a rectangular arengnt.

(i)  Rectangular planting - Sowing the crop witeed drill, wider
inter-row and closer intra-row and closer intrasrgpacing leads
to rectangularity. Rectangular arrangement fatdg easy
interculti vation. Rectangular planting mainly tsuiannual
crops, crops with closer spacing etc., the widktisn (row) is

given for irrigation, intercultural operation etc.
. It is an arrangement to restrict the endlessvgrdhabit in order
to switch over from vegetation to the productivénage.
. This method accommodate high density planting
It can facilitate intercropping also.
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(i)  Triangular planting - It is a method to acnmodate plant density
under perennial/tree crops.

(iv)  Miscellaneous planting - In rice and raginsalanting is done
either in rows or at random. Skipping of everealate row is
known as skip row planting. When one row is skgpgiee density
is adjusted by decreasing inter-row spacing. Wiheninter row
spacing is reduced between two rows and spacihweka two
such pair are increased then it is known as paiveglanting. It
is generally done to introduce an inter crop.

20 OBJECTIVES
By the end this unit, you should be able to:

define crop geometry

mention the types of crop geometry

explain cultural manipulations

discuss the importance of cultural manipulations

1.0 MAIN CONTENT

3.1 Meaning and Definition of Crop Geometry

Crop geometry refers to the shape of the spacdadlaifor individual
plants. It influences crop vyield through its infhee on light
interception, rooting pattern and moisture extractipattern. Crop
geometry is altered by changing inter and intra-spacing (Planting
pattern).

fobank.com 131
¥ <

= Www.agrin



CRP 302 MODULE 6

. Wider spaced crops have advantage under thismetep

. Plants which requires no restriction in all ditens are given
square geometry

. Usually perennial vegetation like trees/shrulse ander this
arrangements

(@  Square planting - Square arrangements of plants b&ilmore
efficient in the utilisation of light, water and tnients available to
the individual plants than in a rectangular
arrangement.(ii) Rectangular planting - Sowing ttrep with
seed drill, wider inter-row and closer intra-rowdacioser intra-
row spacing leads to rectangularity. Rectangulaargement
facilitates easy intercultivation. Rectangular pilagy mainly suits
annual crops, crops with closer spacing etc., tigemwsection
(row) is given for irrigation, intercultural operan etc.

. It is an arrangement to restrict the endlessvgrdhabit in order

to switch over from vegetation to the productivdhage.
. This method accommodates high density planting
. It can facilitate intercropping also.

(i)  Triangular planting - It is a method to acomodate plant density
under perennial/tree crops.

(iv)  Miscellaneous planting - In rice and ragirnsalanting is done
either in rows or at random. Skipping of everealate row is
known as skip row planting. When one row is skgppiee density
is adjusted by decreasing inter-row spacing. Wiheninter row
spacing is reduced between two rows and spacihgeba two
such pair are increased then it is known as ghives planting. It
is generally done to introduce an inter crop.

3.2 Importance and Typesof Crop Geometry

The arrangement of the plants in different rows eoldmns in an area
to efficiently utilise the natural resources ardlech crop geometry.
Shape of the space available for individual pladespends upon the,
light interception. Rooting pattern and moisturérastion pattern plant
population, crop yield while on other side yieldyraso reduce due to
lesser plant population below optimum due to ingbito intercept

maximum available light by poor plant stand (Mahaj2010).
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Planting pattern

Planting pattern influences crop vyield through itfluence on light
interception, rooting pattern and moisture ext@ctpattern. Different
planting patterns are followed to suit differentesecontrol practices
and cropping systems. Plant geometry refers tsliape of plant while
crop geometry refers to the shape of space avail&dy individual
plants. Crop geometry is altered by changing irded intra-row
spacing.

