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ABSTRACT 

Greenhouse tests were conducted to determine the tolerance of 

two varieties of Plantago ovata Forsk. to postemergence applications at 

various rates of three herbicides. 

Paraquat (1,1'-dimethyl-4,4'-bipyridinium ion), diquat (6,7-

dihydrodipyrido[l,2-a:2',1'-c]pyrazinediium ion), and diuron [3-(3,4-

dichlorophenyl)-l,1-dimethylurea] were applied over-the-top on young 

plantago seedlings. Tests were run with or without X-77 surfactant 

in the spray mixture. 

Plantago seedlings usually tolerated: rates of paraquat up to 

and including 0.5% v/v; rates of diquat up to and including 0.25% v/v; 

and rates of diuron up to and including 0.56 kg/ha. In tests in which 

diuron and paraquat were applied as a tank mix, seedlings tolerated the 

highest rates applied in combination (0.5% paraquat plus 0.42 kg/ha 

diuron). 

No apparent difference was noticed in the response of the two 

varieties to herbicide treatments. Inclusion or exclusion of surfactant 

from the spray mixture had no consistent effect on results. 
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INTRODUCTION 

India has a virtual "monopoly" on the production and sale of 

plantago (Plantago ovata Forsk.) seed husk (95). Political, economic, or 

natural disasters could cut off the world supply of plantago at any 

time. This is a concern to manufacturers in the United States who 

purchase most of the plantago exported from India. Work is under way 

to start commercial produCTt+on of plantago in the United States. 

The most likely locations for commercial production of plantago 

are the deserts of the western United States. The essential cool, dry 

weather occurs in the winter in the Southwest (including Arizona) and 

in the spring and summer in the Northwest. 

At the moment, it is much less expensive to grow plantago in 

India than in the U.S. Hand labor is much cheaper in India. In fact, 

most plantago in India is grown on family-run farms, and family members 

take the place of paid field workers. In order to make it economically 

feasible to grow plantago in the United States, cultural problems will 

have to be solved technologically. 

Development of an effective chemical weed control program will 

be a major consideration if plantago is to be grown economically in the 

United States. The cost of hand weeding would make commercial produc

tion here impossible. Mechanical cultivation is costly in terms of 

time and fuel. 

The results of greenhouse tests determining plantago's tolerance 

to three herbicides are presented in this report. The herbicides 
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included in these studies were: paraquat (1,1 '-dimethyl-4,4'

bipyridinium ion); diquat (6,7-dihydrodipyrido[l,2-a:2',1 '-c]

pyrazinediium ion); and diuron [3-(3,4~dichlorophenyl)-l,l

dimethylurea]. Herbicides were selected (from those currently 

registered in other crops) on the basis of their effectiveness 

against Arizona's winter weed complex. 
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LITERATURE REVIEW 

This review of literature begins with a discussion of the 

history, uses, and commercial production of plantago. Information on 

the herbicides tested for plantago tolerance follows. 

Plantago 

History of Use 

The seed coat of Plantago ovata Forsk. contains a mucilage (2, 

21, 29, 67, 95, 139, 143) which makes it valuable as a commercial crop. 

This odorless, tasteless mucilage (50, 139, 143) makes up 30 to 40% of 

the total weight of the seed (56, 139). The mucilage accumulates in 

the epidermal cells of the seed coat, between the protoplast and the 

outer cell wall (67). Plantago mucilage is composed of various 

polysaccharides (67, 139). 

When mixed with water or chewed, the seed coat of plantago 

exudes its mucilage in a thick, gelatinous mass (21, 29, 59, 94, 95, 

96, 121, 128). This mucilaginous mass expands to 30 to 40 times the 

volume of the dry plantago husk (67). 

The mucilage properties of the seed coat of plantago have made 

plantago useful in a number of commercial products, industrial 

processes, and home remedies. The uses of plantago seed husk include: 

as a mild laxative in the treatment of chronic constipation (21, 50, 

59, 73, 95, 96, 121, 128, 139); treatment of diarrhea, especially in 

cases of dysentery (50, 73, 95, 128, 139); treatment of urinary 

3  



4  

disorders (29, 139); preparation of poultices and soothing lotions (21, 

29, 50, 139); treatment of respiratory ailments such as coughs (29, 

139); treatment of varicose veins (139); as an agent to reduce serum 

cholesterol levels in humans (139); the manufacture of cosmetics and 

hair-setting lotions (26, 139, 143); as a stabilizer in the manufacture 

of ice cream (26, 101, 129, 139); as a sizing, or stiffening agent, in 

the fabric industry (50, 143); as a finishing agent in the printing and 

paper industries (26, 139); as a glaze in the preparation of furs 

(96); and as a binding agent in the manufacture of compressed tablets 

(94). 

The manufacture of over-the-counter, bulk-type laxatives is by 

far the most important commercial use of plantago seed husk. 

Plantago was not used widely as a laxative in the United States 

until the 1920's; it was used in Europe and Asia long before that time 

(96). Plantago was mentioned in writing, in relation to its medicinal 

uses, by the Persian physician Alhervi in the tenth century (29). The 

plant originated in west Asia (95) and was introduced into India from 

the Middle East (29). It has been used in medicinal preparations in 

India for centuries, and was included in the Indian Pharmacopoeia in 

1868. Use of plantago in Europe began early in the eighteenth century 

(29). 

Nomenclature, Taxonomy, and Distribution 

Plantago has been referred to over the years by many common 

names, and even the use of scientific nomenclature appears to have been 

haphazard. Common names for plantago and/or its seed have included: 



Isabgol (with a variety of spellings), the Indian term referring to the 

species Plantago ovata Forsk. (21, 29, 95, 128, 139); flea seed or 

fleawort (21, 96, 128, 139); psyllium or psyllium seed, a general term 

used for several mucilage-producing species (21, 59, 121, 139); spogel 

seeds (50); Indian wheat (3); plantain (50); and "les grains de Tongue 

vie" (French for "the seeds of long life") (96). 

The use of scientific names for plantago has been confusing, due 

to medicinal use at various times of several mucilage-producing species 

(29). Today the most important species commercially is blond or Indian 

plantago seed from Plantago ovata Forsk. This species is much preferred 

over other species because of its higher mucilage content (143), light 

color, and ease of husk removal (26). Other scientific names found in 

the literature which have been synonymous to or substitutes for P_. 

ovata are: Plantago psyllium (or P_. Psyllium) L. (21 , 59, 96, 121 , 128); 

Semen Psyllii (59, 128); Plantago ispaghula Roxb. (50, 128); Plantago 

arenaria Waldst. and Kit. (21, 121); Plantago decumbens (50); and 

Plantago indica L. (21). 

Plantago ovata Forsk. (Plantaginaceae) is an annual herb (21, 

95, 128). In nature, the height of plantago varies from 2.5 cm to 10 cm 

(128). Under cultivation, 30 to 45 cm is the normal height of plantago 

(95). The plants are acaulescent (95, 139) and covered with a thick 

pubescence (95, 128). The leaves are narrowly linear, 7.5 to 20 cm 

long and 0.6 cm wide (95, 128). Many flowering shoots arise from the 

base of a single plantago plant (95). The inflorescence is a close-

bracketed spike of small, greenish flowers, cylindrical to ovoid or 

globular in shape, and 1.2 to 4 cm long (95, 128, 139). The flowers are 
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protogynous and they mature from the base of the spike upwards (95). 

The seeds are small (2 to 3 mm long, 1 to 1.5 mm wide) and boat-shaped 

(29, 50, 95, 121, 128). Seed color varies from brown to pinkish-white, 

and is usually pinkish-gray (29, 50, 95, 128). The concave side 

(hilum side) of a plantago seed is covered with a thin white membrane 

(29, 128). 

Distribution of the genus Plantago is widespread (139). Native 

plantago species occur in the Mediterranean (21, 50, 143), Europe (21, 

50, 128), North Africa (21, 128), Asia (21, 143), and the Middle East 

(50). About 10 plantago species are native to India (29). Several 

plantago species are indigenous to North America. One of these, P_. 

fastigiata Morris, is reported by Basset and Baum (8) to be conspecific 

with P_. ovata. JP. fastigiata is found in the deserts of California and 

the southwestern United States. This "species" may have been intro

duced into the United States by early settlers in California. There 

is evidence of these settlers using P_. ovata for medicinal purposes (8). 

Economic Importance of Plantago to India 

Plantago is an important export crop in India (28, 74, 143). In 

excess of 18,000 hectares in India are planted to P_. ovata (75). At one 

time France grew plantago for export (139), but at present India grows 

virtually the entire world supply of commercial plantago seed (68). 

About 75% of the plantago grown in India is exported (75). After 

harvesting, the plantago is milled in India to remove the husks. The 

seed husk can be removed easily by the application of slight mechanical 

pressure or by freezing (95, 139), The husks are then shipped out of 
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India, with almost the entire supply going to the United States (139). 

Small amounts are exported to Britain, France, and Pakistan (29). 

Agricultural Production of Plantago 

Plantago grows on a variety of soil types and does best 

commercially on light, well-drained soils. A sandy loam soil is ideal 

(95, 139). 

In India, plantago is planted between October and December when 

the average daytime temperature reaches 27 to 40 C (95, 139). The 

average length of the growing season is 120 days. Research has been 

done to determine the feasibility of growing more than one crop per 

year in India. Joshi, Tiwari, and Yadava (74) reported success with two 

growing seasons. The first began at the beginning of November and ended 

in mid-April. The second was planted at the end of July and harvested 

at the end of December. A third attempted season was unsuccessful due 

to disease promoted by the wet monsoon season in September at the time 

of seed maturation. In other research, Iyengar, Kanitkar, and Pendse 

(68) found that moving the planting date past December 8 reduced 

plantago yields. 

