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ABSTRACT 

Haloxyfop-methyl 2-[4-[[3-chloro-5-(trifluoromethyl)-

2-pyridinyl]oxy]phenoxy]propanoate, fluazifop-butyl (±)-2-

[4-[[5-(trifluoromethyl)-2-pyridinyl]oxy]phenoxy]propanoate, 

and sethoxydim 2-[1-(ethoxyimino)butyl]-5-[2-(ethylthio) 

propyl]-3-hydroxy-2-cyclohexen-l-one modified chloroplast 

pigment, growth, anatomy, and ultrastructure of pre- and 

postemergent-treated wheat (Triticum aestivum 'Pavon 76') 

seedlings. Seedlings were grown under 16 h photoperiod (105 

p E/M2 IS) at 32/24 C day/night temperature. Pigment, growth 

and anatomical studies were made on pre- and postemergent-

treated seedlings. Postemergent treatments were applied to 

6-day-old seedlings. 

Carotenoid levels were reduced by 90 to 94% in 

preemergent-treated seedlings at 5 x 10- 5 M for each 

herbicide. Postemergent application of 10- 3 M haloxyfop-

methyl and sethoxydim caused a reduction of 11 and 15% in 

carotenoid concentration than the control, respectively. 

Also, they produced a significant reduction in chlorophyll ~ 

and total chlorophyll concentration. Preemergent treatment 

with 5 x 10- 6 M of each herbicide caused a reduction of 78 

to 91% in leaf fresh weight and 72 to 84% reduction in root 

xi 
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dry weight as compared to the control. Height of the 

seedlings was reduced by 79 to 86% of the control. 

Postemergent treatments with 10-3 M of each herbicide 

reduced the length of the second leaf by 98%, whereas length 

of the first leaf was reduced by 36% following 

haloxyfop-methyl treatment and 45% following fluazifop-butyl 

or sethoxydim treatments. Fresh weight of leaf tissue 

treated with 10- 3 M of each herbicide was reduced by 40%. 

Preemergent treatment of the seedlings with 3 x 10- 6 

and 5 x 10- 6 M haloxyfop-methyl or with 5 x 10- 6 M 

fluazifop-butyl or sethoxydim caused 35 to 50% enlargement 

of mesophyll cells as compared to the control. These cells 

appeared to contain less cytoplasm. Postemergent applica-

tion of 10- 3 M of each herbicide caused swelling of 

mesophyll cells. Ultrastructural studies showed that 

plastids of seedlings germinated in 5 x M of each 

herbicide were disrupted, swollen, and lacked internal 

thylakoids but contained masses of plastoglobuli. 

The chloroplasts of postemergent-treated seedlings 

had fewer granal and intergranal thylakoids, but the injury 

to plastids was less severe than in preemergent treatments. 



INTRODUCTION 

Herbicides are used in agriculture to suppress the 

growth and development of weed species. Weeds decrease both 

the quality and yield of crop plants by competing for light, 

nutrients, and \~ater required for plant growth. \veeds may 

also produce allelopathic chemicals which interfere with 

crop development. In the United States, agricultural losses 

due to weeds are estimated to be 12 billion dollars 

annually. 

Efficient herbicides exhibit rapid absorption into 

plant tissue, ra pi d translocation within a plant, and 

selectivity toward various plant species. Selectivity of an 

herbicide is determined by the rate of penetration of 

herbicides into the plant, movement of the herbicide within 

the plant and/or the metabolism of the herbicide by the 

plant. 

Studies of the mechanism of action are useful in 

agriculture. The knowledge about the primary effect of an 

herbicide may be used to develop new herbicides which are 

highly selective for sped fic weed species and which cause 

minimal injury to crop plants. 

1 
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In general, herbicides cause injury and death of 

plants by several different mechanisms as revealed by 

studies of the mechanism of action of herbicides. 

One group of herbicides acts by overtaxing or 

inhibiting certain biochemical protective mechanisms which 

prevent the formation of excess excitation energy, free 

radicals, and toxic oxygen species. Most of the herbicides 

of this type inhibit the photosynthetic electron transport 

chain leading to cessation of photosynthesis and secondarily 

to destruction of chloroplast thylakoids. Some examples of 

this group are the photosynthetic inhibitor herbicides such 

as ureas, triazines, and few p-nitrodiphenylethers. 

Another group of herbicides, such as the 

bipyridylium salts paraquat and diquat, are able to undergo 

reversible reduction and reoxidation reactions. They can 

accept electrons at the reducing side of photosystem I. 

Reduction of the herbicide molecules produces a stable 

radical that transfers its electron to molecular oxygen. 

Molecular 

phytotoxi c 

oxygen is 

activated 

converted to 

oxygen species 

highly reactive and 

that may initiate 

breakdown of membrane components and concurrent breakdown of 

carotenes, chlorophyll, and electron transport components. 

A third group of herbicides, particularly the phenyl

pyriadazinones, damage chloroplasts and act by inhibiting 

carotenoid synthesis. Carotenoids protect the chlorophyll 
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against photooxidation damage by quenching singlet oxygen 

generated during photosynthesis. They may also quench the 

chlorophyll in its triplet state. The consequent reduction 

of carotenoids leads to photooxidation of chlorophyll and 

subsequent peroxidation of the membrane components of the 

singlet oxygen. 

A different 

p-nitrodiphenylethers 

group of herbicides represented by 

is activated by carotenoids. 

Carotenoids absorb light energy that activates the herbicide 

and generates active radicals which subsequently initiate 

the peroxidation of membrane polyunsaturated fatty acids and 

destroy the membrane components. 

Another group of herbicides, for example trifluralin 

and propham, interfere with synthesis or function of 

microtubular subunits which are responsible for the orienta

tion and movement of chromosomes during mitosis. 

N-phenylcarbamates such as chlorpropham suppress ce 11 

division by modifying DNA properties, affecting spindle 

formation, or inhibiting cell wall formation. These 

symptoms eventually 1 ea d to arrest of growth and 

development. 

Another group of herbicides, for instance, thiocarba

mates and substituted pyridazinones, interfere and alter 

membrane lipid composition, resulting in swelling of the 

intergranal and granal thylakoids and a general 



4 

disorganization of the membrane system. This is usually 

followed by an increase in membrane permeability. They 

appear to have a direct effect on lipid metabolism. 

A unique herbicide group is glyphosate and 

glyphosine. These herbicides appear to act by inhibiting an 

enzyme (5-enolpyruvylshikimate-3-phosphate synthase) of the 

shikimic acid pathway. This pathway leads to the formation 

of amino acids and plant secondary products. Depletion of 

amino acids reduces protein synthesis, leading eventually to 

cellular disruption and death. 

Another group of herbicides is the auxin-like 

herbicides, e.g., 2,4-D and dicamba. Herbicides belonging 

to this group interfere with the growth and development of 

plants. Despite the earliest discovery of this group, their 

mechanism of action is yet to be elucidated. 

A new group of herbicides recently developed for 

commercial uses are the diphenylethers. They were first 

used to control weeds in rice fields in Japan. However, 

their use has been expanded to control weeds in many other 

crop species. Foliar application of the diphenylether 

herbicides induces chlorosis and necrosis in young 

developing plant 

logged, resulting 

the mechanism of 

tissues, and the tissue appears water 

from membrane 

action of 

modifications. 

many of the 

Currently, 

diphenylether 

herbicides is under investigation. Two different modes of 



action have 

carotenoid, 

been proposed: 

is called the light 

5 

one, requiring light and 

activation mode, whereas the 

second mode requires no light or carotenoids for activation. 

These herbicides initiate a series of biochemical events 

which leads to peroxidation of lipids and degradation of the 

cell's membranes. Ultrastructural studies of the treated 

plants showed massive cellular and membrane damage, 

resulting in swollen etioplasts and chloroplasts. 

The objective of this research was to investigate 

the mechanism of action of two new diphenylether herbicides, 

haloxyfop-methyl, 2-[4-[[3-chloro-S-(trifluoromethyl)-2-

pyridinyl]oxy]phenoxy]propanoate; fluazifop-butyl (±)-2-[4 

[[S-(trifluoromethyl)-2-pyridinyl]oxy]phenoxy] propanoate; 

and sethoxydim 2-[I-(ethoxyimino)butyl]-S-[2-(ethylthio) 

propyl]-3-hydroxy-2-cyclohexen-l-one. Techniques used in 

this research include growth measurements, pigment analyses, 

and light and electron microscope examinations of herbicide 

treated and untreated wheat seedlings. 



REVIEW OF LITERATURE 

Diphenylether Herbicides 

Structure vs. Activity 

Diphenylether herbicides are currently used for the 

control of weed grasses in several dicotyledonous crops; 

however, their mechanism of action is not fully understood. 

Diphenylether herbicides contain diphenylether bridges and 

different types of substituents on each ring. A specific 

group of diphenylether herbicides having ortho-substituents 

require light for herbicide activity, whereas other diphenyl

ether herbicides having meta-substituents do not require 

light and are active in either the dark or light (Matsunaka, 

1969). 

Relationships between the chemical structure and 

herbicidal activity of a group of nitrodiphenylether herbi

cides such as oxyfluorfen, bifenox, and aCifluorfen-methyl 

were investigated by Lambert, Sandmann, and Boger (1983). 

Herbicides with a p-nitro substituent on one of the phenyl 

ring and one or two chloro substituents on the other ring 

inhibited photosynthetic electron transport chain in 

isolated spinach (Spinacia oleracea) chloroplasts, whereas 

the addition of substituents such as -OCIl
3

, -OC
2

H
S

' -NHC
2

H
S

' 

6 
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or -COOCH3 and -CONHCH 3 to the ring adjacent to the p-nitro 

group induced extensive membrane damage in the treated 

chloroplast. Substitution of a chlorine atom on one of the 

rings of bifenox with a trifluoromethyl group formed the 

herbicide acifluorfen-methyl. 

Orr and Hess (1981) investigated the action of 

acifluorfen-methyl herbicide on membranes of cucumber 

(Cucumis sativus) cotyledons by monitoring the efflux of 

86 Rb + from the tissue. This herbicide increased the leakage 

f 86Rb+ 0 Of ° 1 0 dO 0 b o slgn1 1cant y, 1n lcatlng a severe mem rane damage 

in the tissue. The efflux of 86 Rb + from the treated tissue 

was delayed for 2 to 3 h before leakage began because the 

treated cucumber cotyledons may have the ability to quench 

some of the first free radicals formed. However, as more of 

the acifluorfen-methyl was absorbed, the concentration of 

the herbicide increased within the tissue resulting in the 

plant protective mechanism becoming inoperative and leading 

to a massive membrane damage and efflux of the 86 Rb +. 

86 + 
Leakage of Rb and membrane damage decreased when the side 

group of aCifluorfen-methyl in the 3' position of the ring 

was changed from a methyl ester to an ethyl ether. 

Influence of Light on 
Herbicidal Activity 

Both the intensity and qualjty of light affects the 

herbicidal activity of some diphenylether herbicides. 
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Vanstone and Stobbe (1979) and Kunert (1984) demonstrated 

that light was required for the herbicide oxyfluorfen to 

damage the membrane of buckwheat (Fagopyrum esculentum) and 

mustard (Sinapis alba). When the intensity of light was 

increased, a more severe membrane damage occurred in the 

. 2 2 
treated buckwheat tissue at 6000 ~W/cm than at 500 ~W/cm . 

Membrane damage was determined by permeability changes of 

the membrane. Alscher and Strick (1984) and Orr, Elliott 

and Hogan (1983) confirmed these findings ",ith other 

diphenylether herbicides such as acifluorfen, oxyfluorfen, 

and acifluorfen-methyl in spinach and cucumber. The 

application of oxyfluorfen herbicide to spinach leaf discs 

in the presence of light completely inhibited CO
2
-dependent 

evolution; however, under dark preincubation no 

inhibition was observed (Alscher and Strick, 1984). 

The quality of light also affected the response of 

plants to the various diphenylether herbicides. Both red 

and white light inhi bited photosynthesis in isolated intact 

chloroplasts treated with acifluorfen, oxyfluorfen, and 

aCifluorfen-methyl, whereas only white light inhibited 

photosynthesis of whole cucumber cotyledons treated with 

acifluorfen. This observation led Alscher and Strick (1984) 

to propose that tHO photoreceptors Here required for the 

diphenylether herbicide action. One receptor site may be 

located on the chloroplast envelope and the second site 
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outside the chloroplast. Kunert (1984) emphasized that 

light-induced herbicidal activity could 

antioxidants found in some plant species. 

Effect of Diphenylethers 
on Photosynthesis 

The inhibitory action of the 

be modified by 

diphenylether 

herbicides on photosynthesis (C0 2 fixation, or O2 evolution) 

and photosynthetic electron transport chain appears to be 

indirect. These herbicides appeared to damage the 

chloroplast membrane first, resulting in the inhibition of 

photosynthesis. Pritchard, Warren and Dilley (1980) 

reported that oxyfluorfen at herbicidal rates did not 

inhibit the electron transport chain of isolated spinach 

chloroplasts and did not require the electron chain for its 

activation. Ho\~ever, rapid membrane damage was observed 

when green bean (Phaseolus vulgaris) leaf discs were treated 

with oxyfluorfen in the presence of light. Orr and Hess 

(1982a) observed that actifluorfen-methyl increased efflux 

of 86 Rb + from green and etiolated cucumber cotyledons in the 

presence of inhibitors of photosynthetic electron transport. 

