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1) Laboratory — 2 applications
2) Greenhouse — 1 application

3) Insectary — 1 application

4) Field — 1 application




LABORATORY EXPERIMENTS

In vitro culture
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LABORATORY EXPERIMENTS
1) Citrus cell lines.

LABORATORY EXPERIMENTS
1) Citrus cell lines.
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Murashige and Skoog plant tissue culture medium (MS Medium)

MS Mineral nutrients

Ammonium Nitrate (NH,NO;)
Potassium Nitrate (KNO,)
Calcium Chloride (CaCl,)
Magnesium Sulfate (MgSO,)

Potassium Phosphate, Monobasic (KH,PO,)
Boric Acid (H;BO;)
Cobalt Chloride (CoCl, . 6H,0)

Cupric Sulfate (CuSO, . 5H,0)

Manganese Sulfate (MnSO, . H,0)

10) Molybdic Acid Sodium Salt (Na,MoO, . 2H,0)
11) Potassium lodide (KI)

12) Zinc Sulfate (ZnSO, . 7H,0)
13) Ferrous Sulfate (FeSO,.7H,0) + EDTA

1)
2)
3)
4)
5)
6)
7)
8)
9)

MS Mineral nutrients - Factors

Factor 1

Factor 2

Factor 3

Factor 4

Factor 5

-
P

-

—

Ammonium nitrate (NH,NO,)

Potassium nitrate (KNO;)

Calcium chloride (CaCl,)
Magnesium sulfate (MgSO,)
Potassium phosphate (KH,PO,)

Boric acid (H;B0;)

Cobalt chloride (CoCl, . 6H,0)
Cupric sulfate (CuSO, . 5H,0)
Manganese sulfate (MnSO, . H,0)
Molybdic acid (Na,MoO, . 2H,0)
Potassium iodide (KI)

Zinc sulfate (ZnSO,, . 7H,0)

Ferrous sulfate (FeSO,.7H,0) + EDTA

10/6/2022
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MS Mineral nutrients - Factors

21

MS Mineral nutrients - Factors

Design

5-factor D-optimal Quadratic Response Surface

Default DX design — 31 runs

21 model, 5 error, 5 LOF

22
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MS Mineral nutrients - Factors

Factors — MS salts partitioned into five groups.

1) NH,NO,

2) KNO,

3) Mesos (Ca, Mg, SO,, Na, Cl, PO,)
4) Metals (Mn, Zn, Cu, Co, B, |, Mo)
5) Fe (FeSO, + NaEDTA)

Factor ranges — multiples of MS levels.
1) NH,NO, : 0.5X — 1.5X
2) KNO;: 0.5X—1.5X
3) Mesos : 0.5X — 1.5X
4) Metals : 0.5X — 4X
5) Fe:0.5X—4X

Design

5-factor D-optimal Quadratic Response Surface

Default DX design — 31 runs

21 model, 5 error, 5 LOF

Augmented DX design — 43 runs

21 model, 10 error, 10 LOF, 2 blocks

smallest

largest

10/6/2022
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In Vitro Cell. Dev.Biol.—Plant (2007) 43:370-381
DOI 10.1007/511627-007-9062-5

PHYSIOLOGY

Regulating plant tissue growth by mineral nutrition

Randall P. Niedz - Terrence J. Evens

Received: 30 December 2006 / Accepted: 20 June 2007 / Published online: 20 July 2007 / Editor: T. J. Jones

© The Society for In Vitro Biology 2007

Abstract The objective of this study was to determine if
the growth of sweet orange (Citrus sinensis (L.) Osbeck cv.

‘Valencia’) nonembryogenic callus could be regulated and

Keywords Callus - Sweet orange - Citrus - Salts -
Response surface

controlled via the mineral nutrient components of the
medium. The 14 salts comprising Murashige and Skoog
(MS) basal medium were subdivided into five component
groups. These five groups constituted the independent
factors in the design. A five-dimensional hypervolume
constituted the experimental design space. Design points
were selected algorithmically by D-optimality criteria to
sample of the design space. Growth of the callus at each
design point was measured as % increase of fresh weight at
14 d. An analysis of variance was conducted and a response
surface polynomial model generated. Model validation was
conducted by mining the polynomial for design points to

Introduction

The basic components of plant tissue culture media are the
mineral nutrients. How rapidly a tissue grows and the
extent and quality of morphogenetic responses are strongly
influenced by the type and concentration of nutrients
supplied. Early research by Gautheret (1939), Heller
(1953), White (1942), Hildebrandt et al. (1946), and Nitsch
and Nitsch (1956) culminated in the development of
Murashige and Skoog (MS) medium by Murashige and
Skoog (1962). The potential benefits of optimizing the

LABORATORY EXPERIMENTS
2) Micropropagation

10/6/2022
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Citrus rootstock X-639

Agri-Starts David Lawson
provided the citrus cultures.

