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1) Laboratory – 2 applications

2) Greenhouse – 1 application

3) Insectary – 1 application

4) Field – 1 application
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LABORATORY EXPERIMENTS
In vitro culture
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LABORATORY EXPERIMENTS

1) Citrus cell lines.
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LABORATORY EXPERIMENTS

1) Citrus cell lines.
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1) Ammonium Nitrate (NH4NO3)
2) Potassium Nitrate (KNO3)
3) Calcium Chloride (CaCl2)
4) Magnesium Sulfate (MgSO4)
5) Potassium Phosphate, Monobasic (KH2PO4)
6) Boric Acid (H3BO3)
7) Cobalt Chloride (CoCl2 . 6H2O)
8) Cupric Sulfate (CuSO4 . 5H2O)
9) Manganese Sulfate (MnSO4 . H2O)
10) Molybdic Acid Sodium Salt (Na2MoO4 . 2H2O)
11) Potassium Iodide (KI)
12) Zinc Sulfate (ZnSO4 . 7H2O)
13) Ferrous Sulfate (FeSO4.7H2O) + EDTA

Murashige and Skoog plant tissue culture medium (MS Medium)

MS Mineral nutrients
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MS Mineral nutrients - Factors

Ammonium nitrate (NH4NO3)

Potassium nitrate (KNO3)

Ferrous sulfate (FeSO4.7H2O) + EDTA

Factor 1

Factor 2

Factor 5

Boric acid (H3BO3)
Cobalt chloride (CoCl2 . 6H2O)
Cupric sulfate (CuSO4 . 5H2O)
Manganese sulfate (MnSO4 . H2O)
Molybdic acid (Na2MoO4 . 2H2O)
Potassium iodide (KI)
Zinc sulfate (ZnSO4 . 7H2O)

Factor 4

Calcium chloride (CaCl2)
Magnesium sulfate (MgSO4)
Potassium phosphate (KH2PO4)

Factor 3
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MS Mineral nutrients - Factors

Factors – MS salts partitioned into five groups.
1)  NH4NO3

2)  KNO3

3)  Mesos (Ca, Mg, SO4, Na, Cl, PO4)
4)  Metals (Mn, Zn, Cu, Co, B, I, Mo)
5)  Fe (FeSO4 + NaEDTA)

Factor ranges – multiples of MS levels.
1)  NH4NO3 : 0.5X – 1.5X 
2)  KNO3 : 0.5X – 1.5X
3)  Mesos : 0.5X – 1.5X
4)  Metals : 0.5X – 4X
5)  Fe : 0.5X – 4X
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MS Mineral nutrients - Factors

Factors – MS salts partitioned into five groups.
1)  NH4NO3

2)  KNO3

3)  Mesos (Ca, Mg, SO4, Na, Cl, PO4)
4)  Metals (Mn, Zn, Cu, Co, B, I, Mo)
5)  Fe (FeSO4 + NaEDTA)

Factor ranges – multiples of MS levels.
1)  NH4NO3 : 0.5X – 1.5X 
2)  KNO3 : 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
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MS Mineral nutrients - Factors

Factors – MS salts partitioned into five groups.
1)  NH4NO3

2)  KNO3

3)  Mesos (Ca, Mg, SO4, Na, Cl, PO4)
4)  Metals (Mn, Zn, Cu, Co, B, I, Mo)
5)  Fe (FeSO4 + NaEDTA)

Factor ranges – multiples of MS levels.
1)  NH4NO3 : 0.5X – 1.5X 
2)  KNO3 : 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

Large range in final fresh weight.

smallest

largest
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MS
+690%

Predicted High Growth Point
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LABORATORY EXPERIMENTS

2) Micropropagation
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Agri-Starts David Lawson 
provided the citrus cultures.

