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ABSTRACT
Growth of transplanted tomato (Lycopersicon esculentum Mill.)
cultivars 'Peto 98', 'Sweet 100', 'GS 356', 'Earlypak 7', and 'Colum
bia' was primarily influenced by the amount rather than analog of
2,6-dinitroaniline herbicides incorporated into the soil. Herbicides
compared were benefin (N-butyl-N-ethyl-a^,a^,a-trifluoro-2,6-dinitro-£toluidine), ethalfluralin [N-ethyl-N-(2-methyl-2-propenyl)-2,6dinitro-4-(trifluoromethyl)benzenamine], and trifluralin (a^.a^.a-trifluoro-2,6-dinitro-K[,N-dipropyl-2.-toluidine).
Cultivars varied in manner and degree of sensitivity to increas
ing rates of these herbicides. 'Peto 98', a processing type, was not
measurably affected by the rate of herbicide applied.

Fruit maturity

of 'Sweet 100', a greenhouse cherry type, was delayed by high amounts
of the herbicides. The home garden cultivar, 'Columbia', was interme
diate in sensitivity.

Fresh market types, 'GS 356' and 'Earlypak 7',

were most sensitive to application rates since plant weights and fruit
yield of these two cultivars were affected at all herbicide concentra
tions.
Herbicide and rate combinations had a differential effect on
fruit yield of two cultivars. Fruit maturity of 'Sweet 100' was de
layed by ethalfluralin at all rates (1.12, 2.24, and 3.36 kg/ha). Tri
fluralin also caused the number of ripe fruit to decrease but only at
rates higher than normally applied (2.24 and 3.36 kg/ha).
vii

Benefin at

viii

1.25 and 3.75 kg/ha may have delayed ripening but the middle rate,
2.5 kg/ha, did not. Fruit maturity of 'Peto 98' was not deleteriously affected by any herbicide and rate combination. However,
benefin at 3.75 kg/ha and trifluralin at 2.24 kg/ha resulted in a
greater number of ripe fruit than any other treatment, including
the control.

INTRODUCTION
The effective use of a herbicide is based upon its capacity
to control undesirable plants without injuring the desired ones.

The

ability of the crop to tolerate a herbicide is an important factor
in determining which herbicide to use.

The relative tolerance and

susceptibility of the crop and weeds are the basis of herbicide selec
tivity (3).
Weed control is an essential component of tomato (Lycopersicon
esculentum Mill.) crop production. Weeds reduce yield and quality by
competing with the crop for light, water, and nutrients.
5% weed cover can decrease tomato yield by 55% (54).

As little as

Annual losses in

vegetable crops due to weed competition in the U.S. from 1972 to 1976
were estimated to be $312 million. In tomatoes alone, the losses were
over $53 million per year (12).
To reduce losses weeds must be controlled before they adversely
affect the crop's growth.

Usually this stage is before weed emergence,

thus a preemergent herbicide is necessary.
Currently, researchers have developed and are developing new
chemicals that have the potential to control weeds as they germinate.
Among these are benefin (N-butyl-N-ethyl-a,a,_a-trifluoro-2,6-dinitro-j)toluidine), ethalfluralin[ N-ethyl-N-(2-methyl-2-propenyl)-2,6-dinitro4-(trifluoromethyl) benezenamine ], and trifluralin (a,ci,ai-trifluoro-2,

6-dinitro-N,N-dipropyl-£7toluidine). While these herbicides are all
members of the 2,6-dinitroaniline family, they differ in the structure
1
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of their functional amino group.

The results are

differences in

degree of activity and selectivity (58).
For a herbicide to be used effectively, the crop must not be
sensitive to it.

Sometimes a normally tolerant crop will exhibit sen

sitivity to a herbicide when abnormally high rates of the chemical
are used.

On the other hand, high rates may be necessary to control

certain weeds.
Often different cultivars of the same species will show a range of
tolerance to a particular herbicide.

If this is the case, the herbi

cide may injure a susceptible cultivar when applied at'the recommended
rate.
This experiment was initiated to determine if four types of
transplanted tomato; cherry, processing, home garden, and fresh market,
differ in their sensitivities to: (a) the herbicides, (b) the rates of
application, and (c) the herbicide-rate combinations, when grown in
the greenhouse.

REVIEW OF LITERATURE
Previous work describing the responses of some horticultural
crop cultivars to herbicides is reviewed.

Also discussed are the

herbicides used in this study. Their mode of action and behavior
in the soil are important factors in predicting their effect on
plant growth.

Both the cultivar's effect on the herbicide's action

and the herbicide's effect on plant growth are considered.
Variations in cultivar response to herbicides
Chemical weed control is based upon the relative susceptibili
ties of crops and weeds to a herbicide.

Anderson (3) states that suc-

ceptibility is influenced by the stage of plant growth, amount of her
bicide taken up by the plant, and morphological and physiological
characteristics of the plant.

Other factors which can affect a plant's

sensitivity to a herbicide are the inherent toxicity of the herbicide
and the environment.
Selectivity of a herbicide is related to susceptibility of the
plant.

Biological factors which can affect herbicide selectivity

are reviewed by Anderson (3). He states that these are differences
between plants in morphology, physiology, and metabolism.

These, in

turn, will affect herbicide entry, translocation, inactivation, and
detoxification.
Problems with selectivity increase as the weeds and crops become
taxonomically closer.

For example, dicotylodenous weeds growing in a
3
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grass crop are easily controlled with 2,4-D [(2,4-dichlorophenoxy) acetic
acid] but grassy weeds are not injured (72).
Herbicides have been developed that will selectively kill
weeds that are the same genus as the crop.

