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Nutrition

Taking in useful substances is called feeding, or nutrition.

Organic substances Inorganic substanes

Substances made by living
things

e.g. carbohydrates, lipids,
proteins and vitamins

Organic substance 51147
Inorganic substance 7o/l

e.g. carbon dioxide, water and
minerals

v

TERTIARY
CONSUMERS

SECONDARY -
CONSUMERS

PRIMARY
CONSUMERS <011

PRIMARY
PRODUCERS
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photosynthesis
The process by which plants -y
ight
manufacture. carbohydrates frf)m Tap carbon dioxide + water — glucose + oxygen
materials using energy from light chlorophyll

_____________________________________________________________________________________________________________________

Chlorophyll is the pigment which

Balanced equation for photosyntheis . makes p(am‘:s look green. It can
amlight absorb solar energy and then release
6CO, + 6H,0 Cm" CeH,,0, + 60, the energy to makes carbon dioxide

combine with water, with the help
siag the chiorbRIASE -

Light energy is transterred to

molecular formulasy =, chemical energy \/
balanced equationY{E 5 FE Q) ]

chemical energy{t,=2HE

- o )
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® ¢ive one example of an organic substance.
® which inorganic substances does a plant use to make carbohydrates?

® what is chlorophyll, and how does it help the plant?
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midrib
margin

lamina

petiole (leaf stalk)MH41
laminalt )/

midribAfik

veintHHk

marginiA%x

transverse sectionf&tJHE]
cross-sectionfEJHE]
Vascular bundles#£&R
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. . cuticle cell wall vacuole cytoplasm nucleus chloroplast
epidermis g d
¢ upper epidermis + lower upper { AR N | PV

' . epidermis )
epidermis | e =
¢ no chloroplasts 0 @ .
¢ protect inner layers of cells
¢ upper epidermis often secrete a f:l‘::ﬁr" <
waxy substance (cuticle), to stop
water evaporation.

; ] mesophyll
Sometimes a cuticle on the under
of the leaf. o %— xylem
spongy % i Yein
mesophyll
% phloem
epidermisZRfz
- = lower
CUthlG%ﬁ); epidermis

waxy substance®5/t

guard cell

stoma

air space
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Stomatd (stoma)

¢ inthe lower epidermis

¢ surrounded by a pair of sausage-

shaped guard cells (contain chloroplast).

epidermal cell
e

nucleus

cell wall cytoplasm

00/, ¥ 4
’ oy ‘I'. I'l

J thick

cytoplasm cell wall nucleus chloroplast

—

stoma

stomata(stoma)=Fl,
guard cell{’R 2ZHRE
sausage-shaped ZFRHIRAY

cuticle cell wall vacuole

palisade 4
mesophyll

spongy % '
mesophyll

lower m I .-
epidermis J ,
- )

guard cell

IS

cytoplasm

/

nucleus chloroplast

stoma

air space

i EON ) (O] (300" i) P )

%— xylem

% phloem

vein
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Me Sﬂ'thH cuticle cell wall vacuole cytoplasm nucleus chloroplast
¢ palisade layer + spongy layer upper { : DN
. epidermis :
¢ contain chloroplast |
¢ palisade layer (nearer to the top of the o Q@ |
leaf, arranged like a fence or palisade) |
¢ spongy layer (rounder and arranged E:ii::ﬁrll <
quite loosely, with large space between
them.)
mesophyll
layer
%— xylem
prons % ! vein
mesophyll
% phloem

mesophyllIHA
palisade layeriffif=/=
spongy layeri4R =

lower
epidermis

guard cell

stoma

air space
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Vascdlar bundles

¢ xylem + phloem

¢ xylem(large, thick-walled xylem
vessels)— carrying water and minerals
¢ phloem (smaller, thin-walled phloem
tubes)— carrying away sucrose and
other substances that the leaf has made.

