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Plant breeding is the art and the science of improving the heredity of plants for the
benefit of mankind.

How Heritable varieties Originate in Nature ?

Heritable variations in plants originate in nature from Mutation gene recombination and
variations in chromosome number.

Plant species have evolved in nature and reached their present stage of Development
through these pareses. If breederg cannot isolate the plant types they design by selection
from genetically mixed natural populations of a plant species, they may employ the
above forces to crate new populations from which to seleet improved cultivate.
Pleiotropic Genes ? : A Jingle gene may have more than one effect, Simultaneously
influencing size, color, shape or function of several organs, Plactropic genes are genes
controlling the exprcssion of more than one trait.

The gene may have only one function such as the peoduction of a speufic Enzyme which
in turn affects the expression of severa traits in the plant. The nzu gene in barley in the
recessive condition may shorten stem and rachis interned reduce seed size, and produce
an erect coleuptile leaf.

Apomixis:

Apomixis ( = apo, without + mixis, mixing ) is an asexual process that substitutes for
sexual reproduction in certain flowering plants. In practical isage, there are tow types of
Apomixis:

VIVIPARIJ = Vivipaly is the formation of plantlets or bulbils from floral primordial in
place of flowers. Vivpary has aso been used to describe seed getmination on the parent
plant, regadless of sexuality. Viviparous apomixes has little use in plant breeding because
seeds are not formed.

AGAMOSPERMY :

Agamospermy is the formation of seeds without the union Of egg and sperm nuclei. This
type of apomixys may be utilized in crop species Where it occurs naturally and can be
genetically manipulated. Agamospermous Plants can be obligate, be. reproducing only by
apomixes, or facultative, be. Producing some variable and some strictly matemal

effspring from the same
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In apomixes, the endosperm can arise autonomously ( autonomous apomixes ), or after
fertilization is a term used ferm used for veyetative case, and reproduction is used for

sexual form.

TheTestcross:
The testcross is anther proeure for iderltifying the genotype of a plant.
In the testcross, the plant in question is crossed with a plant hoant homozygous And

recessive for the trait being observed.

Thebackcross:

The backcross is a cross of a hybrid to one of its parent. The backcross differs from the
testcross in that a testcross is made only to a homozygous recessive parent for the
purpose of identifying the genotyper makes a succession of backcrosses to add a gene for
desirable character to an otherwise desirable parent, or the backcross mayibe made to
concentrate genes for a quantitative character.

MONOECY :

Monoecy is the separation of pistillate and staminate flowers on The same plant. Cornis
an elegant example of an impontant crop with monoecious flowers. Because the flowers
are borne on different parts of the corn plant and a self — incompatibility system is not
present, either self — or cross — pollinations are easily madey Dioecy is the production of
pistil late and staminate on different plant. Here is always cross — pagination.

MALE STERILITY :

When sterility is due to the failure of functional anthers or pollen, it is termed Male
sterility. Female sterility is the failure to produce functional ovaries or Eggs. Generally,
female sterility systems have been less stable and dependable than male sterility systems.

In male sterilie plants, flowers do not produce functional anthers or viable pollen, bat
ovaries function normally. Although the flowers cannot be self - pollinated, they can be

cross - pollinated. This makes the male — sterile system useful to the plant breeder. If
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normally self — pollinated plants are male — sterile, cross pollination can be made without
the laborious are task of emasculation.

How long does the new cultivar remain pure ?

It depends upon amount of :

Seed mixture from other sourees,

Natural crossing with other cultivars or breeding lines, and mutations.

Third Session.

Dominance effects : are deviations from additivity so that the heterozygote is

More lihe one parent the other. with complete dominance, the heterozygote and

homozygote have equal effects. using yield, for an example, aa=0,Aa=2,and AA=2.

Epistasis effects : are the result of nonallelic gene interactions, 1. e., the
Interaction of genes at different loci. Two genes may have no effect individually
Y et have an effect when combined. For example, AAbb = 0, aaBB = o, but A-B-=4.

Overdominance effects : occur when each allele contributes a separate eggect,
And the combined alleles contribute an effect greater than that of either allele
Separately. If the effect of each alleleisone, thenaa=1, 4/4 =1, and Aa=2.

Heritubility from Regression : a common procedure for estimating helitubility is

To use progeny — parent regression is based on sevezal assumptions which include:

That the trait has diploid mendelian inheritance,

The population from which the parents were extracted is in random mating equilibrium.
No linkage

Parents are non inbred, and Noenvironmental relationship between the peifoimance of
parents and offspring.

The regression of progeny between relatives and measures additive variance as a
Proportion of the phenotypic variance.

Thiswill be recognized ad narrow - sense heitiability.

If narrow — sense heritability is estimated from the regression of progeny on the Mid —

parent value, then Where b is the regression coefficient of progcny on mid — parent.
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In a situation where the pollinated cultivar, the value of b is one — half tnat suchas an
open — pollinated cultivar, the value of b is one — half that obtained above and multiplied
by 2:

Uses of Alloploidy : Although natural alloploids are far more common than natural
autoploids, the plant breeder has give less attention to the production of induced
aloploids than to induced antoploids.

Some uses of alloploidy to the breeder are listed here :

1- Identifying genetic origin of polyploidy plant species.

2- Producing new plant genotypes and plant species.
3- Facilitating transfer of genes from related species.
4- Facilitating transfer or substitution of individual chromosomes or pairs of

Chromosomes. ( Some polyploids are viable with a chromosome or a par of
chromosomes missing or added. The missing chromosome is compensated by a

Homoeol ogous chromosome in another genome. )

Mutation : A mutuion is a sudden change in the hereditary material of acell.

Mutation may be 1 genic, involving deletions, or molecular changes within the

Physical limits of the gene, or.

2Chromosomal, involving the rearrangement, Icss, or duplication of chromosome

Segments. In its broadest sense, mutation may include.

3 The loss or duplication of entire chromosomes. Most mutions are deleterious Are

haimful and many are lethal.

If there is a sudden phenotypic change in the progeny of a normally uniform Line, it may
be suspected that a spontaneous mutation has occurred.

Somatic cell cultures originating from stems, leaves, floral organs.

Or meristematic tissue are novel sourees of genetic variability. The tissue

culture — induced mutations are reffered to as somaclonal variations. The rate of

mutation may be quite high, but unfortunately, many somaclonal variants are
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not heritable and of little use in mwtation breeding.

Mutations may be identified according to their origin, whether spontaneous or Induced. A
spontaneous mutation is one that occurs in nature, while an

Induced mutation results from the action of a mutagenic agent.

Wheter yes or no.

Autoploidy and plant breeding : Not all species have.

improved vigor after the chromosome number has been inoreased, leading to the concept
of an optimum ploidy level for eaoh species.

Many species of plants have evolved with maximum performance at only one level of
ploidy. For example, corn has maximum viyor at the diploid level.

Induced tetraploid corn isinferion to otherwise identical diploid corn in most
characteristics of agronomic interest.

The bananas optimum ploidy, at least for human consumption, occurs at the

Triploid level.
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Germplasm resources and conserration :

Plant germplain is the genetic soure material used by plant breeders to develop New
cultivars.

Germplasm may include seeds or other plant propagules such as a leaf, stem, Pollen, or
cultured cells that could be grown into mature plants. seeds may be From new or old
cultivars, landraces, special breeding lines or populations Developed by breeder, or
special genetic stocks such as mutant lines.

Unfortunately, progress in breeding, often by selection and puritcation of heterogenous
landraces, inevitably within the improved cultivars than was

present in the original landraces.

Seed and plant introduction :

The soybean is a spectacular example of an immigrant species that has become a major

crop in the united statey within the past 60 years.

The value and utility of the worldwide germplasm collections will increase as native and
wild gyroplane resources are further diminished.

In many instaces, it may not be possible to store germplasm as seeds.

For example, seeds of cocoa and wild rice are damaged when dried and cooled.

There fore, these species must be stored as living plantsin the field or greenhouse.
Scientists within the National plant Germplasm System are researching

biotechnology techniques such as tissue culture for use as long — term storage techniques.
Cryopreservation involves the conditioning and preservation of cell or tissue cultures in

liquid nitrogen at extrmlly low temperatures (-150.c to — 196.c ) for long periods of time

and subsequent regeneration of functional plauts.

One of the hazards of plant and seed introduction is that plant disease pathogens or insect
pest will be introduced with plant disease pathogens or insect pest will be introduced with
plant or seed materials.

Shatter resistance. shattering refers to seeds that fall out and are lost before Harvest or

during the harvesting operation. Resistance to shattering is important To prevent loss.
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Of yield in small grains, soybean, and some other crops. Resistance to shattering is
inherited as a complex quantitative character.

Lodying is the bending or breaking over of the plants before harvest, with any Of the
following conditions : Rain, hail, and windstorms occurring after plats have flowered, but
before they ripen.

Tall plants with slender or weak stems, as in soybean, or plants that are succulent as a
result of excessive nitrogen fertilization or soil moisture, are most susceptible to lodging,
In crops suchas wheat and rice, dwarfing genes have been utilized to reduce height and

increase lodging resistance.
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FOLLOWING TEXTS ARE ADOPTED FROM THE ENDING PART OF PLANT
BREEDNNG BY DR. EHDAEE.

Natural selection : survival of the fittest. fithess is measured by the ability ti leave
progeny. Modifying gene : A gene which alters the expression of another gene that is
non-alelic.

Metaxenia : Influence of pollen on maternal tissues of the fruit.

Heterozygous : Hybrid for any gene pair, with different alleles for the gene Considered.
Heterosis : Hybrid vigor.

Hybrid vigor : The unusua robustness, rapid growth, and thrifitness of organisms
produced by crossing tow less vigorous parents.

Genome : The complete, single copy set of genetic mstruction for an organism.

Genetic : The science of heredity of the similarities and differenes among organisms.
Dihybrid : An organizam for two different genes.

Asexua reproduction : Any method of reproduction not involving the formation of
sexual cells or gametes. Examples are budding, grafting, bulbs, tubersin plants.

Backcross : A cross of an F1 hybrid to either of its parents.
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- Refers to seed that falls out and is lost before harvest or during The

harvest operation.

1- Blending 2- Breaking over

3- Lodging 4- Shattering.

2- Thedisplacement of the stem of plauts from their upright position :
1- lodging 2- orientation

3- Straight position 4- Vertical position.
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Nuclear division and Chromosomes :

Aplant is composed of small structural and functional units, the cells.

A typical cell contains a viscous material known as cytoplasm enclosed in aMembrane, a
nucleus, and a rigid cell-wall. Enclosed within the cytoplasm are various organelles (
chloroplasts, endoplasmic reticulum, Golgi bodig, microtubules, mitochondria,
ribosome's ) and enzymes that function in cell metabolism.

Two types of nuclear division occur : mitosis and meiosis.

The DNA molecule replicates prior to cell division, and copies are distributed to
Daughter nuclei during the process of cell division. Replication of the DNA is Semi
conservative, and each serves as atemplate for synthesis of a new complementary strand.
The exchange of chromosome segments in a single crossover occurs only between tow of
the for strands of the paired chromosomes.

The other tow strands move intact into the daughter nuclei. As aresult, the recombination

or crossover value will never exceed %50.

Linkage may be an aid to selection it the desired gene is closely linked with a gene for a
character that may be positively identified by visual observation, but may be a handicap it
the desired genes are linked with genes for undesirable characters.

Information on crossover values facilitaes the genetic mapping of genes in specifc
chromosomes.

Chemically Induced Male Sterility :

Chemically induced male sterility offers the breeden an alternative to use the genetic or
cytoplasmic male sterility in the production of hybrid seed.

Chemicalls that induce male — sterility have been variously refferbled to as gametocides,
pollen suppressants, and chemicd hybridizing agents. The latter is now preferced,
because the chemicals are potentially useful for pollen control in the commercia
production of hybrid seed.

Time of pollen shed :

Time of pollen shed has an influence on the mating system of a erop species.
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For example, it can determine whether a plamt will set seed as the result of Cross —
pollination or self — pollination.

I nter specific Hybridization :

The plant breeders purpose in making interspecifc or intergeneric crossesisto

Transfer a gene not available in existing cultivars.

Anther culture and haploid plant production :

Anther culture refers to the in —vitro cultring of anthers containing microspores Or
immature pollen grains on a nutrient medium for the purpose of generating haploid
plantlets.

Somatic cell hybridization :

Somatic cell hybridization, also called somatic cell fusion or protoplast fusion, Refers to
the fusion of plant protoplasts ( cells devoid of cell walls) from Somatic cells of different
species and the subsequent regeneration of hybrid Plants from the fused protopl asts.

The procedure is peoposed for use in plaut breeding to form a hybrid by fusing somatic
cells where seeds cannot be obtained by sexual hybridization following Wide crosses.
Biological yield : the total yield of plant material.
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Part A: Grammar and Vocabulary
Choose the best answer to each question.
\- Farmerslook forward ......... in the country fairsevery summer.
V) to participate Y) participating ¥) to participating ¢) for participating
Y- Unlike most Europeans, many Americans......... bacon and eggs for breakfast.
V) used edting Y) used to eating ) are used to eat ¢) are used to eating
¥-Not until a monkey is several yearsold ......... to show signs of independence
from its mother.
V) it begins Y) beginning ¥) to begin ¢) doesit begin
¢- The country would have won thewar if thearmy ......... better.
V) fought Y) had fought ¥) has fought ¢) would fight
¢-Thecourt ......... the agreement after months of debate.
V) nullified Y) penetrated ¥) vanished £) inclined
1-Pop art aimed toshow all ......... of modern culture.
V) facets Y) outlines ) retorts ¢) analogies
V-The......... of lifeforms on Earth makes zoology an interesting ar ea of study.
V) accomplishment Y) diversity ¥) vibration ¢) exaggeration
A-The......... export of the Middle East is Petroleum.
V) immense Y) exceeding ) predominant £) brilliant
Part B: Cloze Test
Choosethe answer that best completes each blank.
One useful learning technique is mnemonics. The Greeks (%) ......... this memory
system from their (V) ......... of mnemosyne, who was the goddess of memory.
They learned that you can remember things (1)) ......... them together in some way.
For example, as soon as your brain (\Y) ......... the word "apple,” it remembers the

colors, tastes, textures, smells, etc. of that particular fruit.
- Y)developed Y) had developed ¥) havedeveloped  ¢) were developing

Ve )) participation Y) invention ) worship ¢) arrangement
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VY- Y link Y) from linking ¥) tolink £) by linking
VY- ) nourishes Y) functions ) registers ¢) focuses

Part C: Reading Comprehension

Read the following passage and answer the questions.

Computers are being used with a program designed to make better use of the
earth's resources. The program also is used to correct mapping information
collected by satellite. As the National Aeronautics and Space Administration's
LANDSAT satellite circles the globe each day, its cameras and other sensor devices
map sections of the earth's surface and transmit digitized information to a land
station. Ordinarily, such things as satellite roll, pitch and yaw, earth rotation,
and sensor errorswould make these digitized pictures very difficult to read. But the
corrective " lens" of the computer's program is able to reconstitute each of its Y )e-
mile-square pictures with remarkable clarity—even filling in sections that are

missed by camer as.

VY- What isthe main topic of the passage?

V) A computer program that corrects satellite data.

Y)How the LANDSAT satellite circles the earth.

¥) The mapping of the earth's surface.

¢) How satdllite information is transmitted to aland station.

V- The LANDSAT satellite...........

V) takes pictures of space Y) circlesthe land station

¥) maps the earth's surface ¢) transmits data of the earth's rotation
The passage will probably continue by discussing ..........

V) other uses of satellitesin space Y) computer programs for photographers

¥) better use of the earth's resources ¢) other uses of the computer program
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Read the following passages and choose the best answer to each question.
Questions Y 1-Y)

Corn is grown primarily as a grain crop but is also much used for forage for

livestock. Many different manufactured products are made from both the stalk and the
grain.

In America the most economical use made of the corn is to cut the maturing plant for
silage. which is stored in a silo. Cron is very well suited for this purpose. In some
European countries corn is planted so thickly that little or no grain is produced, and the
plants are cut when still green and fed to livestock.

Formerly, in some parts of America, the corn leaves were pulled off, or stripped, and
the plants were topped-that is, the entire plant above the ear was removed for forage.
These practices are still in use in some parts of the world.

V- What isthe passage mainly about?

V) Varied uses of corn Y) Various parts of corn

¥) Com in the Western World ¢) How the corn leaves are removed

\V- The passage implies that the entire corn above the ear is no longer given to

animalsin

V) America Y) Europen countries

¥) industria countries ¢) any other country in the world
YA- What does" which" in line ¢ refer to?

V) Silo Y) America

¥) Silage ¢) Economica use of corn

V4-Theword "forage" in line could best replaced by which of the following?
l)Feed Y) Grazing ) Protection ¢) Grazing land
Y.-Theword "silage" in ¥means..........

V) cutting and storing the fodder after it is dried

Y) cutting and storing the corn ear after it isdried

¥) cutting and storing the corn before it is damaged

¢) cutting and storing the fodder whileit is green
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¥V\-Theword "fed" inline % isclosest in meaningto ..........
V) prepared Y) carried ) nourished ¢) gained

Questions YY¥-Y.

The Acacia is a genus of trees and shrubs of the Mimosa family. Nearly five hundred
species have been identified. Most of them are native to warmer regions, particularly
to Australia where about three hundred species have been described. Only a dozen or so
of the Australian species grow well in the southern United States, and of these, only
three are flowering.

The Bailey Acacia has fernlike silver leaves and small, fragrant flowers arranged in
rounded or elongated clusters. The Slver Wattle, although very similar to the Bailey
Acacia, grows twice as high. The Sydney Golden Wattle is squat and bushy with broad,
flattened leaves and sharp-spined twigs.

Another variety, the Black Acacia or Blackwood, has dark green leaves and unobtrusive
blossoms. Besides being a popular tree for ornamental purposes, the Black Acacia is
valuable for its dark wood which is used in making cabinets and furniture.

The Acacia's unusual custom of blossoming in February has been commonly attributed
to its Australian origins. In the Southern Hemisphere, of course, the seasons are
reversed, and February, which is wintertime in the United States, is summertime in
Australia.

Actually, however, the pale yellow blossoms appear in August in Australia. Whether
growing in the Northern or Hemisphere, the Acacia will bloom is winter.

YY-In Australia, Acaciatreesbloomin ..........

V) february Y) summer ¥) spring ¢) august

Y¥-Inline A, theword " flattened" isclosest in meaningto ..........

1)long Y) pretty ¥) short £) smooth

Y- Which of the following Acacias has the least colorful blossoms?

V) Baley Acacia Y) Black Acacia

¥) Silver Wattle ¢) Sydney Golden Wattle
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Ye- According to this passage, the Silver Wattle...........

V) issquat and bushy Y) isused for making furniture

¥) istaller than Bailey Acacia £) has unobtrusive blossoms

¥1- How many species of Acacia grow well in the southern Untied States?

V) Three Y) Twelve ) Five hundred ¢) Three hundred

YV-Which of the following would most probably be made from a Black Acacia tree

V)apie Y) atable V) paper ¢) aflower arrangement

YA-What isthe tone of the passage?

V) Informetive Y) Cautionary ¥) Critical £) Approving
Y4-Theword " fragrant” in line ™ isclosest in meaningto ..........

V) magnificent Y) different

¥) having many buds ¢) having a pleasant smdll

¥ .- According to the passage, what is unusual about the Acacia?
V) Itsornamental use

Y) Itsvariety

¥) Itstime of blossoming

¢) Its evolution from shrubs of the Mimosa family



www.Endbook.net

15 s ‘;.M‘_,b) «32»

Cd A4S 50RO
Part A: Vocabulary and Grammar
Directions: Choose the number of the answer (1), (¥), (), or (¢) that best completes

the sentence.Then mark your choice on your answer sheet.

\-We have ......... all the latest safety features into the design so thereis no need to

worry about the project on that count

V) derived Y) consisted ¥) comprised ¢) incorporated
Y-She'sworking for an overseas ......... of the company and earning a huge salary
for an

employee of her experience.

V) authority Y) accessory ¥) subsidiary £) supplementary
Y-Many experts ......... rewarding your child for good behaviour but few would

suggest punishment for bad behaviour.

V) amend Y) acquire ¥) attribute ¢) advocate

¢- Malnutrition in the region is quite ......... , affecting up to YAZ of children under
five.

V) conflicting Y) widespread ¥) inconsistent ¢) obligatory

¢-The explosion was of such ......... that it was heard five miles away; it smashed

shop windows all around the area.
V) intensity Y) deviation ¥) enthusiasm ¢) complement
- Like any other activity, therearerisks ......... in almost every sport, even in the

so-called safe sports.

V) inherent Y) possessive ¥) proportional ¢) foundational

V- Some children ......... a complete transfor mation when they become teenagers.