Ridley (1983) found that the herbicides fomesafen and 

nitrofluorfen did not inhibit photosynthetic electron 

transport chain or energy transfer in pea (Pisum sativum) 

chloroplasts but stimulated the production of superoxide 

radicals. Oxyfluorfen severely injured buckwheat tissue but 
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photosynthesis was not inhibited until after membrane 

integrity was disrupted (Vanstone and Stobbe, 1979). In 

contrast, Bugg et al. (1980) reported that nitrofluorfen and 

HOE 29152 (methyl-2[4-(4-trifluormethoxy)phenoxy]propanoate) 

inhi bi ted the electron transport in treated spinach 

chloroplasts, but neither photosystem I nor photosystem II 

activity was inhibited. They concluded that the site of 

inhibition of the photosynthetic 

the two photosystems in the 

electron chain was between 

plastoquinone-cytochrone f 

region. 

thesis 

Alscher and Strick (1984) observed that photosyn-

of isolated spinach and pea chloroplasts was 

inhibited by treatments of oxyfluorfen and acifluorfen and 

their inactive isomeric analogs. The analogs, however, did 

not inhibit photosynthesis when spinach leaf discs were 

used. 

In general, most investigators who have studied the 

mode of action of the diphenylether herbicides hypothesize 

that these herbicides act by disrupting cellular membranes, 

resulting in increased leakage and inhibition of 

photosynthesis (Pritchard et a1., 1980; Kunert, 1984; Gorske 

and Hopen, 1978; Orr and Hess, 1981 and 1982a; and 

Prendeville and Warren, 1977). 



Influence of Diphenylethers 
on Membranes 
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Kunert (1984) found that treatment of mustard seed-

lings with oxyfluorfen produced ethane when the seedlings 

we r e e x p 0 sed to li g h tin ten sit Y 0 f 390 \v / M 2 and e thy 1 e n e 

when grown under low light intensity of 14 W/M2. Ethane is 

a product of the peroxidation of cellular membrane 

components. Acifluorfen-methyl and oxyfluorfen induced 

membrane damage, resulting in a significant efflux of 86 Rb + 

and electrolytes from treated cucumber cotyledons and 

primary leaves of bean plants, respectively (Orr and Hess, 

1982a; and Prendeville and Warren, 1977). Oxyfluorfen and 

nitrogen also caused membrane damage in common purslane 

(Portulaca oleracea) and bean plant leaves, resulting in 

disruption of the osmotic gradient across guard and 

auxilIary cells and producing necrotic regions in the leaf 

tissue (Prendeville and Warren, 1977; and Gorske and Hopen, 

1978). 

Absorption, Translocation, and Metabolism 
of Diphenylether Herbicides 

Major factors which determine the effectiveness of 

an herbicide are: rapid absorption of an herbicide into the 

leaf or plant, translocation of herbicide to target areas of 

the plant, and metabolism of the herbicide into nontoxic 

products. The efficacy of an herbicide also depends on the 

growth stage of the plant when the herbicide is applied, and 
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depends on the environment under which plants are grown 

(Kells, Meggitt and Penner, 1984; and Wills, 1984). 

Absorption of the herbicide by the plant is the 

initial step involved in herbicidal activity. Orr, Bowman 

and Kugrens (1984) speculated that the development of 

tolerance to acifluorfen-methyl by cucumber cotyledons may 

be attributed, at least in part, to reduced absorption of 

this herbicide. 

Th 1 · f 1 l4C '" d . h' e trans ocatlon 0 severa -gramInIcI es WIt In 

quackgrass (Agropyron repens) was described by Harker and 

Dekker (1983) and Kells et al. (1984). Harker and Dekker 

(1983) applied 14C-sethoxydim, l4C-fluazifop-butyl, 

14 14 
C-haloxyfop-methyl, or C-sucrose to the newest, fully 

expanded leaf of the largest quackgrass shoot propagated 

from a six-node rhizome segment. They observed no signifi-

cant accumulation of 14C ... d -gram1.nIC1. es in the roots, whereas 

a significant amount of 
14 

C-sucrose was translocated to the 

roots. Radioautographs of l4C-fluazifop-butyl application 

to either the center of the uppermost fully expanded 

quackgrass leaf or to the central leaflet of the first 

trifoliate leaf of soybean (Glycine max) plants, showed that 

the l4C-herbicide translocated basipetally and accumulated 

in the above-ground meristematic regions of both species 6 h 

after treatment (Kells et al., 1984). They believed that 

the translocation of l4C-fluazifop-butyl was improved by 
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factors promoting photosynthetic movement. Harker and 

Dekker (1983) observed that the translocation pattern of 

14 14 
C-sucrose and C-haloxyfop-methyl in quackgrass was more 

s i mil art han the t ran s 1 0 cat ion pat t e.r n 

l4C-fluazifop-butyl or 14C-sethoxydim. 

of 
14 

C-sucrose and 

They concluded that 

haloxyfop-methyl would be more effective than sethoxydim or 

fluazifop-butyl in preventing bud regrowth from basipetal 

rhizome nodes because haloxyfop-methyl would move along with 

the sucrose toward bud sink. 

The ability of the plant to metabolize herbicides 

into nontoxic products may provide one mechanism of 

resistance and provide a basis for selectivity. Diclofop-

methyl is highly selective for wild oats (Avena fatua) but 

not wheat (Triticum aestivum), even though the absorption 

and translocation pattern of the herbicide were identical in 

both species. Brezeanu, Davis and Shimabukuro (1976) 

attributed the differences in selectivity of wheat and wild 

oa ts to diclofop-methyl to the greater metabolism and 

detoxification of the diclofop-methyl 

Burnside and Swisher (1983) found that 

by wheat. Buhler, 

14 
C-haloxyfop-methyl 

was rapidly absorbed, translocated to meristematic area and 

met abo 1 i zed by soy b e an, s hat t e rca n e ( So r g h 1I m _b i color) and 

yellow foxtail (Setaria lutescens) plants. A Significant 

amount of the l4C-herbicide in culture of soybean cells 

remained as haloxyfop-methyl, whereas most of the in 
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yellow foxtail was converted to haloxyfop toxic product. 

Frear, Swanson and Mansager (1983) reported that soybean 

leaf tissue metabolized acifluorfen to soluble products by 

rapidly cleaving the diphenylether bond of the herbicide. 

Swisher and Corbin (1982) found that soybean and 

johnsongrass (Sorghum halepense) metabolized sethoxydim in a 

similar manner, but soybean metabolized it to a nontoxic 

product at a faster rate. The susceptibility of johnson-

grass appeared to be related to a reduced ability of the 

plant to metabolize sethoxydim to a nontoxic product. 

Morphological Alterations Induced 
by Herbicides 

Several diphenylether herbicides were reported to 

induce morphological and ultrastructural alterations in many 

plant species. Light microscopic examination of common 

purslane leaf 12 h after treatment with 0.56 kg/ha nitrofen 

showed collapsed epidermal and hypodermal cells with no 

plastids in the bundle sheath cells (Gorske and Hopen, 

1978). Examination of longitudinal sections of common 

purslane leaf revealed separation and cellular disruption of 

the parenchyma and vascular cells of the abscission zone 12 

h after treatment at rates of 0.56 kg/ha nitrofen. Swisher 

and Corbin (1982) found that the apical cells and leaf 

primordia located at the base of developing leaves of 

johnsongrass had collapsed following treatment with 
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sethoxydim. The entire apical region and expanding leaves 

had degenerated 5 days following treatment. Mature leaves 

of treated johnsongrass plants appeared uninjured. Light 

microscopic examination of the meristematic region of root 

tips of sethoxydim-treated johnsongrass showed no evidence 

of cell division or distinct vascular cylinder 1 day after 

treatment. Swisher and Corbin (1982) suggested that 

sethoxydim may be affecting areas of high metabolic activity 

within meristematic regions of susceptible species. These 

regions appeared more sensitive to sethoxydim than cells of 

differentiated mature tissue. 

Cytological studies of maize (Zea ~) roots by 

Asare-Boamah and Fletcher (1983) indicated that sethoxydim 

interfered with mitosis. Sethoxydim prevented cell-plate 

and -wall formation between divided nuclei in root tip 

cells, resulting in binucleate cells. Also, the effects of 

sethoxydim on root tips of maize grown in hydroponic culture 

were described by Hosaka et al. (1984). Sethoxydim did not 

block mitosis at 

sections showed 

any 

that 

special stage; however, root 

cells were highly vacuolated 

tip 

and 

binucleated. The nucleus was densely stained and had an 

Hosaka et al. (1984) concluded abnormal nuclear membrane. 

that sethoxydim injured the meristems and disrupted normal 

growth and development of the meristematic tissue of 

susceptible species. 
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In addition to interference with cell division, 

sethoxydim also 

barley (Hordeum 

influenced the chloroplast development in 

vulgare) seedlings. Lichtenthaler (1984) 

noticed that sethoxydim blocked all stages of the normal 

biogenesis and differentiation of chloroplasts of barley 

leaves. Chloroplasts which developed in trpated barley 

leaves had a "sun-type" morphology. Sun-type chloroplasts 

had a lower degree of thylakoid stacking and frequency, a 

lower average granum width, and lower ratios of stacked to 

unstacked photosynthetic membranes. In a second paper, 

Lichtenthaler and Meier (1984) observed no ultrastructural 

difference in mitochondria from either treated or untreated 

plants. 

Electron microscopic observations of cucumber 

cotyledons treated with acifluorfen-methyl under light 

intensity of 600 WE/M2 showed severe structural damage in 

the chloroplast 

(Orr and Hess, 

envelope, plasma membrane, and tonoplast 

1982a). Etioplasts from cucumber cotyledons 

treated with acifluorfen-methyl failed to develop into 

chloroplasts following light exposure. Chloroplasts from 

wheat and wild oat seedlings were affected more than the 

other cellular organelles 

(Brezeanu et al., 1976). 

by diclofop-methyl treatments 

They reported that during the 

final stages of chloroplast disintegration in wheat and wild 

oats, the chloroplast envelope burst, releasing contents 
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into the cytoplasm. The mitochondria, microbodies, and 

nucleus appeared comparatively uninjured in many cells 

following microfop-methyl treatments. The damage of the 

membrane structure in both the apex and middle regions of 

the leaf suggest that diclofop-methyl affected preexisting 

as well as developing membranes. The alterations of 

membranes in the cells of the basal region of the leaf 

suggest an abnormal formation of the cellular membranes. 

Chloroplast Pigments and 
Herbicide Interactions 

Numerous chemical compounds are known to ca use 

chloroplast pigments bleaching. Bleaching damage is not an 

unusual consequence of many herbicidal action. In ma n y 

instances, the destruction of chloroplast pigments is consid-

ered as the primary mode of action of herbicides, whereas 

other times it is regarded as secondary in nature. 

Previously, Ma t s un a ka (1969) noticed that the 

dominant yellow pigments in a yellow mutant of rice (Oriza 

sativa) were xanthophylls. These pigments, rather than 

chlorophyll, appear to play an important role in the photoac-

tivation of ortho-substituted diphenylether herbicides by 

acting as acceptors of light energy. Prendeville and Warren 

(1977) and Orr and Hess (1982a) believed that chlorophyll is 

not required to activate oxyfluorfen or acifluorfen-methyl, 

respectively. 
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Scenedesmus acutus, a microalgae, has been utilized 

to study the effect of diphenylether herbicides on 

chloroplast pigments (Kunert and Boger, 1981; Sandmann and 

Boger, 1983; and Lambert and Boger, 1983). Oxyfluorfen 

destroyed carotenoids and chlorophylls of the microalgae, 

Scendesmus acutus, with the subsequent production of ethane 

and inhibition of photosynthetic oxygen evolution. Oxyfluor-

fen at one ~M reduced the chlorophyll and carotenoid content 

of Scenedesmus by 90 and 95% within 24 h, respectively. 

Orr and Hess (1982a) demonstrated that injury 

induced by aCifluorfen-methyl in cucumber seedlings could be 

prevented by pretreatment of tissue with fluoridone, an 

inhibitor of carotenoid biosynthesis or with application of 

high levels of d-tocopherol to the tissue, a kn 0 \"n in v i v 0 - ---

scavenger of lipophilic-free radicals. Vanstone and Stobbe 

(1979) reported that treatment of buckwheat with oxyfluorfen 

and wavelength of 565 to 615 nm irradiance caused the 

greatest injury to the leaves, suggesting the involvement of 

a specific pigment with its absorption spectrum in this 

region. Vanstone and Stobble (1979) re por te,d tha t a 

xanthophyll-protein complex in the membrane absorbing in the 

565 to 615 nm region could activate the herbicide 

oxyfluorfen. 

Visual symptoms of injury of sethoxydim-treated corn 

seedlings was a purple-colored plant, apparently due to 
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accumulation of anthocyanins and reduction in chlorophyll 

levels in the leaves (Asare-Boamah and Fletcher, 1983). The 

application of high rates of sethoxydim to green corn plants 

did not cause bleaching of the mature leaves, probably 

because they did not differentiate after herbicidal 

treatment. 

Changes in pigment levels of corn plants treated 

with sethoxydim were reported by Asare-Boamah and Fletcher 

(1983), and Lichtenthaler (1984). Dosages of 125 glha or 

higher completely blocked the accumulation of chlorophyll 

and carotenoid in light-grown plants. Reduction in 

chlorophyll levels was attributed to chloroplast damage and 

inhibition of carotenoid synthesis with consequent photooxi-

dation of chlorophyll. Treatment of etiolated excised corn 

shoots with 1, 10 and 100 ppm sethoxydim in the dark for 

24 h, follo\ved by 15.9 lJE/m2 light exposure for 48 h, 

caused a reduction in the total chlorophyll levels of 7, 36 

and 97%, respectively. Corn plants treated with sethoxydim 

also contained large quantities of anthocyanins and total 

sugar (Asare-Boamah and Fletcher, 1983). 

