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ABSTRACT 

The herbicides inonosodium inethanearsonate (MSMA) 

and 'j-chloro-5-( dimethylamino ) -2-(a,£,a-trifluoro-m-

tolyl)-3(2H)-pyridazinone (6706)  were applied to johnson-

grass (Sorghum halepens e L.) or sorghum (Sorghum bicolor 

[L.] Moench, 'Hegari ' ) to determine whether they were 

translocated to the rhizomes and the nature of their 

effects upon leaf pigments, leaf anatomy, Hill reaction, 

and COr> fixation. 

Pigment accumulation was inhibited in 7-day-old 

sorghum seedlings by 6706  when applied to the roots while 

MSMA did not. Molar concentrations of 6706  needed to cause 

a 50% inhibition of pigments were: 1.3 x 10 ̂  for total 

chlorophyll; 1.5 x 10 ̂  for chlorophyll a_; 1.7 x 10 ̂  for 

—6 
chlorophyll l b ;  and 1.2 x 10 for carotenoids . 

MSMA did not alter leaf anatomy nor chloroplast 

-5 
density of sorghum leaves. Applxcatxons of 10 and 

10 ̂ M 6706 to the roots caused a reduction in number and 

shape of chloroplasts in both the mcsophy]1 and bundle 

sheath cells. 

MSMA and 6706 were applied to the foliage of 

jolinsongrass , and the foliage was then removed at 6, 12, 

2'J , and '18 hr after spraying. MSMA was effective in 

inhibiting regrowth at all times and killed the rhizomes 

x 



xi 

of moat plants. The 6706 significantly reduced regrowth at 

all time intervals except 6 hr. Chlorosis was also used as 

a measure of whether the herbicides were translocated from 

the foliage to the rhizomes. Regrowth of plants treated 

with 6706 was chlorotic fit all time intervals , while MSMA 

did not cause chlorosis. 

MSMA and 6706  were applied to isolated jolinsongrass 

cliloroplasts to determine the molar concentrations needed 

to inhibit the Hill reaction by 50%. The Hil] reaction was 

inhibited by 50% at 5 x 10 ^M 6706 .  A concentration of I . 8  

x ]0 ̂ M of MSMA caused a 50% inhibition. 

MSMA and 6706  were applied to the roots of johnson-

grass growing in nutrient solution to determine their 

effects upon photosynthetic rates and recovery rates after 

the roots were removed from the herbicides. The photo-

synthetic rates were measured by an infra-red gas analyzer 

-2 - 3 at 129 klux. The herbicide rates were 10 , 10 , and 

10_ilM for MSMA, and 10~3, lO-'*, and 1.0~5M for 6706 .  The 

pho tosyntlietic rates were measured 0, 'i, 8, 2'l, and 'l8 hr 

after the herbicides were first applied to the roots. The 

roots were removed from the herbicide solution aftex' a 50% 

inhibition of the beginning photosynthetic rate. 

- 2  - 1  
MSMA was effective at rates of .10 and .10 M in 

reducing photosynthesis, and the johnsongrass plants were 

not able to detoxify the lu;rl>.i.c:i.do applied at those rates, 

-'l The 10 M rate of MSMA did not reduce photosynthesis. In 
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some instances 6706  significantly reduced photosynthesis. 

Photosynthetic rates of johnsongrass plants treated with 

10 6706 returned to the initial level after the 2'l hr 

measurement. 



INTRODUCTION 

The control of johnsongrass (Sorghum halepenso L.) 

is a serious economic problem in farming throughout the 

southern United States. It is a persistent weed because 

of its prolific seed production and extensive rhizome 

system. The rhizomes provide a supply of carbohydrates 

and underground buds that overwinter and produce regrowth 

in the spring. 

Recently, herbicides have aided in johnsongrass 

control. The organic arsenicals, disodium methanearsonate 

(DSMA) and inonosodium mothanearsonate (MSMA) have been 

effective as repeated applications. Some of the effective 

herbicides used in johnsongrass control reduce the carbo

hydrate supply and the number of buds on the rhizomes. 