V) evolve Y) compile ¥) generate ¢) undergo

A-You ought to ......... till the lights were green before crossing the road if you

wanted to avoid the accident.

V) be waiting Y) waiting ¥) be waited ¢) have waited
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4-He went up the mountain with a group of people, few of ......... were correctly

equipped for such aclimb.

V) them Y) those ¥) whom £) which

V+- You know ......... that it is impossible to pass the interview without good
communication skills.

V) too good Y) well enough ) very good ¢) too well

PartB: Cloze Test

Directions: Read the following passage and decide which choice ('), (V), (7), or (¢) best

Jits each blank. Then mark your choice on your answer sheet.

Rescue teams in Vietnam are racing (1 V)......... tens of thousands of people to safety
ahead of rising flood-waters (\Y) ......... the expectation of further rainfalls. Officials say
up to seven million people in Vietham (VY) ......... severe food shortages as the area
copes (1 €) ......... the worst flooding in decades. Officials say more than ¢+ + people are
dead, (V°) ......... the government has ordered all military personnel to help with rescue
efforts.

VY- )move Y) to move ) for moving £) movement

VY- Dor Y) and ¥) as soon as £) no sooner than

\Y-) face Y) facing ) that face ¢) arefaced

Vi-|to Y) by ¥) with ¢) over

Ye- 1) while Y) that ¥) which ¢) so that

PART C. Reading Comprehension

Directions: Read the following three passages and answer the questions by choosing
the best

choaice (1), ("), (7), or (¢). Then mark the correct choice on your answer sheet.

Certain key elements are required, or essential, for the complex processes to take place in
plants. Plant physiologists generally consider an element of metabolism to be essentia if
the plant is unable to compete its life cycle (i.e.. grow and reproduce) in its absence; the
particular structural, physiological, or biochemical roles of the element cannot be

satisfied by any other element; and the element is directly involved in the plant's
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metabolism (e.g.. as part of an enzyme or other essential organic cellular constituent).
Beneficial elements are those that stimulate plant growth by ameliorating the toxic effects
of other elements or by substituting for an element in less essential role (e.g., as a
nonspecific osmotic solute). Some are beneficial in that they are necessary for the growth

of some, but not all, plant species.

V1-What does the passage mainly discuss?

V)What makes an element a necessary one for plants

Y)Necessary elementsin plants chemical structure

¥) Elements involved in successful plant metabolism

£)How to distinguish beneficial elements from toxic ones

\V-Theword "its" inline¥ refersto..........

V) plant Y) life cycle ¥) element ¢) metabolism
YA-Which one of the following termsis defined in the passage?

V) Lifecycle Y) Osmotic solute

¥) Plant's metabolism ¢£) An element’s biochemical roles
V4-Theword "ameliorating” in line % isclosest in meaningto ..........

V) mitigating Y) neutralizing ¥) disguising £) exploiting

Y+«-By "but not all" in line A theauthor means"not all .......... ”

V) types of growth  Y) elements ¥) beneficial elements  £) plant species
The results of early plant-breeding procedures were conspicuous. Most present-day
varieties are so modified from their wild progenitors that they are unable to survive in
nature. Indeed, in some cases, the cultivated forms are so strikingly different from
existing wild relatives that it is difficult even to identify their ancestors. These
remarkable transformations were accomplished by early plant breeders in a very short
time from an evolutionary point of view, and the rate of change was probably greater
than for any other evolutionary event.

Scientific plant breeding dates back hardly more than ¢+ years. The role of pollination
and fertilization in the process of reproduction was not widely appreciated even V-
years ago, and it was not until the early part of the Y +th century that the laws of genetic

inheritance were recognized and a beginning was made toward applying them to the
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improvement of plants. One of the major facts that has emerged during the short history
of scientific breeding is that an enormous wealth of genetic variability exists in the plants
of the world and that only a start has been made in tapping its potential.

YY-What isthe best title for this passage?

\ )'Early Plant-breeding Procedures

Y) Scientific Breeding: A New Enterprise

¥) Contributions of Plant Breeding to Agriculture

¢) Scientific Breeding: Causes and Effects

YY-Theword " conspicuous’ in line Y isclosest in meaning to..........

V) evident Y) obscure ) tremendous £) surprising
Y¥-Theword "ther" inline ¢ refersto -------- :

V) relatives Y) cases ¥) forms ¢) varieties

Y¢-The author states that the initial steps taken to systematically use the rules of
geneticsto produce better plants began ---------- :

V) early inthe Y « century Y) along time before the Y + th century
¥) in thelate Y 4th century £) Yo+ yearsago

Ye-Theword " appreciated” in line % isclosest in meaning to -------- :

V) praised Y) initiated ¥) utilized ¢£) understood
Y1-What istheauthor's attitude toward the subject of the passage?

V) Favorable Y) Shocked ¥) Cautionary ¢) Skeptical

Apart from the importance of shape as afactor in determining the mode of dispersal (e.g.,
wind dispersal of winged seeds, animal dispersal of spiny fruits), shape also counts when
the seed or diaspore is seen as a landing device. The flatness of the enormous tropical
Mora seeds prevents rolling and effectively restricts germination to the spot where they
land. In contrast, Eusideroxylon zwageri does not grow on steep slopes because its heavy
fruits roll downhill. The grains of the grass Panicum titrgidum, which have a flat and a
round side, germinate much better when the flat rather than the convex side lies in
contact with wet soil. In very small seeds, the importance of shape can be judged only by
taking into account soil clod size and microtopography of the soils onto which they are
dropped. The rounded seeds of cabbage species, for example, tend to roll into crevices,
whereas the reticulate ones of lamb's quarters often stay in the positions in which they
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first fall. Several seeds have appendages (awns, bristles) that promote germination by
aiding in orientation and self-burial. In one study, for example, during a six-month
period, awned grains of Danthonia pemcillala gave riseto )Y times as many established
seedlings as de-awned ones.

YV-What does the paragraph preceding this passage most probably discuss?
V) Different modes of seed dispersal

Y)Wind as a cause of seed dispersa

¥) Factors influencing the mode of seed dispersa

¢) Function of seed shapesin relation to seed dispersal mode

YA-Theword "ones' inline Y\ refersto.........

V) seeds Y) species ¥) crevices ¢) soils
Y4-Theword " counts® in line ¥ means almost the sameas.........

V) emerges Y) situates ¥) matters £) enumerates
¥.-Therhetorical purpose which the passage servesis.........

V) classification Y) definition ¥) stepsin aprocess ¢) function description
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In a freely-transpiring plant, water evaporates from the moist cell walls of epidermal and
mesophyll cells in the interior of leaves and is lost to the atmosphere. As water loss
proceeds, the water potential in the leaf apoplast falls bellow that of the leaf cells, and
also bellow the water potential in the xylem and the soil. This results in the withdrawal of
water from the leaf cells and alowering of cell water potential. In contrast, although there
is continuity of liquid water between leaf and soil via the xylem, rapid equalization of
water potential throughout the plant by upward movement cannot occur because thereis a
resistance to hydraulic flow in the plant / soil system. As a result, the transpiration of
water from the leaf sets up a gradient in water potential, down which water tends to flow

from soil to leaf apoplast.
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Alfalfa can be planted either in the spring or late summer. Spring plantings can be made
after danger of frost. Plantings will begin first in northern and north-western I.R. of
IRAN. April to mid-May plantings alow establishment without danger of freezing. In
northern and western areas, earlier plantings occur, especially when seeded with spring
barley as a nurse crop.

With irrigation, plantings should be made in April through May but can be made through
early June. There is an increased chance of weed competition with spring plantings, and
use of preplant-incorporated herbicides may reduce weeds. Establishment-year yields of
spring-planted afalfa are considerably lower than those of late-summer plantings.
Late-summer plantings usually have fewer weeds, but available soil moisture for
germination and establishment prior to the killing frost may be limiting. A late-summer
planting should be done in mid-August, as moisture and temperature conditions permit.
These plantings begin in northwestern areas and should be completed by early or mid-
September in southeastern Kansas. This provides adequate time for seedlings to become
well established before entering winter dormancy. Plants should have at least three to five
trifoliate leaves before dormancy.
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The time and manner of seedbed preparation for continuous winter wheat influence the
elaboration and accumulation of soil nitrates. Soil moisture storage and the physical
condition of the seedbed at seeding time. In experiments in eastern province, soil worked
early in July, regardless of method, usually gave comparatively higher yields, whereas
that worked late in September usually resulted in alow yield. The advantage appeared to
be due to the large supply of plant foods, especialy nitrates. That were liberated.
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Little information is currently available describing N nutritional effects on canopy CO,

exchange rate (CER). This field study was conducted to investigate how fertilizer N
affects growth and photosynthesis of a dryland wheat (Triticum aestivum L.) stand in a
Nunn clay loam (Aridic Argiustoll). Two N treatments were imposed; an unfertilized (U)
treatment, in which no fertilizer was applied, and an N-fertilized (F) treatment, in which

100 kg fertilizer N ha was applied in the form of NH,NO;. Greater aboveground growth

and grain yield of fertilized wheat compared with unfertilized wheat were associated with
greater CER and leaf area index throughout ontogeny and with greater crop growth rates
early in development. Net assimilation rates, relative growth rates, and CER expressed on
a leaf area basis either were unaffected by N or were reduced. However, greater leaf
conductance to water vapor in the most recently fully expanded leaves of the F treatment
during vegetative growth stages suggests that the upper leaves in the canopy may have
had greater photosynthetic activity a that time compared with the U treatment.
Utilization of intercepted photosynthetic photon flux density for CER by plants of the F
treatment was equal to or greater than for plants of the U treatment despite more self-
shading in the former. Greater leaf photosynthetic capacity conferred by N fertilization
apparently results In heavily shaded canopies using intercepted light/as efficiently as

open, better-illuminated unfertilized canopies.
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If amixed stand of grass and afalfais desired, the inclusion of grasses should be delayed
until the alfalfa is well established so that the alfalfa can establish a good deep root
system. Orchard grass and meadow fescue are better suited for sowing with alfalfa than
timothy, as they mature more simultaneously with it. It is advisable to avoid mowing a
young stand of afalfatill the alfalfa has reached bloom in order to protect the vitality of
the young plants. Alfalfa also should not be closely grazed the first year in order to
protect the stand. Alfalfa tolerates rotational grazing, but weakens under continuous
grazing. Precautions must be taken to prevent bloating when grazing alfalfa.

Alfalfa uses practically al the moisture available during its own growth. When other
crops are planted on alfalfa sod, the stimulated growth early in the season and dry
conditions of the subsoil can cause the crop to burn without sufficient rainfall.

Sorghums are usualy the best crop to follow alfalfa, because of sorghum's drought-
resistance, except in bottomland or in higher rainfall areas of Kansas. Sorghums do better
in the second and third year following alfalfa, but corn may be a more profitable crop
depending on the region of the state. Wheat or oats later in the rotation help prepare the
seedbed again for afalfa. Cattle vary in their susceptibility to bloating on afafa. To
reduce the chance of bloat, fill the animals with dry roughage before moving them onto
afafa. Move animals on a new paddock of alfalfa later in the day after all the morning
dew are gone. Avoid grazing alfalfa covered with frost. To adjust the rumen to alfalfa,
briefly introduce the animals to afalfa by walking them around the paddock and pull
them off within an hour. Observe for bloat and reintroduce the animals back to alfalfa
Maintain a close observation of the animals. Use temporary electric fencing to force

graze the entire alfalfa plant in a short period of time.
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Islamic Republic of Iran has alandmass of over 1,648 million km? with total area of some
165 million hectares. About 11,5 percent of the area is under cultivable land, 7,5 percent
forests, 54,5 percent hills and pastures and 7 percent is under other uses such as roads,
cities, towns, etc. The total arable land is about 37 million hectares, of with substantial
portion, i.e. 17 million hectares are irrigable land and the rest 20 million hectares are un-

irrigated lands.
Share of agriculture sector in total GDP declined from 19,4 percent in 1989 to 16,2 percent

in 2002. Major contribution to GDP originating in agriculture has been made by the crops

and horticulture and animal husbandry.

Sustained growth of agriculture setor is essential for the growth and development of the
total economy and also for more equitable distribution of incomes in the rural/agriculture
sector. Agricultural incomes have a direct and positive impact on the growth of the
country as a whole through the supply of food, fiber and raw material for the industry as

well expenditure in the market for non-farm products. In 1989, with 3,262 million persons
employed in agriculture the share of agriculture sector was 27,5 percent of the total
employment generated in the economy. This share in 2004, declined to 22,3%.

Based on 2001 figures, in spite of unfavorable weather condition, the self sufficiency
ratio for wheat, potato, sugar, pulses, was estimated at 58,5, 100, 4,3, 98,8 percent and for
edible oil, red meat, poultry meat, milk and fish were 5,6, 99,9, 98,1 and 99,5 percent
respectively. The self sufficiency ratio in 2003 has improved significantly, in which in for
wheat it increased to 94,6%.
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It has long been known that when the green parts of plants are exposed to light under
suitable conditions of temperature and moisture, carbon dioxide is absorbed by the plant

from the atmospheric CO,, and oxygen is released into the air. This exchange of gasesin

plantsisthe opposite of the process that occurs in respiration. In this plant process, which
is called photosynthesis, carbohydrates are synthesized in the presence of light from
carbon dioxide and water by specialized structures in the cytoplasm of plant cells called
chloroplasts. These chloroplasts contain not only two types of light-trapping green
chlorophyll but also avast array of protein substances called enzymes. In most plants, the
water required by the photosynthesis process is absorbed from the soil by the roots and
Tran located through the xylem of the root and stem to the chlorophyss-laden |leaves.
Except for the usually small percentage used in respiration, the oxygen released in the
process diffuses out of the leaf into the atmosphere through stomates. In simple terms,
carbon dioxide is the fuel, and oxygen is the product of the chemical reaction. For each
molecule of carbon dioxide used, one molecule of oxygen is released. Here is a summary
chemical equation for photosynthesis:
6CO, + 6H,0 ® CsH1,04 + 60,

As aresult of this process, radiant energy from the sun is stored as chemical energy. In
turn, the chemical energy is used to decompose carbon dioxide and water. The products
of their decomposition are recombined into a new compound, which successively builds
up into the more and more complex substances that comprise the plant. These organic
substances, that is, the sugars, starches, and cellulose, all belong to the class of organic
molecules. In other words, the process of photosynthesis can be understood as an
enzyme-induced chemical change from carbon dioxide and water into the simple sugar
glucose. This carbohydrate, in turn, is utilized by the plant to generate other forms of
energy, such as the long chains of plant cells or polymers that comprise the cellular
structures of starches or cellulose. Many intermediate steps are involved in the production
of a simple sugar or starch. At the same time, a balance of gases is preserved in the

atmosphere by the process of photosynthesis.
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6CO, + 6H,0 ® C4H;,04 + 60,
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Sowing methods and practices

Sowing is a critical operation in growing soybeans because often crop failures can be
traced back to errors in choice of seed, rate of depth of seeding. Choice of wrong type of
inoculum, and so on. Choice of variety is so important to economic success.

Seedbed preparation. Seedbed preparation varies from one area to another of Gorgan,
but will be about the same as that used for other irrigation row crops in the district.

Good stands have frequently been obtained with flat plantings, provided the seedbed is
level and moisture is maintained close to the surface of the soil. One disadvantage of flat
plantings in Gorgan becomes apparent at harvest. When furrows are prepared for
irrigations, soil is thrown to the base of the plants, in effect producing a raised bed.
Raising the bed after plant establishment will decrease the distance between the soil
surface and the lowest pods, thereby increasing bean losses during harvest.

Success is best achieved with sowings made on top of raised beds. To facilitate combine
harvesting, beds should be thoroughly settled, uniform in height and shape, not too high,
and free from clods. They should be firm, with moisture near the surface of the soil.
Quality of seed. It is important to use high-quality unbroken seed having at least 85

percent germination. Use a germination test to determine the number of seed that will

germinate and produce strong seedlings. The viability of undamaged seed is short lived; 1

year of non-airconditioned shed storage reduces the germination level considerably.
Where possible, certified seed grown the previous season should be used. Until soybeans
are regularly grown in Gorgan, arrangements for seed purchase will be necessary well in
advance of the seeding date.

Data of seeding. Optimum seeding dates are not greatly different for most areas of
Gorgan. For economic reasons it is generally advisable to plant soybeans as the second
crop in a double-cropping system after a cereal or vegetable crop. Other advantages of
later dates of seeding are: (1) the growing season is shorter, with less water required and
less weed control; (2) flowering occurs when days are shorter, after the high temperatures
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of mid-summer; and (3) pods mature in the fall, when relative humidities are higher and
shattering is less.
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The higher vascular plants that cover the land areas of the earth have a crucial role in
man's existence and survival. They furnish him with food. They provide his livestock
with forage. They supply the air he breathes with oxygen. From them he obtains fibers
for clothing, wood for shelter and furnishings, and medicines which he uses to alleviate
his ailments.
Not only man's primary biological needs but many of the things which he uses in
everyday life are obtained from higher vascular plants. [the term higher vascular plants
refers to those plants that produce seeds (i.e., gymnosperms and angiosperms)]. Included
among the useful items obtained from these plants are paper; rubber; spices; nonalcoholic
beverages such as tea, cocoa, and coffee; and alcoholic beverages such as wine, beer,
whiskey, gin, and vodka. Moreover, higher vascular plants minister to the aesthetic needs
of man by beautifying his physical environment. In fact, these plants are the most
prominent feature of the natural green landscape.
The fact that man is completely and absolutely dependent on higher vascular plants for
the necessities of life makes it imperative that he gain as thorough a knowledge as
possible of the science of plant physiology. More over, a knowledge of plant physiology
is essential to all fields of applied botany, whether agronomy, floriculture, forestry,
horticulture, landscape gardening, plant breeding, plant pathology, or pharmacognosy.
All these applied sciences depend on plant physiology for information regarding how

plants grown and develop.
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It is a basic principle of plant physiology that two sets of factors, hereditary and
environmental, regulate the internal processes and conditions of the plant and thereby
determine plant growth and devel opment.

Thus the ultimate shape, size, form, and degree of complexity of a plant are the result of
the interaction between its genetic composition and the environment in which it grew.
Just as the genetic composition of petunia seeds will ensure that they always produce
petunia plants, not zinnias or roses, so the environmental factors will determine whether
the petunia plants are vigorous or stunted, bright green or yellowish, or turgid or wilted.
Modifications caused by variations in environmental factors normally are not inherited.
The information of heredity that "tells' a plant how to behave is determined by the
nucleic acids present in all cells of the plant body. Deoxyribonucleic acid (DNA) is the
primary genetic substance that conveys hereditary information from generation to

generation.
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The temperature of the soil and air affects not only the rates of physiological processes
(e.g., photosynthesis, ion absorption, growth) but also may determine the course of

development in plants. Only three examples will be given here. (1) Seeds of certain

species will not germinate unless they are exposed to low temperatures for several weeks
or months; during this period, certain biochemical changes occur which result in the

breaking of dormancy (2) in a number of species, exposing the seed to low temperatures

for a prolonged period of time results in a hastening of the subsequent flowering of the
plants. Similarly, many deciduous trees will not produce flower buds unless subjected to

low winter temperatures; this phenomenon is referred to as vernalization (3) Optimal

growth of many plants is possible only when high day temperatures aternate with lower

night temperatures. This requirement for adiurnal thermoperiodicity is considered.
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The plants known as seed plants produce seed during the reproductive phase of their life
cycle. They have vascular systems consisting of xylem and phloem tissues. Individual
cells are characterized by a cellulosic-pectinaceous wall and a central vacuole; the latter
constitutes a large portion of the cell volume a maturity. Also, seed plants are
characterized by the independence and dominance of the sporophyte, which consists of
roots, stems, and leaves.