An example of this is

using EPTC (S-ethyl dipropylthiocarbamate) to control black nightshade
(Solanum nigrum) in potatoes (Solanum tuberosum) (72).
Different cultivars of the same species have been noted to
exhibit varying ranges of tolerance to certain herbicides.

In vege

table crops, cultivar differences have been reported in tomatoes
(14, 16, .48, 59, 60, 65), snapbeans (Phaseolus vulgaris) (60), potatoes
(17, 23), and others.

In most of the studies there was a range, from

very susceptible to very tolerant, for a given herbicide.

Often

these differences were not apparent until abnormally high rates of
herbicide were applied.
Vegetable crops that have shown differences in response to met.ribuzin [4-amino-6-tert-butyl-3-(methylthio)-as-triazin-5-(4H)-one]
include southern pea (Vigna sinensis) (55), tomato (14, 16, 59, 65),
potato (17, 23), and sweet potato (Ipomoea batatas) (56).

Fresh market

types of tomatoes tolerated metr .buzin better than the canning types
according to Ramthum and Talbert (59). Maturation was delayed in both
types but only for 1 day for fresh market types compared to 5 days
for the canning types.

Fortino (16) showed that the tolerant and

susceptible cultivars of tomato absorbed and translocated the same
amount of metrabuzin.

He concluded that the difference was due to

plant metabolism or detoxification.

In a sand culture study,
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Stephenson, McLeod, and Phatak (65) noted that there was a wide
variance in tolerance among 15 tomato cultivars.

They related the

differential tolerance to the rate of metrabuzin detoxification which
was two times greater in the tolerant cultivars than in the sensitive
ones.

Ellis (14) reported that tomato cultivar seedlings varied in

their response to metribuzin.

However, non-photosynthetic cell sus

pension cultures of the same cultivars did not show differential
tolerance.
Tomatoes have also been observed to be selectively tolerant
to isopropalin (2,6-dinitro-N,N-dipropylcumidine) (48) and diphenamid (N,N-dimethyl-2,2-diphenylacetamide) (60).

In the diphenamide

study, Rice attributed the variations in cultivar sensitivity to be
caused by differences in translocation.
The superior tolerance to atrazine [2-chloro-4-(ethylamino)-6(isopropylamino)-S-triazine]by a cucumber (Cucumis sativus) accession
was also said to be related to differences in translocation from the
root (75). Up to 0.56 kg/ha of atrazine could be applied to the
tolerant accession without injury, whereas other cultivars and
accessions were injured at rates higher than 0.14 kg/ha.
Variations in cultivar response to trifluralin have been
reported (1, 27).

Harvey and Gritton (27) observed that 'Alaska'

cultivar of peas (Pisum sativum) was more susceptible to tri
fluralin injury than 'Perfection'.
of both cultivars were reduced.

At high rates though, the stands

6

Tolerance to trifluralin can be inherited.

The cross and sub

sequent backcross of susceptible squash (Cucurbita inosehata)cultivars
resulted in progeny resistant to trifluralin injury at 1.12 kg/ha (1).
The researchers postulated that resistance is determined by a domi
nant T gene which can be inhibited by a dominant I-T gene.
Cultivar responses to ethalfluralin were examined by Derr and
Monaco in North Carolina using 16

cucumber cultivars (13). No dif

ferences in tolerance were found among the cultivars.

However, when

grouped according to market type the fresh market cultivars tended
to be injured more than the pickling type.
General characteristics of
2,6-dinitroaniline herbicides
Trifluralin, benefin, and ethalfluralin are members of a
widely used class of herbicides known as the dinitroanilines.

Even

more specifically, each has an -NC^ group at the 2,6 position on the
benzene ring.

Excellent review articles describing these herbicides

have been written by Helling (30),Parka and Soper (49), and Probst,
Golab, and Wright (58).
Trifluralin was registered in 1964 as the first dinitroaniline
for use on a food crop (58). Benefin was registered in 1966 (69) and
ethalfluralin is still being tested experimentally in the U.S. (60, 72).
Chemical and physical properties of each herbicide are detailed
in the Herbicide Handbook of the Weed Science Society of America (72).
Generally, they are characterized as being basic and having low solu
bility in water.

Although they are strongly adsorbed to soil organic
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matter and clay colloids, they can be lost from the soil by photodecomposition and volatilization unless incorporated.

They resist

leaching (30).
Persistence in the soil ranges from 2 to 6 months at normal
rates. Seasonal carryover may occur if moisture is low (24) or tem
peratures are cool (35). Dinitroanilines may be lost from the soil
by volatilization, photodecomposition, microbial action, and chemical
breakdown.

They are usually incorporated into the soil to reduce

loss by photodegradation and volatilization (30).
Parka and Soper (49) describe the dinitroaniline herbicides
as selective and prevent weeds from breaking through the soil surface.
Germination, however, is not affected.
Dinitroanilines are adsorbed or absorbed by plant root but
very little is translocated to other parts of the plant (21, 22, 58,
67).

However, vapors of the herbicides can cause damage to the plant

shoot and leaves (11, 28, 38, 80, 81).

Barrentine and Warren (11)

related high vapor pressure with high toxicity.

Harvey (26) claimed

that vapor activity may be more important than direct contact with the
herbicides in causing injury.
The most widely recognized injury symptom is inhibition of
the development of secondary roots.

This has been demonstrated in

tomato (76), onion (Allium cepa) (41), soybean (Glycine max) (47),
corn (Zea mays) (40), and cotton (Gossypium hirsutum) (38, 47), as
well as others.

On the cellular level, dinitroanilines are classified

by mitotic poisoners (37, 40, 41, 58).

