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More than 50 factors affect crop growth and yield potential!

ARE YOUR YIELDS AND PROFITS
BEING PULLED COWN BY ANY

World wide dominant OF THesE?
stresses:

Plant available water
*Temperature
*Nutrient availability

Environment and nutrient
related stresses occur in

about 55 and 20% of the

land area, respectively.

INCREASING YIELD ’

INCREASING ’ INPUTS



Nutrient Concentration in Classification
plants
H 6 % Macronutrients
o) 45 %
C 45 %
N 1.5%
K 1.0 %
P 0.2%
Ca 0.5%
Mg 0.2 %
S 0.2 %
Cl 100 ppm Micronutrients
Fe 100 ppm Animal and Human Health
Mn 50 ppm Pests and disease control
B 20 ppm
Zn 20 ppm
Cu 6 ppm
Mo 0.1 ppm
Ni (Na, Co, Va, Si in some plants) 0.01 ppm 2




Micronutrients and S studies and

Need for re-evaluation of

Why have not we heard much about
micronutrients?

Podzolic soils

Soil pH 2 b 1 &
Micronutrients impurity in fertilizers Mo W
and lime \

application were not a priority

micronutrients in our soils

Increase in diversity of crops grown
in the region

More intensive cropping systems

Less application of organic
amendments

Less micronutrients impurity in NPK
fertilizers 8

Direct relationship between
micronutrients level in crops and
human health (i.e. Fe, Zn, ...)




Is your diet deficient in micronutrients?

Research has shown micronutrient deficiency to be scientifically linked to a higher
risk of overweight/obesity and other dangerous and debilitating diseases.



Effect of soil pH on nutrient bioavailability
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Micronutrients are equally important
in plant nutrition as macronutrients

Nutrient uptake

by plants ;
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Solid phase
minerals and
precipitates

Plant Tissue analysis is a more reliable method of assessing micronutrients
compared to soil test in Atlantic Provinces (PEI, 2000).




Chelates

Source: SOM, soil microbial activity, plant residues, root exudates.
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Chelate-micronutrient cycling extremely
important in plant nutrition

Chelating agents are not equally
effective at all pH values.

Act Like a sponge



Plant and amimal
rasichues
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Range 2-200 ppm (7-80 ppm)



Factors affecting B availability

pH: decrease with pH>6.5

Liming: reduce B availability
— Liming of the soil high in OM may increase B ava.

Soil OM: increase B availability; complexed B
Soil texture: easily leach from coarse-textured

Interaction with other elements: Ca reduce B uptake
and protect against B toxicity

— Ca:Bratio in leaf tissue >200:1 - B deficiency
— K fertilization reduce B ava by replacing Ca*? on exch sites



Factors affecting B availability

 Soil moisture:

— Low moisture = low OM decomposition and low
diffusion

Crop sensitivity to B deficiency

Table 8-17  Crop Sensitivity to B Deficiency

High Sensitivity Muoderate Sensieivicy Lo Sensitivitgy

Alfalfa €— Peanut Apple Cotton Asparafus Pea
Caulifioraver Sugar beet Broceoli Lettues Barley Peppermant
Celery Table beet Cabbage Parsmp Bean Potato
Rapescod Turmp Carrot Fadhsh Blueberry Rye
Comnifers Apple Clower Spnach Cucumber Sorghum
Canola €— Broccoli€—  Grapes Tomaro Corn Spearmint
Turmp Faspbersies Strawberries Grasses Sovbean
Turnip Chat Sudat grass
Chion Sweet corn
Wheat

SOURCE: Robertsom et al., 1976, Mich. Coop. Ext. Bull. E-1037.



