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Objective 1 - Determine the effect of the ratio and concentration of Fe2+ + organic acid on hydroxyl radical
production and stability.

The ratio effect of Fe2+ and citric acid concentration and proportion on hydroxyl radical production was
guantified by response surface methodology and analyzed by ANOVA. The objective was to determine the
ratio and amount to maximize Fenton reaction oxidation.

A 2-component mixture-amount experiment was designed. A mixture-amount design determines the effects of
proportion and amount, and if proportion interacts with amount. Mineral nutrients are often mixture-amount
problems, particularly experiments to determine the effects of nitrogen, phosphorus, and potassium. The
components of the mixture included Fe (as FeSO4-7H,0) and citric acid. The ratio of Fe to citric acid was varied
from 1 (100% of the mixture was Fe) to 0 (100% of the mixture was citric acid). The amount of Fe and citric
acid was varied simultaneously with the mixtures.

The experiment measured the oxidation of methylene blue dye by Fenton reaction oxidation. As the dark blue
dye is oxidized the color changes to yellow and this change is measured on a spectrophotometer as a change in
absorbance.

The results show that Fenton oxidation of methylene blue is largely dependent on the amount of citric acid in
the solution. Though the Fe:Citric acid ratio was highly significant, its effect was much less than the linear
effect and is most likely due to the flattening of the response after about 0.5:0.5 -i.e., polynomials do not
model flat surfaces well. Because pH has a strong effect on the Fenton reaction, with low pH accelerating the
oxidation, it would be expected that increasing levels of citric acid would increase the oxidation.

Objective 2 - Determine the phytotoxic levels of Fe2+ + organic acid solutions on citrus.
Citron plants were treated with 500 ppm Fe (100 mL F11-C and 1.3 mL Siltrate in 1000mL water) or Siltrate

alone (1.3 mL in 1000 mL water). Treatments were foliar only, soil only (20 mL) and foliar + soil. Phytotoxicity
was measured using a 1 (no phytotoxicity), 2 (some phytotoxicity), or 3 (extensive phytotoxicity) rating scale.

PI First Name Randall Organization USDA

Pl Last Name Niedz Sponsor Project Number 18-050C

Email randall.niedz@usda.gov Project Duration (years 2.5  Year of Project 1
Phone (772) 462-5919 % Completion of Objectives 44.00%

C N )

Form PR-19 Quarterly Report J ;
rev. 8/2019



http://www.citrusrdf.org/blog/archives/802

	TITLE: The effect of the ionization state of iron and citric acid on the health of HLB-infected trees.
	DATE: 11/15/2019
	ORGANIZATION: USDA
	CONTRACT: 18-050C
	DURATION: 2.5
	YEAR: 1
	EMAIL: randall.niedz@usda.gov
	INSTRUCTIONS: 
	SPONSOR: [Citrus Research and Development Foundation]
	CATEGORY: [Horticultural & Management]
	PERIOD: Quarterly
	LAST: Niedz
	FIRST: Randall
	PHONE: (772) 462-5919
	ABSTRACT: Objective 1  - Determine the effect of the ratio and concentration of Fe2+ + organic acid on hydroxyl radical production and stability.
 
The ratio effect of Fe2+ and citric acid concentration and proportion on hydroxyl radical production was quantified by response surface methodology and analyzed by ANOVA.  The objective was to determine the ratio and amount to maximize Fenton reaction oxidation.
 
A 2-component mixture-amount experiment was designed. A mixture-amount design determines the effects of proportion and amount, and if proportion interacts with amount.  Mineral nutrients are often mixture-amount problems, particularly experiments to determine the effects of nitrogen, phosphorus, and potassium. The components of the mixture included Fe (as FeSO₄·7H₂O) and citric acid.  The ratio of Fe to citric acid was varied from 1 (100% of the mixture was Fe) to 0 (100% of the mixture was citric acid).  The amount of Fe and citric acid was varied simultaneously with the mixtures.
 
