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Goal

o Effect of controlled release form of mineral
nutrients, elevated levels of individual
micronutrients, and soil pH amendments

(to lower pH).

» Soil applied

- Constant supply of nutrients
« Micronutrients at higher rate

» Soil pH amendment




Soil-Applied Nutrition Program

* The plant uptakes nutrients when they are in a solution

e During the water uptake by the plant, the dissolved mineral nutrients get taken
up by the plant and distributed throughout the canopy

* Mobile and immobile nutrients have equal and uniform distribution to all parts

of plant




Foliar Nutrition Program

* Thick leaf cuticle limits the nutrient uptake

e Significant amount of foliar spray washes

away in soil:
* Pre HLB, trees had massive feeder root systems; therefore, could
easily take up washed up nutrients
* HLB-affected trees have few feeder roots therefore, may not be
effective in nutrient uptake

e With foliar sprays immobile nutrients can get locked in leaves




What are mobile nutrients?

* Will move to new growth areas
 Move in all direction

* These nutrient can be transported via xylem and phloem

* The deficiency symptoms will first show up in older

leaves °

e Nutrients: Nitrogen, Phosphorus, Potassium
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Magnesium, Sulfur & 6

 Soil-applied and foliar-applied both are adequate




What are immobile nutrients?

* Do not move in the plant

e Transported only via xylem
* Immobile nutrients will not move to new growth areas g,
e The deficiency symptoms will first show up in the new growth
because they cannot take nutrients from the old leaves
e Nutrients: Calcium, Iron, Zinc, Copper,
Manganese, Boron, Molybdenum
e Soil-applied nutrients are adequate

e Should be supplied whenever there is growth




Low pH

Soil pH

*At high soil pH most of the micronutrients

When you have
extremely low pH,
nutrients are not
available for uptake

bind to the soil and becomes unavailable

*At extremely low soil pH most of the macro
and secondary nutrients become
unavailable

*The goal is to have right soil pH at the time
when nutrient uptake is expected

*\We recommend to keep soil pH between

5.5-6.5




HLB-affected trees decline more rapidly than
healthy trees at high pH

pH Disease Z?E:L:fc)s. Dead Lea(t) /IOD)rop
5.8 HLY 8 0 21
5.8 HLB 8 0 16

7 HLY 38 0 5O

7 HLB 38 1 57

8 HLY 8 60

8 HLB 8 @ 83




Day 60 pH 5.8 HLY vs HLB

HLY

HLB




Day 60 pH 7.0 HLY vs HLB

HLY

" HLB




Day 60 pH 8.0 HLY vs HLB

HLY




Both HLB and HLY plants showed a tendency of bringing soil pH
close to 7 in course of experiment

Soil pH
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HLB-affected trees often have deficiency of
nutrients

e Due to significant reduction in root mass
« Compromised physiological processes

 Bacterial infection may result in higher metabolism (plant defense response)
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Micronutrient Field Trial
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e Two locations: Fort Meade and Arcadia

« Valencia/Swingle; 10 to 15 year

« Completely Randomized Block Design

e Trial was initiated in February 2016 and will ‘

end with 2019 harvest
* 45 trees per treatment
o All the fertilizer treatments are applied 3

times a year by hand in the wetted zone

» S




Treatments

1.

Conventional granular fertilizer +
foliar

Conventional granular fertilizer +
Tiger Micronutrient Mix

CRF + foliar
CRF + Tiger Micronutrient Mix

CRF + Tiger Micronutrient Mix +
Tiger Mn elevated by 20%

CRF + Tiger Micronutrient Mix +
Tiger Zn elevated by 20%

7. CRF + Tiger Micronutrient Mix +
Tiger Fe elevated by 20%

8. CRF + Tiger Micronutrient Mix +
Tiger B elevated by 20%

9. CRF + Tiger Micronutrient Mix +
Tiger Mn and B elevated by 20%

10. CRF + Tiger Micronutrient Mix +
Tiger Mn and B elevated by 50%




Rate of nutrients

« All the treatments received same amount of P, K, Ca, Mg
e Nitrogen: CNV: 180 Ib/acre and CRF(Harrell’s): 150 lb/acre
e Tiger Micronutrient mix (Mn-Zn-Fe-B:6-6-3-1); 1.5 pound per tree

