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INTRODUCTION

The proper application of a herbicide to 
plant material and action within the plant necessitate 
the addition of an adjuvant« An adjuvant may be any 
ingredient that when added to a herbicide aids in the 
action of the herbicide<> Thus wetting agents, emulsi
fiers, spreader^ and activators can be considered 
adjuvants (2)o,Some adjuvants used in carriers of 
herbicides act either as a solvent or an emulsifier«. 
The adjuvant must also act as a wetting agent, be of 
low volatility, non-corrosive to spray machinery, in
expensive, non-tdxic to animals and available in large 
quantitieso

Tatty acid esters of sucrose appear to meet 
the above requiieiiehts <, They are water-soluble, fat- 
soluble, non-volatile, stable and are wetting agents 
and emulsifiers (8, 10)0 When ingested by animals, 
the sugar esters hydrolyze to form normal food products 
(3, 9)« Sucrose is inexpensive and readily available,

1 .



and fatty acids may be obtained, from tallow, which 
is also a low-cost material (9)® Sugar esters are 
not available in any large quantities; however9 they 
are being made commercially from tallow by a few 
firms (12) o

If sugar esters can be used as the adjuvant 
in herbicide carriers, there is the possibility for 
their use on a large scale0 Considering the herbicide
2,4-D (2,%-diehlorophenoxyacetic acid) only, in 1958 
there were 30,9^^,000 pounds produced commercially, in 
the United States (!)0 This acid was applied at a rate 
of 0=5 to lo5 pounds per acre0 This was, however, 
dissolved in a carrier that was used at a rate of 50 
gallons per acre (13)0 Assuming an average use of 1*0 
pound of 2,&-D per acre and 50 gallons of carrier per 
pound, 1,5^7,200,000 gallons of carrier were used in 
1958 for the application of 2,4-D alonee If the carrier 
had contained 1,0% adjuvant in the form of a sugar 
ester of a fatty acid, a total of 15,^72,000 gallons 
of sugar ester would have been used.

The main use for tallow has been in the 
manufacture of soap. In 19^9, 1,3^6,000,000 pounds of
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tallow were used by the soap industry, In 1$J58, how
ever, only 727,000,000 pounds were used, showing a 
decrease of 46% (l)« This decrease is due t© the 
development of many household detergents which take 
the place of soap*

In the present study, sugar esters synthesized 
from the fatty acids found in tallow have been tested 
as to their possible use as adjuvants in herbicide 
carriers. Favorable results of these tests indicate 
a new use for these by-products=

■■■'Vatsol made by the American Gyanamid
Company, is one of the best wetting agents known and 
is used extensively in dust and liquid insecticides 
and fungicides (l4)0 For this reason. Vatsol K was 
chosen as the wetting agent to contrast with the sugar 
esters under investigation.

i-Vatsol K is a dry powder containing 33% Vatsol 
OT in an inert filler. Chemically, Vatsol OT is sodium 
dioetylsulfosuecinates

0 0
CH3 (CH2) 6CH2-0-C-CH-CH2"C-0-CH2(CH2) 6CH3G=S=0 

0" Na+



MATERIALS AID METHODS

Preparation of Stacros.e Monoesters0 Patty aoid esters 
of sucrose were prepared by a modification of the 
method of Gsipow et al» (11)» The reaction involves 
the alcoholysis of a fatty acid ester of a volatile 
alcohol with sucrose* Methyl esters of stearic, 
palmitic, myristie, lauric, oleic, linoleie and lino- 
lenic acids were obtained commercially for use in the 
synthesis of the sucrose esters* With a 3 to 1 molar 
ratio of sucrose to methyl ester of a fatty acid and 
0*1 mole of an alkaline catalyst, about 90% of the 
methyl ester of a fatty acid is converted to the mono
ester of sucrose* . '

With heat, 0*5 mole (171*15 g) sucrose was 
dissolved in 1000 ml of H,H-dimethylforaamide» When 
the sucrose was completely dissolved and the temperature 
of the solution was 100° C, 0*167 mole of the methyl 
ester of a fatty acid was added to the solution* 
Potassium carbonate (EgCOg) was used as the alkaline 
catalyst and 0*05 mole (7*0 g) was added to the
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solution as well as 0.05% distilled, water, by volume 
(9)o The flask containing the solution was equipped 
with a -̂0-cm jacket Liebig condenser packed with a 
stainless steel scouring pad to assist in stripping 
off the methanol formed in the alcoholysis reaction. 
The apparatus was attached to a vacuum pump and a 
pressure of 95 to 100 mm Eg was maintained throughout 
the reaction. The reaction was continued for 1^ to 
16 hours at 90 to 95° 0.

