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Research: Sanitation

Sanitation, Clogging, or Both: A Comparison 
Study of 3/16” and 5/16” Maple Tubing
T.D. Perkins and A.K. van den Berg, Proctor Maple Research Center, University of 
 Vermont, Underhill, VT

It is well recognized that microbial 
contamination of tubing systems 
can result in a substantial loss in 

sap yield if untreated. Over a decade 
of research and maple industry experi-
ence has produced a range of possible 
strategies to address sanitation-related 
issues in 5/16” tubing systems (Perkins 
et. al. 2019). Although rapidly adopted 
by many maple producers, due to the 
relatively short time period in which 
it has been in widespread use, there is 
far less understanding of sanitation in 
3/16” tubing systems (Wilmot 2018).

To address this knowledge deficit, 
we conducted a multi-year study at the 
UVM Proctor Maple Research Center 
to examine sanitation-related losses 
in 3/16” tubing systems to determine 
which approach(es) might best mitigate 
sap losses due to sanitation.

Methods

In 2015 we set up 12 plots in Under-
hill, Vermont: half of these had 3/16” 
tubing and half had 5/16” tubing (both 
lateral and droplines). Plots averaged 
90.8 taps (range 71-112) and averaged 
three taps per lateral line. Lateral lines 
of each plot were connected to indi-
vidual ¾” mainlines leading to custom 
mini-releasers equipped with counters 
(Figure 1). Each time the releaser would 
dump sap, the counter was increment-
ed. Releasers were calibrated for the 
amount of sap dumped each time, thus 
total sap quantity per tap in each plot 
could be calculated. 

Releasers were connected to a Busch 

pump operating at 25” Hg vacuum. 
Since the lateral lines were installed 
on slopes, the 3/16” lines should have 
theoretically added 2-3” Hg of natural 
vacuum to those lines, producing 10-
15% more sap on average. During the 
sap flow seasons of 2015, 2016, and 
2017, new spouts (S) were installed in 
all plots each year as controls, since this 
is the minimum sanitation treatment/
practice recommended. Spouts in all 
plots were 5/16” with a taphole depth 
of 2” each year. Spouts were pulled un-
der vacuum at the end of each season 
(dry-cleaned) and plugged before other 
treatments were applied.

In 2018, two plots of each treatment 
line size (3/16” or 5/16”) were equipped 
with either new standard spouts (S), 
new Leader check-valve (CV) spouts 
(C), or new drops (including tees) with 
CV spouts (D).

In 2019, two of each line size had new 
spouts (S) installed, had new drops (in-
cluding tees) with new standard spouts 
(D), or had lines cleaned with a bleach 
solution and new spouts installed (B).

Total sap yields per tap for each plot 
each year were used to calculate the 
average sap yield per tap for each sani-
tation and line size (3/16” and 5/16”) 
treatment each year and expressed as 
a percentage of the 3/16” line treatment 
for that year. Therefore the 3/16” con-
trol treatment is 100% each year, and 
a corresponding value for other treat-
ments that year above 100% indicates 
an improvement due to that treatment, 
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while a reduction from 100% indicates 
a loss in sap yield.

Results

In 2015 (first season after installa-
tion), as expected due to the additional 
natural vacuum, 3/16” tubing out-per-
formed 5/16” tubing by 12% (Figure 2). 
However, in 2016 3/16” systems pro-
duced only 3.8% more sap compared 
to the 5/16” systems, and by the 2017 
season, 3/16” systems produced nearly 
10% LESS sap than the 5/16” systems. 
This trend occurred despite the fact that 
new spouts (S) were being used in all 
the systems each season. This led us to 
speculate that the 3/16” tubing systems 
were more susceptible to sanitation-re-
lated issues than the 5/16” systems, or 
that there was something else going on 
that we did not understand.

In 2018, the 3/16” and 5/16” systems 
with only new spouts (S) performed 
roughly the same in terms of sap yield. 
Adding check valve spouts (C) per-
formed as expected in the 5/16” tubing 
systems in that sap yield rebounded 
(10.4%). In the 3/16” systems however, 
the average yield from check-valve 
spout lines decreased by over 14%. 
Similarly, new drops with check valve 
spouts (D) were effective in the 5/16” 
systems (11.7%), and even more so in 
the 3/16” systems (17.2%). The differ-
ence in yield between new drops on 
3/16” and 5/16” systems was not com-
pletely restored however, as the yield 
increase between the two tubing di-
ameters, rather than being between 10-
15% as predicted and observed in the 
first year of the study, was only 7%. 