B in Plant

Transport in phloem is restricted—>
accumulation and toxicity in older leaves

Cell wall structural integrity

Increases flower production and retention;
seed and fruit development

Need for development of legume root nodules



Deficiency symptoms

Immobile in plant

Cessation of terminal bud growth follow by death of young
leaves

Resetting of new leaves in legumes

Leaves become pale green, losing more color at the base than tips
Brown /black heart as a result of internal tissue breakdown in root crops
Serious yield reduction in cereals due to male sterility

Deficiency in Atlantic Canada: spinach, apple, alfalfa, cole crops, potatoes,
cauliflower, red clover, brussels sprouts



B deficiency symptoms

Soil test critical level: 0.8 ppm for most crops
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Apple Internal Cork (B deficiency)

A 08 /N Forages WEISRE

,‘\4 Symptoms of deficiency include yellowing
[ “ of the upper leaves only in alfalfa, and a
% red coloration on the margins and.tips of
. " younger leaves or yellowing and shriveling

b, ? of leaves in red clover _
Al'! ~ e o L. L Yruan 8




B Sources

Table 11. Average and range of concentration of some micronutrients in manures on fresh basis®
| . No. of DM Boron Copper e Zinc
ghage samples (%) (ppm) (ppm) ¢ (ppm)

2 (ppm)

Liqud 1 Average 8 / 4 \ 4 14 19
Dairy (Range) (5-12) (2-6.5) (1-17) (8-31) (8-78)
Solid 12 Average 20 6 3 23 25
Dairy = (Range) (14-34) (2-14) (1-7) (10-77) (10-64)
Liquid 2 Average 5 3 4 18 35
Hog (Range) (1-11) (1-5) (tr-9) (1-62) (3-125)

oli 5 Average 57 24 14 136 175

| Poultry, B (Range) (56-59) (71 -27) (13-16) | (132-139) | (170-178)

Sond R Average 21 \ / 1 31 30
Beef - (Range) | (15-26) (4-5) (2-7) (16-46) (9-51)

“Reproduced from A.A.C.S.F. (1986).
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B sources

* Borax (sodium tetraborate): 15% B

e Solubor: Concentrated soluble B, foliar
application

e Colemanite: low solubility, for sandy soils with
high risk of leaching

Table 8-18 Common B Fertilizers

Eouree Formla £

Borax Ma.B, 0. 10H.0 11 . . )
Boric acid H,BO, 17 Application rate:
Colemanite Ca, B0y, - SHLO 10-16 1_3 |bs/aC

Sodium pentahorate M, By g T0HLO 15

Sodium tetrabocate Ma,B,0, 3H,0 14=15

Solubor MNua,B,O5 - 5H.O 4+ MNaByyOe - 10HO 20=21]

Broadcast, banded or foliar spray



Zinc (Zn)

Plant and animal
residues

Dissolution

Precipitation

\ Mineralization
>

Immobilization

Adsorption
—

Desorption

Zn is soils range: 10-300 ppm

SQIt

QRGANIG
MALIER
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Factors affecting Zn availability

Soil pH

— At high pH Zn*? precipitate as amorphous soil Zn, ZnFe204
and ZnSiO4

— Liming acid soils

Zn adsorption
— Zn*? adsorbed on MgCO,, CaCO,, CaMg(CO;,),, Clay, Al/Fe oxides, OM

SoilOM: M v = 7 © " T ” stable soluble
orinsoluble *— TR

] N At = “\\ '/ZrJI'EH‘ o
Interaction _«=— g R0 petition for the

Same Carriel JIL\-;}H\IU ) 1 = ) Al IN\A tl-:lfvllll



Factors affecting Zn availability

Cool wet season (increase T will increase Zn*?
solubility and diffusion)

Formation of Zn-phosphates following large
applications of P fertilizer.

Precipitation of Zn as ZnFe,0, or ZnS when pH
decreases in alkaline soil following flooding.

Plant species/varieties have different
susceptibility to Zn deficiency (i.e., Zn-inefficient
cultivars).



Table 8-5 Crop Sensitivity to Zn Deficiency

High Sensitivity

Mild Sensitivity

Apples D
Beans, lima beans «—

Castor bean
Citrus

Corn <——
Flax

Fruit trees (deciduous)
Grapes +——

Hops

Onion <——m

Pecan
Pine
Rice

Soybean ——

Sudan grass

Sweet corn «—

Alfalfa
Barley
Clover
Cotton
Grapes
Lettuce
Potato
Sorghum
Sugar beet
Tomato
Wheat

Low Sensitivity

Asparagus

Carrots

Forage grasses

Mustard and other crucifers
Oats

Peas

Peppermint

Rye

Safflower

21



Zn in plant

Function in plant
* Cytochrome and nucleotide synthesis

e Auxin metabolism (growth hormones):
deficiency result in shortening of internodes
and small leaves

* Chlorophyll production
* Enzyme activation
* Membrane integrity



Zinc deficiency symptoms

— Pecans, corn, soybeans, potato, cotton, grapes, citrus
and vegetables are sensitive to Zn deficiency.