«Mn: 12 Ib/acre

y —_
-Zn: 12 Ib/acre 20% elevated levels on Mn=14.4 Ib/acre

20% elevated levels on Zn= 14.4 Ib/acre

- Fe: 6 Ib/acre
20% elevated levels on Fe= 7.2 Ib/acre

«B: 2 Ib/acre
/ 20% elevated levels on B= 2.4 Ib/acre




Canopy Volume after 3 years of fertilization

Treatment # Fort Meade Arcadia
1 (Control) 26.8 b 30.6 b
2 29.6 ab 32.8ab

3 34.3a 32.0ab

4 28.0ab 33.1ab

5 29.8 ab 30.9b

6 29.2 ab 30.1b

7 25.2 ab 35.2 3

3 22.3ab 35.1d

9 31.5 3 29.9b

10 32.5 3 33.6 ab




Ft. Meade
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Higher rates of Mn and B improved the leaf density of
trees after two year of treatment

CRF + QRP + CRF + QRP +

CRF + CRF + CRF + CRF + CRF + CRF +
Tiger MM Tiger MM Tiger MM foliar  TigerMM  foliar ~ Tiger MM Tiger MM T\iger M1 Tiger MM
+B20% +Fe 20% Mn +
0%

+Mn20% +Mn+B +Zn20%

CRF+Tiger QRP
MM +B +foliar MM MM+Mn MM+Fe Tiger MM MM +Zn
20% 20% 20% 20% Mn+B 20% 509
20%




Large tree to tree variability!

No significant results at 95% confidence interval

Average yield (Ib) per 5 trees
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Yield- 2019 (Boxes per acre)
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3 Year Cumulative Yield(Boxes per acre)
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Ranking based on cumulative yield of 3 years

Arcadia Site Fort Meade Site
Trea’;ment Treatment gza:ngs:g) Treatment # Treatment (Z?)E(aelszgpfr\gi:g)
7 CRF+Tiger MM + Fe 20% 1310 9 CRF+Tiger MM + Mn+B 20% 1130
4 CRF+Tiger MM 1263 4 CRF+Tiger MM 1076
8 CRF+Tiger MM +B 20% 1259 2 Conventional+ Tiger MM 1063
10 CRF+Tiger MM + Mn+ B 50% 1233 3 CRF+ foliar 1047
5 CRF+Tiger MM + Mn 20% 1136 5 CRF+Tiger MM + Mn 20% 1039
6 CRF+Tiger MM + Zn 20% 1118 10 CRF+Tiger MM + Mn+ B 50% 1034
2 Conventional+ Tiger MM 1095 6 CRF+Tiger MM + Zn 20% 1027
3 CRF+ foliar 1088 8 CRF+Tiger MM +B 20% 981
9 CRF+Tiger MM + Mn+B 20% 1048 7 CRF+Tiger MM + Fe 20% 913
1 Control 908 1 Control 893
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Soil pH

Fort Meade Arcadia
2016 2018 2017 2018
QRP + foliar 6.3 6.6 0.3 4.7 5.4 0.8
QRP+ Tiger MM 6.3 6.0 -0.3 4.9 5.4 0.5
CRF+ foliar 6.0 6.0 0 4.9 5.2 0.3
CRF+Tiger MM 6.2 6.2 0 47 50 0.3
: o i
CRF+Tiger MM + Mn 20% 6.2 6.1 0.1 4.7 4.7 0.0
H (o)
CRF+Tiger MM + Zn 20% 5.9 5.9 0 c e 49 0.7
CRF+Tiger MM + Fe 20% 6.2 6.2 0
5.2 5.0 -0.2
CRF+Tiger MM +B 20% 6.5 5.7 -0.8
4.9 4.8 -0.1
CRF+Tiger MM + Mn+B 20% 6.2 5.9 -0.3
. 5.2 4.8 -0.4
CRF+Tiger MM + Mn+ B
50% 6.3 6.2 -0.1 5.2 4.7 -0.5




Significant improvement in fruit size at Arcadia with added B and
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Consumer Sensory Analysis

