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o Introduction Introduction

e Importance of Photosynthesis It is a process in which green parts of the plants synthesize or

e What do we know? manufacture complex organic food substances (carbohydrates) using
carbon dioxide and water in the presengepf sunlight and release oxygen

e Historical account - Early ;
3 as a by-product. In this process, engfgifrom the sun is converted into

experiments h _ _ _
chemical energy. It is an anaboli€eritlergonic (requiring energy) and

¢ Where does photosynthesis oxido-reduction process.

take place?
Sunlight plays a much larger Tole in our sustenance than we may
o  Photosynthetic s expect, as all the food'weeat and all the fossil fuels we use, the air we
» What is Light Reaction? breathe, they are all produicts or by-products of photosynthesis
e The Photosynthetic units/ Photosynthesis cenverts the radiant energy to forms of energy that |
Pigment systems can be used by the Biological systems.
e The Electron Transport A simple equation representing the process is: !
: 6CO O— G, CgH,,05 + BH;0 + 60, |
;5 S S, : ther focuses on the metabolic machinery of the photosynthetic
A anits and the various phases and reactions involved that transform 1
ergy into chemical energy. We will also study the factors (

the photowmhetic process.
s p!‘DCCSSWthh if rightly said, supports |

R |
thesis is the basis of
y of sun rays and is
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(fj8] Jan Ingenhousz (1730-1799) through his experiments showed that suniight is essental for the plant

U process that helps to somehow purify the air fouled by the breathing mouse and the burning candle, In

W ngancmer experiment, with an aquatic plant (Hydrilla) he showed that in bright sunlight, smail bubbles were.

¥ ") formed around the green parts of plant whille in the dark, no bubbles were formed. He identified those

I #7"” bubbles to be of oxygen. Therefore, he showed that in the presence of sunlight it is only the green parts
> of the plants that could release oxygen.

According to former estimates, only 10% of dry matter is produced by land plants while 90% of it
is formed in oceans. However, the present estimates put the productivity of land plants to be 68%
of the total.

Julius von Sachs (1854) found that the green parts in plants is where glucose is made and glucose
s usually stored as starch. Later, he showed that the green substance in plants (now called chiorophyll)
is located in special bodies (now called chloroplasts) within the plant cells.

T.W. Engelmann (1843-1909) experimented on Cladophora. Using a prism he split light into its spectral

WHAT DO WE KNOW?

Study on photosynthesis started around 300 years ago. On the basis of what we have studied in our earfieq

dlasses, simple experiments have shown that chiorophyll(green pigment of the leaf), light and CO, are requireg L\ ™)
for photosynthesis to occur. 3 and then he a green alga, Cladoph placed in a of aerobic
-y ; 16{'7) bacteria. The bacteria were used to detect the sites of oxygen evolution. He found that the bacleria
al iight, b y for : Take a destarched\ 2002 o ited mainly in themggion of biue and red light of the split spectrum. And thus, the first action

descrived.  A7#Zm e
nting the total process of photosynthesis for organisms evolving oxygen

s s
potted plant having variegated leaves and cover 2-3 leaves with the black paper. Expose the potted plant \E\)
sunlight for 1-2 hours. Pluck one covered leaf and one exposed leaf and test them for starch. The covereg

leaf does not show positive starch test showing that photosynthesis cannot occur in the absence of light The empirical equ:
The exposed leaf shows biue and yellow parts where the biue colour or positive starch test occurs in the was understo
chlorophyll-containing parts

spectrum of photosyn

CH20 ~epresents cavboh, ydrte

to co,is y for (Moll’s Half leaf experiment) : A pat
of leaf was enclosed in a test tube containing some KOH soaked cotton (which absorbs CO,), while the other o ented a carbohydrate.
half of leaf was exposed 1o air. When the two halves of leaf were tested for starch, it was found that only ® s v§h Niel (1897-1985) a microbiologist, based  on his studies of purple and graensulphur

the exposed part of leaf tested positive for starch. This showed us that CO, is required for photosynthesis. nsirated that during photosynthesis, hycrogen released from a suitable oxiisable compound

juces, carbon dioxide to carbohydrates and he inferred that oxygen evolved by the green plants comes

m H,0 (water) and not from carbon dioxide. This hypothesis was later proved by using radioisotopic
niques.