mesophyll
layer

vascular bundleZEES TR
xylem/AN[GE
phloem#J 5738

xylem vessel NRESE
phloem tubeF| fZ 218

cytoplasm

epidermis

palisade %
mesophyll

mesophyll

o/

chloroplast

%— xylem

vein

% phloem

epidermis

guard cell



Figure 6.4 A photograph taken with a scanning electron microscope, Figure 6.5 This photograph was taken using a light microscope. It shows a
showing the cells inside a leaf. Scanning electron microscopes provide 3D transverse section of a leaf from a tea plant. Can you identify all the tissues
images. (x 400), labelled in Fiqure 6.3? (x 400).
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® what is another name of a leaf stalk?
® which kind of cell makes the cuticle on a leaf?

® what 1s the function of the cuticle?

® what are stomata?

® what are guard cell? @

® list three kinds of cell in a leaf which contain chloroplasts, and one kind of which /

does not?
.
N v \ /
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~ | Organic substance 51147
Inorganic substance 7oA/l

molecular formulagy =\,

balanced equationY{E 5 FE
chemical energy{t,=ZgE

epidermisZR
cuticleARE

waxy substance¥§/th

petiole (leaf stalk)MH#7
laminalt )5

midribHRfk

veinfHk

margin}A%x

transverse sectionfi&tJHE]
cross-sectionfEtJ ]
Vascular bundles#EE R

mesophyllITA

stomata(stoma)=SfL palisade layeriffit==
guard cel R I2ZHAE spongy layer; @282

sausage-shaped & AARY

vascular bundle#EE R
xylemZN[GE
phloem$]J 7 ER

xylem vessel RJRER S &

— \_pﬂloem WBEZ“B&_'JEJ
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Organic substance
Inorganic substance

molecular formula
balanced equation
chemical energy

petiole (leaf stalk)
lamina

midrib

veln

margin

transverse section
Cross-section
Vascular bundles

mesophyll

epidermis
cuticle
waxy substance

stomata(stoma)
guard cell
sausage-shaped

palisade layer
spongy layer

vascular bundle
xylem

phloem

xylem vessel

~  \LpHloem tube, o (

\&
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® what is another name of a leaf stalk?
® which kind of cell makes the cuticle on a leaf?

® what 1s the function of the cuticle?

® what are stomata?

® what are guard cell? @

® list three kinds of cell in a leaf which contain chloroplasts, and one kind of which /

does not?
.
N v \ /
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Which factors are essential for plants?

Carbon dioxide
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Carbon dioxide

¥ large surface area

¥ stomata (diffuse carbon dioxide)

¥ behind stomata is an air space which connects
up with other air spaces between the spongy
mesophyll)
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sunlight
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# root hairs
¥ xylem vessels

¥ cuticle Carbon dioxide
diffuses through
air spaces.

Water travels
to chloroplasts
by osmosis.

Carbon dioxide
diffuses through
stomata from

the atmosphere,

brought from
the roots in |
xylem vessels,
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sunlight

¥ broad, flat surface (plants that live in shady
places often have particularly big leaves)

¥ leaves are arranged so that do not cut off
light from on another more than necessary.

¥ thinness of the leaf

¥ epidermal cells are transparent

¥ the chloroplasts can lie broadside (but in
strong sunlight, they often arrange themselves

end on)
¥ the chlorophyll is arranged on flat membranes.

=
=

! U

Wt
WHe NN s
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Leaf adaptation

supported by stem and petiole
' large surface area

thin

stomata in lower epidermis
air spaces in spongy mesophyll
no chloroplasts in epidermal cells

- chloroplasts containing chlorophyll present in the
- mesophyll layer

palisade cells arranged end on
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chloroplasts inside palisade cells often arranged l
- broadside on

‘ chlorophyll arranged on flat membranes inside the
- chloroplasts

xylem vessels within short distance of every | d
mesophyll cell

phloem tubes within short distance of every
mesophyll cell

C
C
¢
@
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%—What are the raw materials needed for photosynthesis?
—%—how does carbon dioxide get into a leaf?

—%—how does a leaf obtain its water?

