


New Technologies for Avocado Production

Evaluation of rootstocks for salinity tolerance

Soil inoculation with PGPR (plant growth promoting rhizobacteria)
Control of phytophthora root rot
Production of plant growth hormones
Suppression of stress ethylene
Improved water use efficiency
Improved salinity tolerance

Online Decision Support Tools
Irrigation and Fertilizer Management
Neural network based disease and yield forecasting models

Use of charcoal (biochar) amendments
Improved CEC, pH, bulk density, soil structure
Improved water holding, aeration, root growth
Increased microbial activity



California Avocado Association 1933 Yearbook 18: 39-49

Fertilizing Avocado Groves

(With especial reference to the use of and the supplementing of manure)

L. D. Batchelor
University of California, Citrus Experiment Station

California Avocado Society 1952 Yearbook 37: 201-209

NUTRIENT COMPOSITION AND SEASONAL LOSSES OF AVOCADO
TREES

S. H. Cameron, R. T. Mueller, and A. Wallace

http://www.avocadosource.com/



Eutrophication of water by nitrogen and phosphorus runoff:




Healthy Roots: The Key to Management of Avocado Mineral Nutrition

Use of organic amendments
Mulch
Composts

Irrigation Management
Chloride and salts
Leaching

Disease control
Phytophthora root rot




Law of the Minimum - Liebig's Law

Justus von Liebig, generally credited as
the "father of the fertilizer industry”,
formulated the law of the minimum: if one
crop nutrient is missing or deficient, plant
growth will be poor, even if the other
elements are abundant.

Liebig likens the potential of a crop to a
barrel with staves of unequal length. The
capacity of this barrel is limited by the
length of the shortest stave (in this case,
phosphorus) and can only be increased by
lengthening that stave. When that stave is
lengthened, another one becomes the
limiting factor.




The Essential Elements

 Primary Elements
Required for Growth

— Carbon, Hydrogen
and Oxygen

e Supplied from carbon
dioxide and water,
essential for
photosynthesis

— Nitrogen
— Phosphorous
— Potassium

Nutrient Units Range
Nitrogen % N 22-26
Phosphorous |% F 0.08 - 0.25
Potassium |% K 0.75- 2.0
Sulphur % S 0.2-06
Calcium % Ca |1.0-3.0
Magnesium |% Mg |0.25-0.8
Zinc ppm Zn |40 - 80
Copper ppm Cu |5.0 - 15
Sodium % Na |less than 0.25
Chloride % CI less than 0.25
Iron ppm Fe |50 - 200
Boron ppm B |40 - 60
Manganese |ppm Mn|30 - 500




Functions of Essential Elements

e Nitrogen (N)

— Nitrogen is utilized by plants to make amino acids,
which in turn form proteins, found in protoplasm
of all living cells. Also, N is required for
chlorophyll, nucleic acids and enzymes




Functions of Essential Elements

e Phosphorus (P)

— Phosphorus is used to form nucleic acids{RNA and DNA), it
is used in storage and transfer of energy (ATP and ADP)
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— P fertilizer stimulates early Erowth and root formation,
used to drive nutrient uptake, cell division, metabolism

— Generally sufficient in most California soils. Least response
by plants in summer with extensive root systems (tree
crops). Mainly taken up by mycorrhizae



Functions of Essential Elements

e Potassium (K)

— Potassium is required by plants for translocation of sugars,
starch formation, opening and closing of guard cells
around stomata (needed for efficient water use)

— Increases plant resistance to disease
— Increases size and quality of fruit
— Increases winter hardiness



Functions of Essential Elements

e Calcium

— Essential part of cell walls and membranes, must
be present for formation of new cells

— Has been shown to make avocado root tips less
leaky, therefore less attractive to Phytophthora

Z00spores
Deficiencies: - g
middle lamella pectin——"— N
poor root development N b

=

leaf necrosis and curling,
blossom end rot,

bitter pit, fruit cracking,
poor fruit storage, and water soaking plasma (2=



Nitrogen Deficiency

Slow growth, stunting, reduced
yields

Yellow-green color to leaves
(a general yellowing)

More pronounced in older leaves
since N is a mobile element that
will move to younger leaves

Don’t confuse with root rot and
gopher damage




While avocado requires fertilization, it is difficult to show a fertilizer response for any
nutrient!

