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CHAPTER II: WATER & PLANTS
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CHAPTER TWO

'LIFPFPE CYCLE OF PLANTS'

In the previous chapter I have discussed the 'Cycle of Water'. In

this chapter, I will discuss the impact of water on earth to create

life.

As soon as the rainy water falls on earth, the dead seeds hidden
beneath the earth revive and show the signs of life by imbibing the
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Due to 'Rehydration' each and every cell of the seed receive water

and 'Metabolic Activities' within the cells start. Thus, germination

starts in the seeds and signs of life appear on the earth:
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The 'Radicle’ and 'Plumule’ develop during the germination. Radicle

changes to Root and. Plumule changes to Shoot during the phases of

growth:
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Ultimately, the cells of Root & Shoot multiply, elongate and become
mature to give the plant a particular shape and size. Root normally,
hides beneath the earth and grows towards the gravity, while shoot
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grows towards the sun and bears stem, branches, leaves, flowers and
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LIFE CYCLE OF PLANTS ... contd...

The plants ultimately dehydrate and dis:
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This chapter contains the following four sub-chapters:
1) Rehydration/Germination

2} Growth

-3) Matﬁratlon

4) Dehydration & Death

The first sub-chapter of chapter II, contains the Qoranic & scient-

ific deteils of revival of life in dormant seeds.
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sub chaptexr i

f?eef)){cirfa;t:j_c>r1 & Cermination:

As soon as Allah The Almighty rain falls from sky, the dead seeds
beneath the earth imbibe water molecules and get alive. Infact,
during the process of 'Rehydration’ water.iolecules influence the
revival of metabolic activities of each rehydrated cells of the seed
The rehydrated seed later éﬁﬁﬁﬁ’tﬁé\s@gn of germination. The process

of seed germination is the evidence of llfg\fn the earth:
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The foliowing Qoranic Verse confirms that water is must for 1life:
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The following Qoranic Verse indicates the process of germination.
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Due to soaking of water, the seed swells and the seed coat ruptures.
The embryo comes out and germination starts:
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Bven the seeds which have very hard seed coats, like coconuts, palms
and dates etc. breaks easily by Mercy of Almighty Allah, when '
'Rehydration’ takes place, enabling the 'embrvo' to come out of

the hard shell:
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*GCermination

**Radicle & Plumule



Rehvdration & GCermination ... contd...

Allah The Almighty terms the water as 'Purifier' and 'agent’ to
alive the dead earth. Purifier means that the water dissolves the
particles cause impurity in it and makes the things pure. In other
words, 1.can say that water is the best 'Solvent'. Through this
property, water beneath the soil, dissclves the minerals & transpoﬁts
them to the plants through root by way of 'ascent of sap'. The Water

also alives the dead earth; means enable the seeds to rehydrate and

germinate which are hidden beneath the earth:
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Again Allah The Almighty explains in the following Qoranic Verses
. *hat the dead seeds hidden beneath the dead earth get alive as soon
as they imbibe the rainy water and spurt out (germinate) of earth

in the form of greenery/farms:
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¥*when root 1s cut, ascent ofsag/transportation of minerals & water
is distrrupted and overall growth is blocked.
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Rehydration & Cermination ...contd.

Allah The Almighty reveals in Qoran that all lives in this world
'bases on the fact that Allah The Almighty rains pure water from

the sky-that alives the earth i.e. 'germination’', and plants come

out of. the earth:
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In the following Qoranic Verses Allah The Almighty emphasises that
it is 'water' that enables the dead seed to revive its 'metabolic’

activities, followed by germination:
» v, 2 ¢ )._. S I . % ‘v - ’l-—-—" r"""’ _ , /v PN ,‘.‘" “

P v’ ’tvlv' v,.’h‘: v - , s ’<v ’,_,,/ ,\? ~ v:. "“. -
M{gf)‘\il%é\,}sbe)g(xgm*k)fdui _)—'J\\n),l\._q_f,\”)(}.:kh:::g.ﬁ)

i’ i v M ooy s 6/ - , “ w -
(a-GeNE-30 2 T AT B N3 (5 - b laui-s) 0 - Lan 35
A VIEAR: v
(20 =~ O >end b =27 ) Q-—-Q.«-—J\—:o) lc._.u.a.._c.\w

How the 'germination’' takes place i.e. eruption of plumule by split-

ting the earth:
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“*This is a matter of fact and scientifically proved that for 1life
"food' is one of the basic needs. And green plants/trees are the
only source, capable of synthesise the 'food', that is why they are

termed as "autotrophic'. And such green plants/trees grow, only
when the 'rain’ falls.
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Rehydration & CGCermination ...contd...

Allah The Almighty created the sky capable to rain and earth capable

to '‘germinate
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And Allah The Almighty after that expanded the earth and made it

a source of water, which comes up to influence the germination*:
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This is the sign of 'Glory' of Almighty Allah that the useless

* %
earth which vyou see becomes capable to germinate the seeds and
enables them to grow (plumule & radicle) and flourish in to greenery

when Allah The Almighty rains pure water on it:
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Allah The Almighty rains the pure water from sky, which enables
the sowed seeds to germinate and turn into green farming, looks

pleasant to the farmers:
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And Allah The Almighty made the earth capable to germinate all types

of plants & trees, suitably:
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*Pasture

*¥%¥pevitalises/Metabolises the dead seeds.



Rehvdration & GCermination... contd...

Now. let me review the scientific aspects regarding 'Rehydration’

and ‘Germination’ of seceds. The basic science of Rehydration & Germi-
nacion absolutely bases on Qoranic Science, though modern science
covers the details. But Scientific investigations are no way concern
that Rehydration/Germination is one of the stages of the origin of
'Human Creation™.

The following experiment provide us the sufficient evidence that

water is the only factor required to rehydrate ‘& germinate the seeds.

Jig: Demonstration of Rehydration/Germination of seed.

A seed: No water, No Rehydration/Germination
B seed: Suitable supply of water shows maximum 'Germination'.

C seed: shows slight 'germinavion' since there is excess supply of

water.



Rehvdration/Cerminationrn ...contd...

RIDHNYIDIZAT T OJN:

Germinaticon starts as soon as the seed becomes rehydrated by way of
"imbibition'. During imbibkition, cells near the surface of seed be-
come completely rehydrated, whilst cells further away from the

surface may remain dry.

CGCradual renewal of 'Metabolic’® activity during the hours taken to
complete the process of water up-tcake. However, th. techniques of
Auto Radiography., Microscopy & khlectron Microscopy, which allow
investigations of individual cell with ir a seed, shat that 'PROTEIN'
and 'FNA' synthesis are initiated within a cell, almost as soon as

that cell has been 'rehydrated’.

The ability to reinitiate the 'metabolism’, more or less 'instantly’',

indicates that the components necessary to sustain metabolism, must
s@rvive the dehydration/rehydration process. There i1s, infact, clear
" evidence that a mature, dry & quiescent seed does indeed contain the
whole range of metabolic & synthetic apparatus, required for an

immediate renewal of metabolic activity.

]

For example., RLSPIRATION, may pe reinitiated before the synthesis of

new 'Respiratory Enzymes'. 'Protein synthesis can get under way with-
oul the need to await the arrival from the 'nucleus’ of newly synthe-
sised 'RhNA' molecules. 'Protein' synthesis is particularly interest-

ing example of Metabolic Readiness.

Although there is an immediate renewal of metabolic activity on
Penhvdration, 1t appears that metabolism in the early stages of germi-

.nation 1s not a8s efficient as normal.
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Rehivdr-al Lom . - . contd...

Respiration provides a good example of 'Mitochondria’, extracted
from 'Pea’ seed, early in 'imbibkition’, exhibit a lower Respiratory
Control 1.e. iess ATP* is made per unit of Oxygen take-up than
usuyal. This suggests that the Metabolic Apparatus, although present,
1s 1mpaired i1n some wav. This example leads on to the consideration
of the possibility that Cellular Components may be damaged by the
Gehydration/Rehydration Cycle. So, al least. some of metabolic

activities, which occur during early germination is directed at

repairing or replacing the damaged components.

The efficiency of mitochondrial ATP, synthesised is restored as
compcnents of the inner mitochondrial membrane. and as the ‘electron
carrier proteins' are made and inserted into the membrane. The
membrane svstems become less leaky., as Phospholipids Membrane Compo-
nents are synthesised. Gaps and breaks in DNA** molecules are filled
and sealed by action of the 'enzymes'; ]Jike DNA Polymeraze & DNA

_ Ligaze. The broken RNA*** molecules are degraded and replaced by

newly synthesised undamaged molecules.

RENEWED GROWTE:

Although some of the metabolic activities auring carly stéges of

germination is related to repair & repiacement process. Ultimately,
the renewal of the metabolic activity is dirccted towards 'growth'.
>Differenh‘pa1ts of 'Embryo' start growing at different times after

the onset of 'imbibitien'.

*adenosine tri phosphate
**de-oxy ribo nucliectide

*¥*¥ribo nucleotide



C Renewed GCrowth ...contd...

In many specles, Radicle growth precedes Epicotyle growth by many

hours.