Regular Two-Level Factorial Design DesignExpert

Design for 2 to 21 factors where each factor is set to 2 levels, Useful for estimating main effects and
interactions. Fractional factorials can be used for screening many factors to find the significant few. The color
coding represents the design resolution: Green (Characterization) = Res V' or higher, Yellow (Screening)= Res
v, and Red (Ruggedness testing) = Res Il

Replicates: 12 Blocks |1+ Center points per block: 0|E [15how Generators

Number of Factors

15-10
v

15-9
2 v

Runs
s

19-13 20-14
2 v 2 v 2 v 2 v

15-8 18-11 19-12 20-13 21-14
128 2w 2w (2w 2% 2w

256

19-11 20-12 2113
2 v 2 v

312

30
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5-Factor 2-Level Resolution V Fractional Factorial

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Run NH4NO3 KNO3 Mesos Minors Fe
xMS xMS xMS

1.5 0.5

x
<
@

0.125 15
0.5
1.5
15
0.5

W ~N O B W N e

oW R R W oW e Wl W W R W B

1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2

5-Factor 2-Level Resolution V Fractional Factorial

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Run NH4NO3 KNO3 Mesos Minors Fe
xMS xMS xMS xMS xMS

1.5 0.5 2 2 1

Amounts of stock solution are simply multiples of MS medium.

16
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Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
NH4NO3 KNO3 Mesos Minors Fe
xMS xMS xMS xMS xMS
1 1 1 1 1

25
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Shoot number

35

Shoot number

36

10/6/2022

18



10/6/2022

38

19



10/6/2022

Shoot number

Sum of Mean F p-value
Source Squares df Square Value Prob > F
Model 21 2 10 107 0.0003
A-NH4NO; 10 1 10 104 0.0005
D-Minors 17 1 17 180 0.0002
i\ \
134~ = minors D ———— Mn, I, Mo, Zn, Cu, B, Co MnSO
. r . 4
1049 1 NH‘NC); I Negative effect A\ \' Kl
g Na,Mo0O,
w 67
3 Bonferroni Limit ZnSO4
s ] '4
¢'>.' 34 1l t-Value Limit CUSO4
H;BO,
oL I B = _
: : : CoCl,
1 2 3 4 5 6 TP
Rank ) 40
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Shoot number

Sum of

Mean F p-value
Source Squares df Square Value Prob > F
Model 21 2 10 107 0.0003
A-NH4NO; 10 1 10 104 0.0005
D-Minors 17 1 17 180 0.0002
1347 1 minors D Mn, |, Mo, Zn, Cu, B, Co
| Rositive effect | - L i
10:459 1 NH;NO, I Negative effect \
i
« 67
(=]
[} Bonferroni Limit
2 —
J>_, 34 1] t-Value Limit
oL I = _
1 2‘ é 4 5 6
Rank
Leaf necrosis
Sum of Mean F p-value
Source Squares df Square Value Prob > F
Model 101 2 51 295 < 0.0001
B-KNO3 37 1 37 214 <0.0001
C-Mesos 58 58 338 <0.0001
184 M Mesos |l| 0 | Caclz
Ca, PO,, Mg, SO,, K, Cl
13.8 - M KNO, I KH2PO4
- Negative effect - - >
g s MgSO,
[T 9.2 4
o
3
E a5 40| Bonferroni Limit
e t-Value Limit
o U W N m

T T T 1
1 2 3 4 5 6
Rank

42
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Media Optimization Kit (MS)
Product ID: M5630

PRODUCT# M5630 STORAGE TEMP: 2 fo 6 °C

DECONSTRUCTED
MS MEDIA
KIT

KIT CONTENTS:
=coNsTRUCTED MS GRowP
Deconsr

Deconsra

D
Deconsts
Deconstaucren |
C

:chlab.com

PhytoTechnology Laboratories® www.phyiole

Eldridge Wynn

Pear

Hazelnut
Raspberry
Blueberry

Citrus

Biological Research Technician

10/6/2022
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GREENHOUSE EXPERIMENT
3) Citrus bud grafting.