Table 2. Range of leaf mineral values (average plus or minus one standard deviation) of ‘Hass’ avocado
trees with different yields taken from leaf tests in the same year as the harvest.

Yield class (t/ha)

Element 0-5 5-10 10-15 15-20 20-25 25-30 >30
N% 2.5-26 2.4-2.6 2.4-27 2.4-2.7 2.4-2.6 24-27 2.2-2.8
P% 0.15-0.16 0.14-0.16 0.14-0.16 0.14-0.16 0.13-0.16 0.15-0.18 0.13-0.186
K% 1.0-1.1 1.0-1.1 1.0-1.1 1.0-1.1 0.9-1.2 0.9-1.1 0.9-11
Ca% 1.3-14 1.3-1.5 1.4-1.6 1.3-1.7 1.2-1.8 1.6-1.7 1.1-1.7
Mg% 0.34-0.38 0.35-0.41 0.38-043 0.38-0.44 0.35-0.44 0.41-048 0.30-048
S% 0.24-0.27 0.24-0.27 0.26-0.29 0.25-0.28 0.22-0.31 0.25-0.28 0.21-0.29
Fe ppm 48-69 50-65 54-68 51-57 44-99 52-71 54-74
Mn ppm 146-192 140-237 117-234 127-196 124-233 120-192 73-186
Zn ppm 33-39 31-43 35-48 35-43 35-68 37-53 34-53
B ppm 29-33 25-35 30-39 26-42 21-44 28-39 29-49
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Total Fruit Nutrient Removal Calculator for Hass
Avocado in California

Calculate the amount of nutrients that are removed when you harvest your crop. Enter
your production below. No commas or periods please!

Production —————— ——

Volume: 6000 | Ibs. W&

(calculate ) Arsenic: 0.0096 oz.
Nitrogen: 16.827 Ib. Barium: 0.1728 oz.
Phosphorus: 6.3588 Ib. Cadmium: 0.0384 oz.
P,0s: 145617 Ib. Chromium: 0.0672 oz.
Potassium: 40.2906 |b. Cobalt: 0.0096 oz.
K,0: 487516 Ih. Lead: 0.1248 oz
Iron: 1.1232 cz. Lithium: 0.1536 oz.

Manganese: 0.2112 oz. Mercury: 0oz
Zinc: 3.7056 oz. Nickel: 0.3456 oz.
Copper: 1.3824 oz. Selenium: 0.048 oz.
Boron: 9.5328 oz. Silicon: 2.2752 oz.
Calcium: 3.3516 Ib. Silver: 0.0096 oz.
Magnesium: 6.7608 Ib. Strontium: 0.4224 oz.
Sodium: 6.1728 Ib. Tin: 0.0864 oz.

Sulfur: 12.1866 Ib. Titanium: 0 oz.

Molybdenum: 0 oz. Vanadium: 0oz

ce.com/
Aluminum: 2.2464 oz, Chloride: 6.7314 k.