— Crop symptoms are shortened internodes, resulting in
bushy, rosetted leaves and bronze coloring.

— Small narrow, thickened leaves

— Decrease in stem length and reduced fruit bud
formation

— Malformation of fruit, often with little or no yield
— Premature foliage loss



Zinc deficiency symptoms

Soil test critical level: 1.5 ppm for most crops; Application rate 1-10 kg/ha

Reported in Atlantic Canada: potatoes, blueberries, corn 24



Copper (Cu)

Plant and animal
residues

Dissolution

-—

Cu*?

Precipitation

SQIE
QRGANIC
Mineralization WA
N

Immobilization

Adsorption

Desonption

Range in soils: 1-40 ppm
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Cuin soil

e Adsorbed Cu s N ’io
— Clay surfaces e e AN
— Soil OM: strong \FE__?H i’
— Fe /Al and Mn oxides 7 Nl v

* OM<=8% adsorption on both organic and
mineral sites

e OM>8% adsorption mostly on organic sites
— Cu deficiency in peat and muck soils



Factors affecting Cu availability

Texture: low in heavily leached and coarse
textured soils

Soil pH: increase in pH, decrease solubility of
minerals and increase adsorption

Interactions with other nutrients: Zn, Fe, P

Plant factors



Table 8-9 Crop Sensitivity to Cu Deficiency

High Sensitivity Mild Sensitivity Low Sensitivity
Alfalfa «— Lettucee— Apples Cucumber Apples Potato
Beets Onion «— Barley Oats Beans Rapesee
Canary Seed Rice Blueberries Parsnips Beans, snap Rye
Carrots «——  Spinach «——Broccoli Radishes Canola Soybeat
Citrus Sudan grass Cabbage Strawberries Forage grasses Turfgra
Flax Wheat «—— Cauliflower Sweet corn Grapes

Celery Timothy Lupine

Clover Tomato Peas

Corn Turnip
Recommended rates of Cu

Method Rate

Broadcast: 1.0to 10.0 Ib./A
In-row: 1.0 to 5.00 Ib./A
Foliar: 0.1to 0.251b./A
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Cu role in plant

* Photosynthesis and respiration

e Lignin formation in cell walls

— Deficiency result in deform leaves and stems = prone to
lodging; sensitivity to diseases

e Carbohydrate and lipid metabolism
Deficiency Symptoms
* Chlorosis in young leaves

* Cornsmall grain and corn: young leaves become yellow
and stunted; as progress young leaves turn pale and
old leaves die back.



Copper Deficiency Symptoms

Soil test critical level: 0.6 ppm for most crops

Poor pigmentation

@0

e@@@

Reported in Atlantic Canada: potatoes, blueberries | Leat tips are dying back and curling.

Most often seen on muck soils.

Copper Deficient Wheat.



Ornamental palms
copper toxicity

- —



Manganese (Mn)

Plant and animal
residues

Primary
. ml Dissolution
mm k Precipitation Mn+2
SQIE
OQHEANIG
l Mineralization MATIER
-
Immobilization
Adsorbed Adsorption
or labile
Mn*2

Desorption

Range in soil: 20-3000 pm
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Factor affecting Mn availability

* Soil pH: liming will result in precipitating as MnO,
* Excessive and poor aeration
— Lower redox potential increase soluble Mn*2

e Soil OM

— Organically complexed Mn*? accounted for 90% of Mn
in solution

— Increase Mn ava. Through chelate formation

— Formation of unavailable Mn complexes in Peat and
Muck soils



Table 8-13 Crop Sensitivity to Mn Deficiency*

High Sensitivity Moderate Sensitivity Low Sensttivity
Alfalfa <  Peas Barley Oats Barley Rice
Apples <«— Potato Broceoli Parsnip Blueberries Rye
Beans, snap €<— Radish Cabbage Potato Corn Soybe
Citrus Raspberries Carrot Rice Cotton Turfg
Cucumber Soybean Cauliflower Rye Field beans Whea
Fruit trees Spinach Celery Soybean Fruit trees
Grapes <«— Strawberries Corn Sweet corn
Lettuce <€— Sugar beet Cotton Tomato
Qats <— Tomato Field beans Turnip