Fruit trees are composite trees.

rootsloc

> 7 |
il

Sweet orange [@

Swingle
rootstock

23



10/6/2022

o JVaIencialStandard sour orange
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Bud grafting experiment

Factors

1) 6-Benzylaminopurine (BA — a cytokinin)

2) Tween 20 (nonionic surfactant)

3) DMSO (solvent, penetrant of biological membranes)
4) Solvent (water or ethanol)

5) Bud orientation (South or North)

6) Supplemental light type (LED, metal halide, none)

Solution

Design - 43 runs in 3 blocks.
* 26 plants per run
6-factor D-optimal Quadratic Response Surface * 43 runs
* 1,118 plants
- 3 numeric factors
- 3 categoric factors

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
Treatments i . ) )
Tween 20 DMSO Carrier  Orientation Light

0 Etoh North MH
Aqueous South MH
Etoh South None
Etoh South LED
Etoh South LED
Etoh South MH
Aqueous North LED
Aqueous South MH
Etoh North
Aqueous South LED

W ~NO U~ WN R

=
o

Aqueous North
Aqueous South
Aqueous North
Aqueous South
Etoh South
Etoh North
Aqueous North
Etoh South
Etoh South
Etoh North

10/6/2022
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Solution

6-Benzylaminopurine (BA — a cytokinin)

1)
2) Tween 20 (nonionic surfactant)
3) DMSO (solvent, penetrant of biological membranes)
)
)
)

4) Solvent (water or ethanol)
5) Bud orientation (South or North)
6) Supplemental light type (LED, metal halide, none)

10/6/2022
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e .W

i.w 1 —!'l\ E_-i-
=

Source

% Buds that formed shoots.

Sum of
Squares

p-value

Block
Model
A-BA
B — Tween-20
C - DMSO
D — Carrier
E - Orientation
F — Light
BF
CD
DE

0.1756
1.38
0.1715
0.0041
0.019
0.0291
0.6548
0.0419
0.1379
0.056
0.0238

—
= N

IO S T G T i S S S

1.63E-08
0.0002
0.5079
0.1611
0.086

Residual
Lack of Fit
Pure Error
Cor Total

0.257
0.0919
0.165
1.81

28
23

5
41

28



Bud growth (% > 2 mm)

% Buds that formed shoots.

0 0 mM BA
0 5 mM BA

55

79

Control - 39

15

L
South

L
North
Orientation

Leaf area of bud shoots.

10/6/2022

Source

Sum of
Squares

Mean

Square F-value

p-value

Block
Model
A-BA
B — Tween-20
E - Orientation
F — Light
AF
BF
A2

4209.33
26793.23
13929.45

6.49

4680.54

2918.06

1332.85

1665.57

1374.16

2104.67
2679.32
13929.45
6.49
4680.54
1459.03
666.43
832.79
1374.16

1.45E-08

2.39E-09

0.8577

3.51E-05

0.0025
0.0484
0.0248
0.0133

Residual
Lack of Fit
Pure Error
Cor Total

5957.79
3481.66
247613
36960.35

198.59
139.27
495.23

0.9855

29
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INSECTARY EXPERIMENT
4) Root weeuvil artificial diet.

30
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Steve LaPointe, PhD
Research Entomologist

31



10/6/2022

INSECTARY EXPERIMENT
4) Root weevil artificial diet.

Insectary raised Diaprepes - large and slow.

Wild Diaprepes - smaller and energetic.

Diaprepes Artificial Diet

Ingredient Kg/batch Percentage

Cellulose 3.08 31.3
Cottonseed Meal 2.51 25.5
Soy Protein 1.04 10.6
0.31 32
Casein 0.70 71
Wheat Germ 0.60 6.1
Corn starch 0.44 4.5
Methyl paraben 0.15 15
Ascorbic acid 0.05 05
Sorbic acid 0.05 05
Cholesterol 0.03 03
0.16 16
Sucrose 0.70 71
Choline chloride 0.02 0.2
Total 9.85 100

32
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Vitamin mix

Ingredient g/batch Percentage
Vitamin E acetate (50%) 4.981 16
Ascorbic acid 84 27
Biotin 0.006 0.002
Calcium pantothenate 0.311 0.1
Cholin dihydrogen citrate 32 10.55
folic acid 0.078 0.025
I-Inositol 6.226 2
Niacin 0.311 0.1
Pyridoxine HCL 0.078
Riboflavin 0.156
Thiamin HCL 0.078
B-12 (0.1%) 0.623
Sucrose 181
Total 311.300

Salt mix

Ingredients g/batch Percentage

Calcium carbonate 33.726 21
Copper sulfate 0.063 0.039
Ferric phosphate 2.361 1.470
Manganese sulfate 0.032 0.020
Magnesium sulfate 14.454 9
Potassium aluminum sulfate 0.014 0.009
Potassiumchloride 19.272 12
Potassiumdihydrogen phosphate 49.786 31
Potassiumiodide 0.008 0.005
Sodium choride 16.863 10.5
Sodium floride 0.092 0.057
Tricalcium phosphate 23.929 14.900
Total 160.600 100