Effect of Diphenylether Herbicides 
on Growth and Development 

Sethoxydim has been reported to affect the growth 

and development of corn (Asare-Boamah and Fletcher, 1983; 

Gealy and Slife, 1983; and Lichtenthaler, 1984), barley 
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(Lichtenthaler and Meier, 1984; and Lichtentha1er, 1984), 

and johnsongrass (Swisher and Corbin, 1982). This herbicide 

primarily affects the meristematic regions of leaves and 

roots. In barley, the development of secondary leaf was 

severely inhibited following sethoxydim treatment, whereas 

primary leaf was not injured, probably because it was fully 

developed at the time of herbicide application (Lichten-

thaler, 1984; and Lichtenthaler and Meier, 1984) . 

Johnsongrass seedlings sprayed with sethoxydim (0.48 ]J gram/ 

plant) failed to develop new leaves and to grow (Swisher and 

Corbin, 1982). 

In corn seedlings, several growth responses were 

inhibited by sethoxydim (Asare-Boamah and Fletcher, 1983). 

High rates of sethoxydim produced a significant reduction in 

the length as well as the fresh and the dry weight of corn 

shoots and roots. Gealy and Slife (1983) noticed that 

growth of corn \~as inhibited by sethoxydim before apparent 

photosynthesis was affected. They concluded that apparent 

photosynthesis was not inhibited until after the release of 

toxic substances from the vacuole into the cytoplasm. 

Environment and Age of Plants 

The prevalent environmental conditions as well as 

the age of the plant at the time of herbicidal appUcation 

may have a great influence on the potential of herbicide 

activity. Rainfall at the time of application of sethoxydim 
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to johnsongrass rhizome and seedlings markedly improved the 

degree of control (Retzinger, Rogers and Mowers, 1983). A 

higher concentration of sethoxydim was required when the 

plants were gro\vn under moisture stress. C ram era n d \.Ji 1 e y 

(1984 ) recommended that sethoxydim not be applied to 

water-stressed weed species. They obtained excellent 

control of bermudagrass (Cynodon dactylon) and johnsongrass 

infestations in cotton (Gossypium hirsutum) with no damage 

to cotton plants when soil was moist. Dry soil conditions 

at the time of sethoxydim application adversely affected 

this herbicidal activity more than activity of fluazifop

butyl (Banks and Tripp, 1983). 

Waldecker and Wyse (1984) observed that young quack

grass plants (two- to three- or four- to five-leaf stage) 

were more susceptible to postemergence applications of 

sethoxydim than older plants. This herbicide was rapidly 

translocated to the rhizomes and completely inhibited 

rhizome bud growth at a rate of 0.6 kg/ha. 

(1983) found an increase in soybean yield 

was applied to johnsongrass at an earlier 

five trifoliate leaves) than when delayed 

eight trifoliate leaf stage in soybean crop. 

Retzinger et a1. 

when sethoxydim 

stage (four or 

to the six to 
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Currently, diphenylether herbicides and closely 

related compounds are providing excellent control of annual 

and perennial grasses in several crops. Sethoxydim 

controlled volunteer barley and wheat in canola crop 

(Brassica campestris and B. napus), resulting in increased 

canola yield (Chow et al., 1983). This herbicide was also 

successfully used to control the weeds in onion (Allium 

~), ladino clover (Medicago sativa), and sugar beets (Beta 

vulgaris) OHley, 1984), and alfalfa (Stewart and Keener, 

1984; Hiley, Cramer and Darlington, 1984). All of these 

crops were tolerant to the various rates of application. 

Hatkins and Hargrave (1984) found that fluazifop-butyl 

provided excellent control of several grasses in onions. 

Postemergence application of haloxyfop-methyl at rates of 

0.035 kg/ha or greater gave 95% or greater control of 

grasses in cotton without damage to the cotton plants 

(Hunter and Barton, 1984) . Haloxyfop-methyl provided 

excellent full-season johnsongrass control in soybeans with 

a single application of 0.21 to 0.28 kg/ha (Meninato, 1983). 

However, a rate adjustment is necessary according to 

specific environmental conditions at time of application. 

Recently, a more complete comparison of fluazifop-

butyl, haloxyfop-methyl, and sethoxydim was performed by 

\.J hat 1 e y ( 1 9 8 4 ) , Hinton, Frans and Hi11iams (1984), and 
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Nalewaja, Miller and Dexter, 1983). The three herbicides 

provide 80% or better control of signalgrass (Brachiaria 

platyphylla) and johnsongrass in soybeans, resulting in 

improved soybean yield. Nalewaja et a1. (1983) reported 

that fluazifop-butyl and haloxyfop-methyl were more 

phytotoxic to wheat and wild oats than sethoxydim, whereas 

sethoxydim was more phytotoxic to yellow foxtail than to 

oats or wheat. 

Field trials conducted by Rick, Slife and Banwart 

(1983) demonstrated that preemergence application of both 

halxofop-methyl and fluazifop-butyl effectively controlled 

giant foxtail (Setaria faberi) in soybeans. However, 

greenhouse experiments indicated no soil activity for 

sethoxydim (Norris and Lardelli, 1984). Injury to sorghum 

(Sorghum bicolor) seedlings by fluazifop-butyl, sethoxydim, 

and haloxyfop-methyl was greatest when the seeds were 

planted at or near the soil surface (Buhler and Burnside, 

1984) . Germination of soybean and sorghum seeds was not 

inhibited by any of the herbicides at concentrations of 10- 3 

M or lower. However, sorghum seedling vigor and survival 

were reduced by concentrations as low as 10-
7 

M. Haloxyfop

methyl exhibited the greatest soil herbicidal activity since 

it provided excellent control of sorghum as compared to 

fluazifop-butyl and sethoxydim (Buhler and Burnside, 1984). 
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Mechanism of Action Studies 

Research describing the mechanism of action of 

diphenylether and related herbicides is limited. According 

to Kunert and Boger (1981), the mechanism of action of 

diphenylether herbicides may be different than others that 

to the same group. In a belong 

(1984) described several possible 

condensed revie\v, Boger 

mechanisms of ,action of 

diphenylether herbicides. Depending on side group on rings, 

diphenylethers can either inhibit photosynthetic 

respiratory electron transport, induce degradation 

and 

of 

cellular membranes, inhibit carotenogenesis, decrease 

ATP-synthase activity, or produce stress response such as 

ethylene evolution under low light intensity. 

Certain diphenylether 

inhibiting carotenogenesis. 

herbicides cause damage by 

Lambert and Boger (1983) 

reported the loss of carotenoids from Scenedesmus acutus 

following treatment with m-phenoxybenzamide, a diphenylether 

herbicide, and attributed the loss of inhibition of 

carotenoid biosynthesis rather than to a degradation of the 

carotenoids. A colorless carotenoid precursor, mostly 

phytoene, accumulated suggesting inhibition of desaturation 

of the carotenoids. The loss of carotenoids was also 

accompanied by loss of chlorophyll resulting from photooxida

tion of the chlorophyll. 
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Considerable evidence supports the hypothesis that 

peroxidation of membrane is the primary mechanism of action 

of most of diphenylether herbicides. Kunert (1984) stated 

that peroxidative damage is a severe phytotoxic consequence 

of oxyfluorfen treatment under high light intensity. 

Sandmann and Boger (1983), who studied the activity of 

oxyfluorfen on 

Kunert. They 

Scenedesmus, reported similar results as 

noted that the mechanism of action of this 

herbicide involved both pigment and polyunsaturated fatty 

acids destruction by peroxidation reactions. The intensity 

of peroxidation reaction in the treated plants may be 

reduced by (1) presence of endogenous free radical quenchers 

in the tissue, (2) presence of cellular reactions which 

regenerate quenchers, and (3) by the antioxidants in the 

tissue (Kunert, 1984; and Boger, 1984). Garske and Hopen 

(1978) noticed that nitrofen and oxyfluorfen disrupted 

membranes, increased membrane permeability, and closed the 

stomata of common purslane leaves. The surface of the 

purslane leaves appeared pitted. 

Other diphenylether herbicides cause membrane damage 

by generating free radicals via peroxidation 

and Hess (1982a) proposed that carotenoids 

in the activation of acifluorfen-methy1, 

reactions. Orr 

may be involved 

resulting in 

peroxidation of membranes. Fluoridone, an inhibitor of 

carotenoid synthesis, protected agai.nst acifluorfen-methyl 
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induced membrane damage in cucumber cotyledons because 

acifluorfen-methyl was not activated by carotenoids in the 

light. Kunert and Boger (1981) also believed that the 

activation of oxyfluorfen and other bleaching diphenylether 

herbicides is mediated through carotenoids. 

Orr and Hess (1982a and 1982b) outlined a mechanism 

of action of diphenylether herbicides. The first step is 

the activation of diphenylether molecules in the light by 

carotenoids. 

radical chain 

The light-activated herbicide initiates a 

reaction 

abstraction from the 

in the membrane 

polyunsaturated 

through 

fatty 

hydrogen 

acids of 

phospholipid molecules. Relatively stable free radicals are 

then formed. These free radicals react with molecular 

oxygen to form a 

the hydrophobic 

lipid peroxide which propagates 

matrix of the membrane, 

throughout 

generating 

additional peroxidation reaction of the lipid phase of the 

membrane. Finally, membrane permeability increases and 

membrane fluidity is lost, leading to the death of the 

tissue. A "water-soaked" appearance of the leaf tissue is 

believed to result from leakage of cellular constituents 

into the intercellular air spaces of the tissue. Ultras-

tructural examination of the treated tissue showed early 

injury to 

membrane. 

the chloroplast envelope and other cellular 

They also detected ethane and ethylene evolution 

after treatment. 



MATERIALS AND METHODS 

Growth Analyses 

Wheat (Triticum aestivum L. 'Pavon 76') seeds were 

germinated and grown in styrofoam cups (240 ml) filled with 

vermiculite in a growth chamber regulated to 16 h photo-

period with day and night temperatures of 32 and 24 C, 

respectively. Light intensity was 105 ]J E/M
2
/S. The 

seedlings were watered on alternate days with distilled 

water. When the seedlings were 6 days old, they were 

thinned to 8 seedlings/cup for uniformity. On the sixth 

day, the different groups of seedlings were sprayed either 

with fluazifop-butyl, haloxyfop-methyl, 

concentrations of either 10- 3 5 x 10-4 , , 

or 

or 

sethoxydim 

5 x 10- 5 

at 

M. 

Each seedling cup was sprayed horizontally with 4 ml of one 

of the treatment solutions with a plastic sprayer. Control 

plants were sprayed with 4 ml of distilled water. The 

experiment was then arranged in a randomized complete block 

design with 10 treatments and 4 replications. 

The length of the seedlings from the vermiculite 

surface to the tip of the first leaf was measured at the 

time of spraying, 3, 6 and 9 days after herbicide applica-

tion. The length of the second leaf was measured from the 

27 
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vermiculite surface to the leaf tip 3, 6 and 9 days after 

treatment. At the co~pletion of the experiment on the 15th 

day, the top tissue was harvested and weighed (to the 

nearest tenth of a gram, fresh weight). 

In a second set of experiment, wheat seedlings were 

germinated on filter paper in sterilized petri dishes (10 

seeds/dish) . Before germination, the seeds were treated 

with 2% bleach solution (active ingredient: sodium hypo-

chlorite) for 10 min to reduce fungal contamination. Then 

they were washed thoroughly with distilled water for 5 min. 

These seeds were treated with 10 ml herbicidal solution/dish 

with either fluazifop-butyl, haloxyfop-methyl, 

at concentrations of 5 x 10- 6 , 3 x 10-6 , 

or sethoxydim 

or 

distilled water. The experiment was then arranged in a 

randomized complete block design with 10 treatments and 4 

replications in a growth chamber, regulated as previously 

described. 

needed. 

Seedlings were watered with distilled water as 

The length of the seedlings (first leaf) was 

measured 5 days after treatment. Top tissue was harvested 

and weighed (fresh weight). Roots were also harvested, 

placed in paper envelopes, dried in an oven at 80 C for 

24 h, and then weighed. 
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Pigment Analyses 

Top leaf tissue was harvested from wheat seedlings 

grown in petri dishes and in vermiculite after 5 and 15 

days, respectively. Immediately after harvest, the fresh 

weight of the tissue was determined, the tissue was cut into 

small pieces and the tissue was then homogenized in 85% 

acetone (v/v) with 10 mg CaC0 3 in a Waring blender or 

Sorvall omnimixer for 2 min. Homogenate was filtered 

through a Whatman #1 filter paper in a Buchner funnel. 

Absorbancy of the filterate was measured at 452, 644 and 663 

nm using a Bausch and Lomb spectronic 21 spectrometer. 

Chlorophyll ~, chlorophyll ~, total chlorophyll and 

carotenoids concentrations in the top tissue of the wheat 

seedlings were calculated by Robbellen's (1957) equations. 

Histological Studies 

\.Jheat leaf tissue used for electron and light 

microscopic examinations was obtained from the bleached 

intercalary meristematic area. Samples from at least three 

different plants grown in vermiculite were collected 4 and 7 

days after herbicide treatment. Tissue was also collected 

from rna t u re regions of the fi r s t leaf 7 days after 

treatment. For wheat seedlings grown in petri dishes, leaf 

tissue was collected from at least three different plants 3 

and 5 days after treatment. 



30 

Leaf tissue prepared for electron microscopy was cut 

into 2 mm segments on ice and fixed in 3% glutaraldehyde 

(v/v) buffered with 0.2 M cacodylic acid (pH 7.2) overnight 

at 4 C or until the tissue sank below the solution surface. 

The fixed tissue was rinsed three times with 2 to 3 ml 

cacodylic acid (pH 7.2) over a 45 min period each. This 

process was followed by postfixation 

osmium tetraoxide (Os 0 4 ) overnight 

with I 

at 4C. 

to 2% (w/v) 

Next, the 

samples were warmed and washed thoroughly with distilled 

water for 3 h. The samples were dehydrated in a graded 

series of acetone solutions for 30 min at each step. 