Affected roots have polynucleated
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cells and swollen tips (19, 40, 41).

Other injury symptoms are leaf

distortion (80, 81) and stunting (11, 28, 76).
Some researchers have reported methods of overcoming the
phytotoxic effects of these herbicides.

This includes the application

of phorate (28), indolacetic acid and kinetin (29) and increasing phos
phorous fertilizer levels (76, 77).
Plant lipids appear to have some effect on dinitroaniline her
bicide activity.

Hilton and Christianson (31) found a high correla

tion between lipid content of dry seeds and sensitivity to trifluralin.

They hypothesize that the lipids prevented the herbicide from

reaching its sites of action.
Trifluralin
Trifluralin is registered for use on a number of crops inclu
ding cotton, soybeans, cantaloups (Cucumis melo), potatoes, and
tomatoes.

Most annual grasses and many annual broadleaf weeds are con

trolled but velvetleaf (Abutilon theophrasti), nightshade, horsenettle
(Solanum carolinense) among others are not affected by trifluralin.
This herbicide can be used on soils containing up to 20% organic
matter.

Suggested rates are 0.56 to 2.25 kg/ha in 19 to 151 1 of water,

the higher rates are recommended for soils with a high amount of or
ganic matter (69).
According to reports, trifluralin inhibits root development
and is active by direct contact and in the vapor phase (6, 11).

The

-4
high vapor pressure of trifluralin (1.99 x 10 mm Hg at 29.5 C)
may be why the vapors are effective in injuring susceptible plants
(24, 68).
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Parka and Soper (49) and Probst et al. (58) have reviewed
the effects of trifluralin.

Injury symptoms are similar to those

discussed earlier.
Trifluralin is incorporated into the soil to prevent loss
caused by volatilization (10, 64).

Losses increase with increasing

soil moisture up to field capacity (32, 63, 66, 82) and soil tempera
ture (35, 36, 53, 82).

According to Hollist and Foy (33) water com

petes with the herbicide for binding sites in the soil. The unbound
herbicide volatizes out of the soil.
Bardsley et al. (9) believe that the organic matter content
of the soil has an important effect on trifluralin phytotoxicity.
Menges and Hubbard (43), however, report that there was no correlation
between clay or organic matter content or cation exchange capacity
and phytotoxicity.
Menges and Hubbard (43) also state that soil texture does not
affect the phytotoxicity of trifluralin.

This contrasts a study

by Savage (63) in which trifluralin was more toxic in sandy soils
than in clay. He suggested that the herbicide is bound to the clay
and that this reduces the toxic effect.
Loss from the soil depends on chemical degradation, volatization, photochemical breakdown, and microbial action (30, 5$). Leach
ing is not considered an important factor in removal as studies indi
cate that trifluralin is strongly adsorbed to the soil and resists
leaching (4, 18, 20, 44, 50).
Trifluralin degrades faster when exposed to unfiltered sun
light than when shaded (51).

Wright and Warren (79) report that as

much as 15 to 20 times as much irradiated trifluralin is needed to
produce the same effect as unexposed trifluralin.
Probst et al. (57) examining the effect of microbes on
trifluralin breakdown, found that the chemical degrades rapidly
under anaerobic conditions.

They claim that this is due to a micro

bial reduction of the nitro groups or dealkylation.

However, they

also state that microbes are not as important as chemical breakdown
since the rate of loss was the same in autoclaved and non-autoclaved
soil.
Trifluralin usually will not persist in the soil.

Parka and

Tepe (50) analyzed soil samples from 107 different locations after
applying trifluralin for 1, 2, 3, or 5 years.
of accumulation.

They found no evidence

Romanowski and Libik (62) report that susceptible

crops may be planted without fear of injury from carryover after
6 months.
Conditions which increase persistence are low rainfall (24,
82), high organic matter content (8), deep incorporation (18, 44, 47,
64), and low temperatures (35, 52, 82). These affect the causes of
loss described above.
In fallow desert cropland 0.9 kg/ha trifluralin persisted
at least 30 months after application (24).

Trifluralin will degrade

faster with a higher soil moisture level (82).
Organic matter can increase the retention of trifluralin
Bardsley, Savage, and Childers (9) related increasing persistance with
increasing soil organic matter. They felt that this was caused by
greater vapor retention in these soils.
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Menges and Tamez (44) reported that trifluralin persists longer at
deeper depths of incorporation.

This is supported by Oliver and

Frans (47, Savage and Barrentine (64), and Bardsley, Savage, and
Walker (10). Again, this is probably due to reduced volatilization
causing the herbicide to be retained longer in the soil.
The role of temperature on trifluralin persistence has
been studied.

Degradation is greatly increased at high temperatures

(35, 52, 82). In fact, as much as eight times as much herbicide was
needed to produce the same effect on sorghum (Sorghum bicolor) bioassay after soil incubation at 40°C than at 10°C (35).
Not only do low temperatures increase persistence, it appears
that phytotoxicity is increased too.
slight injury to potatoes.
damaged (36).

At 21°C trifluralin caused but

However, at 10°C the plants were severely

Tomato seedlings were found to be more sensitive to

the herbicide at 13°C than at 18°C (2). Low temperatures following
tomato transplanting cause growth and early yield reductions.

Matur

ity is delayed due to an interaction between low temperature and tri
fluralin (76, 77).
Benefin
Although benefin was first described in 1966 as a selective
preemergence herbicide (72) research has not been as extensive as
that for trifluralin.