When the reaction was completed, the H,N- 
dimethylformamide was removed by distillation under 
vacuum to avoid caramelizing the sucrose. The residue 
was dissolved in 1000 ml of a 2 to 1 mixture of n= 
butanol and 15% aqueous sodium chloride. The sucrose 
monoesters and polysubstituted esters of sucrose are 
soluble in the n-butanol phase and the unreaoted 
sucrose is soluble in the water phase. The n-butanol 
and water phases were separated using a separatory 
funnel. The water phase was washed 3 times with 50-ml 
portions of hot n-butanol and the washings were added 
to the original n-butanol layer. The n-butanol layer 
was washed 3 times with 50-ml portions of 15% aqueous



sodium chloride and the washings were added to the 
water fraction,, Any water remaining in the n-butanol 
phase was removed by the addition of anhydrous sodium 
sulfate which was then filtered from the mixture»
The n-butanol in the filtrate was removed by distilla
tion to leave a residue that was composed of the 
sucrose monoester and polysubstituted esters of sucrose* 
Recrystallization of the residue from hot acetone 
yielded the raw sucrose monoester*
Analysis of the Sucrose Monoesters0 The purity of each 
sucrose monoester was determined by a comparison of the 
molar proportion of the fatty acid to sucrose* Two- 
tenths of a gram of the raw ester was hydrolyzed with 
k ml 1 H HO! by heating in a water bath for 5 hours*
When the hydrolysis was completed an equal volume of 
petroleum ether (density 0*67 to 0*69) was added and 
the mixture was transferred to a separatory funnel*
The lower, aqueous phase containing sucrose was removed 
and washed three times with IQ-ml portions of warm 
petroleum ether and the washings were added to the 
original petroleum ether phase* The petroleum ether 
phase was then washed three times with 10-ml portions



of warm water and the washings were added to the 
original aqueous phase, The water and petroleum 
ether phases were evaporated in iared flasks to dryness, 
leaving sucrose and fatty acid, respectively. The 
flasks were reweighed to determine the grams of 
sucrose and fatty acid obtained by hydrolysis. Each 
ester was then recrystallized from ethanol and the 
proportions of fatty acid and sucrose redetermined.
The ratio of grams of sucrose to fatty acid found in 
the hydrolyzed material before and after recrystalli
zation was compared with the calculated ratio for the 
sucrose monoester. The close similarity between the 
experimental and calculated values was used as the 
criterion of purity of the sucrose monoester.
Evaporation Test, Evaporation rates were determined 
for aqueous 0,1% solutions of Vatsol K arid each sucrose 
morioester^) and also for distilled water. Each 0,1% 
solution was prepared by placing a small watch-glass 
containing 0,05 g of adjuvant in 50 ml of distilled 
water in a 70 x 50 mm (inside diameter of 65 mm) petri 
dish. The petri dish, with contents, was then weighed . 
and placed in a temperature control chamber set at



38*1^0 o Three large petri dishes were Tilled with 
calcium chloride and placed on the shelf above the 
evaporating solutions to absorb any water vapor.
Each petri dish was then reweighed after 1, 2, 8,
16 and 24 hours to determine the loss of weight due 
to evaporation of water.
Fluorescent Dye Penetration Test (5)« Eosin (tetra- 
bromofluoresdein) was used as the fluorescent dye in 
a study of foliar penetration. Solutions containing 
0,1, 0,3, and 0*5# Vatsol IC and 0.1, 0.3, and 0.5# 
dye- for each concentration of Vatsol IC were tested to 
determine the concentration of adjuvant and dye to be 
used. Using y-day old plants of Fhaseolas vulgaris L, 
variety Morse’s Pole Humber l^l^), eighteen first 
foliar leaves, of approximately the same size, were 
cut from the plant at the base of the petiole and 
laid on moist paper towels in a dark room. The first 
one of any pair of leaves was spotted with 0.5 ml of 
a test solution on the upper surface of the leaf

^The raw sucrose monoester was used in all 
tests run in this study,

3phaseolus vulgaris L., variety Morse’s Pole 
Humber 191, seed was obtained from the Ferry-Morse 
Seed Company.
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blade near the tip and the second leaf was spotted 
on the upper surface, 1 cm from the margin, at the 
base of the leaf blade6 The leaves were then observed 
for fluorescence under ultraviolet light at 30 minute 
intervals during a 2 hour periodo

