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ABSTRACT 

In the commercialization of plantago as a large acreage 

Arizona crop, effective weed control measures involving the use of 

specific herbicides need to be developed. 

Two Arizona grown varieties of plantago were used in a field 

plot research where Paraquat, Karmex and Igram were sprayed post-

emergence at various dates and concentrations. 

A randomized complete block design was used in three types of 

herbicide tests. Dependent measures were taken on wet and dry weight 

of weeds and plantago seed yield. Observational data was recorded 

on the plantago height and types and numbers of weeds present during 

the experiment. 

Findings indicated certain dates of spraying were more or less 

effective in weed control. Paraquat should not be sprayed on plantago 

in concentration greater than two pints/acre. Karmex should be used 

at concentrations of at least 3/4 pound/acre. Treatments of two 

spraying dates were also more effective in the control of weeds than a 

single spray date. 

ix 



CHAPTER 1 

INTRODUCTION 

Plantago is a plant grown for its seed mucilage which is used 

pharmaceutical^. The seed of the plantago plant is commercially 

known as psyllium seed and is listed in the United States Dispensatory 

(Wood and Lowall 1933) as a mild laxative to be used in cases of 

chronic constipation. The husks or seed coatings of plantago have 

also been found effective as basic stabilizers in the ice cream in

dustry and have been used in printing and in setting lotions (Chandler 

1954). Most imported husks of mucilaginous coatings of plantago have 

been from India. According to the U.S. Foreign Agricultural Trade 

Statistical Report, the United States in 1982 imported 3,889 metric 

tons of psyllium seed valued at $7,988,000. The United States con

sumption of plantago seed has been steadily increasing and currently 

European and Asian countries are competing for India's supply (Rubis 

1967). These factors have lead to the need for a domestic supply of 

plantago in the United States. 

Plantago ovata plants are grass-like in appearance; however, 

the species is not of the grass family but of the Plantain family. 

The plants are stemless herbs with leaves in rosettes and seed stalks 

ending in spikes with a height of 20.3 cm (8 in.) to 30.5 cm (12 in.). 

The seed averages 1.5 mm wide and 2.5 mm long, is boat-lilce in shape 
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and reddish-brown in color. The seed will average approximately 30% 

mucilage by weight. The mucilage is the outer layer of the epidermis 

of the seed coat, and is a clear fibrous substance which readily ab

sorbs water to give a gelatin-like mass. 

Statement of the Problem 

In Arizona, plantago is grown as a winter annual. Plantago is 

an extremely slow growing crop and cannot sufficiently compete with 

weed growth to prevent stand and yield reduction. In order for plan

tago to become economically feasible as an Arizona crop, an effective 

weed control program must be established. 

Objectives 

To satisfy the stated purpose of this study and to serve as a 

guide in conducting and reporting the results, answers to the following 

questions were sought: 

1. What are the effects of Paraquat applied at different stages 

of plantago growth on yield and on weed growth? 

2. What are the effects of Paraquat in combination with various 

concentrations of Karmex on plantago yield and weed growth? 

3. What are the effects of Paraquat in combination with various 

concentrations of Igram on plantago yield and weed growth? 

4. What are the effects of Paraquat at various concentrations on 

plantago yield? 

Need for the Study 

In the establishment of plantago as a commercial crop, these 

considerations are necessary: high yields and low production costs. 
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Plantago has yielded from 4,345 to 10,887 kg/ha (800-2,000 lbs/ac) if 

adequate stands are obtained and weeds can be controlled. Weed control 

in plantago involves several management practices: cultural techniques 

to germinate and destroy weeds prior to planting; and field cultivation 

of plantago during its slow growth period. The use of herbicides to 

aid in weed control must also be considered a part of this management 

program. Although currently there is no registered chemical for use 

on plantago, this study investigated the use of three commercially 

available herbicides: (1) Ortho Paraquat (Gramoxone), l,l'-dimethyl-

4,4'-bipyridinium ion, hereafter referred to as Paraquat; (2) Marmex, 

Karmex, 3-(3,4-dichloro-phenyl)-1,1-dimethylurea, diuron, hereafter 

referred to as Karmex; and (3) Igram, 2-(tert-butylamino)-4-(ethyl-

amino), terbutryn, hereafter referred to as Igram. 

The Related Research 

In the review of literature, a considerable amount of attention 

has been given to past experimental data on the growing of plantago in 

Arizona. Research conducted in the areas of planting methods and 

herbicide studies were the most beneficial in helping determining the 

scope and design of this experiment. 

In the establishment of a stand of plantago, the crop requires 

"light sandy loam soils, well-drained and free of weeds. It can be 

planted flat in borders and flood irrigated, with experimental yields 

of 1,000-2,000 lbs. per acre" (Rubis 1967, p. 2). 

Studies conducted in 1973-74 to determine a satisfactory method 

of planting plantago on a bed indicated that vegetable beds offered 

the easiest way to manage and irrigate plantago (Knoop 1974). 
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Row spacing research in 1976-77 tried using 36 in. flat beds 

and 38 in. vegetable beds with six lines cf plantago planted on top. 

It was found that "none of these methods produced better stands than 

broadcasting the seed over the bed" (Knoop 1977, p. 16). 

D. D. Rubis (1977) reported on research work with row plantings 

using two rows per bed on 40 in. beds, two rows per bed on 26 in. beds 

and 12 in."rows planted on the flat. These row spacings reduced yield 

but allowed mechanical field cultivation for weed control. Yields 

from the study showed the flat planting the highest, then the 26 in. 

beds, and the 40 in. beds the lowest. 

The planting method most commonly used in India involves the 

use of prepared 5 ft. x 4 ft. beds where between 5-7 lbs. of seed per 

acre are broadcast. The plantago seed is then mixed in the top layer 

of the bed by brooms to cover it with about 1/8 in. of soil. The seed 

is then irrigated until emergence (Joshi and Tahiliani 1956). 

In 1973, field plot studies on plantago using Paraquat at levels 

of .125 to .5 lbs. active showed effects to be minimum to moderate on 

plantago damage when applied either as a pre-plant or during the early 

pre-heading stage (Jones 1973). This study did provide guidelines on 

practices for use of Paraquat on plantago. The type of spraying 

equipment, spray interval timetables, time of year for treatments and 

growth of crop during treatment was all valuable information found in 

Jones' study. 

Herbicide tests on plantago conducted in 1974 reported phyto-

toxicity from Paraquat ranged from 10% to 50%. Paraquat also reduced 

plantago yields as much as 25%. Buctril worked similarly to Paraquat 
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but was harder on the plantago. Jones (1974) reported that Betanol, a 

sugarbeet herbicide, seemed to have no effect on plantago or on the 

weeds. 

Further field plot tests on Paraquat showed phytotocicity to 

be as high as 50% on 1/2 in. tall plantago. Maturity of the crop was 

also delayed by at least one week. Kerb herbicide wiped out the plan

tago completely and again Buctril worked as well as Paraquat but showed 

more phytotoxicity to the plantago (Knoop 1975). 

Similar herbicide tests on plantago in 1977 reported that Para

quat was not harmful to yields if sprayed on just previous to heading. 

Weed control was considered excellent as long as the weeds were still 

in the seedling stage (Palmer 1977). 

Hypotheses 

The following are propositions which were to be tested in this 

study. They are reflective of the scope of the research and the type 

of experimental study conducted. 

1. There is no difference in weed control related to the applica

tion of Paraquat and the stages of weed growth. 

2. There is no difference in plantago seed yield related to the 

application of Paraquat and the stages of plantago growth. 

3. There is no difference in weed control related to the applica

tion of Paraquat in combination with various concentrations of 

Karmex or Igram. 