Benefin is registered for use on lettuce (Lac-

tuca sativa), peanuts (Aranchis hypogaea), alfalfa (Medicago sativa),
tobacco (Nicotiana tobacum) and established turfgrasses to control gras
ses and some broadleaf weeds for 4 to 5 months at 0184 to 1.69 kg/ha

(69, 72). Root and shoot development of the germinating seed is
inhibited by both direct contact with the herbicide and in its vapor
phase (5).
Established plants may be injured by vapors arising from
the soil. Developing leaves of tobacco become distorted and dis
oriented.

Tobacco plants may be stunted and axillary bud activity

increased (80, 81).
Root growth of tobacco seedlings was retarded by soil applied
benefin (42) but soybean seedling roots were not.

The average shoot

length of soybeans was reduced, however (25).
Benefin is not readily translocated, either from roots to
shoots or vice versa. Yamasue and Worsham (80) discovered that bene
fin was not moved to the roots when absorbed by tobacco leaves as
vapors. In a study using labeled benefin, Long, Thompson, and Rieck
(42) found very low levels of radioactivity in the shoots from root
applied "^C-benefin but most of the compound accumulated in the roots
of tobacco seedlings and remained there.
Benefin is very similar to trifluralin in its behavior in
the soil.

Losses are from volatilization, photodecomposition, chemi

cal breakdown, and microbial action (5, 15).

Benefin decomposes

rapidly under anaerobic conditions but slowly under aerobic conditions

(21).
High volatility has been associated with moist soil (15, 53,
80, 82).

Volatility decreases when soil moisture is at or greater

than field capacity (15, 52, 53, 82). High temperature also increases
rate of volatilization (15, 33, 52, 82) but increasing soil organic
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matter decreases the amount of vapor arising from the soil (80).
Parochetti and Hein (53) and Kennedy and Talbert (39)
reported that most losses of benefin in light was from vaporizing.
However, Parochetti and Dec (51) observed that exposed benefin
degraded faster than the shaded control.
The rate of disappearance from soil was examined by Rodriguez
and Worsham (61). In their study they found that benefin was lost
faster during the first 8 weeks after application than the
second

8 weeks.

In a 5 year study, benefin did not build up

in the soil after repeated annual applications.

Although residues

reduced sorghum stands by 25% 15 months after the last application,
no reduction was noted after 30 months (46).
Benefin, like most other dinitroanilines, is strongly ad
sorbed onto the soil and will not readily leach (2, 5, 15, 46).
Anderson, Richards, and Whitworth (4) found little or no leaching in
soil column tests.

Benefin did not leach in field soils even after

5 years of annual application (46).
Soil type and texture affect the phytotoxicity of benefin.
Organic matter content of the soil is the most important factor to
consider in determining herbicide dosage (15).

Horowitz and Blumen-

feld (34) negatively correlated the phytotoxicity of benefin to
organic matter, but clay had no effect.
Ethalfluralin
Ethalfluralin is one of the newer dinitrianilines being stu
died for weed control in the U.S.

Although its physical and chemical
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properties are similar to those of trifluralin, ethalfluralin will
control hairy (Solanum sacachoides) and black nightshade whereas tri
fluralin will not. The properties of ethalfluralin have been reviewed
by Waldrep and Porter (70). Like trifluralin and benefin, it is sub
ject to loss by volatilization and photodecomposition.

Ethalfluralin

is strongly adsorbed to the soil and does not easily leach.

Tolerant

crops include cotton, dry beans, peas (7), and members of the Cucurbitaceae family (13, 45).
The mode of action is recognized as growth inhibition of
both roots and shoots of germinating seeds (7). In experiments with
cucumbers, the shoots and roots absorbed the compound but exposure to
the roots was more toxic. Injury symptoms were thickened stems and
short, stubby roots (13).
Depth of incorporation is an important factor in determining
ethalfluralin efficacy.

Shallow incorporation controls balck night

shade better but crop injury may result (8). Cucumber yield was reduced
when ethalfluralin was incorporated to seeding depth.

However, weeds

were controlled even when the herbicide was not incorporated (45).
Organic matter content of the soil must also be considered.
Derr and Monaco (13) showed that ethalfluralin activity decreased
with increasing organic matter.

Good weed control was obtained with

1.3 kg/ha of ethalfluralin on 1 and 3% organic matter but not at 9%.
Crop injury was attributed to low soil organic matter.
Soil incorporated ethalfluralin degrades in 4 to 5 months
(72).

Gibson (20) found that ethalfluralin persistence is as short

as two months under irrigated conditions.

Flooding the soil does not affect the rate of loss from the
soil according to Savage (63). However, volatilization is reduced
in flooded soils and maximized at field capacity.

MATERIALS AND METHODS
Five tomato cultivars, 'Columbia', 'Earlypak 7', 'Peto 98'
(Petoseed Co.)> 'GS 356', and 'Sweet 100' (Goldsmith Seeds), which
represent four types of tomatoes, home garden, fresh market, proces
sor, and greenhouse cherry, were used.

Seeds were planted on

May 18, 1982 in Todd** trays (2.5 by 2.5 cm compartments, Speedling,
Inc.) filled with a wetted 1:1 peatmoss:vermiculite mixture. Two
to three seeds were planted in each square at a planting depth of
1.5 cm to insure a uniform stand.

The trays were kept moist by

misting until seedling emergence.

After germination the plants were

watered two to three times weekly and fertilized once a week with
a 473 ppm N-P-K solution using Peters (W. R. Grace Co.) 20-20-20
fertilizer.

Each compartment was thinned to one plant 2 weeks

after emergence before competition became a factor in growth.
One week

before transplanting, containers (19 1 capacity,

30 cm high, 30 cm wide) were filled with 17 1 of Silverbell brand
soil mix (Tucson Fertilizer Co.) each.

