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ABSTRACT

The effect of soil-injected ethylene on. the yield 
components of sugarbeets (Beta vulgaris L.) was investigated 
over a two-year period in experiments conducted in produc
tion fields and at The University of Arizona,

Ethylene was soil injected at 6,2' kg/ha at a depth 
of 20 cm in three fields of sugarbeets in 1974 and in four 
fields in 1975, Beets were harvested from rows 1, 5, 10,
■and 50 (76 cm'between row spacing) from the place of 
application, A general decline in sugar yield with distance 
from application was noted, but there were no significant 
differences in any of the yield parameters measured due to 
high variability.

Ethylene was soil injected and Ethrel was applied to 
the soil surface as preemergence treatments in a potted 
experiment, Ethrel was fatal to sugarbeet seedlings, and 
there were no significant differences among the ethylene 
treatments in total per cent or speed of emergence.
Ethylene was soil injected during the fifth week after 
planting, but there were.no significant differences among 
seedling fresh or dry weight as a result of these treatments.

Results indicate that soil injection of ethylene can 
not be recommended at this time as a method for increasing 
sugar yield of beets in Arizona„

vii



INTRODUCTION

Sugarbeets (Beta vulgaris L.) are an important part 
of the agricultural industry of Arizona. In 1974, 224,000 
metric tons of beets were produced on 4,200 irrigated 
hectares, with a gross value of over 8 million dollars. 
Sugarbeets are grown in the low desert valleys of central 
and western Arizona., and at the higher elevations in south
eastern Arizona. In the low desert valleys where winter 
temperatures are mild, beets are planted in the fall and 
harvested in the early summer. At higher elevations, beets 
are planted in the spring and harvested in the fall.

Effects of ethylene on the physiology of higher 
plants have been intensively studied. Ethylene is known to 
play a role in abscission, flower formation and sexual ex
pression, epinasty, fruit ripening, and other processes. 
Much less is known, however, about the effect of exogenous

Iethylene in soil-plant relationships. \?

Arthur Freytag, Research Agronomist with Great 
Western Sugar Company, Longmont, Colorado, is actively 
studying beneficial effects of soil-injected ethylene on 
sugarbeet yields. Because he has obtained a positive re
sponse and because of the similar climates of Colorado and

- . • ■ • ' L

southeastern Arizona, a study was initiated near Willcox 
in 1974.
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The objective of this study was to determine whether 

a soil injection of ethylene would enhance the yield of 
sugarbeets. '

)



REVIEW OF LITERATURE 61

• Nature and History of Ethylene 
Ethylene, or ethene according to IUPAC nomenclature, 

is unique in its role as a plant growth regulator in that it 
is a gas at normal physiological temperatures, According to 
Burg (9) ethylehe is a natural product of plant metabolism, 
active in trace amounts. Ethylene is an unsaturated hydro
carbon, the simplest member of the alkene functional group, 
with a formula of CgH^. It has a foiling point of -104 C 
?(30) and a solubility in water of 130 ppm at 20 C (38).

The phenomenon of defoliation of plants exposed to 
illuminating gas drew the attention of researchers around 
the turn of the century (47). The discovery of ethylene as 
the active agent prompted further research on its. effect on 
plants. Knight and Crocker in 1913 (33) were the first to 
describe the "triple response" by pea (Pisum sativum L.) 
seedlings: stunting, swelling, and epinasty. This response
has since been used as a bioassay to test for the presence 
of ethylene. Gane in 19 34 (28) was the first to chemically 
isolate ethylene from gaseous products collected from 
climacteric apples (Pyrus malus L.), thus proving that 
ethylene could be produced by plants. With the advent of 
gas chromatography, Burg and Thimann (14) confirmed 
ethylene's presence in plant tissue in 1959. Research



related to ethylene's effects on plant physiology increased 
markedly with the introduction of this technique,

The site of ethylene production in the cell is un
known , but the pathway of chemical reactions is thought to 
have methionine as a precursor, Lieberman et al. (35)
added "^"^e-methionine to apple slices and obtained a 60%

14 -conversion efficiency into C-ethylene. Baur and Yang (7) 
proposed a pathway for ethylene production in vivo that 
included, in part, methionine keto-y-methylthiobutyric 
acid -> methional + ethylene. Abeles (1) reviewed pertinent 
literature and noted that additional compounds have been 
suggested as possible precursors to ethylene evolution,
These included linolenic acid, beta-alanine, propanol, and 
ethanol, among others. However, the weight of the evidence 
seems to support the methionine hypothesis.

Commercially available ethylene is a product of the 
petroleum industry. Natural gas or petroleum is passed 
through a high temperature chamber and undergoes pyrolysis 
(cracking), yielding ethylene and other short chained 
molecules (43). These end products are purified by 
fractional distillation.

Ethepon (2-chlorophosphonic acid), or Ethrel, is an 
ethylene releasing chemical important to agricultural 
commerce as a fruit ripening .agent. Ethylene concentrations 
in the atmosphere are carefully managed in the post-harvest
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physiology of fruit crops, including banana (Musa 
paradisiaca .L.) and citrus (Citrus spp. L.).

Effect of Ethylene on Plant Growth
Ethylene affects plant metabolism throughout the 

plant's life cycle. Some effects of ethylene include: 
induction of seed germination, stimulation of abscission, 
growth retardation, epinasty, stem swelling, stimulation of 
root hair development, induction of flower formation, 
modification of sexual expression, induction and accelera
tion of fruit ripening, and stimulation of adventitious 
rooting (8, 21, 22, 33, 50, 61, 64, 67).