Squar e planting

It is reasonable to expect that squares arrangewofeptants will be

more efficient in the utilisation of light, watené nutrients available to
the individual’s than in a rectangular arrangeménivheat, decreasing
inter-row spacing below the standard 15-12 cm i.eeducing

rectangularity, generally increases yield slightty.crops like Tobacco,
inter cultivation in both directions is possible sgquare planting and
helps in effective control of weeds. However, squplanting is not
advantageous in all crops. Groundnut sown withacisyg of 30x10cm
(3.33 lakh/ha) gave higher pod yield than with saamount of

population in square planting. Pod yield is redue#ler by increasing
rectangularity or approaching towards square pignti

Rectangular planting

Sowing the crop with seed drill is the standarccpeca. Wider inter-row
spacing and closer intra-row spacing is very comrfonmost of the
crops, thus attaining rectangularity. This rectdaguwarrangement is
adopted mainly to facilitate inter cultivation. Setimes only inter-row
spacing is maintained and intra-row spacing isfalbdwed strictly and
seeds are sown closely as solid rows.

Miscellaneous planting arrangements

Crops are sown with seed drills in two directiomsastcommodate more
number of plants and mainly to reduce weed pomratCrops like rice,
finger millet are transplanted at the rate of twothree seedlings per
hill. Transplanting is done either in rows or ranmdp. Skipping of every
alternate row is skipped, and the population isustdd by decreasing
intra-row spacing, it is known as paired row plagtilt is generally
restored to introduce an intercrop.
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Plant population and growth

A. High plant density brings out certain modificais in the growth
of plants. Plant height increases with increasglamt population
due to competition for light.

B. Sometimes it may happen that moderate incraaselant
population may not increase but decrease plarghbaedue to
competition for water and nutrients but not fght.

C. Leaf orientation is also altered due to popotapressure. The
leaves are erect narrow and are arranged at lomggrcal
intervals under high plant densities. This is asimdble
architecture.

3.3  Meaning of Cultural Manipulation

By cultural manipulation we will mean, in a broaghse, everything a
farmer might do to increase crop yields per hectafeer he decides
what to plant and buys the seed. With this restrictve leave out the
agricultural economist and the plant breeder. Wierimit our interest

to yields per hectare, we introduce an elemented.arhis will include

the crop canopy above the surface and the roogmsylselow it. Cultural

manipulation also includes what the farmer mightalmake best use of
water, carbon dioxide, nitrogen, and essential naineutrients whether
they occur naturally or otherwise. We will also lude manipulations
designed to make the most efficient use of raderdrgy during the
growing season. Finally, consideration of the langt the growing

season introduces the concept of time as one oblfects of cultural

manipulation.

I ntraspecific Competition

| would like to start by referring to an experimeiane in Lexington last
summer for the prosaic purpose of evaluating 63hefcorn varieties
(Zea Mays L.) most widely used in Kentucky. We wikke it as a
background to think together about whole plantsmgng in the field

and about how they interact with each other and Wieir environment.
This corn was planted in a design described in Binics (1962) by
John Nelder, now occupying the position at R~thdegzkmade famous
by R. A. Fisher. In Kentucky we call it a wagon whalesign for

reasons that are obvious when you see it. Eachmwageel contains 21
4-row plots and all varieties are replicated thteees, hence nine
wheels. The corn is planted in rows correspondmghe spokes of a
wheel and the plants are set closer together inrdlae as we move
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toward the center of the wheel. Each plant is tessentially in the
center of a trapezoid that diminishes in area asmwee toward the
center of the wheel. The geometry stays constany, the dimensions
change. The planting rates go from 13,000 plantsheetare at the
outside rim to a high of 107,000 plants per hecgdrthe last harvested
radius. A cross section of the planting desigrninsoat a history of corn
planting practices. On the outside rim the corplanted almost like it
was 40 years ago when Dr. Kiesselbach was doinlg fse pioneering
work with corn here at Lincoln and when almost @kn was open
pollinated. The population, 13,000 plants per hegtwas close to the
average rate used then and the yields are stnksiglilar. As we move
toward the inside of the wheel we are progressmguigh 40 years of
change in corn cultural practices. Near the cewtreach the present
and possibly even the future of corn cultural pcast and problems. As
planting rates change in our wheel so do the yieldse very best
varieties yield 5,000 kg/ha on the outside radind gields increase
toward the center to as much as 15,000 kg/ha sosrewetween the
extremes of population studied. Many feel that thejor thrust of
research toward higher corn yields should be tchphe population
higher and higher. As we do so the difficultiedb&overcome change in
nature. It is well to think of the problems of yleéh terms of things that
occur in the test tube and under the microscopg, itois in the
competitive struggle among plants that any chamgest operate and
survive. It is for this reason that | want to speaondhe time talking about
what happens to plants growing at various positiwitin our wheel.
As we move from the outside rim of the wheel towdrd center, the
yield per plant decreases in a very regular manahout bothering
about a mathematical statement let us just sayifttve¢ plot the yield
per plant as the ordinate against population petahe as the abscissa
on semilog paper we get a linear regression,aagsir line that slopes
downward (Duncan, 1958). From such a regressionamecalculate the
yield per unit of area at any rate of planting. Taet that the regression
Is linear indicates that there is a plant poputa@ which a maximum
yield per hectare would occur and we can of cowsgmate that
maximum grain yield. This is why we plant our véyig¢est in such a
bizarre pattern. This is a good way to compareetias. It lets us
compare varieties on the basis of what each isbhtad at its optimum
population. It raises an interesting question alvaioy the relationship
between plant population and yield per plant shdagtiave in such a
beautifully mathematical manner, but this is owsibe scope for this
particular material.
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A. Cooperative I nteraction