Renewal of growth is often first detected by an increase in the
fresh weight of growing 'embryo’ i.e. embryo axis. In Peas, for
example, the fresh weight of embryo axis increases markedly during
imbibition and then remain constant for some 18-20 hours. The suit-
able temprature for this growth is 22 T to 25 C. However, at about
22 hours after the onset of imbibition, a fresh weight again starts

to increase immediately.

~
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nis growch is accompanied by cel]l externissi on in the Radicle
Land by the differentiation of the 'Vascular' tissue, some times
tetween 30-40 hours after the onset of imbibition. The elongating
Radicle splits the Testa and emerges. This is important to note

that growth of Radicle is brought about by elongatzion

of pre-existing cells. Cell division 1s not usually recommenced

unti1l after the emergence.

Ultra structurally. the increase in fresh weight is accompanied

by 'proliferation' of sub-cellular 'organelles' and 'membrane system
In the eariy stadgdes of germination, for example, synthesis of Micto-
chondrial Membrane component is largely associated with repair &
renewal of membrane, with the consequent restoration of Respiratory
fficiency. However, later on, significant increase in the amount
~of Respiratory Enzymes occur, and later still, during the Cell Elong

ation FPhase, there is an increase in the number of Mitcchondria.
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Renewed GCrowit:h ...contd...

The Endo Membrane System of the cell i.e. Endoplasmic Reticulum
and Golei Bodies also proliferate. The Golgi Bodies are active

in the transport of Poly Saccharide materials to the Cell Walls.
Vacuoles arise from the Fndoplasmic Reticulum and the expansion
cf these Vacuoles (by wate take-up) and their subsequent Coales-

cence, which causes the elongation of the cells Radicle.

in addition to the proliferation of Organelles and membranes, there

. are also i1ncrease in the amounts of many Enzymes. A large proportion

*

o1 the Enzymes are day to day working Enzymes of the cell, which

regulate the vast array of normal metabolic sequence. i1n addition

to these, there is also a significant increase in the activity of
those Enzymes specifically associated with the renewal of the Cell
Division. These include Ribo Nucleotide Reductaze: a key Enzyme
in the synthesis of De-Oxy Ribo Nucleotide (the building blocks
for DNA synthesis) and DNA Polymeraze. which synthesise new DNA

molecules.

increase 1n the amount of Nucieic Acids also occur. The increase
in the amounts of Ribosomal RNA (and hence Ribosomes), Transfer
RNA and Messenger RNA provide a means of supporting increased rates

of Protein synthesis and alsoc a preparation of Cell Division.

Replication of DNA with the Meristematic cells of the Radicle is

clearly a specific preparation for Cell Division.
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Paeariéavueaci CGrowth ...contd...

% 0ed Coal

donggﬁon

o
in the Peas and its relatives, DNA replication is initiated at

about ths same time as the start of the large scale accumulation
of RNA,

bhut 1n many other species, including Tomato & Radish, DNA

replication occurs some what later than the onset of RNA accumula-
tion. Some hours after the iniciation of DNA veplication, Lhe

*x
Cell Division 1tself is initiated. As has been emphasized already,

the early growth of the Radicle is achieved by Cell Elongation,

without addicion of any new cell. Cell Division is, thus a rela-
tivelv late evenl, occuring well after the emergence of 'Radicle’.

The next sub-chapter ii, contains the explanation of Qoranic Verses

regarding plant growth.

XThere 1s no cell division during the stage ¢f germination.

Cell
division starts with the process of growth.
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sub ohapter i

GIROW T

During 'germination’', rehydration & revival of metabolic activities
take place. which cause the ‘elongation' of Radicle. Next to the

germination is 'Growth'.

Allah Tre Almighty indicates in Qoran that water plays important
role during the growth. The germinating seed-lings grow into the
gardens of big trees and some seed-lings grow inlo small plants
{herbs) which cdie soon i.e. span of herb’'s life period is short.
Herbs produce 'cereals’ while tree's span of life period is long
1.e. takes much time to grow and mature and ultimately produces
“bunch of dates i.e. fruits. When dates/fruits become ripe, they

attract the reople and are means of food for humen:
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In the Qoranic text, Allah The Almighty indicates that the 'root',
which 1s generally underground, supplies the water & underground

contents like minerals to the rest parts of the plants/trees,

through ‘'root’. If reoot is cut. supply will be disconnected:
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*Ferterlity depends on the richness of soil with minerals & root
translocates for sound growth, if root is cut translocation of mine-
rals will be disrupt: (6o-yaadi-14)



GCrowitiy ...contd...

Allah The Almighty make use of (during the growth of plants) air
contents in the sky and soil! contents beneath the earth:
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Allah The Almighty explains the scil contents beneath the earth;

like liviag organizm 1.e. kacterise and non-living things like:;

minerals & other elemerts and pure sweebt drinking water:
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This is the 'exhibit' of Almighty Allah's Glory that you see,
that Allah The Almighty alives the dead earth, as soon as the
rain falls. It means that hidden seeds beneath the earth imbibes

the rainv water and start germination and later keep-on growing:
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Allah The Almighty introgates the nen-believers thal the sacds
they sow are germinated and grown inbo a full fledged farming by

Almighty or thev themselves’ Intact, by The Almranis Allalh:
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*The fall of lear indicates the termination of Photosynthesis; a
process during which air & soil contents are utilised to synthesise

food and help the process of growth.



C%I?cSVJtsrd - - - contd..

Allah The Almlghty reveals in Qoran that the 'day' (when the sun
shines) is the source of our food. Allah The Almighty in this regard
has created 'sun’' in the sky: means that sun supplies the 'solar’
energy, while pure water is rained from the sky, which ultimately
carries minerals to the plants through root, enabling the plants
to synthesice the food. Thus seed grows into plants and plants into

garden ot trees:
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Allah The Almighty says that how much He is Merciful to humen to
bestow us “he control over the earth. Again Allah The Almighty guide
us that earth is a 'source' through which you, the humen cultivate

your food:
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Altah The Almighty again guide us to explain the fertile (good for
cultivation) land and non-fertile land (where cultivation is

not possiblej. The fertility of the land is based on the richness
0f soil contents (minerals & water etc.), which help in the pre-
ion of food: ’
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*This Qoranic Verse indicates that green plants, which Allah The Al-
Mighty creates/germinates & grows are 'autotrophic' and not the 'hete
rotrophic’, since no one provide them food for their survival, but
they synthesise their own.



GCrowth . . . contd...

In the following Qoranic Verse Allah The Almighty indicates that
water ic required for division, multiplication and elongation of
cells of the plants .
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Qoranic Verse reveals that growth of Herbs, Shrubs and Trees in
differenrt shape and size require water, whether they are grown on
same lard or different lands. For example land may be rich in water

and mineral salts or may contain poor quantity of water and mineral

salt:
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goran again reveals that germinating seeds grow into full fledged

trees, when Allah The Almighty rains water from the sky:
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Allah The Almiighty emphasises that Chlorophyll is the most impor-
tant factor found within the leaf to continue the process of growth:
' T L'z\é v s
(64-roa r—1-27) O (=" WO
Allah The Almighty indicates that contents of sky like sun & gases
and contents of earth like water & minerals are useful for us i.e.
vwl” ",V'r/‘ t g ':”/'-?,"
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Crowth...contd..

The following Qoranic Verse indicates that lack of water/rain causes
‘draught.’ i.e. dehydration and rainy water brings back the life

pfocess in plants i.e. rehydration and revival of metabolic activity
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The rainy water not only help in qerminatiop of seeds, but also
regarded as the most important factor utilized during growth, matur-
ation ana in production of fruits & cereals. Allah The Almighty
indicates in Qoran that when a seed germinates and grows into a

' seedling, it becomes capable to synthesise food during photosynthe-
sis. Food thus obtained is a source of energy during the process
of respiration. Energy thus produced is consumed to devide, elongate

and mature the cells of the plants:
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Allah The Almiighty rains water from the sky. This water gather

on the earth in form of different source of water, like stream,

river and ground water etc. This water help in the creation of

vegetation of different colours i.e. leaves are green, flowers are

red, yvellow, white, violet and different other colours and fruits

are of various colours. Since water is required for the growth of

leaf, flowers and fruits, therefore, it might raise upward from the

ground i.e. ascent of sap: ¢_3! ;L-r\ 'LY(J/V,’w ()

’/. - B )lr/

15520
Dl it "““*“"“‘\’*3—““3\‘» s E 058 roNis g i
(s 29 8 DU @D s 5 Gy pa S Aan gl




Growizh...contd.

When Allah The Almighty rains water from the sky, germinating seeds
grow into full fledged and thick vegetation. The growth continues
due to supply of water & minerals via 'ascent of sap' and plants
remain fresh & green. Water is lossed from plants by way of 'trans-
piration’. thus. dehydration takes place and plant dies ultimately:
Vo L7 P RV Al o - , v
VIl e BIZAN 5 LS @p o« 2350 KU Sy 80y ol 2 L a5
(45 - et -15) o - ”')C“‘_J—-—-—H °)_)\.>»L~J-~h So\f
Allah The Almighty provides you foods from below your feet and from
above of you i.e. water & minerals from earth which are found
beneath our feet, and sun and gases particularly Nitrogen & Carbon
Di-Oxide., which are found above our head, are collectively useful
during vsegetation. The vegetation ultimately produces 'fruits and
cereals', which we eat as our food. This Qoranic verse indicates

the germination, growth & maturation of the plant and the factors

utilized during growth:
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In the next continued sub-chapter, I intend to cover the scientific

aspects of plant growth.
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GROWTH...contd. ..