Various seeding rates for plantago have been reported in India; 

the average rate is about 9 kg/ha (68, 75, 95, 139). The seed is 

usually broadcast on the flat by hand, then raked lightly to cover the 

seed (75, 95). A light irrigation is applied after planting, with 

subsequent irrigations every 2 to 3 weeks until all the flowering spikes 

are out. Irrigation is then discontinued as the seed matures (95). 

Plantago has a low nutrient requirement. Fertilizer rates of 50 kg/ha 



8  

of nitrate and 25 kg/ha of phosphate are adequate (95). The average 

yield of plantago seed is 1000 kg/ha (95, 139). 

Weather is the most limiting factor in the production of 

plantago in India. The best conditions are cool temperatures and low 

humidity during the growing season (139). Yields are particularly 

affected by weather conditions at the critical times of flowering and 

harvesting (139). Plantago yields can be reduced by frost at time of 

flowering or by rainy weather during maturation and harvest (95, 139). 

Even light rainfall at harvest time can cause great losses due to 

shattering (95). Rainy, humid conditions during maturation can cause 

yield losses due to disease, although disease is not a frequent 

problem. Powdery mildew and alternaria have been reported in plantago 

in India (74, 95) and Fusarium oxysporum has been identified in plantago 

in Arizona (105). 

Weeds are not a problem in plantago in India. Decades of hand 

weeding in a monoculture situation have eliminated most weeds. Chemical 

weed control will be important in the commercial production of plantago 

in the United States. This review of literature continues with a dis

cussion of three herbicides selected for possible use in plantago. 

Diuron 

The herbicide diuron is available under the trade names Karmex 

and Karmex DL. Formulations of diuron include wettable powder, 

granules, and dilute formulations of diuron alone or in combination 

with other herbicides (135). 
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Diuron is an odorless, white, crystalline solid with a melting 

point of 158 to 159 C. The molecular weight of diuron is 233.1. The 

solubility of diuron in water is 42 ppmw at 25 C (135). 

Diuron has low toxicity to fish and mammals. Acute oral 

toxicity of diuron to rats is 3400 mg per kg body weight (135). Walker 

(133) has reported some toxicity of diuron to young or small fish. 

Diuron and Weed Control 

Diuron is most important as a soil-active herbicide. Diuron 

also has some foliar activity. Its effectiveness in controlling emerged 

weeds is greatly enhanced by the addition of a surfactant. Diuron is 

usually sprayed on the soil before the emergence of annual crops or 

applied as a postemergence spray directed to the base of the crop plant. 

The usual carrier for diuron is water. Good mechanical agitation during 

application is necessary to keep diuron in suspension. Diuron can also 

be sprayed in an oil suspension or, in the granular formulation, 

broadcast directly on the soil (135). 

Shallow incorporation of diuron can improve weed control. Wiese 

and Smith (142) found no effects on cotton stands when diuron at rates 

up to 3.4 kg/ha was incorporated. Hamilton et al. (55) reported that 

applications of diuron at similar rates before furrowing reduced cotton 

stands. 

Diuron can be used as a soil sterilant or as a selective 

herbicide. At high rates, diuron is an effective soil sterilant for use 

in industrial areas and commercial sites (23, 135). Rates of 17.9 to 

44.8 kg/ha will control most weeds (135). Annual retreatment at 
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somewhat lower rates is necessary to keep the treated areas weed-free 

(131, 135). 

Lower rates of diuron (0.6 to 7.3 kg/ha) are effective in 

selectively controlling germinating weeds (grass and broadleaf) in a 

variety of crops such as cotton (Gossypium hirsutum), sugarcane 

(Saccharum officinarum), pineapple (Ananas comosus), grapes (Vitis 

vinifera), pears (Pyrus sp.), citrus (Citrus sp.), and alfalfa 

(Medicago sativa) (23, 135). Diuron has also been effective in con

trolling aquatic weeds (133). 

Use of diuron to selectively control weeds in furrow-irrigated 

cotton is particularly important in Arizona." Hamilton et al. (55) 

reported that applying diuron before planting controlled most annual 

weeds throughout the first half of the growing season. Postemergence 

directed applications have been used successfully to control small 

emerged weeds and maintain soil activity for the remainder of the 

growing season (51). Preplant applications of diuron may cause 

temporary chlorosis of cotton seedlings (52, 54), but yields and fiber 

quality are usually not affected (5, 51). Hamilton and Arle (54) 

observed some reductions in cotton stands after preplant applications 

of diuron. 

The depth at which cotton is planted, in relation to the depth 

of diuron in the soil, may have some effect on the selectivity of 

diuron in cotton. When cotton seeds were planted below the diuron 

layer, researchers observed better stands and fewer phytotoxicity 

symptoms (39, 55). (Tolerance of plants to diuron, as related to 

physiological functions, is discussed later in this review.) 
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The use of diuron in herbicide programs has been very effective 

in cotton weed control. Split applications of diuron, or using diuron 

in combinations with other herbicide treatments (such as trifluralin 

[a,a,a-trifluoro-2,6-dinitro-N,Nj-dipropyl-£-toluidine]) have increased 

weed control, increased cotton yields, and reduced crop injury, as 

compared to the effects of a single, preplant application of diuron 

alone (4, 32, 43, 52, 54). 

The herbicidal activity of diuron is a function of its behavior 

in the soil and its behavior in plants. These two aspects of diuron 

activity are discussed separately. 

Behavior of Diuron in the Soil 

The three major aspects of the behavior of diuron in the soil 

are: (a) the adsorption of diuron to soil components, (b) losses of 

diuron from the soil, and (c) persistence and/or accumulation of diuron 

in the soil. 

Soil Adsorption of Diuron. The phytotoxicity of diuron, as well 

as many other soil-active herbicides, is closely related to the degree 

to which it is adsorbed to various soil fractions (57). Diuron is 

strongly adsorbed in the soil (109). Increased soil adsorption of 

diuron (such as in heavier soils) has been related to decreases in 

diuron's phytotoxicity (31, 57, 86, 109, 110, 111, 130, 132). Strongly 

adsorbed diuron does not remain in the soil solution where it is 

available for plant uptake (86). In heavier soils, higher rates of 

diuron are necessary to provide the same degree of weed control that 

lower rates of diuron provide in lighter soils (109, 111, 132). Bowen 
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(16) related increased duration of weed control with diuron to a 

decrease in the amount of diuron adsorbed to soil particles. 

The two factors cited most often as being closely and 

positively correlated with adsorption of diuron are the percentage of 

soil organic matter and/or the cation-exchange-capacity of a soil 

(57, 86, 109, 110, 130, 132, 135). Other soil factors mentioned which 

increase diuron adsorption are: higher clay content (31, 109, 110, 135); 

the amount of total exchangeable bases in a soil (130); the amount of 

magnesium in a soil (86); and the soil moisture content at field 

capacity (57). 

Factors associated with decreased soil adsorption of diuron and 

resultant increased phytotoxicity are higher than normal amounts of 

rainfall (16) and an increase in maximum daily temperature (16, 86). 

Increasing soil pH has been related to decreasing adsorption of diuron, 

but has not been clearly shown to affect the phytotoxicity of diuron 

(16, 31, 35, 86). 

Losses of Diuron from the Soil. Diuron disappears from agri

cultural soils by way of metabolism by soil microorganisms, photo-

decomposition, volatilization, removal by plants, leaching and lateral 

movement, and non-biological chemical reactions (62, 92, 110). 

Biological degradation by soil microflora is the primary 

mechanism by which diuron is lost from the soil (110, 135). Sheets and 

Crafts (111) noticed a decrease in the rate of disappearance of diuron 

from soils which were autoclaved to destroy soil microorganisms. 

When McCormick and Hiltbold (87) added glucose to soil to promote the 
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growth of soil microflora, an increase in the rate of decomposition of 

diuron was observed. 

In general, conditions which promote the growth of soil micro

organisms will increase the rate of loss of diuron from soil (110). 

High percentages of organic matter (16, 87, 98, 110), high nitrogen 

content in soil organic matter (98), moist soil conditions (111), and 

increased soil temperatures (33, 87) favor the disappearance of diuron 

from agricultural soils. In Arizona and other western states, lower 

levels of soil organic matter and subjection of soils to prolonged dry 

periods may cause diuron to remain in the soil longer than in other 

agricultural areas (111). 

Removal and metabolism by crop and non-crop plants is an 

important mechanism of diuron loss from agricultural soils in some 

crops (117). 

Loss of phytotoxicity of diuron has been demonstrated when 

diuron has been exposed to sunlight either before or after application 

to the soil (33, 136). Photochemical changes in diuron have been 

demonstrated by color changes in the compound and changes in spectro

photometry absorbance readings (16, 70, 71, 136). Losses of diuron 

due to photodecomposition and volatilization are not considered 

important, except in arid, high-sunlight areas such as the desert 

regions of the southwestern United States (62, 70, 110, 135, 136). 

Diuron is fairly soluble in water and capable of moving in the 

soil (92) either downward or laterally. Researchers have demonstrated 

that diuron leaches slightly in soils (92, 135, 137), but leaching is 

not considered an important mechanism of loss of diuron from soils 



(109, 135). Upchurch, Keaton, and Selman (131) reported that lateral 

movement of diuron was a problem in the maintenance of weed-free 

conditions where diuron was used as a soil sterilant. 

Non-biological chemical reactions are not considered important 

in the disappearance of diuron from soils (110). 