Citrus rootstock X-639

30

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

xMS xMS xMS xMS xMS
1 1 1.5 0.5 2 2 1
2 1 0.125 1.5 2 2 1
3 1 0.125 0.5 2 2 3
4 1 1.5 1.5 2 0.5 1
5 1 1.5 1.5 0.5 2 1
6 1 1.5 0.5 0.5 2 3
7 1 0.125 1.5 0.5 2 3
8 1 1.5 1.5 2 2 3
9 2 0.125 1.5 2 0.5 3

10 2 0.125 1.5 0.5 0.5 1
11 2 0.125 0.5 0.5 0.5 3
12 2 1.5 0.5 2 0.5 3
13 2 1.5 0.5 0.5 0.5 1
14 2 0.125 0.5 0.5 2 1
15 2 1.5 1.5 0.5 0.5 3
16 2 0.125 0.5 2 0.5 1

5-Factor 2-Level Resolution V Fractional Factorial

32

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

xMS xMS xMS xMS xMS

1 1 1.5 0.5 2 2 1

Amounts of stock solution are simply multiples of MS medium.

5-Factor 2-Level Resolution V Fractional Factorial
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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

MS
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MS



10/6/2022

18

35

MS

Shoot number
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MS

Shoot number
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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-NH4NO3 10 1 10 104 0.0005
D-Minors 17 1 17 180 0.0002

Mn, I, Mo, Zn, Cu, B, Co MnSO4

KI

Na2MoO4

ZnSO4

CuSO4

H3BO3

CoCl2
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Sum of Mean F p-value
Source Squares df Square Value Prob > F

Model 21 2 10 107 0.0003
A-NH4NO3 10 1 10 104 0.0005
D-Minors 17 1 17 180 0.0002

Mn, I, Mo, Zn, Cu, B, Co MnSO4

KI

Na2MoO4

ZnSO4

CuSO4

H3BO3

CoCl2

Shoot number
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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 1 58 338 < 0.0001

Ca, PO4, Mg, SO4, K, Cl
CaCl2

KH2PO4

MgSO4

Leaf necrosis
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Media Optimization Kit (MS)
Product ID: M5630

Pear

Hazelnut

Raspberry

Blueberry

Citrus
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Eldridge Wynn
Biological Research Technician 
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GREENHOUSE EXPERIMENT

3) Citrus bud grafting.

Fruit trees are composite trees.
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Kim Bowman, PhD
Research Geneticist
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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)

Design - 43 runs in 3 blocks.

6-factor D-optimal Quadratic Response Surface

- 3 numeric factors
- 3 categoric factors

S
ol

ut
io

n

• 26 plants per run
• 43 runs
• 1,118 plants

52



10/6/2022

27

53

54



10/6/2022

28

55

56

% Buds that formed shoots.



10/6/2022

29

57

% Buds that formed shoots.
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Leaf area of bud shoots.

Source Sum of 
Squares df Mean 

Square F-value p-value

Block 4209.33 2 2104.67
Model 26793.23 10 2679.32 13.49 1.45E-08

A – BA 13929.45 1 13929.45 70.14 2.39E-09
B – Tween-20 6.49 1 6.49 0.0327 0.8577
E – Orientation 4680.54 1 4680.54 23.57 3.51E-05
F – Light 2918.06 2 1459.03 7.35 0.0025

AF 1332.85 2 666.43 3.36 0.0484
BF 1665.57 2 832.79 4.19 0.0248

A2 1374.16 1 1374.16 6.92 0.0133
Residual 5957.79 30 198.59
Lack of Fit 3481.66 25 139.27 0.2812 0.9855
Pure Error 2476.13 5 495.23
Cor Total 36960.35 42
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INSECTARY EXPERIMENT

4) Root weevil artificial diet.
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Insectary
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Steve LaPointe, PhD
Research Entomologist
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INSECTARY EXPERIMENT

4) Root weevil artificial diet.

Insectary raised Diaprepes – large and slow.

Wild Diaprepes – smaller and energetic.
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8-component mixture screening design.

Responses measured (7)

1) larval weight and number at 1st transfer
2) time to pupate
3) time to adult
4) adult weight
5) adult sex
6) fecundity
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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 –

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.

Two experiments – 1) Attraction and 2) Disruption.
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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.

Two experiments – 1) Attraction and 2) Disruption.

Mixture-amount design used for both experiments.
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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.

Two experiments – 1) Attraction and 2) Disruption.

Mixture-amount design for both experiments.

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
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Attraction
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Attraction
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Disruption
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Disruption
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Disruption
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Disruption
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Disruption
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Many of  the most useful designs are extremely simple.

Sir Ronald Fisher
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