This study determined the effects of two herbicides 

upon the metabolism of johnsongrass. The herbicides were 

MSMA and 'i-chloro-5- ( dimethyl amino ) -2- (a,£,a-trifluoro-m-

toly.1)-3 ( 2H^)-pyr idazinone (hereafter referred to as 6706  ,  

the manufacturer 1 s code number) . The latter has also shown 

promise for control of johnsongrass. 

The effects of these herbicides on leaf pigments, 

leaf anatomy, 111.11 reaction, photosynthetic rates, and 

ability of johnsongrass to inactivate the herbicides were 
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studied as well as translocation of the herbicides from the 

foliage to the rhizomes. 

This study was initiated with the following objec

tives : 

1. To determine the molar concentrations of herbicides 

causing 50% inhibition of chlorophyll accumulation 

and carotenoid synthesis. 

2. To determine the effects of different molar con

centrations of herbicides upon leaf anatomy. 

3. To determine whether the herbicides are translo

cated. 

4. To determine the molar concentrations of herbicides 

causing 50% inhibition of the Hill reaction. 

5. To determine the effect of herbicide concentrations 

on CO^ uptake and whether there is a subsequent 

recovery of photosynthesis. 



LITERATURE REVIEW 

J ohnsongras s 

Johnsongrass is a noxious weed in many states. It 

is purported to have been introduced into the southeastern 

states in about 1830 from the Mediterranean coast countries 

of Europe and Africa by Governor Means (3, 'i7)« Recently, 

however, McWhorter ('i- 7) has reported that this is doubtful 

and that it was probably introduced by several persons at 

different times. Although it was limited originally to the 

southeastern states, it is now as far north as the state of 

Maryland. 

Johnsongrass competes with crops for water, 

nutrients, and light, reducing their yields and quality. 

It is a major obstacle in ditches, reducing the water 

carrying capacity (26). In other instances stands of 

johnsongrass harbor destructive insects and disease causing 

organisms. During times of stress, freezing and drought, 

vigorously growing johnsongrass may accumulate quantities 

of prussic acid which can be poisonous to livestock. 

It is a hardy weed because of its rapid growth 

habit and mode of reproduction. Reproduction is accom

p l i s h e d  b y  e i t h e r  o r  b o t h  s e e d  o r  r h i z o m e s .  S t a m p e r  ( 6 2 )  

estimated th.it there was a production of 33,700 kg/lia of 

j o h n s o n g r a s s  r h i z o m e s .  A n d e r s o n ,  A p p l e b y ,  a n d  W e s e l o h  ( 2 )  

3 



also studied rhizomes and observed that the initiation of 

rhizomes in seedlings occurred k to 5 weeks following 

emergence, and that within 6 to 7 weeks the rhizomes were 

well developed. Rhizome internodes numbered more than 

5,200 for a k.5-month-old plant. 

Oyer, Gries, and Rogers (53) studied the initiation 

of rhizomes on seedling plants and found that the rhizomes 

began at the seven-leaf-stage (about 50 days after plant

ing). In another investigation (h 3) pi tints established 

from seed produced 6^1.6 m of rhizomes in 152 days of 

growth. Rhizome growth was slow prior to blooming but 

increased rapidly thereafter. 

Some failures of herbicides in johnsongrass control 

are due to the extensive rhizome system. The rhizomes 

penetrate several decimeters into the soil, overwinter, and 

produce new plants in the spring (l). 

The initiation of new shoots is controlled by 

apical dominance of the above ground foliage or individual 

rhizome apices (9)- Hull (32) reported rhizome buds were 

strongly influenced by apical dominance and that emerged 

shoots partially suppressed sprouting of adjacent buds. 

The best temperature tested for bud sprouting was approxi

mately 30 C, while sprouting was suppressed at 15 C. 

The growth of shoots is rapid from both seed and 

rhizomes . In one test plants began to flower 'l7 days after 

planting whether as seed or rhizomes. Leaf growth prior 



to flowering was rapid but slowed considerably after 

blooming (43)• In addition to supplying new buds, the 

rhizomes stored carbohydrates needed for continued plant 

growth and overwintering (54). 

Johnsongrass is a prolific seed producer, and the 

seed is usually dormant which insures its survival. 