This consisted of 79% fine

bark mulch, 13% sand, and 8% topsoil. Analysis of the soil showed
5.8% organic matter, 22 ppm nitrate, 27.7 ppm phosphorous, and 480
ppm potassium.

The soil had a pH of 7.5 and a cation exchange cap

acity of 27.8 meq/100 g.
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Three herbicides, trifluralin (Treflan 4 EC), benefin
(Balan 1.5 LC), and ethalfluralin (Sonalan 3 EC), (Elanco Products
Co.) were incorporated into the soil mix at three concentrations:
field rate (low), twice field rate (middle), and three times field
rate (high).

Control plants did not have any herbicide applied.

The amount of herbicide used was mixed in 1 1 of water and then incorporated by thoroughly mixing into 35 1 of potting soil.

A 2.5 em

layer of this soil-herbicide mix was applied to the designated containers.

Standard field rates were 1.12 kg/ha for trifluralin and

ethalfluralin and 1.25 kg/ha for benefin.
Six week old seedlings (10 to 13 em tall with four to five
true leaves) were transplanted into these containers.
tem was

~uried

5 to 7 em deep, one plant per pot.

The root sys-

Each pot received

1 1 water containing 473 ppm N-P-K immediately after planting.
Thereafter, plants were surface watered two to three times a week and
fertilized with 473 ppm N-P-K every 10 days.
with water to aid pollination.

Blossoms were sprayed

The plants were grown in a fiberglass

greenhouse at the University of Arizona Campbell Avenue Farm in Tucson,
Arizona.
Abscission of blossoms was extensive after the beginning of
August.

High greenhouse temperatures might have caused the severe

flower drop which was widespread in both herbicide treated and untreated plants.
Tomato plants in one replication were staked 7 weeks after
transplanting.

However, resulting damage to foliage and fruits of

the staked replication dissuaded the researcher from staking the
plants of the other two replications.
For 11 weeks of culture, plant growth and fruit yield
were examined.

Visual ratings on plant growth were performed on

July 12, August 2 and 23, at 2, 5, and 8 weeks, respectively after
transplanting, using a scale of 0 to 5 (0 = dead, 1 • very severe
stunting or damage, 2 = severely stunted or damaged, 3 = moderate
stunting or damage, 4 = slight stunting or damage, 5 = not stunting
or damage).

Treated plants were compared to control plants in the

same cultivar in the same replication.
At the termination of the experiment (11 weeks after trans
planting) all fruits were harvested with numbers and weights deter
mined.

The numbers and weights of mature fruits were separately

recorded at this time to investigate the effect of treatments on
ripening. Plant heights were taken to quantify degree of stunting.
Dry and fresh weights of plant top and roots were taken to examine
herbicide effects on plant growth. For the dry weights, plants
were dried at 60°C for 2 days prior to weighing.
All plants were grown in a randomized complete block design
with three replications.

Each replication contained 45 herbicide

treated plants and five (one per cultivar) untreated plants.
Cultivar descriptions
The tomato is a member of the Solanaceae or nightshade family.
Eggplant (Solanum melongena), peppers (Capsicum annum). and potato
are also included in this group.

Ware and McCollum (71) classify
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tomato as a warm season crop, therefore, susceptible to frost
injury. However, in detailed studies, Went (73, 74) found that high
temperatures cause blossom loss and poor pollination.

Stem elonga

tion is best at 26°C day and 20°C night; flower development optimum
at 17°C; and fruit set the greatest at night temperatures of 15 to
20°C.
The tomato is self-pollinated. Pollination is accomplished
in the field by wind shaking the blossoms.

In the greenhouse this

is done by shaking the plants or blossoms with a vibrating wand (78).
Five tomato cultivars were chosen for their fruit type,
growth habit, and use. Descriptions are based on those supplied by
the seed companies.
'Sweet 100', a cherry type, is not recommended for commercial
field production because of its small fruit size and cracks easily
when ripe. It also does not have any specific disease resistance.
This cultivar is used for home gardens and greenhouse production due
to its indeterminate growth habit and grape-like clusters of fruit.
'Columbia' is also used for the home garden.

It is resistant

to Verticillium and Fusarium wilts and tolerates curlytop virus.
The round fruit usually weigh 120-150 g and the plant is determinate
and compact.
Fresh market types are 'GS 356' and 'Earlypak 7'.

Both produce

fruit weighing approximately 170 g. 'GS 356' is a determinate, med
ium bush which does not need pruning or staking, 'Earlypak 7' is
semi-determinate and can be staked.

Also, 'Earlypak 7' does not
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possess any disease resistance, whereas 'GS 356' resists both Fusarium and Verticillium wilts.
'Peto 98' is a processing type with a determinant plant
habit.

Its square to round fruit weigh

60-100 g each.

var has some resistance to Verticillium and Fusarium.
can be expected at both high and low temperatures.

This culti-

Good fruit set

RESULTS AND DISCUSSION
Cultivar sensitivity to a herbicide can be determined by
how that cultivar responds to the herbicide at increasing rates.
The effects of the herbicides with the rates pooled, rates of appli
cation with the herbicides pooled, and the herbicide-rate combinations
brought out the differential sensitivities of the cultivars.
The capabilities of the herbicides to control weeds were
not determined.

However, if additional field studies show that one

or more of the herbicides studied should control weeds more completely
at higher rates, it would be worthwhile to-apply the results of this
study. In this way, plant injury caused by high herbicide phytotoxicity could be avoided.
Cultivar response to
herbicide, rate combinations
Although there were no significant differences between the
herbicides (Appendix A) on the cultivars, differences between treat
ments became apparent when the effects of the herbicide and rate
were studied simultaneously.