At the end of 2 hours the leaves were rinsed 
in tap water for 30 seconds to remove any unabsorbed 
dye from the surface of the leaf. Penetration was 
determined by the amount of fluorescence in each pair 
of leaves. The concentration of Vatsol IC and dye 
which indicated the greatest penetration was recorded. 
This concentration of adjuvant and dye was then used 
as the standard in making solutions of the raw sucrose 
monoesters, The sucrose monoesters were then tested 
in comparison with Vatsol 1C for rate of penetration. 
Three replications were used,

A second test of penetration was made using 
G o l ,  0,3, and 0,5% solutions of each sucrose monoester 
with 0,1, 0,3, and 0,5% dye for each solution. Each 
solution was spotted on two leaves, in replications 
of three, and the rate of penetrationf recorded,

A final test was made with four solutions.
Each solution contained 0,5% Vatsol IC and 0,3% dye,
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but in addition one solution contained 2»0fS stearic 
acid) one contained ZoOfo sucrose, and one contained 
2.0% stearic acid and 2.0% sucrose» These last three 
solutions were tested against the first one for 
penetration, in replications of four.
Bean Stem Curvature Test (7). Phaseolus vulgaris L., 
Variety Morse |s Pole Humber 191^^, was chosen as the 
test plant due to its uniformity in germination and 
growth. The compound to be tested was placed on the 
upper surface of one leaf of the plant, and the 
absorption and translocation of the compound was 
evaluated on the basis of the stem curvature that 
developed. In the present study this test was used 
to compare the effects of Vatsol K and the sucrose 
monoesters, as adjuvants, on the absorption and trans- 
location of 2,4-33.

Wax coated, 16-ounce paper cups were filled 
with Tlora-G-ro perlite, grade number 2, and 4 bean 
seeds were placed in each cup. After the plants had 
developed partially expanded, but still wrinkled first 
foliar leaves and the first trifoliate leaf was still 
tightly folded in the terminal bud, the plants were
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selected for similarity of size and thinned to 1 
plant per poto The selected plants were then spaced 
on the greenhouse bench so as to receive maximum 
illumination from above to allow the stems to grow 
straight and erect0

As soon as the first foliar leaves of the . 
majority of the plants expanded so that they were no 
longer wrinkled (usually about ti-8 hours after the first 
selection)» the plants were reselected for size and 
uniformity and placed in rows in preparation for the 
bean stem curvature testo

The method of application of each compound 
was the same in every experiment» A 10 pi pipet was 
used to placed exactly 10 pi of each solution on the 
upper surface, 1 cm from the edge, of a first foliar 
leaf bladeo This was then spread evenly by rolling 
a glass rod over the upper surface of the blade,

A preliminary test, using no 2,^-D, was made 
with Qel, 0o5» loO, and 2,0% aqueous solutions of 
each sucrose monoester, to determine what concentration, 
if any, would cause growth effects on the plant.

To determine the concentration of adjuvant
. - \ ■ :
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that would assist the 2,&-B’ in causing a minimum of 
20° curvature in 2 hours, aqueous solutions of 0 d,
0 o5» loO, and ZeOfo Tatsol K and of each sucrose mono- 
ester were prepared0 Enough 2,4-B was added to each 
solution to give a final concentration of J>00 ppm (7) °
All aqueous solutions were heated to aid in dissolving 
the 2,4-Do These solutions were then applied to the 
bean plants in replications of three® One check row 
received 2,4-B in water, alone0

The method of taking results on this test was 
the same as that used on all tests of bean curvature0 
All plants were observed at 30-minute intervals® The 
angle of stem curvature was measured by lining up one 
leg of an adjustable square with the hypocotyl and 
lower half of the first internode, and the other leg 
of the square was lined up with the upper half of the 
first internode and second internode® The average 
curvatures of the three replications for each solution 
were compared*

After determining the concentration of adjuvant 
to be used it was decided to determine what concentration 
of 2,4—D would cause a 20° curvature in 2 hours» Three 
aqueous solutions of 0 *1% Tatsol K were prepared
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containing 100, 200 and 5QQ ppm 2,^-D, respectively= 
Solutions of 100, 200 and. 500 ppm 2,^-0 in water alone 
were also prepared* The solutions were applied to the 
plants in replications of three and the curvatures 
after 2 hours recorded.