2H,A + CO, —2" 24 + CH,0 + H,0

where HA is the oxidisable compound (H,0 or H,S).

The correct equation to represent the overall process of photosynthesis could thus be summed as:

Fucler;

|

Destarched piant Blue
el (Presence of starch)

» )
Cork V ook
[ (Absence of starch)
Potassum hydroxide

Fig. : Half leaf experment

6CO, +12H,0 5" ,C.H,,0; + 6H,0 + 60, T
where CgH,,0, is glucose and O, is released from water.

HISTORICAL ACCOUNT — EARLY EXPERIMENTS

There have been several simple experiments done which led to a gradual
of photosynthesis.

() Joseph Priestiey (1733-1804) in 1770 revealed the essential role of: nt

o B
A
4

burming in a closed space i.e.. a bell jar, soon
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There is a clear division of labour within the chloroplast.

NEET & AlIMS in Higher Plants /3@

Accessory Pigments

() Proteins and pigments (chiorophylls and carotenoids) that function in the photochemical events o
photosynthesis, /.¢., trapping the light energy and synthesis of ATP and NADPH, are embedded in the Al pigments other than chiorophy
thylakoid membrane These have two major roles in photosynthesis

LRI ezl esctons foorporste €0, '1;“:‘ e ;[5;“ ‘?;‘4'"9 C;he z”ff‘e,s'; °f:,“9f[[ Wwhich (i) They absorb light of different wavelengths and transfer the energy to chlorophyll molecules, thus they
C il akion U riafvr. v "
MREonTS starch, 2 ¢- Ca. Adse > CATn 3% 7 are also called antenna molecules. This enables a wider range of wavelength of incoming light to be
The former set of reactions, since they are directly light-driven are called light reactions. The latter are nof utiised for photosynthesis. Chiorophyl b accounts for about one-fourth of total chiorophyll content,
directly light-driven but are dependent on the products of light reactions (ATP and NADPH). Hence, o . - ————— P O
distinguish the latter they are called by convention, as dark reactions. However, this should not be construed (i) Carotenoids protect plant from excessive heat and prevent photo-oxidation (oxidative destruction by light)
to mean that they occur in darkness or that they are not light-driven. of chiorophyll pigments. Thus, they are aiso called “Shield Pigments”

/Il @ are called accessory pigments

Outer membrane Let us study the graph showing ability of pigments to absorb lights of different wavelengths.
Inner membrane
Stromal lamella Absorption spectrum : The g

absorbed by a substance/pig

aphic curve showing the amount of energy of different wavelengths of light

Grana

by

chioroplast pigments

Fig. : Diagrammatic representation of an electron micrograph of a section of chioroplast

PHOTOSYNTHETIC PIGMENTS
Pigments are substances that have an ability to absorb light, at specific wavelengths

*
Fig. : Graph showing the absorption spectrum of chlorophyll &, b and the carotenoids
 The graphic curve showing the relative rates of photosynthesis at different wavelengths of Iight

|
|
A chromatographic separation of the leaf pigments shows that the colour of leaves is due to four pigments o

[{
(i) Chlorophyll b — Yelow-green

(ii) Xanthophylls — Yellow
(v) Carotene ~ Yellow to yellow-orange \
Of these, chlorophyll-a is the primary photosynthetic pigment
Chlorophyll Pigments
Chiorophyll has a tadpole like structure. It consists of a porphyrin head and  pl

Chlorophyll a — Bright or blue green in the chromatogram

+— Phytoltat
Porphyrin head :

@) Al chiorophylls have a complex ring structure
haemoglobin and cytochromes.

(i)~ Site of the electrons rearrangements when the ¢
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These graphs, together, show that most of the pholosynthe lac e
spectrum, some photosynthesis does lake place at the other wavelengths of the visible spectrum. These
“graphs depict that maximum photosynthesis occurs at the wavelength at which there is maximum absorpiop |

by chlorophyll a ie., in the blue and red regions.

in Higher Plants NEET & Aligg |

the photosynthesis takes place in the blue and red regions of g

Why do chioroplasts align themselves along the walls of the mesophyll cells?