4. There is no difference in plantago seed yield related to the 

application of Paraquat with various concentrations of Karmex 

or Igram. 
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5. There is no difference in plantago seed yield related to the 

application of Paraquat at increased concentrations. 

Limitations 

The following limitations were identified and must be consid

ered in attempting to generalize the findings of this study: 

1. The lack of uniform stands in the plots could have affected 

yield information. 

2. Heterogeneity of the soil throughout the field plots was a 

factor of variation on plantago growth, irrigation efficiency 

and herbicide effectiveness. 

3. The cultivation and crop history of the fields used had an 

effect on plantago growth or may have increased the weed 

population. 

4. The actual planting data was not optimum for plantago 

establishment. 

5. The susceptibility to complete shatter losses in plantago 

could have influenced yield data. 

Assumptions 

The following assumptions were considered critical to this 

study. They were formulated on the basis of the objectives. 

1. An accepted agronomic principle is that plantago will yield 

greater if weeds are reduced to allow for less competitive 

growth. 

2. Under proper cultivation practices, plantago can be grown with 

success in Arizona. 



7 

Methodology of Investigation 

The procedures used in this study are outlined in general terms 

in the following sub-sections. The sub-sections include: (a) Field 

Plot Procedure; (b) Population; (c) Design; (d) Data and Instrumenta

tion; and (e) Analysis. 

Field Plot Procedure 

The procedure for this field plot research involved establishing 

a stand of plantago and applying the prescribed herbicides at varying 

concentrations, combinations, and application dates. Two different lo

cations were used in conducting this study. One site was located on 

the Marana Experiment Station and the other on the Yuma-Mesa. 

The herbicide treatments applied to the stand of plantago at 

the Marana Experiment Station were divided up into two separate tests. 

One test Involved the application of Paraquat at the same dosage using 

different dates of application as a variable. The second test was the 

application of Paraquat at the same dosage but in combination with 

varying concentrations of Karmex or Igram. 

The herbicide treatments applied to the stand of plantago on 

the Yuma-Mesa involved increased concentrations of Paraquat and Paraquat/ 

Karmex tank mixes. 

Population 

Several varieties of plantago were used in the field plots as 

part of this research study. They include: 



Marana Experiment Station 

Variety #1271-29 
Variety #1271-16 

Yuma-Mesa 

Variety #1271-29 

Design 

A randomized complete block design was used in setting up the 

est sites at both locations. At Marana, a randomized complete block 

design with each block containing all eight herbicide treatments was 

used. The treatments were replicated four times. 

At the Yuma-Mesa site, a randomized complete block with each 

block of plots being replicated twice was employed. 

Data and Instrumentation 

Observations and data were collected on the following, which 

served as dependent measures in this study: 

1. Seed yield weight of plantago using a square meter quadrant 

in each plot. 

2. Wet and dry weight of weeds in the same square quadrant as #1. 

3. Percent stand per plot measured during the crop season. 

4. Type, size and number of weeds in each plot. 

Analysis 

The data collected on the dependent measures were statistically 

analyzed through: (1) analysis of variance for a randomized complete 

block design; (2) mean separation tests; and (3) a Duncan's Multiple 

Range test. 



CHAPTER 2 

PROCEDURES 

The methods and materials used in conducting this study in

volved both cultural and research techniques. These two areas are 

separately described under the sub-titles of: Research Procedures, 

and Cultural Procedures. 

Research Procedures 

The plants established in the test fields were of specific 

plantago populations. These populations consisted of two different 

varieties or kinds of breeder seed. All of these varieties were from 

the plantago nursery pedigrees of D. D. Rubis, Professor of Plant 

Sciences, University of Arizona. The varieties 1271-16, 1271-29 were 

used because of either their characteristics of frost tolerance, po

tential height, or fusarian root rot resistance (Rubis 1967). With 

these genotypic and phenotypic expressions it was believed a sufficient 

stand of plantago could be established to allow for this research. 

Both of the fields used, Marana and the Yuma-Mesa, were set up 

using a randomized complete block design. This design allowed for 

greater data reliability, accounting for soil heterogeneity, irrigation 

or moisture profile irregularities, and previous cultural and chemical 

practices on the fields. Each block of plots contained all the 

9 
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prescribed herbicide treatments for the specific test. The treatments 

in the Marana tests were replicated four times with plot sizes of 

2.03 m x 9.16 m (6.6 ft. x 30 ft.). This represents six rows on 3-27 

in. beds. The herbicide treatments in the Yuma-Mesa test were rep

licated twice with plot sizes of 2.3 m x 4.58 m (7.5 ft. x 15 ft.). 

Observations of the plantago and weed response to the herbicide 

treatments were made to serve as dependent measures. These measures 

took into account the crop's condition on a per plot basis throughout 

the studies. 

Cultural Procedures 

For ease of explanation, the cultural procedures are divided 

into those used for the Marana Experiment Station and those used for 

the Yuma-Mesa study. 

Marana Experiment Station 

Field number E-l was used in this research. The three year 

cropping history on this field was as follows: 

1979 Winter Barley 
1980 Winter Barley 

Spring Cotton and Euphorbia 
Summer Cotton and Euphorbia 
Fall Euphorbia 

1981 Winter Euphorbia 
Spring Euphorbia 
Summer Euphorbia 
Fall Euphorbia 

1982 Winter Plantago 

The following chemicals had been applied on field E-l during 

production of the previous crops: 
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7/25/80 Caparol 1-1/4 lbs/acre 1/2 of the field 
7/29/80 Caparol 1-1/4 lbs/acre remainder of fieid 
9/19/80 Prowl 1 qt/acre 1/2 of the field 
9/24/80 Prowl 1 pt/acre remainder of field 
7/15/81 Karmex 1-1/2 lbs/acre 

Land Preparation. On December 10, 1981, the field was sub-

soiled 50.8 cm (20 in.) deep using a two-shank subsoiler drawn by an 

International Harvestor 684 tractor. The field was subsoiled in a 

north-south direction first, then subsoiled in an east-west direction. 

This operation required one tractor hour. 

On December 11, 1981, having observed that the previous existing 

Euphorbia plants were not sufficiently uprooted, the subsoiling opera

tion was repeated using an Oliver 1855 tractor and requiring .5 tractor 

hours. The field was then disked using the same Oliver 1855 tractor 

and a 12 ft. pulverizing disk. This operation took .5 tractor hours 

to complete. Next, a land plane was pulled across the field in only 

a north-south direction, since the narrowness of the field did not allow 

for east-west land planing. This operation was performed to smooth the 

ground surface and fill in any small depressions to allow for more even 

water distribution during irrigations. The land plane was pulled by 

the Oliver 1855 tractor and required one tractor hour. 

The field was then listed up into 67.7 cm (26.6 in.) beds using 

a John Deere 2240 tractor. The width between tractor tires was set at 

2.03 m (80 in.) to conform with common row width for cotton production, 

thus allowing use of the Experiment Station's tractors, which are all 

set up at 80 in. The 26.6 in. bed spacing allows for three beds to be 

straddled with the 80 in. tire width setting. The vegetable type beds 
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were pulled up using four 25.4 cm (10 in.) lister shovels mounted on a 

tool bar controlled by the tractor's three-point hitch. This operation 

required one tractor hour. 

Following a commonly used practice for vegetable beds, a sled 

type bed shaper was pulled through the field to slightly flatten, smooth 

and shape the beds in a one pass operation. A John Deere 2240 was used 

to pull the bed shaper and required one tractor hour. 

Planting Procedures. The planting equipment used in the Marana 

field experiment was a combination of commercially available planter 

units and custom built cone-type planter tops used for precision seed 

distribution. 

