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Pre-assessment

1. (select one) Two parts per million of boron is 

(essential/toxic) to many plants   

2. Tip burn indicates (choose one)

a) iron deficiency

b) excess water

c) excess phosphorus

d) insufficient calcium

3. (true or false)  Nitrogen promotes plant disease
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4. (true or false) Potassium deficiency 

may be confused with salt burn

5. Two nutrients (there are several) 

required for healthy leaves are:

_____________ & _______________
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Goals of this class

By the end of class, students will be able to:

Recognize the role of nutrients in plant health

Read a fertilizer label

Recognize common nutrient deficiency 

symptoms

Recognize other factors that may confound 

diagnosis of plant stress



Proper plant nutrition
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a balance among plant, 

soil, soil organisms, and 

the abiotic environment (light, 

air, water) that surrounds it
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Nutrient deficiency symptoms 
Vocabulary 

Chlorosis Yellowing of leaves

Interveinal chlorosis Striping; Leaf tissue 
between veins turns yellow but veins 
remain green

Necrosis drying and death of plant tissue 

Stunting Shortened internodes 

Abnormal coloration Red, purple, brown 
colors caused by pigments that serve 
other functions

O'Callaghan



10/24/2017
8

Why nutrient deficiencies ?

1.Insufficient amount

2.Unusable form

3.Roots damaged 

4.Poorly adapted plant 

O'Callaghan
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pH is measured

from 0

(most acidic,  concentrated acid)

to 14

(most alkaline, concentrated base)
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Mineral Nutrients
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Fertilizers

Fertilizers are usually labeled either 

“general (or all) purpose” or are listed for a 

specific set of plants (e.g. rose fertilizer, 

cactus fertilizer)

General purpose fertilizers have different 

concentrations of nutrients, but will have 

nitrogen, phosphorus and potassium, listed 

in that order

O'Callaghan



10/24/2017
12

Read the Label

O'Callaghan
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“Major”, “minor”, “micro”

Terms refer only to the amount a plant 

needs for survival.  

 Nutrients are essential, but some may be 

toxic at high concentrations

 Different species, at different growth 

stages, need different levels of nutrients. 

O'Callaghan
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The Major Nutrients

Nitrogen (N)

Phosphorus (P)

Potassium (K)

O'Callaghan
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Mobile nutrients

• Translocated from old tissue (bottom of the 

plant) to new tissue (top of the plant) 

• Deficiency symptoms occur first on lower, 

older leaves

• Mobile nutrients are nitrogen (N), 

phosphorus (P), potassium (K), and 

magnesium (Mg)

• A plant that is not growing is dying

10/24/2017O'Callaghan
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“minor”  and “micro” 

nutrients

Calcium* (Ca)

 Iron (Fe)

Magnesium* (Mg)

 Boron* (B)

 Chlorine* (Cl)

 Cobalt (Co)

 Copper (Cu)

 Manganese (Mn)

 Molybdenum (Mo)

 Nickel (Ni)

 Selenium (Se)

 Sulfur (S)

 Zinc (Zn)

* High concentration in 

desert soils.

O'Callaghan
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Immobile nutrients
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Symptoms of plant 

nutrient problems

O'Callaghan
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Leaf chlorosis

O'Callaghan
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Nitrogen deficiency

Note: Whole leaf

Turns pale
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Causes

A major reason leaves develop an overall 

yellowish cast is lack of nitrogen

 But this can also be the result of a lack of the element 

other nutrients –

 Or

– Herbicide interference in nitrogen utilization

– Plant disease

– Waterlogged soil
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We think of nitrogen for healthy leaves, but 

nitrogenous compounds are also in leaves, 

flowers, seeds and roots

O'Callaghan
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Obtaining N
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Soil organic matter

contains complex N compounds that 

are broken down by soil microbes & 

earthworms into usable chemicals 

(humus). 



Nitrogen fixation

Rhizobia  = bacteria that form 

associations with roots of plants called 

legumes.  Many native desert plants are 

leguminous (mesquite, cassia, acacia, 

silk tree).

Other bacteria fix N in vicinity of roots 

but do not form nodules. Plants benefit 

from their activities. 
27
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Rhizobia nodules on legume 

roots

Nodules are created by 

the plant in response to 

infection

Only appear on 

legumes

Photo credit: Julie Grossman, North 

Carolina State University
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Fertilizers

General purpose fertilizers have 

nitrogen.