Now, let me review the scientific aspect regarding 'growth' of

plants.

Germination has already been discussed in the previous sub-chapter.
Growth is always accompanied by change in form & physiological
) activity. The identical cells are produced by cell division in an

Apical Shoot Meristem enlarge and at the same time become different

from the Meristematic cells, by forming, for instance 'Parenchyma’

or 'Xylem' or 'Phloem'. In the Meristem the newly formed cells

grow first by Plasmatic growth i.e. synthesis of Protoplasm.

primary meristem
Fig. " " Apicllmutﬂm—thyolndrbo!
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Further growth continues and covers the following phases:
a) Cell Division b) Cell Elongation & ¢) Cell Maturation or

Cell Differentiation.



Crowth...contd...

ald Cle>1 1 Diwvision increases the number of cells,
therefore, considerable increase in the amount of Protoplasm. The

Cell Divisions are of 3 types:

1O)AmMitosis: It is a direct cell division. In this process
Nucleus elongates and devide into two daughter Nuclei by constric-
tion and followed by Cytolasmic Division. This process is rarely

seen in living being.

B B mr
cell division /

Z2OMi tossdiss: Mitosis occurs in the body cells of plants &

animals. Each daughter cell contains 2X chromosomes, as of mother.

BOoMediosdis: Meiosis occurs in the Reproductive Cells in
plants & animals. Each daughter cell receive half number of chromo-

some (X) than that of mother cell (2X).

) Cell Elongationmn: The newly formed cells elong-
ate and enlarge considerably, absorb large amount of water and
become turgid. This phase of growth is also called as the 'phase

of expansion'. Vacuolation and Cell Wall synthesis take place during

ERARIC T [P SN A j S
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this phase.
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Nuclear Cell begins to constrict
Cemn&le‘sh .~ membrane Chromatids
) pulled apart
Chromatin {DNA) by fibres
. Nucleolus {(RNA}
.- Celtmembrane
m
PN
V
Anaphase
interphase
o Chromosomes become
Centriu es separate {asters) thread-like again and appear

as dark-staining chromatin

Nuclear
. membrane
disappears

Nucleolus
disappears

0

Chromosomes thicken
Prophase and each splitinto two
chromatids held
together at centromere .Da.ughter cells

in interphase Cleavage furrow forms

7z
Centromere

Microfibres
from centrioles
attached to
centrameres

Chromosomes
line up in equatonal

Metaphase region

Telophase

Nucleolus and nuclear
membrane reappear

Fig Mitosiy—tinaue growth

) Cell Maturation/Differentiation
During this phase expansion of cells slows down and divergence in
cell development become dominant, while basic protoplasmic compo-
nents such as 'Enzyme Proteins' and 'Nucleic Acids' increase in
qunatity in all cells. Cell Wall growth occurs in all cells. The
completion of differentiation leads to formation of the 'mature'
living cells or dead cell elements. The mature tissue cells of 'Par-
enchyma’', 'Collenchyma', 'Sclerenchya', 'Xylem' & 'Phloem' ulti-

mately age and die.




Crowth...contd. ..

Therefore, growth may be defined as 'The synthesis of Protoplasm,
usually accompanied by a change in form and an increase in mass of
growing system. The total mass increase may be many times that of
the increase in the mass of Protoplasmic Components'. In other words

growth is an 'irriversible increase in the mass, weight and volume

2@

AchPerentiotion

Y TR 2 N T X e a T

of a living organism, organ or cell’.

ﬁ
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FPig: dicrammatic representation of the sequences of process which
co~stitute the development of a cell of a higher plant.

The flowering plants is characteristically 'autotrophic', obtaining
mineral nutrients for its growth from water or soil and manufactur-
ing ail‘its essential 'organic' constituents from Carbon Di-oxide,
Water and In-organic ions. Even the voung leaves that already are
photosynthesising continue to require to import organic nutrients or
particular growth hormones. The division and growth of cells of a
plant are nurtured by 'metabolites' and growth hormones, synthesised

in the. specialised tissues of the organism.

Now, let me consider the 'factors' involved during the phases of

growth; these are i) Water, ii) Minerals, iiij Mechanism of Translocation, iv) Photosyn-

Lhesis & v) Respiration.




fe

Crowth...contd...

FPACTORS TINVOLVED DURING GROWTH:

1) Water

2) Minerals

5))Mechanism of Translocation
4) Photosynthesis

5) Respiration

1> vJaatieaxrz Water has already been discussed previously.
Liquid water is absolutely necessary for life, because i) It is
best so.vent and reaction medium of living cell ii) It is reactant
in many metabolic processes iii) The hydration of water is associa-
ted wiﬁh ‘'macro-molecules’', and forms part of structure of the

"Protoplasm', existing as 'liquid ice’.

The Physio-Chemical properties of water are unigque. Even heavy water

De-Uterium Oxide Ds0 or De-Uterium Hydraoxide DHO is toxic.

The absorption of water by ROOT through root-hairs, takes place in
plants. The main channel for upward movement of water is the 'Xyvlem'
in plants. The 'Root Pressure' and 'Transpiration' pull are Motive
Forces »n water movement.

2> NMinerals: Out of 105 periodic table elements, only
limited numbers are essential to the plants. The elements required
in large amounts are called 'Macro-elements, while elements required
in least amount are called 'Micro-elements'. 'Essential Elements

are necessary for growth, while 'Beneficial Elements are not necess-

ary for surwvival but do promote the growth.
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ESSENTIAL ELEMENTS BENEFICIAL ELEMENTS
MACRO NUTRIENTS ' MICRO NUTRIENTS

C., H, O, N Fe, Mg, Mn, Na, Cl, Si,
S, P, Ca. K Cu, 2n, Mo, Se, Rb, Sr,
(Si) B. Cl, Co.

(Na). (Se)

The movement of ions within a across the robt: EPIDERMIS ---» CORTEX

---y ENDODERMIS ---» STELE ---» XYLEM VESSEL ---» THROUGHOUT THE PLANT

BODY:
Cosporion sttip
Endodermis Perigcycie
. ) .
> \
ese:
a4
Nf‘\
o
B H A . .}j
; : : - ‘
Root rar - T QS},
3 \ a2 @
Cortex /
£ pidermis Xylem Phicem
Fig. D-agram of root cross-section, showing the ussues through which water and
rorerdls Move when passing f-om the sod solution 1o the xviem (From Esau, 1960, Plant
~natomy, \\ilev New York and Landon )
Caspatian band - Raot haw
Erauirins Mature
St Comex | Mature xylem phioem Petcycie ¢ Stele
. : ' { immatuce xylems mmature Prioem
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L S At Sl
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particles

fig. Ruotsttuctuie .47 Root up shawing vanous zones, and the regions of

differennation of xvem and phloem. {b) Transverse section of a root i the root
hdir 2o
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3D Mechanism oof Translocatiorni: There
are certain 'motive forces' involved in translocating the water
and minerals from soil to the different parts of the plant via

" root and Xylem Vessels.

a) Osmosis

b) Diffusion

c) Plasmolysis

d) Coheszsion

e) Root Pressure
f) Ascent of Sap

g) Transpiration

@) Osmosis: 0smosis can be defined as 'movement of mole-
cules of a solvent from a region of high partial pressure of a
solvent to a region of low partial pressure, when the two regions

are sep:rated by a Semi Permeable Membrane'.

A plant cell acts as an Osmotic System in plant. The main compo-

nents inwvolved in Osmotic Relationships are:

-Cellulose Cell Wall: Non-living with elastic properties, Cellulose

Cell Wall is completely permeable to Vacuolar Solutes and thus

plays an indirect role in 'Osmotic System'.

-Plasmalemma & Tonoplast: These are outer & inner 'Cytoplasmic

Membrane, respectively. Both are partially semi permeable i.e.
sugar & inorganic ions pass slowly through them. Experiments have
proved that Tonoplast plays more important role than that of

Plasmalemma.
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-Cell Sap: The vacuole containing the cell sap is an aquous solut-

ion of sugars & minerals.
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tig. Tentatnve model of a bwological membrane. The pruten on d"!:
memhiane suifaces is largely in association with the polar heads o
phosphieduds, but in one mstance {top left) it is shown inruding into ¢

hadropliobic hprd imenor. The haiched, rod-shaped areas represent lipi
molecules suchiascholesterol. (From CLARMSON, 1974.)
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3
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Diagram of ar osmotc svstern 0 which mass flow of hquid can occu’
by Munch’s hypethesis See text for explanation
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b I)j_fFi?Llsﬁj_CDrlz Diffusion is defined as a 'movement of
molecules from region of higher partial pressure to the region of

low partial pressure as result of their inherit Kinetic Energy’'.