Instead let us first consider the general heiglaticnship. The height of
the corn plants increased with increasing planufain to a maximum
and then the average height decreased again. Hssnation is in
agreement with a more general statement by Yoda, lind Hozumi
(1957) who observed that "When plants are expelialignexposed to
shade, there is usually found a certain light isitgnat which the plant
attains its maximum (height)"-There were relativigige differences in
this among the varieties we tested but all incréase height with
increase in mutual shading. First appearance otabsel and anthesis
were observed at about the same time in all papatwithin most
varieties so we can infer that the length of tinoe attainment of
maximum height was not much affected by mutual stgadlhus the
taller plants must have elongated at a more ragel than the shorter
ones. This tendency of shaded plants to elongates mapidly than
unshaded ones were first reported by Hozumi, Koyamd Kira (1955)
as a result of their observations with corn. Theyed that in closely
spaced plants, the shorter plants had a highegatmm rate than the
taller ones that were shading them. They gave #raen"cooperative
interaction" to this phenomenon because by readon the shorter
plants tended to "catch up"” in height with theeialbnes. The results of
this cooperative interaction were readily obsergabl the wagon
wheels. The plant heights were more uniform atrinesliate plant
populations than at either the highest or lowegtupations, and the
difference in uniformity was statistically signiéint.

B. Competitive Interaction

Kira and his associate, however, noted no suchetandfor shorter
plants to increase faster in weight. It was quite dpposite. Shaded
plants, as one would expect, gain weight more siahén less shaded
ones. With corn the effect of height differencegamn. In dry weight is
closely related to plant density. By use of a miodifon of the computer
simulation program mentioned earlier by Dr. R. ®oinis and using
plant descriptions taken from experiments condutgdVilliams and
Loomis in California, | estimated the effect of fdilence in height on
average daily photosynthesis of corn. A plant 10strarter than those
surrounding it would be deficient in the productimindry matter at low
populations by about 20 per cent, at high poputatioy almost 50 per
cent. If the difference in height is increased €ocsn the deficiency in
dry matter production would increase to 40 and &0cent,