Sometimes the seed plants are caled higher vascular plants [in contradistinction to the
lower vascular plants (i.e., club mosses, lycopods, and ferns)]. Also they are called higher
green plants (to distinguish them from the agae, which have chloroplasts and carry on
photosynthesis but do not have vascular systems). Most frequently, the seed plants are
referred to simply as higher plants. Almost all of them live in terrestrial rather than
aguatic habitats.
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The leaf is covered by alayer of epidermal cells, which are covered with alayer of cutin.
The epidermis is punctured with stomata, thereby allowing for the exchange of carbon
dioxide, oxygen, water vapor, and other gases. Chloroplast-containing mesophyll cells
are found between the upper and lower epidermal cells. These cells are the magjor centers
of photosynthesis. The leaf is well supplies with vascular tissue to provide for the
translocation of water and solutes between the leaf and other organs and tissues of the
plant.
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Organ and tissue systems are multicellular structures, and their complexity reflects the
diversity and complexity of the individual cells of which they are composed. The cell is
the basic unit of structure and function, the smallest biological unit having those
attributes characteristic of living matter-unique chemical composition, metabolism,
growth, reproduction, and organization. While each cell has its own individual properties,
the plant or the organ or the tissue is more than just aloose aggregation of cells. The cells
interact with each other and modify their environment, giving rise to the multicellular

organism with its characteristic structure and function.
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The impression usually is given that the vacuole is an inert entity, serving mainly as a
receptacle for waste metabolic products. However, vacuoles are very important in
developmental processes because they serve as storage compartments for metabolically
active materials such as sugars, amino acids, amides, organic acids, and inorganic ions.
Depending on the specific stage of development of a cell, the vacuole may contain high
concentrations of soluble sugars or amides. Under different conditions the vacuoles may
be rich in the potassium salts of organic acids. The vacuole should be viewed as an
important sub cellular organelle which indirectly participates in active metabolic
processes. The membrane surrounding the vacuole also plays an important role in

regulating the flow of water and sol utes between the vacuole and the rest of the cell.
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Plant cells contain several different kinds of plastids: chromolasts, which are pigmented,
and leucoplasts, which are colorless. Leucoplasts function as storage bodies, storing such
products as starch (starch grains), oil, and protein.

Chromoplasts are of two genera types, those lacking chlorophyll and those containing
chlorophyll. The chromoplasts lacking chlorophyll usually contain oils and a variety of
fat-soluble carotenoid pigments, generally yellow but sometimes red or orange.
Carotenoid-containing chromoplasts are found, for example, in carrot roots, where they
give the tissue a yellow color.

Chlorophyll-containing chromoplasts, or chloroplasts, are photosynthetic-ally active. In
addition to chlorophyll (several forms), chloroplasts may contain other pigments such as
phycocyanin, phycoerytherin, fucoxanthin, and carotenoids. In addition to these

pigments, chloroplasts are composed of 45-50% protein, 50-55% lipid, and small amounts

of RNA and DNA. The protein fraction has associated with it manganese, iron, and
copper atoms. These metals are considered to be components of specific enzymes
involved in photosynthetic reactions.

Chlorophyll is not uniformly distributed throughout the chloroplasts. With the light
microscope it is seen that the chlorophyll is present in small bodies, the grana, which are
embedded in a colorless matrix, the stroma. Under the electron microscope an even
greater degree of organization of the chloroplast is seen. The chloroplast is bounded by a
double membrane composed of two unit membranes as was noted for the mitochondrion
and nucleus.
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Until recently the cell wall was considered as an inert structure providing protection and
support to the enclosed cytoplasmic and nuclear material. It is now clear, however, that
the cell wall, particularly the primary cell wall, is a metabolicaly active organelle whose
chemical composition changes under the influence of external environmental factors and
internal stimuli. The primary cell wall should be regarded as an organelle interacting with
the other subcellular organelles during growth and differentiation.

The primary cell walls of meristematic cells, capable of undergoing cell division and
expansion, are plastic and extensible. As cells mature and differentiate, a secondary wall
is deposited on or within the primary cell wall, and further cell expansion ceases. The
factors responsible for the initiation of secondary cell wall formation and the
differentiation of meristematic cells into vessel elements, tracheids, fibers, sieve tube
cells, and other cell types are important features in understanding plant development.
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One of the maor attributes of a living plant is its capacity to carry out metabolic
activities. While the term metabolism is used to denote a variety of cellular reactions, in
essence metabolism refers to two types of activities: those reactions wherein storage
products are hydrolyzed and broken down into metabolically active small molecules and
those reactions leading to biosynthesis of new cellular material. The first type of reaction
is often referred to as a catabolic reaction, while the latter type is known as an anabolic
reaction. All these metabolic reactions are catalyzed by specific proteins, known as
enzymes, and it is quite understandable that much of modern biology today is concerned
with the problems of protein structure, function, and synthesis. Another major aspect of
metabolism is the study of the mechanisms by which an organism can control its cellular
activities. Recent studies have suggested that metabolic control may be achieved in a
number of different ways including interaction of individual members of metabolic
pathways, by enzyme synthesis, by hormones and growth regulators, and by inorganic
ions. Our understanding of metabolic control mechanisms is at an elementary level, and
further studiesin this field will be most rewarding.
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Glucose is the substance most commonly respired in plant. It is consumed in cellular
respiration according to an overall reaction usually written as follows:
CsH120s + 60, #® 6CO, + 6H,0 (1)

However, reaction (1) obscures the fact that oxygen gas does not react directly with

glucose in respiration. Instead, water molecules are added to intermediate products of
glucose degradation (one molecule of water for each carbon atom in the glucose
molecule), and hydrogen atoms in the intermediate products are transferred to oxygen
gas, which is reduced to water.

An overall summary reaction more in harmony with these biochemical considerations is
as follows:

CsH1206 + 6H,0 + 60, %#® 6CO, + 12H,0 (2)

The addition of six molecules of water to each side of the equation is agebraically
meaningless but important from the biochemical point of view.

Reaction (2)-formally the reverse of the summary reaction of photosynthesis-proceeds in

individual plant cells in a series of sub reactions, each of which results in the breakdown
of more complex to simpler molecules and each of which is catalyzed by a specific
enzyme:
50 0ole sl 0,8 e 1,8 solitul 0550 (BLS sla Jghu ;o biS Al e 0 aS sl T oole (5 Jgere S 9lS
Dgd e Byas p A A1y Gl sk iis
CeH1,0s + 60, 3#® 6CO, + 6H,0 (1)
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Transfer of respiratory gases between a plant and its external environment is an essential
feature of respiration. The transport process itself takes place entirely by diffusion.
Oxygen consumed in respiration gains access to each and every growing plant cell within
the plant body by diffusion from intercellular spaces between cells. Similarly, carbon
dioxide produced in respiration diffuses out of each and every growing plant cell and into
the intercellular spaces between cells. The plasma membrane and protoplasm of plant
cells are highly permeable to both of these gases. Transport of oxygen and carbon dioxide
between intercellular spaces and the atmosphere which is external to the plant body also
takes place by diffusion.

Oxygen has arather low solubility in water. Therefore, a deficiency of oxygen islikely to
occur in waterlogged soils. Under these conditions, the growth of many plants may be
impaired. In fact, many plants will die if severe oxygen deficiency around the roots
persists for extended period of time. However, certain plant species that grow naturally
with their roots submerged in water are adapted to withstand conditions of water logging.
In rice, for example, continuous air spaces extend longitudinally through the plant body

and constitute 5-30% of the root tissue. Oxygen enters this important hydrophytic crop

plant in the aerial shoot portion and diffuses through the internal gaseous passageways to

the cells of the root apical meristem.
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Respiratory rates vary with changes in certain environmental factors. Temperature has a
marked effect: respiration rates of actively growing tissues increase sharply with
increases in temperature in the biological range of 0°C to about 40°- 45°C. Light affects
the rate of respiration of green leaves. In addition, respiration rates are affected by a
variety of other factors, including wounding of tissues, application of herbicides to
tissues, fungal infestation, and so forth. In fact, the rate of respiration of a plant tissue is
often a sensitive indicator of the health or vigor of a tissue. When fungal infestation
occurs, for example, the rate of respiration of the tissue rises above that which is normal,
even before visible signs of disease are apparent.
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There are a number of physiological processes in plants and animals that are directly
affected or controlled by radiant energy. Photosynthesis in plants and vision in animals
are the best-known examples. Other plant processes also affected by radiation include
protoplasmic streaming, flower induction, seed germination, chlorophyll biogenesis,
bending of organs as a result of irradiation (phototropism), and numerous growth
reactions. The term radiation biology has been given to the study of the action of radiant
energy upon biological systems. Some of the effects of radiation, such as those of x-rays
and gamma rays, may be lethal to living organisms. However, this chapter is concerned
primarily with the effects of only a narrow range of radiant energy on physiological

processes of plants. The study of these reactions has been termed photophysiology.
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Photosynthesis is one of the most thoroughly studied photophysiological reactions in all

of biology. It has been recognized for well over 100 yr that photosynthesis involves

complex series of reactions that result in the conversion of radiant energy into chemical
energy.

Early plant physiologists understood that only leaves and stems-the green portions of
plants- were involved in photosynthesis. It was later discovered that the green color was
due to an organic molecule, chlorophyll, and the general opinion arose that it was the
chlorophyll which absorbed radiant energy. The first action spectrum of photosynthesis,
determined in the 1880s by Engelmann, showed that maximum photosynthetic activity

occurred in the blue and red regions of the spectrum, coinciding with the maximum
absorption peaks of isolated chlorophyll. It was also recognized that many additional
pigments were present in green plants, and it was difficult to decide whether all these
pigments were active in photosynthesis or whether some might be inactive.

Further information regarding the role of the various leaf pigments in photosynthesis
came from studies of their fluorescence spectra. It will be recalled that an excited
pigment molecule may return to ground state by the emission of radiant energy of a
longer wavelength than that which it absorbed. Thus when chlorophyll-a is irradiated it
will emit energy as fluorescence with the characteristic spectrum. The maximum

fluorescence occurs at 668 nm, which is slightly greater than the absorption maximum at
662 nm; there is also a second smaller fluorescence shoulder at 723 nm. Now suppose that
we have an instrument that can detect radiant energy at a wavelength of 723 nm (the

second peak of the fluorescence spectrum) and that we irradiate a leaf with radiant energy

at 620 nm; then the instrument tuned in at 723 nm will detect radiant energy emission.
Now assume that we irradiate the leaf at 450 nm where chlorophyll-a aso strongly
absorbs radiant energy; again, the instrument tuned in at 723 nm will detect fluorescence

emission. Now suppose that the leaf is irradiated at 500 nm where chlorophyll-a absorbs
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poorly but where b -carotene absorbs radiant energy very well. Once again the instrument

tuned in a 723 nm detects the fluorescence emission spectrum characteristic of

chlorophyll-a. In short, the fluorescence spectrum characteristic of chlorophyll-a is
emitted regardless of the wavelength of radiant energy used to irradiate the leaf, so long
asit falls between 400 and 680 nm.

From studies of this type it was concluded that several leaf pigments in addition to the
chlorophylls participate in the absorption of radiant energy used in photosynthesis.
Chlorophyll-a participates directly in the reactions leading to the conversion of radiant
energy into chemical energy, while the other pigments (the so-called accessory pigments)
transfer their excitation energy to chlorophyll-a. The transfer of excitation energy
between the pigments is thought to occur by a process known as inductive resonance.
This process may be visualized as follows. Consider two pigments A and B which are
converted to excited molecules (A* and B*) through the absorption of radiant energy.
Pigment A has a peak in absorption at a shorter wavelength than B. furthermore, both
pigments are arranged so that they are in close proximity, as might occur in a structural
unit such as a chloroplast. If pigment A is irradiated at an appropriate wavelength, it is
converted to an excited state A*. an excited pigment can lose excitation energy several
different ways-by fluorescence, by thermal degradation, or by a chemical reaction.
Another method is to transfer the excitation energy to another pigment, which in turn is
excited-that is, by inductive resonance.

A + Radiant energy 3%.® A*

A*+B %.® A +B*

Several restrictions are placed on this process of energy transfer. The absorption
maximum of pigment B will be at a longer wavelength that that of pigment A. inductive
resonance does not occur from B* to A. upon transfer of energy to pigment B from
pigment A, pigment B* can then participate in any reaction characteristic of the excited
state.
Some progress has been made in our understanding of the localization of the

photosynthetic pigments within the chloroplast and their organization with other
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chloroplast components. However, the very early events of photosynthesis involved in
the transfer of energy from an excited chlorophyll-a molecule to other chloroplast

mol ecules have not been clearly delineated at the present time.
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It has been known for many years that plants bend toward light. The response results
from differential growth of the irradiated plant organ. This growth response, known as

phototropism, was studied in great detail in the 19th century by Charles Darwin. He noted

that the coleoptiles of grass seedlings were especially responsive to light and that when
the coleoptile tip was unilaterally irradiated the coleoptile curved toward the light source.
Red light has little effect on phototropism, but as shown blue light exerts a marked effect
on coleoptile curvature. The pigment responsible for absorbing radiant energy active in
phototropism has not been positively identified. Tow pigments, carotenoids and
riboflavin, have been suggested as the photoreceptors. Their absorption spectra are
shown.

The carotenoids are of widespread occurrence in plants and may exist in a number of
iIsomeric forms. A comparison of the absorption spectrum of b -carotene with the action
spectrum of coleoptile curvature in the oat plant (Avena) shows a reasonably good

correspondence between 400 and 500 nm but a wide divergence in the shrt wavelengths
between 300 and 400 nm. It has been argued that in the plant the carotenoid is "bound" to

form a pigment complex, the absorption spectrum of which may approximate the action
spectrum more closely than does the pure carotenoid in solution. However, thereis little

or no evidence on this point so that it has not yet been proved.
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Photomorphogenetic processes utilize radiant energy to "trigger” or initiate reactions
which may control or ater growth, development, or differentiation in plants. One of the
major differences between photomorphogenetic reactions and a photoprocess such as
photosynthesis is that the former are generaly initiated by low radiation intensities. For

example, in many plants photosynthesis utilizes radiation intensities as high as 8000 to
10.000 ft. c., while a photomorphogenetic reaction such as seed germination is triggered
by irradiation levels as low as 1 ft. c. However, other photomorphogenetic responses

occur at very high irradiances, but their mechanism of action is not thoroughly

understood.
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Green plants capture solar energy and convert it into chemica energy by the process
known as photosynthesis. During photosynthesis, carbon dioxide and water are
transformed into simple carbohydrates and oxygen gas is liberated into the atmosphere.
The simple carbohydrates produced in photosynthesis are converted, by further metabolic
processes, into lipids, nucleic acids, proteins, and other organic molecules. These organic
molecules are further elaborated into leaves, stems, roots, tubers, fruits, seeds, and other
tissue and organ systems.

Plants and plant products are the major food sources for al the other organisms of the
earth. The total mass of living organisms (plants, insects, mammals, and so forth),
referred to as the biosphere, is very small in comparison with the nonliving portions of
the earth. For example, the earth's crust (lithosphere) weighs 1.5" 10%kg, the ocean
(hydrosphere) 1.4° 10% kg, and the atmosphere 5.1" 10" kg, while the biosphere amounts
to only 1.2" 10°kg (dry weight). Despite the disparity in weights, the activities of the
organisms within the biosphere contribute in a significant manner to the maintenance and
activity of the lithosphere, hydrosphere, and atmosphere.
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The production of organic matter by photosynthesis depends on the availability of
inorganic nutrients, adequate supplies of water and carbon dioxide, favorable
temperature, radiant energy, and the absence of toxic substances from the immediate
environment. These factors are part of the environment and may be varied rather widely,
giving rise to different levels of plant productivity. Internal factors such as kinds of
pigments, enzyme levels, and the degree of organization of the photosynthetic apparatus
also influence productivity. Taken together, the external and internal factors may be
evaluated in terms of the efficiency of the plant in converting solar energy into chemical
energy. The question asked is, how much of the radiant energy from the sun that falls on
aplant is converted into plant organic matter?

Each hectare of the surface of the earth receives approximately 40” 10°kcal of energy
daily. This energy covers a broad spectrum ranging from short wavelengths of ultraviolet
radiation to long-wavelength infrared radiation. Plants, however, can only utilize

wavelengths lying between 400 and 700 nm in photosynthesis. Therefore only arelatively

small portion of the radiant energy reaching the earth's surface is being utilized by plants.
To determine the efficiency of the plant in converting solar energy into chemical energy
it is necessary to measure how much plant material is produced in unit time (year, month,
week) on a unit of land (acre, square meter). The caoric value of the plant material is
then determined by combustion and compared to the amount of solar energy which fell
on the plants. The efficiency of conversion is calculated as follows:

Caloricvalueofplantmeaterial
Solarenergyavailable

Efficiencyofenergyconversion =

Syl immwlio Ol > 4z 0 o SaSTss g S ol (e ol olge 3925 A Fiiwgd 5 ,b ‘_;ﬂ Slge o
G jlar o Jalge 51 golass dacplogle Ky (LS ca jlass 10 39250 (somw Slge G0l L oS 5 il

Jalge 050 o0 LS 20 Jpamme g 8, Slos ;0 puss o lay] ulj,.:.ujwbw)blf VIR GUIPLERVCIW:



www.Endbook.net

o RALS RN aasi 5l «98 »
e Y
| &

N &

14 o PO

e

Ly ohin) ol (g yitangid olfis ozt oS5 3 Lol ke 5 LaglaSey g5 Jud 5l oalS 51
31 5 () (25 Jalse @by 02 (55, 0,0 3l GlalS oo Jpame 5 0 Slas (55, » o (438l JolSS
g ol gl )3 00,8 i)l (aloasd S5 & 54y55 (6551 o 0 oS plodtly 2 500 | ((2L3)
o900 s (2L JToole a3 a0l o ol &y e yo3 51 a5 Ll (65,0 oo az 1053 0 ke

b 5| sremms il (515 (55,01 el 35 om 808 (5551 Js5 168 x 107 L5 il e gl 51 550 50
5 o slgs e Lol (ST adlige 5e58 Ggole antl wily slagge Jsbo U (i slygle axdl 5l elisS slazge
571 3 Sz S s i Lo QLS cnlpln oS solistal yiagsd 5 egili T00 5400 o (slagss Job
e o 8 ool 050 vy o ae) rlaw 4y a5 1) aialS

Sdsi (AL ool jlade oS Cunl p3Y e ploard (6551 A 00D )93 6551 o ) ok lesly liee e sl
551 oS dmalons g (5 S ol (e o S (e o 0oy 5o g (atie cole JLu) (o aly o 1 onds
oLl 9y = 45 o3 (651 e b g et (LS 2L Bl g (25 gm Bl 5l (LS oole y0 39240
Db g0 Ao ) Oygoh alierd 6550 4 GondysE 651 i Glendly sd oo analie W oo

BLS ool ;5 35290 (551 like
S5 e ol ™ i) LB st (5 e




www.Endbook.net

o,

o =¢;\ PP

«@9» (as ‘_,b) 7]

:

28 (v

It has long been recognized that the leaves of plants belonging to the Crassulacean family
(e.g., Kalanchoe, Sedum) display a diurnal pattern of organic acid formation. During the
day the total organic acid content of the leaves decreases, accompanied by an increase in
the pH of the leat cell sap, while during the night the organic acid content increases and
the pH of the leat cell sap decreases. Similar patterns of leaf organic acid content are
found in other groups of plants, for example, in certain members of the cactus, orchid,
and pineapple families. All such plants are referred to as Crassulacean acid metabolism
(CAM) plants.

In addition to their leaf organic acid metabolism, CAM aplants share other attributes. The
leaves, and frequently stems and petioles, are fleshy or succulent. As far as is now
known, all CAM plants possess the succulent habit. However, there are succulent plants
(e.g., halophytes such as salicornia) which do not carry out Crassulacean acid
metabolism. Another characteristic attribute of CAM plantsis their internal leaf structure.
The succulent or fleshy leaves are made up largely of chloroplast-containing mesophyll
cells, and the vascular tissue is not enclosed in a layer of well-defined bundle sheath cells

as was noted with C, plants.
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Air pollutants are known to decrease photosynthetic activity in plants. At high
concentrations, certain gases react with cellular constituents and bring about the death of
the affected tissue. If the stomatal apparatus is damaged, the entrance of carbon dioxide
into the leaf is prevented. Sublethal concentrations of certain gases may temporarily
inhibit photosynthetic activity without causing permanent damage. The general kinds of
air pollutants that are known to have an effect on plant growth are ozone, hydrogen
fluoride, sulfur dioxide, and oxidants produced by the action of sunlight on hydrocarbons
and oxides of nitrogen. The oxidants are complex in nature and are sometimes referred to
as chemica smog. Moisture stress also modifies photosynthetic activity. Under
conditions of high rates of transpiration, the leaves may temporarily wilt and close their
stomata. At such times entry of carbon dioxide is reduced, and the rate of photosynthesis
will drop. Moisture stress may aso have a more direct effect on photosynthetic activity
by upsetting the organization of enzyme systems. Very little is known about how these
moisture stresses affect photosynthesis, but they contribute substantially to decreased
photosynthetic activity and lowered crop yield. Temperature aso has a very pronounced
effect on photosynthetic activity. It will be recalled that studies of the interaction of
temperature, light intensity, and carbon dioxide concentration demonstrate that two
different kinds of reactions were involved in photosynthesis-a series of chemical
reactions and a series of physical reactions. Temperature also influences other
physiological processes in the plant. Respiratory processes, for example, are speeded up
at high temperatures. Of course, these processes, just as the photosynthetic processes,
have an upper temperature limit, and prolonged exposure to elevated temperatures may
permanently damage the enzyme systems.