Samples were placed in propylene oxide overnight at 4 C, and 

the old propylene oxide was replaced with a fresh stock just 

before the tissue was infiltrated with Spurr's (1969) 

plastic. A few drops (3 to 5) of Spurr's standard embedding 

medium were added to the propylene oxide with the tissue at 

an interval of 3 to 5 min for about I h. Vials were kept 

covered during this period. The liquid was then replaced 

and the tissue was placed in new Spurr's medium for I h. 

Next, the tissue was placed in plastic ice cube trays and 

covered with fresh Spurr's plastic. The plastic was 

polymerized in an oven for 70 C for 24 h. 

The tissue was cut from the plastic blocks and 

mounted on wooden pegs with epoxy glue. Next, the tissue 

was trimmed and sec~ioned with an ultramicrotome (Porter and 
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Blum) equipped with a diamond knife. Ultrathin sections 

were placed on copper grids and double post stained with 2% 

uranyl nitrate (w/v) for 30 to 60 min and washed thoroughly 

with distilled water and with lead citrate for 15 to 30 min 

and washed thoroughly with distilled water, dried and exam

ined with a Hitachi 500 transmission electron microscope. 

For light microscope observations, the leaf segments 

were fixed in FAA (formalin-acetic-alcohol). 

were then dehydrated in a series of tertiary 

and finally embedded in a paraplast. Blocks 

The se gmen t s 

butyl alcohol 

of paraplast 

were sectioned at 10 ).lM with an American-Optical rotary 

microtome. Ribbon segments were floated on warm distilled 

water (45 C) containing 10 

slides, and dried at 50 C. 

mg gelatin, mounted on glass 

The slides were stained with 

0.05% toluidine blue 0 dissolved in distilled water for 5 

min (Sakai, 1973). The glass slides were rinsed with water 

for 1 min, dried, dewaxed in two changes of xylene and 

covered with resin and cover slips. The sections were 

examined with a Leitz SM-LUX light microscope equipped with 

a Leitz Combiphot 2 camera and photographed with a 

black-and-white panatomic -X film. 



RESULTS AND DISCUSSION 

Pigment Analyses 

Postemergence Treatments 

A summary of the analysis of variance for pigment 

concentration in the leaf tissue of wheat seedlings 9 days 

after postemergence application of herbicidal treatments is 

presented in T.3ble l. Mean square values as well as their 

value of significance is indicated. Detailed explanations 

of these analyses are presented in Appendix A. 

The effect of the various herbicidal treatments on 

the concentration of chlorophyll a (chl.§.) of 15-day-old 

wheat seedlings is presented in Figure 1 and Table 2. Both 

haloxyfop-methyl and sethoxydim at M ca use d a 

significant reduction in chI a when compared to the control. 

Concentration of chI.§. was significantly greater in wheat 

seedlings treated with fluazifop-butyl at 5 x 10-
4 

M than 

the control seedlings. No significant differences in chI a 

concentrations were observed between the other treatments 

and the control. Figure 2 and Table 2 show the effect of 

individual herbicidal treatments on chlorophyll b (chI 2.) 

concentrations in the leaf tissue of 15-day-old wheat 

seedlings 9 days after herbicidal application. Of all the 
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Table 1. S~mmary of the analysis of variance of the effect 
of the treatments on wheat seedlings 9 days after 
treatment (seedlings sprayed when they were 6 days 
old) . 

Pigments 

Source df Chloro- ChI oro- Total Caroten-
phyll a phyll b Chloro- oi ds 

phyll 

- - - - - - - Mean Squares - - - - -

Treatments (T) 9 1.99 a 0.79 a S.18 a 0.07 a 

Herbicides (H) 2 2.99 a 1.lSa 7.84 a 0.09 b 

Concentrations (C)2 3.23 a 1.23 a 8.2S a 0.09 b 

H x C 4 1.34 b 0.S3 b 3.4l b 0.05 

Control vs T 1 0.21 0.20 0.83 0.04 

Residual 27 0.43 0.16 0.93 0.02 

a O. Ol Ie vel of significance. 

bO. OS Ie vel of significance. 
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Table 2. The effect of herbicidal treatments on chloroplast pigment concentration 
in leaf tissue of wheat seedlings 9 days after postemergence application 
of treatments. 

Herbicidal 
Treatments 

Control 

Haloxyfop-methyl 

-5 
5 x 10 -4 ~1 
5 ~310 ~1 
10 H 

Fluazifop-butyl 

-5 
5 x 10 -4 ~1 
5 ~31O H 
10 ~1 

Sethoxydim 

-5 
5 x 10_4 M 
5 ~310 M 
10 ~1 

Chlorophyll a 

(11 g/ g 
F .\-1 • ) 

731.01bc 

735.2c 

684.7abc 

627.9a 

694.1abc 

856.9d 

741. 3c 

637.8ab 

753.7c 

628.8a 

(% of 
Control) 

100 

101 
94 
86 

95 
117 
101 

87 
103 
86 

Chloroplast Pigments 

Chlorophy 11 b 

(11 gig 
F . \V. ) 

402.5bc 

374.1abc 

364.6abc 

347.1ab 

351. 6ab 

481. Od 
411.6c 

347.3ab 

401. 9bc 

331. 7a 

(% of 
Control) 

100 

93 
91 
86 

87 
120 
102 

86 
100 
82 

Total Chlorophyll 

(11 gig 
F.H. ) 

1133.5c 

1109.3bc 

1049.3abc 

975.0ab 

1045.7abc 

l337.9d 

1152.9c 

985.1ab 

1155.6c 

960.5a 

(% of 
Control) 

100 

98 
93 
86 

92 
118 
102 

87 
102 
85 

Carotenoids 

(11 g/ g 
F • \v. ) 

208.4cde 

211. 3de 

192.5abcd 

186. Sab 

199.8bcd 

220.7e 

200.0bcde 

189.Sabc 

201.7 bcde 

117. Sa 

(% of 
Control) 

100 

101 
92 
89 

96 
106 

96 

91 
97 
8S 

1 Within each column, means followed by the same letter are not Significantly different at the S% ~ 
level according to LSD test. 
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treatments and rates, only sethoxydim at 10-
3 

M caused a 

significant reduction in chI b concentrations as compared to 

the control. Also, only fluazifop-butyl at 5 x M 

caused a significantly higher concentration of chI b than 

the control. The other herbicidal treatments were not 

significantly different from the control. Treatment with 

-3 -3 
haloxyfop-methyl at 10 M and sethoxydim at both 10 and 5 

x 10- 5 M resulted in a significant reduction in the total 

chlorophyll (total chI) concentration compared to the 

control (Figure 3 and Table 2) . Treating the wheat 

seedlings with the medium concentration (5 x of 

fluazifop-butyl caused a significantly higher total chI 

concentration than the control. This herbicide caused a 

similar effect on both chI a and b. Figure 4 and Table 2 

show the effect of the various herbicidal treatments on the 

concentration of carotenoids in the above-ground tissue of 

15-day-old wheat seedlings 9 days after treatment. Both 

haloxyfop-methyl and sethoxydim at M caused a 

significant reduction in carotenoid concentration compared 

to the control. No significant differences were observed in 

carotenoid concentration between the control and the other 

treatments. 

In summary, fluazifop-butyl at 5 x 10- 4 M produced 

significantly higher levels of chlorophyll pigments in the 

wheat seedlings than in the control and other treated 
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seedlings. The percentage increases over the controls were 

17, 19 and 18% for chl .§.' chI b and total chI, respectively 

(Table 2). The greatest reduction of chl a in the seedlings 

was caused by treatments with haloxyfop-methyl at 10- 3 M and 

sethoxydim at 10- 3 M, whereas the greatest reduction of chl 

-3 
~ was caused only with sethoxydim at 10 M compared to the 

controls. These reductions of chl a and chI ~ were only 14 

and 18% below the control chlorophyll levels, respectively. 

The reduction of total chI in the treated seedlings was 

caused by treatments of haloxyfop-methyl at 10- 3 M and 

sethoxydim at and 5 x These reductions 

caused by these treatments averaged about 14% below the 

control (Table 2). Treatment of wheat seedlings with the 

3 -3 herbicides haloxyfop-methyl at 10- M and sethoxydim at 10 

M caused the greatest reduction of carotenoid pigments as 

compared to controls, resulting in 11 and 15% Ie ss 

carotenoids than the control, respectively. The highest 

carotenoid concentration in the seedlings was caused by 5 x 

-4 
10 ~1 fluazifop-butyl treatment, but this increase was not 

significantly different from the control. 

Preemergence Treatments 

Lower rates of each herbicide were applied because 

the wheat seeds were germinated directly in the herbicide 

solutions. A summary of the analysis of variance for 

pigment concentration of wheat seedlings germinated in the 
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herbicides is shown in Table 3. This table was generated 

from individual analysis of variance tables presented in 

Appendix A. A severe reduction in all chloroplast pigments 

was observed in the leaf tissue of 5-day-old wheat seedlings 

after preemergence application of herbicidal treatments 

except for fluazifop-butyl at 10-6 M (Table 4). Marked 

differences in chI a concentration in the leaf tissue of 

5-day-old wheat seedlings germinated directly in the 

herbicides were observed among the various treatments 

(Figure 5 and Table 4). In contrast to the effect of 

postemergence application of the herbicides (Figure 1), none 

of the preemergence application of the herbicides produced a 

higher concentration of chl a than the control (Figure 5). 

ChI concentration in the seedlings treated with 

fluazifop-butyl at 10- 6 M Was not significantly different 

from the control. However, the other herbicidal treatments 

caused a significant reduction in chI ~ concentration 

compared to the control (Table 4), 

The effect of the preemergence application of herbi

cidal treatments on chI b and total chl concentration in the 

leaf tissue of 5-day-old wheat seedlings was similar to that 

of chI ~ but of a different magnitude (Figures 6 and 7, 

respectively) . Haloxyfop-methyl reduced chl ~ concentration 

substantially at all treatment rates. ~loreover, there were 

no significant differences in chl ~, chl b and total chI 
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Table 3. Summary of the analysis of variance of the effect 
of the treatments on wheat seedlings after 5 days 
germination in the treatments. 

Pigments 

Source df Chloro- ChI oro- Total Caroten-
phyl1 a phyll b Chloro- oids 

phyll 

- - - - - - - Mean Squares - - - - -
Treatments (T) 9 19.06a 4.41 a 41.74 a 

1.62
a 

Herbicides (H) 2 10.77 a 1.94
a

s 21.79 a 1.0S a 

Concentrations . (C) 2 26.71 a 5.60 a 56.75 a 2.24 a 

H x C 4 5.S7 a 
1.60

a 13.5Sa 0.44 a 

Control vs T 1 73.0S a lS.22 a 164.33 a 6.17 a 

Residual 27 1. 10 0.29 2.49 0.09 

a O. 01 level of significance 

bO. 05 level of significance. 



Table 4. The effect of herbicidal treatments on chloroplast pigment concentration 
in leaf tissue of wheat seedlings germinated for 5 days in treatments. 

Herbicidal 
Treatments 

Control 

Haloxyfop-methyl 

10-6 M 
-6 3 x 10_

6 
M 

5 x 10 M 

Fluazifop-butyl 

10-6 M_
6 3 x 10_6 M 

5 x 10 M 

Sethoxydim 

10-6 M 
-6 

3 x 10_6 H 
5 x 10 ~1 

Chlorophyll a 

(jJ g/ g 
F .H.) 

602.7 1c 

89.3a 

41. 7a 

54.1a 

544.8c 

165.2a 

41.9a 

331.3b 

70.3a 

29.6a 

(% of 
Control) 

100 

15 
7 
9 

90 
27 

7 

55 
12 

5 

Chloroplast Pigments 

Chlorophyll. b 

(jJg/g 
F. \~.) 

314.2c 

56.4a 

50.2a 

56.1a 

275.4C 

89.0a 

35.1a 

169.9b 

42.0a 

29.3a 

(% of 
Control) 

100 

18 
16 
18 

88 
28 
11 

54 
13 

9 

Total Chlorophyll 

(jJ g/ g 
F. \V.) 

916.9c 

145.7a 

91.9a 

110.2a 

820.2c 

254.2a 

77 .Oa 

501.2° 
112.3a 

58.9
a 

(% of 
Control) 

100 

16 
10 
12 

89 
28 
8 

55 
12 

6 

Carotenoids 

(jJ g/ g 
F . \.J.) 

177.7d 

28.3ab 

10.9a 

14.2ab 

160.3d 

55.1 b 

17.5ab 

98.4c 

26.0ab 

10.2a 

(% of 
Control) 

100 

16 
6 
8 

90 
31 
10 

55 
15 

6 

1 \Vithin each column, means followed by the same letter are not significantly different at the 5% 
level according to LSD test. ~ 
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concentrations in seedlings treated with the three rates of 

-6 this herbicide (Table 4). Also, the high (5 x 10 M) and 

the medium (3 x 10-
6 

M) concentration of both sethoxydim and 

fluazifop-butyl produced similar effects on the chloroplast 

pigments of the seedlings. However, treatment with 10-6 M 

of both sethoxydim and fluazifop-butyl produced signifi-

cantly higher amounts of chl .§.' chl E., and total chl in 

these seedlings than the higher (5 x 10- 6 M) and the medium 

(3 x 10- 6 M) concentration of both herbicides. Treatment of 

wheat seedlings with sethoxydim at 5 x 10- 6 M caused the 

greatest reduction of chl .§.' chl E., and total chl. The 

percentage reduction as compared to the control was 95, 91, 

and 94% for chl .§.' chl E., and total chI, respectively (Table 

4). Wheat seedlings treated with fluazifop-butyl at 10-6 M 

pro d u c edt he rna x i mum con c e n t rat ion 0 f c h 1 .§. , c h 1 .£ ' and 

total chl, and these concentrations were similar to the 

control. 