Meheriuk and Spencer (41) found that ethylene was 
produced during the first 2 4 hours in germinating oat (Averta 
sativa L.) seedlings. Spencer and Olsen (57) observed peaks 
in endogenous ethylene evolution during germination of 
castor bean (Ricinus communis L,) seed at 3, 9 to 10, and 14 
to 15 days. These peaks corresponded with seedcoat breaking, 
seedling emergence, and separation of leaves from cotyledons, 
respectively. Jones (31) reported that an application of 
ethylene to the isolated barley (Hordeum vulgare E,) 
aleurone layer accelerated the release of alpha-amylase 
from aleurone cells, but there was no effect on the total 
amount of enzyme produced. Goeschl, Rappaport, and Pratt 
(29) found that elongating pea epicotyls evolved high rates 
of ethylene when subjected to physical stress.
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Exogenous applications of ethylene have been used to 

increase the germination rate of seeds of wheat (Triticum 
aesativum L.), lettuce (Lactuca sativa L . ) , peanuts (Arachis 
hypogaea L.), subterranean clover (Trifolium subterraneum 
L.), and aged seeds (3/ 6, 25, 59, 60). Ketring and Morgan 
(32) showed high rates of ethylene evolution in peanut seeds 
breaking dormancy and ;a stimulation of germination when 3 ppm 
of ethylene were applied as pregermination treatments to 
resting seeds.

Pratt and Goeschi (47) observed that ethylene may 
contribute to the hormonal mechanism that controls the 
mobilization of food reserves as germination begins. They 
noted that accelerative effects to germination occurred when 
ethylene was applied as a treatment before radicle emergence. 
Roberts (49) and Stewart, Lieberman, and Kunishi (58) used 
ethylene in studies of wheat and peas, respectively. They 
both found that continued exposure to the gas after radicle 
emergence resulted in inhibitory growth effects.

Effect of Ethylene on Membrane Permeability
Because of conflicting reports, there are still 

questions about the effect of ethylene on the integrity of 
membranes. In an early study, Word and Frank (46) found 
that exogenous ethylene application increased the permea
bility of brewer's yeast (Saccharomyces spp. Meyen) cells. 
However, their result has been disputed by Shaw (53). Lyons



and Pratt (37) used concentrations of ethylene above normal 
physiological., levels with in vitro cauliflower (Brassica 
oleracea L. cul. botrytis) and rat (Rattus rattus Fischer) 
mitochondria.. They observed that ethylene application made 
mitochondria swell and inferred that permeability had been 
increased. However, Mehard and Lyons (40) later demons 
strated that mitochondria could be caused to swell by a 
number of hydrocarbon gasses. Thug, there was a lack of 
specificity for induced mitochondrial changes.

Abrams and Pratt (4) asserted that ethylene inr- 
creased cell permeability in excised cantaloupe (Cucumis 
melo L.) tissue. Burg (10) disagreed and cited his own work 
(13) to point out that ethylene did not enhance permeability 
as it affected pea tissue. Sacher (52) studied fruits 
undergoing climacteric ripening and concluded that changes 
in cell permeability may be a peculiarity of the ripening 
process. More recently, Abeles (1) suggested that available 
evidence indicates thgt changes in permeability in fruit are 
the result of, rather than the cause of ripening processes-

Effect of Ethylene on Roots
Several workers at the Boyce Thompson Institute 

studied ethylene effects on roots in the 1930's. Zimmerman 
and Hitchcock (67) initiated and stimulated adventitious 
rooting on .stem tissue by exposure to ethylene. They also 
noted an abundance of root hairs on these adventitious roots,



Denny -,(21) . found by bioassay that the roots of Beta 
vulgaris evolved ethylene.

Crocker, Hitchcock, and Zimmerman (19) noticed 
similarities in many plant responses due to the effects of 
ethylene and- auxin. Chadwick and Burg (15) found that 
indoleacetic acid (IAA) inhibited cell elongation in intact 
roots. They concluded that this occurred as a result of 
lAA-dependent ethylene production. However, Andreae et al, 
(5) studied the kinetics of the inhibited cell elongation 
response and the promotion of ethylene evolution and con
cluded that they are independent effects. Thus they assert 
that there is some doubt concerning the importance of 
ethylene in mediating root growth inhibition by IAA.
Chadwick and Burg (16) disputed the work of Andreae et al.
(5) by presenting additional evidence to support their claim 
of lAA-dependent ethylene production.

Radin and Loomis (48) found that ethylene treatment 
resulted in an inhibited growth response in radish 
(Raphanus sativus L.) roots. Chadwich and Burg (15) and 
Burg and Burg (12) observed that exposure to ethylene led 
to a radial enlargement of root tissue that largely com
pensates for the decrease in elongation and which resulted 
in little -net change in fresh weight. The radial enlarge
ment was a result of inhibited cell elongation, not in
creased cell division.
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The induction of radial swelling by ethylene may 

play a role in the marked increase in root hair formation 
(2). Since there are more epidermal cells per unit length 
after exposure to ethylene, there also would be an increase 
in root hair initials per unit length. Chadwick and Burg 
(15) also observed the phenomenon of increased root hair 
formation after ethylene treatment. Burg (10) states that 
radial expansion in roots and increased root hair formation 
due to the effect of ethylene may indicate some effect of 
ethylene on the structure of the cell wall.