Nitrogen cycle

Atmospheric Inorganic
Additions
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Nutrient Availability and Uptake

Most of N is taken up as nitrate (NO3-)
Some may be taken up as ammonium (NH4+)

Nitrate is highly mobile in soil and moves to
the roots quickly (and is leached out readily)

Ammonium binds to soil particles and is
converted to nitrate by bacteria



Nutrient Availability and Uptake

Nitrification process

Ammoniurm Hitritla Hitrate
MH § T NOg T NGy
J

Leaching

H.."“"Jf

Ammonium to nitrate takes 1-2 weeks at 75F
Ammonium to nitrate takes 12 weeks or more at 50F
Ammonium to nitrate is optimum at pH between 5.5 and 7.8

Under anaerobic conditions, nitrate is lost from the soil as
nitrous oxide, nitric oxide and N, gases



Practical Considerations: Know Your Soil — Nutrients are easily leached from sandy soils

A SCHEMATIC LOOK AT CATION EXCHANGE

CEC 25

MORE CLAY, MORE POSITIONS
TO HOLD CATIONS

CECS5

LOW CLAY CONTENT,
FEWER POSITIONS TO HOLD CATIONS

| S 0 CEC
Heary G5 “mmms  Common CEC Range m@ it

SOME PRACTICAL APPLICATIONS

Soils with CEC 11-50 Range

Soils with CEC 1-10 Range

* High clay content

+ More lime required o correct a given pH

* Greater capacily to hold nutrients in a given
soil depth

* Physical ramifications of a soil with a high
clay content

* High water-holding capacity

* High sand content

* Nitrogen and potassium leaching more likely

* | ess lime required to correct a given pH

* Physical ramifications of a soil with a high
sand content

* Low water-holding capacity
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Fertilizers

e N-P-K ratio is the
“grade” and is
required to be on all
bags of fertilizer

e 21-7-14 means that
in 100 lbs of fertilizer
yvou will get 21 |bs of
N, 7 Ibs of phosphate
(P,O:) and 14 Ibs of
potash (K,O)

Understanding the Fertilizer Label

/

10 - 10 - 10

w

GROW-MAX
FERTILIZER

Net weight ; 50 Ibs

Available
nitrogen (N

Available
potash [ K;0 )

Available
phosphate ( P,O;g)



The Salt Index: Fertilizer salts can be toxic if concentrated, especially
formulations containing chloride

Salt Index

. . Per equal wts. . . *
Material and analysis R —— Per unit of nutrients

Nitrogen/Sulfur
Ammonia, 82% N 47.1 0.572
Ammonium nitrate, 34% N 104.0 3.059
Ammonium sulfate; 21% N, 24% 5 68.3 3.252
Ammonium thiosulfate, 12% N, 26% 5 90.4 7.533
Urea, 46% N 4.4 1.618
UAN, 28% N (39% am. nitrate, 31% urea) 63.0 2.250
32% N (44% am. nitrate, 35% urea) 71.1 2.221
Phosphorus
APP, 10% N, 34% P20c 20.0 0.455
DAP 18% N, 46% P20g 29.2 0.456
MAP 11% N, 52% P20¢ 26.7 0.405
Phosphoric acid, 54% P>0sg 1.613**
72% P20s 1.754%*
Potassium
Monopotassium phosphate, 52% P20sg, 35% K20 8.4 0.097
Potassium chloride, 62% K20 120.1 1.936
Potassium sulfate, 50% K»0, 18% S 42.6 0.852
Pot. thiosulfate, 25% K20, 17% S 68.0 2.720
** Salt index per 100 lbs of H3P04 * One unit equals 20 Ib.




Single Element Formulations-Nitrogen

e Ammonium nitrate (34-0-0)
e Ammonium sulfate (21-0-0-24S)
e Calcium nitrate (15.5-0-0)
e Urea (46-0-0)
e Solutions
— Ammonium nitrate 20% N
— Calcium ammonium nitrate 17% N
— Urea ammonium nitrate 32 % N
— Urea sulfuric acids (variable)



Compound Fertilizers

These are fertilizers which contain two or more of the
major elements which are chemically combined.