Onion <— Wheat Fruit trees Wheat

*Some crops are listed under two or three categories because of variation in soil, growing conditions, a
differential response of varieties of a given crop.
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Mn in plant

* Photosynthesis: electron transfer

* Lignin synthesis: enzymes, amino acids and
phenols

* Deficiency symptoms
— Growth rate reduce

— More root and leaf diseases as a result of N and P
accumulation, lower lignin and phenolic acids

— Symptoms in younger leaves: intervinal chlrosis

— Gray speck in oats, marsh spot in peas and speckled
vellows of sugar beet



Mn deficiency symptoms

\

B C

Figure 1 - Soybean leaf showing deficiency symptoms (A), Mn-normal leaf (B) and high-Mn concentration (C).

3/3/2011 Soil test critical level: 40 ppm for most crops



Mn Sources

* Manure and organic wastes: ~0.01-0.05%

Table 8-14 Common Mn Fertilizers

SOurce Formula % Mn
Manganese sulfate MnSQ,-4H,0 26-28
Manganous oxide MnO 41-68
Manganese chloride MnCl, 17
Natural organic — < 0.2
Manganese chelates MnEDTA 5-12
<*Higher rates in organic soils Application rates:

<+Band application with NPK fertilizers is common 0.9-18 Ibs/ac
*»Soil application of chelates is not recommended as Ca and Fe replace Mn



Iron (Fe)

Pramary
and e
socondary
Fo -
minerals
1 Anora
Anmoby
Adsorbed Adsorpion
or lable
Fe*?/Fe? Dasorpton

\

Less important due to low solution concentration
Does not count in CEC
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Factors affecting Fe Availability

Soil pH

Redox potential

— Non calcareous soils
Organic matter

— Chelating the Fe

— Improve soil structure
— Mineralize and release
Interaction with other
nutrients

— Cu following CuSO4 fertilizer or
fungicide

— Mn

- P

— Availability increase by NH,*
application

log SOLUBLE Fe (mali]




Factors affecting Fe Availability

* Fe-efficient plants:

— Excrete H* and organic
acids from their roots

— Excrete chelating

compounds 50°/

— Phytosiderophores: amino
acids with high affinity for
Fe*3; adsorbed by plant
root; grasses

a .
L pred™" eV
tnel’

Table 8-2  Sensitivity of Crops to Fe Deficiency®

Senzitive Nt r.'.l.'.'l_.'ll Tidrradis Tidrrant

Azxalena Alfalfa \Ufalfa
Beans, snap = Asnarapiis arley
Berries D ] Barlew d 30/0 O‘ m

Blusherries o

Broweeali & . X
Cauliflpwer e“’ Urasses
. nt \Nom . Milles

Flax Foraris
Forage lefumes P

Frinit trees Sovbean
PPET T TET Ty (BTRE Girain serghum Sugar heet
Grapees — Grassies Wheat
Kaple trees R Chats
kdimt Crrehand grass

Orpamentals Crnamentals
Peanuts e

Pin sak
Ra=nberries

B sl endies vl v
Sovbean
?“|||il'|.||'||
SirasheITIeS

Pa TR L |'|:;;| 1l
Sl DO
Tamite
IMurfErasses

@.
Wheat
< -
Sudan grass
h

Wegetables

Walnue

*Home crops are listed under two or three categaries bectase of variatsams in soil,

BIYINE OnE i, arit diftere el 1 AR W rREes of 9 PIvem crop



Fe in plant

Enzymes in plant esp. involve in chlorophyll synthesis

Involve in oxidation-reduction reactions in respiration
In structure of Nitrogenase essential for N, fixation

Fe is not mobile in the plant so the deficiency
symptoms occur on younger leaves

Sufficiency range 50-250 ppm; deficiency <50 ppm
Fe is not mobile in the plant so the deficiency

svmntome< nececiir nn vnilingoer |p$|ves

FeSO4; 19% Fe &
Fe-EDTA: pH<6.5 -

Fe-DTPA: pH<7.5; in neutral and alkaline - o
Fe-EDDHA: most stable Fe chelate j }