Occurrence of Ethylene in Soil 
Microorganisms in fermentation cultures and fungi 

evolve -ethylene (20, 45). Smith and Russell (56) showed 
that ethylene occurs in soils, and accumulates under 
anaerobic conditions, They inferred no ethylene accumula
tion under aerobic conditions,

Smith and Restall (55) suggest that ethylene con
centrations under anaerobic conditions may inhibit root 
growth. They found that young barley roots, exposed to 
ethylene for 3 days, had growth reductions of 50% when 
exposed to 1 .ppm, and 80% at 10 ppm, ethylene, They state 
that the kind and amount of organic matter, plant foots, and 
soil wetting and drying are factors affecting the production 
of ethylene in soil.
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Beneficial Effects of Ethylene 

-Egley and Dale (2 3) showed that germination of the 
parasitic witchweed (Striga asiata L., 0. Kuntz) can be 
stimulated by application of ethylene. Witchweed seed 
germination in the absence of a host plant results in 
suicidal emergence. The response of this plant to ethylene 
is now an integral part of the witchweed eradication program 
(24). These researchers also found that one-half of maximum 
response occurred between 0.1 and 0.3 ppm ethylene, which is 
within the range of dose response of other physiological 
processes reported by Burg (10). Egley and Dale (23) noted 
that addition of C02 inhibited the germination response to 
ethylene application. Burg and Burg (11) had previously 
found that C0„ is a competitive inhibitor of ethylene action,Z

Smith (54) found that ethylene has fungistatic 
properties, He observed that germination of sclerotia from 
Sclerotium rolfsii Sacc. could be inhibited by an airstream 
containing ethylene or by a still atmosphere which allowed 
a buildup of native ethylene. Chalutz and DeVay (17) found 
that an ethylene treatment decreased the thickness of callus 
formed in sweet potato (Ipomoea batata Lam.) tissue infected 
with black rot (Ceratocystis fimbriata Ell, and Halst.), but 
that ethylene did not impart resistance to the pathogen.
They recognized that ethylene production in the host- 
pathogen interaction is probably a response by the host to 
physical injury caused by the pathogen.
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Freytag, Wendt, and Lira (27) obtained increased 

yield from cotton (Gossypium hirsutum L.), sorghum (Sorghum 
vulgare Pens.), and sugarbeets (26) when ethylene was 
injected into.the soil. Lira and Freytag (36) found that 
soybean (Glycine max Merr.) seedlings grown in hydroponic 
culture and treated with ethylene were taller than controls 
but had reduced fresh weight of roots and shoots,

Eplee (24) found that ethylene will move through 
undisturbed soil more than 120 cm horizontally and more than 
90 cm below the soil surface to cause witchweed seed 
germination. He observed that lower rates of ethylene are 
effective in a light textured soil but higher rates of 
ethylene are needed to germinate seeds in a heavy textured 
soil. Freytag (26) found that soil injection of ethylene 
resulted in concentrations in the soil atmosphere that were 
above normal (i.e., 0.1 to 8 ppm [56]) for about 8 days.
He also detected an above-normal level of ethylene 25 m 
from the point of soil injection. Nelson (44) found that 
ethylene injected into soil in pots resulted in an above
normal level of ethylene in the soil atmosphere for about 
3 days.

Effects of Ethephon on Plant Growth 
Ethephon (2-chloroethyIphosphonic acid), or Ethrel, 

is an ethylene releasing compound (66) that is Used com
mercially to promote accelerated, uniform ripening of
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fruits. Release of ethylene from Ethrel was shown to 
increase with, increasing pH (65).

Ethrel foliar applications increased the female 
expression of flowers (.51) of cucumber (Cucumis sativa L,) , 
pumpkin (Cucurbita pepo L.), and muskmelon (Cucumis melo L.) 
and induced flowering (18) in pineapples (Ananas comosus 
Merr.). Morgan (42) found that Ethrel hastened abscission 
of cotton leaves when applied foliarly. Abscission in 
cotton appears to be a result of a complex interaction of 
ethylene, auxin, .senescence factors, and possibly gib- 
berellins (34).



MATERIALS AND METHODS

Experiment I
Three sugarbeet plantings in the Kansas Settlement 

area about 30 km south of Willcox, Arizona, were used for 
the first field experiment. When the experiment was 
initiated on May 29, 1974, sugarbeet plants were 2 to 3 
months old and had a leaf span of 25 to 35 cm. Beets in 
this test were in single rows 76 cm apart. The soil at 
these locations was a sandy clay loam.

For treatment applications, a cylinder containing 
technical grade ethylene was mounted on a tool bar attached 
to a tractor (Fig, 1). The ethylene was delivered through a 
gas flow regulator and meter. Plastic hose was used to 
connect the gas outlet to an anhydrous amnionia shank. The 
shank was hydraulically forced into the soil in the middle 
of the furrow so that the point of ethylene emission was 
about 20 cm below the soil surface.

Ethylene injection was initiated about 15 m from the
end of a randomly selected furrow and continued to a point
about 15 m from the opposite end of the furrow. Two furrows
per field were treated in this manner. The rate of ethylene
application (kg/ha) is a function of the weight of ethylene
(g/1), the flow rate (1/min), tractor speed (km/hr), and the 

2area treated (m or ha). Calculations for the area covered
13
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Fig, 1, Photo showing mounting of cylinder, pressure
regulator, and shank used to inject ethylene into 
the soil.
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by rows adjacent to injection were made as follows:

% 2 # T  x x -f6 *2* = °-62 9 / " '76 m

=6.2 kg/ha.

Two 30.5 m lengths of row adjacent to each injected 
furrow were chosen for sampling and harvest, Additional 
30.5 m strips, approximately perpendicular.to the endpoints 
of the first selected length of rows t were measured in rows 
located 3,4, 1 . 2 ,  and 37.7 m from the injected furrow (Pig. 
2). The four distances from injection in each plot 
correspond to rows 1, 5, 10, and 50, counting from the 
injected furrow. Assuming equal diffusion of ethylene, rows 
1, 5, and 10 were exposed to decreasing ethylene concentra
tions, while row 50 was considered to be untreated.