Grafts found that 2,4-0 was readily soluble 
in a 50% ethyl alcohol solution and that penetration of 
the 2,4-0 was greater at lower pH values (4)0 Thus,
0O2% solutions of Vatsol K and each sucrose monoester 
were prepared by dissolving 0.005 gm of each adjuvant in 
2.5 ml of a citric acid buffer solution of pH 3»0. The 
buffer solution was prepared by adding 20 ml 0.2 M 
HagHPOjj, to 80 ml 0.1 M citric acid. Then, 0.008 gm
2,4-0 was dissolved in 20 ml 95^ ethyl alcohol to give 
a 400 ppm solution. To 2*5 ml of each 0.2% solution of 
adjuvant, 2=5 ml of the ethyl alcohol-2,4-0 solution was 
added. The final solutions were pH 3»4 and final con
centration, in each case, was 0.1% adjuvant and 200 
ppm 2,4-0. A check solution was prepared by adding 2.5 
ml of buffer, to 2=5 ml of the ethyl alcohol-2,4-0 
solution. The solutions were applied to the upper 
surface of the first foliar leaves as before,.ink
replications of three, and the amount of curvature 
recorded.
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In another test, the above solutions were 
modified by changing the pH of the final solutions 
from pH 3 oh to h o3 and were tested two more times 
using three replications» The amount of curvature 
was recorded as beforeo

For the final bean stem curvature test, 
solutions of 0ol% Vatsol K, sucrose stearate and 
sucrose linolenate were prepared as above with the 
final solution having a pH of h 03 and containing 
200 ppm 2,^-D. These solutions and a check solution 
of pH'4.3 were applied in replications of ten and the 
results recorded and analyzed statistically0 
Autoradiograph Test. This test was designed to show 
the effect of an adjuvant on the absorption and trans-

-jhlocation of 2,4-D containing 0 in the carboxyl 
position.

The radioactive 2,4-2 had a specific activity 
of Imc/mH and was obtained from Tracerlab, Inc. For 
this test, 11.1 mg (0.03 me) 2,4-33 was dissolved in 
1=5 ml 95$ ethyl alcohol. Solutions of 0.2$ Vatsol K 
and sucrose stearate were prepared by dissolving 
0.024 gm of each in separate 12-ml portions of citric
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acid buffer solution, pH 4.3. A third, solution was 
prepared by dissolving the amount of sucrose (0.0136 
gm) equal to that found in 0.024 gm of sucrose 
stearate, in 12 ml of the buffer solution. A fourth 
solution contained 0.0135 gm sucrose and the amount 
of stearic acid (0.0112 gm) equal to that found in
0 0024 gm of sucrose stearate, dissolved in 12 ml of 
the buffer solution.

five micro test tubes were set up in a test 
tube rack. Then, 0.3 ml of the Vatsol K, sucrose 
stearate, sucrose and sucrose plus stearic acid 
solutions and buffer solution alone, were carefully 
pipetted into separate test tubes. To each of the 
five test tubes, 0.3 ml of the radioactive 2,4-B solution 
was added. Thus, 10 pi of each of the solutions 
contained 0.036 mg (0.166 pc) 2,4-D-l-O^^.

Two tests were run with these solutions, for 
the first test, 45 plants were prepared in the same 
manner as those for the bean stem curvature test. Ten 
pi of each solution was applied to the upper surface 
of one first foliar leaf, near the base of the blade,
1 cm from the edge, on each plant = The 10 pi
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gave a spot covering a fairly unifora area when dropped 
on a leaf. Thus, to insure uniformity in application 
of each solution the spots were not spread over the 
leaf, as they had been in the bean stem curvature 
test. Each solution was applied in replications of 
three,

After 30, 60 and 120 minutes, 3 plants from 
each treatment were pulled from the perlite, the roots 
washed with distilled water, and the radioactive spot 
on the leaf rinsed with a citric acid buffer solution, 
pH 8,0, to remove any unabsorbed 2,ti—D-l-C^, Bach 
plant was immediately frozen by laying it between two 
blocks of dry ice for about 10 seconds. Then, the 
leaf blade to which the 2,4-D was not applied was cut 
from the petiole and discarded. The rest of the plant 
was cut so that the blade of the leaf to which the 
2,̂ —D was applied, the shoot (including the petioles 
of the first foliar leaves), and the roots were sepa
rated, These three portions of each plant were mounted 
on white paper, placed in a plant press and dried for 
^8 hours.