International Harvestor 185 planter units were set up to do this 

planting. They were first geared to deliver one rotation of the planter 

plate every 7.62 m (25 ft.). This gearing was accomplished by placing 

a nine-tooth sprocket on the press wheel axle and a 22-tooth sprocket on 

the planter drive unit axle. 

Six of these 185 planters were geared the same way and placed 

on the rear tool bar of the bed shaper used previously. The planters 

were spaced two to a bed, 24.13 cm (9.5 in.) apart, with each pair of 

planters set at 67.7 cm (26.6 in.) centers. This provided a planting 

system of two rows of plantago on each bed with the rows spaced 

24.13 cm (9.5 in.) apart, planting six rows on three beds each pass. 

The cone-type planter tops used were custom built to allow for 

even distribution of small seed on the planter plate and precise seed 

placement. The hopper for the cone-type planter was filled with approxi

mately 2,000 plantago seeds to be emptied each revolution of the planter 
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plate, 7.62 m (25 ft.) of ground distance. This gave a planting rate 

of 80 seeds per 30.4 cm (1 ft.) of row. 

The John Deere 2240 tractor was used to pull the bed shaper 

and planters through the field. A wooden plank was placed across the 

rear of the bed shaper where three people sat and delivered 2,000 seeds 

to the hoppers everytime the planter plate rotated once. The amount of 

seed (2,000) was metered by use of graduated vials, which were dipped 

into a seed bag and filled to a specific graduation. It was pre

determined that this volume of seed in the vial contained 2,000 plantago 

seeds by a simple count of the seeds. 

The potential plant population was figured by taking 80 seeds 

per .305 m (1 ft.) times 160.2 m (525 ft.) of row per bed times two 

rows per bed times 33 beds. This gave a potential plant population of 

2,772,000 plants per acre. Since the size of all the plots in the 

experiment was 22.3 m (73.15 ft.) by 158.5 m (520 ft.), the herbicide 

experiment covered an area of .352 ha (.87 a). Therefore, this study 

contained a potential plant population of 5,954,666 plants per hectare 

(2,411,640 plants per acre). An actual weighed measure of the plantago 

seed planted indicated a 54.41 kg/ha (10 lbs/a) planting rate. 

The field was planted in one direction only—from south to 

north, starting at the west side and planting to the east side. Seeds 

were planted at an 1/8 to 3/16 in. depth. 

Herbicide Treatment Procedures. The herbicide treatments 

applied to the stand of plantago at the Marana Experiment Station were 

divided up into two separate tests. One test involved the application 

of Paraquat at the same dosage using different dates of application as 
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a variable. The second test was the application of Paraquat at the 

same dosage but in combination with varying dosages of Karmex and Igram. 

Both of the tests used the application of a herbicide concen

tration based on a percentage of a 373.75 1/ha (40 gal/a) application 

of water. This is a commonly used commercial rate of carrier solution. 

All herbicide treatments were applied using a stainless steel 

knapsack sprayer, which was outfitted with a two-nozzle boom using 8003 

size sprayer tips. The herbicides were delivered with a spray force 

of 275.8 kilopascals (40 p.s.i.), at a ground speed of 4.02 km/hr 

(2.5 mph). The sprayer nozzles were held at 48.3 cm (19 in.) above the 

ground to provide a uniform overlapped band covering both the plants in 

the row and the ground space between the beds. 

Table 1 contains the herbicide treatments used at the Marana 

Experiment Station. 

Plantago Harvest. For the harvest of these plots, a square 

meter aluminum conduit pipe frame was laid down on a spot which was 

representative of the rest of the plot. All the plantago and weeds 

were cut at ground level with a hand-held serrated scythe. The weeds 

were separated from the plantago and placed in a paper sack with the 

plot number recorded on it. The plantago was placed in a separate 

paper sack marked also with the plot number. 

The paper sacks containing the weeds were weighed the same day 

they were harvested. This weight was recorded as wet weed weight. 

They were then placed in a bin-type dryer at 56.7°C (102°F) for five 

days and then reweighed until the weights leveled off. This weight was 

recorded as dry weed weight. 



15 

TABLE 1. Herbicide Treatments on Plantago at Marana Experiment Station. 

Treatment Number Application Date 

Test I — (Paraquat @ .224 kg/ha active) 1/ 

1 Untreated 

2 2/22/82 

3 3/5/82 

4 3/16/82 

5 3/23/82 

6 2/22/82, 3/16/82 

7 2/22/82, 3/23/82 

8 3/5/82, 3/23/82 

Test II — (Paraquat @ .224 kg/ha active plus Karmex, 
Paraquat @ .224 kg/ha active plus Igram) 1/ 

Treatment Number Tank Mix Combination 

1 Untreated 

2 Paraquat plus Karmex @ .111 kg/ha active 

3 Paraquat plus Karmex @ .22 kg/ha active 

4 Paraquat plus Karmex @ .334 kg/ha active 

5 Paraquat plus Karmex @ .446 kg/ha active 

6 Paraquat plus Igram @ .22 kg/ha active 

7 Paraquat plus Igram @ .334 kg/ha active 

8 Paraquat plus Igram @ .446 kg/ha active 

— All herbicide concentrations also contained a .25% solution of 
X-77 surfactant. 



Table 2 shows the timetable for performing the experiment at 

the Marana Experiment Station. 

TABLE 2. Calendar of Events for the Marana Experiment Station Test. 

Date Practice Description 

12/10/81 

12/11/81 

12/15/81 

12/16/81 

12/17/81 

12/18/81 

12/21/81 

12/30/81 

2/3/82 

2/10/82 

2/15/82 

2/22/82 

3/1/82 

3/5/82 

3/16/82 

3/23/82 

4/9/82 

5/17-20/82 

Subsoiled 

Subsoiled (repeated) 
Disked 
Land Planed 
Listed up beds 

Shaped beds 

Planted 

Planted 

Irrigated - 18.8 cm/ha (3 acre inches) 

Irrigated - 12.5 cm/ha (2 acre inches) 

Irrigated - 18.8 cm/ha (3 acre inches) 

Cut alleys between ranges 

Irrigated - 18.8 cm/ha (3 acre inches) 

Set out stakes for herbicide treatments 

Spraying of first treatments Test I 

Irrigated - 18.8 cm/ha (3 acre inches) 

Spraying of second treatments Test I 
Spraying of all treatments Test II 

Spraying of third treatments Test I 

Spraying of fourth treatments Test I 

Irrigated - 12.5 cm/ha (2 acre inches) 

Harvested all plantago plots 



Yuma-Mesa 

The field used in this herbicide experiment was rented from 

Mr. Camille Alec. The following information on prior utilization was 

obtained from his production records: 

1970-80 Citrus grove 
1981 Cotton 
1982 Plantago 

The last chemical applied to this field was Caparol. This 

presented some concern over the possible residual effect it may have 

on the plantago. 

Since the field was prepared by Mr. Alec's workers, detailed 

cultural information was not available. The ground was moldboard 

plowed using a two-way plow to remove the cotton stubble. It was 

subsequently disked and planed to a dead level. Just prior to planting, 

a spike tooth harrow was pulled across the field to provide a loosened 

seedbed. 

Planting Procedure. This field plot of plantago was planted 

on flat ground so the equipment set-up was quite different than that 

used at the Marana Experiment Station. 

A John Deere 2240 tractor with 24.13/106.7 cm (9.5/42 in.) 

tires was used to plant this field. The tractor tires were set in 

to a 1.52 m (60 in.) width. Six International Harvestor 185 planter 

units were geared to deliver one rotation of the planter plate every 

7.62 m (25 ft.) of ground distance. This was accomplished by placing 

a nine-tooth sprocket on the press wheel axle and a 22-tooth sprocket 

on the driver axle. The planters were then placed on a 4.27 m (14 ft.) 

tool bar attached to the tractor's three-point hitch. The planters 
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were spaced on 38.1 cm (15 in.) centers with four planters between the 

tractor's rear tire tracks and one on either side of the tire track. 