Petiole samples were taken from each of the four
rows in test plots on June 28, July 25, and August 30, 
according to the method described by Ulrich (62), Soil 
samples were taken with an Oakfield probe on the same dates 
from a location within each of the four rows in the test 
plots. Soil sampling locations 1 m in diameter were identi
fied and on each sampling data a composite of soil cores was 
taken from the upper 15 cm. Nitrate nitrogen levels in the 
petiole and soil samples were determined by the Great 
Western Sugar Agricultural Research Center, Longmont, 
Colorado. In addition to this, a soil sample was taken
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^  30.5 m

INJECTION FURROWS

I 5 10 50

---------------  A/ ;-
Fig. 2. Diagram showing the plot layout used in the first 

experiment.
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with an Oakfield probe on the date of ethylene application 
from a cross, section of each field to determine the chemical 
status of the fields. These three samples were analyzed at 
the Soil Testing Laboratory, The University of Arizona.

The sugarbeets were first mechanically topped and 
then dug on November 3 and 4, 1974, using a modified,
single-row sugarbeet harvester. Beet.weights from each ploti _ :/ ■ =
were determined with a weighing bin mounted on the harvester 
(Fig. 3). A subsample of five beets was used from each plot 
to determine the sugar percentage. These subsamples were 
analyzed for sugar by Amstar-Spreckels Sugar Company, 
Chandler, Arizona, and.these data were used to calculate 
the yield of sugar.

Data from each field were statistically analyzed 
with sources of variance for location of injection within 
field, distance from injected furrow, location of injection 
x distance from injected furrow, and an error residual. A 
combined analysis for the three fields in Experiment I was 
then done, separating variances for fields, distance from 
injected furrow, fields x distance from injected furrow, and 
an error residual.

Experiment II 
Three sugarbeet plantings near Sacaton, Arizona, 

were selected for the second ethylene field experiment.
Beets were planted in a clay loam soil in October, 1974, and
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Fig. 3. Photo showing mechanical harvester used for field 
experiments.
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at the time of ethylene application the plants had a leaf 
span of 25 tp 35 cm. When the experiment was initiated, 
soil samples were taken for chemical analysis from a cross 
section in each of the three fields.

Ethylene was soil injected on March 24, 197 5, at 
approximately the same rate and depth as the first experi
ment. Plots were the same length, and the rows harvested 
were the same distance from the place of ethylene applica
tion as in the first experiment. Soil and petiole samples 
"were not taken subsequent to the date of ethylene applica
tion. At harvest on June 2 and 3, 1975, two subsamples per 
plot, consisting of five beets each, were taken for sugar 
analyses. Data were analyzed using the same statistical 
procedures as in Experiment I,

Experiment III.
A sugarbeet planting south of Chandler, Arizona, in 

a silty clay loam soil, was selected for the third field 
experiment. .Beets had been planted on October 15, 1974, 
and had a leaf span of 25 to 35 cm when ethylene was 
applied on March 25, 1975. A representative soil sample was 
taken for chemical analysis after ethylene was injected into 
the soil.

Plot design and experimental procedure for the third 
experiment were similar to that of the previous two experi
ments, . Since this experiment included only one field, yield



and other data were based on four samples. Beets were 
mechanically harvested on July 22, 1975, with two subsamples 
per plot, consisting of five beets each, taken for sugar 
analyses.

Experiment IV
Soil from Field I of the second experiment was used 

for a study conducted at The University of Arizona Rincon 
Vista Turfgrass Research Center, Tuoson, Apizona, The clay 
loam soil was thoroughly mixed and then sampled for chemical 
analysis. Ammonium phosphate (16-20-0) was added to ppovide 
the equivalent of 8 8 kg/ha N and 110 kg/ha . Fertilizer
application rate was based on the surface area of the soil 
in the pot.

Plastic pots having a volume of 2.8 1 and a diameter 
of 15 cm were used for this experiment. Toilet tissue was 
placed over the opening in the bottom of each pot and then 
covered with 2.5 cm of sand. For this experiment, 126 pots 
were used and each pot was filled with soil to within 2.5 cm 
of its top. The dry weight of soil and sand in each pot 
was about 2.4 kg.

A wooden frame measuring 3,0 x 1,5 x 0.3 m was ' 
placed on the ground in an open area, Twelve replications 
of seven treatments were arranged in a randomized, complete 
block design within this frame. The test pots were sur
rounded by a single row of border pots (Fig. 4), After the
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Fig. 4. Photo showing arrangement of test pots in 
Experiment IV.
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pots were in place, sand was placed between pots to the top 
of the pots. . A 0.95 cm ID plastic tube was inserted into 
the soil of 36 pots with the end of the tube 8 cm from the 
bottom of the.pot. A thermometer was placed into the soil 
of a border pot.

Twenty sugarbeet seeds, US 119, were planted in each 
pot at a depth of 2 cm on April 22, 1975. Each pot re
ceived 200 ml of water to initiate imbibition. One day 
later, a cylinder of technical grade ethylene was connected 
to three pots per replicated block and ethylene was metered 
through a flow regulator for 6, 12, and 24 sec at a flow 
rate of 5 1/min. Thus, the application rate for the gas was 
0.5, 1.0, and 2.0 1/pot. Four additional treatments con
sisted of Ethrel. mixed with tap water at 0, 20, 40 , and 80 
ml/1, Pots in this series received either 500 ml of the 
appropriate Ethrel solution or 500 ml of water.

Seedlings were-.considered emerged when the hypocotyl 
hook was visible. Counts were taken daily from the 5th to 
the 15th day. . Mean day of emergence and total emergence 
were determined and speed of emergence was analyzed by the 
method of McGuire (39), Seedlings"were thinned to four per 
pot 2 3 days after planting. Pots were irrigated with 700 
ml tap water at 5-day intervals between April 2 2 and May 25, 
a 4-day interval (May 25 to 29), and at 3-day intervals 
thereafter.
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Emergence data and weights of harvested seedlings 

were statistically, analyzed for ethylene treatment effect. 
Sources in the analyses were replications, treatment, and 
an error residual.

A second soil injection of ethylene was made to 
this experiment on the 36th day after planting. Pots 
receiving this application were those first treated with 
ethylene gas. Applications rates were similar to those used 
for the first treatment, but in this instance, a clip was 
placed on each exposed tube end to prevent escape of 
ethylene.