Similar to results of the chlorophyll experiment, 

carotenoid levels were also reduced when wheat seeds were 

germinated in the various herbicidal treatments for 5 days 

except fluazifop-butyl at 10- 6 N (Figure 8 and Table 4). 

This is in contrast to results obtained with postemergence 

treatments of wheat seedlings (Figure 4), where carotenoid 

reduction occurred only at the highest concentration (10- 3 

~1) of both haloxyfop-butyl and sethoxydim. The maximum 
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carotenoid concentration produced by any of the preemergence 

herbicidal treatments never exceeded the minimum that was 

produced by any of the postemergence treatments (Figures 8 

and 4, respectively). \~hen compared to the control, a 

reduct ion of 92, 90, and 94% in carotenoid concentration in 

the w h eat see d 1 i n g s was pro d u c e d by the hi g h (5 x 1 0 - 6 ~1 ) 

concentration of haloxyfop-methyl, fluazifop-butyl, and 

sethoxydim, respectively (Table 4). The reduction in 

carotenoid concentration in the seedlings caused by the low 

concentration (10- 6 M) of haloxyfop-methy1, fluazifop-butyl, 

and sethoxydim was 84, 10, and 45% of the control, 

respectively. Sethoxydim and haloxyfop-methyl significantly 

reduced carotenoid concentration at all rates as compared to 

the control (Table 4). 

These results from the pre- an d postemergent 

treatments are consistent with some of the results reported 

in previous published articles. Asare-Boamah and Fletcher 

(1983) found that total chl accumulation was reduced by 

about 47% in the secondary leaf of corn by sethoxydim 

treatments of 0.28 kg/ha, whereas Lichtenthaler (1984) 

reported that the levels of chlorophyll and carotenoids did 

not change in the tertiary leaf of corn seedlings following 

treatment with sethoxydim at 125 g/ha. In contrast to those 

two studies, Vanstone and Stobbe (1979) reported that total 
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chl content increased in 2-week-old buckwheat seedlings 

treated with the diphenylether herbicide oxyfluorfen. 

The discrepancies among the various studies may be 

explained by the fact that researchers included in their 

pigment analysis mature green leaves present at the time of 

herbicidal treatments rather than including only new leaf 

tissue which grew after the treatment in the extraction 

analysis. The small 15% decrease in chloroplast pigment 

levels in the postemergent treated wheat seedlings shown in 

Table 2 may be the result of the inclusion of the mature 

green first leaf in the pigment extraction. Only a small 

part of the total leaf tissue extracted was chlorotic 

following the herbicidal treatments. Also, pigment levels 

may increase in treated seedlings during a recovery period. 

Sethoxydim-treated corn plants recovered with time and 

developed new normal tissue (Lichtenthaler, 1984). 

The se ve re reduction of chl concentration in 

preemergent-treated wheat seedlings compared to postemergent 

treatment could be attributed to the rapid and continued 

absorption and translocation of the herbicidal treatments 

over a longer period of time. Kunert and Boger (1981) 

reported a 40% reduction in the total carotenoids content of 

1 ~M oxyfluorfen-treated Scendesmus cultures 8 h after 

treatment and 95% reduction 24 h after treatment. Specific 

diphenylether herbicides such as oxyfluorfen c a use d 
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destruction of chloroplast pigments (Kunert and Boger, 

1981), whereas others such as m-phenoxybenzamide type caused 

inhibition of carotegenesis (Lambert and Boger, 1983). 

These data suggest that the herbicides used in this 

study have great influence on chloroplast pigments, whether 

applied as pre- or postemergence. All of the chloroplast 

pigments were reduced simultaneously, particularly when the 

herbicidal treatments were applied preemergent. The severe 

effect observed when the wheat seeds were germinated in the 

herbicide solutions indicate that these herbicides primarily 

affect the meristematic and developing tissue of susceptible 

species. The loss of chlorophylls may be attributed to the 

absence of protective carotenoids or disruption of the 

chloroplast development. 

Effect of the Herbicides on Growth 
and Development of Wheat Seedlings 

Post emergence Treatments 

The effect of herbicidal treatments on the fresh 

weight of the above-soil tissue, the growth of the first and 

the second leaf of wheat seedlings treated with the herbi-

cides 6 days after germination is shown in Table 5. This 

table is summarized from individual analysis of variance 

tables included in Appendix A. 

The e ff ec t of various postemergent herbicidal 

treatments on the fresh weight of top tissue of wheat 



Table 5. 

Source 

Treatments 

Herbicides 

Summary of the analysis of 
of the treatments on wheat 
spray (seedlings sprayed 
01 d) . 
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variance of the effect 
seedlings 9 days after 

when they were 6 days 

df Fresh Weight Growth of Growth of 
Second Leaf 

from 
of Top First Leaf 
Tissue from 

Vermiculite Vermiculite 

- - - Mean Squares - - - - -

(T) 9 0.40a 6.03 a 40.82 a 

(H) 2 0.02 2.3S b 4.61 a 

Concentrations (C) 2 1.41 a l6.02 a 136.30a 

H x C 4 0.02 0.48 1. 63 

Control vs T 1 0.70 a l5.63 a 79.08 a 

Residual 27 0.01 0.57 0.81 

a O. 01 level of significance 

bO.OS level of significance 
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seedlings 9 days after treatment is shown in Figure 9 and 

Table 6. Table 6 shows that the fresh weight of top tissue 

of the seedlings was severely reduced by herbicidal 

treatments but not at all rates within a treatment. 

Treatment of the seedlings with the high concentration (10- 3 

M) of each of the herbicides caused a 40%· reduction in the 

fresh weight of top tissue when compared to the control, 

-5 whereas the low concentration (5 x 10 M) of each herbicide 

caused no significant reductions. Treatment with fluazifop-

butyl and sethoxydim caused significantly greater reduction 

in fresh weight than haloxyfop-methyl when the herbicidal 

concentration was increased from 5 x to 5 x ~1 

(Figure 9). Treatment of seedlings with both the high (10- 3 

M) and medium (5 x 10- 4 
M) concentrations of fluazifop-butyl 

and sethoxydim caused similar reductions in the fresh weight 

of the top tissue. 

The height of the first and the second leaf from the 

time of herbicidal application to 9 days after treatment was 

analyzed (Figures 10, 11, and Table 6, respectively). All 

of the treatment rates except haloxyfop-methyl and 

sethoxydim at -5 5 x 10 M caused a significant inhibition of 

the growth of the first leaf as compared to controls 

(Figure 10). The growth of the second leaf was not severely 

inhibited by the low concentration (5 x 10- 5 M) of any of 

the three herbicides (Figure 11), whereas the growth of this 
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Table 6. Effect of herbicidal treatments on fresh weight and growth of the first 
and second leaf of wheat seedlings from vermiculite surface 9 days after 
herbicidal application. 

Herbicidal 
Treatments 

Control 

Haloxyfop-methyl 

-5 5 x 10_
4 

~1 

5 ':::310 M 
10 ~1 

Fluazifop-butyl 

-5 5 x 10_
4 

M 
5 ~310 M 
10 M 

Selhoxydim 

-5 5 x 10_
4 

M 
5 ~310 M 
10 M 

Fresh \~eight of 
Top Tissue 

(mg/plant) (% of 
control) 

171.4 1c 

167.7 c 

124.5 b 

103.1 a 

162.5 c 

105.7 a 

103.6a 

l69.3 c 

106.8a 

102.1 a 

100 

98 
73 
60 

95 
62 
60 

99 
62 
60 

Growth of the 
First Leaf 

( cm) 

7.1 e 

6.54 de 

5.27 bc 

4.53
ab 

5.71 cd 

4.14 a 

3.87 a 

6.60 de 

4.06 a 

3.98 a 

(% of 
control) 

100 

93 
75 
64 

81 
59 
55 

94 
58 
56 

Growth of the 
Second Leaf 

(cm) 

7.18 c 

7.01 c 

2.44 b 

o .15 a 

6.14 c 

0.40 a 

o .14 a 

5.20 c 

0.09 a 

0.14 a 

(% of 
control) 

100 

98 
34 

2 

86 
6 
2 

72 
1 
2 

\.J i t h i n e a c h col u m n, mea nsf 0 11 0 we d by the sam e 1 e t t era r e not s i g n i f i can t 1 Y 
different at the 5% level according to LSD test. 

U1 
U1 
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leaf was severely inhibited by the three herbicides at 

concentrations of 5 x 10-
4 

M or higher compared to the 

control. Treatment of seedlings with the high concentration 

(10- 3 M) of each of the three herbicides caused similar 

inhibition in the growth of the second leaf 9 days after 

treatment (Figure 11). Application of the three herbicides 

-3 at a rate of 10 M caused a 98% reduction in the gro\,lth of 

the second leaf as compared to control, whereas the applica-

tion of the same concentration caused only a 36% reduction 

of the first leaf when treated with haloxyfop-methyl and 

about 45% when treated with either fluazifop-butyl or 

sethoxydim (Table 6). vlhen the medium concentration (5 x 

10-
4 

M) was applied to seedlings, both fluazifop-butyl and 

sethoxydim treatments resulted in a significant reduction in 

the growth of the first and the second leaves compared to 

the medium rate of haloxyfop-methyl (Figures 10 and 11). 

The relationship between the growth of the 'first and 

second leaf of wheat seedlings following herbicidal 

application is presented in Figure 12. This figure shows 

the relationship across (combination of all data) the 

herbicidal treatments and rates. A " l' (2 posltlve corre atlon r 

0.7654) was found between the growth of the two leaves. 

The effect of postemergence application of various 

levels of haloxyfop-methyl, fluazifop-butyl, and sethoxydirn 

on the height of the first leaf of wheat seedlings 0, 3, 6, 
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and 9 days after treatment is shown in Figures 13, 14 

and 15, respectively. At the time of herbicidal 

application, the 6-day-old seedlings were of uniform height. 

Three, 6, and 9 days after herbicidal treatment the length 

of the first leaf was significantly reduced by the high 

-3 (10 M) and the medium (5 x 10-4 M) concentrations of each 

herbicide compared to controls. Treatment of seedlings with 

5 x 10- 5 M of each herbicide caused no significant 

reductions in the growth of the first leaf 3, 6, and 9 days 

after treatment when compared to control (Figures 13, 14 and 

15). The height of seedlings treated with 10- 3 and 5 x 10-4 

fluazifop-butyl and sethoxydim were similar 3, 6 and 9 days 

after treatment, whereas the height of seedlings .treated 

with 10- 3 and 5 x 10-4 M were significantly different on the 

third day but similar on the sixth and ninth day. 

The length of the second leaf of wheat seedlings 

treated with haloxyfop-methyl, fluazifop-butyl and sethoxy-

dim was measured 3, 6 and 9 days after postemergent 

treatment (Figures 16, 17 and 18, respectively). The length 

of the second leaf of seedlings treated with either 10- 3 and 

5 x M fluazifop-butyl or sethoxydim were not 

significantly different from each other (Figures 17 and 18). 

However, the height reductions caused by these treatments 

were significantly different from the control and the low-

treatment concentration of 5 x 10-5M. For haloxyfop-methyl, 
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Figure 13. Effect of various concentrations of haloxyfop
methyl on the height of the first leaf of wheat 
seedlings measured from vermiculite surface to 
leaf tip. 
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inhibition of growth of the second leaf caused by 10-
3 

and 5 

x N treatments was significantly different from both 

the control and 5 x 10- 5 N treatment (Figure 16). Also, 

growth inhibition of the second leaf caused by 10- 3 M was 

significantly different from the medium concentration (5 x 

10-4 M) of haloxyfop-methyl. The height of the second leaf 

of seedlings treated with the low concentration (5 x 10- 5 N) 

of each of the herbicides was not significantly different 

from the control. The second leaf of control seedlings grew 

more than the first leaf (Figures 16, 17 and 18). The 

length of the second leaf of the control seedlings was more 

than 18 cm, whereas that of the first leaf of control 

seedlings did not exceed 14 cm (Figures 13, 14 and 15). 

Preemergence Treatments 

Postemergent application of each herbicide caused 

significant differences in the fresh weight of top tissue, 

dry weight of roots, and the height of the wheat seedlings 

(Table 7). This table is a summary of individual analysis 

of variance tables presented in Appendix A. 

All of the preemergent herbicidal treatments at the 

various rates caused a significant reduction in the fresh 

weight of upper parts of the wheat seedlings as compared to 

the control, except for low concentration -6 (10 N) treatment 

with fluazifop-butyl which was similar to control (Figure 19 

and Table 8). There was a substantial reduction in the 
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Table 7. Summary of the analysis of variance of the effect 
of the treatments on wheat seedlings 5 days after 
germination in the treatments. 

Source 

Treatments (T) 

Herbicides (H) 

Concentrations 

H x C 

Control vs T 

Residual 

a O. 01 Ie vel of 

bO. OS level of 

df Fresh \.Jeight 
of Top Tissue 

Dry \.Jeight 
of Roots 

Height 

- - - - - - Mean Squares - - - - -

9 822.44 a 5.21 a 15.01 a 

2 703.70a 4.S0 a 10.9S a 

(C) 2 1393.00a 3.07 8 23.50 8 

4 147.4Sa 0.96 b 3.66 a 

1 2618.8a 27.92 a 51.59 a 

27 22.31 0.31 0.46 

significance 

significance 
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Table S. Effect of herbicidal treatments on fresh and dry weights and heights of 
wheat seedlings after germination for 5 days in treatments. 