Carbon dioxide concentration has a very marked influence on the rate of photosynthesis.

Natural air contains on the average 0,03% carbon dioxide, and it was shown that the rate of

photosynthesis could be increased severalfold by increasing the carbon dioxide
concentration. While this is feasible under laboratory conditions or even in greenhouses,

it is not possible to increase markedly the amount of carbon dioxide in the air above a
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field of wheat or in a forest. There are, however, certain conditions that might improve
the availability of carbon dioxide to crop surfaces. The density of the crop and the height
of the canopy will influence the mixing of the carbon dioxide within the immediate
vicinity of the leaves. Soil organic matter accompanied by a vigorous population of soil
microorganisms may increase the concentration of carbon dioxide at the soil level. Under
appropriate conditions of air turbulence, this carbon dioxide may become more readily
available to the plants.
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Data were given which indicated that plants growing under odinary agricultural
conditions, where moisture and nutrients are limiting, do not convert more than
0,1-0,3% of the usable radiant energy into plant organic matter. Under conditions of

intensive agriculture, where adequate moisture and nutrients were provided and where
modern land management practices are followed, crop plants convert between 2 and 3% of

the usable radiant energy into plant material. Under special conditions, efficiencies as
high as 6-10% have been reported. It is thus obvious that there is a wide spread between
crop productivity under various agricultural systems and that largeincreases in
productivity can be achieved by supplying adequate water (irrigation) and nutrients
(fertilizer) and by following good land management procedures. In areas where modern
agricultural practices are not now followed a 10- to 20- fold increase in crop productivity

can be achieved by using information now known to agronomists and soil scientists.
Most of this agricultural information is directly applicable to crop production in the
temperate region of the world; less information is available regarding crop production in
the tropics and subtropics.
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At the carbon dioxide compensation point, carbon dioxide produced in respiration is
exactly compensated by carbon dioxide fixed in photosynthesis. The rate of fixation of
carbon dioxide in photosynthesis just balances the rate of carbon dioxide production in
respiration. Therefore, net photosynthesis is zero at the carbon dioxide compensation
point. Only at external carbon dioxide concentrations higher than the carbon dioxide
compensation point is there a net fixation of carbon dioxide.
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Alkaline soil conditions are usually found in arid and semiarid regions. In contrast to an

acid soil, an arable akaline soil (e.g., one with a pH higher than 7,5) is likely to have

relatively large amounts of calcium and magnesium and little or no ionized auminum.
But the availability of heavy metals such as copper, iron, managanese, and zinc will be
markedly decreased in akaline soils. Moreover, these soils will be low in available
phosphate, because soluble phosphate will react with excess calcium to form insoluble
calcium phosphate. These and other unsatisfactory soil conditions associated with
alkaline soils usually can be corrected by lowering the soil pH. Elementa powdered
sulfur is the chemical fertilizer which is used most often to render a soil more acidic.
Elemental sulfur is absorbed and metabolized by certain microorganisms that are present
in most soils; during this process, sulfate and hydrogen ions are produced.
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The ability of a plant species to grow better at either an acid or alkaline rather than a
neutral reaction has its basis in the response of the plant to special soil conditions
associated with these soil reactions, rather than the hydrogen ion concentration itself.
Acid soils will be a better growth medium for those plant species which are able better to
tolerate the higher concentrations of available iron, manganese, and auminum that
usually are present in acid soils. In akaline soils the availahility of calcium is increased,
whereas the availabilities of copper, iron, manganese, and zinc are reduced. Plant species
which require relatively large amounts of calcium are likely to grow well in akaline
soils. Also, certain plant species which grow well in alkaline soils may do so because
they have an inherent superior ability to absorb copper, iron, manganese, and zinc when
only limited supplies of these elements are available.
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Nitrogen in soilsis available to the roots of higher plants mostly as nitrateion (NO;) and

ammonium ion (NH;) . Both of these forms of nitrogen are present in soils largely as a
result of microbial decomposition of the organic remains of plants and animals. Nitrate
ion, being negatively charged, is not bound to clay and humic particlesin soils. If it is not
absorbed by plants, nitrate may leach through the soil and into the aquifer (the porous
subsurface rock which holds water) or may be washed away into rivers and oceans.
Ammonium ion is a cation and therefore is held tightly by clay and humic particles. Thus,
whether ammonium is produced naturally in soils or is introduced intentionaly as a
fertilizer, none of it islikely to be lost to the aquifer or the oceans.

Of the two major forms of nitrogen in soils, nitrate rather than ammonium is the principal
source of nitrogen to higher plants growing under usual field conditions. In most tillable
soils in temperate regions, ammonium is transformed by specific soil bacteria into nitric
acid. This process is called nitrification. Nitrification by soil bacteria is quite rapid:
Ammonium fertilizers applied to tillable soils are likely to be transformed to nitric acid

(HNOs) by bacterial action in only a few days. These bacteria excrete nitric acid into the

soil, where it dissociates into hydrogen and nitrate ions. Only in poorly drained,
unaerated soils, where the specific bacteria which normally convert ammonium to nitrate

do not grow well, is ammonium present in relatively large amounts.
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The fact that the shoot-root ratio can be controlled, at least to some extent, by nitrogen
supply has a bearing on nitrogen fertilizer programs. To illustrate with only one example,
consider the sugar beet again. In the production of this crop, it is desirable to promote the
elaboration of photosynthetic tissue early in the season. But late in the season it is
desirable to restrict the growth of leaf tissue and promote the growth of root tissue. These
objectives can be realized by supplying nitrogen fertilizers at planting time and perhaps
once again, a month or two later, and by withholding nitrogen fertilizers near the end of
the growing season.
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To give a specific example of when not to fertilize a crop with nitrogen, consider the
sugar beet. Thisis acrop grown in temperate regions; the time from planting to harvest is

about 6 mo. At harvest time, the roots (beets) are sent to the mill, where the sugar is

extracted. To produce beets with high sugar content, heavy applications of nitrogen
fertilizers must be avoided during the period of several weeks prior to harvest. If heavy
applications of nitrogen were made at this late date, their assimilation into amino acids

and proteins would result in a decrease in sugar content at harvest time.
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Biological nitrogen fixation is carried out by two main types of microorganisms. those
which are "free-living" or asymbiotic (i.e., capable of independent existence) and those

which live in symbiosis with other plants. (Note: Symbiosis was defined in Chapter 9.)

The asymbiotic nitrogen fixers can be classified into three groups: aerobic bacteria
(mainly of the Azotobacter type), anaerobic bacteria (especially those of the genus
Clostridium), and blue-green agae. Although the bacteria in the first two groups are
found in many soils throughout the world, actually they contribute substantialy to the
nitrogen content of the soil only under very special soil conditions: a copious supply of
decayed plant tissues and high water content. The blue-green algae which fix nitrogen
generally consist of chains of cells in long filaments. Occasional cells in the chain are
larger than others, have thick cell walls, and are colorless. These cells are known as
heterocysts-only heterocysts are capable of fixing nitrogen. The nitrogen fixers among
blue-green algae include about 40 species. They appear to be important mostly in wet
tropical soils (e.g., rice fields).
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Of all the substances necessary to plant life, water is required in the largest amount.
Water is present throughout the plant body, from soil water around roots to the liquid-
vapor interface in leaves. The evaporating surfaces of leaf mesophyll cells mark the
discontinuity between water within the plant body and water vapor in the atmosphere.
Every individual growing cell is surrounded by and impregnated with water. Water is the
most abundant molecular species in actively growing plant cells. Growth rates of higher
plants are more sensitive to their water supply and respond more quickly to soil water
deficits than to any other factor of the environment. The availability of soil water to plant
roots and the demands of the atmosphere for water vapor are among the most important
ecological factors governing the distribution of higher plant species on the surface of the
earth.

In most cells and tissues of higher plants, water constitutes more than 80% of the fresh
weight. The water content of some growing cells may rise to 90% or more, but in dormant
seeds and buds water content may be 10% or less.
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The significance of water to the life of the higher plant can be emphasized best by

enumerating some of its functions. (1) Water is a major constituent of protoplasm. (2)

Water is the solvent in which mineral nutrients enter a plant from the soil solution. Also,
water is the solvent in which mineral nutrients are transported from one part of a cell to

another and from cell to cell, tissue to tissue, and organ to organ. (3) Water is the medium
in which many metabolic reactions occur. (4) Water is a reactant in a number of
metabolic reactions [e.g., certain reactions in the tricarboxylic acid cycle. (5) In

photosynthesis, the hydrogen atom in the water molecule is incorporated into organic
compounds and oxygen atoms are released as oxygen gas. (6) Water imparts turgidity to
growing cells and thus maintains their form and structure. In fact, water can be regarded
as a material which provides mechanical support and tissues is responsible for a variety
of movements of plant parts. These include the diurnal swelling and shrinking of stomatal
guard cells, the nocturnal folding of leaflets of certain plants, the opening and closing of
flowers of certain plants at various times of the day, and the sensitivity to touch of

leaflets of plants such as the sensitive plant (Mimosa pudica). (8) The elongation phase of
cell growth depends on absorption of water. (9) Water is a metabolic end product of
respiration. (10) More water is absorbed by plants and greater amounts of water are lost
(as water vapor) by plants than any other substance.
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Only a small fraction, generally much less than 1% of the water absorbed by terrestrial

plants is used in metabolic reactions (e.g., hydrolyses). Most of the water absorbed by
roots is lost by transpiration from leaves. The process of transpiration refers to the
evaporation of water from the aerial portions of the living plant followed by the diffusion
of water vapor into the bulk air beyond the plant.

The ratio of transpirational loss of water by a plant to its dry matter production during the
growing season (i.e., the transpiration ratio) measures the efficiency of water
consumption by a plant species. the larger the ratio, the less efficient is the species in its

use of water. Transpiration ratios for most crop plants range from 100 to 500 or more; that
Is, it takes 100-500 g of water to bring 1 g (dry weight) of a plant to maturity. Clearly,

higher plants in terrestrial habitats are quite inefficient in their use of water. However,

some plants are more efficient than others. It is well known, for example, that C, plants
produce two to threee times more dry matter per unit of water used than do C; plants.

Water loss by transpiration may take place from any part of a plant exposed to the
external atmosphere. However, it occurs principally from leaves and almost entirely
through stomatal pores. Only relatively small quantities of water vapor are transferred to
the external atmosphere by evaporation from the cuticle; the cuticle of most leaves is
very impermeable to water. Hence stomatal transpiration far exceeds cuticular
transpiration.
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Temperature is another factor influencing stomatal movements. The effects of
temperature become noticeable especialy at the extreme ranges that is, near 0°C and
above about 30°- 35°C. At low temperatures near the freezing point of water, stomatal
opening does not occur even when other environmental conditions favor opening.
Undoubtedly this is due to the fact that water transport between guard cells and other
epidermal cells occurs very slowly at these temperatures. On the other hand, when the
temperature of the air becomes higher than about 30°- 35°C-at these air temperatures,
the temperature of |eaves exposed to strong sunlight may be 45°C or even higher-stomata
often close, at least partially. This type of stomatal closure often occurs at midday and is
referred to as midday closure. The pattern of behavior of midday closure-wide stomatal
opening in the morning, partial closure for an hour or two at midday, followed by
reopening of stomata in the afternoon-is likely to occur in many plants exposed to strong

sunlight in temperate regions in the summer on hot, dry days.
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Botanists have been interested for many years in understanding how plants achieve their

distinctive form. During the mid-1800s the famous German plant physiologist Julius von

Sachs suggested that plant form was attained through the action of specific "root-
forming" substances, "flower-forming" substances, and so forth. Early efforts to isolate
and identify such substances were not successful, and Sachs views were not strongly
supported by other botanists of histime. A more widely accepted notion was based on the
view that plant form resulted from the maintenance of specific levels of organic
constituents such as carbohydrates, soluble nitrogen, protein, or other substances. Support
for this view came from studies on the chemical composition of plants at different stages
of development when grown under various levels of inorganic nutrition, light, and
temperature. During this period there was great interest in the isolation and identification
of plant constituents. Compounds such as starch, sucrose, glucose, fructose, organic
acids, amino acids, protein, and nucleic acids were found in plants, and methods were
developed for their analysis.
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Dormancy Dueto Seed Coats

Much of the physiological work on seed dormancy has been directed toward an
examination of the role of the seed coat. The seed coat (or testa) of most seeds is
composed of several layers of cells which were derived from the integumentary tissues of
the ovule. In addition, some seeds have additional coat layers derived from the
endosperm or fruit tissues. From a chemical standpoint, seed coats are composed of a
complex mixture of polysaccharides, hemicellulose, fats, waxes, and proteins. During
seed ripening, the chemical components of the seed coat become dehydrated and form a
hard, tough protective layer around the embryo. The seed coats have a strong influence
upon the resumption of growth of the embryo. Several different kinds of coat effects have
been noted: seed coats which are impermeable to water or gases, seed coats which offer
mechanical resistance to the growth of the embryo, and seed coats which contain

inhibiting or promoting substances.
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Water | mper meability. Seeds of many plants are virtually impermeable to water. Thisis
particularly true of members of the legume family. If the seed coat is cracked or scarified
so that water can gain entrance, the seeds usualy germinate promptly. Under natural
conditions in the soil, these seed coats are acted upon by fungi and bacteria. These
organisms hydrolyze the polysaccharides and other coat components, thereby softening
them so that water can penetrate to the embryo. It may take several weeks or even months
for the seed coats to be degraded by biological activity.
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Gas I mpermeability. The coats of some seeds, while permeable to water, appear to be
impermeable to dissolved gases such as oxygen and carbon dioxide. Since early
respiratory activity is characteristic of the germination of many seeds, if oxygen is
prevented from reaching the embryo, prompt germination may not be able to take place.
Respiration also involves the release of carbon dioxide, and some seed coats, while
permeable to oxygen, may be impermeable to carbon dioxide. The carbon dioxide
accumulated in the vicinity of the embryo inhibits further germination processes. If the

seed coats are broken or scarified, prompt germination can generally occur.
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Mechanical Resistance. Some plants have seeds whose seed coats are permeable to
water and dissolved solutes, but the coats have such mechanical strength that they cannot
be broken by the growing embryo. If the seed coast remain moist, they eventually
weaken and break. However, if the coat softens and allows some embryo swelling and
dries again, further growth of the embryo may be prevented. Recent work indicates that
the mechanica resistance of the seed coats of many seeds may be the primary factor
contributing to dormancy. If the coats of these seeds are fractured or removed, prompt
germination can occur. During the germination of some seeds, enzymes are secreted
which hydrolyze the seed coat, thereby weakening it so that the growing embryo can

continue its growth.
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Seed Coat Treatments. Hard seed coats are softened under natural conditions in the soil
by alternating temperatures, by drying and wetting, and by the biological activity of soil
flora and fauna. Depending on the seed coat and the vigor of soil activities, it may take
considerable periods of time for the seed coats to become softened to the point where
germination can proceed. This time period may be important in carrying the seed over an
unfavorable growing period when seedling growth might be harmed. However, if seeds
are of agronomic importance, they are usually planted under favorable growing
conditions, and it is essential that prompt germination be obtained. Various mechanical
and chemical treatments have been used to ensure prompt germination, including
mechanical scarification by cutting or chipping the seed coat, moist storage at high
temperatures, use of organic solvents to remove waxy or faity seed coat components, and
treatment with acids to hydrolyze some of the seed coat components. Seeds are extremely
variable in their responses to such treatments, and great care must be taken to make
certain that the treatments do not damage the embryo and thereby reduce subsequent
seedling growth.
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TheRole of Light in Seed Dor mancy

The effect of radiant energy on seed germination is quite diverse, and many patterns of
germination behavior have been observed. The responses of seeds to sunlight (white
light) fall into three categories: (1) Seeds are induced to germinate by exposure to a

single irradiation (positive photoblastic seeds).depending on the intensity of the radiation
source, the single exposure may be as brief as a few seconds or as long as several hours.
(2) Seeds are prevented from germinating by exposure to light (negative photoblastic

seeds). Such seeds require total darkness for optimal germination. (3) Seeds germinate in

either light or dark (nonphotoblastic seeds).

The primary effect of light on seed germination is mediated by phytochrome a pigment
composed of a chromophore molecule and a protein. Phytochrome within the seed can be
modified by factors such as temperature, moisture, hydrogen ion concentration, age of
seed, seed-ripening conditions, and the quantity and quality of irradiation. These factors
acting through phytochrome are responsible for the different pattern of germination-light
interaction listed above.
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The following enumeration gives an idea of the complexity of plant reproduction:

1. Initiation of flower primordia.

2. Bud development.

3. Development and maturation of floral parts (sepal, petal, pistil, stamen, nectary, etc.)
4. Development of embryo sac with its enclosed nuclei (egg, synergid, antipodal, polar).
5. Development of pollen grains within the anthers

6. Anthesis (opening of flower).

7. Pollination.

8. Growth of the pollen tube from the stigma through the style and into the ovule.

9. Formation of two sperm nuclel from the generative nucleus in the pollen tube.

10. Fertilization, involving formation of the zygote from fusion of the egg and sperm

nuclel and formation of the primary endosperm nucleus from fusion of a sperm nucleus
and two polar nuclei.

11. Development of the embryo from the zygote.

12. Development of the endosperm from the primary endosperm nucleus.
13. Development of the seed from the ovule.

14. Development of the fruit from tissues which support the ovule.

15. Fruit ripening.
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It is clear that reproductive growth is complex and encompasses a variety of anatomical,
morphological, physiological, and biochemical processes. Events such as flower
initiation, pollination, fertilization, embryo development, and fruit ripening have been
intensively studied in a number of economically important plants. In the discussion that
follows, major emphasis will center on only a few of the events enumerated above,
primarily because these events have been more thoroughly studied than some of the

others.
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Planting density. Through its impact on the level of available environmental factors may
have significant impacts on grain yield in safflower (Carthamus tinctorius L.). In order to
investigate the impacts of plant density on grain yield, yield components and growth
characteristics of safflower, a randomized complete block design fielf experiment with

four replicates was conducted in spring-summer. 2000. Arak-2811 and Kouseh safflower
genotypes were seeded at 16,6, 22,2, 33,3 and 50 plants/m?. For establishing these plant
densities, plants were seeded in 12, 9, 6 and 4 cm distances. Respectively. On ten 8-m-
long rows spaced 50 cm apart in each plot. Plant density had no impact on plant growth

stages with the exception of button formation. Genotype had significant effects on days
to seedling emergence, button formation. And 50% flowering. While both number of days

and accumulated growing degree-days for all growth stages decreased with an increase in
plant density, Arak-2811 was earlier than kouseh for most growth stages. Number of

branches and heads per plant, number of heads per branch, number of seeds per head and
harvest index showed significant decreases with increasing plant density. The decrease in
the mentioned grain yield attributes was mainly negated by greater number of plants per

m’. leading to no significant variation in grain yield between plant densities of the two
genotypes. Arak-2811 produced a significantly greater number of heads per branch and
1000-grain weight; however, these differences did not lead to any greater grain yield

compared to Kousehdue. Mainly due to the greater number of branches in the latter.
Neither of the leaf area index. Leaf area duration. And crop growth rate varied
significantly with plant density and between two genotypes. Suggesting no difference in
dry matter production capabilities of the two genotypes under environmental conditions

of the present study.
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Genetic variation of 300 genotypes of durum wheat comprising CIMMY T/ICARDA and
Iranian germplasm was evaluated in 1999-2000. days to heading, days to maturity, plant
height, spike length, grain weight per spike, number of grain per spike, number of spikes
per m%, 1000-grain weight, test weight, grain yield, biological yield, and harvest index

were recorded. Coefficients of correlation, step-wise regression, factor anaysis and
cluster analysis of characters and genotypes were conducted using the studied traits.
Results indicated that considerable genetic variations exist for the traits and, in particular
for grain yield, harvest index, number of spikes per unit area and number of grain per
spike. Grain yield had a positive and significant correlation with days to heading, days to
maturity, number of grain per spike and grain weight per spike. Factor analysis for the

genotypes detected 6 factors, which explained 76,7 percent of the total variation among

data. These factors basically involved potential of assimilate distribution, different
aspects of plant storage, source-sink relationships, plant height and tillering potential.
Cluster analysis was similar to factor anaysis in grouping the characters. According to

cluster analysis, the genothpes were calssified into 6 clusters with significant differences

among all groups. Mean comparisons of traits in these groups showed that genotypes of

groups 5 and 6 were superior in grain yield and harvest index and are beneficial to the
local durum breeding objectives.
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Planting pattern through changing vegetative growth and utilization of environmental
resourses affects yield components and seed yield. These effects were studied in the

spring of 2000, using a randomized complete block design with a split plot layout and
three replications. Main plots consisted of three row distances (30 cm flat, and 45 and 60
cm on bed), and sub-plots included three planting densities (30, 40, and 50 plants m™).