Two days after the second ethylene treatment, ti>ree 
more pots per replication were similarly treated with 
ethylene gas immediately following irrigation. These pots 
had no previous treatment, having been recently transferred 
from the border perimeter. Application rates were 3.0, 4.0, 
and 5.0 1 of ethylene per pot. Clips were placed on each 
exposed tube end after the injection was completed.

Harvest was on June 12, 13, and 14 r with four 
replications taken each day. Plants were carefully depotted 
and soil was washed away from the roots with water under low 
pressure. The plants were then placed in the sun until all 
free moisture had evaporated from their leaf surfaces.
Intact plants were sealed in plastic bags and refrigerated 
until weighing.
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Fresh weights of the four plants in each sample, 

were collectively determined. Plant tops were excised from 
the root at the crown with a razor blade and reweighed 
The tops were, dried overnight and weighed again.

Climatology for the Experiments 
Maximum and minimum temperatures and precipitation 

data from the weather station nearest the field plots were 
obtained from the U.S. Department of Commerce (63) for the 
period during which each field experiment was in' progress.
A hygrothermograph situated 20 cm above the soil surface in 
a standard U.S. Weather Bureau shelter and 60 m from the 
experimental site was used in the fourth experiment.



RESULTS AND DISCUSSION

Experiment I
Climatic data for Experiment I are those from the 

nearest weather station, Willcox, Arizona. The daily 
maximum and minimum air temperatures from May 15 to November 
15, 1974, are presented in Fig. 5, The maximum air tempera
ture on the date of ethylene application was 34 C. The 
highest air temperature recorded during the experimental 
period was 42 C on June 24. The lowest air temperature was 
9 C on October 30, near the harvest date. The average 
maximum and minimum air temperatures during the experiments 
were 31.0 C and 12.5 C, respectively. Total precipitation 
for this period was 17,4 cm (Fig. 6),

Representative soil samples were taken on the date 
of ethylene application after the fertilization program for 
the season had been completed and the analyses are shown in 
Table 1.

The soil was alkaline with pH values ranging from
7.4 to 7.7. Electrical conductivity was low, indicating no 
salt problems. The range for soluble salts "in the satura
tion extract was from 182 to 371 ppm. Nitrogen and phos
phorus Were indicated to be sufficient for crop growth. 

Subsequent soil samples were taken from the test 
plots to determine whether ethylene would affect nitrate

25
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Table 1. Chemical analyses of soil from experimental fields 

near Kansas Settlement,

Soluble salts in the 
saturation extract' -------   ,------  NO3 P04

Field pH ' (EC^xlO ) (ppm) ML JED.TA . (ppm). . (ppm)

1 7.6 0.53 371 0,25 4 9 24.0
II 7,4 0.26 182 0,25 39 7.9

,6 III 7.7 ' 0.38 266 0.20 31 ' 8,2
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nitrogen (Table 2). The values for nitrate levels in June 
and August are the means of 12 analyses. The July data are 
means of 10 analyses because of difficulties in sampling 
two plots under irrigation.

Table 2, Nitrate nitrogen in the upper 15 cm of soil from 
experimental fields near Kansas Settlement.

Sampling 
date (1974)

n o 3 (ppm) in soil at 
from ethylene

four distances 
injection

0.4 m 3.4m 7.2 m 37,7 m

June 28 50 a-/ 35 a 22 a 58 a
July 25 25 a 29 a 30 a 50 a
August 3 0 4 a 6 a 3 a. 9 a

—^Means within rows followed by the same letter are 
not significant at the 5% level according to the Student^ 
Newman^Keuls test.

An analysis of variance showed no significant 
differences among samples taken on the same date. There 
was no consistent relationship between nitrate in soil and 
distance from ethylene application, probably due to high 
variability in the samples. Available soil nitrogen de-̂  
creased with sampling data, except for an increase at 7.2 
m in July.
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Petiole samples were taken from the four rows in the 

test plots on three dates (Table 3), The July data are the 
means of 10 analyses and data for June and August are the 
means of 12 analyses.

Table 3, Sugarbeet petiole nitrate nitrogen of experiments 
near Kansas Settlement.

Sampling 
date (1974)

NO 3 (ppm) in petioles 
from ethylene

at four distances 
inj action

. ' 0.4 m 3,4 m 7.2m 37,7 m

June 28 3544 a V 2321 a 2 803 a 2452 a
July 25 5569 a 5657 a 6214 a 7901 a
August 30 2377 a . 4012 a 2992 a 3707 a

1/ *— Means, within rows followed by the same letter are 
not significant at the 5% level according to the Students 
Newman^Keuls test.

: Data in Table 3 show that nitrate levels in sugar- 
beet petioles increased from June 28 to July 25 and de
creased on the August 30 sampling data. There were nq sig
nificant differences among the means within sample dates and 
there appeared to be no consistent trend concerning nitrate 
nitrogen in petioles as a function of distance from the 
place of ethylene injection.
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Correlations between soil and petiole nitrate values 

were calculated. The June data had a nonsignificant nega
tive correlation of -„2; the July.data had a positive 
correlation of .46, significant at the 1% level; and the 
August data, had a positive correlation of .36, also sig
nificant at the 1% level. The means for the three dates had 
a positive correlation of .43, significant at the 1% level. 
Thus, there was' a positive relationship overall between soil 
and petiole nitrate nitrogen.

Yield data for this experiment (Table 4) were 
analyzed using the least square method because one of the 
treated areas had yellowed leaves caused by a virus, while 
the check row was unaffected. Thus, the entire sample was 
omitted.

Table 4, Sugarbeet root weight, per cent sugar, and sugar 
yield of experiments in the Kansas Settlement 
area.