Fort Meade Sensory Attributes, Replicates 1 and 2

Overall Liking
40

=t T] -R1
Orange Flavor Sweetness o—T1-R2
T6-R1
=8-=T6 - R2
~4—T8 -R1
—g—T8 -R2
—=T9 -R1
—8-—T9 -R2
Bitterness Sourness . .
|_Sample | Replicates | Comment | Brix | Acid | Ratio |
R1&R2 CNV+Foliar 9.4 0.88 10.68
[ R1&R2 CRF+ TMM + Zn 20% 10.1 1.04 9.71
i Ri1&R2 CRF+TMM+ B 20% 9.5 1.41 6.78
) R1&R2 CRF+TMM + Mn 20%+B 20% 10.4 1.09 9.57
I R3 CNV+Foliar 9.6 0.77 12.51
15 R3 CRF+ TMM + Zn 20% 8.7 1.11 7-84
0,
Dr.Yu Wang’s Lab 10 R3 CRF+TMM+ B 20% 10.2 1.22 8.42
) R3 CRF+TMM + Mn 20%+B 20% 10.3 0.86 11.97




auojeyjo0uU
[ooAIED

auo0jaoe [Auerad
auoAIRd-(]
[oaaTed-(-)
[oTuRIa T
apAyapreqjirad
Jo[[euonId
auauIped-Q
(Jemre1ad) renio
suafem)yden
auadua[BA
[oewmdisy-eydpe
(Je1ou) remIO
[oUBRTOT- |
SUOAIBIOIPATIP-SID
[o-f-uauidia)
susjjAydoAres-g
[oue)d0-[
[oofeur]
Joqdured
[euedap

suaedoo

aleje0R OI1908
suaqaqno-erdfe
osuarfysjAyowp-eydpe °d
ajeoueld0 A9
JeuenoT
[o-1-UeXaT-¢
Jouexay-|
Jeueo0

ajejeoe [Auemdia)-f
suawAo-d
auaUIIO0-¢-SId
osmomdia)-£

QUL UIIDO-¢]-SURI}
suouourn|-(+)
auootAw-g
QuaIED-¢
owautd-g
[euexey
sjeournq A0
suaumrd-eydje

Overall Liking

Sweetness
Sourness

Bitterness

Orange Flavor

all

mol

auojEjoow
109ATED

U000 [AUeIed
QUOATED-(T
[02ATIED-(-)
[omIeIaS
opAyapreruad
To[2uonId
SURUIPEI-Q
(reruens) (enn
auatemden
SU2OUB[BA
1osudia)-eydre
(rerou) (enmo
JoueUOU-T
QUOAIEDOIPATIP-SID
10--uaudra)
auarAydoies-g
Toteao-1
[oorety
Jotdures
[euesap

audedod

91B190E 21j90B
auaqaquo-erdre
auaifisiAyeunp-eyde “d
ajeoue)d0 AL
Teteton
JO-T-U9XaN-€
[ouexay-|
Teuelno

aelaoe jAuatdial-1
suaurfo-d
QUBUITIO--STD
auamdial-£
Eleciuinilells Suichil
suauoun|-(4)
auaOIATI-g
QUaIRI-¢
suaurd-g
Teuexay
aleoueing 1AL
auaud-eydye

10

05

0.0

0.5

-1.0

Tl

To

T8

il

19

Dr.YuWang's Lab




Take Home Message

 Soil applied fertilizer program is beneficial for HLB-affected trees

« With CRF, the rate of N applied was reduced to150 Ib/acre as well as other
nutrients

e 20-50% higher rates of micronutrient improved the tree yield

« Use of CRF with sulphur bentonite fertilizer seems promising

e Nutrition does have an effect on fruit quality!

e Focus should be on constant supply of nutrients, all nutrients

e Either frequent application of conventional fertilizer
e Adding some amount of CRF
e Uninterrupted fertigation




C R Citrus Research and

Development Foundation, Inc.

Thank you

e Dr. Jude Grosser

e Dr. Yu Wang

 Peace river packing

e Orange Co/Alico

« Matt Shook and Trey Whitehurst
« Jack Zorn

oI Harrell’s

Growing a Better World™

Thanks to our hardworklng teamI
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