The molecules of a fulid are considered to be in a state of conti-
nued random motion. Their direction of movement is in a straight
until they collide with another molecule, whereupon, they each will
assume a new course at an angle to the original. Since the molecules
of a liguid are more densely arranged than in a gas, therefore,
chances of collisions in liquid are greater; the path of a molecule

'more' tortuous and the velocity of 'diffusion’ is less.
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Diffusion in liquid and solid is a discontinuous process, in which
some times molecules move rapidly and some times vibrate & rotate
at one point. This is due to 'force of attraction' between inside
and outside molecules. The Force of Attraction acts as 'Potential
Energy Barrier'. When molecules acquire sufficient 'Kinetic Energy'
to overcome this 'barrier’', a molecule becomes free to diffuse &
continues to diffuse until loses its 'Kinetic Energy' due to mole-

cular collision.

#* Fig. " Puss e pothways for ior movemenr® across the root ttighly diagrammatic] The

cyloplasm farir g it e svnpiastc eantruum, s suppled The symplast route s shown at the
bottem, the siuns 2re fna iy discharges nto the apoplast te xylern vesse! walls and tumen,
through the phismaamr o of the x/em parenchyma cells The apoplast route top) s
interrypted by the Cenpron siops {black) which ¢ 1 be bypassed only by entry into the
SVNPLIsSt cureed ¢ vt e passage of wrs imo vacuoles 15 not mbicated  most of the
Vd(‘\)():x}! 6 a NS ARSI A T P (’s‘“S
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< D Plasmolyssis=ss: Plasmolysis indicates the state of

equilibrium between 'Cell Sap' & External Solution.

-Limiting Plasmolys;s: When Cell Sap and External Solution are

"isotonic" i.e. there is no flow of water, neither coming in nor

going out.

-Incipient Piasmosysis: When external solution is 'Hypertonic',

water will be drawn from vacuole. This Process is alsc called as
'Ex-osmosis’'.

Celistose colt watt Central

# Pasmodesmata Tonopiast —e—u

Intercenuiar \ vacuols
space W  Prasrmate Plasig me——rge ~ 0 Smali
s / Michonanion ____'ﬁg.@?% s vesicle
Nucleaplasm """"3“‘5“.‘4\"&}" - RAibsome
VL7 7
Nuc!aolul——-——-—;{g : oy 0
3 Nucloar _ _  enw 3%%—-6«“9. body
Cytoplasin — oF Tonopiast membtang ) AT
g LA o Endoplasmic -_ . SR Pinocylotic
Nucteus > r —  invagination
Plumalem‘v:a/' v
% LA YA
Cetl Walt / . ¢ 0 1 2um
Nugleofus Middle iametia -
) (b) o
: . .
Structure of a vacuolated plant cell ta) Low magnihcation,

uhmmm TOMODIC st e,

-Slight Plasmolysis: Slight plasmolysis is a reversible process of

Ex-osmosis, where cell resumes its normal shape, when cell is put

into 'Hypotonic' solution. (Endosmosis)

~Advancé'Plasmolysis: When more advanced plasmolysis takes place,

‘Cytoplasm' is damaged and pﬁlled away from the cell wall. The non-

living membrane becomes fully 'permeable' and there is rapid 'Ex-

Diffusion' of vascular solute from the cell, resulting death of cell

Tvpes of plasmolyss {a) convex, (b) concave, (¢} tonoplast, (d)(};\?
¢=«ll wall; pe=protoplasm; v=vacuole.
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d) Cohesion: Cohesion theory is proposed by Dixon in
1924. Dixon says that there is a strong attraction among water
molecules. This force of attraction is known as 'cohesion'. The
cohesion in water molecules is so strong that it forms many water

column in Xylem Vessel.

Water is given out of leaves by way of 'transviration'. The space
created due to evaporation causes the pull-up of water column held
by cohesion. Thus water enters into the leaf. The water is pulled-

up from root to stem and finally to leaf.

Cohesion theory has been widely accepted to explain the mechanism

of 'ascent of sap'.

e) Ascent of Sap: Water absorbed by root hairs,
enters into the Xylem of root. The water contains many dissolved

i !

substances. Therefore, such water is termed as 'sap From root,
sap is transported to the stem and then to the leaves. This upward

movement of sap in the plant is called 'Ascent of Sap’.

EXPERIMENT SHOWING ASCENT OF SAP:

If a rooted plant of Balson or a twig of any plant such as 'Neem'
is kept in Saffaranin solution for few hours, the veins of leaves
become 'red' in colour. If the section of the leaf is observed under
microscope, stained Xylem vessels are seen. This also proves that

water moves in plants through Xylem.

For figuve, please over to the next page.
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Fig: Path of Ascent of Sap

fo Root Presssure: Root hairs absorb water from soil
by way of osmosis. From them water diffuses into the neighbouring
cells. This way water moves from cell to cell and ultimately reaches
to Xylem Vessel. Due to this continuous flow of water, a pressure

develops in Xylem Vessel. This pressure is called as 'ROOT PRESSURE’

EXPERIMENT DEMONSTRATING ROOT PRESSURE:

A well watered potted plant of Tomato is taken. Its top portion is
cut in such a way that only a short piece of stem without any leaf
remains above the soil. A glass tube is attached to the cut end

of the stem with the help of a rubber tube: The glass tube is filled
with water and a drop of oil is placed above the water in the glass
tube to check the evaporation. Initial level of water is marked.
After few hours, we observe that water level in the glass tube

rises. “his rise is due to a particular pressure known as 'Roobt-
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But this Root Pressure is so small that water cannot pushed up
to tne top of the tall tree. This theory of Root Pressure is not
applicable for water conduction in tall trees.
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g) Transpiration: Transpiration can be defined as
the loss of water from the surface of a plant. This loss of water

takes place from the surface of a plant through 1) Stomata,

2) Cuticle & 3) Lenticles.

1) Stomata Transpiration: 80-90% of transpiration takes place

through stomta situated on leaves. In 'herbaceous’ plants stomata

are found on the epidermis of stem.

Figures regarding stomata, functions of stomata, transpiration,

. x
and 'water & minerals movements through Xylem & Phloem, please

t

*over to the next page.



94

GCrowth ...Transpiration ...contd...

2) Cuticular Transpiration: About 20% of transpiration takes place

through thin cuticles, which are almost an impermeable covering.
Loss of water reduces with the increase of thickness of the

cuticle, for example in case of Xerophytes & Xeromorphs plants.

3) Lenticular Transpiration: A negligible part of water loses

through the lenticles of barks.

EXPERIMENT TO DEMONSTRATE TRANSPIRATION:

The following experiments proves that moisture passes out of the
leaf -through the stomatal openings. The rate of passing out dec-
reases (f these openings are closed. More stomatal openings are

present on the lower surface than on the upper surface of leaf.

Light
Ltow CO,
Moderate temperature
Sufficient water R
\ STOMA STOMA
CLOSED OPEN
- Darkness - Trandpiration
High CO, . ?”T;
Extreme temperature r’lfy ss(é:%cs:‘——_*—__;\
Water deficiency i f ) .
4 ¢
tig Lsual response of stomata to environmental factors, Y
’ T " oxviem b L {-{ PHLOEM
. E A 4
Fig. M irphology of stomata. | ' gl
{a) Tropacolurm (no subsidiary cells), SUCToSe €t
. , fm {Sink | 4—i’
(d) Al ) : ‘%g ?
- { i
stoma in the c‘l:)scd Al and open (B} position_ Uptake of water
g=guard cell. s = subsidiary cell; e =epidermal cell; p=pore. . Bndsolutes
Fig.

Cuculation of water in plants according 1o the deas of Mansch.

Fig: Transpiration

Planted a seedling in a pot and watered it, then covered the part

of the pot around the seedling with plastic paper or rubber being

4
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water proof. This will prevent evaporation of water from the pot.
Now, covered the jar with a bell-jar. After some time drops of water
will appear on the inner surface of the bell-jar. This water has
come out through the stomatal opening of the leaves of the plant.
This experiment shows how leaves give cub, in the form of vapour,
the water absorbed from soil, through root then via stem. Thus,
"transpiration stream' refers to upward movement of water through

the Xylem, as a result of 'transpiration'.

The Scientists observe that:

. -Transpiration provides the 'motive power' for absorption and trans-

location of water & mineral salts.
-Transpiration providesﬂa cooling mechanism for the plant.

-Successful growth of the plant achieves under very 'humid' condi-

tions, when the transpiration is very low.

-Transpiration is a 'necessary evil' and plants much have a large

area for 'gaseous' exchange.

-t is not possible to have the surfaces of plants freely 'permeable

to Oxygen & Carbon Di-oxide but impermeable to water vapour.

Dixon & Jolly have proved that ’'cohesive' forces between water
molecules, when the water is confined in a narrow tube, is suffi-
ciently high to maintain unbroken columns in the Xylems of highest
'_trees. Dixon & Jolly also observed that water is dragged througn
the plant as a result of evaporation from the leaves. The energy
required for this process is actually 'heat energy’ obtained from

the sun.
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45 Photosmsynthessis: During germination and early
growth, foods stored in cotyledons of seed are utilized. For the
rest period of plant growth, ’photosynthesig' is responsible to
synthesise the food to continue the growth.