—é—give two reasons why the large surface area of leaves 1s

aavantageous to the plant?

=leaves are thin. What purpose does this serve?

\./u (I
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6CO. + 60 unlight + 60
’ ’ chlorophyll ? \\
Sucrose is used :

for fruit growth or 1
stored in fruits. L

Used for energy ~
respiration / N |

Sucrose is used for
shoot growth.

:." . --.._t-_;'-
Sucrose is used for root A

growth or stored in Sucrose is transported
roots as starch. in phloem tubes.

=<
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6CO. +6HO Sumlight 60
+ »” J T A ucrose is used for
2 2 CthrDP hY]] 2 !h i Ehout growth o
Sucrose is used '

for fruit growth or

Stored as starch stored in fruits.

Why glucose 1s stored 1n the leaf ?

:- %1 _

=active
H Sucrose is used for root
=so0luble growth or stored in H— Sucrose is transported
1 roots as starch. in phloem tubes.
=when dissolved, it would increase the Ny R T
concentration of the solution in the cell—cause : ' ROy
damage . A (\ .

g
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6CO.+6H.0O sunlight} + 60
’ * chlorophyll : \‘,\l
Sucrose is used ‘

for fruit growth or
stored in fruits.

Sucrose is used for
shoot growth.

Used to make proteins and other organic
substances

-~ -
e

f . Sucrose is used for root
i magnesmm I :
e growth or stored in

| Mineral salt nitrates or ' magnesium ions | roots as starch.
ammonium ions |

| Element nitrogen

( L
H— Sucrose is transported
in phloem tubes.

to make proteins | to make
- chlorophyll

| Deficiency 1 ﬁe.ak"gré.w*th.,- - yellowing |
~yellow leaves | between the /) \-\<
| | ; A

- veins of leaves

Why needed
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6CO. +6HO Sumlight 60
U o ; * % ucrose is used for
2 2 Chli)l‘(}p h}']l 2 \"\l / Shnnt growth i
Sucrose is used > '

for fruit growth or

stored in fruits. r

R
N

Changed to sucrose for transport N\ |

:." . --.._h-_;'-
Sucrose is used for root AN

growth or stored in Sucrose is transported
roots as starch. in phloem tubes.

=<




® why is glucose not very good for storage in a leaf?

Sucrose is used
for fruit growth or
stored in fruits.

"

® what substances does a plant need to be able to
convert glucose into proteins?

® cxplain why a plant that does not get enough nitrate has
eSO e el et

roots as starch.

® how do parts of the plant such as the roots, which canno
photosynthesis, obtain food?

et

N/

;

Y

Sucrose is used for
shoot growth.

lucose

g

starch

Sucrose is transported
in phloem tubes.

. . . Aeas L aCE P Tyt
L . ) " Tl
. . ' 2 . .

iy .

oA

et



sunlight
6CO, + 6H.O > CH O +60
) chlorophyll ) '

How to test whether light 1s needed for photosynthesis?
How to test whether chlorophyll is needed for photosynthesis?

How to know whether photosynthesis happen?
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Testing leaves for starch
i boiling
¥ take a leaf from a healthy plant, and drop il
it into boiling water in a water bath. /
break down cell membrane ] leaf
( W ) |\ @T; boiling tube

¥ remove the leaf, and drop it into a tube of
alcohol. (remove chlorophyll)

¥ remove leaf from the alcohol, and dip it
into hot water again (to soften leaf)

¥ spread out the leaf on a white tile, and
cover it with 1odine solution.

uu\// \

alcohol beaker



| 7 ) 4
Plant nutrition Test photosynthesis

g

To see 1f light 1s needed for photosynthesis
~

¥ take a healthy plant, growing in a pot.
Leave 1t 1n a cupboard for few days, to
destarch it.
¥ test one of its leaves for starch, to check
that 1t does not contain any.
¥ using a folded piece of black paper or
aluminium foil. Fasten the paper or foil over
both sides of a leaf on plant.(shade light)
¥ leave the plant near a warm, sunny
window for a few days.
¥ remove the cover from your leaf, and test
the leaf for starch.

