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Chemical Relative %

Name symbol in plantto N Function in plant
Primarv macronutrients

Nitrogen N 100 Proteins, amino acids
Phosphorus P 6 Nucleic acids, ATP
Potassium K 235 Catalyst, ion transport

Secondarvy macronutrients

Calcium Ca 12.5 Cell wall component
Magnesium Mg 8 Part of chlorophyll
Sulfur 5 3 Amino acids

Iron Fe 0.2 Chlorophyll synthesis
Micronutrients

Copper Cu 0.01 Component of enzvmes
Manganese Mn 0.1 Oxvgen evolution

Zinc Zn 0.03 Activates enzymes
Boron B 0.2 Cell wall component
Chlorine Cl1 0.3 Photosynthesis reactions

Molvbdenum Mo 0.0001 Nitrogen fixation
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The blossom-end rot in this tomato
was caused by calaum deficiency.
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Chelation = chemical change

Metal-ion Chelating Metal-chelate
(2% or3%) Agent (1)

Adsorbed by clay

and organic matter . .. S (asse
or precipitates as salt 4 Al

Moves freely through
the soil
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Background to pH stability Fe- chelates

For iron you need to choose a chelating agent: Only foliar
.Fe-EDTA fine, best to keep the water below pH 6

Pivot = partly soil, partly foliar Fe-EDDHA with 1.5 0 ,0
level fine

Drip-irrigation = soil application Fe-EDDHA with high 0,0
level best (0,04.8)

Or higher dose rate when using lower 0,0 level



Ortho-ortho position — strongest isomer

Example: Rexolin Q48 has 4.8% o-o Fe of the 6% Fe




Type practical pH stability
Fe-EDTA1.5-6.5

Fe-DTPA1.5-7.5

Fe-EDDHA*3-10

Fe-EDDHMA*3-11

* depending on ortho-ortho level

We need so much different chelates for iron since EDTA
IS often not stable enough
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PLANT RESIDUES ANIMAL RESIDUES

ORGANIC MATTER

HUMUS
completely decomposed organic matter

HUMIC ACIDS
soluble

HUMIC
ACD
soluble in alkalne
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The Benefits of Using Humic Acids in Sandy Soils

[+ R Y.

O -

In sandy soils or soil in poor humus, the unchanged surface of soil particles cannot hold nutrients and
lose large amounts to leaching, Humic acids provide a charged surface to hold nutrients inthe soil and
prevent their leaching

Humic acids give the sandy soil a negative charge, thus creating molcular attraction betw een the
negative (-) sandy soil and positive (+) nutrients (fertilizer), Oﬁposite's attract What w e have created
retention of nutrients in the soil, promoting a food source for the newly forming root system.
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Humic Acid Fragm ent

Ball and Stick Model Space Filling Model & Carbon
Hudrogen
& Uxugen

& Mitrogen

2
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o Loading of sugar (yreen dots
into the sieve tube at the
source reduces water
potential inside the
sieve-tube members.

This causes the tube
to take up water
by osmosis.

o This uptake of
water generates
a positive pressure
that forces the
sap to flow along
the tube.

e The pressure is
relieved by the
unloading of sugar and the
Consequent loss of water
from the tube at the sink.

o In the case of
leaf-to-root
translocation,
xylem recycles
water from sink
to source.
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Inside a leaf, the area not occupied by cells s filled with moist a.
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Fig. 5.10 Effect of molecular weight (solid lines) or molar volumes (dashed lines) of salts on
rate constants and half-times of penetration of Ca salts into adaxial epidermis of Vicia faba leaf

disks and across CM of Populus canescens at 20°C and 100% humidity. (Redrawn from data of
Schonherr and Schreiber 2004a, b and Schlegel et al. 2005)
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(B) Compounds commonly translocated in the phloem
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(B) Compounds commonly translocated in the phloem
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Major plant hormones

Summary of Functions of Major Plant Hormones

Hormone Function Location
stem elongation :
*(IAA) apical dominanace proqluced i sneel
: apical meristem
root formation
Sl LI roduced In roots
differentiation P
stem & intemode : : :
elongation produced in apical portion of
*(GA) root & shoot

seed germination

abscission fruit
ripening

produced in leaves, stems &
young fruits

supression of bud
growth

stomatal opening

leaf senescence

mature leaves, fruits & root
caps

most horticultural/ agricultural applications*®
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Naturally Occurring Auxins

indole-3-acetic acid

CH,COOH
¢®
H 4-chloroindole-3-acetic acid

Cl  CH,COOH

xS

phenylacetic acid
CH,COOH

J



Discovery of Auxin: Phototropic Response of Grass Seedlings

coleoptile

()