Examples: Diammonium Phosphate DAP 18-46-0
Mono Ammonium Phosphate MAP 11-52-0
NPK 23-23-0
NPK 20-20-0

NPK 17-17-17 L

Pl !
I o I.'
\ LA

1\ FERTILIZERS O

NAP1844

SUPPLIED BY !
CONAGRA U.S.A



Anhydrous Ammonia

Ammonia (82-0-0) — Used as an applied fertilizer or as a building block for other
fertilizer products. Stored as a liquid under pressure or refrigerated, it becomes a
gas when exposed to air and is injected into the soil.



Urea is synthesized from coal — not for organic use
Urea

RAW LIGMITE
[~6800 TPD)
l Recovered Water (3900 TPD)
Milling
& Drled Coal (2900 TPD)

Qaygen
(2000 TPD)

¢ QUEMCH WATER il

66 MWe Gas 11 MWe
Air Rawr Guanched 5
L Separation e T Hydvegin
» Ammonia

Slag (~100 TPDY ‘?M"""f Sythesis
¥

Mitrogan

Carban

Dicxide
~135 MWe EXTERNAL ! m" Production
POWER SUPPLY ;
. _l ,
(-4050 17D 1o diposa 4 IREA
|| urease
/C\ CH4N2E + HEU —= 7 NH3 + Cﬂg
H 2N NH 2 urea watel ammonia cal h_ﬂl'l
dioxide

Urea — Conversion to Ammonia

Urea (46-0-0) — A solid nitrogen product typically applied in granular form. It can
be combined with ammonium nitrate and dissolved in water to make liquid
nitrogen fertilizer known as urea ammonium nitrate or UAN solution.



Nitrogen fertilizers affect soil pH.

Ammonium containing fertilizers such as urea will lower the soil pH

Nitrate fertilizers will raise soil pH and can cause problems with Zinc and Iron
deficiencies

Some special products include sulfur compounds that will lower pH and can help to
dissolve calcium carbonate, keeping irrigation emitters open.

Home
Technical Info
FAQs
Retailers
Label & MSDS
Industry Links

‘%Si__vjl::oms &
TECHNOLOGIE!
=) N-pHURIC® Water Treatment Amendment is a water management tool that lowers pH and alkalinity and
removes build up that occurs in drip irrigation emitters. By releasing nutrients tied up by high pH soils, N-
pHURIC®increases fertilizer performance. It also improves overall soil quality.

N-pHURIC® is a trademark of Agrium - 2008
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Primary Mutrient:

Amount of Primary Nutrient:
Fertilizer:

Price of Fertilizer:

Fertilizer Formula:

Amount of Fertilizer:

Price of Primary Nutrient:
Secondary Mutrient:

Amount of Secondary Nutrient:

Price of Secondary Nutrient:

IUsing the Fertilizer Calculator

Search Tools | <SELECT PAGE>
Fertilizer Calculator
@ English Units () Metric Units (Calculate )
| Nitrogen (N} % | Nutrient Information
165 | bs. 14
| Ammonium Nitrate -+ ] Fertllizer Information and MSDS
1 | flb. e
NH4NO;
471.43 lbs. +
2.86 [ b, &

[ Ibs. e

ie

[ /b, e

Chart of the Effect of Soil pH on Nutrient Availability

Sources of Fertilizer Calculator

Country Specific Mormal Leaf Level Ranges

Mutrient Remaoval Calculator

Soil Levels

Scientific Calculator

Mutrient Interaction Chart
Law of the Minimum - Liebig's Law

Plant Stress by 5. Kant and U. Kafkafi - Hebrew University

Created by Reuben Hofshi and Shanti Hofshi

Copyrght & The Hofshi Foundation 2003 - All Rights Reserved



Timing of fertilizer applications to meet nutrient demand

during flowering and fruit set

Figure 1. Vegetative and root growth cycles of 'Hass' avocado at the South
Coast Research and Extension Center.
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J. AMER. Soc. HorT. Sc1. 126(3):555-559. 2001.