N
destarch fR3Z, EiFEfaluminium foil 853 ' \J ( ) &) ( )
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To see 1f chlorophyll 1s needed for photosynthesis
¥ destarch a plant with variegated (green and white)
leaves. Then leave plant in a warm, sunny spot for few

days.

¥ test one of the leaves for starch

variegated ZEBHY
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To see the rate of photosynthesis (oxygen)

& set up the apparatus shown in the diagram. Make |
sure that the test tube is completely full of water. Q - ﬁ‘xrlf:’luf;'e“'”g
& |cave the apparatus near a warm, sunny window for ot

a few days. )"

beaker containing
water

& carefully remove the test tube from the top of the
funnel, allowing the water to run out, but not allowing
the gas to escape.

® light a wooden splint, and then blow it out so that it
is just glowing. Carefully put it into the gas in the test
tube. If it bursts into flame, then the gas 1s oxygen.

inverted funnel

water plant
photosynthesising

funnel JR3t

wooden splint KR$&
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How to investigating the effect of light intensity on photosynthesis

(@ hypothesis

should be one sentence, it should describe the relationship that you think
exists between light intensity and the rate of photosynthesis

(@ design experiment

what apparatus and other materials will you need?

what will you vary in experiment? How will you vary it?

what will you keep the same? How will you do this?

what will you measure in your experiment? When will you measure it?
Will you do repeat measurement and calculate a mean?

how will you record you results?

how will you display you results?

what will your results be if your hypothesis is correct?

variegated Z¥EBHY
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Light
6CO> . 6H0 Mot E5HI706 . 602
Carbon dioxide  Water Sugar Oxygen

Limiting factors
Something present in the environment
in such short supply that it restricts life

sunlight carbon

process. dioxide
oerature
limiting factor PREIMEREZR Stoma‘ja u

\ o A
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Sunlight (light density)

® between A and B
Light 1s a limiting factor

Rate of
® between B and C photosynthesis

Light 1s not a limiting factor

Light intensity

limiting factor PREIMEREIZE
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Stnlight (light quality) Gl
70—
B Chlorophyil a

Uisible

Percent absorbed

Radio Microwaves Infrared Wtraviolet K-ray Gamma Ray

Low Freguenciy High Frequency

RVACAVAVAVAVAVARCIO

Long Wavelength Short Wavelength

Light quality Jgfkh

50

40

30

20

10

Chlorophyll &

400 450 500 &0 OO 650 700
Wavelangth {nm)

Absarption spectra

-
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Carbon dioxide

® between A and B
Light 1s a limiting factor Rath ol
photosynthesis

® between B and C
Light 1s not a limiting factor

1 ] | 1 |
0 0.04 0.08 0.12 0.16 0.20
Concentration of carbon dioxide / %

-/
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Temperature Optimum temperature

A plant can photosynthesis faster on a warm
day than on a cold one.

=
=
=
=
¥
4=}
&
=
=y
[
=
i
N
=
7]
(1=
o
]
i

0 10 20 30 40 50 &0 VO

Temperature ("C)
'
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stomata
stomata often close if the weather 1s very hot

and sunny, to prevent too much water being lost.

— can not obtain enough carbon dioxide
— photosynthesis may slow down

Stoma open Stoma closed

Nucleus

= Chloroplasts

Vacuole
Guard cell

Cell wall
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Growing crops 1n glasshouses greenhouse/ glasshouse

g p =

& the temperature can be kept at the optimum leve "

% in cloudy or dark conditions, extra lighting
can be provided.

& provide that the right wavelengths

& if temperature and light intensity are too high.
These can be reduced by shading the plants.

& if carbon dioxide concentration is too low.
Provide extra carbon dioxide.
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Brmg the energy of the sun into
_ecosystem (the flow of energy in
. ecosystems is one-way) '

\

Is essential for maintaining a constant
global level of oxygen and carbon d10X1de