respectively . From this | think we can agree owesa general
propositions. One is that a corn plant shorter ttameighbours is at a
considerable disadvantage. A second is that ardift® in rate of
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elongation such as Kira described that could retdvedeight difference
would reduce the penalty imposed by overshadowinthird obvious
conclusion is that the higher the population ohfdahe more severe the
penalty imposed by height difference. As we movéigher planting
rates, height differences produce larger effectsotAer observation by
Kira and his associates that is a corollary offitst is that beyond some
degree of shading, that produces a maximum hefghher shading
must result in shorter plants and hence slowergalbon rates. With
these relationships in mind let us go back and Iglomalk into our
wagon wheel starting with our 1928-type plant pagohs. Here the
plants are typically rather short and sturdy wekiesal tillers, or suckers
as grandfather called them. The plants are irregoldeight and even
more in yield of grain. The height irregularity ggesumably due to
genetic differences and the lack of enough competib invoke Kira's
cooperative interaction to hurry the shorter ofié® plants are irregular
in grain yield per plant because some plants haeeear, some two, and
some even three or four. In other low populatiopezkments we have
observed that the top or first ear is remarkablifonsm from plant to
plant within a variety. The difference in yield fnoplant to plant seems
to be due to differences among plants in whatewgulse or stimulant
or absence of repression is needed to cause adsectmrd ear to form.
Among varieties the higher yielding at these lowpylations were those
capable of forming the largest or the most earss Tdkes us back in
memory to the old state fairs in the Cornbelt whtecorn shows were
the big attraction and the prizes went to the bedl-flled ears. These
were closely related to yield in the early 1908&8other characteristic
of our low population corn | hadn't mentioned wasttwhere our
chemical weed control broke down, the weeds gretin wstonishing
vigor. It was easy to look at these and see why w@s cultivated three
to five times in those days and checking was thmulas way to plant it.
As we move through increasing plant populationdasge the tillers and
most of the second ears and weeds are much lesssayg. The plants
look uniform in height because of the cooperativeraction and they
get taller and ear height increases. This is t80to 8,000 kg/ha yield
level which is easily realised with adequate fezdiion and rainfall or
irrigation. This is the corn of the late 1940's aadly 1950's. The main
problems were fertility and water. No one worriediain about row
widths and barren plants weren't much of a probldnfortunately we
did not put any of the old, open-pollinated vagstin our wheels. | will
do so next year and feel reasonably confidentweatan get yields in
excess of 6,000 kg/ha at these planting rates.
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C. Plant Uniformity and Barrenness

As one moves to higher populations still, we enteuthe problems of
the present and get a look at those of the futelant heights become
less uniform because our cooperative interactiofonger operates. All
of the plants are shaded to nearly their maximuightend hence their
maximum rate of elongation. A plant that germinagksvly or is slow
in getting started is soon shaded beyond its maxiralongation rate. In
consequence it grows more slowly than its neighdoliris soon even
more heavily shaded and hence grows more slowliy Htiis thus
suppressed and becomes a starved, spindly, batash. By doing
everything possible to ensure uniformity one cquidbably avoid such
suppressed plants, but only up to a point. Whenntagimum-height
shading is reached for all plants, the equilibribbecomes unstable.
Some plants must be suppressed. As stated by twouls Nebraskans,
Clements and Weaver (1929), in their descriptioaroexperiment with
sunflowers (Helianthus annuus L.), "in a crowdedpuyation a
difference in height of as little as a millimetesudd be decisive if it
enabled one plant to get its leaf over its neighlioVe have stressed
the competition for light, but an equally deadlymgmetition must be
going on under the soil. Shaded plants have areased shoot/root
ratio. The more shaded plant invests a decreaseafpids resources in
roots so its root system is smaller and shallowan tits more favoured
neighbors. Moisture or fertility stress can onlydatb the relative
disadvantage and increase the probability of siggpye. The nature of
this double competition has been shown in many mxeats, but
possibly never more clearly than by Donald (19B58)is experiments in
the 1950's. In the 63 varieties we observed, teeppressed plants were
almost invariably barren. The ears formed contairmedy a few
scattered kernels if any at all. More interestingswhe fact that only
plants that would be classified as suppressed bypettion were
barren. This might not have been the case undee mormal field
conditions where more reasons for barrenness negist. In our plots
there was ample pollen over a long period of tireednse of the number
of varieties planted together. We also had a vamodrable growing
season with supplemental irrigation but | feel thiaé competitive
interactions | have described are one of the. Itamorcauses of
barrenness in high-population corn, it has receisatprisingly little
attention in the agronomic literature. Barren pdaate one of today’s
serious problems in seeking higher yields and dne not likely to get
less important. A barren stalk intercepting ligimdausing water and
nutrients but giving nothing in return cannot betluce grain yield. It
should be pointed out, however, that grain yieldcorn reaches a
maximum and then declines as population continoiéscrease whether
there are barren stalks or not. The effect of Iaplants is to cause the
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yield maximum to occur at a lower plant populatemmd to accelerate
the rate of decrease in yield as populations coatito increase. As
might be expected barrenness increases with sttegsuld have been
interesting to see what some of the old open milid varieties would
have done at these much higher plant populatiomgloUbtedly the
increased variability among plants would have meamdreasing
numbers of plants would have been suppressed arw: Harren. From
this point of view, it seems obvious that one adage of hybrid corn
varieties is uniformity that permits higher plampolations. The greater
uniformity of single-cross varieties might be oraetbr in their yield
potential. Dr. Donald has written recently (196Bpat the possibility of
increasing plant yields by the breeding of cropotgipes, defined as
plants with model characteristics known to influenghotosynthesis,
growth, and grain production. One basic charadterie notes is that
ideal plants should have weak competitive abily.this he means they
should have characteristics that enable them toentiad best possible
use of their share of the environment without eaching on
environment allocated to neighboring plants. We reilurn again to this
thoughtful observation but we can see in the teogl@i corn plants to
elongate when shaded the survival of a trait tinamiore primitive
ancestors represented the thrust of green blade® atompetitors. In a
field of crop plants where all plants have equdligdhe tendency to try
to crowd out neighbouring plants is highly unddsiea In addition to
mutual shading this elongation increases plant aead height and
decreases stalk strength. Both make the plant hikeg to lodge. It has
the less obvious effect of increasing the tendeacguppress individual
plants at high plant populations. Elongation at aremrapid rate in
response to shading may provide the mechanism focedain
improvement in height uniformity but this is smetimpensation for the
additional stresses it imposes. The fact that thereelatively large
variation in this tendency to elongate among vesetve have observed
indicates that there is genetic variability for daters to work with and
probably that progress is already being made.