The experiment was planted on March. Increase in row distance and plant density
enhanced most developmental stages of safflower. Leaf area index was not significantly
affected by row distance but increased as planting density increased. Up to the 50%

flowering stage, 30 cm row distance produced highest plant dry weight, but had the least

dry weight at the end of the growing season, probably due to the strong shedding of
leaves. Up to the end of flowering stage, 50 plants m? treatment produced the highest

plant dry weight, but ranked lower as compared to 30 plants m? treatment at the

physiological maturity, probably due to the shedding of leaves. Row distance had no
significant effect on number of branches per plant and per square meter, number of heads

per branch, number of seeds per heads, 1000-seed weight and harvest index. But number

of heads per plant and per square meter as well as seed yield per plant and per square
meter significantly decreased as planting distance increased. Plant density had no
significant effect on number of branches per plant, number of heads per square meter,
number of seeds per head, 1000-seed weight and seed yield. Increase in planting density

increased number of branches per square meter. But reduced number of heads per branch
and per plant, seed yield per plant and harvest index. The highest seed yield (4769 kg ha')

was obtained with 30 cm row distance and 40 plants m? treatment. On average, 397 kg
ha'® petal was harvested, which has a large economic value. However, petal clipping,

over al treatments, reduced seed yield by about 7,4%. considering the advantages of
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uniform distribution of plants and adaptation of safflower to flat planting, 30 cm row
distance with 40 plants m? might be appropriate for planting safflower under conditions
similar to this experiment.
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Flax (Linum usitatissimum L.), an oilseed crop, is widely adapted and grown in many
regions of the world. Oil from regular flaxseed is used as an industrial drying oil because

of the high level of linolenic acid (>50%). However, the oils from new mutant genotypes
of flax with a very low linolenic acid concentration (<2%) are edible. Y ellow seed colour

can be used as a visual marker to distinguish edible-oil genotypes of flax from those of
industrial type that are usually brown-seeded. In this study, different lines of flax with
two seed colours (yellow and brown) in combination with two levels of linolenic acid
(high and low) were evaluated in a randomized complete block design for agronomic
traits, especialy seed yield and its components. The results indicated that lines with high
linolenic acid concentration had significantly higher seed yield than those with low
linolenic acid. However, other characteristics including those of seed yield components
were not significantly affected by linolenic acid concentration. Seed colour had a

significant effect on number of seedling/m?, basal branches, capsules per plant and seed

yield per plant. Although seedling emergence was lower in yellow-seeded lines, they had
more basal branches, capsules per plant and seed yield per plant. Higher seed yield per
plant in yellow-seeded lines can be attributed to higher number of capsules per plant as a
result of lower seedling emergence and plant density. Seed yield was not significantly
different between brown and yellow-seeded lines. Thus, the effect of lower plant density
in yellow-seeded lines was compensated by their higher basal branches and number of
capsules per plant.
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In order to investigate the effects of different nitrogen fertilizer levels and water stress
during milky and dough stages on grain yield, yield components and water use efficiency

of corn hybrid SC 704 (late maturing, non prolific and dent type), a field study was

conducted. The factorial design of the study comprised of a randomized complete block
with four replications. Four levels of nitrogen fertilizer (0, 92, 184 and 276 kg/ha

nitrogen) along with three levels of irrigation (water stress imposed at milky stage, dough
stage and a season-long optimum irrigation) were used as treatments. Results showed that
water stress during milky and sough stages significantly decreased grain yield and
thousand kernel weight. Also, effect of nitrogen fertilizer on grain yield, kernel number
per ear, kernel weight per ear and thousand kernel weight was significant. Maximum

grain yield was produced with 276 kg/ha nitrogen, although no significant differences
were found among 92, 184 and 276 kg/ha nitrogen levels. Regarding water use efficiency

during water stress, maximum efficiency was observed at milky stage but, as water stress

declined with optimum irrigation, water use efficiency decreased.
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In order to study the effects of different levels of nitrogen fertilizer and plant density on
grain yield and its components in sunflower, an experiment was conducted using 'Record'

cultivar in 1996. Four levels of nitrogen (0.75, 150 and 225 kg/ha) and four plant densities
(65000, 75000, 85000 and 95000 plants/ha) were used in a split plot arranged in a

randomized complete block design with three replications. Developmental stages, plant

height, stem diameter, head diameter, number of head per m2, grain yield, biological
yield, harvest index, 1000-grain weight, number of grains per head, grain oil percentage,

oil yield and grain protein content were measured. The results indicated that N fertilizer
caused an extension of the growth period and means of days to physiological maturity. It
also increased plant height, stem diameter and head diameter. While increasing plant
density had an incremental effect on plant height, it negatively affected stem diameter
and head diameter. N fertilizer up to 150 kg/ha increased the grain yield and biological

yield, whereas higher levels of N fertilizer decreased both. Plant density of 85000 plants

per hectare was observed as a suitable plant density, whereas the higher plant density had
a negative effect on grain yield. N fertilizer viaincreasing the number of grains per head,
and plant density via increasing the number of heads per unit area and also decreasing the
number of grains per head influenced the grain yield. One-thousand grain weight was not

affected by neither N fertilizer nor plant density. Considering the superiority of 150 kg/ha
of N fertilizer and plant density of 85000 plants/hafor grain yield and oil yield, it appeals

that they could be recommended for producing desirable yield in the regions similar to

the study region.
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Azospirillum brasilense is one of the N2-fixing microorganisms which, in symbiosis with

the roots of cereals and other graminae, enhances growth and development of plants. In
this research, wheat seeds (Triticum aestivum) of three cultivars (Ghods, Roshan and
Omid) were inoculated with Azospirillum strains (Sp 7 and Dal). Inoculation increased

growth parameters and yield of wheat cultivars, the effect being directly dependent on the
strain-cultivar combination. Strain Sp7 induced the greatest grain yield, 1000-seed

weight, number of grains per spike, root and shoot dry weight in Cv. Roshan, whereas
strain Dol stimulated the best effect on these growth parameters in Cv. Ghods. The
response of Cv. Omid was lower as compared to the other cultivars. Thus, it may be
concluded that compatible strains are necessary for increasing yield and enhancing
growth and development of wheat cultivars. These experiments also illustrated similar
results regarding the effect of strains on N content of seeds. The observation of
nitrogenase activity of Azospirillum strains in the In vitro experiments and the significant
increases in N content in some inoculated cultivars support they hypothesis that
biological nitrogen fixation by Azospirillum could be responsible for the observed
beneficial effects on growth parameters. The comparison of nitrogenase activity of two

strains showed that acetylene reduction rate for strain Dol was 1,5 times more than that
for strain Sp7. Also strain Dol had more pronounced effects on growth parameters, yield
and N content of grains than did strain Sp7. Strain Dol is alocal strain whereas strain Sp7

is a Brazilian isolate; thus, it may be concluded that the local isolates should be preferred
to the foreign bacteria, as they are better suited to traditional cultivars, environment and

soil conditions of the region.
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Symbiotic relationship exists between the endophytic fungi of the genus Neotyphodium
and many cool-season grasses. Endophytes can alter the growth as well as morphological
and physiological characteristic of the host plant, thereby influencing the persistence and
survival rate of infected plants. This study was conducted to evaluate the effects of
endophyte on phenotypic characteristics of Iranian tall fescue (Festuca arundinacea
Schreb.) and meadow fescue (Festuca pratensis Huds.). The experiment was set up as a
completely randomized design with three replications in afactorial arrangement. The first
factor was the two plant accessions and the secondary factor was the endophyte-infected
and noninfected plants. The results showed that most of phenotypic characteristics
significantly altered as a result of endophyte infection in both tall fescue and meadow
fescue plants. Results of analysis of variance showed that the influence of endophyte
fungus was positive and significant on tiller number, herbage yield, dry crown weight,
dry root weight per plant, and crown depth. Also between plant accessions. There were
significant differences for dry herbage yield, crown weight, dry root weight per plant,
crown depth, and dry matter percentage. Plant by endophyte interaction was highly
significant for crown depth and dry root weight per plant. Therefore, eudophytic fungi
can be used to improve phenotypic characteristics in these plants.
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In this study, the potential use of halophyte grasses, Aleuropus littoralis and A.
lagopoides, on soil desalinization and lowering soil salinity was investigated under
glasshouse conditions. The seeds of two species grown with four salinity treatments
obtained from different types of collected soils and replicated three times. Electrical

conductivities of the four soil treatments were 12,4, 29,5, 43, and 69 dS/m. The results of

mean comparison showed that shoot and root dry weight, sodium contents of dry weight
and Na/K ratio were significantly different in both salinized species. Both species
effectively reduced soil electrical conductivity by 23 to 42,5%. This was mainly due to ion

absorbtion, and consequently, from Na', CI, Mg*, Ca" ionic reduction. In gereral,

considerable amounts of ionic absorbtion and total soluble salt secretion through their salt
glands appeared to have the most pronounced effects on decreasing soil salinity.

Regarding 50% salt excretion by these species, growing these grasses could be a possible
way to decrease soil salinity by grazing or harvesting salt crusted foliage from the site.
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In order to investigate agronomic traits and yield potential of edible-oil flax
(Linumusitatissimum L.) as a second crop in Isfahan region, different genotypes were

evaluated in separate experiments in early spring (April, 7) and summer (July, 16)

planting dates, using a Randomized Complete Block Design with three replications. The

experiments were conducted in the year 2000. The results showed that summer planting
considerably and significantly reduced number of seedlings per unit area, days to 50%

flowering, and seed yield. However, maturity of the plants was delayed because of
summer planting. According to overall average obtained for genotypes, seed yield was

1472 and 213 kg/ha in the first and second planting dates, respectively. There was a

significant difference between genotypes for number of seedlings per unit area, days to

50% flowering and maturity in both planting dates. However, genotypes were significantly

different for seed yield in the first planting date. Summer planting also non-significantly
reduced yield/plant, capsules/plant and 100-seed weight and increased seeds/capsule. The

differences between genotypes for these traits in both planting dates and for
seeds/capsule in the first planting date were significant. The significant interaction

between genotypes and planting dates on seeds/capsule and 100-seed weight was because

of increasing or decreasing levels of these traits in some genotypes when planting date
was delayed. The results of regression analysis, correlation coefficients and path analysis
showed that in both planting dates, capsules/plant followed by seeds/capsule and 100-

seed weight were the major components of yield/plant. Capsules/plant had the most
(approximately 80% ) contribution in variation of yield/plant in both planting dates. The

number of plants per unit area affected yield/plant via indirect and negative effect of

capsules/plant.
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To determine the effects of salinity and boron excess in irrigation water on relative
growth rate (RGR), net assimilation rate on a leaf weight basis (NAR), and leaf weight
ratio (LWR) of pistachio, three pistachio rootstocks (Badami -Zarand, Sarakhs and
Ghazvini) were used. Rootstocks were grown in soil in eight-liter polyethylene pots.

Sodium chloride treatments were 0, 75, 150 and 225 mM NaCl and boron treatments were
0, 20 and 40mg liter™. Treatments were applied to the one-year old pistachio rootstock

seedlings in three-day intervals with irrigation water. Some plants were randomly
selected and destructively harvested before (day 0) and after applying treatments (30 and

60 days after treatments started). Growth and physiological characters were then

measured as follows: number of leaves, leaf area, plant height and root length, fresh and
dry weights of stem, root and leaf, praline accumulation in the leaf, total chlorophyll, and
leaf relative water content (RWC). Results indicated that relative growth rate decreased
with time for al treatments and in all rootstocks. Salt treatment significantly reduced
both RGR and NAR, whereas LWR showed no significant differences. In all rootstocks,
NAR, but not LWR, was significantly correlated with RGR, indicating that NAR was an
important factor underlying the salinity-induced differences in RGR among the pistachio
rootstocks. Salinity did not affect leaf water potential (y), chlorophyll content, and Fv:
Fm ratio but increased NaCl concentration and time correspondingly increased proline
accumulation in leaves. In addition, Ghazvini rootstock accumulated more proline
compared to other rootstocks and was more resistant to salinity treatments. Different
boron treatments did not show any significant effect on growth rate nor on measured

parameters after two months of exposure to treatments.
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A factorial experiment with two levels of Zn (0 and 1,5 mg Zn kg™?), five salinity levels of
irrigation water (0, 60, 120 and 180 mM NaCl, and 120 mM NaNGQ,) in three replications

was conducted. Wheat (Triticum aestivum cv. Roshan) was seeded in pots. After plant
harvesting, zinc and cadmium concentrations were determined in the shoot. Activities of
metal species in the soil solution were predicted using the computer program
MINTEQAZ2. Treating the soil with NaCl-salinized water increased total concentration of

cadmium (Cdy) as well as Cd?*, CdCI’%, and CdCI* species; whereas, NaNO; treatment

had no significant effect on Cdy. Shoot Cd concentrations were positively related to Cdy
and soil solution CI” but negatively related to Zny. Application of Zn-fertilizer decreased
Cd and increased Zn concentrations in shoot, significantly. The results of this experiment
showed that Cl™ has an effective role in increasing mobility of soil Cd and its uptake by
plant.
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A field experiment was conducted in 2000 to model the response of four safflower

genoypes to day length and temperature changes under field conditions. Five planting

dates (March 12, April 12, May 10, June 8, and July 12) and four safflower genotypes
(Arak 2811, local variety Koseh, Nebraska 10 and Varamin 295) were evaluated using a

randomized complete block design with split-plot layout in three replications. Date of
planting was considered as the main plot and cultivars were randomized in the sub-plots.
Number of days from planting (P) to emergence (E), stem elongation (SE) to head visible
(HV), and HV to flowering initiation (FI) significantly reduced with delay in planting as
the result of increase in temperature during these periods. Number of days from P to SE,
duration of flowering (DF) and termination of flowering (TF) to physiological maturity
(PM) were significantly affected by planting date and reduced as day length increased.

The same was observed in the case of number of days from P to 50% flowering (MF) and

to PM. Large co-variation of day length with temperature may explain a portion of day

length contribution to the variation in the above periods. Varamin 295 was later than

other genotypes with respect to the duration from P to HV, and specially, for rosette
duration. In addition and for unknown reasons, the rate of development (RD) of Varamin

295 at all developmental periods could not be explained by day length and/or temperature
variables. Among other genotypes, Koseh with 125 days, and Nebrska 10 with 118 days

from P to PM were the latest and the earliest genotypes, respectively. The response of
Koseh to planting dates, as measured by the duration of various developmenta stages,
differed from Arak 2811 and Nebraska 10. This was attributed to the probable response of

Koseh to day length. RD of Koseh, Arak 2811, and Nebraska 10 during P to MF was

explained by a linear regression and RD of Koseh during P to PM by a polynomial
regression with day length by mean temperature as an independent variable. RD of Arak

2811 and Nebraska 10 during P to PM was explained by minimum temperature. It seems
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that partial sensitivity of Koseh to day length has a considerable significance in is
adaptation to environmental conditions prevailing in the summer under Isfahan climatic

conditions.
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In a pot experiment, the growth (Dry matter) responses of 18 rapeseed varieties to three
levels of NaCl salinity induced by 1,2, 6, and 12 dS.m™ were investigated using a factorial
experiment with a randomized complete block design in 3 replications. The results

indicated that salinity reduced total dry matter, Na concentration, K/Na ratio, ion
selectivity of K versus Na, and leaf water potential while it increased K concentration.
However, the leaf water potential of the plants had the highest and a significantly
negative correlation with total dry matter accumulation. Therefore, it seemed that |eaf
water content of the plants could explain the tolerance or sensitivity responses to salinity.
The rapeseed varieties were accordingly ranked into different groups. The varieties viz,
Alice, Fonax, DP.94,8 and Licord were classified as saline tolerant group, and varieties

such as Okapi, Akamar and Eurol as saline sensitive group. The remaining eight rapeseed
varieties were moderately tolerant. Moreover, the response of rapeseed varieties viz.
Consul, VDH8003-98 and Orient were different such that the above explanation could not

be applied to them. Therefore, halophytic strategies for these three varieties might be
worth further investigation.
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Yield is a gquantitative trait and improving grain yield through direct selection is

timeconsuming. Indirect selection consisting of selection indices is more promising. A

field experiment was conducted during 1999-2000 growing season. Thirteen corn hybrids

were used in a randomized complete block design with three replications in each
location. Thirty-five traits were measured in five developmental stages (stem elongation,
tasseling, blister, hard dough and physiological maturity) and combined analysis of

variance and covariance were conducted. Finally, 12 traits were selected for constructing

selection indices via path analysis. Two optimum selection indices were used in this
experiment. In both selection indices, different combinations of traits applied as linear
function (multivariate linear model) and coefficients of traits in combinations were

calculated. The coefficient of indices were obtained from: b=P" Ga, where b is the vector
of index coefficients, P is the inverse of phenotypical variance and covariance matrix, G

is the matrix of genotypical variance and covariance an a is the column vector of traits
heritability. In the first index, heritability of traits with the same sign was used as
economic values. Selection index including grain yield and net assimilation rate in the

second stage (NAR;) was the best. In the second index, the sign of genotypic correlation

with yield was given to economic values. Finally, selection index including grain yield

and NAR, was the best, too. In both selection indices, correlation of selection indices
with genotypic value was equal to 1. This was 14% higher than the first index including

yield alone. In both selection indices, physiological indices including net assimilation,
crop growth, and relative growth rates were the most important traits comprising the best

selection indices.
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Despite its economic importance, not much information exists on growth and
productivity of durum wheat in Iran. In order to evaluate growth, grain yield, and
attributes in three durum wheat genotypes, Osta/Gata, Dipper-6, and PI40100, with five

planting densities of 200, 275, 350, 425 and 500 seeds/m’, a four-replicate RCBD field
study with a spilt-plot layout was carried out in winter 2000 to spring. Genotypes were

the main-plots and planting densities, the sub-plots. Each plot contained six rows, spaced
25 cm apart, each 6m in length. While Osta/Gata produced a greater spikes/m?, 1000grain

weight and grain yield, PI40100 indicated a greater height, leaf area index (LAI) and
biological yield, and Dipper-6 produced a larger number of grains per spike and harvest

index, compared to the other two genotypes. Increasing plant density led to an increase in

LAI, spikesm? grain yield, biologica yield and harvest index but a decrease in
grains/spike and 1000-grain weight. Grain yield was positively correlated with spikes/m?,
graing/spike and 1000-grain weight, despite negative correlations with LAl and plant

height. It may be concluded that with environmental conditions such as those
encountered in Isfahan in 2000-2001, Osta/Gata can be planted at approximately 425

seeds/m?, if an acceptable grain yield is to be achieved.
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To study the genetic diversity in 100 genotypes of rice, an experiment was conducted.
The experimental design was a 10 = 10 simple lattice. The genotypes, mostly belonging

to Isfahan Province and north of Iran, were evaluated on the basis of morphological traits
and yield components. The results of analysis of variance demonstrated that the

differences among genotypes were highly significant (p < 0/01) for al traits. High values

of phenotypic and genotypic coefficients of variation were obtained for most traits,
indicating high variability in the traits under study. Factor analysis revealed three factors

which determined 90 percent of yield variation and were named "grain number”, "plant

type and structure" and "grain shape", respectively. Cluster analysis by "Cubic Clustering
Criterion" and "Pseudo Hotelling T? Test" grouped genotypes in four clusters. Analysis

of variance showed that the differences among clusters were highly significant for most
traits.
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Traditional paddy dryer systems in Iran cause considerable losses in rice procution due to
non-uniform drying. In order to decrease the amount of kernel fissuring and to increase
the drying rate, fluidized bed method was applied in this study for rough rice drying at
temperatures higher than normal. An experimental dryer was used for drying the samples.
The drying experiments were set up to find kernel fissuring percentage and the drying
times under three conditions: fixed, minimum, and full fluidized bed conditions at

temperatures of 40, 60 and 80°C. Results showed that the amount of kernel fissuring, at
minimum fluidization compared to fixed bed condition, decreased 57%, 68% and 75% at
temperatures of 40, 60 and 80°C, respectively. This reduction at full fluidization
compared to fixed bed condition, at the above temperatures, was 40%, 54% and 65%. The

minimum fluidization method took the lowest and the fixed bed method took the highest
drying time. It was concluded that the minimum fluidization drying method had the

lowest fissuring and drying times at all experimental temperatures.
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Kavir Biosphere Reserve covers an area of 686598 hectares situated in the northwest of

Dasht-e-Kavir and east of Daryach-e-Namak. The Biosphere Reserve presents a variety
of habitats, including cliffs and rocky outcrops, piedmont plains, gravelly, deserts and
sand dunes, saline plains and salt marshes, and seasonal rivers and springs. The main aim
of this research is to identify the plant species and to introduce of the flora in Kavir
biosphere reserve. For this purpose, plant samples were collected from different habitats

of the area in three growing seasons between 1994-1999. the life form of species were

determined and the biological spectrum of the area was plotted. The position of the area
concerning phytogeographical classification was studied based on geographical data and

references. A total number of 359 species and subspecific taxa was identified. These
include 3 gymnosperms, 312 dicotyledones and 44 monocotyledones. Altogether, 43
families and 224 genera are known from the area. The following families have the highest

number of species. Chenopodiaceae, Asteraceae, Brassicaceae, Poaceae, Boraginaceae,

and Fabaceae. Therophytes with 198 species (55,1%) are the most frequent life forms in
the area. The distribution of 245 species (68,3%) is restricted to Irano-Turanian region. Of
these, 30 species (12,2%) are endemics of Iran.
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Iron (Fe) availability islow in calcareous soils of Iran due to high pH levels and presence

of excessive amounts of CaCO;. Overfertilization by phosphorus (P) fertilizers may also

decrease Fe availability. The objective of this study was to evaluate the effects of P, Fe
and their interactions on the growth and chemical composition of soybean [Glycine max
(L.) Merrill] under greenhouse conditions. Treatments consisted of a factorial
arrangement of P rates (0, 40, 80, 120 and 160 mg kg™ as KH,PO,) and Fe rates (0, 2,5, 5

and 10 mg kg™ as FeEDDHA) in a completely randomized design with four replications.
Plants were grown for 8 weeks in a loamy soil, classified as Chitgar series (fine-loamy,
carbonatic, thermic, Typic Calcixerepts). Results showed that P application up to 80 and
Fe at 2,5 mg kg™ increased shoot dry matter. Phosphorus concentration, total uptake and

P:Fe ratio in soybean increased by P application but decreased by Fe application.
Application of Fe up to 2,5 mg kg™ increased dry matter but decreased it at higher rates.