~ Photosynthesis is a process whereby the green plants in the presence
of ’lig;g! convert ‘carbon di-oxide' gas from air, and 'inorganic
salts' from the soil into the 'organic' substances i.e. 'carbohyd-
rates’'. Photosynthesis is important to the plants and animals, as an
ultimate source of food. In other words; '‘“hotosynthesis is a pro-
cess of 'Carbohydrates’' synthesis, in presence of photo/light, abso-
rbed from the sun by the 'chloroplast' and simple 'inorganic sources

i.e. carbon di-oxide and water:

Lot
6 COy+ 6 HyO T st S ¢ Flin O¢ & 6 O,

FACTORS INVOLVED DURING PHOTOSYNTHESIS:

1) Water
2) Carbon Di-oxide
3) Light

4y Chloroplast

1) Water : Water enters the main plant, particularly through
the root hairs, travels across the 'Cortex' and moves upward through
'Xylem’, ultimately to the 'leaves' where, 'chloroplast' is found,

which is capable of absorbing the light.
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Growth ... Photosynthesis ... contd...

2D Car-bonmn Di-—-oxide: Carbon Di-oxide is obtained

from two sources:

-Carbon Di-oxide from external air, which diffuses through i)Stomata
1i)Intercellular spaces of leaves to the wet cell wall of Mesophyll.
In the last stage of its movement, Carbon Di-oxide diffuses through
the aquous phases of the Walls & Cytoplasm. At this point there is

maximum resistance to the diffusion.

~-Carbon Di-oxide from the Internal Respiriﬁg Cells, including the
actual Photosynthesising Cells. In actual photosynthesising cells,
carbon di-oxide directly diffuses to the 'Chloroplast' from 'Mito-
chondria'. From Respiring Cells Carbon Di-oxide diffuses out of the
cells through the Inter-cellular spaces of the plant and then as in

the case of carbon di-oxide from external air, through the Mesophyll

walls, Cytoplasm & finally to the 'Chloroplast’'.

Fig: Showing the diffusion of Carbon Di-oxide gas.




98

Growtlhh ... Phoetosynthesis ... contd...

3D I.ight: Hill showed that 'Light’' splits the water mole-
cules, and Hydrogen thus obtained reduces the Ferric ions to Ferrous

ions. Water and Ferric ions (as Ferric Oxalate) are available from

"Ascent of Sap':The Hill Reaction's Chemical Equation:

a FY' + 2 H,O ZUE_ _ »yard + ad + o4

If the function of water is to preoduce a reducing power, then the

Photosynchetic Equation will be as follows:

COa + 2H, O — = - - > (CCHq O)D) E H, O 4+ Oq,

In the case of above chemical reaction, water is a Hydrogen 'donor'

and consequently producing (Oxygen.

Inl454 Arnon proved that Chloroplast, apart from Hill Reaction, also
produces ATP, when ’'Phosphorus' is supplied externally through
'Ascent of Sap'. Therefore, the Chemical Equation will be as follows:

444 Aégﬁé__

+ ¥
2F8% 2H, O+ ADP+P S 2FE+ATP ~3:04+2H

£ hloroplast
Later, Arnon demonstrated that Cabrohydrate synthesis is based on
the free component of the Chloroplast, soluble in water i.e. 'Chloro-
phyll'. Therefore, Light reaction during Photosynthesis is associated
with the .Grana of Chloroplast, while Dark Reaction* is associated

with the Stroma of Chloroplast.

Structure Qf Chloroplast:

Chloroplast is an 'organelle’' found in the green plants, and is an
important type of 'Plastid’'. Chloroplast contains water soluble

pigment - 'Chlorophyll’'.

*Second rart of chemical reaction during photosynthesis when light is
not required. (37,3% G -29)
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Growt.h ... Chloroplast ...contd...
A part from Chlorophyll., chloroplast contains 1) protein, ii) Lipids,

& iii) small quantity of Carbohydrates along with DNA, RNA & various

enzymes reuired for the process of Photosynthesis.

Fi- Interpretation of the structure of a barley chloro-
plast (as von Wettstein).

Kev. COM, chloroplast double membrane {each 35-5¢ A

thick); S, stroma; G, granum {made up of a cylindrical pile

of discs); SL, stroma lamella; GL, grana lamella; D, disc:
OD, osmiophilic droplet.

(From S. Granick, in The C‘cll )

Fig: Structure of Chloroplast

Type of Chlorophyll:

* .
The function of Chlorophyll is important since it absorbs the light.

Pigment Formula Colour
Chlorophyll a CssHjyy OsNiMg Green
Chlorophyll b Csgy Hve O¢ NgMg Green
Carotene Cae Hgyg Orange
Xanthophyll Cao Hge 0o Yellow

Qoran has already indicated the existence of fire in green trees. Fire
is tranformation of solar energy. Fire breaks out during friction of

branches, as 0,is available due to photosynth3315'”B};QJH)~F9€EEZVWS‘V
UGN L v

*»
(64512 S CEAT



GCrowth ... contd...
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5 Respiration: Respiration in plants means "Trans-
port” of Oxygen to the cell, where Organic Compound; 'Hexose Sugars'
combines with the Oxygen to produce Carbon Di-oxide, Water and

Energy:

. R ~
(CH, O) +607 — — — — — y 6CO.+ 6H, O+rEnergy

The oxidation of one molecule of Glucose yields 2880 KJ of free

Energy.

TYPES OF RESPIRATION:

a) External Respiration

b) Internal Aercbic Respiration

c) Internal In-aerobic Respiration
d) Fermentation

e) Phtorespiration

a) EXTERNAL RESPIRATION: In green plants the process by which Oxygen

is brought to the Respiratory Centre of the cell i.e. 'Mitochond-

ria' is called as 'External Respiration'. This Oxygen intake to
the Mitochondria may vary:
»Diffﬁsion of Oxygen from Chloroplast to the Mitochondria, if the

plant is illuminated,

-Diffusion of Oxygen from out-side air through Stomata., across

the intercellular spaces,

-Diffusion of Oxygen gas to the cell wall, if the plant is placed

in the darkness.
* -.\’{,.'..,f‘.'. v o ef e
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Growth ... Respiration ... contd...

b) Intecrnal Aerobic Respiration: The oxidation of cellular food i.e.

Hexose Sugar, by utilizing molecular Oxygen and producing Energy,
is known as Internal Aerobic Respiration or Tissue Respiration.

The site of Internal Aerobic Respiration is Mitochondria:

(CH,pO)X+60,; ———> 6COp +6H, O+EnexrgybiiCal,

e Diagrammatic representation of the structure of
amitochondrion. (After A. L. Lehninger, Scientific American
Reprint 91, Sept. 1961.)

Fig: Structure of Mitochondria

c) Internalﬂln-Aerobic Respiration: The production of Energy from

cellular food material in absence of molecular Oxygen is known as
Internal in—Aerobic Respiration. When a plant is placed in an at-
mosphere lacking Oxygen, the plant produces Carbon Di-oxide.

Ethyle Alcohal and Energy:

CCHqp O ——=> 2C2 Hg OH+ 2CO2 *Energy674Cal

Durirg the chemical reaction of In-aerobic Respiration, an enzyme

is required which acts as a 'catalyst'.




102

N

Growthh ... Respiration ... contd...

d) Fermentation: Fermentation is a form of Anaerobic Resgpiration.
Anaerobic Respiration carried out by some Fungi & Bacteria in

the form of 'Fermentation'.

Apart from 'External Respiration', which is infact a transport
mechanism; ‘'Respiration can be considered as a Process by which

cells obtain their supplies of "Energy" by degration of the Comp-

lex Compounds'.

Durirg Fermentation, Glucose is utilized to produce energy and

ultimate products Pyruvic Acid & Acetal Dehvde:

l)vThe raising of free energy level of the substrate by Trans-
Phosphorylation from ATP:

Glucose + 2ATP --- Fructose 1:6 di-phosphate + 2ADP

2) Split of Fructose 1:6 di-phosphate:Aldolaze acts as Catalyst Enzyme

Fructose 1:6 Di-phosphate ---» Phsphoglygerol Dehyde+Di-~-hydroxy Aceto
) Phosphate

Phosphoglycerol Dehyde is utilized & Di-Hydroxy Acetone Phos-
phate Acetone converts into Phsphoglyeral Dehyde in presence

of Catalyst Enzyme 'Triose Phosphate Isomerase:
Di-hydroxy Acetone Phosphate -~=--~~< » Phosphoglyceral Dehyde

3) Oxidation of Phosphoglyceral Dehyde by removal of Hydrogen to
co-enzyme I(NAD). This reaction involves primarily by HYDROLYSIS
and Phosphoglyceric Acid is formed as a free but Phosphogly-

cerate Enzyme Complex:
a) Phospho Glyceral Dehyde + HOH ~-----2 » Phospho Glyceric Acid

Ceparation of Enzyme from the complex is achieved by second

Phosphorvylation i.e. utilizing Inorganic Phosphate, therefore,

[




s
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1:3 Di Phospho Glyceric Acid is produced at a high Energy

level:

b) Phspho Glyceric Acid+NAD+HOP----»NADHa+H,0+1:3 Di Phospho-
Qly ceric A ad

4) The Di-Phospho Glyceric Acid undergoes a series of reactions

during which high energy Phosphate group is transferred to

ADP. This is followed by a substrate Phosphorylation and

formation of Pyruvic Acid:

1:3 Di-Phospho Glyceric Acid+2ADP----¥Pyruvic Acid+H,O+2ATP

5) -Since two molecules of Phosphoglyceral Dehyde are produced
from one molecule of HEXOSE, thus 4 molecules of ATP are pro-
duvced. Since 2 molecules of ATP were utilized in initial
P:iming of HEXOSE., therefore, ultimately 2 molecules of ATP

are produced from each Glucose molecule:

Chsy.CO.COOH -~--% CHa. CHO + COa (Decarboxylation of Pyruvic
Pyruvic Acid Acetal Dehyde Acid
NADH2 + CHa.CHO ~-~---% CHas.CHy.OH + NAD (Reoxidation of NADHa2)
Acetal Ethyle
Dehyde Alcohal

When 'Yeat' is allowed to ferment Sugar, the rate of fermenta-
tion can be increased by the addition of Inorganic Phosphate

{PO4». This Phosphate is utilized in the formation of A.T.P.

e) Photo-Respiration: In the tissues of 'Chloroplast’', the rate of

respiration in the 'light' & ’'dark' are identical, means, light
does not have any effect on the rate of Respiration.
The Qranic Verse (35.,541-{2 has already mentioned the transformation

of 'solar' energy into the 'energy' stored within the green trees.
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MATURATION:

Plants/Trees attain maturity means, plants/trees are in their

final shape, size and appearance. Qoran illustrates the stage of
maturity of plants/trees that they are properly distinct into:

1) Shoo:: the upper part, which grows towards the sky or sun, rech-
es to its maximum height in the sky. bearing flowers & fruits,

and ii) Root: which keeps the plants/trees fixed i.e. cannot move
the way animals move. The root goes deep into the earth. The depth
of the root depends upon the height of the shoot, only then the
plants/trees may remain fixed on earth: At maturity the root reach-
es to its maximum depth:

4
“
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The following Qoranic Verse indicates that 'root' is main supplier of

nutrients to the rest parts of plants, if cut suppl;<i§ blocked:
(4“5\;51 -1 oﬁf\}i!r}ﬁﬁg\ﬁ e,’-:’::‘ (12-a) 2N 1-2) 13 \::)1\‘\‘;13:(& \,}3\_}4 abd s
In the following Qoranic Verse Allah The Almighty expresses in Qoran
that water is not importantly required during the germination,
but the‘supply of water is as much important at the stage of matur-
ity, when shoot is at its maximum height and root is at its maxi-
mum depth. The Qoran explains a scientifiic practical; by cutting
off the shoot above the earth, leaving the root beneath the earth,
the whole plant/tree lost its entity. This practical also proves,

that water & minerals from earth are translocated to shoot through

the root: (6¢ ;ws-w)t-’(? eV S)BU‘“J“"L’)" t:' “’5

I

O/L)‘gr\aé\(fQVXU;Hng-J*~§“£9~*—1§*{)4?~MA a»\<~A.A“Ah 5
(26-pi--—R Y21 -13)

*¥i.e. cverall growth of the plant is terminated.  ¢5-g2=V-28)
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MATURATION: ... contd.

Growth ¢ontinues in plants till death. But the ultimate stage of
growth is the phase of 'Maturation’'. When the plants/trees start to
produce the flowers & fruits/cereals, it means the growth enters

*
in its final stage i.e. Maturation.

Maximum height, weadth, final shape, appearance of flowers & fruits

are the signs of maturity, as the Qoran describes:
E A 1 (PN AL R A (U,u i V29 BT L. -
o‘)—*«"}-wwﬁ—"f 2355605 i g L2358 SR 235
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The appearance of fruits are sign of maturity, but the growth retard
i.e. the growth of fruits retards if supply of underground water
minerals are blocked by some foreign organisms, life fungus, bacte-

ria and insects, by Will of Almighty Alllah:

1‘{,,
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Allah The Almighty clarifies in Qoran that a seed germinates, grows
and conftirms the maturity by giving rise seven branches and atleast,

one hundred seeds/cereals are produced out of that one seed sowed:
I ")u

w@g’wm\_ﬁgwﬂ&u&‘ 'é,":'”:" N :‘(j"...__ .o

(1% 31 -3 ) ok Fr 1Al »\—f‘»u%

¥when growth reaches towards the stage of saturation.
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Maturation... contd...

Qoran indicates that water 1is required not only for germination, but
regquired for the all the phases of growth, including during the
production of flowers & fruits. In the following Verse, Qoran narra-
tes that rate of fruit production doubles, if it rains heavily,
otherwisg, water obtained from dew drops will be sufficient to
produce fruits normally.

U B Lp sl WA RANO P IATCA RN NPT S ERN S
& Lw 2
(').ss—ja-m-s)o/r:‘e‘.oal’ ke_,:chijAJ

Pure, sweet and fresh water which Allah The Almighty rains from the
sky: not only quenches our thirst, but also grows the seed into big
tree. The growth of all types of vegetation; like Herbs, Shrubs &
Trees are possible if supplied with water. This growth continues
till they become mature enough to produce flowers & fruits of diff-

erent varieties: )
Ny B T “‘—’_J“":" 50 XG5 ety Gp Jdi 1(5\,\—3‘3"5
- »
é)\'b“‘—‘ ~ 1d5 ors s dl:'v\i\, o J‘—J\;Q)—n .,v w
w A
Lio,n -J—==1-14) OO);—L‘“-’“‘ (’)‘““l L \}'---U
5 (a8 -@Mﬁt—l?)éﬁgm’hj)‘ﬂ
The shoot of a tree contains stem which is generally multi-branched:
Again, Qoran narrates that Allah The Almighty rains water from the
sky. Due to this rain, every sort of seeds start to germinate and
appear coming out of earth. Some of the germinating seed grows into
Herbs, sbme of them appears in the form of Shrubs, and some of

them appears like tree. Later, these become mature to produce the

‘Cereals’ from Herbs, 'Grapes’' from the Slirubs and 'Dates, Olive &
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Maturation contd. .

Pomegranates' etc. from Trees. Growth continues till these cereals

and fruits ripe. Ripening of fruits and cereals, invite the wise

PR

(W -l -7) oé'3--'*t3-é ¢

people to ponder over these changes:
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Mature fruits disconnect from the tree & receiving & storing of nutr-
ients from plant is stopped:

Allah The Almighty created such a plant, which on maturity produces

such beautiful flowers; Males & Females. People glorify 'The Creat-

L]

er', to see such beautiful flowers & admire the beauty of flowers:

Ve w
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Qoran emphasises that water is required to produce the beautiful
flowers: males & females. When they bloom

the earth is decorated
with their beauty:

s v 4 ’~ et y w . N Zn /f Mn ”’ G ' ’.v o\i <
(Uo-(m23-21) O pd T (o T2 \*"li:'/ B AR MIYE AUSARE
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Verse Yousef indicates that at maturation, wheat plants bear cereals/*

Water is required during the growth, particularly at the phase of

maturity. when plant/tree produces flowers of different colours &

fruits of different tastes & colours:

:' i % v 4 { 11- < V. T ,’“/ '-M, - - ,\’ - ’ /":- v %
o p\a s A 53 o h s e B TR VES e g & 5 1%50})—4»3\
(7-—2V -22)
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*seeds, used as food:
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Maturation ... contd..

Allah Tre Almighty alives earth by germinating seeds into seedlings,
for which Allah The Almighty arranges most suitable source of water
supply i.e. 'rain’' from the sky. The Herbs, Shrubs and Trees grow
out of these germinating seedlings and produce flowers & fruits/

cereals on maturity:

M £ s . , v . n ”
06)—5\_39 ot \_@a "« )\”"Qxé‘“"”
b 03420 g5 335 g 5y et

(33345 -23) _

Glorify Allah The Almighty, Who created in pairs i.e. males & fem-

ales of plants/trees grown by the earth:

-7
.

Vo, v r) V,?‘ - ’:)’ , ,v./V < . @ ’ iy
PSR TS TESA TR 5 B\l BNV G Gy s
- | v ® ,e’ -
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Allah The Almighty created a varieties of vegetations, like; Herbs,
Shrubs and Trees - which produce fruits/flowers & cereals of diff-
erent tastes and colours, after attaining the stage of maturity
during growth. For example, the farming of (wheat, rice & pulse)

Olives, Pomogranates and Dates:
18 / Lvs Z Yes v & _‘!1:,//._'.,"'7’.{.\,),
B e wy——“wu\u\%—b—w

TGSy T % ’ z w 7 /V.. ﬁ s “ ch ’
(m (\a_x\n Q) ’

When Allah The Almighty rains water from the sky, every things
(living) that is created on earth' are created in pairs i.e. males

and females, which is the s1gn of maturlty-

Qo= yo) _21) O?htrJ’C, L}(Ja\aa4\£L~\;° LA&\AMMA‘L)D ﬂ)aLp
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Maturation ... contd...

Allah The Almighty specifies in Qoran that all types of fruits
are created by the combination i.e. pollination & fertilization
between male & female flowers: s

vil v 1o “ /& /v ,

(3 - sl y—1-13) 0 -.. Q;-~‘ng%L,LQ;,L}au>\_ﬂ SN (B (ns

s »
(268- 050123 0 - éh"ﬂ*bha:?i»l 6 U*W\sﬁﬁud*blewné_%%*: Juas*

The aboxe Qoranic Verse is purely scientific that fruit is the

unified form of male & female flowers.