Example 1 :
Solution :  Chioroplasts align themselves along the walls of the mesophyl cells for the following two reasons
(i) For easy diffusion of gases.
(i) To receive optimum quantity of incident light.
Example 2 :  Why do chloroplast align themselves in vertical position along the lateral walls of the mesophyll |
cells? |
Solution : Chioroplast align themselves in vertical position along the lateral walls under igh light intensities.

This s to protect themselves or pigment system against destruction by light.

1. On which green alga, action spectrum of photosynthetic pigments was studied by Engelmann?
Cladophora A

| 1. Both red and blue light are equally effective in photosynthesis b
2. For biosynthesis of chiorophyll, raw material required are sug

X\

WHAT IS LIGHT REACTION?

Light reactions or the ‘Photochemical’ phase is thought to,
chemical intermediates, ATP and NADPH, and it includes li
oxygen. Several complexes are involved in this process which

THE PHOTOSYNTHETIC UNITS / PIGMENT SYSTEMS
These are group of pigments molecules which take part in the o
energy. The photosynthetic units are called Photosystem I (PS-
anmm-mmmwum

mmmmmmm

NEET & AIIMS oh

in Higher Plants i
absorption peak at 700 nm, hence is called Py, while in PS-Ii, reaction cent =
g . tre h :
at 680 nm and is called Pggq 28 an absorption maxima

Photon

Fig. : The light harvesting complex

Reaction centrd @ nded by number of light harvesting pigment (LHP) molecules. These are aiso called
antenna culsyiflese absorb photons of different wavelength and transfer this energy to reaction centre.
Harvesti ules occur in form of specific complexes called light-harvesting complexes (LHC) calied
LHC- an . The pigment molecules of these complexes are bound to proteins. These heip fo make

siglosyntpesis more effcient. 1 HF mrotecales called Anterna s
Reaction centre (P)
PS-Il LHP
LHC-Il {
Proteins

Some of the important differences between the two photosystems are :

mole

Reaction centre (P7co)
PSH { LHP
LHCH {
Proteins

OMAB.PM
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THE ELECTRON TRANSPORT
THE ELECTR

NEET & AlIMS

Electron transport chain is a seres of electron carriers over which electrons pass in a downhill journey
releasing energy at every step that is used in generating an electrochemical proton gradient which helps jn
synthesising ATP.

Note : Redox potential : It is the measure of the tendency of a chemical species to ach_u‘ne electrons
and thereby get reduced. Also, called oxidation-reduction potential, it is measured in volts (V) or
milli volts (mV).

Based on path of electron, associated photophosphorylation can be identified as non-cyclic and cyclig

photophosphorylation. . §< ]”Qﬂ L.ZE(} em{’j
 hPST ) |

’179%} f/ T Grana lameliee. |

It involves both | and Il. These two work in series, first PS Il am;

then PS |. The two photosystems are connected through an electron transport chain Both ATP ang

NADPH + H* are synthesised by this kind of electron flow.

First in PS II, the Pgg, molecule absorbs 680 nm wavelength of red light causing electrons to become excited ang

jump into an orbit which is farther from the atomic nucleus.

Non-Cyclic Photophosphorylation

Photosystem | Photosystem |

NADPH

HO S 2e +2H +[0]
Fig. : Z scheme of ight reaction

cyclic P

ylation

The process of cyclic photophosphorylation involv

es only PS | a 3
lamellae membrane. When only PS 1 is functional, the electron Asrldir((:ml: Process takes placs in the sy
phosphorylation occurs, due to cyciic flow of electrons ulated within the photosysiem ang g

Photosystem |

Fig. : Cyclic photophosphorylation

T:ew m bra = Ia;ne!la of the grana have both PS | and PS Il the stroma lamella membranes lack PS i
a reductase enzyme. The excited electron does not cycled
g the P | complex through the electron transy i iop ncmpass nw" e mm.sis =
port chain. Cyciic photophosy i
t of wavelength beyond 680 nm are available for excitation. i) el
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Chemiosmotic Hypothesis

3

PP}:Mdi:chell. This mechanism explaing i

linked to the development (_)f a proton gradien; Py

lation is towards the inside of the Membrang ieros&
i

Chemiosmotic hypothesis was explainedlby
synthesised in the chloroplast. ATP synthesis is
the membrane of the thylakoid and the proton accumu
the lumen. .
There are several processes that take place during activation of electrons and their transport whicp, log

d to
the development of a proton gradient :

N

(a) Photolysis of water towards thylakoid lumen : The splitting of the water molecule takeg Place |
the inner side of the membrane and so the hydrogen ions (protons) that are produced, they accumlllate a

within the lumen of the thylakoids.