D. Planting Patterns

Our observations have stressed the potential iogeld caused by lack
of uniformity and the need for increased uniformigs plant
population’s increase. Some preventable causemfuniformity are
obvious. Seeds should be uniform in germinatioretiamd should be
planted uniformly. A more subtle influence on unffaty is in the
pattern of planting. In our wheels each plant waghe center of a
trapezoid, almost as well separated from neighbgupiants as possible
for a given planting rate. This deferred compatit@mong plants for
light as well as for underground factors as long@ssible. At critically
high planting rates any lack of uniform plant disition would mean
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localised high-density areas where plants wouldhazgled past the point
of instability at which some plants must be supgedsno matter how
uniform the initial conditions. The adverse effeat any lack of
uniformity would be accentuated. This at least iplyt explains the
current interest in narrow rows. As one decrealsedlistance between
rows to some point, for a given plant populatiame distribution of
plants becomes more uniform. Our experiments hénevs that the
higher the plant population the greater the yieldamtage of narrower
rows. This is the usual conclusion from such expents. The high
planting rates necessary for higher yields in titare thus require more
uniform planting patterns. The best planting pattfer any plant can be
shown by rather rigorous mathematics to be equahta hexagonal as
you choose to look at it. We might assume, theegfdhat planting
patterns of the future will tend toward this onéeTpresent interest in
narrower rows may be taken as a part of this trdiek problem of
developing planting equipment that will place saada hexagonal
pattern does not seem to me to be insuperable. uarsgpattern is
almost as good and this was the common patternnfany years
although the spacing was far too wide. Dr. Daynand | have also
shown by convincing mathematics with the aid of computer that the
worst way to distribute seed within a given areavith multiple seed
hills. Quite a number of early experiments compaech hills with row
plantings at the same population and usually shosewll yield
differences in favor of the rows. These were ddrfaradlower than what
we now consider high populations. At high ratesdtierences in favor
of the row plantings are quite a bit higher as wared in a small
unpublished experiment two years ago. This is o@aly that disease or
insect control or other considerations might notofaother planting
patterns but theory favours the hexagonal design.