Persistence and/or Accumulation of Diuron in Soils. Diuron has 

not been demonstrated to accumulate when applied, even repeatedly, at 

selective rates (5, 37, 92, 110, 135). Persistence of diuron in the 

soil for several months or longer has been demonstrated. Higher rates 

of diuron will persist longer than lower rates (22). When sensitive 

crops, such as cereals, are planted following a crop treated with 

diuron, residual activity may injure the following crop (5, 22, 53, 

109, 111). Residual activity of diuron does not usually affect 

tolerant crops, but cases of diuron residues injuring cotton seedlings 

have been reported (5, 92). Diuron may persist longer in the southwest 

desert areas than in other agricultural areas, because soil and 

environmental conditions here do not promote the growth of soil micro

flora. More frequent irrigations and flood irrigation instead of furrow 

irrigation may decrease the length of persistence of diuron in desert 

soils (137). Addition of organic matter to the soil may also increase 

the rate of diuron degradation. 

Behavior of Diuron in Plants 

Symptoms in plants of urea herbicide (including diuron) injury 

are: slight to severe chlorosis; the appearance of water-soaked areas 

on leaves, which develop into silver or gray blotches; wilting; collapse 
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of stems or petioles; and leaf drop. The appearance of one or more of 

these symptoms depends on the plant species treated, the rate of 

diuron applied, and environmental conditions. The amount of time 

required for these symptoms to appear varies (6). 

Three important aspects of diuron-plant interactions which 

relate to phytotoxicity are: (a) uptake and translocation of diuron, 

(b) mode of action of diuron, and (c) tolerance of plants to diuron. 

Uptake and Translocation of Diuron. Most diuron enters a plant 

via root absorption (86, 135). Some foliar uptake of diuron also 

occurs (93, 135). Movement of diuron through a plant occurs acropetally, 

through the apoplast, via the transpiration stream (10, 122, 135). 

Diuron is distributed throughout the transpiring areas of the plant 

(10) and can accumulate in leaves (117). 

Conditions which affect a plant's rate of transpiration may 

affect the amount of diuron moved into the plant and consequently affect 

phytotoxicity. Increases in relative humidity, soil temperature, and 

soil water content have caused increased phytotoxicity symptoms of 

diuron (60, 108). Drought stress and decreases in air temperature have 

been shown to reduce diuron phytotoxicity (9, 61). 

Mode of Action of Diuron. Diuron is a strong inhibitor of the 

Hill reaction, or the photolysis of water (34, 39, 48, 49, 63, 97, 135, 

144). Diuron (or DCMU) is used routinely in plant metabolism research 

to block photosynthesis (23). Diuron inhibits photosynthesis (49, 63) 

by blocking electron flow on the reducing side of photosystem II (104). 

Black and Myers (11) discussed the possibility that diuron acts by 
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reacting with a specialized pigment in the oxygen-evolving system of the 

chloroplast. A proposed site of action for diuron is in photosystem II 

between plastoquinone and the fluorescence quencher (Q) (23). Much 

research has been done which supports this proposed mechanism of 

herbicidal action. Plants or algae and isolated chloroplast cultures 

treated with diuron have shown: inhibition of oxygen evolution (145); 

inhibition of ferricyanide and FMN reduction (48); inhibition of NADP 

reduction (120); reduction in ATP levels (106); and inhibition of COg 

fixation (144). 

Diuron Tolerance. Differences in tolerance to diuron among 

plant species, or among varieties of one species, is related to one or 

more of the following: (a) differences in the amount of diuron absorbed 

and/or translocated by plants (39, 64); (b) differences in the ability 

of plants to "tie up" diuron at various inactive sites (38); and (c) 

differences in metabolism or the rate of metabolism of diuron (39, 64). 

It has been suggested that differences in diuron tolerance 

among three susceptible crops (oats [Avena sativa], soybeans [Glycine 

max], and corn [Zea mays]) are related to differences in the amount of 

diuron initially absorbed through the roots. These differences in 

diuron uptake may be related to differences in the rates of growth of 

these plants (117). 

One suggested mechanism for diuron-tolerance in cotton is the 

"tying up" of diuron at inactive sites in the plant. Strang and Rogers 

(122) showed that ^C-labelled diuron was concentrated into cotton 

pigment glands and trichomes. 
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Metabolism is probably most important in cotton's tolerance to 

diuron. Smith and Sheets (117) demonstrated that cotton degraded 

diuron faster than diuron-susceptible corn, oats, and soybeans. 

Cotton degrades diuron more completely than soybean and corn plants 

(117, 124). Broad!eaf plantain (Plantago major), which is more tolerant 

to diuron than cotton, degraded diuron more quickly than cotton (14). 

Differences in diuron-tolerance among varieties of sugar cane have been 

related to differences in rates of metabolism of diuron (100). 

Diquat and Paraquat 

The common name diquat refers to the active ingredient (or 

cation) of 6,7-dihydrodipyrido[l,2-a:2',1'-c]pyrazinediium salt (45, 

135). This herbicide is usually prepared as diquat dibromide and is 

available under the trade names Reglone and Ortho Diquat (7, 135). The 

common name paraquat refers to the active ingredient (cation) of 1,1'-

dimethyl-4,4'-bipyridinium salt. Paraquat is usually prepared as 

paraquat dichloride and is available under the trade names Gramoxone 

and Ortho Paraquat. Diquat and paraquat are available in the United 

States only in aqueous solutions (135). 

The monohydrate salt of diquat dibromide is a yellow, 

crystalline solid with a molecular weight of 334 (20, 36, 135). 

Paraquat dichloride is a white, crystalline solid with a molecular 

weight of 257.2 (135). Diquat and paraquat are both highly soluble in 

water (20, 36, 82, 135). Diquat and paraquat are non-volatile (82, 

135). Diquat is stable in neutral or acid solutions (20, 82); paraquat 

is stable in solutions with pH of 11 or lower (82). Diquat and 
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paraquat do not melt, but will decompose by charring or burning at 

temperatures above 300 C (135). 

Diquat and paraquat are not toxic to fish or wildlife when used 

at recommended rates (24, 82, 135). The acute oral toxicities to rats 

are 230 mg diquat (cation) and 120 mg paraquat (cation) per kg of body 

weight (135). 

Uses of Diquat and Paraquat 

Diquat and paraquat are used most commonly as contact, foliar-

applied, non-selective herbicides in crop and non-crop situations 

(20, 24, 36, 63, 65, 119, 135). Rates of from 0.14 to 5.60 kg/ha (1, 

20, 119, 123, 135) of diquat or paraquat will effectively control a 

wide variety of annual weed species (1, 20, 82, 119, 123). Paraquat is 

generally more effective than diquat against annual grass species (36, 

69, 82, 84, 119, 123). Diquat and paraquat are not effective in the 

long-term control of either perennial herbs or woody perennials. 

Although rapid kill of treated green plant parts occurs (63), regrowth 

from roots occurs rapidly (17, 20, 36, 65, 123). The herbicidal 

activity of diquat and paraquat is not affected by soil type, soil 

moisture conditions, or weather conditions (119, 135). 

The usual carrier for diquat and paraquat sprays is water. The 

volume of water used to apply diquat or paraquat does not affect 

phytotoxicity, and volumes ranging from 50 to 950 liters per hectare 

have given effective weed control (20, 135). The addition of a non-

ionic or cationic surfactant has increased phytotoxicity of diquat and 

paraquat to some plant species (20, 119, 123, 135). 
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Selective Weed Control. Although diquat and paraquat are 

generally considered non-selective herbicides, they have been used 

selectively as over-the-top sprays in a limited number of crops. These 

crops include wheat (Triticum aestivum), oats, and flax (Linun sp.) 

(20, 36, 123). 

Preplant and Preemergence Weed Control. Diquat and paraquat can 

be used to non-selectively control emerged weeds either before 

planting a crop, or after planting and before the crop emerges (20, 

83, 119, 123). The timing of the herbicide application is important. 

Best results are obtained when the spray is applied after most weed 

seeds have germinated, but while emerged weed seedlings are still quite 

small (78, 119). Diquat and/or paraquat have been used instead of 

ploughing or cultivation to prepare fields for planting barley 

(Hordeum vulgare), wheat, narrow-stem kale (Brassica sp.), and corn 

(66, 77, 119). 

Postemerqence Weed Control. Diquat and paraquat can be used to 

control weeds after crops emerge if the spray is directed to the base of 

the crop plant. Directed sprays of paraquat have been used effectively 

to control weeds in cotton and hops (Humulus lupulus) without reducing 

yields (51, 99, 107). Diquat and/or paraquat have also been used for 

interrow weeding in strawberries (Fragaria sp.) (42), red raspberries 

(Rubus sp.) (138), orchards and vineyards (25, 119, 135), and rubber 

(Hevea brasiliensis) plantations (69). 
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Use in Pastures and Rangeland. Diquat and paraquat have been 

used extensively in pasture and range land (119, 135). Range and 

pasture uses for these herbicides include: weed control in (or 

improvement of) established alfalfa (76) and various other established 

pastures (78, 79, 84); weed control prior to establishment or renova

tion of alfalfa and other pastures (85, 119, 135); and removal of 

native vegetation from rangelands for establishment of alfalfa (17) or 

pasture grasses (41). 