After ^8 hours, the plants were taken to a 
dark room and placed oh 10 x 12 inch sheets of Eastman
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No-Screen X-ray Filme These were then placed in an
x - r a y  exposure holder and left for 5 days„ After 5
days, the film was developed as recommended by Eastmans

For the second test on penetration, 200 plants
were selected in the same manner as for the first
tests Ten replications were used for each solution
at 5, 10, 20 and 30-minute intervals» The method of
application of each solution was the same as for the
first tests At the end of any one time interval, the
plants were quickly cut off below the cotyledonary
node and the radioactive spot rinsed with a buffer
solution of pH 8o0o The plants were then frozen
between two blocks of dry ice» The first foliar leaf

-g p ,blade to which the 2,^-B-l-G was not applied was
cut off and discardede The leaf blade to which the 

*

2,4-33-1-0 was applied was cut off and mounted on 
white paper along with the remaining portion of the 
shoot, including the petioles of the first foliar 
leaves® The mounted plants were placed in a plant 
press and dried for 48 hourso

The method of autoradiography of the plants 
was the same as in the first test except that these
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plants were allowed to remain in the x-ray exposure 
holder for 10 days.



RESULTS

Analysis of the sucrose monoesters (Table l) 
indicated that the raw sucrose monoesters contained 
a small amount of unreacted sucrose* Reorystallization 
from ethyl alcohol removed this impurity and esters 
with a 1 to 1 molar ratio of sucrose to fatty acid 
resulted, as indicated by a comparison of the mg of 
fatty acid and sucrose found with the calculated 
amount of each. In all cases, the recrystallized 
product was over SQfo monoester.

The adjuvants do not decrease evaporation of 
water. Table 2 gives the loss of water, in grams, 
due to evaporation of aqueous 0.1% solutions of each 
of the sucrose monoesters, Vatsol IC and distilled 
water.

I The fluorescent dye penetration test was 
successfully used by Dybing and Currier (5)® Since 
the dyes they used were not available, eosin was 
tested with Vatsol K. It was found that a concentration 
of 0.5% Vatsol IC and 0.3% eosin gave the most rapid

13



penetration and most complete fluorescence of the 
leaves<, An entire leaf was fluorescent in 2 hours.
It was also found that application of the dye 
solutions to the upper surface of the leaf near the 
base of the leaf blade resulted in more rapid pene
tration than when applied to the tip of the blade.

Solutions of 0,5% of each sucrose monoester, 
were tested in comparison with 0,5% Vatsol K; all 
solutions contained 0,3% eosin. It was found that 
the sucrose monoesters inhibited the penetration of 
the dye, At the end of 2 hours there was no fluor
escence in the leaves treated with sucrose monoester 
solutions, but the Vatsol IC solution performed as 
before.

The second test was run to see if there was 
a concentration problem with the dye or the sucrose 
monoesters. Combinations of 0,1, 0,3, and 0,5% dye 
and 0,1, 0,3, and 0,5% sucrose monoester, did not 
solve the penetration problem. The sucrose monoesters 
inhibited the penetration of the dye at all concen
trations tested,

in the final test with the fluorescent dye, it



Table 1» The milligrams of fatty aeid and sucrose found, after hydrolysis of 
both the raw and recrystallized products, as compared with the 
calculated quantities.

Raw Product Recrystallized Product
Sucrose
Esters

Tatty Acid Sucrose Tatty Acid Sucrose
found calc o found calc, found calcl found calc,
mg. mg mg mg mg mg mg mg

Stearate 91.9 92,8 11^,1 112-5 92.1 92.8 113.3 112.5
Palmitate 88,1 88,3 119-3 117.8 88.0 88.3 118.1 117-8
Myristate 82,9 82,6 125-3 123-8 82.7 82,6 122.4 123-8
Laurate 76,0 76,4 131,5 130,4 75-9 76.4 131-0 130.4
Oleate 92,9 93-1 11^,4 112,8 93 -4 93.1 113-1 112.8
Linoleate 93-1 92,7 114.6 113-2 92.9 92.7 113-5 II3.2
Linolenate 92,0 92,4 114.9 113-6 91.9 92.4 113-9 113-6



Table 2o AccumulatiTe evaporative loss of Qdfo aqueous solutions of adjuvant 
at 38tl°C over a 24-hour period*

Adjuvant
Accumulative water loss with time (hours)