Properly Timed Soil-applied Nitrogen Fertilizer
Increases Yield and Fruit Size of ‘Hass’ Avocado

Carol J. Lovatt!
Department of Botany and Plant Sciences, University of California, Riverside, CA 92521-0124

Table 3. Effect of time and amount of soil-applied N on annual and cumulative yield per tree.

Month extra Year 4-Year

N applied 1 2 3 4 cumulative yield
kg fruit/tree

None® (control) 47.6 abc” 150 6 201 334 2208 ¢

January 360 be 1383 194 348 2189 ¢

February 241e¢ 1467 o8 324 2129¢

April 824a 1091 470 504 2879 ab

June 376 be 1394 138 376 231 5be

November 674 ab 1509 159 719 306.1a

F test * NS NS NS &

I5tandard grower practice.
¥Mean separation within columns by Duncan’s multiple range test, P < 0.05.
N5 **Nonsignificant or significant at P =0.05 or 0.01, respectively.



Spring (April) applied fertilizer increases avocado yields

Table 1. Effect of time and amount of soil-applied N across 4 years on yield of "Hass™ avoecado.

Yield/tree
All fruat Frut packing carton sizes 40—60

Month extra Total wt Total wt
N applied (kg) No. (kg) No.
None® (control) 58.5 be” 306 ab 3840 166b
January 56.1 be 284 b 3490b 152 b
February 56.1 be 280 b 3170 140 b
Apnl 71.8 ab 349 ab 551a 234 a
June 532¢ 272b 38.1b 162 b
November 765 a 384 a 549 a 235a
Sigmificance of F test”

N * * £% £E%

Year kEEE EEEX EREE EEE

N X year * N5 NS NS
*Standard grower practice.

"Mean separation within the columns by Duncan’s multiple range test, P < 0.05.
*Data a.ﬂal}'zed using repeated measures model with year as the repeated measures factor.
NS5 Nonsignificant or significant at P = 0.05,0.01, 0.001, or 0.0001, respectively.

Lovatt 2001



Spring and Fall applied nitrogen reduces alternate bearing

Table 2_Effect of ime and amount of soi1l-applied N on alternate-bearing

index.
Month extra Alternate-bearing index
N applied Years 1-2  Years2-3  Years 34 4-Yearavg
None® (control) 77 a" 08 a 87 90 a
January 70 ab 83 ab 88 79 ab
February 83 a 98 a 95 92 a
Apul 65 ab 5b 76 12b
June 78 a 89 ab 88 8> ab
November 53b 89 ab 84 75 ab
F test & * NS *
*Standard grower practice.
"Mean separation within columns by Duncan’s multiple range test, P <
0.05.

”5'*'**Nnnsigniﬁcant or significant at P = 0.05 or 0.01, respectively.

Lovatt 200l



What about organic fertilizers?

Have you forgotten your g-mail or password?
OMRI Lists L

Organic Sesds Welcome to the Organic Materials Review Institute

Subscribers Founded in 1887, the Organic Materials Review Institute (OMRI) provides organic certifiers, growers, Search OMRI Lists
manufacturers, and suppliers an independent review of preducts intended for use in certified organic production, ]
okt handling, and processing. OMRI is a 501{g)3 nonprofit organization. When companies apply, OMRI reviews their Franurts | Mainrisle || Swane || Articies
Product Suppliers products against the National Crganic Standards. Acceptable products are OMRI Listed® and appear on the
OMR! Products List. OMRI also provides subscribers and certifiers guidance on the acceptability of various

material inputs in general under the Mational Organic Program. Maore

About

Links

Coata How Can We Help You?

Help Find Products Get Listed Become a partner
OMRI® Listed preducts underge  The OMRI review service verifies OMRI was founded by organic
arigorous review to ensure that  your credibility and allows certifiers and continues to serve Public Comment Period Ends July 8
they comply with USDA organic customers to confidently choose  certifiers and their clients with for AB B56

News

standards. The online list of your product for organic crucial information to ensure
preducts is updated regularly to production. Application forms are  organic integrity. The OMRI
contain the most current available for download when you  Certifier Subscription provides
information. Search our Products  submit your application kit order.  you access to our materials
List to find preducts or subscribe  Apply to become OMRI listed! review expertise and many
for advanced features. advanced online features.
Subscribe today as a certifier.