E. Tillering

The disturbing fact is that tillering plants such @heat [Triticum
(aestivum L.) sp.] or rice (Oryza sativa L.) arseggially plants growing
in multiple-plant hills which is, according to oeomputer, the worst
way. Using somewhat different reasoning, Dr. Donads selected as
his ideotype for wheat a single-culm variety. Tlisnot to say that a
tillering plant might not have advantages in speclbcalities. Dr.
Donald mentions the very obvious advantage ofiexitilg rice plant for
Japanese conditions where the individual plantsiaually set by hand.
Scientists at the International Maize and Wheatrowpment Center in
Mexico are interested in the development of a gfiyotillering variety
of corn which may have great advantage under samditoons. What |
am asserting, with Dr. Donald, is that highest dgselunder very
favourable conditions will probably result from tibering plants. It is
again a matter of plant geometry and of our abtlitgontrol it. F. Leaf
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Area Index In summary of this discussion of thebbems associated
with the best use of space we may ask the quesisoto why high
planting rates are required for high yields andhiére is no limit to
planting rates. If there is a limit, what deternsn& The answer goes
back, in part, to some of the points made by Dr.SRLoomis (see
Chapter 4, this book) and his computer in desagibire architecture of
plant canopies. Higher plant populations are neegi¢id a plant like
corn in order to have high leaf area indices (LAMithout high LAI
values, the useful light cannot be interceptedfatiently low levels of
illumination. There is a limit to this, however,athis set by the leaf
angles involved. With flat horizontal leaves a highl is a disadvantage
because of excessive self-shading. As leaf angleases so can LAL.
The rate of planting required for maximum canopytpbynthetic rate
and presumably yield with a given phenotype isbsethe leaf area per
plant and the angle or aspect of the leaves. Taereobviously other
considerations but these are fundamental and tignitWe can think
about this in terms of Dr. Donald's idea that ttheal plant should be as
noncompetitive as possible. With near vertical ésai is possible for a
plant to intercept light at low levels of illuminah and hence more
efficiently as far as the use of radiant energgaacerned. With such
leaves the shading of neighboring plants is minirdaih yielding crops
come from plants that are pacifists; that concémtoa productivity and
minimise rivalry. In this context, a soybean pld@lycine max L.)
might be a good example of a plant with reprehéasibcial behaviour.
It has a bush habit of growth that tends toward rehvedowing
neighbouring plants. For many varieties the leaeslarge, relatively
flat and placed close together. They thus interteph direct sunlight
and skylight at inefficiently high levels of illumation instead of
dividing the light flux among many more leaves.

F. No-Tillage Planting

Let us continue by considering the underground renment and to
some extent the use of water. In Kentucky and amtjgistates there is
considerable interest in a cultural method called-tillage.” It is an

awkward term to use in writing or speaking but nettédr one has
evolved as yet. This year there were almost 40/@00100,000 acres)
planted in Kentucky by this method and more willgb@nted next year.
What has brought it to the front is a better apphoto an ancient
problem, the control of weeds. The fact that wes@seasier to control
in corn than in other crops probably explains whisiin wider use in

this crop than others. Under this concept the gsaslsor other ground
cover is killed with herbicide mixtures and a 5-ente (2-inch)

seedbed prepared with a fluted coulter. Seeds lae=g in this strip
with only slightly modified planters. Results haitebeen free of
problems but there is solid reason for encouragéeth for thinking it
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is much more than a passing agricultural fad. a¢ s most exciting
to me is that our corn so planted has shown lekmgviunder moisture
stress than corn in adjoining plots prepared cotweally. Apparently
less water is lost from the soil during preparatidaring the time when
corn is too small to shade the soil surface, arssiply even after this
when most visible radiation is being interceptetefE is a favourable
effect on infiltration of rainfall also which mayela factor. At any rate,
yields for no-tillage corn in Kentucky are as g@sdconventional tillage
under very favourable conditions and consistenitjhér when there is
moisture stress. While in Davis, California, | aedia class in tropical
agriculture taught by Dr. W. A. Williams in whichehdiscussed a
comparable planting system in the steep hills adraote part of Brazil.
Here the farmer applied an ancient herbicide, byeburning the brush.
He then planted his no-tillage corn-by a touch witle tip of his
machete that made a mark just large enough to dliowto insert and
cover a grain of corn. The farmer didn't know amyghabout scientific
agriculture but he knew that the less he distuthedsurface of the soil
the fewer weeds he would have. The process maydsaunit crude but
it may embody the fundamental principles of the tbesltural
manipulation of soil for the future. As we thinkaat no-tillage systems
and see how well they work we must ask the questitny do we plow
in the first place? Observations of no-tillage eyst suggest to me that
what we refer to as soil preparation has littledtowith improving the
environment for root development. Corn yields withplowing are just
as good, usually better, and sometimes quite adlter than with
conventional tillage. Apparently in our part of theuntry the major
reason for plowing is to control weeds. Dr. DeWashtalked about
similar results with crops other than corn in Hotaso it isn't too local
a conclusion. A huge tractor pulling four or fivettnm plows is a lot of
machinery just to kill weed

SELF-ASSESSMENT EXERCISE

Discuss extensively the concept of Crop
geometry in Agricultural production
Discuss the concept of cultural
manipulation based on Duncan’s theory.

