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CLASSIFICATION ELEMENT

e Macro element
* micro element

Table 2.3.1. Typical concentration of nutrients in plant MINERAL NUTRIENTS
tissues. (Marschner 1995) {mainly obtained from soil)

Element Average concen-

tration (umol g”™” Macronutrients
Macroelements N 1000 N
K 250 [ \
Ca 125 ( Vo
Mg 80 . /| )~
P 60 \\/ - k/" ® @® » o
S 30
Trace elements cl 3 N K Ca Mg P s Si
B 2 g/kg DW 15 10 5 2 2 1 1
Fe 2
Mn 1
Zn 0.3 Micronutrients
Cu 0.1 _ _ |
Mo 0.001 )
Facultative elements Si 11000 B Fe B Ma Na 2¢ Gu N Md

Ma 200 mg/kg DW 100 100 20 50 10 20 6 01 01

4 Co 0.1




Essential plant nutrients

Essential plant nutrients (17)

\ v

Frame work elements Mineral elements (Taken mainly from soil in
(Taken from air and ionic forms: 14)

water: 3)
\

e Carbon v ‘
e Hydrogen Macronutrients (6) Micronutrients
e Oxygen (8) !

Primary Secondary
nutrients (3) nutrients (3)

Zinc

Copper
Manganese
Iron

Boron
Molybdenum
Chlorine
Nickel

I NIl
[ Ignou
@ Tg PEOPLE'S

UNIVERSITY

e Nitrogen e Calcium
e Phosphorus e Magnesium
e Potassium e Sulphur




Essential plant nutrients

Chronology of discoveries of essential nutrient elements for higher plants

Element Discoverer of
Essentiality
Carbon (C) DeSaussure

Hydrogen (H) DeSaussure
Oxygen (O) DeSaussure
Nitrogen (N) DeSaussure
Phosphorus (P) Ville

Potassium (K) von Sachs, Knop
Sulphur (S) von Sachs, Knop
Calcium (Ca) von Sachs, Knop
Magnesium (Mg) von Sachs, Knop

e
(Glass, 1989; Marschner, 1997)
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Essential plant nutrients

Chronology of discoveries of essential nutrient elements for higher plants

Element

Iron (Fe)

Manganese (Mn)
Copper (Cu)

Zinc (Zn)
Molybdenum (Mo)
Boron (B)
Chlorine (ClI)
Nickel (Ni)

Discoverer of Year
Essentiality
von Sachs, Knop 1860

McHargue 1922

Lipman and 1931
MacKinney 1926

Sommer and Lipman 4g3g
Arnon and Stout 1923
Warington 1954
Broyer et al. 1987
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Intrinsic factor:

* Jon diameter

* Inviromental factor:

* Light

* Temperature

* Water

e 02

* PH

* Concentration

* |ntraction between nutrient: CLLK K,Mg Ca,Mg
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The availability of soil water and minerals

Soil particle surrounded

by film of water Soil particle

Root hair
Water

available

Y cu2+
: 3 to plant

H,CO,— H* + H* +CO,2~

e

Air space

Y (a) Water film around soil particles (b) Cation exchange in soil

Copynght & Pearsen Education, Inc., publishing as Benjamin Cummings

Long-distance transport of water from roots to leaves



A plant's root hairs are in direct contact with the -«
water that surrounds the tiny particles of top
soil

Soil particle surrounded
by film of water

« The root hairs
take up dissolved
oxygen, ions, and
water from the
film of soil water
that  surrounds
them

Root hair

Figure 32.8B



* Anions, such as nitrate (NO;"), are readily
available to plants because they are not bound
to soil particles

But they tend to drain out of the soil quickly —

This reduces soil fertility —



Cations, such as Ca?* and Mg?*, adhere to soil *
particles

—In cation
exchange, root
hairs release H*
ions, which
displace cations
from soil
particles

Root hair

—The root hairs
then absorb the j

free cations



Casparian strip

Symplastic
route

ta .
Endodermis Stele
_t (vascular

Gt cylinder)
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Drop of Dye Water
dye molecule molecule
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Biology of Plants, Seventh Edition
© 2005 W.H.Freeman and Company
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Water moves across a selectively permeable membrane

From a region of: e To a region of:

.o °° .'.:' 1. Lower water potential
°e ® ‘®.
‘e’.® . ®. 2. Higher solute concentration

-®. . g 3. Lowerosmotic potential

Figure 4-5
Biology of Plants, Seventh Edition
© 2005 W.H.Freeman and Company




Absorption of Water and Mineral
Salts by Roots of Plants

Diffusion




}Lipid
bilayer

Transmembrane

Hydrophobic “-4 |/ /[
FEEREIEee ; protein

Zone

Hydrophilic
zone
Peripheral Inside
Figure 4-9

Biology of Plants, Seventh Edition
© 2005 W.H.Freeman and Company



Facilitated Diffusion

-
\¢ Active Transport
D

O 00,00 O
» »
/\ ATP

O oli.