The number of ripe fruit of 'Sweet 100'

and 'Peto 98' was affected by the herbicides at various rates.

The

other cultivars did not exhibit a significant response (Table 1).
Also, no other variables were affected (Appendix A).
The response of 'Peto 98' was that of an increase in the num
ber of ripe fruit from benefin at 3.76 kg/ha and trifluralin at
2.55 kg/ha.

No treatment caused the number of ripe fruit to be
21

Table 1.

Number of ripe fruit harvested from five tomato cultivars as affected by benefin,
ethalfluralin, and trifluralin at three application rates.

Number of ripe fruit2
Herbicide

Rate kg/ha
(level)

None
Benefin
Benefin
Benefin
Ethalfluralin
Ethalfluralin
Ethalfluralin
Trifluralin
Trifluralin
Trifluralin

zValues

1.25
(low)
2.50
(middle)
3.7
(high)
1.12
(low)
2.24
(middle)
3.36
(high)
1.12
(low)
2.24
(middle)
3.36
(high)

'Sweet 100'

'Peto 98'

'GS 356'

Earlypak 7'

'Columbia'

21.7 ay

3.7 ab

1.0 a

0.3 a

0.0 a

15.3 be

2.7 ab

0.7 a

0.0 a

0.7 a

19.3 ab

0.7 b

0.3 a

0.0 a

1.0 a

7.0 a

1.0 a

0-0 a

0.0 a

13.0 cd

2.0 b

0.3 a

0.0 a

0.3 a

5.7 f

2.3 b

0.7 a

0.0 a

0.3 a

8.7 def

0.3 b

0.0 a

0.0 a

0.3 a

18.0 ab

1.5 b

1.3 a

0.0 a

1.3 a

7.3 ef

6.7 a

0.7 a

0.0 a

0.3 a

11.3 cde

1.0 b

1.3 a

0.0 a

0.0 a

9.0 def

are the averages of three plants grown for 11 weeks in the greenhouse.

^Values within a column followed by the same letter are not significantly different at the 5%
level by Duncan's multiple range test.
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significantly different from the untreated control plants.
All three herbicides reduced the number of ripe 'Sweet 100'
fruits at at least one rate.

Apparently this cultivar was more sen

sitive to ethalfluralin than to the other herbicides since it was
the only one that affected the number of ripe fruit at all rates.
The treatments which least affected the number of ripe
fruit were trifluralin at 1.12 kg/ha., which is the recommended rate,
and benefin at 2.50 kg/ha, 2 times the recommended rate.
The total number of fruit was not affected (Table 2), there
fore the effect of the herbicides and rates on 'Sweet 100' appears to
be that of delaying fruit maturity.

This could be an important

consideration when an early harvest is desired.

However, because

this cultivar is usually grown in the greenhouse, one would not
normally apply a herbicide.
Cultivar response to rate of herbicide
Plant and fruit growth of all cultivars except 'Peto 98'
were affected by the overall application rate when the herbicides were
pooled together.

Tomato cultivars often exhibited a negative growth

of fruiting response as the rate of herbicide increased.

Variations

in cultivar sensitivity due to herbicide concentration emerged from
this grouping of data.
Table 3 shows that although the number of ripe fruit of 'Sweet
100' decreased with increasing
not affected.

rates, the total number of fruit was

Therefore, fruit maturation could have been delayed

due to high herbicide rates.

Table 2.

total number of fruit harvested from five tomato cultivars as affected by benefin,
ethalfluralin, and trifluralin at three application rates.

Herbicide

Rate kg/ha
(level)

None
Benefin
Benefin
Benefin
Ethalfluralin
Ethalfluralin
Ethalfluralin
Trifluralin
Trifluralin
Trifluralin

zValues
y

1.25
(low)
2.50
(middle)
3.75
(high)
1.12
(low)
2.24
(middle)
3.36
(high)
1.12
(102)
2.24
(middle)
3.36
(high)

'Sweet 100'

Total number of fruit2
'GS 356'
'Peto 98'
'Earlypak 7'

'Columbia'

28.7 a7

6.7 a

6.0 a

10.0 a

3.7 a

29.7 a

3.0 a

1.0 a

3.3 a

5.0 a

21.3 a

1.0 a

0.7 a

1.3 a

4.3 a

9.7 a

16.3 a

3.7 a

3.0 a

1.0 a

45.0 a

5.0 a

1.3 a

0.7 a

11.7 a

9.0 a

3.7 a

1.0 a

1.0 a

2.3 a

71.7 a

1.7 a

0.7 a

0.7 a

0.3 a

29.5 a

1.5 a

4.7 a

0.7 a

5.3 a

10.0 a

9.3 a

1.0 a

1.0 a

7.0 a

26.7 a

1.7 a

3.3 a

1.7 a

4.7 a

are the averages of three plants grown for 11"weeks in the greenhouse.

Values within a column followed by the same letter are not significantly different at the 5%
level by Duncan's multiple range test.

Table 3.

Total number and number of ripe fruit2 harvested from
'Sweet 100' tomato as influenced by rate of herbicide.

Herbicide rate

Total fruit
per plant

Ripe fruit
per plant

None

28.6

21.7 a

Low

34.7 a

15.1 b

Middle

13.4 a

10.8 c

High

36.0 a

9.7 c

z
Values are the averages of nine plants treated with benefin,
ethalfluralin, or trifluralin grown for 11 weeks in the
greenhouse.
y

Values within a column followed by the same letter are not sig
nificantly different at the 5% level by Duncan's multiple
range test.
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'Columbia', 'GS 356', and 'Earlypak 7' showed reductions in
total fruit weight (Table 4). Ripening was not delayed since the
number and weight of ripe fruit were unaffected by rate (Appendix A).
However, 'Columbia' tolerated the herbicides better at the low and
middle rates than 'GS 356' and 'Earlypak 7'.