Concentration and total uptake of Fe increased by Fe application but decreased by P
application. Interaction of P and Fe had no effect on shoot dry matter. Zinc (Zn) and
copper (Cu) concentrations decreased significantly when P was added and manganese

(Mn) concentration increased up to 40 mg P kg™ but decreased at higher rates. Iron

application had no effect on soybean Zn and Cu concentrations but decreased Mn
concentration at all rates. Prior to any fertilizer recommendations, it is necessary to study

the effects of P, Fe and their interactions on soybean under field conditions.
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Cultivating rangeland to be shifted to crop land farms commonly causes soil degradation
and runoff generation. This study was conducted to evaluate the cultivation effects on
runoff generation and soil quality. The experiment was performed in a rangeland and a

40-year cultivated land located at two slope positions (back slope and shoulder) of a
hillside in Dorahan, Chaharmahal & Bakhtiari Province. A 60+5 mm.hr' rainfall

intensity was simulated by a rainulator. Organic matter, mean weighted diameter,
saturated hydraulic conductivity, collected runoff and sediments were measured. The

differences between the means were tested using T-test. Results showed 35, 53 and 8%

increases in the organic matter, mean weighted diameter, and saturated hydraulic
conductivity in back slope, respectively. The increases in these parameters in shoulder

position were 39, 60 and 33%. The values for runoff and sediments in back slope were 3
and 8 times greater than in other similar positions while the values in the shoulder
position were 11 and 55 times greater than the same values in other positions.
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Rice isonly second to wheat as a major food for Iranians. It has to be dried for processing
and/or storing due to excessive moisture content after harvesting. In most parts of Iran,
rice is sun-dried by spreading it on the ground under solar radiation which leads to
excessive losses such as attacking birds and rodents, grain contamination, wind and
rainfall hazards, as well as thermal and moisture stresses. The present research aims to
investigate the feasibility of thin layer solar drying process of rough rice to determine the
appropriate bed depth of seed. A mixed mode passive solar dryer was used. In this
system, hot air is provided by natural convection through an air solar collector. Thin layer
drying process was investigated using the thin layer mathematical models (Newton and
Page models). One of the main aims of this research was to find an appropriate depth that
can be regarded as thin layer. Therefore, bed grain depths of 2, 4 and 6 cm were selected

for the experiments. The results illustrated that bed depth of 2 cm showed the thin layer
drying behavior whereas bed depths of 4 and 6 cm did not.
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Micronutrients availability including that of Zn is critical for optimum growth of plants.
Zinc availability in calcareous soils of Iran is relatively low due to the presence of alarge

amount of CaCO; and high pH levels. Overapplication of phosphorus to soils may also

cause P-induced Zn deficiency. The objective of this experiment was to evaluate the
effect of phosphorus and zinc application on the growth and chemical composition of
corn (Zea mays L.) under greenhouse conditions. Treatments consisted of a factorial
combination of 5 levels of P (0, 25, 50, 100 and 200 ny P/g soil as KH,PO,) and 3 levels

of Zn (0, 5 and 10 ngy Zn/g soil as ZnSO,. 7H,0) in a completely randomized design with
3 replications. Plants were allowed to grow for 60 days and then cut at the soil surface.

Results showed that P and Zn applications increased top dry weight. Applied P increased
P concentration and total uptake in plants, but decreased Zn concentration and had no
effect on Zn uptake. Zinc application decreased P concentration of com but increased Zn
uptake and concentration. The P: Zn ratio in plants increased with P application but
decreased with Zn addition. Application of P and Zn increased Fe concentration in plant
but decreased Mn concentration and had no effect on Cu concentration. Prior to making
any fertilizer recommendations, more research is required to precisely evaluate the
response of com to P and Zn applications under field conditions.

30 89y wdz bl cul cal pla lalS a0l Gl (g, Aoz 5l B rannS jolie Cis el LB
O yamd 0l 08l WSL.W., N Gilacs g puedS Slu,S 0b; lade 0939 Jds oyl Sal slass
stloord S5 5 9y o (59 9 i U aalllae Slej] () 5 302 058 oS 55 (55, 95maS Sy s S
5100 50 25 «jis) jiud maw mu Joli (5551 g0t Giolejl g sluldS Lls o (Z€A MayS) o,

£S5 10 55 i o) (g5) s a5 (mlty (gy0emiss Blid gte jI S 05 50 ind 055 S0 200



www.Endbook.net

g ias i 515 « 166 »
e
[

Eys -

i [

e

59560 4y 0590 Jobo sl L2l 1S5 4 b (Bolas Slls b ez o {9, oligm a3l S e 5 0 )

Wk Eilsyy Sl 55 51 oblS o o s 5 o
g cbale ad 0yl a8l Sl g9, by s Bran b O)d alse A SiS eole (y59 4T ol L s
Cblé (59, Brae ol S g, J5 i g ol 2alS 1) (55, cale Jg gl oS o 1) Hand JS i
Fed LS b9, & i Cond 0l (lBI (59, IS @iz g clale g rels ©)5 alee Cwend o) jaud
) 5 chale g b olS o oal cdale ol cum (595 9 yiud B pan 8l ol (59, Bpan b g Ll
Syan 0ty el ;5330 D)l Ty 8395 drog WisT I i Sl e Sl (3 5 ol tals

b oo 5ls slas e Ll pd jo (gt lo o) g9, 9 d



www.Endbook.net

_ swat Suse

«167» s ob; o e
s —
73 (yio

In order to investigate the best planting time and rice cultivars for the conditions in
Khuzestan Provinec, seven high quality cultivars of rice namely Domsiah, Binam,
Ramasanali Tarom, Sang Tarom, Hasansarai, Tarom Mahalli, Daylamani and Anboori

were selected and studied in 4 planting dates starting in Mid-May, with intervals of 15

days. The experiment was conducted as a split plot design in randomized complete

blocks with 3 replication for 2 years from 1995. Main plots were planting dates and

subplots were allocated to cultivars.

Results of this experiment showed that significant differences existed among planting
dates on grain yield only in the second year. Grain yields were different among cultivars
in the two years of study. Simple and combined analyses indicated that there were
significant interactive effects between planting dates and cultivars. Tiller number was
different between planting date and cultivars in the first year. Interactive effect between
planting date and cultivars on tiller number was not significant. Maximum grain number

in spike obtained early June planting date (76 grains per spike) and lowest grain number
in spike obtained early May planting date (28 grains). Among cultivars, Anboori with 152
and Daylamani with 17 grains had maximum and minimum grain numbers in spike,

respectively. One-thousand grain weight was maximum in the early June planting date.
Among cultivars, Binam and Daylamani had maximum and minimum grain weights,
respectively. Highest fertility percentage was obtained in early June planting date
compared to other planting dates. Fertility percentage of cultivars depended on
temperature at growth stages before and at anthesis, which was early June for all
cultivars. Among environmental factors affecting plant growth, temperature was
relatively more important than other factors, particularly than the photoperiod. Even
under Khuzestan conditions, there is a wide range of temperature levels for rice planting
(from early March to early November); however, even this wide temperature range may

not be enough to provide favourable conditions for planting all the cultivars.
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A magjor limitation for higher yield of rice plant is water availability. Water use efficient
varieties tolerant to upland conditions could help to relax this limitation. Three separate
experiments were conducted to study the effects of water regimes on growth, aerenchyma
formation, and nutrient absorption of Iranian rice varieties. In the first experiment, five
varieties of rice were grown under three different irrigation levels. The second
experiment involved the study of nutrient uptake by Sazandagee and Tarom varieties
under four different water regimes, and in the third experiment, the effect of aeration on
growth characteristics of Sazandagee rice was assessed in a hydroponics system. Results
of the first experiment showed that submerged conditions continuously or after four
weeks of initial growth had a significant effect on plant growth. Aerenchyma formation
was affected by rice varieties and was less affected by irrigation status. In the second
experiment, plant growth characteristics were affected similar to experiment one. Also it
was shown that nutrients such as P, Mg, and Fe were absorbed with higher efficiency
under submerged conditions. Results of the third experiment revealed that aeration had
no significant effect on plant growth characteristics. Based on the results of these three
experiments, it can be concluded that better performance of rice plant under continuous
or partial flooding is mainly related to higher absorption of somd macro-and
micronutrients. Therefore, this parameter should be considered in water management

programs for rice.

SLg bl 4, 5aS Lo b plaan )l ol 4 bale mip (55kel of plie Cosgae JSie r G35 (sl
S g lie ;olie Li (sad, Olvgas » g kol calise la)les S oy p lp g sokite (ool
ol Syl s o1 51 solinl Uy i lizes Liglojl duw ey ol Syjelam o,Skae b oy b, 5 Lo gl 51
lodiny ) cogill imleT ol ) .0x8 5 13 o ylol Lo dus o a5 ab eolil 08,5 51 sl LialesT 5 .y
o sghre el s (Saile o) 59 90 Glalejl 10 00,5 sy lse slalad conds il e e
aalllas 0550 poes Cutd s e ile 3 52 1 5l Gy (s5lol 5 ol i (slajles o chlide polie e

B oS 500y hogas y 2olyn Sl Sisrsyien S Ll 50,5 wald b pge inlesl o auid S 8



www.Endbook.net

e SAAAL015 —aazi 4b; «170 »
gt
[ &
ER &
ae_u PSR

L g pls olye Lylys as ols oylas Jol Giolesl guls o solaiwl (Saijle o8, 5 s (iolesl opl 10 0l sy
Slo s, p mli o)l aiy ) 5 olen plal fy3g (ial8l pgas oLS ol ;o (o) cxe Sl aslsl gl B e
S en gs‘""”’"‘)ﬂ sllas asla W‘)ﬁ—l slas > g 6)-’L ‘_g)l.':.g—l oo as ols lid 50 6:51..;5).1@
e (o35 45 0l a5 0505 b 1y Jsl Giale] @l o5 (ol egdle g0 (ialejl 058 e )18 4y g5 nib
35 O 31 S 525 oo talejl i S oo iz QB2 Lulyd )0 6V o 033k L ool 5 538 5 Sad en
Sy oo i o] Cawoas s eloly cbls waless mi sl ) Oluogas o gladaxde LB ).:;ls 2olge as
iaa‘)_w ) A_Q)_‘a.awjgd)_‘m).s )_¢0L~$ H}JWUJ}Q]Q}JJA uL‘!J.C oI 5 C")J OLS M) ) uLuaya}
u] é)L».o S i u'.’.‘)"L“ ~.\_3‘Lo.:‘5,o 0912 W OLS JA[S )|J.Q.».w‘ )‘ o s_)l.‘?).c .laa‘)w a )L:a u.g“ PLGW &_)Lg).c

00,8 aales Jloel gy olS 0l ol e SIS 5 (s



www.Endbook.net

d71» ez b o e

In a freely-transpiring plant, water evaporates from the moist cell walls of epidermal and
mesophyll cells in the interior of leaves and is lost to the atmosphere. As water loss
proceeds, the water potential in the leaf apoplast falls bellow that of the leaf cells, and
also bellow the water potential in the xylem and the soil. This results in the withdrawal of
water from the leaf cells and alowering of cell water potential. In contrast, although there
is continuity of liquid water between leaf and soil via the xylem, rapid equalization of
water potential throughout the plant by upward movement cannot occur because thereis a
resistance to hydraulic flow in the plant / soil system. As a result, the transpiration of
water from the leaf sets up a gradient in water potential, down which water tends to flow

from soil to leaf apoplast.
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Alfafa can be planted either in the spring or late summer. Spring plantings can be made
after danger of frost. Plantings will begin first in northern and north-western |.R. of IRAN.
April to mid-May plantings allow establishment without danger of freezing. In northern
and western areas, earlier plantings occur, especially when seeded with spring barley as a
nurse crop.

With irrigation, plantings should be made in April through May but can be made through
early June. There is an increased chance of weed competition with spring plantings, and
use of preplant-incorporated herbicides may reduce weeds. Establishment-year yields of
spring-planted afalfa are considerably lower than those of late-summer plantings.Late-
summer plantings usually have fewer weeds, but available soil moisture for germination
and establishment prior to the killing frost may be limiting. A late-summer planting should
be done in mid-August, as moisture and temperature conditions permit. These plantings
begin in northwestern areas and should be completed by early or mid-September in
southeastern Kansas. This provides adequate time for seedlings to become well established
before entering winter dormancy. Plants should have at least three to five trifoliate leaves
before dormancy.
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The time and manner of seedbed preparation for continuous winter wheat influence the
elaboration and accumulation of soil nitrates. Soil moisture storage and the physical
condition of the seedbed at seeding time. In experiments in eastern province, soil worked
early in July, regardless of method, usually gave comparatively higher yields, whereas
that worked late in September usually resulted in alow yield. The advantage appeared to
be due to the large supply of plant foods, especialy nitrates. That were liberated.
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Little information is currently available describing N nutritiona effects on canopy COx
exchange rate (CER). This field study was conducted to investigate how fertilizer N affects
growth and photosynthesis of a dryland wheat (Triticum aestivum L.) stand in a Nunn clay
loam (Aridic Argiustall). Two N treatments were imposed; an unfertilized (U) treatment, in
which no fertilizer was applied, and an N-fertilized (F) treatment, in which Y+« kg fertilizer
N ha' was applied in the form of NH:NO-. Greater aboveground growth and grain yield of
fertilized wheat compared with unfertilized wheat were associated with greater CER and leaf
areaindex throughout ontogeny and with grester crop growth rates early in development. Net
assimilation rates, relative growth rates, and CER expressed on a leaf area basis either were
unaffected by N or were reduced. However, greater leaf conductance to water vapor in the
most recently fully expanded leaves of the F treatment during vegetative growth stages
suggests that the upper leaves in the canopy may have had greater photosynthetic activity al
that time compared with the U treatment. Utilization of intercepted photosynthetic photon
flux density for CER by plants of the F treatment was equal to or grester than for plants of
the U treatment despite more self-shading in the former. Gresater leaf photosynthetic capacity
conferred by N fertilization apparently results In heavily shaded canopies using intercepted
light/as efficiently as open, better-illuminated unfertilized canopies.
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If amixed stand of grass and alfalfais desired, the inclusion of grasses should be delayed
until the alfalfa is well established so that the afalfa can establish a good deep root
system. Orchard grass and meadow fescue are better suited for sowing with alfalfa than
timothy, as they mature more simultaneously with it. It is advisable to avoid mowing a
young stand of alfalfatill the alfalfa has reached bloom in order to protect the vitality of
the young plants. Alfafa also should not be closely grazed the first year in order to
protect the stand. Alfafa tolerates rotational grazing, but weakens under continuous
grazing. Precautions must be taken to prevent bloating when grazing alfalfa
Alfalfa uses practically al the moisture available during its own growth. When other
crops are planted on alfalfa sod, the stimulated growth early in the season and dry
conditions of the subsoil can cause the crop to burn without sufficient rainfall.
Sorghums are usually the best crop to follow alfalfa, because of sorghum's drought-
resistance, except in bottomland or in higher rainfall areas of Kansas. Sorghums do better
in the second and third year following alfalfa, but corn may be a more profitable crop
depending on the region of the state. Wheat or oats later in the rotation help prepare the
seedbed again for alfalfa. Cattle vary in their susceptibility to bloating on alfalfa. To
reduce the chance of bloat, fill the animals with dry roughage before moving them onto
afalfa. Move animals on a new paddock of alfalfa later in the day after all the morning
dew are gone. Avoid grazing alfalfa covered with frost. To adjust the rumen to afalfa,
briefly introduce the animals to alfalfa by walking them around the paddock and pull
them off within an hour. Observe for bloat and reintroduce the animals back to alfalfa
Maintain a close observation of the animals. Use temporary electric fencing to force

graze the entire alfalfa plant in a short period of time.
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Islamic Republic of Iran has a landmass of over Y,1£A million km" with total area of some
V1o million hectares. About YY,° percent of the area is under cultivable land, V,° percent
forests, @ ¢,° percent hills and pastures and Y percent is under other uses such as roads, cities,
towns, etc. The total arable land is about YV million hectares, of with substantial portion, i.e.
VYV million hectares are irrigable land and the rest Y+ million hectares are un-irrigated
lands.Share of agriculture sector in total GDP declined from Y4,¢ percent in Y4A4 to Y1,Y
percent in Y+ + Y. Mgor contribution to GDP originating in agriculture has been made by the
crops and horticulture and animal husbandry.

Sustained growth of agriculture setor is essential for the growth and development of the total
economy and aso for more equitable distribution of incomes in the rural/agriculture sector.
Agricultural incomes have a direct and positive impact on the growth of the country as a
whole through the supply of food, fiber and raw material for the industry as well expenditure
in the market for non-farm products. In Y4A%, with ¥,Y1Y million persons employed in
agriculture the share of agriculture sector was YV,° percent of the tota employment
generated in the economy. Thissharein ¥« + ¢, declined to YY, Y7,

Based on Y.+ figures, in spite of unfavorable weather condition, the self sufficiency ratio
for wheat, potato, sugar, pulses, was estimated at ©A,o, Y+« £,Y 4A,A percent and for edible
oil, red meat, poultry meat, milk and fish were @,7, 44,4 4A,Y and 44,2 percent respectively.
The sdf sufficiency ratio in Y++Y has improved significantly, in which in for whesat it
increased to 4¢,17.
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It has long been known that when the green parts of plants are exposed to light under
suitable conditions of temperature and moisture, carbon dioxide is absorbed by the plant
from the atmospheric COy, and oxygen is released into the air. This exchange of gasesin
plants is the opposite of the process that occurs in respiration. In this plant process, which
is called photosynthesis, carbohydrates are synthesized in the presence of light from carbon
dioxide and water by specialized structures in the cytoplasm of plant cells caled
chloroplasts. These chloroplasts contain not only two types of light-trapping green
chlorophyll but also a vast array of protein substances called enzymes. In most plants, the
water required by the photosynthesis process is absorbed from the soil by the roots and
Tran located through the xylem of the root and stem to the chlorophyss-laden leaves.
Except for the usualy small percentage used in respiration, the oxygen released in the
process diffuses out of the leaf into the atmosphere through stomates. In simple terms,
carbon dioxide is the fuel, and oxygen is the product of the chemical reaction. For each
molecule of carbon dioxide used, one molecule of oxygen is released. Here is a summary
chemical equation for photosynthesis:

1COy + TH/O ® C:HyyOx + 1Oy

As aresult of this process, radiant energy from the sun is stored as chemica energy. In
turn, the chemical energy is used to decompose carbon dioxide and water. The products of
their decomposition are recombined into a new compound, which successively builds up
into the more and more complex substances that comprise the plant. These organic
substances, that is, the sugars, starches, and cellulose, al belong to the class of organic
molecules. In other words, the process of photosynthesis can be understood as an enzyme-
induced chemical change from carbon dioxide and water into the ssmple sugar glucose.
This carbohydrate, in turn, is utilized by the plant to generate other forms of energy, such
asthe long chains of plant cells or polymers that comprise the cellular structures of starches
or cellulose. Many intermediate steps are involved in the production of a simple sugar or
starch. At the same time, a balance of gases is preserved in the atmosphere by the process

of photosynthesis.
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Sowing methods and practices

Sowing is a critical operation in growing soybeans because often crop failures can be traced
back to errors in choice of seed, rate of depth of seeding. Choice of wrong type of inoculum,
and so on. Choice of variety is so important to economic success.