In the foliowing Verse, Qoran informs that Herbs: which are small
plants and some time creeps on the ground also produces male and
female flowers on maturity. For that stage too, water is required,

which Allah The Almighty rains from the sky:

yo > . L v e v . /Vr»

ng LTSS yb 019*n~4L~c)‘leh)f¢~—=hé,r—°\,” Lobh&AJ\LY(J
(53,54 «__b-xe)o@%”@)ﬁu—-»\k_uh‘au%

Allah The Almighty has created earth for the benefits of all the

living creatures. The earth produces plants/trees. These plants/
trees produces flowers full of fragrance. The flowers ultimately

produce variety of fruits like covered dates and cereals covered

by husk:
L p) .
vi ,"/ "’ { o2 ,.o“" AT :V . 1 TvIin,

g » PI - -~
(omtn -2 ,1-27) 8 © &2 F15, e il

Again, Qoran narrates that these flowers are of two types i.e. males
and females, which unite to create the fruits. These are signs of

maturity during the phases of growth:

. vn" //{ A , -
(52- o 1) 030 S L (¥ &2 s

*The Qoranic Verse indicates that growth of fruits depend on the
sufficient supply of water.
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Maturation ... contd...

Allah The Almighty rains pure water {rom the sky, which alives the

dead earth i.e. hidden seeds beneath the earth, germinate, grow &

ultimately mature enough to produce beautiful male & female flowers:

ot e . A A T L R

gliégLAt\kéﬁ25L)—H3?~—r’L;;~“’L‘Q) s 2 ;&:ﬁ&eﬂﬁAkcgf(l/ragjx)_jb
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Allah The Almighty rains water from the sky, causes the germination

of hidden seeds beneath the earth. These germinating seeds grow into
a complete plants/trees and ultimately produce beautiful flowers
and fruits, which humen & animals eat as théir foods:
R A AT T
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The following Qoranic Episode of Hz Adam a.s. indicates that tree is

source of i) Food¥®, ii) Clothes** & iii) Sexual Reproduction¥¥*,

weoeb v . wle . MRS PP VR P ,,;’,,/:‘. L1515 % ..,4& « 3
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Therefore, on maturation, plants & trees not only supply us our food,

but all sorts of basic needs, required for our life.

The next sub chapter iii, contains the scientific details regarding

the stage of maturation during growth.

¥Fruits/cereals are obtained from tree/plant.

¥¥Cotton, Silk & Jute are obtained from tree.

***Tree produces food, food is converted to blood when eaten and blood
vitalises the sexual organs.
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MATURATIOIN: ...

Let me review the scientific aspects regarding the

the plants.
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contd. ..

‘Maturation' of

I have already discussed the phases of growth in the previous chap-

ter, particularly the cell division and cell elongation. The last

phase of the growth is cell maturation or cell differentiation.

CELL MATURATION/CELL DIFFERENTIATION:

The elongated cells undergo the structural and chemical changes,

and finally differentiate into permanent cells,

rent tissues life;

Phloem:

Fig. Scierenchy ma
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Maturation ... contd...

At this phase of growth, the whole plant is differentiated into

Root & Shoot. Root is more or less same; bearing primary, secondary

4

and some times tertiary roots, root hairs and root apex. While
shoot is differentiated into stem, branches, leaves, flowers and
fruits under two types of growth; i) Vegetative Growth & ii) Repro-
ductive CGrowth.
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!
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Figure -1 Topography of the shoot and rout of a plant, illustrating the use
of the terms “distal” {away froni the main body of the plant) and “proximal”
(toward the main body ), as well as basipetal and acropetal. ’
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Maturation ... contd..

a) Vegetative Growith : Vegetative growth the
following:

1) Cellular Differentiation

2) Organization of the Tissues

3) Development of the organs.

1) Cellular Differentiation & 2) Organization of Tissues are dis-

cussed earlier, now, 1 take-up:

3) Develqpment of the Organs: Organs or the body parts of the plar

like root, stem, branches and leaves are the vegetative parts
of the plants. I take a brief growth of each part one by one.

%
a) initiation of Lateral Roots & Buds: Lateral Root Primordia aris

in the ‘'pericycle' at positions related to the Primary Xylem.
Tnitiation takes place at a level where Cell Differentiation
is proceeding in Primary Root Tissue. there is also evidence,
that the shoot sytem influences 'Root Branching'. It has been
postulated that both léteral Root and Adventitious Root dévelop
ment is controlled by substances like Rhizocalines a kind of

'Auxin', synthesised in Shoot.

Prior to the formation of Root & Shoot, Primordia is a 'Callus
Tissue' - there can be distinguished group of lightly packed
'Meristematic Cells' charecterised by their small size, dense
‘Cytoplasm' and prominent 'Nuclie'. The group is called 'Meris-

tomoids’

*The Qoranic verse inidicates che existence of buds and that buds
are points of vegetative & reproductive growth: -
& . vale
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Maturation ... Vegetative Growth ... contd...

b)

c)

d)

Leaf initiation & Growth: Leaves are arranged on the shoot in

a regular manner as a consequence of spatial i.e. space regula-

rity with which Primordia arise at the Shoot Apex.

The development of leaves involves the functioning in sequence
and for a limited time of a number of zones of Meristematic
activity and an associated programme of Cell Expansion and Diff-

erentiation.

Apical Dominance: Apical Dominance is the phenomenon of suppre-

sion of Lateral Root emergence or Lateral Bud outgrowth by an

actively growing main Root or main Shoot Apex.

An actively growing main Shoot Apex inhibits the growth of Late-
ral Buds nearest to the Apex and the distance over which the
supprassion operates, is a measure of intensity of 'Apical Do-

minance'.

Cytokinin, apparently essential to Bud growth, is synthesised

in the 'Root’' and transported to the 'Shoot'.

Seasonal Bud Dormancy: Dormancy is defined as the lack of growth

in potentially growing system. If the dormancy results from un-
favourable external conditions e.g. low temprature or lack of
water, growth may resumed as soon as the unfavourable conditions

are over.

William P. Jacob adds that certain Hormones are necessary for the

Plants development.



Maturation - - . Vegetative Growth ... contd..

Hormones for Vegetative SCrowth:

a) Root & Hormones: 'Auxin' moving from the Root Tip towards the

b]

Root Base, is partially diverted due to the 'Gravity' to the
lower side of the Root, causing greater inhibition of Root Elong

ation and shows positive Geotropic Curvature.

Another hormone “Cytokinins”. 6 Benzyle Amino Purine is a synthe
tic Cytokinins. This hormone is responsible for good growth
proliferation of cells. Cytokinins is synthesised in Root. 4 Hyd

roxy 3 Mehtyl but 2 Enyle Amino Purine or Zeatin is a natural

Cytokinins

[r) |ﬁﬁ%

l
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primordiwam {P) has begun to grow out, ail diisions in the apical dome are anticlinal in the
plane o/ the section () or perpendicular to 1t (). (b) About 16 h before the next
pnmordiam is formed at P-1, penchnal divisions (M) appear The divisions n the three
pianes are in the ratio 1:I:1, indicating no preferred division plane The restnction on |} E"d’d 1985:
penchinal division in (2} has been hited in (b) {Lyndon 1983)

Shoot and Hormones “Auxin” or IAA i.e. Indole Acetic Acid causes

Figure Penclinal divisions and leai iunation 1n pea (a) fust after a new leaf ‘

the shoot elongation and regeneration of shoot cutting.
Auxin was discovered by Charles Darwin. Auxin is mainly found
in human urine. Auxins are mainly responsible for elongation

of shoots, barks, branches and proliferation of cells.

"Gibberellins or Gibberellic Acid” is another hormone responsible
for abnormal elongation of the young plants stems. Vegetative
parts of the plants contain lesser contents of Gibberellins,

than the Reproductive Parts of the plants. Gibberellins are

found in plant extract.
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Maturatiorn... Hormones ...contd...

¢) Leaves & Hormones: The development of young leaves bases on
the important hormone Auxin or IAA. Dista} leaves are solely

respohsible for the production of Auxin hormones.

Although Auxin is produced within the blade of young leaves, it
has undetectable effect on the growth of the leaf-blade. Auxin
also controls the growth of stem, coleoptiles., petioles and to

the some the growth of fruits.

j o2 Reproductive Growth: Reproductive growth
of the piant covers the following points:
1) Flowering

2) Fruit Development

Although plant development is a cohtinuoﬁs process, there can occur
sharﬁ qualitative changes, such as Transition from Vegetative
Development to Reproductive Development. Simillarly, in some

plants, there occurs a transition from a 'Juvenile' to an 'adult'

form. Only Adult form is capable of flowering.

1) Flowering: The development of flowers require:
-Differentiation of the Embryonic Flower buds, active cell div-
ision at required temprature i.e. 20 C.
~An apparent rest of about 13 weeks at required optimum temp-
rature i.e. 8 to 9 C.
-Nine weeks period of rapia growth of 'Floral Organs' and elonga-

tion of flower stalk. Optimum temprature is about 13 to 15 c.

In case of 'Uni-sexual', "Auxin’' promotes the Female flowering
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Maturation ... Flowering ... contd...

while Gibberellic Acid promotes the Male flowering.