Taylorson and McWhorter (64) investigated seed germination 

of 44 ecotypes and found most were highly dormant and 

required some kind of treatment to aid in germination. 

They concluded that dormancy was imposed by the mechanical 

restriction of the seed coat. 

McWhorter (46) has surveyed anatomically many 

ecotypes from across the United States. The number of 

vascular bundles in the leaves ranged from 46 to 15^, and 

stomata numbered from 63 to l48 per mm . The upper surfac 

2 of the leaves averaged 95 stomata per mm and the bottom 

surface, 113. 

Johnsongrass has many unique characteristics that 

are found in plants having the C^-carbon cycle of 

fixation pathway (10, 12, 13, 18, 21, 51, 52). One charac 

teristic is the presence of a chloroenchymatous vascular 

bundle sheath in the leaves (10, 18, 20, 23). The sheath 

is made up of large thick-walled cells that contain many 

chloroplasts. These chloroplasts are larger, darker green 

in color, and contain more starch than the chloroplasts of 

the mesophyll. 
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Additional characteristics that johnsongrass has in 

common with other C^-cycle plants are: high photosynthetic 

rates (50 to 80 mg/dm^/hr), photosynthe tic saturation at 

high light intensities (86 to 129 klux), optimum photo

synthesis at high temperatures (30 to ^10 C), photosynthesis 

not inhibited by oxygen, no plio tor espir at ion, and low 

photosynthetic compensation points (5 PP'n or less) (12, 13, 

15, 23, 51). 

Organic Arsenicals 

An organic arsenical is a compound with the arsenic 

atom attached directly to a carbon atom. Generally speak

ing the organic arsenicals are less toxic to mammals than 

the inorganic arsenicals. 

The organic arsenicals are effective herbicides 

against many annual grass and broadleaf weeds (25, 55, 63), 

as well as perennials such as johnsongrass (2*t, 27, ̂ 9), 

purple nutsedge (Cyperus rotundus L.) (19, 31), and yellow 

nutsedge (Cyperus esciil entus L.) (38). Two herbicides of 

this type are DSMA and MSMA. The major difference between 

the two being that DSMA has two sodium atoms while MSMA lias 

only one. Although some differences exist in their pliyto-

toxicity, they are quite simil«*r in effectiveness. 

In tests where DSMA and MSMA were used to control 

purple nutsedge (at temperatures of 13, 20, and 29 C) DSMA 

was most effective at higher temperatures, while MSMA was 



effective at all temperatures tested ('lO). Tests with MSMA 

and DSMA on cotton (Gossyplum hirsutum L.) showed that MSMA 

was more phytotoxic than DSMA ('l, 39)• Although the MSMA 

injury at 13 and 20 C was severe, the appl ic at .ions at 31 C 

did not .injure the cotton (39)* 

Millhollon (^9) found that two applications of MSMA 

in the spring controlled 95% of the johnsongrass in ratoon 

sugarcane (Saccharurn officinarum L.). 

McWhorter ('l'l) found DSMA killed johnsongrass 

foliage, but there was no indication of translocation to 

the rhizomes. The addition of a surfactant increased the 

effectiveness of DSMA and control was better during drought 

conditions. Increased rates of DSMA provided bettei~ con

trol , but toxicity did not vary with the amount of carrier-

(water) from 187 to 7k8 L/ha. Hamilton (2^) reported that 

3 • ̂  to 6.7 kg/ha of either DSMA or MSMA applied five to six 

times per year destroyed several johnsongrass strains. 

McWhorter ('l5) noted that MSMA was more effective 

in controlling many johnsongrass ecotypes than was 2,2-

diclvloroprop.ionic acid (dalapon) . Rumburg, Engel , and 

Meggitt (57) found that applications of disodium 

methylarsonatc (DMA) to crabgrass (Digitaria sanguinalis 

L.) caused chlorosis that increased in severity and speed 

of appearance with increasing temperatures. 



Translocation of" Arsenicals 

Duble, Molt, and McBee (19) tested foliar applica-

1 'l \ tions of C-amine mctJianearsonate (AMA) to determine the 

pattern of translocation in purple nutsedge. Translocation 

was both apoplastic and symplastic . In another study, 

applications of ^ 'c-methanearsonic acid (MAA) to the leaves 

and stems of johnsongrass moved both acropetally and 

basipetally, but acropetal translocation was more rapid 

than basipetal translocation ( 6 o ) .  