Herbicidal 
Treatments 

Control 

Haloxyfop-methyl 

10-6 M 
-6 

3 x 10_
6 

M 
5 x 10 ~1 

Fluazifop-butyl 

10-6 M_
6 

3 x 10 -6 ~1 
5 x 10 M 

Sethoxydim 

10-6 M 
-6 3 x 10_6 M 

5 x 10 M 

Fresh lveight of 
Top Tissue 

(mg/plant) (% of 
control) 

41.S2 le 

lO.99 bc 

4.S4 ab 

3.56 a 

39.01
e 

16.24 c 

9.17 ab 

31.12 d 

11.66 bc 

7.06 ab 

100 

26 
12 

9 

93 
39 
22 

74 
2S 
17 

Dry 1~ e i g h t 0 f 
Roots 

(mg/plant) (% of 
control) 

4.0Se 

0.S6 abc 

O.7S ab 

0.67 a 

3.14
d 

1.62
c 

1.14
abc 

1.5S
bc 

0.9S
abc 

0.S5 abc 

100 

21 
19 
16 

77 
40 
28 

39 
24 
21 

Seedling 
Height 

(cm) 

5.S5 d 

1.42ab 

0.S7 a 

0.S1 a 

5.37 d 

2.16 b 

1.22 ab 

4.1S c 

1.54
ab 

1.03 a 

(% of 
control) 

100 

24 
15 
14 

92 
37 
21 

71 
26 
lS 

1 Iv i t h i n e a c h col urn n, mea nsf 0 11 0 we d by the sam e 1 e t t era r e not s i g n i f i can t 1 Y 
different at the 5% level according to LSD test. 

---J 
a 
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fresh weight of seedlings when the seeds were germinated in 

10-6 M haloxyfop-methyl as compared to fluazifop-butyl or 

sethoxydim at the same rate (Figure 19). Germination of the 

wheat seeds in 5 x 10- 6 M solution of each herbicide 

resulted in similar reductions in fresh weight. The 

reduction in fresh weights caused by haloxyfop-methyl, 

fluazifop-butyl, and sethoxydim were 91, 78 and 83% as 

compared to the control, respectively (Table 8). All 

herbicidal treatments at the various rates significantly 

reduced the dry weight of roots compared to the control 

(Figure 20 and Table 8). In contrast to haloxyfop-methyl 

and sethoxydim treatments, a significant reduction in the 

dry weight of roots occurred when the concentration of 

fluazifop-butyl was increased from to 3 x 

(Figure 20). Apparently the various rates of haloxyfop-

methyl and sethoxydim were equally effective in inhibiting 

the growth and development of roots. A reduction in the dry 

weight of roots of 84, 72 and 79% of the control resulted 

when the seeds were germinated in the high concentration (5 

x of either haloxyfop-methyl, fluazifop-butyl, or 

sethoxydim, respectively (Table 8). The highest dry weight 

obtained with 10- 6 M fluazifop-butyl treatment was 23% less 

than the control and was significantly different from the 

control. 
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Preemergent application of the three herbicides to 

germinating wheat seedlings caused a severe reduction of the 

height of the seedlings compared to the control except for 

10- 6 tvl fluazifop-butyl treatment (Figure 21 and Table 8). 

Treatment with 10- 6 M fluazifop-butyl caused an 8% reduction 

in the height of the seedlings compared to the control. A 

significant sharp reduction in the height of the wheat 

seedlings occurred when the concentration of both fluazifop-

butyl and sethoxydim was -6 increase d from 10 to 3 x 10- 6 M 

(Figure 21). Germination of the wheat seeds in the various 

concentrations of haloxyfop--'methyl resulted in no signifi-

cant height differences among the treatments (Table 8). A 

reduction of 86, 79 and 82% in the height as compared to the 

control occurred when the wheat seeds were germinated in 5 x 

tvl of either haloxyfop-methyl fluazifop-butyl, or 

sethoxydim, respectively (Table 8). 

A general observation showed that germination of 

wheat seeds was not affected by any of the herbicide 

treatments when the seeds were germinated directly in the 

treatments. Buhler and Burnside (1984) reported that 

haloxyfop-methy1, fluazifop-butyl, and sethoxydim did not 

reduce germination of sorghum and soybean seeds at 

concentrations of 10- 3 M or lower. In this study, all of 

the herbicide concentrations applied as preemergence \~erc 

-3 less than 10 M. 
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The most common injury symptom observed following 

pre- and postemergence herbicidal application was the 

cessation of growth and development of the secondary leaf. 

This was very evident when the high and the medium concentra-

tions were applied. Lichtenthaler (1984) noticed that 

inhibition of barley leaf growth by sethoxydim occurred to a 

greater extent in the developing secondary leaf than the 

mature first leaf. The length of the primary leaf (first 

leaf) blade of barley seedlings treated with 300 g/ha 

sethoxydim was reduced by 10% compared to the control 3 days 

after treatment, whereas the length of the secondary leaf 

was reduced by 67%. Also, the width of barley secondary 

leaf was reduced substantially by the herbicidal treatment. 

Lichtenthaler and Meier (1984) attributed the small 

reduction in growth of the barley primary leaf by sethoxydim 

treatment to the fact that his leaf was near full develop

ment at the time of herbicide application. Hosaka et al. 

(1984) reported that inhibition of growth of expanding corn 

leaves occurred immediately following the application of 

sethoxydim. They observed no injury symptoms on mature corn 

leaves 5 days after foliar treatment. Similar observation 

was reported by Swisher and Corbin (1982). They found that 

sethoxydim did not injure mature johnsongrass leaves 5 days 

after herbicidal treatment. 
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Asare-Boamah and Fletcher (1983) showe d that 

application of sethoxydim at a rate of 0.14 kg/ha to corn 

seedlings caused a reduction of 51% in the length of treated 

seedlings compared to the control. This same rate caused a 

35% reduction in the root length of the corn seedlings. 

Asare-Boamah and Fletcher (1983) reported that application 

of sethoxydim at a rate of 0.3 kg/ha to corn seedlings 

caused a 50% reduction in the fresh weight of shoots 4 days 

after treatment compared to the control. The same treatment 

also caused a 78 and 36% reduction in the fresh and the dry 

weight of roots compared to the control, respectively. 

This study indicates that preemergent treatments 

caused greater reductions of fresh weight, dry weight, and 

length of wheat seedlings than postemergent treatments. An 

explanation for these results may be that the meristematic 

tissue of the preemergent treated seedlings was continually 

exposed to the herbicides during the growth of the seed

lings, whereas the meristematic tissue of the postemergent 

treated seedlings was not. It is evident from both pre- and 

post emergence experiments that these herbicides primarily 

affect meristematic or developing tissue of the wheat 

seedlings. These herbicides appear to disrupt the normal 

growth and development of these tissues. Lichtenthaler 

(1984) and Lichtenthaler and ~1e i e r (1984) reported 
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inhibition of growth at the meristematic zone of barley 

seedlings by sethoxydim. 

Action of the Herbicides on Anatomy and 
Ultrastructure of Wheat Seedlings 

Light Microscopic Studies 

Control Seedlings. The leaf morphology and anatomy 

of wheat plants have been described by Briggle (1967). In 

general, the leaves consist of the dermal region, ground 

tissue, and vascular structures. The leaf blade is linear 

and has parallel venation. The upper surface of the leaf 

has a series of longitudinal ridges composed of mechanical 

tissue located above the vascular bundles. The leaf midrib 

projects from the lower surface of the leaf blade. Single-

celled epidermal trichomes appear frequently on leaf and are 

located among the rows of long cells of the epidermis. 

Light microscopic examination of leaves from 

untreated plants shows the typical anatomy of wheat species. 

A cross-section of a wheat lea f from the intercalary 

meristematic area is shown in Figure 22. At this young 

stage of development, most of the stomata (S) are on the 

upper surface of the leaf. Cells of the mesophyll (M) 

tissue of the leaf blade are thin-walled and contain many 

chloroplasts (C) (Figure 23). The mesophyll cells stained 

darkly with toluidine blue, indicating that the cytoplasm 

(CY) was present and preserved. Figure 23 also shows 
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Figure 22 . A transverse section of a leaf from intercalar y 
meristem of untreated wheat seedling. S 
stomata, MC mechanical cells, E = epidermis, 
and TR = trachomes. x 400 . 



Figure 23. 
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A higher magnification of a transverse section 
of a leaf from untreated wheat seedling. -- M 
mesophyll, C = chloroplast, CY = cytoplasm, VB 
vascular bundle, X = xylem, P = phloem, and DS 
double sheath. x 1600. 
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vascular bundles (VB) in the ground tissue of the blade. 

Xylem (X) tissue is positioned towards the upper surface of 

the blade and phloem (P) is located below it. Each vascular 

bundle is surrounded by a double sheath (DS). The inner 

sheath is composed of small cells that entirely encloses the 

bundle, whereas the outer layer is composed of larger cells 

which appear to contain chloroplasts. The regions above and 

below the vascular bundles are supported by large mechanical 

cells (Me) (Figure 22). 

Preemergent-Treated Seedlings. \vheat seedlings 

-6 x-6 germinated in 3 x 10 and 5 x 10 M haloxyfop-methyl for 

3 and 5 days exhibited enlarged and distorted mesophyllic 

cells of the leaf (Figures 24 and 25). ~1esophyllic cells 

appeared swollen and lightly stained. On the average, the 

size of the treated cells was 50% larger than the control 

cells. Mesophyll cells of seedlings treated with 5 x 10- 6 M 

haloxyfop-methyl were misshaped, swollen, and appeared to 

contain less cytoplasm than controls (Figure 25). Vascular 

bundles were also affected, having no distinct double sheath 

around them. 

Seedlings germinated in 5 x 10-6 M fluazifop-butyl 

for 3 days (Figure 26) also had mesophyllic cells which were 

distorted and enlarged. An average increase in cell size of 

about 35% over the control was observed. The coleoptile 

(CO) cells were also swollen and deformed. Some of the 
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Figure 24. Germination of wheat seeds in 3 x 10- 6 M 
haloxyfop-methyl for 3 days produced swollen and 
distorted mesophyll cells. M mesophyll 
c e 11 s. x 4 00. 



Figure 25. 
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Germination of wheat seeds in 5 x 10-
6 

M 
haloxyfop-methyl caused extensive distortion and 
enlargement of mesophyll cells. -- VB = vascular 
bundle. x 1600. 
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mesophyllic cells were lightly stained and lacked plastids 

and cytoplasm. Howe ver, the vascular bundles appeared 

intact and well organized. 

-6 Leaf cells of wheat seedlings germinated in 5 x 10 

M sethoxydim for 5 days were also enlarged and swollen 

(Figure 27). ~I e sop h y 11 i c as we 11 as cell s 0 f the d 0 u b 1 e 

sheath surrounding the vascular bundles 'were swollen, 

irregular-shaped, and disrupted. This treatment also caused 

an increase in the size of the cells similar to that 

produced by fluazifop-butyl at a concentration of 5 x 10-6 

M. These cells were lightly stained and appeared to contain 

less cytoplasm. Preemergent 

lower concentration of 3 x 

application of sethoxydim at a 

10- 6 ~I c a use d ale s sse v ere 

change in the anatomy of the leaf cells than the higher 

concentration (Figure 28) . The cells appeared intact, 

organized, and contained more cytoplasm than cells of 

seedlings germinated in 5 x 10-6 M sethoxydim. 

Postemergent-Treated Seedlings. The effect of post-

emergence applications of the herbicides on the anatomical 

structure of the wheat leaf was less than the preemergence 

applications. Ho\~e ver , similar cellular and tissue 

alterations were observed. Figures 29 through 31 show 

tissue taken from intercalary meristem of the second leaf 

following herbicidal treatment. Six-day-old wheat seedlings 

treated with 10- 3 H fluazifop-butyl exhibited irregular-
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Treatment of wheat seedlings with 5 x 10-
6 

M 
sethoxydim caused swelling of the mesophyll 
cells 5 days after preemergence treatment. 
M mesophyll cells, and DS double sheath. 
X 400. 



Figure 28. 
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Preem~~gent treatment of wheat seedlings with 3 
x 10 M sethoxydim produced a less severe 
damage to the cells. -- x 1600. 



Figure 29. 
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Distorted cells were produced 4_:fays following 
postemergence application of 10 M fluazifop-
butyl to six-day-old wheat seedlings. VB 
vascular bundle. x 1600. 
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Figure 30. Swollen and irregular cells of leaves of wheat 
seedlings 7 d~~s following postemergence applica
tion of 10 M haloxyfop-methyl. -- M = 
mesophyll, C = chloroplasts, and VB = vascular 
bundle. x 1600. 



Figure 31. 
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Disorganized mesophyll cells of wheat seedlings 
4 -¥ys following postemergence treatment with 
10 sethoxydim. -- M = mesophyll cells, VB 
vascular bundle, and C = chlorplasts. x 1600. 
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shaped cells 4 days after initial treatment (Figure 29). 

Cells of the mesophyll tissue were distorted and were 

stained densely with toluidine blue. Vascular bundles 

lacked a well-organized double sheath that surrounded it. 

Figure 30 shows the effect of postemergence application of 

-3 . 
10 M haloxyfop-methyl on the structure of wheat leaves 7 

days after treatment. In this tissue, mesophyll cells were 

swollen and irregular in shape. Chloroplasts were present, 

and vascular bundles appeared intact. However, the vascular 

tissue was surrounded only by one layer sheath. The effect 

of post emergence application of 10-
3 

M sethoxydim on the 

structure of wheat leaves 4 days following treatment is 

shown in Figure 31. The mesophyllic cells were enlarged and 

disorganized. The vascular bundle was well organized. The 

mesophyll cells appeared to contain darkly stained chloro-

plasts. The double sheath layer surrounding the vascular 

bundle was also disorganized. 