: .. : 1___ 2 4 8 16 24
g g g g g g

Sucrose Stearate 0,7551 1.2694 2,4764 4.8295 10.4880 12.9649
Sucrose Palmitate 0,7133 1.2242 2.4440 4.8794 9.8496 12.8146
Sucrose Myristate 0,7861 1.3022 1,8513 4,6655 9.8656 l4,4o45
Sucrose Laurate 0,6840 1.2749 2,4960 4.8859 IO.OI76 13.7953
Sucrose 01eate 0,8630 1.4487 2.8540 5.6227 11.4720 13,9641
Sucrose Linoleate 0,7544 I.2891 2.5248 4.9437 10.3808 14.3112
Sucrose Linolenate 0,7392 1.2380 2.3900 4.6091 9,9648 13.9792
Vatsol K 0,9269 1.4374 2.6336 4,7858 11.2896 15.0068
Hone 0,8552 1.2807 2.4552 4.6995 10 * 5648 14.5237



23
was noted that the 0 „5% Vatsol K with 0. *3$>- dye solution 
gave a rapid penetration of the dye and complete 
coverage of the leaf within 2 hours. This same 
solution with the addition of 2,0% sucrose, gave 
similar results. But, when 2,0% stearic acid or 2,0% 
stearic acid plus sucrose were added to the Vatsol IC 
solution, penetration of the dye was stopped entirely. 

The bean stem curvature test proved to be the 
most informative test as to the effect of Vatsol K and 
the sucrose monoesters, as adjuvants, on the absorption 
and translocation of 2,^-D, Careful selection of plants 
for uniformity in size of first foliar leaves, length 
of second internode and overall height of plant cannot 
be over emphasized. An increase of h cm in length of 
the second internode can reduce the amount of curvature 
after 2 hours by 20°, The time of watering the plants, 
before treatment, was also found to affect the overall 
curvature of the plant. As long as the plants were 
watered 3 hours before treatment, the amount of curva
ture per hour was fairly uniform. If this time varied 
from one experiment to the next, there was a change in 
the time required to obtain a desired amount of
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curvature, 20° in this case«,

The concentration of Vatsol K and the sucrose 
monoesters, containing 500 ppm 2,4-D, that gave a 
minimum of 20° curvature in 2 hours was 0=1%, as de
termined by the first experiment= It was also noted 
that the check solution for this test started giving 
a comparable curvature after about 1% hours, indicating 
that perhaps the 2,4—15 concentration was too higho

The second test involving aqueous solutions of 
0=1% Vatsol 1C that contained 100, 200 and $00 ppm
2.4-B, respectively, confirmed the fact that ppm
2.4-33 was too high, since it caused curvature without 
any adjuvant= It also indicated that 200 ppm was the 
concentration of 2,4-B that would best show the effects 
of the addition of an adjuvant to the solution.

The 50% ethyl alcohol solutions of 2,4—B 
containing the respective adjuvants, proved to be much 
easier to handle than the aqueous solutions in that the
2.4-33 was readily soluble in this mixture and no heating 
of the solution was required to dissolve the 2,4-33,
The first test with the alcohol solutions which con
tained 0=1% Vatsol K or sucrose monoester and 200 ppm
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2,4”B was run at pH 3 <>4 = To facilitate handling, 
the test was run in two parts, testing first the 
Vatsol K, sucrose stearate, sucrose laurate, sucrose 
linolenate and check solution= The second part of 
the test was run the nest day and included Vatsol K, 
sucrose paImitate, sucrose myristate, sucrose oleate, 
sucrose linoleate and check .solutions <, The average 
curvature for the three replications for each treat
ment will be found in Table 3 under test number 1 and 
2= It will be noted that the average curvature of 
the plants treated with the check solution is not 
much different from that obtained by treatment with 
any of the solutions containing adjuvants« Because the 
amount of curvature increases at low pH1s, the next 
two tests were run at pH 4,3» The average curvatures 
for these tests are given in Table 3 under test number 
3 and 4, respectively.