The total fruit

weight was decreased at all rates in the latter two cultivars.
Dry weights of plant tops and whole plants of both 'Earlypak
7' and 'GS 356' were influenced by the amount of herbicide applied
(Table 5). However, the total fresh weight of 'Earlypak 7', as well
as its top and root fresh weights, were reduced at all rates whereas
'GS 356' was not.

Root fresh weight of 'Earlypak 7' appeared to

be most affected since only this parameter showed a significant
contrast between the middle and high rates.(Table 6).
Summarizing these data (Table 7), a general ranking with
regards to sensitivity is apparent. 'Peto 98' was the least sensi
tive cultivar since no significant differences were found in any of
the variables studied.

'Sweet 100' was affected only in the number

of ripe fruit and only at the higher rates.
to 'Peto 98' in tolerance.

Therefore, it was second

The intermediate cultivar was 'Columbia'

because its total fruit weight was reduced only at the high rate of
herbicide. 'GS 356' was not quite as tolerant to the herbicides as
'Columbia' since total fruit weight was reduced at all levels and
because dry weight of the plant top was lower at the higher rates.

Table 4.

Total weight of fruit harvested from tomato cultivars
'Columbia', 'GS 356', and 'Earlypak 7' as influenced by
rate of herbicide.

2
Fruit weight per plant (g)
'GS 356'
'Earlypak 7'

Rate

'Columbia'

None

266.6 ay

628.9 a

587.0 a

Low

268.8 a

151.3 b

54.0 b

Middle

200.6 a

67.4 b

71.4 b

83.9 b

111.5 b

64.2 b

High

zValues

are the averages of nine plants treated with benefin, ethalfluralin, or trifluralin grown for 11 weeks in the greenhouse.

^Values within a column followed by the same letter are not signi
ficantly different at the 5% level by Duncan's multiple range test.
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Table 5.

Dry weights of tomato cultivars 'GS 356' and 'Earlypak 7'
as affected by herbicide rate.

Dry weights (g)z
'GS 356'
Top

Roots

Total^

Top

Roots

Totaly

None

34.9 ax

7.5 a

42.4 a

85.2 a

15.0 a

100.2 a

Low

12.3 ab

6.6 a

18.9 ab

27.2 b

11.6 a

38.8 b

7.7 b

5.6 a

13.3 b

36.3 b

12.5 a

-0*
00
00

Rate

'Earlypak 7'

10.0 b

5.1 a

15.1 b

22.2 b

6.8 a

Middle
High

b

29.0 b

zValues

are the averages of nine plants treated with benefin, ethalfluralin, or trifluralin grown for 11 weeks in the greenhouse.

^Exclusive of fruit.
xValues

within a column followed by the same letter are not signifi
cantly different at the 5% level by Duncan's multiple range test.
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Table 6. Fresh weight of tomato cultivars 'Earlypak 7' and 'GS
356' as influenced by rate of herbicide.

Rate

Top

2
Plant fresh weights (g)
'Earlypak 7'
'GS 356'
Roots
Total^
Top
Roots

None

597.0 aX

51.5 a

648.4 a

Low

124.9

b

28.8

be

153.8

Middle

204.3

b

37.7

b

High

121.6

b

22.1

c

208.0 a

Total^

22.6 a

230.6 a

b

71.7 a 18.7 a

90.4 a

241.9

b

44.9 a 14.2 a

59.1 a

143.7

b

59.3 a 14.9 a

74.2 a

z
Values are averages of nine plants treated with benefin, ethalfluralin, or trifluralin grown for 11 weeks in the greenhouse.
yExclusive of fruit.
X

Values within a column followed by the same letter are not signi
ficantly different at the 5% level by Duncan's multiple range test.

Table 7.

Parameters in which were deleteriously affected by the rate of herbicide application.

'Peto 98'

'Sweet 100'

'Columbia'

None

1.

1.

Number of
ripe fruit

Tomato Cultivars
'GS 356'

Total fruit weight

'Earlypak 7'

1.

Total fruit weight

1. Total fruit
weight

2.

Top dry weight

2. Top dry
weight

3.

Total dry weight

3. Top fresh
weight
4. Root fresh
weight
5.

/

Total fresh
Weight
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However, 'GS 356' was more tolerant than 'Earlypak 7' whose fresh
weight, total fruit weight, and dry weight of top and whole plant
were affected at all herbicide rates.

In short, the ranking from

most tolerant to most sensitive was:
'Peto 98' >'Sweet 100' >'Columbia' >'GS 356' >'Earlypak 7'
This was interesting because the two most sensitive cultivars
are both used for the commercial fresh market.

Weed control is

important due to the high cost of harvesting so higher than normal
rates may be desired.

However, this should be avoided if 'GS 356'

or 'Earlypak 7' are to be grown due to the inability of these culti
vars to tolerate high amounts of dinitroaniline herbicides.
Cultivar response to the herbicides
Benefin, trifluralin, and ethalfluralin were alike in their
effect on plant response when their rates of application were pooled.
This was not surprising due to their similarity in chemical structure
(Figure 1) and chemical and physical properties (30).

According to

analyses of variance (Appendix A) no differences were apparent between
the herbicides effect on any cultivar.

Thus, no herbicide was any

better or worse than another on a given cultivar.
However, what was interesting was that there were signifi
cant differences in the visual ratings, number of ripe fruit, and root
dry weight when the affects of the herbicides were averaged over all
rates and cultivars (Table 8).