The experiment measured the oxidation of methylene blue dye by Fenton reaction oxidation.  As the dark blue dye is oxidized the color changes to yellow and this change is measured on a spectrophotometer as a change in absorbance.
 
The results show that Fenton oxidation of methylene blue is largely dependent on the amount of citric acid in the solution.  Though the Fe:Citric acid ratio was highly significant, its effect was much less than the linear effect and is most likely due to the flattening of the response after about 0.5:0.5  - i.e., polynomials do not model flat surfaces well.  Because pH has a strong effect on the Fenton reaction, with low pH accelerating the oxidation, it would be expected that increasing levels of citric acid would increase the oxidation.
 
Objective 2  - Determine the phytotoxic levels of Fe2+ + organic acid solutions on citrus.
 
Citron plants were treated with 500 ppm Fe (100 mL F11-C and 1.3 mL Siltrate in 1000mL water) or Siltrate alone (1.3 mL in 1000 mL water).   Treatments were foliar only, soil only (20 mL) and foliar + soil.  Phytotoxicity was measured using a 1 (no phytotoxicity), 2 (some phytotoxicity), or 3 (extensive phytotoxicity) rating scale.
 
Phytotoxicity was observed in both foliar and soil treatments but was worse with foliar treatments and the effect was significant compared to the Siltrate alone.
Objective 3  - Determine the effect of Fe2+ + organic acid solutions on HLB titer using a rapid greenhouse, HLB-infected citron, rooted shoot bud assay.
 
Continuing work to develop a rapid greenhouse screening system.  Current systems are not yet ready for screening methods to cure or manage HLB.  Experimentally robust screening systems are probably the single most important research tool that are needed by the HLB research community.
 
Objective 4  - Requires screening system - see objective 3 discussion.
Objective 5  - Required screening system - see objective 3 discussion.
 
Objectives 6 and 8 (Note: there is no 7)    - These are the field tests for the various ferrous iron (Fe2+) and citric acid treatments on HLB status and horticultural measures for both mature (HLB symptomatic) and nonbearing (non-symptomatic) trees.
 
The seven treatments have been applied according to the schedule specified in the project protocol to both bearing and nonbearing age class trees. The nonbearing trees as a class continue to exhibit vigorous growth and excellent health in that they do not reveal any HLB symptoms.  However, the bearing grapefruit trees as a class were abandoned on 03/01/2020 due to severe decline caused by irreversible root damage, primarily due to the Phytophthora/Diaprepes complex exacerbated by HLB. Aerial images have been taken of the mature (bearing age) plot immediately prior to tree removal.  Images are ready for processing, quantification, and analysis. Also, tree condition assessments, crop yield, and fruit drop counts were made and documented in early January 2020 and reveal no significant differences between treatments. Leaf samples for PCR analysis for both classes were collected and the results expressed as qCt and the log of the copy number/mg of tissue values were received and documented.  The means for the log of the copy number/mg of tissue did not reveal any significant differences for CLas levels between the treatments for both the bearing and nonbearing class trees. As predicted by visual inspection for HLB symptoms, all the bearing trees were symptomatic and tested positive for CLas with the average Ct value less than or equal to 32.  The non-bearing trees were all negative to CLas based on qPCR analysis with the mean Ct value for all treatments greater than 39.  There were no significant differences observed for the incidence of ACP feeding, blotchy leaves or growth measurements based on trunk calipers, tree height or canopy diameters for the non-bearing trees as well. 
 
Throughout this quarter as well as the project timeline, conventional pesticide spray applications were applied to all the treatments in the trial and were based on scouting and were in accordance with IFAS guidelines.  Similarly, irrigation events were made based on tree and field conditions as determined by soil feel and appearance, tensiometer readings, water table observation well measurements and visual assessment of tree canopy.   Fertilizer applications were made via fertigation and were `spoon fed' with frequent small applications bi-weekly.  No dry fertilizer was used.
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