Darwin (1880)

/W EW S TV
(

£

| |
intact apex

apex

excised shielded

Boysen-Jensen (1913)

d)enn %w

0 4

mica barrier
inserted
unilaterally

gelatin barrier
inserted
subapically
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Auxin Synthesis Pathways

tryptophan (trp)
CH,-CHNH,-COOH tryptamine

CH,-CH,NH,

T € o

mdule-:‘i-pyruvate
CH -CO-COOH
indole-3-acetaldehyde
CH,-CH=0
cH -CH=NOH m

indole-3-acetic acid
CH,-C=N CH COOH
mdule-S-acetaldnxlme 5

indule-S-acetnnltrlle

IZ
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Indeole-3-acetamide

T
CHg-(lj

]I*]H2

Mots-
QEYVEENASE

CHo-CH=N-0OH nitrilase gene @
| _ _ has been c:l_-::-ned. IAM
hdole-3-acetaldomime from Arabidopsis hydrolase

Nl
H

‘ CHp-C=N CHy-COO

" il .
H H
indole-3-acetortrle

IAT Ta A

AN accumulates in Arabidopsis trpe mutants _
indicating an alternative pathway of eynthesis (@ Pathway used by microbes




The Pool of IAA has Multiple Sources and Sinks

synthesis LA b ciliusY) a6 e

v

indole-3-acetic acid

|AA CH,COOH

- conjugation

I\

degradation

compart-
mentation

trans port



Typical IAA-induced Growth Response

Relative Elongation

| optimum

10® 107  10° 104 103 102
IAA Concentration (M)



Degradation Pathways for Auxin

indole-3-acetic acid 3-methyleneoxindole

CH,COOH #" CH,

0O
N aspartate H

H
indole-3-acetylaspartate

CH,CO-aspartate

"\

dioxindole-3-acetylaspartate
CH,CO-aspartate

conjugation

oxindole-3-acetic acid
CH,COOH

O~ O,

aspartate



Commonly Used Synthetic Auxins

2,4-
indole-3-butyric acid naph?hale_ne dichlorophenoxy-
acetic acid acetic acid
CH,-CH,-CH,-COOH CH,COOH
m O-CH,-COOH
SCRENNSS
N
H
Cl
2-methoxy-3,6- 4-amino-3,5,6- 2,4,5-
dichlorobenzoic trichloropicolinic trichlorophenoxy-
acid acid acetic acid
Cl COOH O-CH,-COOH

@cnnﬁ r@rm /@,m
OCH, ci NH, cl

Cl Cl Cl
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elongation
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Plasma
membrane
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wall .
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Protein

A (H* pump)

9.
. CYTOPLASM (===

Cellulose
molecule
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\

Cellulose loosens; cell can elongate
Copyright @ Pearsen Education, Inc., publishing as Benjamin Cummings.
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CHEMIOSMOTIC MODEL OF AUXIN MOVEMENT

1. Wrenawanis nthe
ecidc c2ll wall (pH =
it tends to gain aproton (H")

2 L is then trensported
across the cell membrans

aspedfic irfflux canier
hetop of the c=il.

2 hsidethe c2ll, where the
pHis neutral oH = 7.0),
auxintends to lose aproton.

4 Snioric sudn is
trenspoited across the cHll
membrane by aspecific
efflux carier locdled st the
base ofthe cell.

e?slﬁmrepeded
imes, causing aLedn
tomove downthe




Vacuole

Cytosol o

Auxmvmd b
Nucleus elongation
Plasma membrane

N Cell wall
Plant cell just after coll division

(b)
Rigid Auxin ) Activation of b Activation b Disruption of
wall H* export, lowering of expansion hydrogen bonding
of wall pH betwean cellulose
microfibrils
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Of the many gibberellins found to date, those with
hydroxylation at the 2 position are functionally inactive

O OH

HO !E
COOH

GA, is a more-polar

active gibberellin o o '. OH

COOH

GA,, is an equally-polar
but inactive gibberellin
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Acetyl-

