@ ) Chapter 2: Plant Mineral Nutrition
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5 Transport of Minerals in Plants
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History of mineral research

1. ARISTOTLE (4'th century BC) had claimed that all matter was
composed of the 4 basic elements: earth, air, fire and water.
He considered the roots of plants to be the "mouths" of the
plant which absorbed the plant's food from (already made)
soil. Not until the C17'th was this concept tested.

2. Van Helmont undertook his famous willow tree experiment

(1648) .
3. Woodward's spearmint experiment (1699)
TREATMENTS GROWTH OF PLANT IN 3 WEEKS
1. rain water 62% increase
2. river water 92% increase
3. drain water 126% increase
4. soil +drain water 309% increase

4. De Saussure grew plants in pure salt solutions
demonstrating the necessity of particular chemical
elements(1804). Yet the scientific community still
clung to the humus theory, basically Aristotle's idea
that the soil provided the organic matter necessary
for plant growth.

5. In 1840 the famous German chemist, Liebig,
published a book entitled "ORGANIC
CHEMISTRY IN ITS APPLICATION TO
AGRICULTURE AND PHYSIOLOGY". His
fierce criticism of the humus theory finally put it to
rest.

5. Inthe 1860's other German scientists ( e.g. von
Sachs and Knop) grew plants hydroponically
experimenting with different salt mixtures and
concluded that 10 elements were essential for plant
growth. These were what we now call the
macronutrients .

From 1920, the study of micronutrients began.

8. From 1950’, study lagged because of lacking of
high techniques.

9. From 1980’, new technologies such as patch-
clump, chromatography, isotope tracing came into
existence. The mechanisms of ion absorption and
transport are being elucidated.
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3. Essential elements
Macronutrients: 10: CHONSPKCaMg (Si)
> 1000ppm in DW
micronutrients: 9: Fe Cl Cu Mn Zn Mo B (Na Ni)
<100ppm in DW

4. Beneficial elements : do not fit into the
above criteria, but can improve the growth of certain
plants or under certain circumstances.

Eg. Na for C, and CAM plants, Si for gramineae plants.

Tabsle 5.1
Addequate tissue levels of elements that may be required by plants
it in dry m Relative number of
Chomical Atowic Congantration in dry matter wtors with
Element symibol wight pmal ! ppm or %* 2]
OETAINED FROM WATER OR CARBON DIOXIDE
- H 10 £0.000 [ 60,000,000
Carbon © 1201 40,000 45 40,000,000
- o 16.00 30000 45 30,000,000
OBTAINED FROM THE SOIL
Massanutrients
Hitrogen L] 1m 1.000 15 1,000,000
Potasium % 3010 F 0 250,000
Cakcium a 40,08 126 05 126,000
Msgrreiuen My 2432 80 02 80,000
Phosphorn [ 098 50 02 60,000
Sutur 5 azar 0 01 30,000
Silicce si ET) a0 o1 30,000
icronusrients
Chicring =1 10 100 1,000
fron Fe 20 100 2000
Horon B 20 m 2000
Manganee Mn 10 50 1,000
Sectium M 040 ] 400
0.30 m 300
010 [ o
.00z o z
000 o1 1
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[Tabte 5.3
Composition of a modificd Hoagland nutrient soltion for growing plants
Concentration Concentration  Volume of stock Final
Mobecular  of stock. of stock solution per hiter concentration
Compaurnd weight salution solution of final solution  Element alerment
gmel! mM gL’ mL nM ppm
101,10 1,000 01,0 60 N 16.000 24
236,16 1,000 236.16 40 K 6000 235
115.08 1,000 20 Ca 4000 160
MgS0,-TH,0 24648 1,000 246,40 10 ¥ 2000 62
5 1.000 n
Mg 1000 M
Micronutrionts.
Kl 7455 2 1.864 4] 50 ki
H, B0, 61.83 125 0773 ‘ ] o 021
MnS0y-H 0 169.01 1.0 0.169 20 o
IS0, TH0 28154 10 o8 | e 20 013
w0 -5H0 249,68 0.25 0s 003
HyMol) (#5% MoDy) 16197 0.2 0% 005
NaFeDTPA (10% Fe) 55850 537 0310 fo  1B1-5RT  L00-3
Optionat®
NIS0y-8H,0 262.86 028 0.066 20 Ni os 003
N 5103 9H,0 284.20 1,000 204.20 10 S 1000 ]

4. Physiological functions of essential mineral
nutrients
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Some of the roles for the micronutrients are shown in this table:
Uses Symptoms
ion balance, photolysis, | . o
ST i wilting leaf tips, bronze leaves, rare to be deficient in feld
resplphotolysis enzyme y :
Mn | PR chlorosis and small necrotic spots throughout plant
enzymes, plastocyanin,
Cu | o ochrome beidacs dark green leaves with necrotic spots at tips of young leaves, early abscission
enzyme COfaCtOr, | o rreace internode length (rosette look), puckered leaf margins, chlorosis of older leaves with
Zn | chiorophyll  synthesis, | ectecse Enoee |
1AA synthesis P
pollen tube growth and
g | orientation, nucleic acid | black necrosis at base of young leaves and buds, stiffbrite stems, meristem death followed by
synthesis,  membrane | excessive branching
synthesis
Mo "c‘["’:;fm redUCtaSe. | o1.7vme converts nitrate into nitite so symptoms are like N deficiency
cell wall rigidity in
S| Equisetum and gracies || SO stems that lodge (fallover)
Ni | urease cofactor urea accumulates in leaf tips causing necrosis, unlikely in field
Al | enzyme cofactor difficult to have oo litle-toxicity more likely
Na g; regeneration of PEP | 11 osis, necrosis, flowering failure in C-4 plants only
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Fig. 1. Flowechar for the igerdification of eficiency semeioms accarding
10 Reddy and Fedd (1967,