Distance from ethylene injection
Yield parameter 0.4m 3.4 m 7,2m 37,7 m

Beet weight 
(kg/plot)
Sugar (%)
Sugar (kg/ha)

120.8 a-/ 
11.6 a 

6201 a

114.0 a 
11. 8 a 

5824 a

113.8 a 
11.8 a 

5966 a

110.3 a 
10.7 a 

5178.a

—/Means within rows followed by the same letter are 
.not significantly different at the 5% level according to the 
Student-Newman-Keuls test.
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An .analysis of data indicated no significant dif-'- 

ferences in harvested beet weight, per cent sugar, or 
sugar/ha. The mean sugar yield (6201 kg/ha) obtained from 
the row nearest to ethylene injection was 20% higher than 
the sugar yield from the 50th row (5178 kg/ha). Mean beet 
weight and sugar yield declined with distance from the place 
of ethylene application, Although these findings were not 
conclusive evidence of a positive effect of ethylene on 
sugar yield, they encouraged further studies in 1975.

Experiment II
Evironmental data for Experiment II were collected 

from a weather station located at Sacaton, Arizona, about 5 
km from the test fields. The maximum air temperature on the. 
day of ethylene application was 21 C (Fig. 7). The highest 
air temperature during the experimental period was 43 C on 
June 2. The lowest air temperature was -1 C on March 29,
The average maximum and minimum air temperatures were 29.9 
and 10.1 C, respectively. The trend in daily air tempera-’ 
tures was opposite that of the first experiment. At 
Sacaton, air temperatures tended to be cool during the early 
part of the experimental period, warming as summer ap
proached. In the first experiment, air temperatures were 
warmer when the experiment was initiated ,in late May, 
cooling in the fall.
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During the second experimental period, the minimum 
air temperature dropped to 3 C on four dates, April 27 and 
28, May 7, and May 22. Although sugarheets are tolerant to 
low temperatures such as thesef some suppression of the 
growth rate probably occurred.

Precipitation records from March 15 to March 31 for 
Sacaton are not available. Records for April 1 to June 15, 
19 75, are presented in Fig, 8. Total precipitation for this 
period was. 2.5 cm.

i ' Representative soil samples were taken from each 
field1 on March 24, 1975, after ethylene application was 
completed (Table 5). No further soil or petiole samples 
.were collected during the course of this study.

The pH in these fields ranged from 7.7 to 8,1, 
representative of that found in the low desert valleys of 
r.ttiis area and somewhat more alkaline than soil in the first 
experiment. The exchangeable sodium percentage was rela
tively low.

Nitrate and phosphorus levels were moderate in 
Fields II and III, but the nitrate level in Field I was 
high, At harvest, the sugarheets' in some parts of Field I 
exhibited rank top growth. '

Mean yield data for this experiment are presented 
in Table 6, There were no significant differences among 
distances from ethylene injection in weight of beet, sugar 
percentage, or sugar/ha.
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Table 5. Chemical analyses of soil from experimental fields 

near Sacaton,

Field pH .

Soluble salts in the 
saturation extract

ESP N° 3 . (ppm)
P04
(ppm)(ECcxl03) (ppm)

I 7.7 3.8 0 2660 1.5 140.0 7,3
II 8.1 1.47 1029 3,5 ' 17.3 6,3

III 8.1 2.71 1897 4,5' 20.3 12.5

Table 6, Sugarbeet root weight, per cent sugar, and 
yield of experiments in the Sacaton area. sugar

Distance from ethylene injection (m)
yield parameter 0.4 3.4 7.2 37.7

Beet weight 
(-Kg/plat)
Sugar (%)
Sugar (kg/ha).

116.6 a-/ 
16 . 0 a 

5639 a

113.8 a 1Q8.7 a 
15,9 a 15.5 a 

5453 a 5082 a

118.2 a 
15.6 a 

5559 a
1/— Means within rows followed by the same letter are 

not significantly different at the 5% level according to the 
Studentx'Newman-Keuls test.
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Mean' beet weight and sugar yield declined from the 

first through tenth rows, but due to high variability, this 
was not statistically significant. The mean sugar yield in 
the tenth row was 10% less than that of the first row.
Mean sugar percentage varied by less than 1%.

Experiment III 
The third experiment near Chandler.differed from the 

previous ethylene field studies in that beets in only one 
field were treated. Therefore, mean yields reported for 
this experiment are based upon only four subsamples.

The daily maximum and minimum air temperatures for. 
March 15 to July 31, 1975, were obtained from data reported 
by the weather station at Chandler, Arizona (Fig, 9). The 
highest air temperature recorded during the experimental 
period was 43 C on July 10 and 11. The minimum air tempera
ture was 1 C on March 2 8. The average maximum air tempera
ture. was 32,1 C, while the average minimum air temperature 
was 13.0 C.

As was the case for the Sacaton area, several uh'- 
seasonally cool periods occurred in.May. On May 6, the air 
temperature dropped to 2 C, and on May 22, the minimum air 
temperature was 4 C. Total precipitation recorded during 
the experimental period was 2.0 cm, all occurring during 
March and April (Fig. 10),
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The composite soil sample at the field test site was 

collected on.the day of ethylene application (Table 7). The 
pH of this soil was alkaline, 7.8. Soluble salts and ex
changeable sodium levels were low and therefore favorable 
for plant growth. Nitrogen and phosphorus levels were 
moderately low. No further soil or petiole samples were 
taken over the course of this experiment.

Table 7, Chemical analysis of soil from experimental 
near Chandler . field

Soluble salts in the 
saturation extract. ‘ . ... • MO P04

(ppm)pH (ECcxlO ) (ppm) ESP (ppm)

CO 1,21 ' 847 2,0 ' 7,5 8.5

Yield data for Experiment III are presented in Table
8. Although there were no significant differences at the 5% 
level in these data, there was a 14% decline in mean beet 
weight and an 11% decline in mean sugar/ha from the first to 
the tenth row. At Sacaton, a similar nonsignificant de
pression occurred at the tenth row.
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Table 8. Sugarbeet root weight, per cent sugar, and sugar yield of experiment near Chandler.