Pyruvate Glyceraldehyde-3-P
coenzyme A

i 2

1-deoxyxylulose-5-FP

S-hydroxy-3- DXKR

methylgliutaryl-
coenzyme A 2-C-methylerythrose-4-P

2-C-methyl-D-erythritol-4-pP
‘L HMGR

Mevalonate = Isopentenyl-PP

4

Dimethylallyl-PP

GGPS GGPS
Chilorophyl -GG CcHS

/C':HS
Geranylgeranyl-PP

Copalyl diphosphate Phytoene
s 'lv

ent-Kaurene Phytofluene
s Z-carotene

¢ zDs

Neurosporene
Lycopene

‘L B-LYyC

y—-carotene
=-LY C B-LYC

o—ca r<>_tene U:d:‘ Jﬁ@w@m

= Phytyl-PP




The Pool of GA has Multiple Sources and Sinks

synthesis

|

transport - § . DH«-(—)-* sugar
%.“ conjugation
HO
COOH
GA,

conversion

among
isomers

deactivation
degradation

Ol il gl al gy A1 saal



0ol sl 321 58 Skl




Cali el g Cansl) A g gl Anfial) g Adadilall <l 308 3 (o (398N (A

2
2
=
[




e 3ad) clily pad) oSl b)) Jaaall A 4 ial) il el
L ol giad Aol 1€ 0 ) pua A 4, Al Zlial)

(;M\)‘H\JM\&}E&QQ@SY\@QUAQ&FMSJA
(@J#\JM\)M\&JL&MQ\Mj



Oy ol Ao ol gauadl) ) 92

dormancy OsSed)
stem growth Bled) gad
Root growth ssdal) gal
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Ethylene

Decrease in ABA '
level and sensitivity Light
Increase in GA ?
sensitivity or loss

|_
of GA requirement GA :j!|_|_
. Af?;r- '. Tl'es?' y

ta Endnsperm

ripening rupture rupture
Mucropylar
Dormant @ Non- endosperm @

seed pg, | dormant BGlu|
seed EREBP
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Storage
Cotyledons

Pisum sativum

Testa
(seed coat)

Plumula
Hypocotyl
Radicula

Embryonic
axis
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Testa (seed coat) Endosperm rupture
rupture

Germinational Enduspn?rm Germinational
stage weakening stage Il

{Ruptured tasta, ‘ (Ruptured testa,

intact endosperm) ruplured endosperm)

B-1,3-Glucanase e

ptzger and Meins (1993




~— Fruit+Seed Coat
Endosperm

Aleurone Layer

Storage Protein
7]

cotyledon
monocot

>
shoot apex g
2

k Amino Acids

Embryo

radicle apex

water

imbibition
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Crop load
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WIS T ER SPRING

Figure 1. Regulation of citru=s flowering. Iln subtropical
regions, citrus bloom generally occurs during the springe
flush alongz with wegetative sprouting. In these arecas.
flowering takes place after a period of bud guiescence
and the exposure to the low temperatures amnd short dawvs
ofF winter. In tropical regions and in areas with drougsht
seasons citrus also flower im response o re-hyvdration after
a pericod of warter deficit. Huze fruit load, leat remowval and
exocenous cibberellic acid reduce flowering, mormmally
decreasing the rate of leafless showots. The probability of
fruit set, represented as a downward arrow, is inversealy
related o the nmum ber of flowers within the shoot.



FRUITLET

SRDUT 1 ACC

T ABA

y
= = o

Figure 8. Regulation of water stress-induced abscission. In stressed roots, severe water-stress induces interruption of
xylem flow and accumulation of abscisic acid (ABA). Subsequently, ABA drives l-aminocyclopropane-l-carboxylic acid
{ACC, the immediate precursor of ethylene) accumulation. In the aerial parts of the plant. water stress induces ABA
increases and gibberellin (GAs) decreases while ACC is not modified. Re-hydration restores xylem movement and
reduces ABA and ACC levels in roots. After re-hydration, ABA decreases in aerial organs whereas ACC is actively
transported to leaves, fruitlets and fruit where is catabolized to ethylene (C,H,), the hormonal activator of abscission. In
non-abscising fruitlets, a rise in GA levels appears to act as a negative regulator of abscission. Reproductive organs
{fruitlets and fruits) and mature leaves are shed through the calyx abscission zone (AZ-C) and laminar abscission zone
(LAZ), respectively. However, young leaves do not shed afier re-hydration. Young leaves are rich sources of endogenous
plant hormones such as auxins (AUX) that may operate as abscission inhibitors. Up and down minor arrows near
hormone names indicate increase or decrease in hormong levels, respemvely Arrows and T-shaped lines indicate
ALty e QoI ive rezggation, resp&itivelas o« nd &