Seedbed preparation.  Seedbed preparation varies from one area to another of Gorgan, but
will be about the same as that used for other irrigation row cropsin the district.

Good stands have frequently been obtained with flat plantings, provided the seedbed is level
and moisture is maintained close to the surface of the soil. One disadvantage of flat plantings
in Gorgan becomes apparent at harvest. When furrows are prepared for irrigations, soil is
thrown to the base of the plants, in effect producing a raised bed. Raising the bed after plant
establishment will decrease the distance between the soil surface and the lowest pods,
thereby increasing bean losses during harvest.

Success is best achieved with sowings made on top of raised beds. To facilitate combine
harvesting, beds should be thoroughly settled, uniform in height and shape, not too high, and
free from clods. They should be firm, with moisture near the surface of the soil.

Quality of seed. It is important to use high-quality unbroken seed having at least A° percent
germination. Use a germination test to determine the number of seed that will germinate and
produce strong seedlings. The viability of undamaged seed is short lived; ' year of non-
airconditioned shed storage reduces the germination level considerably. Where possible,
certified seed grown the previous season should be used. Until soybeans are regularly grown
in Gorgan, arrangements for seed purchase will be necessary well in advance of the seeding
date.

Data of seeding. Optimum seeding dates are not gresatly different for most areas of Gorgan.
For economic reasons it is generaly advisable to plant soybeans as the second crop in a
double-cropping system after a cerea or vegetable crop. Other advantages of later dates of
seeding are: (1) the growing season is shorter, with less water required and less weed control;
(Y) flowering occurs when days are shorter, after the high temperatures of mid-summer; and

() pods mature in the fall, when relative humidities are higher and shattering isless.
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The higher vascular plants that cover the land aress of the earth have a crucial role in man's
existence and survival. They furnish him with food. They provide his livestock with forage.
They supply the air he breathes with oxygen. From them he obtains fibers for clothing, wood
for shelter and furnishings, and medicines which he uses to aleviate his ailments. Not only
man's primary biological needs but many of the things which he uses in everyday life are
obtained from higher vascular plants. [the term higher vascular plants refers to those plants
that produce seeds (i.e., gymnosperms and angiosperms)]. Included among the useful items
obtained from these plants are paper; rubber; spices; nonacoholic beverages such as tea,
cocoa, and coffee; and acoholic beverages such as wine, beer, whiskey, gin, and vodka
Moreover, higher vascular plants minister to the aesthetic needs of man by beautifying his
physical environment. In fact, these plants are the most prominent feature of the natural
green landscape.

The fact that man is completely and absolutely dependent on higher vascular plants for the
necessities of life makes it imperative that he gain as thorough a knowledge as possible of the
science of plant physiology. More over, a knowledge of plant physiology is essential to all
fields of applied botany, whether agronomy, floriculture, forestry, horticulture, landscape
gardening, plant breeding, plant pathology, or pharmacognosy. All these applied sciences
depend on plant physiology for information regarding how plants grown and devel op.
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It is a basic principle of plant physiology that two sets of factors, hereditary and
environmental, regulate the internal processes and conditions of the plant and thereby
determine plant growth and development.

Hereditary potentialities

\ Internal processes R Plant growth and
/ and conditions > development

External environment

Thus the ultimate shape, size, form, and degree of complexity of a plant are the result of
the interaction between its genetic composition and the environment in which it grew.
Just as the genetic composition of petunia seeds will ensure that they aways produce
petunia plants, not zinnias or roses, so the environmental factors will determine whether
the petunia plants are vigorous or stunted, bright green or yellowish, or turgid or wilted.
Modifications caused by variations in environmental factors normally are not inherited.
The information of heredity that "tells’ a plant how to behave is determined by the
nucleic acids present in al cells of the plant body. Deoxyribonucleic acid (DNA) is the
primary genetic substance that conveys hereditary information from generation to
generation.
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The temperature of the soil and air affects not only the rates of physiological processes
(e.g., photosynthesis, ion absorption, growth) but also may determine the course of
development in plants. Only three examples will be given here. (1) Seeds of certain
species will not germinate unless they are exposed to low temperatures for several weeks
or months; during this period, certain biochemical changes occur which result in the
breaking of dormancy (Y) in a number of species, exposing the seed to low temperatures
for a prolonged period of time results in a hastening of the subsequent flowering of the
plants. Similarly, many deciduous trees will not produce flower buds unless subjected to
low winter temperatures; this phenomenon is referred to as vernalization (¥) Optimal
growth of many plants is possible only when high day temperatures aternate with lower

night temperatures. This requirement for a diurnal thermoperiodicity is considered.
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The plants known as seed plants produce seed during the reproductive phase of their life
cycle. They have vascular systems consisting of xylem and phloem tissues. Individual
cells are characterized by a cellulosic-pectinaceous wall and a central vacuole; the latter
constitutes a large portion of the cell volume at maturity. Also, seed plants are
characterized by the independence and dominance of the sporophyte, which consists of
roots, stems, and leaves.
Sometimes the seed plants are called higher vascular plants [in contradistinction to the
lower vascular plants (i.e., club mosses, lycopods, and ferns)]. Also they are called higher
green plants (to distinguish them from the algae, which have chloroplasts and carry on
photosynthesis but do not have vascular systems). Most frequently, the seed plants are
referred to simply as higher plants. Almost all of them live in terrestria rather than
aquatic habitats.
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The leaf is covered by alayer of epidermal cells, which are covered with alayer of cutin.
The epidermis is punctured with stomata, thereby allowing for the exchange of carbon
dioxide, oxygen, water vapor, and other gases. Chloroplast-containing mesophyll cells
are found between the upper and lower epidermal cells. These cells are the magjor centers
of photosynthesis. The leaf is well supplies with vascular tissue to provide for the
translocation of water and solutes between the leaf and other organs and tissues of the
plant.
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Organ and tissue systems are multicellular structures, and their complexity reflects the
diversity and complexity of the individual cells of which they are composed. The cell is
the basic unit of structure and function, the smallest biological unit having those
attributes characteristic of living matter-unique chemical composition, metabolism,
growth, reproduction, and organization. While each cell has its own individual properties,
the plant or the organ or the tissue is more than just aloose aggregation of cells. The cells
interact with each other and modify their environment, giving rise to the multicellular

organism with its characteristic structure and function.
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The impression usually is given that the vacuole is an inert entity, serving mainly as a
receptacle for waste metabolic products. However, vacuoles are very important in
developmental processes because they serve as storage compartments for metabolically
active materials such as sugars, amino acids, amides, organic acids, and inorganic ions.
Depending on the specific stage of development of a cell, the vacuole may contain high
concentrations of soluble sugars or amides. Under different conditions the vacuoles may
be rich in the potassium salts of organic acids. The vacuole should be viewed as an
important sub cellular organelle which indirectly participates in active metabolic
processes. The membrane surrounding the vacuole also plays an important role in

regulating the flow of water and sol utes between the vacuole and the rest of the cell.
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Plant cells contain several different kinds of plastids. chromolasts, which are
pigmented, and leucoplasts, which are colorless. Leucoplasts function as storage bodies,
storing such products as starch (starch grains), oil, and protein.
Chromoplasts are of two general types, those lacking chlorophyll and those containing
chlorophyll. The chromoplasts lacking chlorophyll usually contain oils and a variety of
fat-soluble carotenoid pigments, generaly yellow but sometimes red or orange.
Carotenoid-containing chromoplasts are found, for example, in carrot roots, where they
give the tissue a yellow color.
Chlorophyll-containing chromoplasts, or chloroplasts, are photosynthetic-ally active. In
addition to chlorophyll (several forms), chloroplasts may contain other pigments such
as phycocyanin, phycoerytherin, fucoxanthin, and carotenoids. In addition to these
pigments, chloroplasts are composed of £¢-¢.7 protein, ©+-¢°/ lipid, and small
amounts of RNA and DNA. The protein fraction has associated with it manganese, iron,
and copper atoms. These metals are considered to be components of specific enzymes
involved in photosynthetic reactions.
Chlorophyll is not uniformly distributed throughout the chloroplasts. With the light
microscope it is seen that the chlorophyll is present in small bodies, the grana, which
are embedded in a colorless matrix, the stroma. Under the electron microscope an even
greater degree of organization of the chloroplast is seen. The chloroplast is bounded by
a double membrane composed of two unit membranes as was noted for the

mitochondrion and nucleus.
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Until recently the cell wall was considered as an inert structure providing protection and
support to the enclosed cytoplasmic and nuclear material. It is now clear, however, that the
cell wall, particularly the primary cell wall, is a metabolically active organelle whose
chemical composition changes under the influence of externa environmental factors and
internal stimuli. The primary cell wall should be regarded as an organelle interacting with
the other subcellular organelles during growth and differentiation.

The primary cell walls of meristematic cells, capable of undergoing cell division and
expansion, are plastic and extensible. As cells mature and differentiate, a secondary wall
is deposited on or within the primary cell wall, and further cell expansion ceases. The
factors responsible for the initiation of secondary cell wall formation and the
differentiation of meristematic cells into vessel elements, tracheids, fibers, sieve tube

cells, and other cell types are important features in understanding plant development.
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One of the maor attributes of a living plant is its capacity to carry out metabolic
activities. While the term metabolism is used to denote a variety of cellular reactions, in
essence metabolism refers to two types of activities: those reactions wherein storage
products are hydrolyzed and broken down into metabolically active small molecules and
those reactions leading to biosynthesis of new cellular material. The first type of reaction
is often referred to as a catabolic reaction, while the latter type is known as an anabolic
reaction. All these metabolic reactions are catalyzed by specific proteins, known as
enzymes, and it is quite understandable that much of modern biology today is concerned
with the problems of protein structure, function, and synthesis. Another major aspect of
metabolism is the study of the mechanisms by which an organism can control its cellular
activities. Recent studies have suggested that metabolic control may be achieved in a
number of different ways including interaction of individual members of metabolic
pathways, by enzyme synthesis, by hormones and growth regulators, and by inorganic
ions. Our understanding of metabolic control mechanisms is at an elementary level, and
further studiesin this field will be most rewarding.
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Glucose is the substance most commonly respired in plant. It is consumed in cellular
respiration according to an overall reaction usually written as follows:
C:H,¢O- + 1Oy %u® 1COx + 1H(O ")

However, reaction (1) obscures the fact that oxygen gas does not react directly with
glucose in respiration. Instead, water molecules are added to intermediate products of
glucose degradation (one molecule of water for each carbon atom in the glucose
molecule), and hydrogen atoms in the intermediate products are transferred to oxygen
gas, which is reduced to water. An overal summary reaction more in harmony with these
biochemical considerationsis as follows:

C:HyyO: + THyO + 10y 3%® 1COy +)YHO (V)
The addition of six molecules of water to each side of the equation is algebraically
meaningless but important from the biochemical point of view. Reaction (Y)-formally the
reverse of the summary reaction of photosynthesis-proceeds in individual plant cellsin a
series of sub reactions, each of which results in the breakdown of more complex to
simpler molecules and each of which is catalyzed by a specific enzyme:

5o osbe ol 0,5 oo 1,8 eoliinl 050 (LS Gla sl )0 i by ;0 a5 el (ST osls o Jgene oS
Dydes Sran p S STy Gl (ol uds
CeHp05 + 60, @ 6CO, +6H,0 (1)
S e JLiil 5 b SIS | Lo ¢ kS 50 (0S|I oS 3 b g |, i 00l 398 2555 s
Js-Sse ) wisds oo 4Bl 5915 w326 Vel g Jab a0 alansly EYsams 4 0T sl J5SUge (S0 50 asly
5 W e Jitie O 4y alawsly Jpama Slso 10 35250 (335,900 ol s (505 J5Sse 10 08 o1 o sl
IS e 3jpa e S )3 (Saplie (sla 2Ty SLsiz s o T JsSge a5 3 Op Lol el azs 5o
el iz 3l 6 i Kinlan oliandin Slasdle ol b a8 IS 5 aodls Jlaiil 5 Jad .5 acalys
CeH120 + 6H,0 + 60, #:® 6CO, + 12H,0  (2)
sl Cganl il oo S5 5 0,00 sesede (2l Sl lsbe Bib a4 O JsSge b o a8l

S Sz B,k 5 ol sl she 51 Sosm 5o il pngis S il g e S @lyy0 a5 (2) Jlaiil 5 o



www.Endbook.net

d97» awazti 4 TN PP
F—— a1
A A A A A AaiE A A - i A - =
'jl.igi-i i

ool Lo JsSUse ay Sodazy slosSse 4528 4 yzie b)) 51 Sy o8 05 g0 plonil (o5 YLkl 5 Jad

99950 559520 (pogatar il alowsty Lo iSTy nl 5l Al 50 5 0055 e

20 oy
Transfer of respiratory gases between a plant and its external environment is an essentia
feature of respiration. The transport process itself takes place entirely by diffusion. Oxygen
consumed in respiration gains access to each and every growing plant cell within the plant
body by diffusion from intercelular spaces between cdls. Similarly, carbon dioxide
produced in respiration diffuses out of each and every growing plant cell and into the
intercellular spaces between cdlls. The plasma membrane and protoplasm of plant cells are
highly permeable to both of these gases. Transport of oxygen and carbon dioxide between
intercellular spaces and the atmosphere which is externa to the plant body aso takes place
by diffusion.
Oxygen has a rather low solubility in water. Therefore, a deficiency of oxygen is likely to
occur in waterlogged soils. Under these conditions, the growth of many plants may be
impaired. In fact, many plants will die if severe oxygen deficiency around the roots persists
for extended period of time. However, certain plant species that grow naturaly with their
roots submerged in water are adapted to withstand conditions of water logging. In rice, for
example, continuous air spaces extend longitudinally through the plant body and congtitute
o-v.7 of the root tissue. Oxygen enters this important hydrophytic crop plant in the aerid
shoot portion and diffuses through the internal gaseous passageways to the cells of the root
apical meristem.
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Respiratory rates vary with changes in certain environmental factors. Temperature has a
marked effect: respiration rates of actively growing tissues increase sharply with
increases in temperature in the biological range of 0°C to about 40°- 45°C. Light affects
the rate of respiration of green leaves. In addition, respiration rates are affected by a
variety of other factors, including wounding of tissues, application of herbicides to
tissues, fungal infestation, and so forth. In fact, the rate of respiration of a plant tissue is
often a sensitive indicator of the health or vigor of a tissue. When fungal infestation
occurs, for example, the rate of respiration of the tissue rises above that which is normal,

even before visible signs of disease are apparent.
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There are a number of physiological processes in plants and animals that are directly
affected or controlled by radiant energy. Photosynthesis in plants and vision in animals
are the best-known examples. Other plant processes also affected by radiation include
protoplasmic streaming, flower induction, seed germination, chlorophyll biogenesis,
bending of organs as a result of irradiation (phototropism), and numerous growth
reactions. The term radiation biology has been given to the study of the action of radiant
energy upon biological systems. Some of the effects of radiation, such as those of x-rays
and gamma rays, may be lethal to living organisms. However, this chapter is concerned
primarily with the effects of only a narrow range of radiant energy on physiological

processes of plants. The study of these reactions has been termed photophysiology.
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Photosynthesis is one of the most thoroughly studied photophysiological reactions in all
of biology. It has been recognized for well over .+ yr that photosynthesis involves
complex series of reactions that result in the conversion of radiant energy into chemical
energy.

Early plant physiologists understood that only leaves and stems-the green portions of
plants- were involved in photosynthesis. It was later discovered that the green color was
due to an organic molecule, chlorophyll, and the general opinion arose that it was the
chlorophyll which absorbed radiant energy. The first action spectrum of photosynthesis,
determined in the YAA+s by Engelmann, showed that maximum photosynthetic activity
occurred in the blue and red regions of the spectrum, coinciding with the maximum
absorption peaks of isolated chlorophyll. It was also recognized that many additional
pigments were present in green plants, and it was difficult to decide whether all these
pigments were active in photosynthesis or whether some might be inactive.

Further information regarding the role of the various leaf pigments in photosynthesis
came from studies of their fluorescence spectra. It will be recalled that an excited
pigment molecule may return to ground state by the emission of radiant energy of a
longer wavelength than that which it absorbed. Thus when chlorophyll-a is irradiated it
will emit energy as fluorescence with the characteristic spectrum. The maximum
fluorescence occurs at " 1A nm, which is slightly greater than the absorption maximum at
1Y nm; there is also a second smaller fluorescence shoulder at YYY nm. Now suppose
that we have an instrument that can detect radiant energy at a wavelength of YYY nm (the
second peak of the fluorescence spectrum) and that we irradiate a leaf with radiant energy
at 1Y+ nm; then the instrument tuned in at YYY nm will detect radiant energy emission.
Now assume that we irradiate the leaf at ¢©+ nm where chlorophyll-a also strongly
absorbs radiant energy; again, the instrument tuned in at V¥Y nm will detect fluorescence
emission. Now suppose that the leaf isirradiated at ©+ + nm where chlorophyll-a absorbs

poorly but where b -carotene absorbs radiant energy very well. Once again the instrument

tuned in a YYY nm detects the fluorescence emission spectrum characteristic of
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chlorophyll-a. In short, the fluorescence spectrum characteristic of chlorophyll-a is
emitted regardless of the wavelength of radiant energy used to irradiate the leaf, so long
asit falsbetween ¢++ and 1A+ nm.
From studies of this type it was concluded that several leaf pigments in addition to the
chlorophylls participate in the absorption of radiant energy used in photosynthesis.
Chlorophyll-a participates directly in the reactions leading to the conversion of radiant
energy into chemical energy, while the other pigments (the so-called accessory pigments)
transfer their excitation energy to chlorophyll-a. The transfer of excitation energy
between the pigments is thought to occur by a process known as inductive resonance.
This process may be visualized as follows. Consider two pigments A and B which are
converted to excited molecules (A* and B*) through the absorption of radiant energy.
Pigment A has a peak in absorption at a shorter wavelength than B. furthermore, both
pigments are arranged so that they are in close proximity, as might occur in a structural
unit such as a chloroplast. If pigment A is irradiated at an appropriate wavelength, it is
converted to an excited state A*. an excited pigment can lose excitation energy several
different ways-by fluorescence, by thermal degradation, or by a chemical reaction.
Another method is to transfer the excitation energy to another pigment, which in turn is
excited-that is, by inductive resonance.

A + Radiant energy 3%.® A*

A*+B %.® A +DB*

Severa restrictions are placed on this process of energy transfer. The absorption
maximum of pigment B will be at a longer wavelength that that of pigment A. inductive
resonance does not occur from B* to A. upon transfer of energy to pigment B from
pigment A, pigment B* can then participate in any reaction characteristic of the excited
state.
Some progress has been made in our understanding of the localization of the
photosynthetic pigments within the chloroplast and their organization with other

chloroplast components. However, the very early events of photosynthesis involved in
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the transfer of energy from an excited chlorophyll-a molecule to other chloroplast

molecul es have not been clearly delineated at the present time.
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It has been known for many years that plants bend toward light. The response results from
differentiad growth of the irradiated plant organ. This growth response, known as
phototropism, was studied in great detail in the Y 4th century by Charles Darwin. He noted that
the coleoptiles of grass seedlings were especidly responsive to light and that when the
coleoptile tip was unilateraly irradiated the coleoptile curved toward the light source.

Red light has little effect on phototropism, but as shown blue light exerts a marked effect on
coleoptile curvature. The pigment responsible for absorbing radiant energy active in
phototropism has not been positively identified. Tow pigments, carotenoids and riboflavin,
have been suggested as the photoreceptors. Their absorption spectra are shown. The
carotenoids are of widespread occurrence in plants and may exist in a number of isomeric
forms. A comparison of the absorption spectrum of b -carotene with the action spectrum of
coleoptile curvature in the oat plant (Avena) shows a reasonably good correspondence between
¢+« and °++ nm but a wide divergence in the shrt wavelengths between ¥+« and ¢+ nm. It
has been argued that in the plant the carotenoid is "bound" to form a pigment complex, the
absorption spectrum of which may gpproximate the action spectrum more closdy than does
the pure carotenoid in solution. However, there is little or no evidence on this point so that it
has not yet been proved.
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Photomorphogenetic processes utilize radiant energy to "trigger" or initiate reactions
which may control or alter growth, development, or differentiation in plants. One of the
major differences between photomorphogenetic reactions and a photoprocess such as
photosynthesis is that the former are generaly initiated by low radiation intensities. For
example, in many plants photosynthesis utilizes radiation intensities as high as A+ -+ to
Ve v ft. c., while a photomorphogenetic reaction such as seed germination is triggered
by irradiation levels as low as ) ft. c. However, other photomorphogenetic responses
occur at very high irradiances, but their mechanism of action is not thoroughly

understood.
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Green plants capture solar energy and convert it into chemica energy by the process
known as photosynthesis. During photosynthesis, carbon dioxide and water are
transformed into simple carbohydrates and oxygen gas is liberated into the atmosphere.
The simple carbohydrates produced in photosynthesis are converted, by further metabolic
processes, into lipids, nucleic acids, proteins, and other organic molecules. These organic
molecules are further elaborated into leaves, stems, roots, tubers, fruits, seeds, and other
tissue and organ systems.