It will be noted that plants treated with 
solutions of sucrose stearate, sucrose linolenate and 
Vatsol K gave the greatest curvature in 2 hours in 
both tests number 3 and 4, Sucrose laurate also gave 
a comparable curvature in the 2-hour time period.
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The curvature caused by the check solution was suffi
ciently low to indicate that Vatsol K, sucrose 
stearate, sucrose laurate and sucrose linolenate 
increased the curvature of the plants caused by 2,̂ -D<,

For the final test, 50% ethyl alcohol solutions 
of .0,1% sucrose stearate, sucrose linolenate and Vatsol 
K containing 200 ppm 2,^-D were used, since these three 
adjuvants seem to give the greatest ̂ curvature in tests 
2 and 3 run at pH A check solution was added as
before and the average curvature of the ten replications 
for each treatment is recorded in Table 3 under test 
number 5»

The results of test number 5 were analyzed 
statistically, and the new multiple range test was 
used to determine which of the means were equal and 
which were different (6), The results of this analysis 
show that there is a significant difference between the 
check solution and the other three solutions tested and 
that there is a significant difference between the mean 
curvature for the Vatsol IC and the sucrose stearate 
solution, at the 5% level of significance» There was 
no significant difference between the means of Vatsol 1C
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and sucrose linolenate nor between suerose linolenate 
and sucrose stearate» These results are summarized in 
Table k a

The first autoradiograph test in which plants 
were treated for 30, 60 and 120 minutes with radio
active 2,4-15 in 0 olfo solutions of Vatsol K, sucrose 
stearate, sucrose and sucrose plus stearic acid and 
one check solution, indicated that the rate of pene
tration of the 2,4-D-l—0 ^  is greatly enhanced by the 
addition of Vatsol K, sucrose stearate, and sucrose.
The check solution and the solution containing free 
stearic acid gave.relatively little penetration and 
movement. The autoradiographs showed clearly that 
Vatsol K and sucrose stearate aided penetration of
2,4-D, but it was not clear which adjuvant was better&

Hone of the plants in this test showed any 
movement of 2,4-B into the roots, Vatsol K, sucrose 
and sucrose stearate induced movement into the stems 
to as far as the cotyledonary node, plus or minus 3 
cm, with Vatsol K and sucrose stearate giving similar 
results, and both were somewhat better than the sucrose 
solution.
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Table 3» The mean bean stem curvature after 120 minutes* The 

carrier in each case was 50% ethyl alcohol-citric 
acid buffer solution* The pH of the test solutions 
is given for each treatment *

Test Eumber ____ ,1* 2* 3* j>*sfc
Adjuvant pH 3*% pH 3*4 pH 4.3 pH 4,3 nil ft.3degrees curvature
Sucrose Stearate 26 *6 2%.3 ^3.3 16.2
Sucrose Palmitate ———— 27*3 ' 11*0 21.3
Sucrose Myristate ———— 30.6 17.3 23.3
Sucrose Laurate 21*0 ———— 32.0 3^.3 eoe=3e"eeB0
Sucrose 01eate ———— 11.0 19.3 17.0
Sucrose Linoleate ———— 29.6 23.0 33.3
Sucrose Linolenate 31.3 ———— 51.3 36.6 . 13.9
Vatsol K 19.9 21.3 32*6 ti-1.0 11.4
Check 20,6 18.0 17.6 28.0 CD

* average curvature for 3 replications
** average curvature for 10 replications
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Table 4» Resuits and analysis by the new multiple range test 

of bean curvature test number , Means underlined 
by the same line are not significantly different at 
the 5<>0% level.

Treatment
Replication
number Check Vatsol K

Sucrose
Linolenate

Sucrose
StearateDegrees Curvature after 120 minutes

1 1 8 14 15
2 2 11 18 12
3 1 10 10 13
h 1 10 15 18
5 3 8 14 16
6 1 8 14 12
7 3 16 12 20
8 11 12 21

1 13 15 15
10 1 19 15 20

sum
mean
curvature

18
1,8

114
11,4

139 
13 o 9

162
16.2



The second autoradiograph test, in which 
plants were treated for 5» 10, 20 and 30 minutes, 
indicated again that the rate of penetration was 
about the same for the Vatsol K and sucrose stearate 
solutions and that these solutions gave a greater 
amount of penetration in any given time period than 
did the other 3 solutions0 Figure 1 shows a composite 
of typical autoradiographs from each treatment.



SOLUTION
1 2  3 4 5

Figure 1. Autoradiographs of bean leaves treated for 
5, 10, 20 and 30 minutes with solutions of 2,U-D- 
l-Cl^ containing adjuvants. The adjuvants are:
1, sucrose stearate; 2, Vatsol K; 3, no adjuvant;
4, sucrose; 5» sucrose and stearic acid. Each auto
radiograph shown is a contact print from the x-ray 
film and white areas indicate radioactivity.