Large gauge wheels were placed on the tool bar—one 57.2 cm (22.5 in.) 

from the first planter, and one from the last planter (left to right). 

These gauge wheels provided a tire track that could be followed with the 

tractor's front wheel on each planting pass. 

The 38.1 cm (15 in.) row spacing was used to simulate an accept

able row spacing if plantago were to be grown commercially. 

The cone-type planter hoppers were filled with 2,000 plantago 

seeds to be emptied every revolution of the planter plate. This method 

gave a planting rate of 80 seeds per 30.5 cm (1 ft.). A vial was 

filled from a seed sack to a specific graduation to contain the 2,000 

plantago seeds (same method as the Marana study). 

The planters were then pulled through the field with three 

people filling the hoppers as they walked behind. The field was 

planted in a north and south direction. Seed was planted at a depth 

of 1/8 to 3/16 in. 

Herbicide Treatment Procedures. The herbicide treatments 

applied to the stand of plantago on the Yuma-Mesa involved increased 

concentrations of Paraquat and Paraquat/Karmex tank mixes. This 

study used the application of the herbicides based on a percentage of 

a 373.75 1/ha (40 gal/a) application of water. This is a commonly used 

commercial rate of carrier solution. 

All herbicide treatments were applied using a stainless steel 

knapsack sprayer, which was outfitted with an 8003 size sprayer tip. 

The herbicides were delivered with a spray force of 275.8 kilopascals 



(40 p.s.i.), at a ground speed of 4.02 km/hr (2.5 mph). The sprayer 

nozzle was held at 48.3 cm (19 in.) above the ground to provide a 

uniform band which was overlapped on each consecutive pass. The herb

icides were sprayed perpendicular to the row due to the shape of the 

plots. 

Table 3 contains the herbicide treatments applied to the 

stand of plantago grown on the Yuma-Mesa. 

Plantago Harvest. The plots in this study were harvested by 

placing a square meter quadrant down on the plot and removing all the 

plantago within this quadrant. No weeds were removed—only plantago. 

Unlike the Marana experiment, where the plots were parallel to the 

rows, here the plots were perpendicular to the rows so two square 

quadrants of plantago were harvested from each plot--one from the 

east side of the plot and one from the west. These seed yield 

measurements were eventually averaged to obtain a single yield figure 

for each plot. 

Threshing and Cleaning Procedure. Since the same system for 

threshing and cleaning of the plantago was used both at the Marana 

Experiment Station and the Yuma-Mesa studies, it will be discussed 

only once. 

The threshing procedure first involved the use of a Vogel 

Plot Thresher. This machine operates on the same principle as a modern 

day combine. The square measures of plantago were fed into the throat 

of the thresher where a cylinder beats it into a concave of blunt 

spikes. The material was then shaken over a set of straw walkers 

where the plantago seed was allowed to fall through. Next, the 
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TABLE 3. Herbicide Treatments on Plantago at the Yuma-Mesa. 

Treatment Number Treatment Description — 

1 Paraquat @ .559 kg/ha active 

2 Paraquat @ .839 kg/ha active 

3 Paraquat @ 1.119 kg/ha active 

4 Paraquat @ 1.399 kg/ha active 

5 Paraquat @ .559 kg/ha active plus 
Karmex @ .22 kg/ha active 

6 Paraquat @ .839 kg/ha active plus 
Karmex @ .22 kg/ha active 

7 Untreated 

8 Paraquat @ 1.119 kg/ha active plus 
Karmex @ .22 kg/ha active 

9 Paraquat @ 1.399 kg/ha active plus 
Karmex § .22 kg/ha active 

10 Paraquat @ .559 kg/ha active plus 
Karmex @ .446 kg/ha active 

11 Paraquat @ .839 kg/ha active plus 
Karmex @ .446 kg/ha active 

12 Paraquat @ 1.119 kg/ha active plus 
Karmex @ .446 kg/ha active 

13 Paraquat @ 1.399 kg/ha active plus 
Karmex @ .446 kg/ha active 

14 Untreated with all the weeds removed 

— All herbicide treatments were applied on 3/27/82 and included 
a .25% solution of X-77 surfactant. 



material was exposed to an airstream where the chaff was blown free. 

The remaining material fell out of the back of the thresher. The 

plantago seed was collected in a bucket as it came out of the chute. 

Each plot was threshed separately, with the-machine continuing to run 

to clean itself out between sacks. 

All the plantago seed measures were sieved through a #4-1/2 

round Seedburo sieve to remove any stems and green heads still re

maining. The final cleaning process involved the use of a South 

Dakota Seed Blower. This machine separates chaff and debris from the 

seed by use of a controllable stream of air. The airstream was con

trolled by a timer and an adjustable aperture setting. This machine 

cleaned the plantago seed to the quality used for the yield weights. 

A Mettler SL 1200 digital read-out scale was used to weigh these 

samples. 

Table 4 shows the timetable for performing the experiment at 

the Yuma-Mesa. 



TABLE 4. Calendar of Events for the Yuma-Mesa Test. 

Date Practice Description 

Oct.-Dec. 1981 Land preparation 

1/11/82 Planted 

1/14/82 Irrigated - 25 cm/ha (4 acre inches) 

1/29/82 Irrigated - 18.8 cm/ha (3 acre inches) 

2/12/82 Set out stakes for herbicide treatments 

2/15/82 Irrigated - 18.8 cm/ha (3 acre inches) 

3/1/82 Irrigated - 18.8 cm/ha (3 acre inches) 

3/27/82 Spraying of all herbicide treatments 

4/5/82 Irrigated - 18.8 cm/ha (3 acre inches) 

5/8/82 Harvested all plantago plots 



CHAPTER 3 

FINDINGS 

The dependent measures recorded from field plot information 

were statistically analyzed using a Statistical Package for Social 

Sciences (SPSS) computer program. The actual values measured were 

transformed into logariths (base ten) to aid in the analysis. The 

statistical methods used for the analysis of a randomized complete 

block were those recommended by Little and Hill (1978). 

The Marana and Yuma-Mesa herbicide tests were analyzed 

separately. The Marana experiment was grouped according to the test 

number (I, II) and variety (1271-29, 1271-16). 

An analysis of variance on treatment by replication was first 

computed to determine the significance of F. Dependent measures with 

significant values of F were further analyzed by use of a means sep

aration and Duncan's Multiple Range test. 

Tables 5-9 show the statistical data from Test I, variety 

1271-29 where Paraquat at the same dosage was applied at different 

dates. 

Results from Table 5 showed no difference in plantago yield 

due to the treatments of Paraquat @ .224 kg/ha active sprayed at 

different dates. This lack of difference was most likely due to poor 

23 
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TABLE 5. Analysis of Variance for Plantago Seed Yield by Treatments 
of Paraquat @ .224 kg/ha (.2 lbs/a) Active, Sprayed at 
Different Dates, Test I, Variety 1271-29, Marana Experiment 
Station, 1982. U 

Source of 
Variance 

Degrees of 
Freedom 

Sum of 
Squares 

Mean 
Square 

Observed 
F 

Significance 
of F 

Main Effects 10 4.355 .435 4.408 .002 

Treatment 7 .857 .122 1.239 .328 

Replication 3 3.721 1.240 12.555 .001 

Error 20 1.976 .099 

Total 30 6.331 .211 

—'^Table values are based on logarithms of plantago seed weight per 
square meter. 

