Effect of Chemical Treatment on Respiration of

Sugar Beets
R. 1. Npusox!

The reduction ol losses of sugar in sugar beets between lilting and
processing hus been attacked by various means, Ol hrst nmportance s the
prompt ciicient handling ol the beers Irom the ume of lifring until they
are in the lactory or in the storage pile. O sccond importance is the reduc-
tion in temperature within the storage piles by use of forced-air ventilation.
Reducton i storage losses has also been sought by means of chemical ireat
ment.  The studies made with maleic hydrazide are probubly the most
widely known.

This paper covers results obtained with 3-amino 1, 2, 4-triazole” as an
anti-vespirant for sugar beews. In preliminary oiads involving seven ma
werials the mnino wriazole appeared to be the most promising in reducing
the respiration rate, The other six materials were identificd only by code
number and abter one preliminary wial all six materials were dropped from
current investigations. Thus, the results given here are confinded o amino
triazole.

What effect amino tiazole weuld have on yespiration rate was investi-
gated first by dipping momentarily transverse sections of sugar beet roots
into agueous solulions varving in concentration. After dipping, the excess
solution was allowed to drain off. The evaduaton of respiration rate was
then identical with a procedure previously published (137 Samples from
ten roots were analyzed for cach concentraton, .\ weated and untreated
swmple from cach beet was evaluated simultuncously. {See Table 1)

Table 1.—I¥eorease in Rospiration Rate Obtained on Root Sections!. Dipped in Solu-
tions Yarying in Concentration of Amino Triazele.

Concentration (ppm) 10 36 250 500 1000 2000
Povcentage decrease from check 0.8 1.2 12,0 19.6 247 13.4
LSD " NS I 74 1.2 7.1 iR
LSD 19, pt N&# 2.8 101 6.0 10.3 8.0

Y Carbon dioxide production was mcasured over an if-hour period immedintely after
slicing and dipping.
¢ Difference between check and treated nor sigonificant at indicated level

The results of Table 1 oindicate a very definite decrease in respiration
rate Tor all treatments except the 10 ppm weamment. Only a Hmited amount
ol solution adhered to the freshly cut sections, approximately three percent
by weight. Assuming a three percent gain in weight of sections on dipping.
and equal distribution, the concentration of amino wriazole within the
treated beet tissues would have been 0.3, 150 7.5, 13, 30 and 60 pares per
million, respectively,

After obtaining results in Table 1, a trial was made dipping three
samples ol whole beets A solution of 8000 ppm amino triazole was used,
After solution had ceased o drip ofl the beets, it was estimated amino

triazole on weight of beets would be less than 40 pares per million. 'Three
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* Commercial firms furntshing amine triazole were American Chomical Paint Company
and American Cyanamid Company.

2 Numbers in parentheses refer to lterature cited.
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comparable samples were Ieft untreated. Each sample was then placed in
a water-proofed bag and stored for two weeks in the root cellar at approxi-
mately 409 F. belore being sliced and analyzed. Results appear in ‘Table 2.

Table 2.—Respiration Rates at 707 on Sliced Scorions of Roots Two Weeks After Roots
Had Been Dipped in 3000 ppm Agueous Sohution of Amino Triazole. Values are mg.

COu2/kg./hr.
Replicate

. Reduction in
Treatment 1 2 3 Mean Respiration
Contro 137 4 140 137.0 e
Dipped 1l 151 128 123.3 oo,
L5 39 pt. 5.2
LSD 19 p 12.0

Surlace treatment ol rooks gave o significant reduction in respivation
rate as indicated by yesults in Fable 2 based on carbon dioxide production
measured  on vapsverse beet root scotions approximately 1712 duch in
thickness and 1 1/2 inch in diameter.

Vo further evaluate the cffect of amino triazole on respiration rate
ol bects a second method of measurcment was used. In this case 100-pound
samples of beets were placed in sealed drums and oxygen  consumption
measured according to method previously deseribed (2). Beets were dipped
just bedfore placing in drums, Treatments and results are given in Table 8.

Table 3.—0xvgen Used by Becots of Each Treatment as an Average of Six Replications
for a 17-day Period at 70° F.

e at Vo used per Respiration rate
Treatment 100 b, beets/day CO2/kg./hy! in % of control
cu. {t. me.
A Control 4546 9388 e
B) Roots dipped in sol. 3,000 ppm
amino triazole L6056 3114 183
€) Roots dipped in sol. 13,000 ppm
7261 37.34 159
0720
L24

LA rospiration quoticut ol one was asstmed in calculating CO2 from O measurements.
The results of oxygen measurements on whole beets (Table 3) show a
definite increase in respiration rawe due to wreating beets by dipping in
amino triazole solutions. This 15 m direct contrast to results obtained by
measuring CO, production on sliced tissucs and reported in Tables T and 2,
To check whether a difference n source of roots could have accounted
for this reversal in results reprosentative beets were taken from the sealed
drums at the end of the 17-day period and mesurements made of carbon
dioxide production {rom shiced sections. Again the results obtained for dssue
scetions [ollowed the wends established in Tables T and 2. The reduction
in respivarion rate for the 5,000 and 13000 parts per million treauments
compared with the control were 18 and 20 percent, rospectively, A value
of 17 was required for least signibicant difference at odds of 99 to L
Considering  that amino triazole solutions in concentrations used  for
treating whole beets could have been injurious to the epidermis, {oliar
applications were inidated the {ollowing fall as an alternate method of
treatment.  Assuming amino wiazole would be trauslocated to the roots,
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applications wore made at rates of 1716 pound o 1 1/2 pound in 25 gallons
water per aove as an overall Toliage spray. Adier several oials one learned
to expect a somewhat lower rospiration as measured on cut-root sections
taken from beets showing chlorosis of the prowected small center leaves.
Chlorosis was usually first visible 5 1o 10 days alter spraying. The necrosis
of the leaves hit direcdy by the spray was much sooner and much more
noticeable,

Asverage respiration rates in pereentage of conwrol on sliced root sec-
tions, based on sixteen replications from field spraved plots, were 948 and
919 for the onc-hall und oncepound rates of amino triszele. A difference
ol 3.7 was required for least significant difference at odds of 19 to 1. Since
the reduction in rare approximated 5 percent, it is likely to be real and
follows the rend established in Tables | oand 2. .