Aquatic Weed Control. Diquat and paraquat can also be used to 

effectively control a variety of submersed and emersed aquatic weeds in 

ponds, lakes, canals and drainage ditches (12, 24, 119, 135, 140). To 

control submersed aquatic weeds diquat or paraquat can be applied to 

the water surface or injected below the water surface. Concentrations 

of diquat and paraquat needed to control aquatic weeds range from 0.2 

to 1 ppmw, depending on the species and location of weeds (12, 13, 24, 

82, 115, 135). Funderburk and Lawrence (44) reported that, in addition 

to treating the water, spraying the above-water foliar portions of 

some emersed aquatic weeds may be necessary in order to obtain 

acceptable control with diquat and paraquat. 

Use as Harvest Aids. Diquat and paraquat have been widely used 

as harvest aids (119, 135). The herbicides are sprayed to the foliage 

of the crop prior to harvest to dessicate and/or defoliate the crop 

plants (20, 65, 82, 135). The rates of diquat and paraquat used for 

crop dessication and defoliation are generally somewhat lower than rates 

used for contact weed control (20, 123, 135). Some specific uses of 
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diquat and/or paraquat as harvest aids include: dessication and 

defoliation of cotton (36, 119, 135); potato (Solanum tuberosum) haulm 

destruction (20, 36, 119, 123, 135); and dessication of various seed 

crops such as small-seeded legumes (20, 36, 123, 135), soybeans (135), 

grain sorghum (Sorghum bicolor) (135), sunflowers (Helianthus annuus) 

(135), and castor beans (Ricinus communis) (135). 

Other Uses. Other uses of foliar sprays of diquat and paraquat 

include tassel control in sugar cane (135), rapid curing of hay (36), 

and fallow and waste land weed control (36, 123, 135). 

The ways diquat and paraquat behave in soil, water, and plants 

determine their herbicidal properties and uses. Aspects of the 

interactions of these herbicides with soil, water, and plants are 

discussed separately. 

Behavior of Diquat and Paraquat in the Soil 

Diquat and paraquat are quickly inactivated by adsorption when 

they come into contact with soil (20, 23, 36, 63, 65, 69, 31, 82, 123, 

135). Diquat and paraquat cations are adsorbed particularly strongly 

by montmorillonite (or bentonite) clay colloids (30, 58, 81, 134) and 

are also strongly adsorbed to kaolinite and organic matter colloids 

(14, 25, 58, 81, 119, 134). Weber and Weed (134) determined that 

paraquat is more strongly adsorbed to clay colloids than diquat, and 

will replace diquat on exchange sites if the number of exchange sites 

is limited. 

The strong adsorption of diquat and paraquat to soil determines 

their safety in the many agricultural uses discussed in the previous 
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section of this review. Any diquat or paraquat remaining in the soil 

after application is completely unavailable to plants for root uptake 

(25, 119). In theory, if diquat or paraquat were applied often at 

extremely high rates or to very light sandy soils, desorption of the 

herbicides could make them available for root absorption (30, 127). In 

actual practice, the adsorptive capacities of soils far exceeds the 

amounts of diquat and paraquat used in agricultural weed control and 

residual activity is unlikely to become a problem (81, 127). 

The adsorption of diquat and paraquat is not affected to any 

significant degree by soil pH (58), soil temperature (58), or the 

presence of ammonium ions (30, 81). 

Diquat and paraquat persist in soils for a very long time (135). 

Very little of either herbicide is lost from the soil due to volatiliza

tion or leaching (30, 135).- Losses of diquat and paraquat from the 

soil due to photodecomposition have not been proven (135). Certain 

microorganisms will degrade diquat and paraquat in a culture medium. 

It is not clear if microbial decomposition of soil-adsorbed diquat and 

paraquat occurs (135). 

Behavior of Diquat and Paraquat in Water 

Diquat and paraquat are useful as aquatic herbicides because of 

the way they interact with water and soil in lakes, ponds, canals, and 

drainage ditches. The initial concentration of diquat and paraquat in 

water treated for aquatic weed control usually does not exceed 1 ppm. 

The concentration of these herbicides in water will usually drop to 

0 to 0.1 ppm within 1 week of treatment (24). 
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Diquat and paraquat are lost from water primarily due to uptake 

by aquatic plants and adsorption to suspended soil particles or bottom 

soil (24). Diquat and paraquat are held to soil tightly enough that 

they would not be released under natural aquatic conditions (82). 

Coats et al. (30) suggested that any diquat and paraquat remaining in 

water after the control of aquatic weeds could be inactivated by adding 

clay colloids to the treated water. 

Diquat and paraquat in aqueous solution will photodecompose when 

exposed to UV light in the presence of oxygen (46, 112, 115). Photo-

decomposition may account for some loss of diquat and paraquat from 

treated water (24). 

Behavior of Diquat and Paraquat in Plants 

Diquat and paraquat cause rapid destruction of plant tissue (7, 

18, 20, 36, 65, 82). Symptoms include wilting and discoloration, 

followed by bleaching and/or browning of treated areas, and finally 

total collapse of the plant (6, 82, 119, 123). 

Uptake and Translocation. Foliar sprays of diquat and paraquat 

are rapidly adsorbed onto leaf surfaces (19, 25). Both herbicides are 

also quickly absorbed into leaf tissues (20, 30, 45, 65, 135). Because 

of the rapidity of uptake, washing or rainfall soon after treatment does 

not reduce the herbicidal activity of diquat and paraquat in most plants 

(15, 19, 20, 36, 69, 119, 123). Brian (19) reported that diquat and 

paraquat enter plants through the cuticle rather than via stomata. 

Thrower, Hal lam, and Thrower (135) observed that the presence of 

cuticular wax can hamper absorption of diquat into leaves. Roots will 
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absorb diquat and paraquat in solution, but not from soil (due to the 

strong soil adsorption of the herbicides) (20, 65, 123). 

Diquat and paraquat are translocatable (20, 36, 45, 123, 135). 

Most movement of diquat and paraquat in plants is acropetal (45) and 

by way of the xylem (7, 25, 45, 114, 125, 135). Movement of foliar-

applied diquat and paraquat is usually limited to the aerial portions 

of the plant (36, 65, 135) and is associated with transpiration (7, 114, 

125). Small amounts of these herbicides can be translocated downward 

to the roots (25, 30, 36, 65). Thrower et al. (125) observed cell-to-

cell diffusion of diquat. 

When diquat and paraquat are applied in the light, especially 

under hot, dry conditions, rapid dessication occurs. This prevents 

much movement of these herbicides from the treated areas of the plant 

(7, 125). When plants are subjected to a period of darkness after 

foliar treatment (as when fields are sprayed just before nightfall) 

diquat and paraquat exhibit more systemic activity once the plants are 

again exposed to light (7, 19, 25, 65, 80, 82, 103, 114, 116, 140). 

Slade and Bell (114) suggested that increased penetration of the 

herbicide into the xylem from the leaf surface occurs in the undamaged 

tissues of plants kept in the dark. 

Diquat or paraquat applied to water for the control of aquatic 

weeds is adsorbed and absorbed by the submerged portions of these 

plants (38, 44, 45). Translocation of these herbicides is limited in 

aquatic plants (38, 44). 
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Relationship of Phytotoxicity to Photosynthesis. Light is 

necessary for the rapid destruction of plant tissues typical of diquat 

and paraquat (7, 14, 18, 25, 36, 82, 90, 91). Light is not essential 

for herbicidal activity, but the presence of light greatly increases 

the rate at which herbicide symptoms appear (18, 36, 90). Herbicidal 

activity of diquat and paraquat increases with increased light intensity 

(13, 36, 65, 107, 126). 

Most researchers agree that oxygen is necessary for the 

herbicidal activity of diquat and paraquat (7, 14, 18, 36, 65, 90). 

Increases in oxygen concentration (up to normal atmospheric concentra

tion) increase phytotoxicity of diquat and paraquat (36, 90). However, 

Merckle, Leinweber, and Bovey (91) reported phytotoxic symptoms on 

various plants treated with paraquat in the absence of oxygen. 

The third requirement for the rapid injury of plants treated 

with diquat and paraquat is chlorophyll (14, 18, 36, 65, 90). Plants 

or plant tissues containing no chlorophyll (etiolated seedlings, 

rhizomes, callus tissue, etc.) will exhibit phytotoxic symptoms (72, 

91, 103), but much more slowly than green tissues (14, 36). 

Light, oxygen, and chlorophyll are requirements for photo

synthesis. The herbicidal activity of diquat and paraquat is closely 

associated with photosynthesis (14, 36, 63, 65, 90, 119). Blackburn 

and Weldon (13) observed the greatest activity of diquat and paraquat 

with red light; red light is where the highest rate of photosynthesis 

occurs. Black and Myers (11) suggested that diquat and paraquat are 

active in photosystem I. Zweig, Shavit, and Avron (146) discussed the 



probability that diquat acts at the same site as PMS in the electron 

transfer path of chloroplasts. 

Mechanism of Herbicidal Activity. Diquat and paraquat are 

easily reduced to stable free radicals (7, 14, 18, 23, 36, 63, 65, 135). 

The phytotoxicity of these herbicides is closely related to the ease of 

reduction to their free radical forms and subsequent reoxidation to the 

original compounds (7, 14, 18, 23, 36, 63, 65, 135, 144). 

The action of light on the electron-transport system of the 

chlorophyll molecule provides the electrons for the reduction of diquat 

and paraquat to free radicals (11, 14, 18, 90, 144). Diquat and 

paraquat are also (more slowly) phytotoxic in the absence of light 

(11, 18, 36, 65). In the dark, free radical formation may be 

associated with respiration (18, 36, 90) or reduced pyridine nucleotides 

(11). 