First number on container

In one of three forms

– “ammonium” (volatile)

– “nitrate” (leaches)

– “urea” (urease)

O'Callaghan
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O'Callaghan



What’s 

it for?

 If a plant has 

a large 

amount of N 

relative to 

other 

nutrients, it is 

probably 

meant for 

leaves
31
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Timing is everything

Applying nitrogen 

 after a plant has begun flowering can interfere 

with flower production.

 after a plant has begun fruiting can interfere 

with fruit ripening.

 after a plant has begun producing a storage 

organ can stop it from developing.

 at the wrong time can promote disease.

O'Callaghan
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Diseases occur in 

N deficient 

plants

especially

• Wilts (caused by blockages of 

plant’s circulatory system)

• Soft rots (caused when pathogen 

“chews up” plant’s cell walls)

O'Callaghan
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Nitrogen for disease control 

and prevention

Fertilize at plant establishment 
and times of most vigorous 
growth

Most pathogens prefer one form of 
N, so use a mixture of forms

–Ammonium, nitrate, urea, organic

O'Callaghan
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Over-fertilizing with N

• Excess succulence

• May lead to sulfur deficiency

• May result in disease

O'Callaghan
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Leaf 

Bronzing

A common cause of 

the purplish tinge 

affecting leaves is a 

deficiency of 

phosphorus

O'Callaghan



Bronzing cont.
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Phosphorus - involved in 

Reactions that require energy - in a plant (or 

a person or a bacteria, or any animal or 

fungus).  

Anything related to reproduction: flower 

color, seed set

Root formation and leaf color

O'Callaghan
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P Deficiency

Purple on upper and 

lower leaf surfaces 

Leaves dark green 

and smaller than 

normal - Stunting 

Plants smaller than 

normal

Dark purple stems 

http://ag.montana.edu/warc/Peppermint%20deficiency%2

0symptoms_files/frame.htm#slide0031.htm

Mint

O'Callaghan

http://ag.montana.edu/warc/Peppermint deficiency symptoms_files/frame.htm
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Cell membrane 

disruptor 

herbicide 

(triazolinone) 

damage 

bronzing

O'Callaghan
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Spider mite 

caused 

bronzing on 

raspberry 

(below) and 

soybean 

Ozone damage 

bronzing on bean

O'Callaghan

http://www.hort.cornell.edu/department/faculty/pritts/BerryDoc/rb-end.htm
http://www.hort.cornell.edu/department/faculty/pritts/BerryDoc/rb-end.htm
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Obtaining phosphorus

O'Callaghan
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Pools of phosphorus may exist

But may be unavailable :

–When soil pH is too low, tightly 
bound to soil aluminum

–When soil pH is too high, 
tightly bound to calcium. 

Plant roots readily take up the 
limited amount of soluble P.

O'Callaghan
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Mycorrhizae

O'Callaghan

 fungi plus roots.

hyphae form a huge 

extension of root 

system.

many desert plants rely 

on these associations 

to obtain phosphorus, 

as do forest plants, 

blueberries and 

alliums.
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•take up certain 

elements

•drought resistance

•survival after 

planting

•growth rate 

•protect from fungal 

root pathogens 

Mycorrhizae

http://www.hawaii.edu/scb/images/photos/Fig4_pittosporum.jpg

O'Callaghan



Root associations –
not the same 

Rhizobia

Bacteria

Only legumes

Only nitrogen 

fixation

N fixation inhibited 

by excess N 

fertilization

Mycorrhizae

Fungus & roots

Many plants

Many nutrients

Disease protection

Drought protection

10/24/2017O'Callaghan
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Fertilizers

The second number on any container of 

fertilizer is the phosphorus percentage

It may be listed as 

 phosphoric acid

 phosphate 

(Technically, it’s neither.) 

O'Callaghan
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Higher levels of P tend to:

•increase resistance to bacterial 

disease

•increase resistance to fungal disease

•increase resistance to viral disease

•Decrease resistance to nematode 

disease

10/24/2017 O'Callaghan
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Generally not a good idea

• Plants do not use excess P efficiently

• Excess may run off (pollution source)

• Excess may be taken up by fungal 

pathogens

Best to maintain a balanced fertilizer 

regime, and try to keep pH lower than ~ 

7.5

10/24/2017O'Callaghan
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Excess P

may cause deficiencies of other minerals, 

e.g. zinc, iron and copper;

could be considered “expensive lime”

can cause plants to increase uptake of 

sodium, increasing salinity stress

O'Callaghan
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Browning of leaf margins