Local root zone acidification



Fe Deficiency Symptoms

Soil test critical level: 50 ppm for most crops; 0.5-2 Ibs/ac foliar application of chelate

Reported in Atlantic Canada: blueberries, cereals and forages 42



Molybdenum (Mo)

Plant ard animal

resichins
N ,
Plary LUintaka
Primany
ard Dhsealufion Soil solution
T Ly Mo, 2
Pracioital HMoO -
rrinerals reCApTalion F i
: LrakaaniLe
l : Minaralization MY R RE
I .
'-] . I fmmaotitization |
Adsorbed ¢ Adsarpiion !
cuse [/
[ B .
HMoO,- Diesorpiian ¥
Leaching

Range: 0.2-5 ppm

43



Factors Affecting Molybdenum
Availability

e Soil pH: -belows.0, 10 fold increase with each unit of pH
Increase

Interactions with Other Nutrients

* Mo:P Balance: P D> + (reduces adsorption in the sol)
* Mo:S Balance: SO, » -uptake by plants
e Mo:Cu and Mn Balance: reduce Mo uptake

* Mg: increase Mo uptake

* Leaching Soil Conditions



Sensitivity to Molybdenum Deficiency

Table 1: Sensitivity of plants to low levels of available molybdenum.

High Sensitivity Mild Sensitivity Low Sensitivity
Broceoll Beet Barley
Brussels sprouts [ettuce Corn
Cauliflower Spinach Wheat
Cole crops Potato Oats
Alfalfa Sovbean Rve Grass
Clover Tomato
[egumes




Mo in plant

e Essential for nitrogen fixation and in nitrate reduction
* Rolein the absorption and translocation of iron in plants

e Excessive Mo in forage (>5 ppm) will result Molybdenosis in grazing
cattle: imbalance of Cu and Mo in the diet; Stunted growth and
bone deformation; can be corrected with application of S

Deficiency symptoms
* Inyoung plants, stunted growth and yellowish green leaves

 Reduction in leaf size and irregularities of the leaf blade“whiptai
and death of young leaves

* In older leaves, light green followed by yeI_Iow_in% and drying or
shedding, often with abundant anthocyanins in the veins

e Shoots short, thin, growth upright and spindly, flowering reduced

I”

* deficiencies generally do not occur at soil pH greater than 6.0

Reported in Atlantic Canada: low pH soils, cabbage, cauliflower; conservation tillage cereals



Mo Deficiency Symptoms




Molybdenum Fertilizers

Table 2: Fertilizer sources of molybdenum (Mo).

Source Formula " Mo
Ammonium molybdate (NH,) Mo, #2H.0 54
Sodium molvhdate Na,MoO,#2H,0 30
Molybdenum trioxide MoO), (6

Soil or foliar application
Seed treatment with sodium molybdate Application range: 60-120 g/ha
Liming increase Mo availability



Take Home Message

Send you soil and plant samples for analysis

Check if your crops are sensitive

Get expert interpretation and advice

Keep you soil pH within the optimum range
Use manure and compost

Little can be too much!

Update the micronutrient fact sheet
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Micronutrient Fertilizer Sources

Source Solubility in HO Percent Element
Boron
H:BO3 Soluble 17
Na,B407.5H,0 Soluble 20
Na,B;07.10H,0 Soluble 11
CasB;041.5H,0 Slightly soluble 10
Copper
CuS04.5H,0 Soluble 25
CuO Insoluble 50-75
Iron
FeS0,.7H,0 Soluble 20
FeHEDTA Soluble 5-9
FeEDDHA Soluble 6
Manganese
MnSQ0,4.4H,0 Soluble 24
MnO Insoluble 41-68
Mn oxysulfate Variable 30-50
Molybdenum
Na;MoQO,4.2H50 Soluble 39
(NH4)2MoOy4 Soluble 49
MoOs; Soluble 66
Zinc
ZnS04.H20 Soluble 36
ZnS0y - NH; complex Soluble 10-15
Zn0O Insoluble 60-78
Zn oxysulfate Variable 18-50

ZnEDTA Soluble 6-14