40 CONCLUSION

Crop geometry refers to the shape of the spacdaalaifor individual
plants. It influences crop yield through its infhee on light
interception, rooting pattern and moisture extactpattern. Crop
geometry is altered by changing inter and intra-sp&cing (Planting
pattern). By cultural manipulation we will mean, anbroad sense,
everything a farmer might do to increase crop wealdr hectare, after
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he decides what to plant and buys the seed. Wighréstriction we
leave out the agricultural economist and the plaeeder. When we
limit our interest to yields per hectare, we intiod an element of
area. This will include the crop canopy above tindase and the root
system below it. Cultural manipulation also inclsidehat the farmer
might do to make best use of water, carbon dioxidgpgen, and
essential mineral nutrients whether they occurnafiyuor otherwise.

50 SUMMARY

Crop geometry refers to the shape of the spacdablaifor individual
plants. It influences crop vyield through its infhoee on light
interception, rooting pattern and moisture extm@ctpattern. Crop
geometry is altered by changing inter and intra-spa&cing (Planting
pattern). By cultural manipulation we will mean, anbroad sense,
everything a farmer might do to increase crop weldr hectare, after
he decides what to plant and buys the seed. Wighréstriction we
leave out the agricultural economist and the plaeeder. When we
limit our interest to yields per hectare, we intiod an element of
area. This will include the crop canopy above tindage and the root
system below it. Cultural manipulation also inclsidehat the farmer
might do to make best use of water, carbon dioxidgpgen, and
essential mineral nutrients whether they occurnaijuor otherwise.

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss extensively the concept of crop geometrggncultural
production

2. Discuss the concept of cultural manipulation baseduncan’s
theory.

7.0 REFERENCESFURTHER READING

Clements, F. E., Weaver, J. E. & Hanson H. (194%rnegie Inst.,
Washington, D.C. Publ. no. 398.

Donald, C. M. (1958). Interaction of competitiom fight and for
nutrients. Aust. J. Agr. Res. 9:421-435.

Donald, C. M. (1968). The breeding of crop ideos/p&uphytica
17:193-211. Duncan, W. G. (1958). The relationsbigiween
corn population and yield. Agron. J. 50:82-84.

Hozumi, Kazuo, Hirosi, Koyami & Tatuo, Kira (1955nterspecific

competition among higher plants. 1V. A preliminagcount of
the interaction between adjacent individuals. st.IRolytechnics,

143



CRP 302 MODULE 6

Osaka City Univ. Series D. Vol. 6. Nelder, J. A962). New
kinds of systematic designs for spacing experimeBitsmetrics
18:283-307.

Mahajan, (2010). Crop Physiology: Photosynthesis,row@h,
development and productivity. Green house techrylagd
management (2nd ed.). PP: 91- 113

Newman, E. T. (1966). Method for estimating thaltdength of root in
a sample. J. Appl. Ecol. 3 :139-145.

Reddy, S.R. (2004). Principles of Crop Productialyani publication,
Ludhiana, India

Reddy, T.Y. & Reddi, G.H.S. (2006). Principles ofgrAanomy.
Ludhiana, India: Kalyani publication.

Sharma, P.D. (2004). Ecology and Environment. Ra$tablications,
Meerut, India 5. Smith, R.L. 1996. kg and Field Biology.
Harper Collins College Publishers, USA

Yoda, Koyoji, Tatuo, Kira & Kazuo, Hozumi (1957nterspecific
competition among higher plants. IX.thar analysis of the
competitive  interaction between adja individuals. J. Inst.
Polytechnics, Osaka City Univ. Series/bl. 8

144