The free radicals of diquat and paraquat may be reoxidized by 

oxygen in the presence of water, causing the formation of hydrogen 

peroxide or peroxide radicals (11, 14, 18, 23, 135). Peroxide radicals 

have been suggested as the phytotoxic agent by some researchers (14, 

18, 23). Brian (18) discussed disruption of cell membranes by 

peroxide radicals as the mechanism by which diquat and paraquat destroy 

plant tissue. Merckle et al. (91) noticed the disruption of cell 

membranes with diquat and paraquat in the absence of oxygen. This 

would suggest that peroxide radical is not the phytotoxic agent, since 

it would not be formed in the absence of oxygen. Black and Myers (11) 

cite the presence of catalase and various peroxidases in plant cells 
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as evidence that peroxide radical is not the agent of diquat and 

paraquat phytotoxicity. Various other short-lived, active radicals may 

be formed when diquat and paraquat free radicals are reoxidized to the 

original compounds (135). 

Loss of Diquat and Paraquat from Plant Tissues. Diquat and 

paraquat will decompose when exposed to ultraviolet radiation (25, 30, 

46, 115, 135). When these herbicides are adsorbed to a surface, such 

as a leaf, they will photodecompose (25, 112, 135). In a field situa

tion, photodecomposition occurs fairly rapidly. Diquat photodecomposes 

more quickly and more completely than paraquat (115, 135). Photo-

decomposition is the only significant mechanism of loss of these 

herbicides from plant tissues. Plants do not metabolically degrade 

diquat and paraquat (25, 45, 113, 135). 

Diquat and Paraquat Tolerance. Diquat and paraquat are usually 

considered non-selective herbicides. Selective use of these herbicides 

in wheat, oats, and flax was mentioned earlier in this review. Use of 

directed sprays of diquat and paraquat as a means of providing some 

selectivity was also discussed. Scifres and Santelmann (107) observed 

that some cotton varieties were more tolerant to paraquat than others. 



METHODS AND MATERIALS 

Twenty-three tests were conducted to determine survival and 

growth responses of plantago to three herbicides: paraquat, diquat, and 

diuron. The tests were completed in a greenhouse at the University 

of Arizona's Campbell Avenue Farm between January 26, 1981, and May 12, 

1981. No supplemental lighting was used in the greenhouse. 

Common Materials and Procedures 

Many of the materials used and procedures followed are common to 

all of the tests included in this report. Following a general summary 

of these common materials and procedures there will be a brief descrip

tion of each test. 

Plants were grown in 400 cc plastic pots. Two holes were made 

in the bottom of each pot to allow drainage and uptake of water. Small 

cotton plugs were placed in the holes to prevent loss of soil. A small 

amount of fertilizer (18-24-6) was placed in each pot. The pots were 

filled with air-dried soil (60% sand, 25% silt, 15% clay, 1% organic 

matter) which had been passed through a 6.5 mm mesh screen. The pots 

were surface irrigated and allowed to drain. Twenty-five plantago seeds 

were scattered on the moist soil surface and covered with 0.3 cm dry 

soil. The pots were placed on an aluminum baking tray and covered 

loosely with a transparent plastic sheet until the seeds germinated. 

Emerging seedlings were thinned to three or four per pot. 
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Approximately 3.5 weeks after planting the pots were sorted for 

uniform seedling height, stage of development, and vigor. Various 

rates of herbicides were applied from a height of 30 cm over-the-top. 

Herbicide applications were made with a knapsack sprayer through a 

single-nozzle wand fitted with an 8003 nozzle tip. Herbicides were 

? 
applied in 380 liters per hectare of water at 2.8 kg/cm pressure. 

After treatment, the pots were replaced on the baking trays and sub-

irrigated as needed. 

Tests of single herbicides consisted of five treatments 

(including an untreated check). Tests of combinations of herbicides 

consisted of nine treatments (including an untreated check). Each 

treatment was replicated four times. A single pot containing three or 

four plants was a replication. There were 12 or 16 plants in each 

treatment. The pots were arranged on the trays in a randomized complete 

block design. 

Tests were completed when herbicide symptoms were obvious, 

usually 1 week after treatment. Seedling survival data were determined 

by counting live plants. A plant was considered alive if it had at 

least one green, growing leaf. Seedling height was determined by 

measuring the longest leaf or uninjured portion of a leaf. Measurement 

was made by extending the leaf and measuring up from the soil surface. 

Root development was assessed by turning the soil out of a pot 

and making a visual evaluation of the roots at the bottom of the pot. 

A numerical value of from 0 to 10 was assigned to each pot. A rating 

of 10 corresponded to normal root development. A rating of 0 was given 

when no roots were visible. Data for height and root development were 



analyzed according to Duncan's Multiple Range Test at the 5% level of 

confidence. Survival data were not analyzed because of the limited 

number of data. 

Descriptions of Tests 

Paraquat with X-77 on Plantago 'AZ 316' (Trial I) 

Plantago 'AZ 316' seeds were planted on March 2, 1981. 

Emerging seedlings were thinned to four per pot. Plants were treated 

with paraquat (0, 0.125, 0.25, 0.5, or 0.75% v/v) plus 0.5% X-77 

surfactant (alkylarylpolyoxyethylene glycols, free fatty acids, and 

isopropanol) 25 days after planting. At treatment the average plant 

was 6 cm tall and had six true leaves. Data were recorded 7 days after 

treatment. 

Paraquat with X-77 on Plantago 'AZ 316' (Trial II) 

Plantago 'AZ 316' seeds were planted on April 3, 1931. 

Emerging seedlings were thinned to four per pot. Plants were treated 

with paraquat (0, 0.125, 0.25, 0.5, or 0.75% v/v) plus X-77 surfactant 

(0.5% v/v) 24 days after planting. At treatment the average plant was 

11 cm tall and had four true leaves. Data were recorded 7 days after 

treatment. 

Paraquat with X-77 on Plantago 'AZ 329' (Trial I) 

Plantago 'AZ 329' seeds were planted on February 18, 1981. 

Emerging seedlings were thinned to four per pot, Plants were treated 

with paraquat (0, 0.125, 0.25, 0.5, or 0.75% v/v) plus X-77 surfactant 
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(0.5% v/v) 27 days after planting. At treatment the average plant was 

5 cm tall and had five true leaves. Data were recorded 10 days after 

treatment. 

Paraquat with X-77 on Plantago 'AZ 329' (Trial II) 

Plantago 'AZ 329' seeds were planted on March 2, 1981. 

Emerging seedlings were thinned to four per pot. Plants were treated 

with paraquat (0, 0.125, 0.25, 0.5, or 0.75% v/v) plus X-77 surfactant 

(0.5% v/v) 25 days after planting. At treatment the average plant was 

7 cm tall and had five true leaves. Data were recorded 7 days after 

treatment. 

Diquat with X-77 on Plantago 'AZ 316' (Trial I) 

Plantago 'AZ 316' seeds were planted on March 2, 1981. 

Emerging seedlings were thinned to four per pot. Plants were treated 

with diquat (0, 0.125, 0.25, 0.5, or 0.75% v/v) plus X-77 surfactant 

(0.5% v/v) 25 days after planting. At treatment the average plant was 

8 cm tall and had five true leaves. Data were recorded 7 days after 

treatment. 

Diquat with X-77 on Plantago 'AZ 316' (Trial II) 

Plantago 'AZ 316' seeds were planted on April 3, 1981, 

Emerging seedlings were thinned to four per pot. Plants were treated 

with diquat (0, 0.125, 0.25, 0.5, or 0.75% v/v) plus X-77 surfactant 

(0.5% v/v) 24 days after planting. At treatment the average plant was 

10 cm tall and had four true leaves. Data were recorded 7 days after 

treatment. 



Diquat  wi th  X-77  on Plantago 'AZ 329'  (Tria l  I )  

Plantago 'AZ 329' seeds were planted on February 18, 1981. 

Emerging seedlings were thinned to four per pot. Plants were treated 

with diquat (0, 0.125, 0.25, 0.5, or 0.75% v/v) plus X-77 surfactant 

(0.5% v/v) 27 days after planting. At treatment the average plant was 

6 cm tall and had five true leaves. Data were recorded 10 days after 

treatment. 

Diquat with X-77 on Plantago 'AZ 329' (Trial II) 

Plantago 'AZ 329' seeds were planted on March 2, 1981. 

Emerging seedlings were thinned to four per pot. Plants were treated 

with diquat (0, 0.125, 0.25, 0.5, or 0.75% v/v) plus X-77 surfactant 

(0.5% v/v) 25 days after planting. At treatment the average plant was 

6 cm tall and had five true leaves. Data were recorded 7 days after 

treatment. 

Diuron with X-77 on Plantago 'AZ 316' (Trial I) 

Plantago 'AZ 316' seeds were planted on March 6, 1981. 

Emerging seedlings were thinned to four per pot. Plants were treated 

with diuron (0, 0.14, 0.28, 0.42, or 0.56 kg/ha) plus X-77 surfactant 

(0.5% v/v) 24 days after planting. At treatment the average plant was 

9 cm tall and had five true leaves. Data were recorded 7 days after 

treatment. 

Diuron with X-77 on Plantago 'AZ 316' (Trial II) 

Plantago 'AZ 316' seeds were planted on March 30, 1981. 

Emerging seedlings were thinned to four per pot. Plants were treated 



with diuron (0, 0.14, 0.28, 0.42, or 0.56 kg/ha) plus X-77 surfactant 

(0.5% v/v) 21 days after planting. At treatment the average plant was 

9 cm tall and had four true leaves. Data were recorded 7 days after 

treatment. 

Diuron with X-77 on Plantago 'AZ 329' (Trial I) 

Plantago 'AZ 329' seeds were planted on March 6, 1981. 