{June 27, 2011) The Calfomia Depariment of
Food and Agnculture (COFA) has announced a
public comment penod foramendments to the

drafi...
Read More

OMRI and IOlA Debut Crop Inputs
Webinar

{June 10, 2011) OMRI and 10IA {the
Intemational Organic Inspectors Association)

will begin offering joint webinars with a focus on

inputs used in...
Read More

New Management Structure for the
OMRI Review Program

http://www.omri.org/omri-lists



OMRI Lists

OMRI publishes two lists in print and online. Basic searches are available below.

The OMR! Products Listis the most complete directory of products for organic production or
processing. The List includes over 2,100 products, which are known as "OMRI Listed®.”

Search the Products List using the free basic search below or subscribe to use the advanced
search. An updated version of the Products List is also available to download as a POF. Download
Mo,

Search Products List | rock phosphate Mare options

The OMR! Genenc Materials List is an authoritative catalog of over 200 materials and their
statuses in organic production, processing, and handling.

Search the Genernc Materials List using the free basic search below.

Search Generic Materials List More options

View Full Versions
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Nitrogen Mineralization Versus Immobilization

Mineralization

Organic nitrogen Inorganic nitrogen
(many forms) a Ammonium (NH,*)

Immobilization is
the reverse of
mineralization

Immobilization

Organic nitrogen e Inorganic nitrogen
(many forms) Ammonium (NH,*)

Nitrate (NO;)
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Influence of carbon to nitrogen ratio on nitrogen availability

<20 20-30 >30
Net gain of Neither gain Net uptake of
NH. and NO5y nor loss NH4 and NO5
801
60 A

NET IMMOBILIZATION

/

C/N
RATIO 40

NET MINERALIZATION
204 i T /

| [
:-e——-—w—fmoa-———-~>j

WEEKS
Co, EVOLU

I

NEW

ION -
° NO; LEVEL

AMOUNT

— e e —— ] ——

TIME

FIGURE 5-5. Changes in nitrate levels of soil during the decomposi-
tion of low-nitrogen crop residues. (Courtesy of B. R. Sabey, Univ. of
lllinois.)



Typical C/N Ratios of Some Organic Materials

Material C/N Ratio
Microbial Tissues 6—12
Sewage Sludge 5-14
Soil humus 10-12
Animal manures 13-25
Legume residues 13 -25
Cereal residues straw 60 — 80

Wood, Forest Waste 150 — 500




Synchrony Between Mineralization of Various Sources of N and
Crop Demand

50 -

_ Fertilizer T ma
4.0 ; e < % Crop demand
Crop demand mineralization ~ 60-70 days
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Hv-../
Sy
N,

Compost or cov
crop mineralization

Soil erganic matter
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Salt Index Ratings: Organic Fertilizers:

Salt Index
Sodium Nitrate, 16.5% N 100
Potassium Sulfate, 50% K,0, 18% S 42 6
Gypsum, 23% Ca, 17% S 8.1
Manure 3alts, 20% "2y
Manure Salts, 30% 919
Seabird Guano 12-12-1 429
Feather Meal 12% N 14
Bone Meal 3% N, 15% PO, 18
Blood Meal 13% N, 1.5P,0, 28
Meat & Bone Meal 8-5-1 35

Organic Mitrogen Inputs and the Soil Food
Web, Tim Stemwedel, COFI



Phosphorus
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Phosphorus in Soils

e Total P in many soils (O to 6 in.) ranges from 400 to
2,000 Ib/A...but only a fraction of that is available for
plant uptake each season

e Available P

Unavailable P

13



After fertilization with phosphorus fertilizers, most of the
fertilizer materials immediately precipitate as minerals that
become decreasingly available over time.