(b) Transfer of H* from stroma to lumen as electrons move through photlosystems : The Primary
acceptor of electron located towards the outer side of the membrane transfers its electron to a H* carier
and this molecule then removes a proton from the stroma while transporting an electron. When thjg K
carrier molecule passes on its electron to an electron carrier present on the inner side of the Membrang,
the H* is released into the lumen of the membrane.

() NADPH reductase reaction occur towards stroma : The NADP reductase enzyme is located on the
stroma side of the membrane. Protons are necessary for the reduction of NADP* to NADPH + H* and
these protons are removed from the stroma.

S

ma

S
AR

4 » R .
So, within the chloroplast, protons in the stroma decr asenin number, while in the lumen there is/g,

. . s . N, o .
accumulation of protons. This causes a decrease in pH in the lumen and creates a proton gradient across

the thylakoid membrane. ‘ )
This gradient is important because the breakdown of this gradient leads to release of energy. The gradient
is broken down due to the movement of Eﬂﬂﬁ%ﬁmbrane o the stroma through the

transmembrane channel of the F of the AT ATPase enzyme consists of two parts: one called
the F, is embedded in the membrane a S a_transmembrane channel that carries out facilitated
diffusion of protons across the membi The other portion is called F, and protrudes on the outer surface
of the thylakoid membrane on the si faces the stroma. The breakdown of this gradient provides

enough energy to cause a al change in the F, part of the ATPase, which makes the enzyme

synthesise several molecules ;@ ‘
: B 3 ADP*

Scanned by CamScanner
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Photosynthesis in Higher Plants 4§ |
NEET & AlIMS

Chemiosmosis process requires a membrane, a proton'pump. a proton gr.adient and ATPase enzyme.
Energy is used to pump protons across the membrane into the lumen, which crgate§ a proton gradient
across the membrane. ATPase enzyme has transmembrane channel that alloyvs diffusion of protons bgck
across the membrane, this releases energy to activate ATPase enzyme which catalyses the formation

of ATP.
Along with the NADPH produced, the ATP is used in the biosynthetic r rggctxon taking place in the stroma,
responsible for the fixation of carbon dioxide and synthesis of sugars. jhyk V&2 on
Example 3 :  Which molecule in non-cyclic photophosphorylation donates electron to PS I1? MWZ%Z qt:i)
v ‘d’ﬁ
Solution : Water, via water splitting complex donate electron to PS/H in non cycllc photophosphorylat:on y
FHisls ZXL /mc{ SHee g electtor ggﬂmga 2 w;v%/‘ /A
Example 4 :  Cyclic photophosphorylation occurs when only light of wavelengths are available. uZé % g
()  Below 680 nm (i) Beyond 680 nm 1
(iii) 400 nm and below (iv) Beyond 400 nm

Solution : Beyond 680 nm. ;... iz than 6 90 %P;'-UO -

/Example 5: Why NADPH + H* is not synthesized during the cyclic photoph@ lation?
Solution : Cyclic photophosphorylation involves only the PS | and t| ocCess takes place in the stroma

lamella membrane, which lacks PS Il and NADP redu zyme. Thus, it results only in the
synthesrs of ATP and not of NADPH + H*. . %

Try Yourself =%y

3. Mark out the mcorrect statel
Ja{ PS Il is found in both

(2) PSllisin in.pl
(3) PSI %
g

Select the incorrect statement w.rt. photosy ‘
(1) Anabolic, endergonic and redox process
@ Physico-chemical process using light er
437 Of the total world's photosynthesis, 90¢
) Annually 4 x 1013 kg of carbon is fixed
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U \eeT s AIMS hoto
hotosynthetic pigments was studied by Englemann on Clady g \n the pr ’;‘E/W
2. Action sper:trum of photosynt wHERE ARE ATP AND NADPH USED? < (o(7w4w f‘(m :

of bacteria.