Although the same trend was shown with

respect to the herbicides' phytotoxicity, that is, ethalfluralin >
trifluralin >benefin, there was not enough of a difference between
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Trifluralin

CH3

CH-

CH,

CH-

CH-

N

NO.2

NO.

F

C—F
F

Benefin

CH.

CH.
NO.

CH.

NO.

F—C
F

Ethalfluralin
CH2
CH3-C-CH2 ^

ch2-CH3
N''
NO

f-c-f
F

Figure 1.

Chemical structures of trifluralin, benefin, and ethal
fluralin.

Table 8. Mean plant vigor, dry weights, and number of ripe fruit per plant2 of tomato cultivars as affected by three herbicides.

y

Herbicide

Plant vigor
weeks after transplanting
8
5
2

None

5.0

5.0

5.0

Benefin

4.8 aw

4.5 a

Trifluralin

4.7 ab

Ethalfluralin

4.4 b

•

Dry weight per plant (g)
Roots
Top
Totalx

Number of ripe
fruit per plant

32.7

8.2

40.8

5.3 a

4.5 a

22.5 a

7.9 a

30.4 a

3.9 a

4.4 a

4.5 a

21.4 a

6.3 b

27.7 a

3.4 ab

4.1 b

4.3 b

22.7 a

6.4 b

29.1 a

2.3 b

2Values are the averages of 45 plants, 9 of each cultivar, treated with benefin at 1.25,
2.50, and 3.75 kg/ha, ethalfluralin at 1.12, 2.25, or 3.36 kg/ha or trifluralin at 1.12,
2.24, or 3.36 kg/ha.
y

Ratings based on: 0 = dead; 1 = very severely damaged or stunted; 2 = severely damaged or
stunted; 3 = moderately injured or stunted; 4 = slight injury or stunting; 5 = no damage or
stunting.

w
Values within a column followed by the same letter are not significantly different at the 5%
level by Duncan's multiple range test.
Exclusive of fruit.
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herbicides within a cultivar to justify the hypothesis that one her
bicide is more phytotoxic than another.

SUMMARY
This greenhouse container study investigated the relative
sensitivities of five transplanted tomato
aniline herbicides.

cultivars to 2,6-dinitro-

The information gained from this experiment

can be utilized in a number of ways.

From the production stand

point, the results showed that high rates of dinitroanilines can
adversely affect fruit yield of some tomato cultivars.

The effect

was that of delaying ripening or reducing total fruit yield.

This

is especially significant when an early harvest is important.

The

researcher should also consider these data, or data such as this, when
conducting variety trials.

The effect of the herbicide could over

shadow the benefits of the tested cultivars.
The 2,6-dinitroaniline herbicides were similar in their
effect on each cultivar when all rates of application were pooled.
Their chemical structures vary slightly in the constituents of the
amino group and this may help in controlling certain weeds.

However,

when studying the cultivar responses, these herbicides were equal
in influencing plant growth and development. When cultivars and
rates were not considered in the analyses, benefin was the least phytotoxic herbicide and ethalfluralin the most injurious.
Cultivars showed differential sensitivities to the amount of
herbicide applied when the herbicides were averaged together. The
fresh market commercial types, 'GS 356' and 'Earlypak 7' did not
tolerate the herbicides at rates above, or sometimes at, normal field
35
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rates.

This could cause problems if these cultivars are grown where

weed control is accomplished using any of these herbicides.

One

could avoid this if a more tolerant cultivar is grown, integrating
weed control methods, or using a different class of preemergence
herbicides.
The other fruit types, processing ('Peto 98'), greenhouse
('Sweet 100'), and home garden ('Columbia') varied in their respon
ses to increasing herbicide rates but not as greatly as the fresh
market types.
Since processing tomatoes have a once-over, machine harvest,
it is imperative that weeds not interfere with the machinery.

In this

case, the herbicides at amounts as high as three times normal dosage
were tolerated by 'Peto 98'.

Therefore, a grower could safely use

any of the tested herbicides as a method of weed control for this
cultivar.
Even though 'Sweet 100' and 'Columbia' were relatively tol
erant of high amounts of the herbicides, they probably would not be
grown in a situation where herbicides would be used.

Further research

should be conducted to understand why these cultivars respond as they
do.

In this way, tolerance may be studied as part of a breeding

program or it may be that cultural practices should be changed to
achieve a more acceptable level of tolerance in sensitive cultivars.
The herbicide-rate combinations affected 'Sweet 100' and
'Peto 98'.

Only benefin at 2.5 kg/ha and trifluralin at 1.12 kg/ha

did not deleteriously affect the number of ripe fruit of 'Sweet 100'.
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'Peto 98', on the other hand, did not show a reduction in the num
ber of ripe fruit but an increase in that variable with benefin at
3.76 kg/ha and trifluralin at 2.24 kg/ha. These data coincide with
that of the effect of rate and helps separate the factors that caused
the differences in the number of ripe fruit of 'Sweet 100'.
In conclusion, the amount of herbicide applied was more
important in predicting plant responses to the 2,6-dinitroaniline her
bicides studied than the herbicides themselves.

Also, plants differed

from each other in their response despite being the same species.
More work should be conducted to determine the mechanisms of
2,6-dinitroaniline herbicide tolerance.

APPENDICES

APPENDIX A:

Summary of Analysis of Variance
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APPENDIX B. Temperature Records of Campbell Avenue Farm Fiberglass'Greenhouse,
Tucson, Arizona. June 29, 1982 to September 17, 1982.
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