TABLE 6. Analysis of Variance for Wet Weed Weight by Treatments of 
Paraquat @ .224 kg/ha (.2 lbs/a) Active, Sprayed at Dif
ferent Dates, Test I, Variety 1271-29, Marana Experiment 
Station, 1982.1/ 

Source of 
Variance 

Degrees of 
Freedom 

Sum of 
Squares 

Mean 
Square 

Observed 
F 

Significance 
of F 

Main Effects 10 2.544 .254 14.397 .001 

Treatment 7 1.150 .164 9.296 .001 

Replication 3 1.506 .502 28.406 .001 

Error 20 .353 .018 

Total 30 2.898 .097 

—^Table values are based on logarithms of wet weed weight per square 
meter. 



TABLE 7. The Effects of Paraquat @ .224 kg/ha (.2 lbs/a) Active, 
Sprayed at Different Dates on Wet Weed Weight, Test I, 
Variety 1271-29, Marana Experiment Station, 1982. 

Mean Logarithm 
Treatment # and Description Values (gr.J Value —' 

7. Paraquat sprayed 2/22 and 3/23/82 123.03 2.09 a 

5. Paraquat sprayed 3/23/82 128.84 2.11 a 

6. Paraquat sprayed 2/22 and 3/16/82 138.04 2.14 ab 

8. Paraquat sprayed 3/5 and 3/23/82 147.91 2.17 abc 

3. Paraquat sprayed 3/5/82 186.21 2.27 be 

4. Paraquat sprayed 3/16/82 204.17 2.31 cd 

2. Paraquat sprayed 2/22/82 281.84 2.45 d 

1. Check - no treatment sprayed 446.68 2.65 e 

—'^Means followed by the same letter are not significantly different 
from each other by Duncan's Multiple Range Test at the 5% level. 

TABLE 8. Analysis of Variance for Dry Weed Weight by Treatments 
of Paraquat @ .224 kg/ha (.2 lbs/a) Active, Sprayed at 
Different Dates, Test I, Variety 1271-29, Marana Ex
periment Station, 1982. U 

Source of Degrees of Sum of Mean Observed Significance 
Variance Freedom Squares Square F of F 

Main Effects 10 2.050 .205 7.689 .001 

Treatment 7 1.412 .202 7.667 .001 

Replication 3 .619 .230 8.635 .001 

Error 20 .533 .027 

Total 30 2.583 .086 

~~ Table values are based on logarithms of dry weed weight per square 
meter. 
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TABLE 9. The Effects of Paraquat @ .224 kg/ha (.2 lbs/a) Active, 
Sprayed at Different Dates on Dry Weed Weight, Test I, 
Variety 1271-29, Marana Experiment Station, 1982. 

Treatment # and Description 
Mean 

Values (gr.) 
Logarithm 
Value A' 

7. Paraquat sprayed 2/22 and 3/23/82 61.66 1.79 a 

5. Paraquat sprayed 3/23/82 67.61 1.83 ab 

8. Paraquat sprayed 3/5 and 3/23/82 75.86 1.88 ab 

6. Paraquat sprayed 2/22 and 3/16/82 114.82 2.06 be 

3. Paraquat sprayed 3/5/82 134.90 2.13 c 

4. Paraquat sprayed 3/16/82 141.25 2.15 c 

2. Paraquat sprayed 2/22/82 186.21 2.27 cd 

1. Check - no treatment sprayed 251.19 2.43 d 

—^Means followed by the same letter are not significantly different 
from each other by Duncan's Multiple Range Test at the 5% level. 

stands of plantago in that half of the field E-l where Test I, Variety 

1271-29 was located. Noting the degree of significance due to treat

ment, no further analysis of this dependent measure was performed. 

Table 6 showed a .001 significance due to the treatment of 

Paraquat sprayed at different dates and was analyzed further in 

Table 7. With the extremely high significance due to treatments in 

Table 6, a means separation test and Duncan's Multiple Range test 

were performed on this dependent measure. 

Table 7 indicated that Paraquat @ .224 kg/ha active, sprayed 

on the dates of 2/22 and 3/23/82, and 3/23/82 significantly reduced 

wet weed weight over any single spraying date prior to 3/16/82. The 



27 

treatment sprayed 2/22 and 3/16/82 also significantly reduced wet weed 

weight over treatments sprayed 3/16/82 alone and the early spraying 

of 2/22/82. All herbicide treatments were significantly different from 

the check-no treatment sprayed. 

Table 8 showed a .001 significance due to the treatment of 

Paraquat sprayed at different dates and was further analyzed as shown 

in Table 9. 

The dry weed weight information found in Table 9 coincided with 

the results in Table 7, but in addition indicated that the treatment 

sprayed 3/5 and 3/23/82 also reduced dry weed weight over any single 

spraying date prior to 3/16/82. 

Tables 10-15 indicate the statistical data from Test I, Variety 

1271-16 where the same dosage of Paraquat was sprayed on the plantago 

plots at different dates. 

The information in Table 10 showed the significance of F to be 

.083, which did not merit any further statistical analysis by the 

Duncan's Multiple Range Test at the 5% level, but was analyzed at the 

10% level to help indicate any trends in the data. 

Table 11 on plantago seed yield showed that all the Paraquat 

@ .224 kg/ha active treatments were significantly greater in plantago 

yield than the treatment sprayed on 2/22/82. 

Table 12 showed a .001 significance due to the treatment of 

Paraquat sprayed at different dates on the wet weed weight. 

The results found in Table 13 showed that the Paraquat @ .224 

kg/ha active treatment sprayed on 3/5 and 3/23/82 significantly reduced 

wet weed weight over any of the other treatments. The treatment sprayed 
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TABLE 10. Analysis of Variance for Plantago Seed Yield by Treatments 
of Paraquat @ .224 kg/ha (.2 lbs/a) Active, Sprayed at 
Different Dates, Test I, Variety 1271-16, Marana Experiment 
Station, 1982. %j 

Source of Degrees of Sum of Mean Observed Significance 
Variance Freedom Squares Square F of F 

Main Effects 10 3.498 .350 3.784 .005 

Treatment 7 1.390 .199 2.148 .083 

Replication 3 2.108 .703 7.603 .001 

Error 21 1.941 .092 

Total 31 5.439 .175 ' 

—^Table values are based on logarithms of plantago seed weights per 
square meter. 

TABLE 11. The Effects of Paraquat @ .224 kg/ha (.2 lbs/a) Active, 
Sprayed on Different Dates on Plantago Seed Yield, Test 1, 
Variety 1271-16, Marana Experiment Station, 1982. 

Treatment # and Description 
Mean 

Values (gr.) 
Logarithm 
Value U 

8. Paraquat sprayed 3/5 and 3/23/82 77.62 1.89 a 

7. Paraquat sprayed 2/22 and 3/23/82 61.66 1.79 a 

5. Paraquat sprayed 3/23/82 58.88 1.77 a 

4. Paraquat sprayed 3/16/82 46.77 1.67 ab 

3. Paraquat sprayed 3/5/82 42.66 1.63 ab 

1. Check - no treatment sprayed 31.62 1.50 ab 

6. Paraquat sprayed 2/22 and 3/16/82 23.99 1.38 ab 

2. Paraquat sprayed 2/22/82 16.98 1.23 b 

- Means followed by the same letter are not significantly different 
from each other by Duncan's Multiple Range Test at the 10% level. 
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TABLE 12. Analysis of Variance for Wet Weed Weight by Treatments of 
Paraquat @ .224 kg/ha (.2 lbs/a) Active, Sprayed at Different 
Dates, Test I, Variety 1271-16, Marana Experiment Station, 
1982. 1/ 

Source of 
Variance 

Degrees of 
Freedom 

Sum of 
Squares 

Mean 
Square 

Observed 
F 

Significance 
of F 

Main Effects 10 3.936 .394 6.393 .001 

Treatment 7 3.276 .468 7.603 .001 

Replication 3 .659 .220 3.571 .031 

Error 21 1.293 .062 

Total 31 5.228 .169 

—^Table values are based on logarithms of wet weed weight per square 
meter. 