Distance from ethylene injection Cm)
Yield parameter 0.4 3,4 . 7,2 37.7

Beet weight . 
(kg/plot) 142.4 a ^ 130.6 a 122.1 a 130,1 a
Sugar (%) 13.8 a 14,1 a 14.1 a 13,5 a
Sugar (kg/ha) 8435 a 79 25 a 7490 a 7550 a

— Means within rows followed hy the same letter are 
not significantly, different at the 5% level according to 
the Student^Newmanr-Keuls test.

Combined Analysis Experiments I, II, and III
Mean beet root weight, sugar percentage, and sugar 

yield for the three field experiments are presented in Table 
9. There were no significant differences among the means of 
these yield, parameters. The coefficients of variability for 
root weight, sugar percentage, and sugar yield were 18, 12, 
and 21̂,%, respectively. A combined statistical a n a l y s i s  was 
also performed excluding data from the control, row 50. 
Again, there were no significant differences. The CV values 
were reduced by less than 1%. This result indicates that 
variability in the control did not mask the significance of 
an ethylene effect on rows 1, 5, or 10.

Variability due to differences between years were 
factored out in all cases, however the differences were non
significant. Difference-.among,fields was significant in all
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Table 9. Mean sugarbeet root weight, per cent sugar, and

sugar yield from three experiments in central and 
southeastern Arizona, .

Distance from ethylene injection Cm)
Yield parameter 0.4 3,4 7.2 37. 7
Beet weight , ; 
(kg/plot) 122.0 a-/ 116,7 a 112,6 a 117, 1 a
Sugar (%) 13.8 a 13.9 a 13.7 a 13. 2 a
Sugar (kg/ha) 7233 a 6920 a 6 617 a 6.63 8 a

1/— Means within rows followed by the same latter are 
not significant at the 5% level according to the Student^ 
Newfnan-Keuls test.

of the analyses. This might be expected because of dif
ferences in soil fertility, environment, and management.
The interaction between treatment and field was not signifi
cant in any of the analyses..

Mean beet weight was highest in row one; 4, 8, and 
4% higher than weights in rows 5, IQ, and 50, respectively. 
The average sugar/ha was also highest in row one; 4, 9, and 
9% higher than sugar/ha in rows 5, 10, and 50, respectively. 
There was less than a 1% range in mean sugar percentages.

Results obtained in this study appear to differ 
from those reported by A. H, Freytag and associates (27) in 
similar experiments. Although some increases in beet weight 
and sugar/ha were obtained, they were not enough to demon
strate a significant effect due to ethylene soil injection.
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Freytag (26) reported 15% increases in tons of beets/ha and 
sugar/ha and .up to 15% increases in cotton and sorghum (27). 
Ethylene was applied at the same rate and in the same manner 
as by Freytag.et al.

The lack of statistically significant response to 
ethylene may have been due to soil heterogeneity within the 
test plots, a high degree of variability, soil salinity, or 
other factors. ■ Lower rates of ethylene are effective in 
coarse textured soils in stimulating witchweed germination, 
while heavy rates are necessary in fine textured soils to 
have a similar effect (24). All soils used in this study 
were fine textured. Thus it is possible that the rate of 
application in the field experiments was not high enough to 
produce a response to ethylene in this study.

Experiment IV 
Maximum air temperature during the experimental• 

period was 41 C on two dates, June 12 and 14 (Fig. 11). The 
minimum air temperature was 1 C op three occasions, April 27 
and May 5 and 6, The average maximum and minimum air 
temperatures were 33.5 and 14.4 C, respectively.

Minimum air temperature during germination and 
emergence was 7 C, occurring on the 6th day after planting. 
This temperature was not considered to be a limiting factor 
to germination. The average maximum and minimum air temper
atures during.this period were 30.6 and 11.0 C, respectively.
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The daily average maximum and minimum relative 

humidities, April 22 to June 14, were 42 and 15.5%, re
spectively (Fig. 12). The lowest relative humidity was 8% 
on May 27 and. June 3. A maximum value of 58% was recorded 
on May 18,

There was no measurable precipitation during the 
course of this experiment.

Since the soil temperature was recorded on an 
irregular schedule, no graph is presented. A comparison of 
values available for air and soil temperatures showed that, 
in general, there was a time lag of 2 to 4 hours in soil 
temperature. Also the soil temperatures averaged about 7 C 
cooler than the air temperatures at midday. On May 27 and 
29, at the times of ethylene soil injection, the soil 
temperature was 20 C.

Soil used in this experiment was taken from the plow 
layer of Field I in the second experiment but no attempt 
was made to take a representative sample from the field.
This soil had a moderately high pH of 8.0, typical of soils 
in the Sacaton area, and also had a favorable salt content 
(Table 10), The nitrate nitrogen content was high, similar 
to the level in Field I (63.0 vs. 140.0 ppm).

A summary of data for sugarbeet seedling emergence 
is presented in Table 11. Germination and emergence of 
plants were considered to be complete by 15 days. Total 
emergence and speed of emergence were highest in pots
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Table 10. Chemical analysis 

ment at Tucson,
of soil used in potted experir-

Soluble salts in the 
saturation extract

NO 3
ESP (ppm)

P04
(ppm)PH (ECcxl03) (ppm)

8.0 1.59 1113 3.5 63,0 14,3

Table 11, Effect of ethylene 
emergence.

on sugarbeet seedling

Ethylene
(1/pot)

Seedling emergence
Days to 50% Speed—^ .Total (%)

. 0

CO 0 , 1 1 3  a 5 5 4

0 , 5

Lf)CO a, 0 , 1 3 2  a 6 5 a,

O
 

1—[ 8 , 2. A 0 , 1 0 3  h • 5 0 . a,

TO O 8 , 5 a, 0 , 1 1 4  -̂ 1 ■ ■ • • ■ ■ • ..... 5 7 •a, •

1/— As calculated by the McGuire.method.
2/— Numbers in columns - followed by the same letter are 

not significantly different at the 5% level according to the 
Student'-Newman-Keuls test.
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receiving 0.5 1 of ethylene, but differences among treatment 
means were not significant.