Sachs and Michael (58) reported that foliar applied 

MSMA was translocated from the leaves to the terminal bud 

and expanding leaves. Hamilton (2'l) applied DSMA to the 

foliage of johnsongrass and then removed the top growth 

within h and 2k hr after application. Removal of top 

growth k hr after treatment did not reduce the effective

ness of the DSMA, indicating that foliar absorption and 

translocation were very rapid. 

In experiments with yellow nuts edge which had been 

foliarly treated with DSMA and MSMA, the tubers of treated 

plants contained more arsenic ('l to 33 ppm) than the tubers 

of the* control (.1 ppm) (38). There were significantly 

fewer sprouts from the tubers of treated plants. The 

smaller tubers contained a much higher concentration of 

arscnic than the larger tubers. The treatments reduced 

the vigor of the small tubers, but had little or 110 effect 

on the vigor of the J.arge tubers . 



Mode of Action of Arsenicals 

Arsenite is ci thiol, reagent and combines with 

dithiol groujjs on proteins. This combination makes it an 

effective inhibitor of enzymes requiring free su] fhydryl 

groups. The arsenate is a competitive inhibitor of 

phosphate and acts as an uncoupler of oxidative phos

phorylation (58). 

Sachs and Michael (58) determined the comparative 

phytotoxicity among four arsenical liei-bicides applied to 

the roots of beans (Ph as eolus vulgaris L.). The chemicals 

in ordci" of phytotoxicity when applied to the roots were 

sodium arsenitc, sodium arsenate, hydroxydimethylarsine 

oxide (cacodylic acid), and MSMA. When applied to foliage 

however, MSMA and cacodylic acid were more toxic than the 

others. They also found that MSMA formed a ninhydrin-

positive complex and postulated that this complex may have 

blocked a specific biosynthetic pathway, accounting for it 

herbicidal activity. 

Sckerl and Frans (60) applied *C-MAA to johnson-

grass and cotton and measured its degradation. Methanol 

.1 'l 
extracts of plants containing C-MAA were chroniatographed 

and the radioactivity appeared in spots with Rf values 

1*1 different from the C-MAA standard. MAA combined with 

liistidine or one of its analogues. Johnsongrass showed a 

build-up of amino acids in the MAA-treated plants. These 

increased levels of amino acids or a MAA metabolite may 
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have blocked the protein synthesis patliway(s), or some 

other unknown biosynthetic pathway(s). 

Duble et al . (19) applied *C-DSMA to purple 

l'i 
nutsedge and determined tlicit the C-DSMA compound was not 

readily broken down, and the carbon-arsenic bond appeared 

l'i 
to remain largely intact. There was, however, some C 

activity in the respiratory C0o several days after treat

ment . 

Holt et al. (31) investigated amine methylarsonate 

translocation into purple nutsedge tubers and its effects 

upon tuber viability. Tuber lethality following repeated 

treatments was due to depletion of food reserves and/or 

bud supply from increased sprouting, and not to the 

accumulation of a specific level of arsenic in the tubers. 

6706 

The herbicide, 6706 ,  is an 80% wettable powder and 

is manufactured by Sandoz-Wander, Inc. The molecule is a 

substituted pyridazinone and is related to 5-amino-'l-

chloro-2-phenyl-3(2H)-pyridazinone (pyrazon) used in 

sugarbeets (beta vulgare L.). 

Control of annual grass and broadleaf weeds, as 

well as purple nutsedge and johnsongrass has been demon

strated with 6706  (6 ) .  Since cotton is tolerant of 6706  

there litis been interest in using 6706 as a preplaiil.-

incorporated or a procmorgencc application. The 
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application rates vary from .6 to 2.2 kg/ha on soils 