Emerging seedlings were thinned to four per pot. Plants were treated 

with diuron (0, 0.14, 0.28, 0.42, or 0.56 kg/ha) plus X-77 surfactant 

(0.5% v/v) 24 days after planting. At treatment the average plant was 

8 cm tall and had five true leaves. Data were recorded 7 days after 

treatment. 

Diuron with X-77 on Plantago 'AZ 329' (Trial II) 

Plantago 'AZ 329' seeds were planted on March 30, 1981. 

Emerging seedlings were thinned to four per pot. Plants were treated 

with diuron (0, 0.14, 0.28, 0.42, or 0.56 kg/ha) plus X-77 surfactant 

(0.5% v/v) 21 days after planting. At treatment the average plant was 

11 cm tall and had four true leaves. Data were recorded 7 days after 

treatment. 

Paraquat and Diuron with X-77 on Plantago 'AZ 316' 

Plantago 'AZ 316' seeds were planted on March 17, 1981. 

Emerging seedlings were thinned to four per pot. Plants were treated 

with paraquat (0, 0.25, or 0.5% v/v) and/or diuron (0, 0.28, or 0.42 

kg/ha) plus X-77 surfactant (0.5% v/v) 25 days after planting. At 
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treatment  the  average  p lant  was  9  cm ta l l  and had f ive  true  leaves .  

Data were recorded 9 days after treatment. 

Paraquat and Diuron without X-77 on Plantago 1AZ 316' 

Plantago 'AZ 316' seeds were planted on April 10, 1981. 

Emerging seedlings were thinned to four per pot. Plants were treated 

with paraquat (0, 0.25, or 0.5% v/v) and/or diuron (0, 0.23, or 0.42 

kg/ha) 24 days after planting. At treatment the average plant was 

14 cm tall and had six true leaves. Data were recorded 8 days after 

treatment. 

Paraquat and Diuron with X-77 on Plantago 'AZ 329' 

Plantago 'AZ 329' seeds were planted on March 17, 1981. 

Emerging seedlings were thinned to four per pot. Plants were treated 

with paraquat (0, 0.25, or 0.5% v/v) and/or diuron (0, 0.28, or 0.42 

kg/ha) plus X-77 surfactant (0.5% v/v) 25 days after planting. At 

treatment the average plant was 10 cm tall and had five true leaves. 

Data were recorded 9 days after treatment. 

Paraquat and Diuron without X-77 on Plantago 'AZ 329' 

Plantago 'AZ 329' seeds were planted on April 10, 1981. 

Emerging seedlings were thinned to four per pot. Plants were treated 

with paraquat (0, 0.25, or 0.5% v/v) and/or diuron (0, 0.28, or 0.42 

kg/ha) 24 days after planting. At treatment the average plant was 

12 cm tall and had five true leaves. Data were recorded 8 days after 

treatment. 



RESULTS AND DISCUSSION 

Seedling survival, height, and root development were the 

criteria used to evaluate and compare plantago response to various 

herbicide treatments. Following a discussion of the use of surfactants 

with paraquat, diquat, and diuron, the results of tests of these three 

herbicides on plantago will be presented. 

Use of Surfactants 

The inclusion of a surfactant in the spray mixture can increase 

the phytotoxicity of paraquat, diquat, and diuron to some plant species 

(9, 10, 27, 36, 40, 61, 88, 89, 103, 110, 118, 135). Surfactants can 

increase the phytotoxicity of these herbicides by increasing the water 

solubility of the herbicide and by providing better contact between the 

herbicide and the leaf surface (61, 88). Increased solubility and leaf 

contact can increase phytotoxicity by increasing the amount of a 

herbicide actually absorbed by the leaf (9, 10, 61, 88, 103). 

Each test in this report was repeated at least once without 

including X-77 surfactant in the spray mixture. Excluding X-77 from 

the treatments usually made no difference in the response of plantago 

to paraquat, diquat, and diuron. Unless otherwise indicated, the 

following discussion is limited to tests including X-77 in the spray 

mixture. 
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Tests  wi th  a  S ingle  Herbic ide  

Effects on Seedling Survival 

Paraquat usually reduced survival of plantago 1AZ 316' (Table 1) 

and 'AZ 329' (Table 2) seedlings at rates higher than 0.25%. 

The results with diquat were less consistent. In some tests 

rates of diquat higher than 0.125% caused reduction in the survival of 

seedlings of both plantago varieties. In other tests rates as high as 

0.25% diquat did not reduce seedling survival (Tables 3 and 4). 

Diuron did not greatly reduce the survival of seedlings of 

either variety at any of the rates tested (Tables 5 and 6). 

Effects on Seedling Height 

In some tests treatment with paraquat at rates of 0.25% or 

higher significantly reduced the height of 'AZ 316' and 'AZ 329' 

plantago seedlings. In all tests paraquat at rates of 0.5% or higher 

reduced seedling height (Tables 1 and 2). 

Diquat reduced the height of both varieties of plantago 

seedlings in most tests at rates higher than 0.125% (Tables 3 and 4). 

In the first trial of diquat on 'AZ 316' all treatments significantly 

reduced seedling height (Table 3). 

Diuron reduced the height of plantago 'AZ 316' seedlings in 

one trial. This reduction occurred at the highest rate of diuron tested 

(0.56 kg/ha) (Table 5). Diuron did not significantly reduce the height 

of 'AZ 329' seedlings at any of the rates tested (Table 6). 

Some burning of foliage was observed at all rates of paraquat, 

diquat, and diuron. Increases in degree of leaf burn with increasing 



Table  1 .  Response  o f  p lantago 'AZ 316'  seedl ings  to  paraquat .  

Response 
Treatment 

Root rating 
Paraquat Survival Height 10=normalB 

(% v/v) {% of check) (cm) 0=none 

Trial I: 

untreated check 100 11 a 8 a 

0.125 100 11 a 7 a 

0.25 88 7 b 4 a 

0.5 44 3 c 3 a 

0.75 38 3 c 4 a 

Trial II: 

untreated check 100 15 a 7 a 

0.125 100 14 a 7 a 

0.25 100 15 a 7 a 

0.5 100 11 b 5 a 

0.75 75 8 c 5 a 

aValues in a column v/ithin a trial followed by the same letter do not 
differ significantly. 

^Visual  evaluat ion at  bottom of  pot .  



Table  2 .  Response  o f  p lantago 1 AZ 329'  seedl ings  to  paraquat .  

Response 
Treatment 

Root rating 
Paraquat Survival Height 10=normal" 

(% v/v) {% of check) (cm) Onone 

Trial I: 

untreated check 100 8 a 8 a 

0.125 100 7 a 5 b 

0.25 100 8 a 4 be 

0.5 81 4 b 3 be 

0.75 88 4 b 2 c 

Trial II: 

untreated check 100 12 a 7 a 

0.125 100 12 a 7 a 

0.25 81 8 b 5 a 

0.5 69 3 c 7 a 

0.75 38 2 c 3 b 

aValues in a column within a trial followed by the same letter do not 
differ significantly. 

Visual  evaluat ion at  bottom of  pot .  



Table  3 .  Response  of  p lantago 'AZ 316'  seedl ings  to  diauat .  

Response 
Treatment 

Root rating 
Diquat Survival Height 10=normalk 
(% v/v) (% of check) (cm) Onone 

Trial I: 

untreated check 100 13 a 8 a 

0.125 88 8 b 6 ab 

0.25 50 4 c 4 b 

0.5 6 1 d 2 b 

0.75 13 1 d 5 ab 

Trial II: 

untreated check 100 13 a 9 a 

0.125 100 12 a 5 a 

0.25 100 9 b 5 a 

0.5 75 5 c 4 a 

0.75 56 4 c 4 a 

aValues in a column within a trial followed by the same letter do not 
differ significantly. 

^Visual  evaluat ion at  bottom of  pot .  



Table  4 .  Response  o f  p lantago 1 AZ 329'  seedl ings  to  diquat .  

Treatment 

Diquat 
{% v/v) 

Response 

Survival 
(% of check) 

Height 
(cm) 

Root ratina0 

10=normal° 
0=none 

Trial I: 

untreated check 

0.125 

0.25 

0.5 

0.75 

100 

100 

100 

44 

19 

10 a 

9 a 

6 b 

4 b 

1 c 

7 a 

5 ab 

3 be 

2 c 

2 c 

Trial II: 

untreated check 

0.125 

0.25 

0.5 

0.75 

100 

100 

69 

44 

25 

10 a 

10 a 

5 b 

2 c 

2 c 

10 a 

6 a 

6 a 

5 a 

7 a 

Values in a column within a trial followed by the same letter do not 
differ significantly. 

Visual  evaluat ion at  bottom of  pot .  



Table  5 .  Response  o f  p lantago 1 AZ 316'  seedl ings  to  diuron.  

Treatment 
Response 

Diuron 
(kg/ha) 

Survival 
(% of check) 

Height0 

(cm) 

Root rating 
10=normal° 

0=none 

Trial I: 

untreated check 

0.14 

0 . 2 8  

0.42 

0.56 

100 

100 

100 

100 

100 

14 a 

13 a 

13 a 

14 a 

12 a 

7 a 

6 a 

3 a 

2 a 

4 a 

Trial II: 

untreated check 

0.14 

0 . 2 8  

0.42 

0.56 

100 

100 

100 

94 

88 

10 a 

9 a 

9 ab 

9 ab 

8 b 

5 a 

3 a 

4 a 

3 a 

2 a 

Values in a column within a trial followed by the same letter do not 
differ significantly. 