There were no emerged seedlings in pots receiving 
the Ethrel treatments. Ethrel is an acidic compound. After 
Ethrel was applied, a bubbling action occurred, and when the 
soil surface dried, vescicles and a thin crust were observed. 
The bubbling probably resulted from an acid-base reaction • 
and subsequent C02 liberation. The possibility exists that 
ethylene was involved in this reaction,

The ethylene gas and Ethrel treatments were applied 
2 5 hours after the initiation of seed imbibition. This 
timing was used because ethylene has been reported to be 
stimulatory to germination of certain species before radicle 
emergence, but inhibitory after radicle emergence. In this 
experiment, germination rate was not measured, and ethylene 
did not exert a great enough affect on emergence to be 
significant.

On May 27, 1975, a second treatment of ethylene was 
applied to pots that had received the preemergence soil 
injection. On May 29, three higher rates of ehtylene, 3.0, 
4.0, and 5.0 1/pot, were applied to pots that were 
previously untreated (Table 12),

The mean fresh weight of whole plants and of excised 
tops of sugarbeet seedlings receiving 3.0 1/pot ethylene 
ranked first among the seven'treatments. However, there 
were, no significant differences among these means or the
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Table 12, Effect of ethylene injected into the soil on 

seedling weight of sugarbeets grown in pots,

Ethylene
(1/pot)

Fresh weight 
of whole plant 

(g)
Fresh weight 
of top (g)

Dry weight 
of top (g)

0 42,2 ai// 31.8 a 3.90 a
0.5 45.6 a 32.5 a 3.91 a
1,0 42.9 a 31.7 a 4,01 a
2.0 ' 42.1 a 3 2.6a 3,88 a
3,0 48,4 a 34.5 a 4.00 a
4,0 4.6, 5 a 34,3 a 3.95 a
5,0 44.0 a .32,1 a 3,77 a

^Numbers in columns followed by the same letter are
not significantly different at the 5% level according to the 
Student'-Newman’-Keuls test,

means for dry weight of tops. The range in dry weights was 
only 0.24 g.

Difficulty was encountered in obtaining meaningful 
root weights due to variability in the amount of root 
material lost during collection. Clay platelets adhered 
tightly to the roots.

Soil-injected ethylene did not have a statistically 
significant effect on the weight of sugarbeet seedlings ; 
grown in pots. This was the same conclusion drawn in the 
discussion of the field experiments, though data suggested 
a yield increase. Rates of ethylene application per unit
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area were higher in the potted experiment than in the field 
experimentshowever the volume of soil in pots alters this
/ - frelationship. Ethylene diffuses more readily from pots, 
changing the time of exposure. The conclusion must be 
drawn that the presence of exogenous ethylene in soil over 
a short term does not significantly affect the yield of 
sugargeets.



- SUMMARY AND CONCLUSION

■’ Ethylene was soil injected in three sugarbeet field
experiments and in a potted experiment. The object of these 
tests Was to determine the effect of ethylene injection into 
the soil atmosphere on sugarbeet yield parameters.

The first field experiment was located in south
eastern Arizona in 1974, Ethylene gas was injected into a 
furrow 20 cm below the soil surface, at a rate of 6.2 kg/ha. 
Each test plot consisted of a row located 1 , 5, 10, or 50 
rows from the place of ethylene injection. The rows were 
76 cm apart./

Beets in the first experiment were mechanically 
harvested, weighed, and sampled to determine the sugar 
content. The production of sugar/ha was 20% higher in the 
row nearest the applied ethylene than in the row located 
37.7 m from the place of application. Although not sig
nificantly different, this finding prompted further field 
experiments and a potted study in 1975.

In March of 19 75, field experiments at Sacaton and 
Chandler were initiated. The methodology used for these 
experiments closely followed that of the first field experi
ment. There were no significant differences at the 5% level 
among the ethylene treatment on beet weight, sugar •

51
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percentage, or sugar/ha in any of these field tests because 
of high variability.

A potted experiment, in a randomized complete block 
design, was conducted at Tucson from April to June/ 1975,
The objective was to determine the effect of ethylene and 
Ethrel on seedling emergence and weight of sugarbeet 
seedlings.

Ethylene was injected into pots 25 hours after the 
initiation of seed imbibition at a rate of 0.5, 1.0, or 2.0 
1/pot. . Ethrel was applied to the soil surface in a tap 
water solution at a rate of 0, 20, 40, or 80 ml/1. There 
were no emerged seedlings in pots receiving applications of 
Ethrel. There were no significant differences in total 
emergence, speed of emergence, or days to 50% emergence 
among seedlings in pots receiving the ethylene treatments,

A second soil injection of ethylene was performed in 
the 6th week after planting. Pots receiving the ppe- 
emergence treatment of ethylene were again treated using 
similar rates, and pots having no previous treatment re
ceived an ethylene injection at the rate of 3.0, 4.0, op 
5.0 l/pot. There were no significant differences among 
treatments in fresh or dry seedling weight.

The results in this study were variable and thus do 
not support the conclusion that soil injections of ethylene 
can be used to increase yield of sugarbeets under the 
described conditions. Further research should be directed
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toward finding the optimum rate and date of application, and 
the optimum soil and environmental conditions.
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