having less than 2% organic matter• Chlorosis and photo

synthesis arc inhibited by C»706 (29) • A visible effect is 

white chlorosis developed in seedling growth or new growth 

on older plants (29, 30, 33) • 

Effects of 6706 on Pigment Formation 

Hilton et al. (29) discovered that 6706 was 100 to 

1000 times more effective in producing chlorosis than 

3 , 'l-dichlorobenzyl methylcarbamate ( dichlorinat e ) , or 

3-amino-s-triazol e (amitrolc) in wheat (Trlticiiin aestlvuni 

L. ) , barley (Ilord cum vulgar e L. ) , and mustard ( Br as sic a 

.japonlca [Tlnmb.] Sieb.) seedlings. They found differences 

in selectivity among species. Cotton and buckwheat 

(Fagopyrum esculentum Moonch) were unaffected by applica

tion rates ten times higher than those producing total 

chlorosis of susceptible corn (Zeex mays L.). 

Hyde (33) studied other' factors associated with 

chlorophyll inhibition of wheat seedlings caused by 6706 .  

Chlorophyll accumulation was inhibited, specifically 

chlorophyll a_. Carotenoid synthesis was also inhibited as 

was the accumulation of chloroplast ribosomos. Thylakoid 

membrane development was retarded after the first 52 hr of 

growth. It was postulated that this was due to the absence 

of chlorophyll a^, since it is structurally necessary in 

thylakoid membrane formation. 
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Bartels and Hyde (7) treated wheat seedlings with 

1 mM of 6706 under different light intensities and photo-

period regimes. There was a 97% reduction of chlorophyll 

in plants grown at l6.1 klux. Treated plants grown at 

10.7 lux had only a 'l0% reduction in chlorophyll. Plants 

grown in the dark and then exposed to 16.1 klux for 12 hr 

became green and accumulated 70% as much chlorophyll as the 

control. Other dark-grown plants were exposed to l6.1 klux, 

and they failed to accumulate any chlorophyll pigment. The 

6706-ti"eated plants contained only 80S ribosomes and lacked 

the 70S ribosomes found in the controls. Treated-plants 

grown under 10.7 lux produced 70S ribosomes, an amount less 

than the controls; and when exposed to 16.1 klux, the 

ribosomes disappeared. Carotenoid pigments were absent in 

6706-treated plants, whether grown in the dark, dim light, 

or high light intensities. 

Effects of 6706  on Photosynthesis 

The effects of 6706  on photosynthesis are both 

indirect and direct. The indirect effect is the destruc

tion of chlorophyll needed for C0r> fixation. Growth of 

6706-treated barley plants resumed when supplied with 

exogenous sucrose (29)« 

The direct effects are upon the Hill reaction and 

the CO^ fixation processes; 6706 was an inhibitor (about 
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.1 as strong as 2-chloro-'l-[ ethylamino ] -f>-[ isopropylami.no] -

s-triazinc [atrazine]) of the Hill reaction in isolated 

barley chloroplasts (29)• In addition, 6706 inhibited COf) 

fixation within 2'l hr after application to the roots of 

barley. 

Mode of Action of 6706 

Hilton et al. (30) tested the effects of lipodial 

materials on 6706 inhibition of chloroplast pigments in 

mustard. The 6706 inhibition of chlorophyll was overcome 

by the addition of tocopherol. One hundred times as much 

6706 was required to cause chlorosis when 100 |J,M of 

tocopherol were present. The authors suggested that 6706 

works by inhibiting the utilization of lipids within the 

cell necessary for formation of lamellar membranes or other 

structural components of chloroplasts. 

Bart els and Hyde ( 7 )  postuleited that 6706 inhibits 

carotcnoid synthesis allowing the chlorophyll to photo-

oxidize, and that chlorophyll or a precursor of chlorophyll 

becomes an unstable photosensitizing molecule which destroys 

the 70S ribosomes and thylakoids. 

Effects of Herbicides on Plant Pigments 

Mees ('18) noted that 3-(]2.-chlorophenyl)-1 ,1-

dimethylurea (momiron) blocked the electron flow from the 

photolysis of water. Thus the electrons necessary for the 

replacement of those removed from photosystem I in the 
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reduction of intermediates used in the fixation of wcre 

not available, and chlorosis occurred. 

