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Fang watershed, Chiang Mai Province, Thailand is an important area for tangerine cultivation. Management
of Citrus greening disease and Citrus root rot and Phytophthora foot rot caused by Candidatus Liberibacter asiaticus
and Phytophthora parasitica Dastur, respectively, is a crucial problem in the tangerine production. During the past
10 years, some antibiotics have been used to control the tangerine diseases that may lead to antibiotic residues in
tangerine products and antibiotic- resistant microbes in the tangerine orchard which produce some undesirable
effects to consumer. Unfortunately, there is no antibiotic usage guideline for the control of those tangerine diseases
and also the qualitative and quantitative reports on the antibiotic residues in tangerine products.This studies aimed
to investigate effects of antibiotic usage, particularly ampicillin, for precision agriculture of tangerine production in
Fang watershed via 1) the kinetic behavior and derivatives of antibiotics in tangerine, 2) quantitative analysis of
antibiotic residues in water samples around the tangerine orchards, 3) antibiotic- resistant microbes in tangerine,
soil and water samples from the surrounding sources of both the tangerine orchards, 4) development of a fast
screening device for residue detection at the pre-harvest site, 5) knowledge assessment of farmers on the usage
of antibiotics in tangerine cultivation, and 6) possible mechanism of action of antibiotics in tangerine disease through
molecular modeling.

The studies on kinetic behavior and residues of ampicillin, oxytetracycline and streptomycin antibiotics
using LC-MS/MS was performed for a 90-day period in two sample groups namely those tangerine plants received

the antibiotic 1) more than 5 times before, and 2) for the first time. The results here indicated that in the tangerine



plants received ampicillin more than 5 times before, ampicillin was detected from the first day to the peak on day
7 at approximately 254.9 ppb and decreased to approximately 20.2 ppb on day 90 when compared to the use of
ampicillin in the tangerine orchard where the antibiotic was used for the first time that ampicillin was initially detected
on day 3 at 2.7 ppb and increased to the highest level of 137.4 ppb at day 20 and then the level of ampicillin was
gradually decreased to 1.1 ppb on the day 90. The results of oxytetracycline and streptomycin residue analyzes
are likely to be in the same direction as those of ampicillin. Moreover, the water samples within 5 kilometers from
the tangerine orchards were also taken at every 500 meters for 10 points. Analysis of ampicillin in the samples by
LC-MS/MS was performed and the antibiotic was found in the range of 19.139—-103.541 ppb. The detected ampicillin
concentrations were not significantly correlated with the sampling interval due to the natural streams flow through
other ampicillin- used tangerine orchards that affects the amount of the detected antibiotic ampicillin. When
compared to the samples from the natural water sources of the newly-used ampicillin tangerine orchards, the
samples were collected after 15 days of the antibiotic treatment at 30 points. No antibiotic residue was detected in
30 points of the natural water sources. It is possible that the ampicillin concentrations in the samples were lower
than the limit of detection (LOD) which is equal to 0.100 ppb.

Quantitative analysis of ampicillin-resistant strains of Escherichia coli and Staphylococcus aureus were
performed by collecting soil samples around the tangerine trees, tangerine stems, leaves, fruits, and water from
the surrounding sources of both the tangerine orchard where ampicillin has been used more than 5 times and the
orchard where ampicillin has just been used. It was found that the long- used ampicillin orchard was found a low
variety of microorganisms. Most of the found microorganisms were some fungi and bacteria strains approximately
10-102 colony forming unit (cfu) per 1 gram of soil. There was no microbe in some samples. The ampicillin resistant
E. coli was found as 100 percent and antibiotic-resistant S. aureus was highly found. For newly-used ampicillin
orchard, a high diversity of microorganisms was found in excess of 10°-107 cfu per 1 g. of soil and no antibiotic-
resistant E. coli and S. aureus were detected. In addition, alternative methods of analyzing ampicillin residue and it
derivatives using cyclic voltammetry and amperometry have also been developed in order to do the residue
detection at the preharvest site. These are the electrochemical analysis technique related to applying the electrical
potential controlled by external electronics circuits to electrochemical cell electrodes. It was found that the calibration
graph from the amperometric method in optimum condition was liner between 0.2-1 millimolar and the percent
recovery by spike standard ampicillin was in the range of 97-103 %.

For the impacts on health and the environment, knowledge assessment of farmers on the usage of
antibiotics in tangerine cultivation was investigated and essential knowledge for the antibiotic usage was further
informed. It was found that the farmers had a knowledge of the preparation and treatment of antibiotic-based
solution as they were told from agricultural scholars and other farmers. They can adapt their knowledge to the
context of their own tangerine orchards to get the tangerine yields as precisely expected. However, the farmers
still lack knowledge regarding the antibiotic resources, stability, storage, effective and safe use, so the lacked
knowledge was supplied in order to enable the farmers to know, understand and apply the knowledge to practice.
For the impacts on the environment and health of consumers, the farmers believe that ampicillin is safe because it

is @ medicine for humans and so it is likely to be safe for the environment.



The plausible mechanism of action of ampicillin, oxytetracycline and streptomycin that are used in the
prevention and treatment of Citrus greening disease was investigated using molecular modeling approach.
Molecular docking was conducted through the inhibition of the SecA protein of Cannidatus Liberibacter asiaticus,
an important protein for the growth and survival of the organism. Based on the minimum energy of the antibiotics
required to bind the active site of SecA, ampicillin and oxytetracyclic exhibited the lower binding energy values than
its natural substrate, ATP, leading to inhibiting the growth of the bacteria. From the binding conformations of the
drug structures in the active site of SecA, ampicillin showed the most closely alignment compared to ATP and has
a better affinity than those of other antibiotics used in the study. It may be concluded that ampicillin is likely to
outperform the other two antibiotics used for the tangerine trees by the reason of performance and safety. However,
it is necessary to study the other target proteins related to the disease including health and environmental impacts.

To be concluded for precision agriculture of tangerine cultivation, there are three main concerns in the
value chain for the effects of antibiotics on the prevention and/or treatment of Citrus greening disease and Citrus
root rot and Phytophthora foot rot. First, the upstream is an effective and precise antibiotic or other agents to control
the citrus diseases and a certified resource of antibiotics. Second, the midstream is the right information related to
antibiotic usage for farmers including preparation, stability, storage, and dosage administration. Final, the
downstream is the reduction of antibiotic residues to minimize the impacts on health and the environment. According
to Codex Alimentarius (2018), maximum residue limit (MRL) of ampicillin in fish fillet is not more than 50 ug/kg
(ppb), our findings suggest that tangerine products should be harvested after 60 days of the antibiotic injection
(ampicillin residues less than 20 ppb) and in the tangerine orchard where the antibiotic was used for the first time,
the injection of ampicillin into the stems should be restrained for more than 90 days. The development of an
alternative device for antibiotic residue detection at the pre-harvest site will be valuable for safety assessment and

precision agriculture.