Removed
in
harvested
produce
Soluble T
nutrients
in Crop
manures uptake
and
fertilizers EI

<= Readly . - less <= Nutrients
\ msﬂlgn available available in soil
/ e e pool e pool minerals

Loss in
drainage
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Influence of pH on Distribution of Inorganic
Phosphorus in Soils

Phosphorus “Fixation”

-

ribution (%)
3

Di
o
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Formulations - Phosphate

Starts with phosphate rock from mines in N. Africa,
and Montana, Wyoming, Idaho and Utah

Finely ground phosphate rock used in organic
production (best on acid soils)

Phosphoric acid (0-52-0)
Superphosphate (0-20-0-12S)
Ammonium phosphate (11-52-0)
Liquid ammonium phosphate (8-24-0)



Nutrient Availability and Uptake

e Potassium (K)

— Taken up as K* ions and remains in ionic form in
the plant

— 90-98% of K occurs in primary materials and is
unavailable to the plants

— 1-10% is trapped in expanding lattice clays and is
slowly available

— 1-2 % is in soil solution and readily available



Formulations-Potassium

Potassium chloride (cheapest, but not recommended
for avocados)

Potassium sulfate

Potassium nitrate

Solubility in water (%K,0) at 20C
—KClI  16.1

—KSO, 54

— KNO; 11.2



Summary - Application Timing

* N fertilizers should be applied frequently,
especially where soil is light and lacking
fertility; usually at least once a month for 9

months during growing season.
 Pand K fertilizers do not leach readily and can
be applied less frequently

 Heavy soils can be fertilized less frequently




Summary- Application Methods

* Foliar — Not very effective on avocado due to
thick waxy cuticle on leaf surface

e Soil - Should be applied only in area wetted
oy the sprinkler, high cost for labor

e Fertigation — Many advantages, including
orecise location of fertilizer where roots grow,

ow cost of application, difficulty applying P
unless phosphoric acid is used




Application Amounts

Use leaf analysis to determine N, P and K
N should be around 2.2%

Generally, 1 — 1.5 Ibs actual N per tree per
year is about right

If P is higher than 0.14%, do not apply P

K is applied at 200-300 lbs/acre (K20), but do
not apply if K is higher than 1.2%






Fruit yield as affected by leaf chloride content for Hass avocado grafted on to
different rootstocks under “average” nutrient conditions.
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Leaf chloride content (%)

Yield values predicted from an artificial neural network model using fixed values for all nutrients
except chloride (values fixed at average levels for entire orchard: N 2.4%, P 0.18%, K 1.2%, Ca
1.5%, Mg 0.4%, Na 0.015%, Zn 30 ppm, Fe 84 ppm, B 40 ppm.



Fruit yield as affected by leaf chloride content for Hass avocado grafted on to different
rootstocks under “optimal” nutrient conditions.
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Predicted fruit yield for trees with foliar nutrient values optimized for maximum vyields, while varying leaf
tissue chloride content for each rootstock. Optimized nutrient levels were N 1.7%, P 0.26%, K 1.3%, Ca
1.14%, Mg 0.28%, Na 0.015%, Zn 31ppm, Fe 100 ppm, B 40 ppm.






Additions (Gains) of Soil Nitrogen

ke N/ ha /yr
Source Range Typical
Atmospheric 1-50 10
N2 fixation free living 0.1-50 <10
N2 fixation — legumes 20-600 150
Fertilizer N 0-7? 180
Manures, waste 0-7? variable




)

G 0
H,P0,
0

0

Q

lon Movement

iilﬂ' q-ﬁa

CesallavParticiesse

T

ow solubility lons move only
random the motion. Yery slow
- only |-Zem per season
Fertilizer ule [Phosphate)

e % . 070 _g 0
o'00c000000800 T °
‘1&

L

22