Burns, Buchanan, and Carter (l'l) found that 

ainitrole, dichlormate, and 2 , 3 , 5-tr ich 1 .oro-'l-pyridinol 

(pyriclor) affected chlorosis in wheat seedlings by dis

rupting the synthesis of carotenoids . It is believed thcit 

carotenoids protect chlorophyll from photooxidation by 

removing oxygen from excited chlorophyll-oxygen complexes 

(4l). Bartels and Hyde (7) and Bartels and Pegelow (8) 

demonstrated that the absence of carotenoids may also lead 

to the photodestruction of plastid ribosomes and proteins. 

Effects of Herbicides on the Hill Reaction 

In a review article concerning the physiological 

response of plants to herbicides, van Overbeek (66) dis

cussed the Hill reaction. Herbicides that inhibit the 

Hill reaction prevent the electron carriers from being 

reduced, thus preventing the photolysis of water. Without 

the splitting of water, the chlorophyll of pliotosystem I 

is oxidized and destroyed causing chlorosis. Among the 

chemical groups that inhibit the Mill reaction are diuron, 

a phenyl urea, and atrazine, a triazine. Both have Imino 

hydrogen groups capable of forming hydrogen bonds with 

the protein of an enzyme .involved in the oxidation of 

water. The phony 1 ureas and acy .1 anil ides have a carbony.L 

group which can form hydrogen bonds. The triazines which 
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have a cyano group next to the iin.ino group may have similar 

hydrogen bonding capabilities. It has been suggested that 

the carbamates are poor inhibitors because of their lack 

of iniino groups needed for hydrogen bonding. 

Many studies have been conducted to determine the 

molar concentrations of herbicides needed to cause a 50% 

inhibition of the Hill reaction. Moruland and Hi].] (50) 

studied the following herbicide groups: plienylureas , 

s_-triazin os , dinitrophenols , chlorinated benzoic acids, 

phonoxyacetic acids, and carbamates. A representative 

herbicide of each group was tested. The following molar 

concentrations were needed to inhibit the reaction by 50%: 

_ 7 diuron, 3*3 x 10 ; 2-ch.loro-'l, 6-bis ( ethyl amino )-s_-

triazine (siraazine), 5«9 x 10 2-sec-butyl-4,6-

_ c 
dini trophenol (dinoseb), 1.3 x 10 ; 2, 3 ,6-trich.lorobenzoic 

acid (2,3 ,6-TBA), 2.0 x 10 (2,4,5-trichlorophenoxy)acetic 

acid (2,4,5-T), 5*1 x 10 and isopropyl-m-chlorocarbani-

1 — 4 
late (chloropropham), 2.9 x 10 . There was a close 

correlation between Hill reaction inhibition and relative 

phy totoxicity of each herbicide except the chlorinated 

benzoic acids. 

Hi] ton, J arisen, and Hull (28) in a review of the 

mechanisms of herbicide action, discussed the Hill activity 

1. A chemical name occupying two lines separated 
by an equal ( -) sign is joined together without any separa
tion if written on one line. 
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of chlorop.1 asts of siinazine-sensitivc and simazinc-tolcrant 

species. They noted that the sitnazinc inhibited both 

species equally well and concluded that the sinmzine 

affected mechanisms outside the chloroplast. 

Effects of Herbicides on 00^ Fixation 

Many researchers have measured C0o fixation of 

johnsongrass and its close relatives Sor glium spp. (10, 15, 

20, 21, 65)« Photosynthetic rates for johnsongrass and its 

relatives were between 55 and 60 ing/dm /lir (15, 20, 21), 

while the compensation point was below 5 PPm (l8). 

Chen, BroAv-n, and Black (.15) tested johnsongrass for 

optimum light intensity and temperature. Tliey found that 

johnsongrass was not photosynthetically saturated at 86 

klux and the optimum temperature was from 35 to ko C with 

a slight decrease in rate at ^5 C. 

Sikka and Davis (6l) tested the effects of 2,4-b.is 

( isopropylamino ) -6- (methylthio ) -s-triazine ( pronietryne ) 

upoji *00 -f ixation rates of cotton and soybeans (Glycine 

max Merrill). The degree of inhibition increased with 

increasing herbicide concentrations. Soybean, a 

prometryne-sensitive plant, was more inhibited than was 

cotton. The authors suggested the difference may have been 

due to poor translocation from roots to shoots and the 

accumulation of pronietryne ,i,ii the lysigenous glands of 
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cotton. The herbicide produced no significant effects on 

l'l CO^-fixation during the dark period. 

