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Objectives 

1. Design and develop a prototype Plant
Tissue Extractor (PTE) 1.0 body and low-
cost grinding chamber (LCGC) for extraction
of plant tissue.

2. Design a “product ready” (in both quality
and manufacturability) PTE 2.0.

3. Fully qualification of the PTE 2.0 by Citrus
Clonal Protection Program (CCPP).

4. Investigate building a fully inline system.

Problem and Significance 

We can't afford to continue to let huanglongbing 
(HLB) spread in California. California's HLB 
positivity rate (rate of infected trees tested) has 
gone from 0.01% in 2012 to 1.2% in 2020 (L. 
Kumagai personal communication).  Currently, we 
are under sampling and leaf testing methods for 
HLB cannot scale with increased demand due to 
costs. This project was designed to reduce the time 
and labor currently involved in tissue processing of 
regulatory plant samples. 

Benefit to Industry 

This project will lead to a lowering of the cost 
structure in testing for HLB and other citrus 
diseases. A half dozen federal, state, university and 
industry labs are responsible for testing HLB and 
protecting our growers. Their current resources are 
insufficient for them to do so with the costly labor-
intensive hand chopping methods. This instrument 
can increase the speed and reduce the skill 
required for processing citrus leaf tissue. Combine 
this with the fact it allows us to move to larger 
sample sizes, and you will see savings in tissue 
processing for HLB testing. The CDFA lab in 

Sacramento currently spends $22 per 12 leaf 
sample, by reducing this cost we can test more 
trees, and better control HLB spread.  

Plans and Procedures 

In the first year, TES completed the prototype of the 
Leaf Tissue Extractor (LTE). In the second year, we 
plan on moving to production. Before we can do 
that, we need to complete extensive testing of the 
prototype shredding instrument; proving the quality 
of the material it processes, along with determining 
the time it requires for processing citrus tissue.  We 
believe the prototype proves this approach has 
merit. CDFA runs 7,000 samples per month with 
eight technicians. Therefore, to flush out our 
system we should target running 1,000 samples in 
a month in the lab. This is what is needed to 
determine bottlenecks. We continue to evolve our 
chamber design. This year we will be evaluating 
production fabrication techniques for the shredding 
chamber and box. 

Progress Summary 

Our goal was to develop an instrument to remove 
the current labor-intensive hand chopping used in 
the processing of leaf tissue. We developed two 
separate prototyping instruments. One used a 
grinding process and the other used a shredding 
process. The shredding instrument proved to 
provide a more thorough job in processing leaf 
tissue, and was easier to clean. Shown in Figure 1 
is the resulting shredded material which was 
produced from an early version of the LTE.  

Figure 1 The shredding machine transforms petioles to 
shredded tissue ready for DNA extraction in minutes. 
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The machine for processing leaves by shredding is 
called the LTE (Figure 2) and used many of the 
same design elements which had evolved with the 
Budwood Tissue Extractor (BTE). The BTE was 
developed for the CCPP to remove the hand 
chopping step of budwood processing and is 
currently being tested and validated. 

The LTE chamber, shown in Figure 2, is a working 
LTE prototype. A working LTE prototype has been 
delivered to Dr. Georgios Vidalakis for evaluation. 
In addition to the LTE, we have also been working 
on a sample tracking system. 108 of the Lindcove 
foundation block trees have been tagged (Figure 3) 
and we are planning on tagging all the trees there 
(close to 2000 trees). The first 108 budwood 
samples have been shipped and will be processed 
with the shredding instrument in Figure 2, except 
with a budwood chamber. We were able to write 
the NFC tree tags, but our app had problems when 
writing the sample tags. More error protection is 
needed. We could observe a sample being 
scanned about every 30 seconds, but in the field, 
our app occasionally crashed. This re-emphasizes 
the importance of production testing prior to going 
to regulatory labs.  

Table 1 shows some preliminary results using the 
LTE for HLB testing. These tests were designed to 
demonstrate that the process we have developed 
shows little loss in sensitivity as one increases from 
a 12-leaf sample to a 24-leaf sample. We believe 
that with a 24-leaf sample, one almost doubles their 
chances of finding HLB with its low infection rate.  
In column 1 and 2 we placed 1 infected leaf with 11 
or 23 healthy leaves respectively and then ran the 
sample though the LTE for tissue processing. We 
then ran qPCR. Results are shown in Table 1. In 
column 3 and 4 we ran 12 and 24 healthy leaves 
and then spiked the sample with HLB extracted 
DNA. We then ran qPCR, with results shown. We 
believe the spike test is slightly better than the one 
infected leaf test, because the insertion of one 
infected HLB leaf can depend on the titer of the 
infected leaf. In all these tests, we replaced the 
labor-intensive hand chopping through the use of 
our machine. 

1 HLB + 
11Healthy 

1 HLB + 
23Healthy 

12 
Healthy 
+ HLB
spike

24 
Healthy 
+HLB
spike

1 25.65 ± 
0.06 

27.30 ± 
0.67 

32.40 ± 
0.32 

32.46 ± 
0.36 

2 26.69 ± 
0.70 

26.57 ± 
0.05 

33.20 ± 
0.85 

32.48 ± 
0.39 

3 28.05 ± 
0.04 

26.91 ± 
0.26 

31.94 ± 
0.30 

32.90 ± 
0.38 

Figure 3 White Circular NFC tag (indicated by blue 
arrow) on Lindcove foundation block tree label. 

Table 1 Both 12 and 24 leaf samples run through the 
LTE leaf shredder. 

Figure 2 Working prototype of Leaf Tissue Extractor 
(LTE) that transforms petioles to shredded tissue 
ready for DNA extraction in minutes.   
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In the hand chopping process –X-Acto blades, 
gloves, etc. are all thrown away. In our process, the 
chambers are cleaned, and the time to do that must 
be added to our overhead. Note that as one moves 
from a 12-leaf sample to a 24-leaf sample that 
overhead time does not change. To increase the 
efficiency of our cleaning process we designed a 
bulk ultrasonic cleaning system. This system would 
clean 10 chambers at a time.   

The plan for next year is simple; extensively test 
not just the prototype, but the complete system, 
and then move to production fabrication. 
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