Plants and plant products are the major food sources for all the other organisms of the
earth. The total mass of living organisms (plants, insects, mammals, and so forth),
referred to as the biosphere, is very small in comparison with the nonliving portions of
the earth. For example, the earth's crust (lithosphere) weighs 1.5" 10%kg, the ocean
(hydrosphere) 1.4” 10% kg, and the atmosphere 5.1° 10" kg, while the biosphere amounts
to only 1.2" 10”°kg (dry weight). Despite the disparity in weights, the activities of the
organisms within the biosphere contribute in a significant manner to the maintenance and
activity of the lithosphere, hydrosphere, and atmosphere.
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The production of organic matter by photosynthesis depends on the availability of
inorganic nutrients, adequate supplies of water and carbon dioxide, favorable
temperature, radiant energy, and the absence of toxic substances from the immediate
environment. These factors are part of the environment and may be varied rather widely,
giving rise to different levels of plant productivity. Internal factors such as kinds of
pigments, enzyme levels, and the degree of organization of the photosynthetic apparatus
also influence productivity. Taken together, the external and interna factors may be
evaluated in terms of the efficiency of the plant in converting solar energy into chemical
energy. The question asked is, how much of the radiant energy from the sun that falls on
aplant is converted into plant organic matter?
Each hectare of the surface of the earth receives approximately 40° 10°kca of energy
daily. This energy covers a broad spectrum ranging from short wavelengths of ultraviol et
radiation to long-wavelength infrared radiation. Plants, however, can only utilize
wavelengths lying between ¢.+ and Y.+ nm in photosynthesis. Therefore only a
relatively small portion of the radiant energy reaching the earth's surface is being utilized
by plants.
To determine the efficiency of the plant in converting solar energy into chemical energy
it is necessary to measure how much plant material is produced in unit time (year, month,
week) on a unit of land (acre, square meter). The caloric value of the plant material is
then determined by combustion and compared to the amount of solar energy which fell
on the plants. The efficiency of conversion is calculated as follows:

Caloricvalueofplantmeaterial

Efficiencyofenergyconversion = .
Solarenergyavailable
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It has long been recognized that the leaves of plants belonging to the Crassulacean family
(e.g., Kdanchoe, Sedum) display a diurna pattern of organic acid formation. During the day
the total organic acid content of the leaves decreases, accompanied by an increase in the pH
of the leat cell sap, while during the night the organic acid content increases and the pH of
the leat cell sap decreases. Similar patterns of leaf organic acid content are found in other
groups of plants, for example, in certain members of the cactus, orchid, and pineapple
families. All such plants are referred to as Crassulacean acid metabolism (CAM) plants.

In addition to their leaf organic acid metabolism, CAM aplants share other attributes. The
leaves, and frequently stems and petioles, are fleshy or succulent. Asfar asis now known, al
CAM plants possess the succulent habit. However, there are succulent plants (eg.,
halophytes such as sdicornia) which do not carry out Crassulacean acid metabolism.
Another characteristic attribute of CAM plants is their internal leaf structure. The succulent
or fleshy leaves are made up largely of chloroplast-containing mesophyll cdls, and the
vascular tissue is not enclosed in a layer of well-defined bundle sheath cells as was noted

with C; plants.
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Air pollutants are known to decrease photosynthetic activity in plants. At high
concentrations, certain gases react with cellular constituents and bring about the degth of the
affected tissue. If the stomatal apparatus is damaged, the entrance of carbon dioxide into the
leaf is prevented. Subletha concentrations of certain gases may temporarily inhibit
photosynthetic activity without causing permanent damage. The generd kinds of air
pollutants that are known to have an effect on plant growth are ozone, hydrogen fluoride,
sulfur dioxide, and oxidants produced by the action of sunlight on hydrocarbons and oxides
of nitrogen. The oxidants are complex in nature and are sometimes referred to as chemical
smog.
Moisture stress aso modifies photosynthetic activity. Under conditions of high rates of
transpiration, the leaves may temporarily wilt and close their stomata. At such times entry of
carbon dioxide is reduced, and the rate of photosynthesis will drop. Moisture stress may aso
have a more direct effect on photosynthetic activity by upsetting the organization of enzyme
systems. Very little is known about how these moisture stresses affect photosynthesis, but
they contribute substantially to decreased photosynthetic activity and lowered crop yield.
Temperature also has a very pronounced effect on photosynthetic activity. 1t will be recalled
that studies of the interaction of temperature, light intensity, and carbon dioxide
concentration demonstrate that two different kinds of reactions were involved in
photosynthesis-a series of chemicd reactions and a series of physical reactions. Temperature
aso influences other physiological processes in the plant. Respiratory processes, for
example, are speeded up at high temperatures. Of course, these processes, just as the
photosynthetic processes, have an upper temperature limit, and prolonged exposure to
elevated temperatures may permanently damage the enzyme systems.
Carbon dioxide concentration has a very marked influence on the rate of photosynthesis.
Natura air contains on the average +,+ Y7 carbon dioxide, and it was shown that the rate of
photosynthesis could be increased severalfold by increasing the carbon dioxide
concentration. While this is feasible under laboratory conditions or even in greenhouses, it is

not possible to increase markedly the amount of carbon dioxide in the air above a field of
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wheat or in a forest. There are, however, certain conditions that might improve the
availability of carbon dioxide to crop surfaces. The density of the crop and the height of the
canopy will influence the mixing of the carbon dioxide within the immediate vicinity of the
leaves. Soil organic matter accompanied by a vigorous population of soil microorganisms
may increase the concentration of carbon dioxide at the soil level. Under appropriate
conditions of air turbulence, this carbon dioxide may become more readily available to the

plants.
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Data were given which indicated that plants growing under odinary agricultural
conditions, where moisture and nutrients are limiting, do not convert more than
+,V-+,Y/ of the usable radiant energy into plant organic matter. Under conditions of
intensive agriculture, where adequate moisture and nutrients were provided and where
modern land management practices are followed, crop plants convert between Y and Y/
of the usable radiant energy into plant material. Under special conditions, efficiencies as
high as 1-) + 7 have been reported. It is thus obvious that there is a wide spread between
crop productivity under various agricultural systems and that largeincreases in
productivity can be achieved by supplying adequate water (irrigation) and nutrients
(fertilizer) and by following good land management procedures. In areas where modern
agricultural practices are not now followed a ) +- to Y «- fold increase in crop productivity
can be achieved by using information now known to agronomists and soil scientists.
Most of this agricultural information is directly applicable to crop production in the
temperate region of the world; less information is available regarding crop production in
the tropics and subtropics.
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At the carbon dioxide compensation point, carbon dioxide produced in respiration is
exactly compensated by carbon dioxide fixed in photosynthesis. The rate of fixation of
carbon dioxide in photosynthesis just balances the rate of carbon dioxide production in
respiration. Therefore, net photosynthesis is zero at the carbon dioxide compensation
point. Only at external carbon dioxide concentrations higher than the carbon dioxide

compensation point is there a net fixation of carbon dioxide.

g ad> e 0 ooty COp Jlaie L ol p l.a..eo s S eanals1 COy Jlais COy )l s abas o
JYSEINY 5"3 QJ‘))Lu . LSBLM-A sy 5o o._\_.,.,,.)‘)] C02 u.cjw Lt CA.»J)O ).o.u.uj.oﬁ B C02 Sl s.A.C]uJ n.\.quJ‘SA
Ol ahass 5l o 7S la e o CO; clale a5 olKin s aib o oo plp COyp s ahais o alls



www.Endbook.net

«219» azi b L Rt

Alkaline soil conditions are usually found in arid and semiarid regions. In contrast to an
acid soil, an arable alkaline soil (e.g., one with a pH higher than V,°) is likely to have
relatively large amounts of calcium and magnesium and little or no ionized aluminum.
But the availability of heavy metals such as copper, iron, managanese, and zinc will be
markedly decreased in akaline soils. Moreover, these soils will be low in available
phosphate, because soluble phosphate will react with excess calcium to form insoluble
calcium phosphate. These and other unsatisfactory soil conditions associated with
alkaline soils usually can be corrected by lowering the soil pH. Elemental powdered
sulfur is the chemical fertilizer which is used most often to render a soil more acidic.
Elemental sulfur is absorbed and metabolized by certain microorganisms that are present

in most soils; during this process, sulfate and hydrogen ions are produced.
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The ability of a plant species to grow better at either an acid or akaline rather than a
neutral reaction has its basis in the response of the plant to special soil conditions
associated with these soil reactions, rather than the hydrogen ion concentration itself. Acid
soils will be a better growth medium for those plant species which are able better to
tolerate the higher concentrations of available iron, manganese, and auminum that usually
are present in acid soils. In alkaline soils the availability of calcium is increased, whereas
the availabilities of copper, iron, manganese, and zinc are reduced. Plant species which
require relatively large amounts of calcium are likely to grow well in akaline soils. Also,
certain plant species which grow well in alkaline soils may do so because they have an
inherent superior ability to absorb copper, iron, manganese, and zinc when only limited

supplies of these elements are available.
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Nitrogen in soilsis available to the roots of higher plants mostly as nitrate ion (NO;) and

ammonium ion (NH;). Both of these forms of nitrogen are present in soils largely as a
result of microbial decomposition of the organic remains of plants and animals. Nitrate
ion, being negatively charged, is not bound to clay and humic particlesin soils. If it is not
absorbed by plants, nitrate may leach through the soil and into the aquifer (the porous
subsurface rock which holds water) or may be washed away into rivers and oceans.
Ammonium ion is a cation and therefore is held tightly by clay and humic particles. Thus,
whether ammonium is produced naturaly in soils or is introduced intentionally as a
fertilizer, none of it islikely to belost to the aquifer or the oceans.

Of the two major forms of nitrogen in soils, nitrate rather than ammonium is the principal
source of nitrogen to higher plants growing under usual field conditions. In most tillable
soils in temperate regions, ammonium is transformed by specific soil bacteria into nitric
acid. This process is called nitrification. Nitrification by soil bacteria is quite rapid:
Ammonium fertilizers applied to tillable soils are likely to be transformed to nitric acid
(HNOx) by bacterial action in only afew days. These bacteria excrete nitric acid into the
soil, where it dissociates into hydrogen and nitrate ions. Only in poorly drained,
unaerated soils, where the specific bacteria which normally convert ammonium to nitrate

do not grow well, is ammonium present in relatively large amounts.
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The fact that the shoot-root ratio can be controlled, at least to some extent, by nitrogen
supply has a bearing on nitrogen fertilizer programs. To illustrate with only one example,
consider the sugar beet again. In the production of this crop, it is desirable to promote the
elaboration of photosynthetic tissue early in the season. But late in the season it is
desirable to restrict the growth of leaf tissue and promote the growth of root tissue. These
objectives can be realized by supplying nitrogen fertilizers at planting time and perhaps
once again, a month or two later, and by withholding nitrogen fertilizers near the end of

the growing season.
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To give a specific example of when not to fertilize a crop with nitrogen, consider the
sugar beet. Thisis acrop grown in temperate regions; the time from planting to harvest is
about 1 mo. At harvest time, the roots (beets) are sent to the mill, where the sugar is
extracted. To produce beets with high sugar content, heavy applications of nitrogen
fertilizers must be avoided during the period of several weeks prior to harvest. If heavy
applications of nitrogen were made at this late date, their assimilation into amino acids

and proteins would result in a decrease in sugar content at harvest time.
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Biological nitrogen fixation is carried out by two main types of microorganisms:. those
which are "free-living" or asymbiotic (i.e., capable of independent existence) and those
which live in symbiosis with other plants. (Note: Symbiosis was defined in Chapter 4.)
The asymbiotic nitrogen fixers can be classified into three groups: aerobic bacteria
(mainly of the Azotobacter type), anaerobic bacteria (especially those of the genus
Clostridium), and blue-green agae. Although the bacteria in the first two groups are
found in many soils throughout the world, actually they contribute substantially to the
nitrogen content of the soil only under very special soil conditions. a copious supply of
decayed plant tissues and high water content. The blue-green algae which fix nitrogen
generally consist of chains of cells in long filaments. Occasional cells in the chain are
larger than others, have thick cell walls, and are colorless. These cells are known as
heterocysts-only heterocysts are capable of fixing nitrogen. The nitrogen fixers among
blue-green algae include about ¢+ species. They appear to be important mostly in wet
tropica soils (e.g., rice fields).

5 S jo e Oyp0ty &5 o] s S5 135S oo g0 medlSly e aiss 55 Al Np (Sifslser oty
Olals nlo L Canjon &jpot o5 olap)] 500 atws 5 (atis Jites (S5 syl (gin) S oo (S 3]

S (o0 (S
{55 Ligis) 55 base) sils slas 5Ly is,S (st 05, aw & ol |y 3l G jo b QS o
0955 93 Sl L az ST ol s ol 5 (poo S Gtz slags 25 Logarna) silsner slacs 5L
ol A pegatn (sxds ;0 Ll e iSL cnl @lg)s (Jy wabise 8L Lo il 0 LS Sl g ke 5o o
5 owls lacoil ooy s e gl a5 LSS o kit oin) WS oo oS S s Sgzge Ol e
1y N2 o5 (85 e oals 55 Lo iSTbgilin) (o = oo slacSTlr (antly o (g0l oo 1 5 (2LS oudiay o
sl o o Ladshaw 5l (o5 p asloads JuSis ad; S8 4 (Jobo slo 2 1 (IS jsbods aiiS o0 Sl
g i 1) 55 0n Sla sl diied K500 9 W10 (onded (Jobo sloojlgns g il oo b Jobo plo 51 2555

Iy ol aslgs oo ‘Sfl_ e Sl 5l 4565 40 sgas o oS a1, Ny a8 w508 [EXUNSORTSST ) VL SR VO HY



www.Endbook.net

it s o5 €226 >
F -~
e
& P
11 T
T

5l g3 ool (a)50L5 Jie) gbo e g o5 sblis cSE o lacSla oyl aiiS Copts

38y
Of al the substances necessary to plant life, water is required in the largest amount.
Water is present throughout the plant body, from soil water around roots to the liquid-
vapor interface in leaves. The evaporating surfaces of leaf mesophyll cells mark the
discontinuity between water within the plant body and water vapor in the atmosphere.
Every individual growing cell is surrounded by and impregnated with water. Water is the
most abundant molecular species in actively growing plant cells. Growth rates of higher
plants are more sensitive to their water supply and respond more quickly to soil water
deficits than to any other factor of the environment. The availability of soil water to plant
roots and the demands of the atmosphere for water vapor are among the most important
ecological factors governing the distribution of higher plant species on the surface of the
earth.
In most cells and tissues of higher plants, water constitutes more than A7 of the fresh
weight. The water content of some growing cells may riseto 47 or more, but in dormant

seeds and buds water content may be \ + 7 or less.
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The significance of water to the life of the higher plant can be emphasized best by
enumerating some of its functions. (1) Water is a maor constituent of protoplasm. (V)
Water is the solvent in which mineral nutrients enter a plant from the soil solution. Also,
water is the solvent in which mineral nutrients are transported from one part of a cell to
another and from cell to cell, tissue to tissue, and organ to organ. (¥) Water is the medium
in which many metabolic reactions occur. (¢) Water is a reactant in a number of
metabolic reactions [e.g., certain reactions in the tricarboxylic acid cycle. (°) In
photosynthesis, the hydrogen atom in the water molecule is incorporated into organic
compounds and oxygen atoms are released as oxygen gas. (1) Water imparts turgidity to
growing cells and thus maintains their form and structure. In fact, water can be regarded
as a material which provides mechanical support and tissues is responsible for a variety
of movements of plant parts. These include the diurnal swelling and shrinking of stomatal
guard cells, the nocturnal folding of leaflets of certain plants, the opening and closing of
flowers of certain plants at various times of the day, and the sensitivity to touch of
leaflets of plants such as the sensitive plant (Mimosa pudica). (A) The elongation phase of
cell growth depends on absorption of water. (%) Water is a metabolic end product of
respiration. () +) More water is absorbed by plants and greater amounts of water are |ost

(as water vapor) by plants than any other substance.
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Only asmdl fraction, generally much less than V7. of the water absorbed by terrestrial plants is
used in metabolic reactions (e.g., hydrolyses). Most of the water absorbed by roots is lost by
transpiration from leaves. The process of transpiration refers to the evaporation of water from
the aeria portions of the living plant followed by the diffusion of water vapor into the bulk air
beyond the plant.

The retio of transpirational loss of water by a plant to its dry matter production during the
growing season (i.e., the transpiration ratio) measures the efficiency of water consumption by a
plant species: the larger the ratio, the less efficient is the species in its use of water.
Transpiration ratios for most crop plants range from Y+« to ©++ or more; thet is, it takes )« +-
°«+ g of water to bring ' g (dry weight) of a plant to maturity. Clearly, higher plants in
terrestrial habitats are quite inefficient in their use of water. However, some plants are more
efficient than others. It is well known, for example, that C: plants produce two to threee times
more dry matter per unit of water used than do C: plants.

Water loss by transpiration may take place from any part of a plant exposed to the external
atmosphere. However, it occurs principaly from leaves and amost entirely through stometal
pores. Only relatively smal quantities of water vapor are transferred to the external atmosphere
by evaporation from the cuticle; the cuticle of most leaves is very impermegble to water.

Hence stomatal transpiration far exceeds cuticular transpiration.
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Temperature is another factor influencing stomatal movements. The effects of
temperature become noticeable especialy at the extreme ranges that is, near 0°C and
above about 30°- 35°C. At low temperatures near the freezing point of water, stomatal
opening does not occur even when other environmental conditions favor opening.
Undoubtedly this is due to the fact that water transport between guard cells and other
epidermal cells occurs very slowly at these temperatures. On the other hand, when the
temperature of the air becomes higher than about 30°- 35°C-at these air temperatures,
the temperature of |eaves exposed to strong sunlight may be 45°C or even higher-stomata
often close, at least partially. This type of stomatal closure often occurs at midday and is
referred to as midday closure. The pattern of behavior of midday closure-wide stomatal
opening in the morning, partial closure for an hour or two at midday, followed by
reopening of stomata in the afternoon-is likely to occur in many plants exposed to strong

sunlight in temperate regions in the summer on hot, dry days.
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Botanists have been interested for many years in understanding how plants achieve their
distinctive form. During the mid-A -« + s the famous German plant physiologist Julius von
Sachs suggested that plant form was attained through the action of specific "root-
forming" substances, "flower-forming" substances, and so forth. Early efforts to isolate
and identify such substances were not successful, and Sachs views were not strongly
supported by other botanists of histime. A more widely accepted notion was based on the
view that plant form resulted from the maintenance of specific levels of organic
constituents such as carbohydrates, soluble nitrogen, protein, or other substances. Support
for this view came from studies on the chemical composition of plants at different stages
of development when grown under various levels of inorganic nutrition, light, and
temperature. During this period there was great interest in the isolation and identification
of plant constituents. Compounds such as starch, sucrose, glucose, fructose, organic
acids, amino acids, protein, and nucleic acids were found in plants, and methods were
developed for their analysis.
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Dormancy Dueto Seed Coats
Much of the physiological work on seed dormancy has been directed toward an
examination of the role of the seed coat. The seed coat (or testa) of most seeds is
composed of several layers of cells which were derived from the integumentary tissues of
the ovule. In addition, some seeds have additional coat layers derived from the
endosperm or fruit tissues. From a chemical standpoint, seed coats are composed of a
complex mixture of polysaccharides, hemicellulose, fats, waxes, and proteins. During
seed ripening, the chemical components of the seed coat become dehydrated and form a
hard, tough protective layer around the embryo. The seed coats have a strong influence
upon the resumption of growth of the embryo. Several different kinds of coat effects have
been noted: seed coats which are impermeable to water or gases, seed coats which offer
mechanical resistance to the growth of the embryo, and seed coats which contain

inhibiting or promoting substances.
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