33
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Diaprepes Atrtificial Diet

36 ingredients

Ingredient Kgl/batch Percentage
Cellulose 3.08 313
Cottonseed Meal 2.51 255
Soy Protein 1.04 10.6
Vitamin mix 0.31 32
Casein 0.70 71
Wheat Germ 0.60 6.1
Corn starch 0.44 45
Methyl paraben 0.15 15
Ascorbic acid 0.05 05
Sorbic acid 0.05 05

Cholesterol 0.03 03
Salt mix 0.16 16
Sucrose 0.70 71
Choline chloride 0.02 0.2
Total 9.85 100

Diaprepes Artificial Diet

36 ingredients

Ingredient Kg/batch
Cellulose 3.08
Cottonseed Meal 251
Soy Protein 1.04

0.31
Casein 0.70
Wheat Germ 0.60
Corn starch 0.44
Methyl paraben 0.15
Ascorbic acid 0.05
Sorbic acid 0.05
Cholesterol 0.03
Salt mix 0.16
Sucrose 0.70
Choline chloride 0.02
Total 9.85

34



Diaprepes Artificial Diet

8 Components (36 ingredients)

Ingredient

Percentage

0 ~N OO g B W N>

Cellulose
Cottonseed meal
Soy protein
Vitamin mix
Casein

Wheat germ
Corn starch

Salt mix

Sucrose

31.3
255
10.6
6.1
71
6.1
4.5
1.6
71

Total

100

Diaprepes Artificial Diet

8 Components (36 ingredients)

Ingredient

Percentage

0 ~N O OB W N =

Cellulose
Cottonseed meal
Soy protein
Vitamin mix
Casein

Wheat germ
Corn starch

Salt mix

Sucrose

31.3

255

8-component mixture screening design.

Responses measured (7)

10.6

6.1
71
6.1
4.5
1.6
71

Total

100

1)
2)
3)
4)
5)
6)

larval weight and number at 15t transfer
time to pupate

time to adult

adult weight

adult sex

fecundity

10/6/2022
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Response #1 - Larval weight at 15" transfer.

#1 #5 #23 #14  #17 #9 #13 #11

n‘l‘)’,” ,

Response #2 - Larval number/cup at transfer.

t+
—
(e]

#5 1

-
?

VDIV DIIDDIDE
VDD DD IDDIDD

VDD DD D DDDDSE

10/6/2022
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Response #3 - Total larval biomass/cup at transfer.

,,111’1 , 1

Components
Cottonseed meal PI’I mal'y DI’IVGI’

Soy protein

Vitamin mix
Casein

Wheat germ <= | Secondary Driver

Corn starch

Salt mix

0o N o OB W N -

Sucrose

Total

37



10/6/2022

FIELD EXPERIMENT
5) Citrus leaf miner pheromones.

FIELD EXPERIMENT
5) Citrus leaf miner pheromones.
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FIELD EXPERIMENT
5) Citrus leaf miner pheromones.

The natural sex pheromone of the female citrus leafminer
| is a 2-component mixture in a 3:1 ratio of triene:diene -
1 this attracts males.

FIELD EXPERIMENT
5) Citrus leaf miner pheromones.

The natural sex pheromone of the female citrus leafminer
- | is @ 2-component mixture in a 3:1 ratio of triene:diene —
- this attracts males.
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FIELD EXPERIMENT
5) Citrus leaf miner pheromones.

The natural sex pheromone of the female citrus leafminer
is a 2-component mixture in a 3:1 ratio of triene:diene —

' this attracts males.

=

Lapointe, S. L. et al. (2009).
Sensory imbalance as mechanism of orientation disruption in the leafminer Phyllocnistis

citrella: elucidation by multivariate geometric designs and response surface models.
Journal of chemical ecology, 35(8), 896—903.
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Attraction
1.0 @ @ % @
A
0.75 & ® ® ® )
Amount
(mg) 0508 @ Cﬁ) CO) 'S
0.25(¢) . . . (8
0.01(®) (® (®
Diene O 0.25 0.5 0.75 1
Triene 1 0.75 0.5 0.25 0 81

—
=
2
©
[&]
[=%
©
S
=
=
=3
2]
2
=

Diene 1,00
Triene 0.00

0.51 Amount
(mg/lure)

10/6/2022
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Disruption

83

Disruption

84
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Disruption

10/6/2022

NicvrmiintiAan

® @ —®20

B

0.5 0.75
0.5 0.25

¢ 1.50

Amount
1.01 (g/kg)

0.52

0.02
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Trap catch (% of control)

1.50 Pheromone
075  (002.00 concentration
1.00 (9/Kg)
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