Most often due to potassium deficiency

Can be an indication of salt damage

Herbicide damage

May also be an effect of spider mites

O'Callaghan
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• Tends to show up as 

browning along leaf 

margins

• But in palms, see 

yellow or brownish 

spots

10/24/2017 58
O'Callaghan
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K

O'Callaghan
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Salt accumulation

Herbicide 

carryover

But other 

causes may 

result in 

similar 

symptoms

O'Callaghan
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 Water relations 

 Maintaining acid/base balance 

 Sugar transport (leaves to rest of plant)

 Cell wall structure

 Maintaining plant stalk strength 

 Hormonal action

 Activating enzymes for photosynthesis and 
respiration

 Flowering and producing fruit

 Fruit ripening 

Potassium is essential:

O'Callaghan
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Potassium triggers guard cell action; 

causes stomata to open and release 

water vapor, or close to conserve it.

( Graphic from Biology of Plants, Raven, et al)

Guard 
cells

O'Callaghan
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Obtaining potassium

O'Callaghan



10/24/2017
64

The soil

Relatively abundant in the desert, except 

on sandy soils. 

Some clays are high in potassium at first, 

but become deficient due to agriculture, 

erosion and leaching.  

If deficient, non-conventional K forms can 

be added to the soil: cottonseed meal, 

granite dust, and greensand.

Excess potassium may interfere with manganese uptake.

O'Callaghan
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Read the label –

potassium is always 

the 3rd number

O'Callaghan



May occasionally be confused with 

symptoms of insufficient nitrogen

Photosynthesis decreases

K deficient plants tend to have 

lower resistance to disease

Diseases tend to be more severe in 

K deficient plants

10/24/2017 66
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Potassium fertilization tends to

Decrease fungal disease (89-33)*

Decrease bacterial disease (19-5)*

Decrease viral disease     (4-5)*

Increase nematode disease (3–6)*

10/24/2017 67

O'Callaghan
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Interveinal chlorosis

Caused by

Nutrient deficiencies(frequently 

confused)

– Iron

– Manganese

– Zinc

Photosynthesis inhibition

– Herbicide 
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Very 

common 

in desert 

southwest
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Interveina

l chlorosis

Fe

M

n

O'Callaghan
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Zn

O'Callaghan



Older green; younger yellow

10/24/2017
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O'Callaghan
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Iron is essential for

Photosynthesis

Proper chloroplast size

N utilization

Production of gaseous plant hormone 

ethylene

Fatty acid breakdown (recycling 

within plant) 
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Manganese

creating and 

maintaining 

the proper 

structure of 

chloroplasts

may help roots resist pathogenic nematodes

Essential for many enzymes, including a 

key one in photosynthesis
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Zinc

Proper leaf and petiole development

Plant hormone auxin

Production of chlorophyll

Other deficiency symptoms:

– White bud of corn

– Little leaf

– Premature leaf drop in trees

O'Callaghan
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Amending deficiency

Add iron (if it’s an iron 

deficiency)

Add other nutrient (if another 

element is lacking)

O'Callaghan
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Add micronutrient

O'Callaghan
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Atrazine drift



10/24/2017
83

ON THE OTHER HAND

 Deficiency often a result of high 

pH, 

 Long term solution:  lower pH 

by adding sulfur (not gypsum).

O'Callaghan



0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Most acidic;
Concentrated 
acid

Neutral Most 
alkaline;

Concentrated
base

pH measurement

10/24/2017
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How does sulfur lower pH?

S + H2O  H2SO4

Sulfur = S

Water = H2O

Sulfuric acid = H2SO4

10/24/2017
85O'Callaghan
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Lowering pH

O'Callaghan
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Sulfur’s role within plant

Critical component of 

many proteins

Important in nitrogen and 

iron metabolism

Essential for auxin 

production / root 

elongation

89
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Fruit problems

Production -disrupted by incorrect timing 

of N application, or boron insufficiency

Development -stunted by lack of K

Ripening - interfered with by lack of K

Blossom end rot - due to early lack of Ca
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Blotchy ripening of tomatoes is 

caused by deficient K

O'Callaghan
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Blossom end rot

O'Callaghan
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Tip burn

O'Callaghan



10/24/2017
94

Tip burn is Everywhere!

O'Callaghan
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often caused by 

Calcium deficiency

O'Callaghan
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Calcium

Keeps soil pH high (>/= 8.0) 

Controls stomata opening and closing

Plant defenses

Cell membranes and cell division 

Cell walls 

Enzyme activation processes.