\J

Simple Diffusion

Cio+0 OO0 00 O

o O

o O

O

O




@ Solute ® ®

Carrier Channel
protein

Carrier- Channel- :
mediated mediated ATP . Lower
. diffusion diffusion ; ¢, ADP + Py
. (a) Simple diffusion (b)Facilitated diffusion ~ (c)Active transport
Passive transport

Figure 4-11
Biology of Plants, Seventh Edition
© 2005 W.H.Freeman and Company
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» Passive transport requires no energy from the
cell. Examples include the diffusion of oxygen
and carbon dioxide, osmosis of water, and
facilitated diffusion.

Transported . Uniport

molecules @ _ carrier ®
Channel @ mg|em|e¢

Simple diffusion Facilitated diffusion

Passive transport



http://www2.estrellamountain.edu/faculty/farabee/biobk/BioBookglossPQ.html

» Active transport requires the cell to spend
energy, usually in the form of ATP. Examples
include transport of large molecules (non-

lipid soluble) and the sodium-potassium
pump

Trans- Symport Antiport
Carrier pnrteda\ @

molecule

Eﬁergy Coupled transport

Active transport



http://www2.estrellamountain.edu/faculty/farabee/biobk/BioBookglossA.html
http://www2.estrellamountain.edu/faculty/farabee/biobk/BioBookglossA.html
http://www2.estrellamountain.edu/faculty/farabee/biobk/BioBookglossS.html

» When both substances are transported in the
same direction the transport protein is known
as a

» When the substances are transported in
opposite directions the transport protein is
known as an

co-transport

Uniport Symport Anh port

arrier . ranspor
. El'ﬂteins .\ &R‘Ims E h}d \ ‘.Q
00004 ]
%ﬁ ﬁ?‘?&fﬁ? %’f (' . |
) ' 1 \ o) : \
ey g
(A 5 ®

| |

Coupled transport


http://academic.brooklyn.cuny.edu/biology/bio4fv/page/sympo.htm
http://academic.brooklyn.cuny.edu/biology/bio4fv/page/antiport.htm

of H*
[ high ]




Passive transport systems involve maotion from high
concentration toward lower concentrations of the
object being transparted, and the energy that drives
them s just random thermal energy.

.|.

0, Na Glucose

aaaaaaaaaa

0 Na' Glucose

Passive Diffusion through
diffusion #queous channel

Facilitated diffusion
with a carrier protein

T =] !. Arizhs I i e e e B
| 15 [ i
o I A8 2 G O A e o ;
PRRRENBNEN i !
e '

Active

transport
| .Na+. «

i LA

ATP ¥ L ADP+P

Na' K
Active transport
against concentration
gradient with
input of energy

Inside Outside

150 mM
I::HE+

10" M 1 mM




Extracellular fluid Q O Na*

Plasma
membrane

Concentration

O & @7
Glumseﬁb ; Q %O -

Cytoplasm

.



| — Xylem sap

T Mesophyll cells
—— Air space within leaf

—— Stoma
o—— Water molecule
—— QOutside air

Adhesion
Cell
i wall
£
%
=]
T . Cohesion,
; cells by hydrogen
Cohesion and bonding

adhesion in the xylem

Water molecule
(.ﬁ e Root hair
o Soil particle
e 2g00° Water
b

Water uptake from soil Figure 32.3



Guard cells control transpiration

» Guard cells surrounding stomata in the leaves control
transpiration

> The opening and closing of stomata 1s an adaptation to help plants
regulate their water content and adjust to changing environmental
conditions

Stoma closing

Figure 32.4




.‘ Evaporati} "

active
transport
high
pressure

transport

A

sap flows from high

tension increases with height

#0300 00000090%0 %

low
pressure ’.
active active
transport
P transport

o R B.

.‘ -.‘*c:osmosish ,.
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PHLOEM _XYLEM

High sugar
concentration

v Phloem transports food
molecules made by
photosynthesis by a
pressure-flow
mechanism

High water pressure

SUGAR
SOURCE

v'Sugar is loaded into a
phloem tube at the sugar
source, raising the solute
concentration inside the
tube

Low sugar
concentration

Low water pressure




PHLOEM _XYLEM

» Water is drawn into the High sugar

concentration

tube by osmosis, raising High water prossurs

the pressure in the tube SOURCE

» Sugar and water
leave the tube at the
sugar sink

Low sugar
concentration

Low water pressure




PHLOEM _XYLEM

High sugar
concentration

High water pressure

SUGAR
SOURCE

» The increase in pressure
at the sugar source and
decrease at the sugar sink
causes phloem sap to
flow from source to sink

Low sugar
concentration

Low water pressure




evapotranspiration =
transpiration + evaporation

N

transplratlon

4 4

trees grass

)

-

CA s* - Vﬁ wf“,_ evaporation

}(\V/ "‘J

N l.

-
o
g
@
£
£
=
2

groundwater
recharge

HO () =
H,0 (1)