Respiration rates of whole bects and measwrements for quality of
beets from plots spraved October 12 are given in Tuble 4. In this test
tiere were four replications. Harvest of plots was completed November
7. Respiration rates on beets placed in sealed drums was completed o

December 23 and oxygen consumed was measured daily for 44 consccutive
davs.  The weight, sugar percentage, thin juice apparent purity, and

rallinose determinations reported in Table 4 were made on December 27
and on the beets which were ranoved from the sealed drums December 23,

Table 4—Roesults on Beet Roots Harvestedd from Field Plots Which Had Received
Foliar Application of Aminoe Triazcle (AT} Three Weeks Before Harvest.

Respivation
of Results after 44 days storage at 70° T,

Wheole Bects — —
Treatment Weight Sugar Purity Rautlinese

O, ol control 9] of control i o
Contro} 100 104 jER] 88.3 none
AL Ve Ib/a (06 o 14.6 87.6 none
AT 1 Ib/a 10 04.6 4.1 86.7 none
LSD 59 pt. NS N§ NS NS .

The resules in Table 4 are not conclusive in themselves. The question
vemains unanswered ws o whether wreatment with amino triszole can be
cHected so as to reduce the respiration vate as measured o whole beets.
However, current evidence Iy against gaining any practical benefis. The
reduction in sugar percentage and purity parallel results of other wsis ik
awtributed 1o the slower development of the beet in the field after treatment
and not as having occarred during siorage.

Discussion

T reviewing the resubis, particularly Table 3 with those of Tables
I oand 2, one is faced widh the problem of rationalizing the differences.
Sucrose and purity evaluations on beets weated and stored have pot sug-
gested the respiration guoticat was abnormal which otherwise could explain
the difference. Flowever, a simultancous measurement of CO, and O, was
not mace, .

It iy possible the high conceatration of amino wriazole used for treat-
ing whole beets was injurious to the dssues first contacted. The injured
tisses of the weated versus the unwreated may bave accounted for the
relatively hugher respiration In osimilar manner as weather-beaten  roots
respire at a faster rate than {reshly stoved beets.
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In Table 3 one will now the caleulated CO, per kilogram per hour
ranges [rom 23 to 37; whercas, in Table 3 the ravge is 111w 14, Thaus,
the vespiration ol the shiced sections was approximately five thmes the
activity measured on whole becis, One migint argue that the offect of amino
wiazole on respivation was secondary and only cauwsed a reduction in
respiration when the rate was severul tmes higher than the rate common
for whole beets.

Also, a possibilily which appears presently quiuz feasible s dhat specilic
tssues react differentdy to amino wriwele. On slicing beets one likely
changes the relative role various tssues play in the total respiration. Thus,
if amino triszole hus a different offect on various tssues, u reversal in res
piration rate as mewsured by the twe methods could be realized. O foterest
in this regard is the work of Hein, Appleman, and Pylonm (8) wheve they
observe a difference in eflect on catadase activity between catalase of the
Blood versus that of liver or kidney dssue {ollowing injection ol wmino
trizole into adult female rats,

Summary

Sugar beets were weated inoan attcmpt to reduce the respiration rate,
Preliminary results using amine rivzole as an antirespivant  appeared
highly successlul. A reduction in GO, production was obtained when sliced
reot sections were used ay material for meassurements. The reduction in rate
of CO, production was obwined when measured on shiced tissue, whether
the sliced root sections or the whole roots were dipped divecdy inte amino
triazole solutions prior to CO, mewsuranentss: of i weatment o roots
was by wanslocation of amino wiazole from foliage applications made to
beets growing in the field.

A definite increase in respiration rate was obtuned when measure-
mends were made on whole beets which had been treated by being dipped
inte solutions ol amine wiazole, Rute of respivation was based on measure-
ments of oxygen consumed by sanples ol whole beets over a perind of
several davs lollowing weatment,  Since the respiration rate as measured
on whole bects is ol prime importance, the current evidence is against any
practical benefits {rom treatment with amino wrinzole. \ discussion is given
regarding the reversal in results between those obtained from sliced root
sections and those of whole roots. There 15 a real need for a procedure
that could be wsed w justly evaluate and screen the many chemicals that
might serve as antirespirants and reduce the losses {rom respiration in beets
between lifing and processing. 1v is likelv that two or more quick methods
would need to be used in any adopted procedure.

Relerences

(I} Newsox, R. 10 and Oworaever, Ro K. 19520 Preliminary studies appli-
cable 1o selection lor low respiration and resistance to storage rots of
sugar beets. Proc. Amer. Soc. Sug. Beet Techh, 7ih General Mecting,
pp. HI0-106.

{2y Newsoxn, R. T, and Woon, R.R. 19500 Respiration and spoilage studies
cmploying a modification of a method developed by Stout and Ford.
Proc, Amer. Soc Sug. Beer Tech,, 6th General mecting, pp. 660-663,

(3) Hera, Werser G, Arrnenax, Davip, and Pyrroxs, FLOTL 1935, Produc
tion of catalase changes in animals with S-amimo-l, 2, {Ltazole
Science 122: 683-684.