Figure 1. Two of the twelve mini-releasers used in this study. Each releaser was con-
nected to 70-112 trees which made up a “treatment.” Releasers were calibrated to a 
known volume of sap and are equipped with counters to allow calculation of the total 
amount of sap produced per tap each season for each treatment. Photo credit: Mark Is-
selhardt, UVM Extension Maple Program.
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Due to the lack of observed resto-
ration of sap yield with check-valve 
spouts, and the incomplete restoration 
of sap yield with new drops, we con-
cluded that 3/16” tubing systems were 
clearly being impacted by some fac-
tor other than the relatively straight-
forward sanitation issues we observe 
in 5/16” systems, and that the most 
likely explanation was plugging of fit-
tings (tees and connectors) in 3/16” 
systems. We were unable to find clear 
widespread evidence of plugging how-
ever, despite considerable effort spent 
searching after the 2017 and 2018 sea-
sons. If plugging was the explanation, 
they were difficult to observe visually 
after the season ended.

In 2019, 5/16” systems that received 
only new spouts (S) systems produced 
10% more sap than 3/16” (S) systems. 
Systems that received new drops (D) 
produced 21% more sap on 5/16” sys-

tems, and 23% more in 3/16” systems. 
While this again represents an improve-
ment for 3/16” systems, the gain is not 
as large as expected based upon the an-
ticipated improvement due to natural 
vacuum. When sanitized with bleach 
however, 5/16” lines again showed a 
21% improvement in sap yield, match-
ing the increases observed (and expect-
ed) with drop replacement. In 3/16” sys-
tems, bleach sanitization increased sap 
yield by 53%, which slightly surpasses 
the predicted gain in sap yield. This re-
sult is a strong indication that plugging 
of fittings is indeed the primary factor 
impacting yields in 3/16” tubing sys-
tems as they age. It is likely that these 
plugs develop and grow, they greatly 
increase friction in the lines, and slow 
or stop the flow of sap, especially in the 
latter half of each sap flow season.

The fact that new spouts, check-
valve spouts, and to some degree, new 
drops do not appear to result in the 
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complete restoration of high sap yields 
in 3/16” tubing is a good indication that 
the typical recommendations for sani-
tation developed for 5/16” tubing sys-
tems are not entirely appropriate for 
3/16” tubing systems. The approaches 
developed for 5/16” systems were not 
designed to prevent or ameliorate the 
plugging issues observed in 3/16” sys-
tems; new spout or new check-valve 
spout doesn’t have any effect on a plug 
further downstream. Similarly, a new 
drop (including the tee) doesn’t elimi-
nate plugs in connectors/unions. There-
fore, while these approaches will affect 
sanitation levels at the taphole, they 
cannot totally eliminate plugging.

These results are consistent with 
those observed in experiments by Cor-
nell researchers, who also reported suc-
cess in 2019 trials with sanitation treat-

ments in 3/16” systems in which tees 
were replaced. (Childs 2019).

Cleaning with bleach (in this in-
stance a calcium-based hypochlorite 
solution) was used by a sugarmaker 
(Arthur Krueger) in southern Vermont, 
reportedly with excellent results as de-
scribed in a Maple News article earlier 
this year (Krueger 2019).

Summary

Sanitation is important in both 5/16” 
and 3/16” tubing systems, however 
these two systems have very large dif-
ferences in how microbes affect sap 
yields over time, therefore the strate-
gies to lessen this negative influence, 
and management to achieve adequate 
sanitation conditions are not the same. 
A great deal of research-based informa-

Figure 2. Sap yield (% of 3/16” control tubing system) in 3/16” (black bars) and 5/16” 
(white bars) tubing systems from 2015 2019 at the UVM Proctor Maple Research Center 
in Underhill, Vermont. All lateral lines and drops were new in 2015. S = new spouts, C 
= check-valve spouts, D = new drops, B = bleach cleaned. For 2015-2017, N=6. For 
2018-2019, N=2.
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tion is available on sanitation of 5/16” 
systems – far less is known about sani-
tation of 3/16” systems. Based upon our 
results, it is recommended that maple 
producers using 3/16” tubing systems 
consider two possible options for sani-
tizing their maple tubing:

• Cleaning with a solution of calcium 
or sodium hypochlorite, preferably 
in the fall after the weather has got-
ten colder (to reduce recolonization 
and regrowth of microbes). It is im-
portant that an adequate amount of 
contact time is provided, 5-10 min-
utes or longer is preferred (this is typ-
ically not achieved when sucking in 
sanitizing solution under vacuum). 
Note that some new formulations of 
Clorox are not approved for certified 
organic maple operations. Also, to 
avoid a “salt” off-flavor, lines should 
be flushed with potable water after 
cleaning, or the first run of sap al-
lowed to flow on the ground. 

• Replace all 3/16” tees and 3/16” con-
nectors at least every 2-3 years. 

While there is some cost involved 
with either approach, it is anticipated 
that the gain in sap as a result of these 
activities will produce an adequate net 
profit to offset this. Unfortunately the 
use of chlorine solutions may lead to 
the problem of squirrels chewing on 
lines. More work on the economics of 
sanitation approaches for 3/16” tubing 
systems remains to be completed.
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