TABLE 13. The Effects of Paraquat @ .224 kg/ha (.2 lbs/a) Active, 
Sprayed at Different Dates on Wet Weed Weight, Test I, 
Variety 1271-16, Marana Experiment Station, 1982. 

Mean Logarithm 
Treatment // and Description Values (gr.) Value —' 

8. Paraquat sprayed 3/5 and 3/23/82 42.66 1.63 a 

5. Paraquat sprayed 3/23/82 117.49 2.07 b 

4. Paraquat sprayed 3/16/82 131.83 2.12 be 

6. Paraquat sprayed 2/22 and 3/16/82 144.54 2.16 be 

7. Paraquat sprayed 2/22 and 3/23/82 151.36 2.18 be 

3. Paraquat sprayed 3/5/82 173.78 2.24 be 

2. Paraquat sprayed 2/22/82 323.59 2.51 cd 

1. Check - no treatment sprayed 645.65 2.81 d 

—^Means followed by the same letter are not significantly different 
from each other by Duncan's Multiple Range Test at the 5% level. 
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TABLE 14. Analysis of Variance for Dry Weed Weight by Treatments of 
Paraquat @ .224 kg/ha (.2 lbs/a) Active, Sprayed at Different 
Dates, Test I, Variety 1271-16, Marana Experiment Station, 
1982. 1' 

Source of 
Variance 

Degrees of 
Freedom 

Sum of 
Squares 

Mean 
Square 

Observed 
F 

Significance 
of F 

Main Effects 10 3.103 .310 5.033 .001 

Treatment 7 2.454 .351 5.686 .001 

Replication 3 .649 .216 3.510 .033 

Error 21 1.295 .062 

Total 31 4.398 .142 

—Arable values are based on logarithms of dry weed weight per square 
meter. 

TABLE 15. The Effects of Paraquat @ .224 kg/ha (.2 lbs/a) Active, 
Sprayed at Different Dates on Dry Weed Weight, Test I, 
Variety 1271-16, Marana Experiment Station, 1982. 

Treatment // and Description 
Mean 

Values (gr.) 
Logarithm 
Value 

8. Paraquat sprayed 3/5 and 3/23/82 25.12 1.40 a 

5. Paraquat sprayed 3/23/82 69.18 1.84 b 

4. Paraquat sprayed 3/16/82 85.11 1.93 be 

7. Paraquat sprayed 2/22 and 3/23/82 97.72 1.99 be 

6. Paraquat sprayed 2/22 and 3/16/82 102.33 2.01 bed 

3. Paraquat sprayed 3/5/82 112.20 2.05 cd 

2. Paraquat sprayed 2/22/82 181.97 2.26 cd 

1. Check - no treatment sprayed 245.47 2.39 d 

—^Means followed by the same letter are not significantly different 
from each other by Duncan's Multiple Range Test at the 5% level. 
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on 3/23/82 was significantly different than the treatment sprayed on 

2/22/82. All herbicide treatments reduced wet weed weight over the 

check - no treatment sprayed. 

Table 14 indicated a .001 significance due to the treatment 

of Paraquat sprayed at different dates and was further analyzed as 

shown in Table 15. 

The dry weed weight information in Table 15 paralleled the 

findings in Table 13 with the exception that the Paraquat @ .224 kg/ha 

active treatment sprayed on 3/23/82 significantly reduced dry weed 

weight over the treatments sprayed prior to 3/5/82. 

Tables 16-19 show the statistical information for Test II, 

Variety 1271-29 where Paraquat was applied at the same dosage in com

bination with varying concentrations of Karmex or igram. 

Results from Table 16 indicated no significant difference in 

plantago seed yield due to treatments of Paraquat @ .224 kg/ha active 

with various concentrations of Karmex or Igram. This lack of signi

ficance was most likely due to the ununiform plantago stands in that 

half of the field E-l where Test II Variety 1271-29 was located. 

Tables 17 and 18 showed .082 and .034 significance, respectively, 

and thus allowed for the analysis of dry weed weight only as indicated 

in Table 19. 

Table 19 showed no significant difference in dry weed weight 

between any of the treatments of Paraquat @ .224 kg/ha active with 

various concentrations of Karmex or Igram. All herbicide treatments 

did reduce dry weed weight over the check - no treatment sprayed. 
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TABLE 16. Analysis of Variance for Plantago Seed Yield by Treatments 
of Paraquat @ .224 kg/ha (.2 lbs/a) Active-in Combination 
with Various Concentrations of Karmex or Igram, Test II, 
Variety 1271-29, Marana Experiment Station, 1982. U 

Source of 
Variance 

Degrees of 
Freedom 

Stim of 
Squares 

Mean 
Square 

Observed 
F 

Significance 
of F 

Main Effects 10 2.255 .225 .972 .495 

Treatment 7 2.095 .299 1.290 .303 

Replication 3 .159 .053 .229 .875 

Error 21 4.873 .232 

Total 31 7.127 .230 

1/ — Table values are based on logarithms of plantago seed yield weight 
per square meter. 

TABLE 17. Analysis of Variance for Wet Weed Weight by Treatments of 
Paraquat @ .224 kg/ha (.2 lbs/a) Active in Combination with 
Various Concentrations of Karmex or Igram, Test II, Variety 
1271-29, Marana Experiment Station, 1982. 2J 

Source of 
Variance 

Degrees of 
Freedom 

Sum of 
Squares 

Mean 
Square 

Observed 
F 

Significance 
of F 

Main Effects 10 1.864 .186 1.835 .116 

Treatment 7 1.530 .219 2.151 .082 

Replication 3 .334 .111 1.096 .373 

Error 21 2.133 .102 

Total 31 3.997 .129 

— Table values are based on logarithms of wet weed weight per square 
meter. 
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TABLE 18. Analysis of Variance for Dry Weed Weight by Treatments of 
Paraquat @ .224 kg/ha (.2 lbs/a) Active in Combination with 
Various Concentrations of Karmex or Igram, Test II, Variety 
1271-29, Marana Experiment Station, 1982. 2J 

Source of 
Variance 

Degrees of 
Freedom 

Sum of 
Squares 

Mean 
Square 

Observed 
F 

Significance 
of F 

Main Effects 10 1.772 .177 2.381 .045 

Treatment 7 1.431 .204 2.748 .034 

Replication 3 .340 .113 1.524 .238 

Error 21 1.563 .078 

Total 31 3.334 .108 

Table values are based on logarithms of dry weed weight per square 
meter. 

TABLE 19. The Effects of Paraquat @ .224 kg/ha (.2 lbs/a) Active in 
Combination with Various Combinations of Karmex or Igram on 
Dry Weed Weight, Test II, Variety 1271-29, Marana Experiment 
Station, 1982. 

Treatment if and Description 
Mean 

Values (gr.) 
Logarithm 
Value 

4. Paraquat plus Karmex @ .334 kg/ha active 75.86 1.88 a 

5. Paraquat plus Karmex @ .446 kg/ha active 79.43 1.90 a 

7. Paraquat plus Igram @ .334 kg/ha active 141.25 2.15 a 

8. Paraquat plus Igram @ .446 kg/ha active 154.88 2.19 a 

2. Paraquat plus Karmex @ .111 kg/ha active 173.78 2.24 ab 

3. Paraquat plus Karmex @ .222 kg/ha active 177.83 2.25 ab 

6. Paraquat plus Igram @ .222 kg/ha active 181.97 2.26 ab 

1. Check - no treatment sprayed 398.11 2.60 b 

— Means followed by the same letter are not significantly different 
from each other by Duncan's Multiple Range Test at the 5% level. 
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Tables 20-25 show the statistics from Test II, Variety 1271-16 

where Paraquat at the same dosage was applied with varying concentrations 

of Karmex or Igram. 