Electron Microscopic Studies 

Control Seedlings. Electron microscopjc observa-

tions of leaf segments of wheat were performed to detect 

ultrastructural alterations in the chloroplasts induced by 

the three herbicides. Segments examined were obtained from 

intercalary meristems of untreated, pre- and postemergent-

treated seedlings. Both proplastids and mature chloroplasts 

were observed in the intercalary area of untreated wheat 
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seedlings. Proplastids appeared smaller in size and 

contained only a few internal thylakoids (T) as compared to 

mature chloroplasts (Figure 32). In these proplastids, a 

few grana (G) and thylakoid stacks are present. The 

proplastids have a double membrane envelope (V) and 

contained starch grains (SG) which are surrounded by 

internal membrane thylakoids. Densely stained chloroplastic 

ribosomes (R) which are smaller than cytoplasmic ribosomes 

(CR) were scattered in the stroma. Plasmodesmata (PL) which 

interconnect adjacent cells were also visible. The electron 

micrograph (Figure 33) revealed finer details of a mature 

chloroplast ultrastructure from an untreated wheat seedling. 

This represents the general ultrastructure of wheat 

chloroplasts and at this stage the chloroplast has developed 

a complex internal thylakoid system. These chloroplasts 

were elongated and discoid in shape and their grana I 

thylakoids were well developed, organized, and composited 

layers of thylakoids were well stacked. These thylakoids 

were interconnected by intergranal thylakoids which are more 

abundant than in the proplastids. The chloroplast has an 

envelope consisting of two concentric membranes. The stroma 

contained a large number of ribosomes. 

Preemergent-Treated Seedlings. Germination of wheat 

seedlings in 5 x 10- 6 M haloxyfop-methyl caused a severe 

ultrastructural alterations in the chloroplasts, especially 
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Figure 32. Developing proplastids of untreated wheat 
seedlings. T thylakoids, G grana, v 
envelope, SG starch grain, R chlorplastic 
ribosomes, CR cytoplasmic ribosomes, and PL = 

plasmodesmata. X 37500. 



Figure 33. 
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Mature chloroplast of untreated wheat seedlings. 
-- T = thylakoids, V = envelope, G = grana, and · 
R = ribosomes. x 37500. 
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in the internal membrane thylakoid (Figure 34) . The 

alteration included a complete disorganization and loss of 

the internal thylakoid system and lacked grana 1 and 

intergranal membranes. These injury symptoms were observed 

in plastids of intercalary meristem of leaf cells examined 3 

and 5 days after preemergent treatment. The application of 

-6 sethoxydim at 5 x 10 M also caused a massive damage to the 

chloroplasts (Figure 35). Internal thylakoid systems were 

completely absent from some of the chloroplasts. Figure 35 

also shows some mylenoid (MY) bodies. Several osmophyllic 

plastoglobuli (OP) were present at one end of the plastid 

whereas starch grains were not. The damage to chloroplasts 

of wheat seedlings treated with a lower concentration (3 x 

10- 6 M) of sethoxydim was not as severe compared to that 

caused by the high -6 concentration (5 x 10 M) (Figure 36). 

The chloroplasts were spherical in shape and contained some 

starch grains and a few thylakoids. Because of the feHer 

thylakoids, grana Here not fully developed and organized. 

The thylakoids appeared to be arranged and aligned at the 

periphery of the chloroplast rather than arranged throughout 

the plastid. Numerous ribosomes Here present in the stroma. 

Loss of thylakoids in chloroplasts of wheat seed

lings germi~ated in 5 x 10-6 M fluazifop-butyl Has observed 

(Figure 37). Remnants of the extensively sHollen thylakoids 



Figure 34. 
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-6 Preemergent application of 5 x 10 M haloxyfop-
methyl caused loss of internal membrane system 3 
days after treatment. V = envelope, and SG = 
starch grain. x 37500. 
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Figur~ 35. Pl~5tids of wheat seedlings germinated in 5 x 
10 M sethoxydim for 5 days lost internal 
membranes and accumulated osmophyllic plasto
globuli. V = envelope, MY = myl~noid body, 
and OP = osmophyllic plastoglobuli. x 25000. 
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Chlor~~lasts of wheat seedlings germinated in 3 
x 10 M sethoxydim for 3 days exhibited 
spherical shape with few internal membranes. 
SG starch grain, T thylakoid, MT 
mitochondrion, and N = nucleus. x 30000. 
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Fewer membranes and masses of osmophyllic 
plastoglobuli characterize chlor~glasts of wheat 
seedlings germinated in 5 x 10 . M fluazifop-
butyl for 3 days. T thylakoid, and OP 
osmophyllic plastoglobuli. x 42000. 
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were unstaked and scattered throughout the chloroplast. The 

chloroplast also contained many osmophyllic plastoglobuli. 

Postemergent-Treated Seedlings. In general, post-

emergent treatment of wheat seedlings caused less damage to 

the chloroplasts than preemergent treatment. Howe ver, some 

internal damage of thylakoids occurred in plastid of leaf 

tissue 7 days after treatment with 5 x 10-4 M haloxyfop-

methyl (Figure 38). Grana thylakoids were stacked and grana 

were organized but appeared as separate entities, whereas 

intergranal thyalakoids were absent. Osmophyllic 

plastoglobuli accumulated within the chloroplast. Figure 39 

s how s chI 0 r 0 pIa s t 0 f w h eat see d lin g s t rea ted wit h 1 0 - 3 ~1 

sethoxydim. The chloroplast exhibited a spherical shape 

typical of sethoxydim injury (Lichtenthaler, 1984). Only 

spare and disorganized thylakoids were present. The 

thylakoids were located near the periphery of the 

chloroplast and several masses of osmophyllic plastoglobuli 

accumulated in the stroma. Fewer intergranal thyalkoids 

were observed in chloroplasts of wheat seedlings 4 days 

following treatment -4 with 5 x 10 M sethoxydim (Figure 40). 

These chloroplasts showed a lower degree of thylakoid 

stacking and contained large starch grains. Similar damage 

was observed in the chloroplasts when the seedlings were 

treated with 5 x 10-4 M fluazifop-butyl (Figure 41) . 

H 0 \ve v e r, g ran awe rem 0 ref r e que n t t han inc h lor 0 p 1 a s t s 0 f 
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Figur2 38. Postemergence application of 5 x 10-l~ M 
haloxyfop-methyl caused loss of intergranal 
thylakoids from chloroplasts of wheat seedlings 
7 days after treatment. G gran:1., and OP = 

osmophyllic plastoglobuli. x 24000. 



Figure 39. 
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Ch!~roplasts of wheat seedlings treated with 
10 M sethoxydim contained fewer membranes and 
exhibited the spherical shape typical of sethoxy
dim injury. T = thylakoid, OP = osmophyllic 
plastoglobuli, and MT = mitochondrion. x 24000. 



Figure 40. 
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-4 Postemergent treatment with 5 x 10 M sethoxy-
dim resulted in lower stacking of thylakoids 4 
days after treatment. SG = starch grain, G = 
grana, and T = thylakoid. x 36000. 



Figure 41. 
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Fewer intergranal thylakoids were present in 
chloroplasts of wheat_~eedlings 4 days following 
treatment with 5 x 10 fluazifop-butyl. -- SG = 
starch grain, G grana, and V envelope. 
X 30000. 
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seedlings treated with 5 x 10-4 M sethoxydim and fewer 

intergranal thylakoids were present. 

For comparison purposes, mature leaf segments were 

also examined. The segments were obtained from the first 

leaf 7 days after treatment with 

micrograph of Figure 42 

herbicides. 

represents 

The 

the 

electron 

general 

ultrastructural damage caused by treatment with either of 

the three herb:icides. Granal thylakoids were present and 

well stacked. Intergranal thylakoids were also present, 

although not as many as in untreated seedlings. Starch 

grains and ribosomes were also visible. Overall, damage to 

chloroplasts from mature tissue was not as severe as 

compared to that of young developing tissue. 

In summary, the general damage caused by these 

herbicides as revealed by light microscopic studies was the 

swelling and distortion of cells. Several cells lacked 

cytoplasm and chloroplasts. Similar observations were 

reported by Hosaka et a1. (1984). They found that cell 

arrangement in the meristematic region was disorganized and 

normal development was inhibited 5 days after application of 

0.2 kg/ha sethoxydim to corn seedlings. They also observed 

cytoplasm construction after 24 h of treatment. Gorske and 

Hopen (1978) found that foliar treatment with the herbicides 

oxyfluorfen and nitrofen caused membrane destruct:ion, 

resulting in the collapse of some of common purslane leaf 



Figure 42. 
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Ch~~roplast of mature wheat leaves treated with 
10 M haloxyfop-methyl had well stacked grana 
and appeared uninjured 7 days after postemergent 
treatment. SG = starch grain, G = grana, and 
T = thylakoid. x 42000. 
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cells. These herbicides also caused loss of plastids from 

the bundle sheath cells of purslane and leaf abscission 8 

to 24 h after treatment. Swisher and Corbin (1982) reported 

that johnsongrass seedlings treated .wi th sethoxydin 

exhibited necrotic zones at the base of expanding leaves. 

Mature leaves, however, appeared uninjured. This is in 

agreement with observations reported in this study where 

segments of mature leaves were not damaged by herbicidal 

treatments. 

In this study, pre- and postemergent herbicidal 

application caused swelling and loss of thylakoids from 

chloroplasts. Other organelles appeared uninjured. Chloro

plasts of treated seedlings appeared spherically shaped. 

Plastids of the seedlings appeared like empty bags when the 

herbicides were applied preemergent. Chloroplast injury was 

more evident in plastids of the meristematic tissue than 

mature green tissue. It appears that these herbicides 

disrupt and degraded internal membrane system of the 

chloroplasts. 

Lichtenthaler (1984) discovered that the major 

target of sethoxydim on barley seedlings was the inhibition 

of chloroplast biogenesis and differentiation. This herbi

cide was not only found to affect chloroplast biogenesis and 

differentiation, but also chloroplast replication resulting 

in fewer chloroplasts in treated barley seedlings (Lichten-
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thaler and Meier, 1984). They also reported that sethoxydim 

affected thylakoid formation, thylakoid multiplication and 

grana formation in barley chloroplasts. These chloroplasts 

had fewer intergranal thylakoids, and they showed a lower 

degree of thylakoid stacking, which was similar to the 

findings of this study. Lichtenthaler and Meier (1984) 

observed no difference in chloroplast ultrastructure between 

sethoxydin-treated or control barley seedlings when the tip 

of the mature green second leaf was examined. 

Spherical-shaped chloroplasts as observed in this 

study were also observed in sethoxydim and diclofop-methyl 

treated plants (Lichtenthaler, 1984 and Brezeanu et al., 

1976, respectively). Diclofop-methyl induced a greater 

number of plastoglobuli in the chloroplast of treated wheat 

plants than in the controls. The increase of plastoglobuli 

to accumulation of lipids that 

for prodHction of thylakoids 

They also reported that at the 

was interpreted to be due 

would normally be used 

(Brezeanu et al., 1976). 

final stages of plastid development, the envelope ruptured, 

resulting in mixture of chloroplastic and cytoplasmic 

contents. Orr and Hess 

methyl disrupted cellular 

(1981) reported that acifluorfen

membranes of cucumber cotyledons 

and led to increased membrane permeability. 



SUMMARY AND CONCLUSIONS 

The herbicides used in this study reduced 

chloroplast pigment concentration, inhibited growth and 

development of wheat seedlings, and caused anatomical and 

ultrastructural modifications of cells and organelles in 

intercalary meristematic regions. 

A concurrent reduction in all chloroplast pigments 

of wheat seedlings occurred specially with all preemergent 

herbicidal treatments. 

three herbicides at rates 

Preemergent 

of 5 x 10- 6 

treatments 

to 

with all 

~1 caused a 

significant reduction in chI a concentration compared to the 

control ex ce pt fo r fluazifop-butyl at The 

treatments with the three rates of haloxyfop-methyl caused 

similar reductions of chl chl .£, and total chI 

concentration in the seedlings. Carotenoid concentrations 

in the above-ground tissue of wheat seedlings were reduced 

by 92, 90 and 94% compared to the control with treatments of 

haloxyfop-methyl, fluazifop-butyl, and sethoxydim at a rate 

of 5 x 10-6 ~1, respectively. Postemergent application of 

10- 3 M haloxyfop-methyl or sethoxydim to 6-day-old seedlings 

caused a significant reduction in chI ~ compared to the 

control. A signjficant reduction in chI b concentration of 

lOS 
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the seedlings only occurred with ~I sethoxydim 

treatment. Total chI was significantly reduced compared to 

the control when the wheat seedlings were treated with 

haloxyfop-methyl at 10- 3 ~I and sethoxydim at 10- 3 and 5 x 

Postemergent treatment of the seedlings with 

haloxyfop-methyl and sethoxydim at -3 10 M reduced caroten-

oids by 11 and 15% compared to the control, respectively. 

Chlorotic tissue was observed only at the meristematic area 

of the second leaf in postemergent-treated wheat seedlings. 

The small reduction of chloroplast pigments measured in 

postemergent-treated seedlings is probably due to inclusion 

of mature green tissue in the pigment extraction. 

Preemergent application of .5 x M of either 

haloxyfop-methyl, fluazifop-butyl, or sethoxydim caused a 

91, 78, and 83% reduction in the fresh weight of above-

ground tissue and 84, 72, and 79% reduction in the dry 

weight of roots compared to the control, respectively. The 

height of the wheat seedlings was reduced by 86, 79, and 82% 

compared to the control 5 days after germination in 5 x 10- 6 

M of either haloxyfop-methyl, fluazifop-butyl, or sethoxy-

dim. The most obvious injury symptom that developed 

following postemergent herbicidal treatment \Vas the 

inhibition of gro\Vth and development of the secondary wheat 

leaf. Poslemergent application of the three herbicides at a 

ra te of -3 10 ~I caused a 98% reduction in the length of the 
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second leaf compared to the control, whereas the application 

of the same concentration caused only a 36% reduction of the 

length of the first leaf when treated with haloxyfop-methyl 

and about 45% reduction of the length of the leaf when 

treated with fluazifop-butyl or sethoxydim. Postemergent 

treatment with the hi.ghest concentration (10- 3 N) of each 

herbicide caused a 40% reduction in the fresh weight of 

above-ground tissue of the seedlings compared to the 

control. These results indicate that preemergent herbicidal 

treatments ca use d greater reduction of growth than 

post emergent treatments. Also, the inhibition of growth was 

more severe in meristematic tissues than mature tissues. 