Imbamba and Moss (3'l) conducted studies of CO -

fixation, using atrazino-tolerant and susceptible species. 

Atrazine suppressed uptake in all species. A molar 

— 5 concentration of ^.6 x 10 atrazine reduced COg uptake of 

Sorghum vulgare L. by 35% after 20 min. 



MATERIALS AND METHODS 

Pigment Inhibition Study 

Seedling sorghum 'Hegari1 plants were grown in 

several molar concentrations of 6706 and MSMA to determine 

the herbicidal effects upon chlorophyll accumulation and 

carotenoid synthesis. Sorghum seedlings were used because 

their larger size and rapid growth made them easier to 

measure than johnsongrass seedlings. 

Seed were placed in 266-ml plastic cups filled with 

vermiculite and irrigated with herbicide solutions. 

Seedlings were grown at 27 to 29 C, under a light intensity 

of 8.6 k.l ux, with 16 hr of light and 8 hr of darkness. 

Each cup received approximately 50 seed measured by 

volume. The vermiculite was then irrigated with 90 ml of 

treatment solution and the seed allowed to germinate. A 

second irrigation of 90 ml was given k days after planting. 

At the end of 7 days (Exp. l) or 8 days (Exp. 2) the 

seedling shoots (shoot consisted of foliage above the 

vermiculite) were harvested, weighed, and frozen until 

analyzed. 

The shoots were ground in 85% acetone, plus .O'l g 

of CaCO^, with a Waring blender for 2 min at full speed and 

filtered by suction filtration. The acetone volume was 

then restored to 100 inL and the optical densities at 'l52, 

18 
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6' i ' l  , and 663 nm were determined on a Beclcman DL1-G Grating 

Spectrophotometer. The concentrations of chlorophyll ja, 

chlorophyll _b, total chlorophyll, and carotenoid pigments 

were calculated by Robbelon's (56) method. The concentra

tion of 6706 and MSMA required to reduce total chlorophyll, 

chlorophylls a^ and _b, and carotenoid content of sorghum 

shoots by 50% was determined graphically from data of each 

experiment at four concentrations of each herbicide. The 

pigment quantities were subjected to statistical analysis 

and tested for significance between the different concen

trations . 

There were nine treatments each having four 

-3 replications, consisting of molar concentrations of 10 , 

10~\ 10~5, and 10~6 for MSMA; and 10~5, 10"6, 10~7, and 

— 8 
10 for 6706;  and a control; arranged in a completely 

randomized design. This experiment was done twice. 

Histological Study 

Sorghum seedlings were used to determine anatomical 

differences caused by several molar concentrations of 6706 

and MSMA. The temperature, photopcriod, and herbicide 

rates were the same as used in the pigment inhibition 

study. Four uniform seedlings were selected at random 

from each of the three replications and a 3~mm section of 

the third leaf was cut 2-5 tin from the loaf tip. These 

sections were killed and fixed in a solution of 
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formaldehyde, acetic acid, and ethanol according to the 

procedure of Johansen (36). The tissue was paraffin 

embedded using the tertiary-butyl alcohol dehydration 

series, and the specimens were sectioned to ] 8 |A on a 

rotary microtome ('15) • The sections were mounted on glass 

slides using Haupt's adhesive. Transverse cut sections 

were stained with safranin and fast green. 

The leaf sections were examined for morphological 

differences between the chemical treatments and the control 

seedlings. Measurements were made of leaf thickness, and 

these wore tested Tor statisti.Ccil differences. Differences 

in chloroplast content were examined visually in both the 

bundle sheath and mesophy.il cells. This experiment was 

done twice, but only the leaves of one experiment were 

examined histologically. 

Translocation Study 

Johnsongrass plants were established from single 

clone rhizomes in pots containing 5,000 g of soil in the 

greenhouse. The plants were allowed to grow foi~ 3 months 

before treatments were applied. The temperatures in the 

greenhouse (temperatures ranged from 11 to 30 C) were 

maintained by a thermostatically-controlled heater and 

evaporative cooler. 