Table 20 showed a .001 significance due to the treatments of 

Paraquat plus Karmex or Igram and was further analyzed as indicated in 

Table 21. 

The data on plantago seed yield as presented in Table 21 showed 

treatments of Paraquat @ .224 kg/ha active plus Karmex @ .446 kg/ha 

active, and Paraquat @ .224 kg/ha active plus Karmex @ .334 kg/ha active 

were significantly greater in seed yield than the treatment of Paraquat 

@ .224 kg/ha active plus Karmex @ .222 kg/ha active. All the herbicide 

treatments had significantly greater plantago seed yields than the 

check - no treatment sprayed. 

Table 22 indicated a high degree of significance due to the 

treatments of Paraquat plus Karmex of Igram and was further analyzed as 

shown in Table 23. 

As indicated in Table 23, the treatment of Paraquat @ .224 kg/ha 

active plus Karmex @ .446 kg/ha active significantly reduced wet weed 

weight over all the other treatments. The treatments of Karmex from 

.334-.222 kg/ha active, and the treatments of Igram from .446-.222 

kg/ha active were all significantly different than the check - no 

treatment sprayed and the Paraquat plus Karmex @ .111 kg/ha active 

treatment, but were not significantly different between themselves. 

Table 24 showed a .001 significance in dry weed weight due to 

treatments of Paraquat plus Karmex or Igram and was analyzed further 

in Table 25. 



TABLE 20. Analysis of Variance for Plantago Seed Yield by. Treatments 
of Paraquat @ .224 kg/ha (.2 lbs/a) Active in Combination 
with Various Concentrations of Karmex or Igram, Test II, 
Variety 1271-16, Marana Experiment Station, 1982. 2J 

Source of 
Variance 

Degrees of 
Freedom 

Sum of 
Squares 

Mean 
Square 

Observed 
F 

Significance 
of F 

Main Effects 10 2.574 .257 4.836 .001 

Treatment 7 2.101 .300 5.639 .001 

Replication 3 .473 .158 2.963 .056 

Error 21 1.118 .053 

Total 31 3.692 .119 

— Table values are based on logarithms of plantago seed yield weights 
per square meter. 

TABLE 21. The Effects of Paraquat @ .224 kg/ha (.2 lbs/a) Active in 
Combination with Various Concentrations of Karmex or Igram 
on Plantago Seed Yield, Test II, Variety 1271-16, Marana 
Experiment Station, 1982. 

Treatment if and Description 
Mean 

Values (gr.) 
Logarithm 
Value —< 

5. Paraquat plus Karmex @ .446 kg/ha active 48.98 1.69 a 

4. Paraquat plus Karmex @ .334 kg/ha active 48.98 1.69 a 

7. Paraquat plus Igram 0 .334 kg/ha active 39.81 1.63 ab 

8. Paraquat plus Igram @ .446 kg/ha active 40.74 1.61 ab 

3. Paraquat plus Karmex @ .222 kg/ha active 33.11 1.52 ab 

2. Paraquat plus Karmex @ .111 kg/ha active 23.44 1.37 ab 

6. Paraquat plus Igram @ .222 kg/ha active 18.62 1.27 b 

1. Check - no treatment sprayed 7.94 .90 c 

—^Means followed by the same letter are not significantly different 
from each other by Duncan's Multiple Range Test at the 5% level. 
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TABLE 22. Analysis of Variance for Wet Weed Weight by Treatments of 
Paraquat @ .224 kg/ha (.2 lbs/a) Active in Combination with 
Various Concentrations of Karmex or Igram, Test II, Variety 
1271-16, Marana Experiment Station, 1982. 1/ 

Source of 
Variance 

Degrees of 
Freedom 

Slim of 
Squares 

Mean 
Square 

Observed 
F 

Significance 
of F 

Main Effects 10 4.908 .491 4.798 .001 

Treatment 7 4.366 .624 6.097 .001 

Replication 3 .542 .181 1.767 .184 

Error 21 2.148 .102 

Total 31 7.057 .228 

—^Table values are based on logarithms of wet weed weight per square 
meter. 

TABLE 23. The Effects of Paraquat @ .224 kg/ha (.2 lbs/a) Active in 
Combination with Various Concentrations of Karmex or Igram 
on Wet Weed Weight, Test II, Variety 1271-16, Marana Ex
periment Station, 1982. 

Treatment # and Description 
Mean 

Values (gr.) 
Logarithm 
Value —i 

5. Paraquat plus Karmex @ .446 kg/ha active 18.20 1.26 a 

7. Paraquat plus Igram @ .334 kg/ha active 141.25 2.15 b 

4. Paraquat plus Karmex @ .334 kg/ha active 154.88 2.19 b 

8. Paraquat plus Igram @ .446 kg/ha active 173.78 2.24 b 

3. Paraquat plus Karmex @ .222 kg/ha active 177.83 2.25 b 

6. Paraquat plus Igram @ .222 kg/ha active 223.87 2.35 b 

2. Paraquat plus Karmex @ .111 kg/ha active 316.23 2.50 c 

1. Check - no treatment sprayed 316.23 2.50 c 

—^Means followed by the same letter are not significantly different 
from each other by Duncan's Multiple Range Test at the 5% level. 
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TABLE 24. Analysis of Variance for Dry Weed Weight by Treatments of 
Paraquat @ .224 kg/ha (.2 lbs/a) Active in Combination with 
Various Concentrations of Karmex or Igram, Test II, Variety 
1271-16, Marana Experiment Station, 1982. U 

Source of Degrees of Sum of Mean Observed Significance 
Variance Freedom Squares Square F of F 

Main Effects 10 5.823 .582 5.422 .001 

Treatment 7 5.664 .809 7.535 .001 

Replication 3 .159 .053 .493 .691 

Error 21 2.255 .107 

Total 31 8.078 .261 

—^Table values are based on logarithms of dry weed weight per square 
meter. 

TABLE 25. The Effects of Paraquat @ .224 kg/ha (.2 lbs/a) Active in 
Combination with Various Concentrations of Karmex or Igram 
on Dry Weed Weight, Test II, Variety 1271-16, Marana Ex
periment Station, 1982. 

Treatment # and Description 
Mean 

Values (sir.) 
Logarithm 
Value 

5. Paraquat plus Karmex @ .446 kg/ha active 10.72 1.03 a 

4. Paraquat plus Karmex @ .334 kg/ha active 95.50 1.98 b 

7. Paraquat plus Igram @ .334 kg/ha active 95.50 1.98 b 

8. Paraquat plus Igram @ .446 kg/ha active 112.20 2.05 b 

3. Paraquat plus Karmex @ .222 kg/ha active 114.82 2.06 b 

2. Paraquat plus Karmex @ .111 kg/ha active 138.04 2.14 b 

6. Paraquat plus Igram @ .222 kg/ha active 154.88 2.19 be 

1. Check - no treatment sprayed 446.68 2.65 c 

~ Means followed by the same letter are not significantly different 
from each other by Duncan's Multiple Range Test at the 5% level. 
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The dry weed weight information in Table 25 coincided with the 

findings in Table 23 with the exception that the Paraquat @ .224 kg/ha 

active plus Igram @ .222 kg/ha active was now the least effective of 

all the herbicide treatments. 