O'Callaghan
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 In humid environments (where rainfall is >10” 
per year), calcium may be deficient.  

However…

In the desert, such as the Las Vegas 
Valley, calcium is present in the soil 
(“Caliche”).

Even with the large amount of calcium in the 
soils here, it is still possible to see Ca 
deficiencies.

O'Callaghan



Calcium is present 

in the soil

But needs to be 

transported to 

growing tissues

O'Callaghan
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Watering
Almost always, blossom end rot or tip burn is 

caused by irregular watering.  

(May also be due to using a cultivar that cannot 

transpire rapidly enough to bring the calcium to the 

developing tissue.)

Do not add calcium, 

as this will only increase problems. 

O'Callaghan
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Leaf deformation

Often due to excess boron

May also result from

– insect or mite infestation

– Herbicide damage (2,4,D)

O'Callaghan
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Our soils generally have sufficient B; 

even excessive.

toxicity 

on 

tamarillo

leaf

On citrus

High pH 

limits plant uptake of 

boron O'Callaghan
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2,4 – D damage

O'Callaghan
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Leaf Symptoms of Broad Mite 

Damage on Pepper 

plantpathology.tamu.edu/Texlab/ Vegetables/pep...

O'Callaghan

http://plantpathology.tamu.edu/Texlab/Vegetables/peppers/p22.asp?ploc=pepper.asp
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Plants need little boron, but…

Necessary for root development

For cell division (walls & membranes)

Involved in the proper development of 

structures involved in plant fertilization

Necessary for carbohydrate transport

O'Callaghan



Boron can be toxic at high 

concentrations (>2 ppm)

10/24/2017
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Salt?  Sun scald? K? B?

O'Callaghan



10/24/2017
107

Provide adequate 

nutrition

Make sure soil is providing proper nutrient 

levels for plants 

Enrich soil with compost when necessary

Ensure that pH is appropriate

Fertilizers supplement what soil  provides

O'Callaghan
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Plant Part Nutrient

Root Phosphorus, Potassium, Boron

Stem Potassium, Calcium

Leaf Nitrogen, Magnesium, Iron,

Manganese,  Molybdenum, Zinc

Flower Phosphorus

Seed Phosphorus, Boron

Fruit Phosphorus, Potassium

O'Callaghan
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Diagnosing problems

Examine plant for obvious signs and 

symptoms of insects or disease

Find out where plant is located

Learn what chemicals were applied in the 

area of the distressed plants

Learn fertilization history 

Perform Soil test

Perform Tissue test
O'Callaghan
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Reading a soil analysis 

report

10/24/2017
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CEC > 
10 is 
high

O'Callaghan



Expressed as 

Ece, dS/m, or 

mho/cm

Plant response

0 - 2 Negligible

2 - 4 Very sensitive plants affected

4 – 8 Many plants affected

8 – 16 Only tolerant plants survive and grow

16 Very few (highly tolerant) plants can 

survive and grow

Salinity

115
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Salinity of fertilizers

http://bulletin.ipm.illinois.edu/print.php

?id=1305

Soluble fertilizers are soluble because 

they are salts

If we are not careful, we could increase 

the salinity of our soil by fertilizing our 

plants!

116

http://bulletin.ipm.illinois.edu/print.php?id=1305


Laboratories

May give recommendations for fertilizer 

applications

Nitrogen recommendations are usually 

for N

– Not nitrate, not ammonium, not urea

Important to know how much N is in the 

fertilizer.

117
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Examine Fertilizer Labels

O'Callaghan
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Plant food?

Relative 

amounts of 

NPK

O'Callaghan
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Equivalences of fertilizer 

materials

10/24/2017123

But watch out for some curious readings!
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Pre-assessment

1. (select one) Two parts per million of boron is 

(essential/toxic) to many plants   

2. Tip burn indicates (choose one)

a) iron deficiency

b) excess water

c) excess phosphorus

d) insufficient calcium

3. (true or false)  Nitrogen promotes plant disease

125
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4. (true or false) Potassium deficiency 

may be confused with salt burn

5. Two nutrients (there are several) 

required for healthy leaves are:

_____________ & _______________

126



Post-assessment

1. (select one) Two parts per million of boron is 

(essential/toxic) to many plants   

2. Tip burn indicates (choose one)

a) iron deficiency

b) excess water

c) excess phosphorus

d) insufficient calcium

3. (true or false)  Nitrogen promotes plant disease

127
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4. (true or false) Potassium deficiency 

may be confused with salt burn

5. Two nutrients (there are several) 

required for healthy leaves are:

_____________ & _______________

128



Practical exercises

Fertilizers

If we have time

O'Callaghan



Example:

Using 18-6-12 fertilizer to provide 1 lb. of 

total N per 1000 sq. ft. of area. The area 

is 7,000 sq. ft. How much to fertilize it?