Light microscope examination revealed that wheat 

seedlings germinated in -6 -6 3 x 10 and 5 x 10 M haloxyfop-

methyl exhibited distorted and enlarged mesophyllic cells. 

The cell size of these preemergent-treated seedlings was 50% 

larger than the control cell size, whereas the cell size of 

the 5 x 10- 6 M fluazifop-butyl and sethoxydim-treated 

seedlings was only 35% larger than the control cell size. 

Meso~hyllic cells treated with the high concentration (5 x 

10-
6 

M) of each of the three herbicides appeared to contain 

less cytoplasm. Treatment of the 6-day-old seedlings with 

the high concentration (10- 3 ~1) of each herbicide also 

caused distortion and swelling of the cells. Ho\vever, these 

postemergent herbicidal treatments of the seedlings caused 
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less extensive structural damage to the cells and tissues 

than preemergent treatments. 

Electron microscope study revealed that the 

chloroplast was the single most damaged organelle following 

pre- and postemergent herbicidal treatments. Chloroplast 

injury was more severe in segments of meristematic regions 

of the leaf than in chloroplasts of mature tissue. The 

general damage of plastids from intercalary meristem of the 

leaves of wheat seedlings germinated in 5 x 10- 6 M of either 

haloxyfop-methyl, fluazifop-butyl, or sethoxydim was disor-

ganization and reduction of the internal thylakoid system. 

The plastids lacked granal and intergranal membranes. 

Electron micrographs of sethoxydim-treated tissue showed 

mylenoid bodies and spherically s ha pe d chloroplasts. 

Plastids of leaf tissue treated with sethoxydim and 

contained masses of osmophyllic fluazifop-butyl 

plastoglobuli. Postemergent application of the herbicides 

caused similar but less severe ultrastructural damage to the 

chloroplasts. These chloroplasts were characterized by 

fewer intergranal thylakoids and lower degree of thylakoid 

stacking in the grana. 

The results and observations of this study provide 

some evidence supporting the hypothesis that diphenylether 

herbicides cause peroxidation of chloroplast membranes (Orr 

and Hess, 1981, 1982a, 1982b). The initial step in the 
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peroxidation process is the generation of free radicals 

following carotenoid activation of the herbicide molecules 

(Kunert and Boger, 1981). As early as 1969, Matsunaka 

proposed the possibility of involvement of yellow .plant 

pigments in the activation 

and Stobbe (1979) and Orr 

of nitrofen. Recently Vanstone 

and Hess (1982a) proposed that 

carotenoids were involved in the light activation mechanism 

of oxyfluorfen and acifluorfen-methyl, respectively. The 

free radicals then initiate peroxidation reactions in the 

membranes, leading to 

acids of the membrane 

destruction of polyunsaturated fatty 

lipids (Sandmann and Boger, 1983). 

The carotenoids involved in the activation of the herbicide 

are then destroyed along with the other chlorophyll 

pigments. This explains the concurrent 

chloroplast pigments reported in this study. 

loss of all 

Disruption of 

the plastid membranes then results in mixture of cellular 

contents. The ultrastructural study showed typical damage 

and alterations of the plastids similar to earlier reports. 

The light microscope study showed swelling of the cells 

which may result from injury to the cellular membranes. 

Also, inhibition of growth and development of the wheat 

seedlings, particularly in the meristematic regions, may be 

due in part to damage of the membrane required for growth. 

Subsequently, all these injuries lead to degradation of cell

ular components and eventually to the death of the plant. 
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ANOVA TABLES FOR ALL VARIABLES STUDIED 
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Table A.l. An~~ysis of variance of chlorophyll a (ll g x 
10 Igm fresh weight) in top tissue of wheat 
seedlings 9 days after spray with treatments. 

Source 

Blocks 
Treatments (T) 
Herbicides (H) 
Concentration 
H x C 
Control vs T 
Residual 

a O. Ol Ie v el of 

bO. 05 Ie v el of 

df SS 

3 13.10 
9 17.98 
2 5.97 

(C) 2 6.45 
4 5.34 
1 0.21 

27 11.49 

significance 

significance 

MS 

4.37 
1. 99 
2.99 
3.23 
1. 34 
0.21 
0.43 

F 

4.63 a 

6.95 a 
a 7.51 b 3.12 

0.49 

Table A.2. An~2ysis of variance of chlorophyll .Q. (lJ g x 
10 Igm fresh weight) in top tissue of wheat 
seedlings 9 days after spray with treatments. 

Source 

Blocks 
Treatments (T) 
Herbicides (H) 
Concentrations 
H x C 
Control vs T 
Residual 

a O. 01 level of 

bO.OS Ie vel of 

df SS 

3 3.24 
9 7.09 
2 2.30 

(C) 2 2.46 
4 2.13 
1 0.20 

27 4.27 

significance 

significance 

MS 

1. 08 
0.79 
1.15 
1. 23 
0.53 
0.20 
0.16 

F 

4.94 a 

7.19 a 
a 7.69 b 3.31 

1.3 
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Ta ble A. 3. An~2ysis of variance of total chlorophyll (jJ g x 
10 /gm fresh weight) in top tissue of wheat 
seedlings 9 days after spray with treatments. 

Source 

Blocks 
Treatments (T) 
Herbicides (H) 
Concentration 
H x C 
Control vs T 
Residual 

a O. Ol Ie vel of 

bO. 05 Ie vel of 

df SS 

3 28.91 
9 46.62 
2 15.67 

(C) 2 16.50 
4 13.62 
1 0.83 

27 25.08 

significance 

significance 

MS 

9.64 
5.18 
7.84 
8.25 
3.41 
0.83 
0.98 

F 

5.57 a 

8.43 a 
a 8.87 b 3.67 

0.89 

Table A.4. Ana 2ysis of variance of carotenoids (jJ g x 
10- /gm fresh weight) in top tissue of wheat 
seedlings 9 days after spray with treatments. 

Source 

Blocks 
Treatments (T) 
Herbicides (H) 
Concentrations 
H x C 
Control vs T 
Residual 

a O. Ol Ie vel of 

bO. 05 Ie vel of 

df 

3 
9 
2 

(C) 2 
4 
1 

27 

significance 

significance 

SS 

0.57 
0.59 
0.18 
0.18 
0.18 
0.04 
0.56 

~IS 

0.19 
0.07 
0.09 
0.09 
0.05 
0.04 
0.02 

F 

3.5~ 
4.5

b 4.5 
2.5 
2.0 
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Table A.5. Analysis of va~~ance of chlorophyll ~ concentra
tion (fJ g x 10 Igm fresh weight) in top tissue 
of wheat seedlings after 5 days germination in 
treatments. 

Source df 

Blocks 3 
Treatments (T) 9 
Herbicides (H) 2 
Concentrations (C) 2 
H x C 4 
Control vs T 1 
Residual 27 

a O. Ol le vel of significance 

SS 

10.68 
171.05 

21. 54 
53.41 
23.47 
73.08 
29.79 

MS 

3.56 
19.06 
10.77 
26.71 
5.87 

73.08 
1. 10 

F 

17.33 a 

9.79 a 

24.28 a 

5.34 a 

66.44 a 

Table A.6. Analysis of va~~ance of chlorophyll ~ concentra
tion (fJ g x 10 Igm fresh weight) in top tissue 
of wheat seedlings after 5 days germination in 
treatments. 

Source 

Blocks 
Treatments (T) 
Herbicides (H) 
Concentrations 
H x C 
Control vs T 
Residual 

8 0 . 01 level of 

df SS 

3 2.92 
9 39.67 
2 3.88 

(C) 2 11. 19 
4 6.38 
1 18.22 

27 7.80 

significance 

MS 

0.97 
4.41 
1. 94 
5.60 
1. 60 

18.22 
0.29 

F 

15.21 a 

6.69 a 

19.31 a 

5.52 a 

62.83 a 
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Table A.7. Analysis of varianc~2 of total chlorophyll 
concentration (Wg x 10 /gm fresh weight) in top 
tissue of wheat seedlings after 5 days germina
tion in treatments. 

Source df SS MS F 

Blocks 3 24.76 8.25 
Treatments (T) 9 375.70 41.74 l6.76 a 

Herbicides (H) 2 43.57 21.79 8.75 a 

Concentrations (C) 2 113.50 56.75 22.79 a 

H x C 
Control vs 
Residual 

a O. Ol le vel 

Table A.8. 

Source 

Blocks 
Treatments 
Herbicides 

T 
4 54.30 13.58 5.45 a 

1 164.33 164.33 66.00 a 

27 67.21 

of significance 

Analysis of v~~iance of 
tion (W g x 10 /gm fresh 
of wheat seedlings after 
treatments. 

df SS 

3 1. 07 

2.49 

carot~noids concentra
weight) in top tissue 
5 days germination in 

MS F 

0.36 
(T) 9 14.55 1. 62 
( H) 2 2.16 1. 08 

Concentrations (C) 2 4.47 2.24 

18.00 a 

12.00a 

24.89 a 

H x C 
Control vs T 
Residual 

a O. 01 level of 

4 
1 

27 

significance 

1. 75 
6.17 
2.38 

0.44 
6.17 
0.09 

4.89 3 

68.56a 
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Table A.9. Analysis of var2-tnce of fresh weight of top 
tissue (mg x 10 /plant) of wheat seedlings 9 
days after spray with treatments. 

Source 

Blocks 
Treatments (T) 
Herbic'ides (H) 
Concentration 
H x C 
Control vs T 
Residual 

a O. Ol Ie vel of 

df 

3 
9 
2 

(C) 2 
4 
1 

27 

significance 

SS 

0.16 
3.62 
0.04 
2.82 
0.06 
0.70 
0.30 

MS 

0.05 
0.40 
0.02 
1. 41 
0.02 
0.70 
0.01 

F 

40.00a 
2.00 

141. OOa 
2.00 

70.00 a 

Table A.lO. Analysis of variance of the growth (cm) of the 
first leaf of wheat seedling from the vermicu
lite surface in the period of 6-15 days after 
spray with treatments. 

Source 

Blocks 
Treatments (T) 
Herbicides (H) 
Concentrations 
H x C 
Control vs T 
Residual 

a O. Ol Ie vel of 

bO. 05 1e vel of 

df SS 

3 11.52 
9 54.30 
2 4.70 

(C) 2 32.04 
4 1. 93 
1 15.63 

27 15.38 

significance 

significance 

MS 

3.84 
6.03 
2.35 

16.02 
0.48 

15.63 
0.57 

F 

a 10.58
b 4.12 

28.11 a 
0.84 

27.42 a 
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Table A.ll. Analysis of variance of the growth (cm) of the 
second leaf of wheat seedling from the vermicu
lite surface in the period of 9-15 days after 
spray with treatments. 

Source 

Blocks 
Treatments (T) 
Herbicides (H) 
Concentrations 
H x C 
Control vs T 
Residual 

a O. Ol Ie vel of 

bO. 05 Ie vel of 

df 

3 
9 
2 

(C) 2 
4 
1 

27 

significance 

significance 

SS 

8.80 
367.40 

9.22 
272.60 

6.50 
79.08 
22.13 

MS 

2.93 
40.82 

4.61 
136.30 

1. 63 
79.08 

0.82 

F 

49.78 a 

5.62 a 

166.22 a 

1. 99 
96.44 a 

Table A .12. Analysis of variance of fresh weight of top 
tissue (mg/plant) of wheat seedlings germinated 
for 5 days in treatments. 

Source df SS MS F 

Blocks 3 171.00 57.00 
Treatments (T) 9 7402.00 822.44 36.86 a 

Herbicides (H) 2 1407.40 703.70 31. 54 a 
Concentrations (C) 2 2786.00 1393.00 62.44 a 

H x C 4 589.80 147.45 6.61 a 

Control vs T 1 2618.80 2618.80 117.38a 

Residual 27 602.50 22.31 

a O. Ol Ie vel of significance 
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Table A.13. Analysis of variance of the dry weight of roots 
(mg/plant) of wheat seedlings germinated for 5 
days in treatments. 

Source df SS MS F 

Blocks 3 5.36 1. 79 
Treatments (T) 9 46.91 5.21 
Herbicides (H) 2 9.00 4.50 
Concentrations (C) 2 6.14 3.07 

16.81 a 

l4.52 a 
a 9.90 b H x C 

Control vs 
Residual 

a O. 01 Ie vel 

a O. 05 Ie vel 

Table A.14. 

Source 

Blocks 
Treatments 
Herbicides 

4 
T 1 

27 

of significance 

of significance 

3.85 
27.92 
8.28 

0.96 
27.92 
0.31 

3.10 
90.06 a 

Analysis of variance of the 
wheat seedlings 5 days after 
treatments. 

height (cm) 
germination 

of 
in 

df SS MS F 

3 5.38 1. 79 
(T) 9 135.10 15.01 
(H) 2 21. 89 10.95 

Concentration (C) 2 47.00 23.50 

32.63 a 

23.80 8 

51. 09 a 

H x C 
Control vs T 
Residual 

a O. 01 Ie vel of 

4 14.62 
1 51. 59 

27 12.48 

significance 

3.66 
51. 59 
0.46 

7.96 a 

112.153 
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