But, if then, light is made available again, the synthesis starts again. Hence, caling the biosynthat. hoss

as the dark reaction is a misnomer. The dark reaction occurs through Caivin Calvin cycle. Calvin cycle may be
(3) Pigmented sulphur bacteria & cyanobacteria supponed by G c cycle or Crass AR

(4) BGA & higher plants

(2) Red algae & monocots

) silare (2) Cladophora, Aerobic The products of light reaction i.e., ATP and NADPH are essential for assimilation 9f €O, to carbohydra
(1) Spirogyra, 5. Angerdble { This is the biosynthetic phase of photosynthesis. These reactions take piace iy memom.o: |
(3) Chiorella, Aerobic () Soenedesmus, | where al the enzymes required are present. This process does not depend drecy o g mmm ‘
b S genic is are shown by | but is dependent on the products of light reaction ., ATP and NADPH. This couig aisg be mkf: ‘
i) Geagg aighe & red sigas immediately after light becomes unavailable, this biosynthetic process continues for Some time and then stops. ‘

(CAM) in certain pants.

\
Calvin Cycle or C, Cycle ‘
ve 'C in algal photosynthesis studies. This led to the discovery that the first

4. OEC is located infon
Melvin Calvin used ra

(1) Outer surface of granal membrane (@) Lumen of stroma lamellae ; €O, xaton prodict carbon organic acid. He aiso helped to mark out the compiete biosyntetic
3T Inner surface of thylakoid membrane @  stoma pathway, hence it i Ivin Cycle. The first stable product identified was 3-phosphoglycerc acd (PGA),
; o g i Il photosynthetic plants whether they have C, or
5. Pigments are organised into two discrete ical light harvesting within the PS | and P§ | hercs itisn pey. e Cyc‘e S { !
These are named in | C, pathway, adeowkve szt
45 The sequence of discovery

Primary Agcceptor of CO,

i molecule during the C, cycle is  fi
T::T:wme for ‘():tg, fixation is RuBisCO (Ribulose Bisphosphate Caboxylase Oxygenase)_ltis u:‘d m;n
on earth. It is characterised by the fact that its active site can bind to both CO, "3
the name. RuBISCO has a much greater affinity for CO, than for O, and the binding scwu:::' ":
‘relative concentration of O, and CO, that determines which of the two will bind to the Tﬁup’m
scientists the 5-carbon as primary acceptor it was believed that since

maczadd,mpmwyawepmrwmldbeazmonm.

(2) Which they function in light reaction

(3) The sequence of amangement of chiorophylis
(4) More than one option is correct
6. Select incorrect statement

(1) Each photosystem has all the pigments except one molecule af
(2) Action spectra is greater in biue and red light

(3 Chlorophyll a & b are primary pigments associated with pho
(4) PSIlisinvolved in evolution of O,

7. Primary electron acceptor in cyclic photophosphorylation is
(1) Phacophytin @ Fes
@) Pc

wnohsumnemnmmm. St
Wmn%n.mu%
mnhumumtwg
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Photosynthesis in Higher Prants §

Its a cyclic process. The primary CO, acceptor is a three-carbon molecule phos;
and it s present in mesophyll cells. The enzyme that catalyses this CO, fixat
PpEPcase. The mesophyll cels of C, plants lack the enzyme RuBisCO. The

i ‘ Phoenol pyruvate (pep)
| RuBisCO and many other snzymes of Calvin cycle are fegulated by light.

o0 1s PEP carboxylase or

4-carbon oxaloacetic acid (0AA)
Amosphere is formed in the mesophyl cels. It is then converted to other four-carbon compounds ke makc acd o
acid in the mesophyll cels tself, these are then transported to the bundie sheath cels. in the bungie hant
€O, +HO

cells, these C, acids are broken down to release CO, and a Ihree—carbovglecule lne €O, released in the
bundle sheath cells enters the C, or the Calvin pathway. 3 acid)

The bundle sheath cells are rich in an enzyme RUBISCO, but lacks PEPcase. The thrse-carbon moecule is
ransported back 1o the mesophyll cells where it is converted to PEP again with the help of a cold sen
enzyme, called PEP synthetase, thus completing the cycle.