.
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Cytokinin H CH H CH
synthesis H\ >c= "" ’ c= "" 3

HN-CH HN-CA,
NH, <= PP-Cfl, \CHs :

<I> }I§q:j:>

oH;C-OH
oH.C-OPPP |supentenyl adenine
ATP
HO OH
HO OH isopentenyl adenine riboside
H\ ,CHs H\. _ JCH OH
HN-CHE \CH HN-CHE

")I>—‘-»:I> HN_::_HCHGH
@mppp oHCOH ljtﬂ:>

HO OH HO OH
trans-zeatin riboside TP trans-zeatin riboside trans-zeatm



Cytokinin
degradation

CH,
H CH \c cH=c?
\'C C" 3 o \CH
HN- CH | 3-methyl-2- butenal

m

02 Nﬁ"
isopentenyl >
adenine gu N

_H
adenine



Cytokinin
conjugation

H*\. HCHIOH H*\ CH ,0-glu
j\jﬂ"‘: \CH3 j\jﬂH: \(';H3
trans—zeatln O-glucnsyl—trans—zeatin
H\ ,CH3 H\ ,CHa
HN- CH \CHon HN- CH \CH O-glu

20 0

cls—zeatm O-glucnsyl -cis-zeatin



The Pool of Cytokinins has Multiple Sources and Sinks

synthesis

H\c _CH,0H

=C
transport €«——3> \cfi CH, €3> sugar

conjugation
N)IN>
N
H

trans-zeatin

conversion
among
cytokinins

deactivation
degradation
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Natural cytokinins can be more effective than synthetic ones
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Acetyl-

Pyruvate Glyceraldehyde-3-P
coenzyme A

i 2

1-deoxyxylulose-5-FP

S-hydroxy-3- DXKR

methylgliutaryl-
coenzyme A 2-C-methylerythrose-4-P

2-C-methyl-D-erythritol-4-pP
‘L HMGR

Mevalonate = Isopentenyl-PP

4

Dimethylallyl-PP

GGPS GGPS
Chlorophvyll- GG

/C':HS
Geranylgeranyl-PP

Copalyl diphosphate Phytoene
s 'lv

ent-Kaurene Phytofluene
s Z-carotene

¢ zDs

Neurosporene
Lycopene

‘L B-LYyC

y—-carotene
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a-ca rotene p-carotene

= Phytyl-PP
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Decrease in ABA :
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Increase in GA
sensitivity or loss
of GA requirement & GA
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ripening rupture Micropyla rupgre

Dormant @ Non- endosperm Germinated
seed BGlu | dormant BGlul seed
seed EREBP
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Ethylene

Produced by fruits, flowers, seeds, leaves, and
.roots
.Produced from amino acid methionines
.Used to ripen green fruits
Production almost ceases in the presence of
.0xygen
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Ethylene
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ripening rupture Micropyla rupgre
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major plant hormones

Summary of Functions of Major Plant Hormones

Hormone Function Location
stem elongation :
*(IAA) apical dominanace proc_luced " shoot
: apical meristem
root formation
Sl IO roduced in roots
differentiation P
stem & intemode : : :
elongation produced in apical portion of
*(GA) root & shoot

seed germination

abscission fruit
ripening

produced in leaves, stems &
young fruits

supression of bud
growth

stomatal opening

leaf senescence

mature leaves, fruits & root
caps

most horticultural/ agricultural applications®
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HUMIC Acid
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HUMIC Acid

47 i g il el (1a 93 e 930

55 s Vsl Omnia %92

36 uad VSl Omnia %85

37 ETSNEY sl |Mediterranea gailags

agroqufmicos

32 Lol 5 Ll | HUmikink Humikink

28 il SAIMIKS e

35 Ll SA ) 2 L gl
15.5 Bl Ol Tagrow Q5 s

16 el Oxall|Beluckey Beluckey

17 > Owall| Sinotech Huminal 10 EZ

22 oL U=l TIPO CROP SCIENC 9L (a2

16 Ly 68 Call | 4 siule




POT.PHOSPHATE




POT SILICATE

(B5S 1) Jawil

(AS1/2) Jeal )2

Jibu o oSobs

LA Casd S

d:’j... .)S

.“... ,..}S

EDTA %13 s

EDTA %13 <bi )

EDTA %13 Jxinie

Al

Bl B| B[ B[ B[ B| B| | ¥

..... . ... :.m




SUSPENSION
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