^Visual evaluation at bottom of pot. 



Table  6 .  Response  of  p lantago 1 AZ 329'  seedl ings  to  diuron.  

Response 
Treatment 

Root rating3 

Diuron Survival Height3 10=normal& 
(kg/ha) (% of check) (cm) 0=none 

Trial I: 

untreated check 100 13 a 7 a 

0.14 100 13 a 5 a 

0.28 100 13 a 5 a 

0.42 100 13 a 7 a 

0.56 100 12 a 4 a 

Trial II: 

untreated check 100 11 a 8 a 

0.14 100 11 a 4 a 

0.28 100 10 a 4 a 

0.42 100 10 a 6 a 

0.56 100 10 a 5 a 

aValues in a column within a trial followed by the same letter do not 
differ significantly. 

^Visual  evaluat ion at  bottom of  pot .  
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rates of these herbicides contributed to the significant differences in 

seedling height observed in some tests. 

Effects on Root Development 

Paraquat did not reduce root development of plantago 'AZ 316' 

seedlings at any of the rates tested (Table 1). Paraquat reduced 

'AZ 329' root development at all rates in the first trial and at the 

highest rate only (0.75%) in the second trial (Table 2). 

Plantago 'AZ 316' root development was significantly reduced at 

two of the four rates of diquat tested (0.25% and 0.5%) in the first 

trial. Root development was not reduced at the highest rate of diquat 

(0.75%) in this trial. When this test was repeated (Trial II), no 

significant reduction of 'AZ 316' root development was observed with 

any of the diquat treatments (Table 3). All diquat treatments reduced 

root development of plantago 'AZ 329' seedlings in the first trial. In 

the second trial no significant reduction of 'AZ 329' root development 

was observed at any of the rates of diquat tested (Table 4). 

Treatment with diuron did not reduce root development of either 

plantago variety at any rate tested (Tables 5 and 6). 

Comparison of Effects on Varieties 

The two varieties of plantago in this report, 'AZ 316' and 

'AZ 329', were evaluated in separate tests. Although no conclusions 

can be drawn in comparing the results of these tests, the data have 

been combined in Tables 7 through 9 for the purpose of discussion. 

Values in these tables are averages of two trials. The combined data 

have not been statistically analyzed. 



Table 7 .  Comparison of  response of  plantago variet ies  'AZ 316'  and 'AZ 329'  to  paraquat.  

Response3 

Treatment 

Paraquat 
(% v/v) 

Survival 
(% of check) 

Height 
(cm) 

Root 
10= 

0= 

rating 
normal" 
none 

Treatment 

Paraquat 
(% v/v) 'AZ 316 'AZ 329' 'AZ 316 1 1 'AZ 329' 'AZ 316' 'AZ 329' 

untreated check 100 100 13 10 8 8 

0.125 100 100 12 10 7 6 

0.25 94 91 11 8 5 4 

0.5 72 75 7 3 4 5 

0.75 57 63 6 3 4 2 

aValues included in this  table  are averages of  two tr ials .  

^Visual  evaluation at  bottom of  pot .  



Table 8 .  Comparison of  response of  plantago variet ies  1AZ 316'  and 1AZ 329'  to  diquat.  

Response9 

Treatment 

Diquat 
(% v/v) 

Survival 
(% of check) 

Height 
(cm) 

Root 
10= 

0= 

rating 
normal" 
none 

Treatment 

Diquat 
(% v/v) 'AZ 316' AZ 329' 'AZ 316 1 1 'AZ 329' 'AZ 316' 'AZ 329' 

untreated check 100 100 13 10 9 9 

0.125 94 100 10 9 5 5 

0.25 75 35 6 6 4 5 

0.5 41 44 3 3 3 3 

0.75 35 22 2 2 5 4 

aValues included in this  table  are averages of  two tr ials .  

^Visual  evaluation at  bottom of  pot .  



Table 9 .  Comparison of  response of  plantago variet ies  'AZ 316'  and 'AZ 329'  to  diuron.  

Response3 

Root ratin 
Treatment Survival Height 10=normal 

{% of check) (cm) 0=none 
Diuron 
(kg/ha) 'AZ 316' 'AZ 329' 'AZ 316' 'AZ 329' 'AZ 316' 'AZ 329' 

untreated check 100 100 12 12 6 8 

0.14 100 100 11 12 4 4 

0.28 100 100 11 11 3 4 

0.42 97 100 11 11 2 6 

0.56 94 100 10 11 3 4 

aValues included in this  table  are averages of  two tr ials .  

^Visual  evaluation at  bottom of  pot .  
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With each herbicide tested, it appears that any noticeable 

reductions in percent survival, height, or root development begin at 

the same rate for both varieties. In general, symptoms appear in both 

varieties after treatment with 0.5% paraquat (reduction in root 

development at 0.25% paraquat) (Table 7) or 0.25% diquat (Table 8). 

Diuron did not appear to affect survival and height of either variety 

at any rate. Root development responses to diuron treatment were not 

consistent (Table 9). It is unlikely that either 1AZ 316' or 1AZ 329' 

could be selected as being the more tolerant to paraquat, diquat, or 

diuron. 

Comparison of Effects of Paraquat and Diquat 

Paraquat is more phytotoxic to most plants than diquat. When 

the tests presented in this report were begun, I expected that plantago 

seedlings would be more tolerant to treatment with diquat than treat

ment with paraquat. In fact, in all the tests included here, diquat 

appeared to injure seedlings more and at lower rates than paraquat. 

For example, diquat began to reduce 'AZ 316' survival at the 0.125% 

rate; paraquat began to reduce 'AZ 316' survival at the 0.25% rate. At 

the 0.5% rate, survival of plants treated with diquat was 41%, and 

survival of plants treated with paraquat was 72% (Table 10). 

Data from several tests have been combined in Tables 10 and 11 

to illustrate the comparison. As in the previous comparison of 

varieties, this discussion is of tendencies, not statistical differ

ences. The results of tests with paraquat or diquat suggest that 

plantago is more tolerant of treatment with paraquat than diquat. On 



Table 10.  Comparison of  response of  plantago 'AZ 316'  to  paraquat and diquat.  

Response9 

Treatment 

Herbicide rate 
(% v/v) 

Survival 
{% of check) 

Height 
(cm) 

Root rating 
10=normal" 

0=none 
Treatment 

Herbicide rate 
(% v/v) Paraquat Diquat Paraquat Diquat Paraquat Diquat 

untreated check 100 100 13 13 8 8 

0.125 100 94 12 10 7 5 

0.25 94 75 11 6 5 4 

0.5 72 41 7 3 4 5 

0.75 57 35 6 2 4 5 
a 

Values included in this  table  are averages of  two tr ials .  

^Visual  evaluation at  bottom of  pot .  



Table 11.  Comparison of  response of  plantago 'AZ 329'  to  paraquat and diquat.  

Response9 

Treatment 

Herbicide rate 
{% v/v) 

Survival 
(% of check) 

Height 
(cm) 

Root rating 
10=normal° 

o=none 
Treatment 

Herbicide rate 
{% v/v) Paraquat Diquat Paraquat Diquat Paraquat Diquat 

untreated check 100 100 10 10 7 8 

0.125 100 100 10 9 6 5 

0.25 91 85 8 6 4 5 

0.5 75 44 3 3 5 3 

0.75 63 22 3 1 2 4 

aValues included in this  table  are averages of  two tr ials .  

^Visual  evaluation at  bottom of  pot .  



50 

this basis, paraquat was selected for further tests in combination with 

diuron. 

Tests with Two Herbicides 

The following discussion is of tests combining paraquat and 

diuron. Separate tests were run for each of the plantago varieties 

('AZ 316' and 'AZ 329'). Separate tests were run with and without 

X-77 surfactant in the spray mixture. 

Paraquat and Diuron on Plantago 'AZ 316' 

The results of treatment of plantago 'AZ 316' with paraquat 

and/or diuron plus X-77 surfactant are presented in Table 12. The 

results of a similar test without surfactant are presented in Table 13. 

Treatments with diuron alone plus surfactant did not reduce 

survival of plantago 'AZ 316' seedlings. All treatments with paraquat 

(except the 0.25% rate of paraquat alone) slightly reduced seedling 

survival (Table 12). Excluding X-77 from the spray mixture increased 

survival of 'AZ 316' seedlings in all treatments including paraquat 

(compare Tables 12 and 13). 

Height of 'AZ 316' seedlings was not significantly reduced by 

any of the paraquat and/or diuron plus surfactant treatments (Table 12). 

Treatments with diuron alone without surfactant did not reduce the 

height of 'AZ 316' seedlings (Table 13). Treatments with paraquat alone 

without surfactant reduced the height of 'AZ 316' seedlings. Combina

tion treatments with the low rate of paraquat (0.25%) plus diuron 

without surfactant did not reduce seedling height. Combination 



Table 12. Response of plantago 'AZ 316' seedlings to paraquat and 
diuron with surfactant. 

Response 
Treatment3 

Paraquat Diuron Survival Height'5 
KOOT: rating 
10=normalc 

{% v/v) (kg/ha) (% of check) (cm) 0=none 

untreated check 100 14 a 8 a 

0 0.28 100 12 a 3 c 

0 0.42 100 12 a 3 c 

0.25 0 100 14 a 7 ab 

0.25 0.28 94 12 a 4 be 

0.25 0.42 81 10 a 4 be 

0.5 0 75 10 a 4 be 

0.5 0.28 81 9 a 5 be 

0.5 0.42 88 10 a 7 ab 

aAll treatments except untreated checks include 0.5% v/v X-77 
surfactant. 