Thus, the basic pathway th

ts in the formation of the sugars, the Calvin pathway Is common to the
C, and C, plants

Atmaspheric CO,

Summary of Calvin cycle :

THE C, PA‘MV (HATCH AND SLACK PATHWAY)
Most of the plants that are adapted to
Sorghum, Amaranthus etc. In these
mea'mmmw.ylllm’mw—m
Ammummmmmm
Hence, Hatch-Slack cycle was named.
C,pbmnw-mnm-wrymuu
lm-mhmmumt,mun
mmmmmmnmbh
The G,
The

dry tropical regions have the C,
plants. double fixation of carbon
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AlIMS
thway are \NEET &
tween C, pathway and C, pat |
i e o oy | PHOTORESPIRATION g7 (2 Cyele P R SRR i
e |~ protorespiration is a process which ivolves Ioss of fxed carbon as CO, in plants n the presence o Fght
0, is RuBP —a five | 1. The primary acceplor of CO, is Pep _ . | tis initated in chioroplasts. This process does not produce ATP or NADPH and s a wasteful process,
f CO, is = oo |
The primary acceptor of CO; carbon compound.

) f oxygen. Under such circumst:

| tion occurs usually when there is high concentration of ances,
carbon compound. Ph““’gg"‘{:e enzyme that catalyses the carboxylation of RuBP during the first step of Calvin cycle, funclions
RUBI: oxygenase. Some O, does bind to RuBisCO and hence CO, fixation is decreased. The RUBP binds
asa

The first stable product is 3-phosphoglycerate | 2. The first stable product is oxaloa

Ceti
(3 caitptnd), (4C-compound). ' ac|

lecule of PGA (3C d) and ph in the pathway
with O, to form one mol o j
| 2 ther the synthesis of sugar, nor of ATP. Rather, it results in the release of
e ot mesaphy end bun hotorespiration. There is nei
Itoccurs in the mesophyll cells of the leaves. cellsofthe leaves. le-sheaty g‘o’; with the utisalion of AT It1e3ds 10 3 25 percent loss of the fixed CO,. O, i fst tlized n cHroplst
n n perc - B ——

“and then in peroxisomes. - oropiast

Itis aslower process of carbon fixation. Itis a faster process of carbon fixation, | o —

| ) (RUBISCO)

3ATP are consumed to fix one CO,. 5. 2ATPare consumed to fix one CO,.

RUBP  pnospnogiycolate + PGA|
S cydle

RGA P
Importance of C, Plants S > ADP

| TP
| Glycerate Glycolate

(i) They can tolerate saline conditions due to abundant occurrence of organic acids (malic and oxa{aaoeqkaﬁ
in them which lowers their water potential than that of soil. $2' meves Ly

| Glycerate  Glycolate
(i) Can perform photosynthesis even when their stomata are closed due to the presence of stron |

4 A Oxidase
(arker
9 Co, N\ ) |8 enzyme)
enzyme ie. PEPcase. R Hydroxy pyruvate Glyoxylate + H,0,|
{ Glutamate
(iil) Concentric arrangement of c?gs in |ez produces smaller area in relation to volume for better water utiisati 9 B Glycine
Yanz_fina-tom
—aany

Serine Glycine
(2 molecules)
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. Whydothe C,memwmn productivity than C plants? 15, Double carboxylation with spatial difference is characteristic of c} /;M »
-mmwmddpvmem. iration v'mm may otherwise (1) Ttoum @ Pty
md.m-wmmamun»smlhm1w5m,"‘ &
5 G Saccharum () Bryophylum

site and thus minimising the oxygenase activity of the enzyme,
; Primary carboxylating enzyme in Cy plants is found in
(2) Cytoplasm of mesophyll cells

@ Cytoplasm of bundle sheath cells

of CO, at the RuBISCO

(1) Chioroplast of mesophyl cells

WhmrdwumdATPmdMDPHbrmryco,molecm fixed in C,
(@) Chioroplast of bundie sheath cells

Example 7 :

Solution meﬂqmmzwdm-‘mmmmmem
in C, plants. 4 17. Ha«manyaddi\ionalATFmeuseddmngswmskdmmummmi"?mm?
) 12 @ * Plats giﬂ-ﬁ
@ 8 .

synthesis occurs respectively in
(2) Peroxisome and chioroplast
(4) Peroxisome and mitochondria

) Plants possessing Kranz anatomy
(4) Both C, and C, plants i
ptor molecule during the C, cycle is a

- The most ruil siep of the Cavin cyce i
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NEET & AlIMS Pholosynthesis in i Plants f“
| 1 Photosynthesis can take place over a

Temperature a wide range of temperatures, The ight
| t reactions are

‘m Photosynthesis in Higher Plants
i thesis
| factors affecting photosyn!
i A thesis. It affects the rate of photosynthesis ag

factor for photosynt

limiting. The light saturation occurs
light gym a point causes the breakdown of chlorophyll and thus resulting in decrease in Photo; ’b@

Hence, except for plants in shade or in dense forests, light rarely becomes a limiting factor.