Tables 26-27 show the statistical data from the test conducted 

on the Yuma-Mesa on Variety 1271-29 where treatments of Paraquat at 

varying concentrations and Paraquat plus Karmex or Igram at varying 

dosages were applied. 

Table 26 indicated a .009 significance due to treatments and 

was analyzed further as shown in Table 27. 

The results from the Yuma-Mesa experiment as shown in Table 27 

indicated by their mean values that all herbicide treatments reduced 

plantago seed yield over the two check - no treatment sprayed treat

ments. All herbicide treatments significantly reduced plantago yields 

with the exception of the treatment of Paraquat @ .839 kg/ha active 

plus Karmex @ .446 kg/ha active. However, this treatment was only 

significantly different from the treatments of Paraquat @ 1.399 kg/ha 

active plus Karmex @ .446 kg/ha active; Paraquat @ .559 kg/ha active 

plus Karmex @ .222 kg/ha active; Paraquat @ .839 kg/ha active plus 

Karmex @ .222 kg/ha active; and Paraquat @ 1.339 kg/ha active. 
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TABLE 26. Analysis of Variance for Plantago Seed Yield by Treatments 
of Paraquat Alone at Various Concentrations, and Paraquat 
at Various Concentrations in Combination with Karmex at 
Various Concentrations, Variety 1271-29, Yuma-Mesa, 1982. 2J 

Source of 
Variance 

Degrees of 
Freedom 

Sum of 
Squares 

Mean 
Square 

Observed 
F 

Significance 
of F 

Main Effects 14 .382 .027 4.345 .006 

Treatment 13 .325 .025 3.982 .009 

Replication 1 .057 .057 9.071 .010 

Error 13 .082 .006 

Total 27 .463 .017 

Table values are based on logarithms of plantago seed yield weight 
per square meter. 



TABLE 27. The Effects of Paraquat Alone at Various Concentrations and 
Paraquat at Various Concentrations in Combination with Karmex 
at Various Concentrations on Plantago Seed Yield, Variety 
1271-29, Yuma-Mesa, 1982. 

Treatment # and Description 
Mean 

Values 
n Logarithm 
(gr.) Value 2J 

7. Check - no treatment sprayed 

14. Check - no treatment sprayed plus all 
weeds removed 

11. Paraquat @ .829 kg/ha active plus 
Karmex @ .446 kg/ha active 

10. Paraquat @ .559 kg/ha active plus 
Karmex @ .446 kg/ha active 

1. Paraquat @ .559 kg/ha active 

9. Paraquat @ 1.339 kg/ha active plus 
Karmex @ .222 kg/ha active 

3. Paraquat @ 1.119 kg/ha active 

12. Paraquat @ 1.119 kg/ha active plus 
Karmex @ .446 kg/ha active 

2. Paraquat @ .839 kg/ha active 

8. Paraquat @ 1.119 kg/ha active plus 
Karmex @ .222 kg/ha active 

13. Paraquat @ 1.399 kg/ha active plus 
Karmex @ .446 kg/ha active 

5. Paraquat @ .559 kg/ha active plus 
Karmex @ .222 kg/ha active 

6. Paraquat @ .839 kg/ha active plus 
Karmex @ .222 kg/ha active 

4. Paraquat @ 1.399 kg/ha active 

30.90 

30.20 

22.91 

19.95 

19.50 

19.05 

17.78 

17.38 

17.38 

16.22 

15.49 

15.14 

13.49 

13.18 

1.49 a 

1.48 a 

1.36 ab 

1.30 be 

1.29 bed 

1.28 bede 

1.25'bede 

1.24 bede 

1.24 bede 

1.21 bede 

1.19 cde 

1.18 cde 

1.13 de 

1.12 e 

- Means followed by the same letter are not significantly different 
from each other by Duncan's Multiple Range Test at the 5% level. 



CHAPTER 4 

CONCLUSIONS 

The following conclusions are based on the findings from the 

data collected on the dependent measures. 

Test I. Variety 1271-29 lacked the uniformity of stands of 

plantago to justify any statements concerning the effects of the 

Paraquat .224 kg/ha active sprayed on different dates on plantago 

seed yield. However, the herbicide effects on weed control seemed to 

indicate several trends: 

1. The most effective weed control was obtained on the later 

spraying dates. 

2. The treatments consisting of two spray dates generally were 

more effective than a single spraying date. 

3. The date of 3/23/82 was the most beneficial treatment date 

of this test. 

Test I. Variety 1271-16 had an acceptable stand of plantago 

and allowed for more interpretation of the herbicide effects on seed 

yield. Generally, the Paraquat .224 kg/ha active treatments did not 

differ in their effects on yield. However, the single spray date of 

2/22/82 seemed to be the least ineffective treatment date. 

The herbicide treatments effect on weed control indicated 

the following: 
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1. The most effective weed control was obtained on the later 

spraying dates. 

2. The date of 3/23/82 was the most beneficial treatment date. 

3. The date of 2/22/82 was the least effective treatment date 

of this test. 

Test II. Variety 1271-29 was located on the same half of 

the field E-l as Test I. Variety 1271-29 also lacked uniform stands 

of plantago. This poor plantago establishment limits the ability to 

make statements concerning the effects of the herbicide on plantago 

seed yield. 

This test showed that all herbicide treatments reduced weeds 

over the Check but showed no difference between themselves concerning 

weed control effectiveness. 

Test II. Variety 1271-16 seemed to be the best test conducted 

on field E-l. Adequate stands of plantago were established to allow 

for statements as to the effect of the herbicides on plantago seed 

yield. 

1. The higher concentration of Karmex @ .446 and .334 kg/ha 

active were the most effective in controlling weeds and 

allowing for greater plantago seed yield. 

2. All the herbicide treatments had higher seed yields than the 

Check-no treatment. 

The herbicide treatments effect on weed control indicated the 

following: 
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1. Karmex @ .446 kg/ha active was definitely the most effective 

treatment to control weeds. 

2. No difference in weed control was found between the two 

highest concentrations of Igram. 

3. Both the Karmex and the Igram were more effective when used 

in concentrations of .334 kg/ha active, or greater. 

The Yuma-Mesa experiment showed several trends on the effects 

of the herbicide treatments on plantago seed yields. The stands of 

plantago in this study were adequate but the growth development of 

the plantago could not be considered normal. Plant height was gen

erally around 8 in. and the average head length less than 1 in. 

The weakest concentration of Paraquat used in this experiment 

was over twice the concentration used in the Marana Experiment Station 

test. The herbicide treatments effects on plantago seed yield are 

as follows: 

1. Applications of Paraquat at concentrations greater than .839 

kg/ha active have an adverse effect on yield from phytotoxicity. 

2. Karmex @ .446 kg/ha active was the most effective dosage of 

Karmex. 

3. Paraquat at the higher concentrations seemed to mask any effect 

the Karmex had at lower concentrations. 



CHAPTER 5 

RECOMMENDATIONS 

The following suggestions should provide additional guidelines 

for any future experimental research concerning the use of herbicides 

to control weeds in plantago: 

1. Tests should include in addition to the check - no treatment 

sprayed treatment, a check - no treatment sprayed—all weeds 

removed treatment (hand cultivation of weeds throughout the 

crop season). 

2. Paraquat concentrations should be of at least .250 kg/ha active. 

3. Karmex or Igram @ .446 kg/ha active is the minimum concentra

tion that should be used. 

4. Additional objective methods of determining plant injury and 

weed control effectiveness should be tried. 

5. When using herbicides in combination with other herbicides a' 

treatment of the separate herbicides by themselves should be 

included. 

6. The use of a commercial cultivation either alone or with a 

herbicide treatment might be used as a treatment. 
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