^Values in a column followed by the same letter do not differ 
significantly. 

cVisual  evaluation at  bottom of  pot .  



Table 13. Response of plantago 'AZ 316' seedlings to paraquat and 
diuron without surfactant. 

Response 
Treatment 

Paraquat Diuron Survival Height3 
koot: rating 
10=normal 

(% v/v) (kg/ha) {% of check) (cm) 0=none 

untreated check 100 15 ab 7 a 

0 0.28 100 16 a 9 a 

0 0.42 . 100 16 a 5 a 

0.25 0 100 13 c 5 a 

0.25 0.28 100 14 be 5 a 

0.25 0.42 100 14 be 3 a 

0.5 0 100 8 de 4 a 

0.5 0.28 88 6 e 3 a 

0.5 0.42 100 10 d 5 a 

aValues in a column followed by the same letter do not differ 
significantly. 

^Visual evaluation at bottom of pot. 



treatments at the high rate of paraquat (0.5%) without surfactant 

significantly reduced seedling height. 

When X-77 surfactant was included in the spray mixture, root 

development of 'AZ 316' seedlings was reduced by all treatments except 

two. The two treatments which did not affect root development were 

paraquat alone at 0.25% and the treatment combining the highest rate 

of paraquat (0.5%) with the highest rate of diuron (0.42 kg/ha) 

(Table 12). When X-77 was excluded from the spray mixture, root 

development was not affected by any of the herbicide treatments 

(Table 13). 

Paraquat and Diuron on Plantago 'AZ 329' 

The results of treatment of 'AZ 329' seedlings with paraquat 

and/or diuron plus X-77 surfactant are presented in Table 14. The 

results of a similar test without surfactant are presented in Table 15 

Treatment of plantago 'AZ 329' seedlings with paraquat and/or 

diuron plus surfactant did not reduce survival (Table 14). When 

surfactant was not included in the spray mixture, survival was reduced 

in one treatment (0.5% paraquat plus 0.28 kg/ha diuron) (Table 15). 

Height of 'AZ 329' seedlings was not reduced by treatments 

(including surfactant) with diuron alone, paraquat alone, or paraquat 

at the lower rate (0.25%) plus diuron. Treatment of plantago 'AZ 329' 

with the higher rate of paraquat (0.5%) plus diuron plus X-77 signifi

cantly reduced seedling height (Table 14). Treatments with diuron 

alone without surfactant did not reduce 'AZ 329' seedling height 

(Table 15). All paraquat treatments (alone or in combination with 



Table 14. Response of plantago 'AZ 329' seedlings to paraquat and 
diuron with surfactant. 

Response 
Treatment p-

, Root rating 
Paraquat Diuron Survival Height 10=normalc 

(% v/v) (kg/ha) (% of check) (cm) 0=none 

untreated check 100 14 a 10 a 

0 0.28 100 14 ab 6 bed 

0 0.42 100 14 ab 4 d 

0.25 0 100 14 ab 8 ab 

0.25 0.28 100 14 ab 4 cd 

0.25 0.42 94 13 ab 5 bed 

0.5 0 100 14 ab 7 be 

0.5 0.28 100 11 c 6 bed 

0.5 0.42 100 12 be 6 bed 

aAl1 treatments except untreated checks include 0.5% v/v X-77 
surfactant. 

^Values in a column followed by the same letter do not differ 
significantly. 

cVisual  evaluation at  bottom of  pot .  



Table 15. Response of plantago 1AZ 329' seedlings to paraquat and 
diuron without surfactant. 

Response 
Treatment 

Root rating 
Paraquat Diuron Survival Height 10=normal" 
(% v/v) (kg/ha) (% of check) (cm) 0=none 

untreated check 100 15 a 6 a 

0 0.28 100 14 ab 6 a 

0 0.42 100 13 abc 6 a 

0.25 0 100 11 bcde 9 a 

0.25 0.28 100 12 abc 8 a 

0.25 0.42 100 11 bed 5 a 

0.5 0 100 8 de 6 a 

0.5 0.28 75 8 e 6 a 

0.5 0.42 94 10 cde 5 a 

aValues in a column followed by the same letter do not differ 
significantly. 

^Visual evaluation at bottom of pot. 



diuron) without surfactant reduced 'AZ 329' seedling height except the 

treatment combining the lower rate of paraquat (0.25%) and the lower 

rate of diuron (0.28 kg/ha). 

Root development of plantago 'AZ 329' seedlings was reduced by 

all paraquat and/or diuron plus surfactant treatments (Table 14). 

None of the herbicide treatments reduced 'AZ 329' root development when 

X-77 was excluded from the spray mixture (Table 15). 

One consistent trend is observed in comparing the results of 

the test of combinations of paraquat and diuron with X-77 surfactant to 

results of a similar test without surfactant. Apparently root develop

ment of 'AZ 329' seedlings may not be reduced by these herbicide 

treatments if X-77 is not included in the treatments. A closer 

examination of the effects of including surfactants in treatments on 

plantago could be an interesting subject for future research. 

Possible Antagonism of Paraquat and Diuron 

Many researchers have reported that photosynthesis inhibitors 

(such as diuron, monuron [3-(j>-chlorophenyl)-l,1-dimethylurea], 

and simazine [2-chloro-4,6-bis(ethylamino)-s-triazine]) can decrease 

or delay the phytotoxic symptoms of paraquat and diquat (47, 57, 

90, 144, 146). This reduction in phytotoxicity may be the result 

of inhibition of the rate at which paraquat and diquat form free 

radicals in the presence of photosynthesis inhibitors (144). 

Another explanation of this phenomenon could be the chemical reaction 

in the plant of active free radicals with other herbicides (such as 

diuron) to form non-phytotoxic compounds (47). Paraquat and diquat may 



also be inactivated to some extent by being "tied up" on clay colloids 

present in wettable powder herbicides such as diuron. 

Other researchers have reported additive or synergistic effects 

on phytotoxic symptoms when diquat or paraquat have been applied 

simultaneously or in sequence with herbicides such as monuron, diuron, 

or simazine (45, 102, 131, 141). Increased cell permeability and 

increased plant uptake of herbicides may be responsible for increases 

in phytotoxicity in these combination treatments (102), 

The results of the tests of combinations of paraquat and diuron 

presented in this report (Tables 12 to 15) suggest a possible antagonism 

between the actions of these herbicides on plantago. Although differ

ences observed were not always statistically significant, a general 

trend appears which may indicate the value of further research. In 

treatments combining diuron with the higher rate of paraquat (0.5%), 

survival and height of plantago seedlings were higher at the higher 

(0.42 kg/ha) rate of diuron than at the lower (0.28 kg/ha) rate. 

Use of Paraquat and Diuron in Herbicide 
Programs for Plantago in Arizona 

The results of these greenhouse tests suggest that herbicide 

programs including the use of paraquat and diuron may be effective for 

weed control in plantago in Arizona. It appears that plantago may 

tolerate rates of paraquat up to 0.5% and diuron up to 0.56 kg/ha when 

either of these herbicides is applied alone. 

Diquat is more injurious to plantago than paraquat, but could 

possibly be used (at lower rates than paraquat) to replace paraquat, 

depending on its ability to control the weeds in a given location. 
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On the basis of survival, plantago seedlings satisfactorily 

tolerated all greenhouse combination tests with paraquat and diuron up 

to the highest rates tested. Survival would be the main criterion for 

deciding the value of testing these herbicides in a field situation. 

Field plot research with paraquat and/or diuron has been 

conducted in Arizona over the last 3 years. Results indicate that 

plantago is very tolerant of paraquat at rates up to and including 

0.5%. In some locations, and certain years, plantago stands were 

reduced by use of diuron at 0.56 kg/ha due to light soils and/or 

abnormally high rainfall. 

Future research in determining an effective weed control 

program for plantago in Arizona may include screening of herbicides: 

(a) to find a soil-active broadleaf herbicide which is safe for use in 

plantago regardless of soil type and rainfall and (b) to find a contact 

herbicide which would be "safer" in the mind of the public than 

paraquat. 



SUMMARY 

Tolerance of Plantago ovata Forsk. to three herbicides was 

studied in greenhouse tests. Herbicides were applied over-the-top of 

plantago seedlings. Plantago response to herbicide treatments was 

evaluated on the basis of seedling survival, height, and root develop

ment. Two varieties of plantago were tested, 1AZ 316' and 1AZ 329'. 

Paraquat, diquat, and diuron were applied at various rates. 

Paraquat and diquat were applied in separate tests at rates of 0, 0.125, 

0.25, 0.5, and 0.75% v/v. Diuron was applied at rates of 0, 0.14, 

0.28, 0.42, or 0.56 kg/ha. Combination tests were run with paraquat 

at 0, 0.25, or 0.5% v/v and/or diuron at 0, 0.28, or 0.42 kg/ha. 

Combination treatments were applied as a tank mix. All herbicides were 

applied in 380 liters per hectare of water. Each test in this study 

was run at least once with the addition of X-77 surfactant to the spray 

mixture and once without added surfactant. 

In tests with single herbicides, plantago tolerated up to 

0.5% paraquat, 0.25% diquat, and 0.56 kg/ha of diuron (the highest 

rate of diuron tested). In tests combining paraquat and diuron 

plantago tolerated the highest rates applied (0.5% paraquat plus 0.42 

kg/ha diuron). Survival was less affected than seedling height or root 

development by herbicide treatments. 

No consistent differences were observed in comparing the 

response of the two plantago varieties. Excluding X-77 surfactant from 

the spray mixture made no consistent difference in results. 
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