Discussion

The method used to prepare the sugar esters 
is not specific for the synthesis of monoesters, but 
the analysis of the products showed that the yields 
contained 98^ or more of the sucrose monoester»
From Table 1 it can be seen that the recrystallized 
esters averaged 98% sucrose monoester« That is, the 
ratio of fatty acid to sucrose found was approximately 
98% of the calculated ratio. The raw sucrose esters 
averaged 97% sucrose monoester0 Thus, it may be 
assumed that the raw esters were "pure" enough to 
cause little or no variation in any test results.
All the evaluation tests of adjuvants were conducted 
with these monoesters,

During the various tests in which the sucrose 
monoesters were placed on plant leaves, it was noted 
that the monoesters seemed to stay wet longer than 
the Vatsol K solutions. This observation prompted 
the evaporation test. The evaporation test showed, 
however, that there was little difference in the
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rate of evaporation of any of the sucrose monoester 
or Yatsol K solutions*

The fluorescent dye penetration test is a 
recent test for the study of penetration rates of 
compounds applied to plants* Yatsol K solutions 
containing the dye, eosin, performed quite well in 
that an entire bean leaf would become fluorescent in 
a 2-hour period* The sucrose monoester solutions 
inhibited penetration of this dye, however, and the 
last test indicated that it was due to the fatty 
acid portion of the esters and not the sucrose portion. 
It can be said that the carboxyl group of the fatty 
acid does not have any part in inhibiting penetration 
of the dye as the ester will also stop penetration*
Ho explanation for this action can be given without 
farther study*

Although the fluorescent dye test indicated 
that the sucrose monoesters may inhibit penetration 
of dissolved substances, the various bean stem 
curvature and autoradiograph tests showed that they 
act as good adjuvants for penetration and transloeat!on 
of 2,'b-D* It may be that these sucrose esters are 
selective as to the chemical structure of the compound
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to be carried, in the solutions The results of the 
new multiple range test (Table 4}, show that sucrose 
linolenate does as well, but no better, than Vatsol K 
in promoting translocation of 2,4-D in the bean stem 
curvature testo Sucrose stearate, however, is a 
better adjuvant than Vatsol K® The preliminary bean 
stem curvature test, using solutions as concentrated 
as 2.0fo sucrose monoester, showed that the esters 
themselves cause no noticeable growth effects on the 
plants® Thus, any curvature that occurred in the , 
growth tests used to evaluate the adjuvants can be 
attributed to the action of the 2,4-B«

A careful study of the autoradiographs shows 
that Vatsol IC promotes penetration of 2,4~D-l-cA^' 
more than sucrose stearate, but after 20 minutes there 
is no apparent difference between the two as to the 
amount of penetration and movement that has occurred. 
The autoradiographs also provide evidence that the 
free fatty acid (stearic acid), inhibits penetration 
of 2,4-5 in some manner, as was also shown in the 
fluorescent dye tests.

All things considered, one may assume that 
fatty acid esters of sucrose have a possible use as



adjuvants in herbicide carriers» Sucrose stearate 
seems to do well in competition with Vatsol K, but 
further tests should be run to determine the full 
potential of the fatty acid esters as adjuvants«, 
Perhaps a test in competition with other cationic and 
some anionic adjuvants would now be in order* Tests 
with sucrose di- and triesters should be run, as well 
as esters made directly from tallow*

Since sucrose stearate is the only fatty acid 
ester that was tested with enough replications to 
make a statistical analysis of the results, one 
should not consider that other fatty acid esters are 
not potential adjuvants* Further testing should be 
done with these esters*



SUMMARY

Fatty acid esters of sucrose were synthesized 
from methyl esters of the fatty;.acids stearic, 
palmitic, myristic, lauric, oleic, linoleio and 
linolenico Analysis of the sucrose esters.showed them 
to be 97% or more sucrose monoesters»

The sucrose esters were evaluated as to their 
use as adjuvants in herbicide carriers» The effect of 
each sucrose ester on the penetration and translocation 
of 2,4~D was compared with one of the best adjuvants 
now on the market, Vatsol K«

Using the bean stem curvature test and the 
autoradiograph technique with radioactive 2,4-D, it 
was found that sucrose stearate competes favorably 
with Vatsol Ke The 2,4-D-Vatsol IC solutions seem to 
penetrate the leaf a little faster than the 2,4-D- 
sucrose stearate solutions but the 2,^-D-sncrose 
stearate solutions are translocated more readily causing 
a significantly greater amount of curvature in a 2-hour 
period in the bean stem curvature test,
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On the basis of these tests, fatty acid 

esters of sucrose are potential adjuvants for 
herbicide carriers0
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