Light : Itis an essential dentlight and CO, fixat tive but they are affected to a much es:
P ity : r relationship between incident light an ), fixation at low jj | temperature senstive e a mu ser extent. The dark reactions enzymatic
g |m:u:[y |.n;h:s':::;::ualty the rate does not show further increase as other 1a|§." ! | temperature controlled. Again, the temperature optimum for photosynthesis of differert bmio - 4
G hoecd ; 110 percent o the tota sunlight avaiiable (0 plants. Increggy - Xny|  the habitat that they are adapted to. Tropical plants have a higher temperature optmum m“‘“"‘“ depends on
iyl 1o temperate climates plants adapted
|

The C, plants respond to higher temperatures and they show higher rate of 25
much ower temperature optimum. Optimum tempsrature in C, pant & 20-25°C and for ¢, payt oy

H ] Did You Know?

5 2

s | . The minimum temperature at which most piants starts photosynthesis is 0-5°C. It is as fow as.
H | — 35°C for Maximum at which can occur is 50-55°C
z

for desert plants an
halerials utilized for the process of photosynthesis. Photosynthetic process

IM
wi

Light mlzﬂsuy Water : Water is ons
. bsorbed by a plant, hence it is rarely a fimiting factor in photosynthesis.
Fig. : Graph of utilizes less than er al y )
e e e Y oo o e ks of ke ihesis Water stress cau omata to close, hence reducing the CO, availabilty as gaseous exchange coud
(PgR)";: ity : Light between 400-700 nm constitute the acive ut not occur. Alg8 Watef makes leaves wilt, thus reducing the surface area of the leaves and the metaboic
: hamum pholosynthesis takes place in red and biue light of the visible spectrum and m?"”'im activity reduges asfivell. Thus, the effect of water as a factor is more through its effect on the plant, rather
than directly tosynthesis.

photosynthesis takes place in green light.

| factors affecting photosynthesis

esis is under the influence of several internal (plant) factors. The plant factors include the number,

. ageland orientation of leaves, mesophyll cells and chioroplasts, intemal CO, concentration and the
int 6 chiorophyll. The plant or intemal factors are dependent on the genetic predisposition and the growth

Itis a major fimiting factor influen

cing the rate of i 3
the atmosphere (between 0.03 percent and 0. 0‘; P":’Cfus:'nmesns, The concentration of CO, is very low| plant.
'eqn‘:;’?'"em 2t p o n e ] dioxide is far belbw (1) Chlorophyll : Of the interal factors, chlorophyll is the most important because light energy is trapped
in the rate of phot 5
Bty by only this substance. There is no photosynthesis in the absence of chiorophyll. The non green parts
of variegated leaves (e.g., Croton), therefore, do not have starch. Pmymhoﬁ: ‘number or
assimilation number shows a relati between the yil and Itis the amount
of carbon dioxide (in gms) assimilated by one gram of chlorophyll in an hour. Emerson (1929) observed
a direct i ip between the content of a leaf and the rate of
photosynthesis. If all other factors are favourable, increased chlorophyll leads to an increase in

photosynthesis.

(iii) Duration of light : Light duration does not ffect the rate of photosynthesis, but it affects the o
de ffects the
s not af photc 3

Carbon Dioxide Concentration

hotosynthesis. Increase in i percent can cause
1 concentration
sis but beyond this leve, it becomes dangi:;ﬁr longer :Iot‘b

Rate of CO, Uptake —,.

Fig. : Photosynthetic " e

;:ne.c,wc. plants respond g to 2

high co, _concentration. At high light
thesis. The C, plants show
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7, Fillin the blank columns

[0} cdltypslnvﬂid‘\mcdm
cycletakes place.

| (i) Cell type in which the initial

| carboxylation reaction occurs.

i) How many cel types, do the
feafhave, that i CO,.