(Area to be fertilized) x (recommended 

rate of N) = Total lbs. of N needed 

(7,000 sq. ft.) x (1 lb. N per 1000 sq ft) = 

7 lbs. N needed 

10/24/2017
130
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Calculations 

(lbs. nutrient) / (% nutrient in analysis)= 

lbs. of fertilizer needed 

 (7 lbs. N)/(.18N/lb. of fertilizer) = 

38.9 lbs. of fertilizer 



~ 39 lbs. of 18-6-12 to supply 1 lb. 

N per 1000 sq. ft. on 7000 sq. ft.

131
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Same calculation can determine 

how much of ANY fertilizer to 

purchase to apply ANY nutrient if 

you know: 

• area (in sq. ft.) to be treated, 

• fertilizer analysis and 

• recommended nutrient 

application rate
10/24/2017
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Sample park

1 acre = 43,560 ft2

71,949 ft2

1.65 acres

10/24/2017
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Lab analysis report

N low 

P ok 

K low 

pH high 

Ca ok 

Mg ok 

Need to increase N & K 

134



Analysis 

recommendations/1000 ft2

KNO3 13-0-44 8 lb*

CH4N20  37-0-0  19 S 5 lb S coated urea 

– Every 2 – 3 months

General Purpose 16-6-8 6 lb 

– early fall & spring 

– Instead of scu

*Note: KNO3  has equivalent of 1.8 lb. of lime 

per lb. of N

135



Calculation

How much N would be added if both 

KNO3 and SCU were applied?

 KNO3 = 13% N – 8 lbs.

– 8*0.13 = 1.04 lbs. N

CH4N20 = 37% N – 5 lbs.

– 5*0.37 = 1.85 N

1.04 + 1.85 = 2.89 lbs. N applied
136



How many 50-lb bags of 26-5-10 needed to 

fertilize a 30,000 sq ft lawn at 1.0 lb nitrogen 

per 1000 sq ft?

50-lb bag of 26-5-10 fertilizer covers 13,200 sq ft at 

1.0 lb nitrogen per 1000 sq ft, determine how many 

times 13,200 goes into 30,000.

30,000 ÷ 13,200 = 2.3 bags of 

26-5-10 will cover 30,000 sq ft.

10/24/2017
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Another way to calculate

 Recommended: 1 lb/1000 sq ft

 Need 30 lb/ 30,000 sq ft

 26-5-10 Fertilizer has 26% N

 50 * 0.26 = 13 lb N in 50 lb bag

 Total needed = 30 lb/13

 2.3 bags 

138
O'Callaghan



L I Q U I D S
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Calculations

Remember - water weighs 8.8 lb/gal. 

Grade or analysis is given on a weight % basis, 

not per gallon

Must know weight/gallon of material (label)

 10 - 34 - 0   weighs 11.4 pounds per gallon 

 11.4 × .10 = 1.14 pounds nitrogen /gallon 11.4 ×

.34 = 3.88 pounds phosphate /gallon

Different fertilizers have different weights 

140



Example  

“The Classic” (liquid fertilizer solution)

On Label

18 -3- 6 liquid fertilizer

Weight / gallon = 10.58 lbs

pH = 9

1 gallon contains 1.9 lbs N

Equivalent to 573 lbs CaCO3 per ton 

(liming effect)
141



Turf conversion 
trees that tolerate well:
 Pine species

 Palm species

 Acacia, Chilopsis, Prosopis, Parkinsonia, Sophora

and related plants (desert species!) 

 Brachychiton species (bottle tree)

 Eucalyptus species

 Gleditisia species (locust)

 Olea

 Pistacia species

 Rhus
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Sensitive to turf conversion

Albizia (silk tree)

Ash species

Eriobotrya (loquat)

Ligustrum

Melia (chinaberry, 
persian lilac)

Morus (mulberry)
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Sensitive (cont)

Most fruit & flowering fruit trees, e.g.:

Malus (apple)

Prunus (plum)

Pyrus (pear)

Platanus species

Populus species

Robinia species (black locust)

Salix (weeping willow) species
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