Parts of Flowerr:

There are following parts in a flower:

a) Accessory Reproductive parts in the flower:
1) Calyx & 2) Corolla

b) Necessary Reproductive parts in the flower:

3) Androecium & 4) Gynoecium

CZ&;J.}:}(: Calyx is a group of ‘'sepals' in the form of outer-

most green ‘whorl’'. Calyx protects three inner whorls in flowers,

during 'Bud' stage and remains even in ripe fruits in the form

of 'Circular Disc'.

Corol la: Corolla is a group of coloured 'Petals', arran-

ged in a 'whorl'. Corolla on one hand protects the two inner

whorl. and beautifies the flowers on the other hand.

Stigma
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Maturation ... flowering ... contd...

Androeciwum: Androecium is male reproductive part in

flower. It contains a group of stamens. Stamens are divided into
Anther & Filament. Anther contains Pollen Sac. Hundreds of Pollen

Grains are found in each Pollen Sac. At Maturity Pollen Grains

are scalttered in air.

Pollen sac

Pollen”™
mother cells.

The above figures show; 1) Androecium containing grcup of stamen,

ii) Single stamen & iii) Section through Pollen Sac.

STRUCTURE OF POLLEN GRAINS/MICROSPORES: Pollen Grains are oval or
circular in shape. Each pollen grain has two cells, one nuclus &

two coverings; i) Exine: outer & thick and ii) Intine: inner & thin.

Pollen sac

Pollen graing

Figure snhowing Pollen Sac & Pollen Grain; external & internal.
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Maturation ... Flowering ... contd...

Each Microspore bear three unicellular 'germ pores'. One of them
constitue 'tube cell'. whiie other two constitute 'generative cell',

and are called as 'Male Gametophyte'. Pollination takes place when

pollen grains become two celled.

Male gametes

GCynoecium: Gynoecium is female reproductive part of the

flower. Gynoecium is group of 'Carpels' and situated centrall.

Each carpel is divided into 'ovary' the basal part, and 'Stigma’

the upper part. Ovar & Stigma are connected with a filament; called
Style. In ovary, ovule is found attached to the Placenta on the
central axis. Each ovule consist of a central mass called 'Nucellus'

Stigmatic
papillae

Stylar canal /—— ’




Flowering ... contd...

STRUCTURE OF OVULE:

Nucellus: the central mass of cells of ovule is bounded by a dis-
tinct 'Epidermis’' and is covered with sinle coat, called 'Integu-
ment'. Integument does not cover the Nucellus completely, but leaves

an opening space called 'Micropyle'.

!-—————-—-——— Micropyle

Y Quter integument
Inner integument
Nucellus
Synergid cells
Eggcell

Secondary nucleus
Embryo sac

Antipodal cells

se //__Z_.Chaxua
' 7 (_L_.‘Hilum

] Funiculus

The cells of the Ovule are diploid i.e. bearing 2X chromosomes.
Only\one cell of q@ Nucellus undergoes Reduction Division and '4'
haploid i.e. bearing 'X' chromosomes, Megaspores are produced. Three
of them degenerate and one Megaspore develops into a Female Gameto-

phyte or 'Embryo Sac’'. Egg & Secondary Nucellus are the main consti-

tuents of the Embryo Sac.

I>c>1_1_j_rxaat:j;c>r1: Transfer of Pollen Grains from one flower

to another flower is called as "Pollination". The means of transfer
of pollien grains during ‘pollination' are; i) Air, ii) Insects or

iii) Water etc.




Flowering ... contd...

Ferilization: The two celled Pollen Grains i.e. Male

Cametophyte reaches to Stigma during Poilination, where it germinate
into a long 'Pollen Tube'. The Pollen Tube elongates and ultimately

enters into Embryo Sac, after passing through Style & Micropyle.
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The Generative Cell of Pollen Grain divides to produce two Male

Gametes. One Male Gamete 'X' unites with the Female Egg 'X' to
form a Zygote '2X' and other Male Gamete unites with the 2ndary
Nucellus to form the Primary Endsperm Nucleus, which later changes

to 'Endosperm'.

Fruit Developmenit: The Zygote develops into an

'Embryo’. The Ovule develops into seed and Integument of Ovule

becomes Seed Coatb and Ovary Develop into a_)Fruit

{
-—Skinny epicarp e Reminants of calyx

Fleshy and pulpy

Mesocarp + endocarp (})@@{ 2 %\—Ep:cam
+ Swollen placenta Q) "2, 8% |
& X s Fleshy and pulpy
i o Mesocarp + endocarp

@‘4‘" Hard-coated seeds

N Hard coated seeds

Berry of Toreato "~ Remnants of Calyx

Bcr‘iy of Guava
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Flowering ... contd...

Hormones for Reproductive Growth :

a) quwering & Hormones: Flowers are efficient devices for ensuring

Sexual Reproduction. Flowers are developed from the Apical Meri-
stem of shoot. Shoot Meristem is also responsible to produce
leaves. Hormones are produced within the leaves and then trans-
ported to Meristem and consumed for producing flowers. The Horm-

ones control and stop the production of leaves while producing

the flowers.

‘Gibberellins' is the main hormone utilized during the produc-
tion of flowers, specially the Male Flowers, while '"Auxin' is

utilized during the production of Female Flowers.

b) Fruit Development & Hormones: Auxin & Gibberellins are the main

hormones help in the production of fruits. Germinating Pollen
Grains are the rich source of Auxin, sydChesised by the tissues

of Gynoecium.

Maturity of plants/trees, sooner or later followed by 'Ageing' or
'Senescene’ and ultimately death. Senescene is a complex 'Catabolic'
events, which, if does not reverse, leads to the death of Cells,

Organs and Organisms.



sub chapter i

[)garl)zgix?ait:j_c>r1 & Death:

Allah The Almighty alives the dead earth when the rain falls. The
rainy water germinates the hidden seeds beneath the earth, thus,
seed changes to ‘'seed lings'. Later, under the favourable condi-
tions, the seed-lings keep on growing till change to full-fledged
mature plants. A stage arrives, when the 'base of life' i.e. water
abondons the body of plant, causing 'dehydration’'. The dehydration

leads to death.

The Qofan reveal the ’'dehydration', alarming the death of the plants
Due to the dehydration the green colour of the plants also change
to 'yellowish':
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The Qoran illustrates the phenomenon of 'dehydration'; the way
Allah The Almighty blows the 'air', which lifts the water vapour
into the sky and cloud is developed. In the same way Allah The
Alimghtv blows the 'air', which causes -the dehydration and green

plants turn to vellow:

:1{'),/’/. . ‘.v -V -
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*dried or dehydrated seeds.



Dehydration ... contd.

Allah The Almighty blows 'air', which causes very high rate of
transpiration, with the result that the water of the plant body
vapours out causing 'dehydration', which leads to the death of

the plant. This is an example of living creatures in this world,
that rainy water alives the eartn where plants grow & produée food
for othgr living creature and ultimately die. In the same way life

cycles 1n others 11v1ng creature, particularly human:
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Again, Allah The Almighy describes in Qoran that life cycles of
other living creatures on earth are just like the life cycle of

- plants. Allah The Almighty rains water from the sky, which causes
germination of the hidden seeds beneath the dead earth. This dead
seed germintes to seed-ling, and continues to grow into plant, bear-
ing stem, root, branches & leaves. And ultimately matures enough
to produce beautiful flowers fruits, increasing the beauty of earth.
The cultivator becomes very happy to see his beautiful 'farm’,

but Allah The Almighty may cause the instant death to all these

plants/trees: .
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Dehydration ... contd...

Allah The Aimighy compels the cultivators to ponder over that it is
he (the cultivator) or Allah The Almighty, who causes germination
and compiete growth of plants/trees till they produce flowers and
fruits to berefit the rest living creature? The cultivator thinks
over and says. ves, the real creator is Almighty Allah. Allah The
Almighty turn these green plants/trees ladden with flowers & fruits
into vellow dry tissues, when He wishes:
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Allah The Almighty, Who creates>greenery/pastures from earth, then
they get dry* and ultimately turn black i.e. in other words they

die: e
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Blackness indicates that the main constituents of a plant is Carbon.

Allah The Almighty declares in Qoran that every thing that grows

on earth has to die:
i P “ NP ’_&J/
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The big trees which have usually long span of life, show the fall

of dehydrated/dried leaves annually. This fall indicates the death

& termination of functions of the leaf and new leaves develop to own
R <”?g’ - by 7 - < /6 " CIC v
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the responsibilities of photosynth831s/resp1rar1on/transp1rat10n etc,

*The rate of transpiration is very high, while rate of translocation
of water & minerals is almost nil.
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sub achapter v

Dehvdration & Death: contd....

Now, let me review the scientific aspects regarding dehydration

and death of plants.

Maturity is sooner or later followed by 'Ageing' or 'Senescene'
and death. Senescene is a complex 'catabolic' events,
which, if does not reverse to 'Anabolism'*, leads to death of Cells,

Organs and Organisms.

After maturation, fruits., seeds & cereals are consumed by humen &
animals as their food. Therefore, the next chapter III is based on

Qoranic and scientific details regarding food.

¥is a type of metabolic activity that help in growth, while catabolic
activity destroys the growth.