() Which is the primary CO,
acceptor?

(¥) Number of carbons in the
primary CO, 8

(Vi) Which is the primary CO,
fixation product?

(vil) Number of carbons in U

primary CO, fixation product.

(vii)Does the plant have
RuBisCO?

(ix) Does the plant ha
bk plant have PEP.

(x) Which cells in the
SARUB plant have

(xi) CO, fixation rate under high
light conditions.

n the table to bring the differences between C, and C, Pian"h;l

One : Mesophyll

Three : Bundle sheath,
palisade, spongy mesophyll

RuBP/PEP/PGA

5/4/3

NEET & AlMS Photosynthesis in Higher Plants
EXERCISE
21, Factors that affect the rate of in plants are on the

o) Genetic predisposition (2) External factors

@ Growth of the plant (4) More than one option is correct

The C,-plants show CO, saturation

2.
’ (1) Atabout 360 uL~" (2) Only below 450 pL~"
@ Only beyond 540 uL~! @y Only beyond 450 L~
23, Plants show light saturation effect af of full sunlight
1) 10% (2) 50%
@ 70% @) 100%

24, Mark the odd one (wrt
() Amount of @u
@) Mesgphyll cel

25. linimum p syn%esis takes place in

tors affecting photosynthesis)
(2) Light intensity
(4) Orientation of leaves

reen light (2) Red light
light (4) White light
limiting factor for photosynthesis in C, plants is
(2) Temperature
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ADDITIONAL INFORMATION

. In green plants and cyanobacteria water is used as a source of reducing Poi)

Oxygenic photosynthesis
xygenic photosy; se of oxygen as by-product, This photosynthesis which involves oxygen rolcag, |

Photolysis of water results in relea:

is called oxygenic photosynthesis. i
Anoxygenic photosynthesis : In bacteria evolution of oxygen during photosynthesis has not been demongtrg
as they are incapable of using H,0 as reducing power. Instead it s obtained from H,S, thiosuiphate etc

Some Important Definitions

o adiicth

. < It is an anabolic, ic and process in which the |
parts of plants synthesize the complex organic material using CO,, H,O and light energy | |
caplured by light-absorbing pigments such as chiorophyll.

® Light reactions : The membrane system of the chioroplast is responsible for trapping the
energy and also for the synthesis of ATP and NADPH. This is known as light reaction.

Dark reactions : In stroma of the chloroplast, enzymatic reactions incorporate CO, into
plant leading to the synthesis of sugar, this reaction is not directly light driven but is depend
on the products of light reaction (ATP and NADPH), this is known as dark reaction.
Pigments : These are substances that have an ability to absorb light at specific wavel
Light-harvesting complex : Photosynthetic pigment molecules bound to proteins, also
antenna molecules, as they help to make photosynthesis more efficient by absorbing diff
wavelengths of light.

Riur.ﬂon center : Part of photosystem with single chlorophyll a molecule which is.
pigment associated with photosynthesis. Only reaction centre can eject electrons to
Photophosphorylation : It is the synthesis of ATP from ADP and inorganic p
presence of light.
Non-cy : When the two stems are con
electron transport chain, they work in a series, first PS Il and then PS |, |
of both ATP and NADPH + H, 7
Cyclic photophosphorylation : When only PS | is functio
within the and the occurs.
NADPH + H" is not synthesised in the process, only ATP |

NEET & AlIMS Photosynthesis in Higher Plants &

Quick Recap

1.
2

3.

4.

Photosynthesis is a vital process among photoautotrophs.
Photosynthetic reaction can be simplified as :

6CO, +12H,0 — 2, CH,,0, +6H,0+60, T

Photosynthesis takes place only in the green parts of the plants mainly the leaves, Within
the leaves mesophyl cells have a large number of chloroplasts that are responsble for fxation
of carbon dioxide.
Photosynthesis occurs in two stages — light reaction and the dark reaction.
plast, the membrane system is responsible for trapping the light energy and
and NADPH-light reaction. >
e chloroplast, enzymatic reactions incorporate CO, into the plant leading to
f sugar-dark reaction.
ion, the energy is absorbed by the pigment systems (photosystems).
re two pigment systems — PS | and PS Il. In a pigment system one molecule of
Il a functions as reaction center and others as light-harvesting complexes or antenna
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