Herbicides were applied to plant foliage uniformly 

by using a compressed air sprayer and a 80.I.0 nozzle tip. 
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The potted plants were spaced in a straight line and 

sprayed with a herbicide in 935 L/ha of water. 

There were nine treatments each having three 

replications. Four of the nine treatments were sprayed 

with 6706 at the rate of 11.2 kg/ha and .5% blended 

surfactant (alkylarylpolyxyethylene glycols, free fatty 

acids, and isopropanol) each treatment being the number of 

h o u r s  b e t w e e n  s p r a y i n g  a n d  r e m o v i n g  o f  t o p  g r o w t h — 6 ,  1 2 ,  

24, and 48 hr respectively. Four of the treatments con

sisted of MSMA at the rate of 8.9 kg/ha with •!}% surfactant , 

each of the four treatments being cut at different time 

int erval s--6 , 12, 2^1, and !l8 hr as were the 6706 treat

ments . The ninth treatment was the control which was cut 

at 48 hr . 

The soil surface of each pot was covered with 

beaded styrofoain prior to spraying to prevent root uptake 

of the herbicide. The styrofoam was removed after spraying. 

The plants were then arranged in a randomized complete 

block design with replications along the temperature 

gradient created by air movement. 

Measurements of leaf length and chlorosis were made 

on two experiments — at 11, 2.1, and 28 days after cutting 

for Experiment 1, and 7, 3'l, 21, and 32 days for Experiment 

2. The 21-day measurement was used for making statistical 

comparisons in both experiments. 
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Hill Reaction Study 

Thirty grams of tissue from leaves of johnsongrass 

plants with midribs removed, were cut irt small pieces and 

ground with chilled mortar and pestle. The grinding solu

tion was .05 M sodium phosphate-potassium phosphate buffer 

(pll 7 • 'l) containing .01 M KC1 and .'i M sucrose. After 

grinding in J 50 '"1 of solution with sand, the extract was 

filtered through three layers of cheesecloth and centri-

fuged at 100 x for 60 sec to remove cell wall constitu

ents. The supernatant was then centr.ifuged at IO85 x for 

8 inin, and the precipitate was then resuspended in the same 

buffer solution as used in grinding. 

A IO-111] reaction mixture was used which had the 

following composition contained in |i moles: .6 2,6-

dichlorophenol indophenol (DPIP); 50 KC1; 200 KH P0^ + 

k<) Na^HPO^ buffer (pH 7 .k) \ chloroplasts containing .17 nig 

of chlorophyll (concentration determined by Arnon's 

method [67]) and the appropriate molar concentration of 

her-bicide. The reaction mixture in experiments witli 6706 

each had .5 ml of acetone in which the herbicide was 

dissolved. Acetone was also used in the control treatment 

and hail 110 apparent effect upon DPIP reduction. 

The Hill reaction activity was measured eis a reduc

tion in color of the DPIP at 620 m|J,. The reaction time was 

5 mill, and the light was supplied by seven 500-w reflector 

lamps immersed in a water bath. The light intensity was 



6l.'l klux at the top of the cuvettes. The reaction mixture 

was kept at 25 C in a water bath. The dye reduction rates 

were measured as differences in optical densities over time 

on a Dnusch and Lomb Spectronic 20 Spectophotoraetcr. The 

reaction reites were determined and analyzed as ci completely 

randomized block design with the replications arranged over 

time. The herbicide concentration necessary to reduce the 

Hill activity by 50% as compared to the control was deter

mined. There were two experiments for each herbicide. 

C0o Fixation Study 

Johnsongrass plants were treated with various 

concentrations of MSMA and 6706 to determine their 

herbicidal effects on photosynthesis and the plant's 

capacity to inactivate the herbicides. The capacity of a 

plant to inactivate a herbicide can be studied by allowing 

the plant a short period of herbicide uptake until it 

decreases C0o uptake and then removing it from the 

herbicide and making subsequent measurements to determine 

a recovery of the C0r> uptake rate (65)- This type of 

experiment indicates inactivation but, does not distinguish 

as to how (i.e., by degradation, adsorption, or otherwise). 

The plants were established by planting rhizomes, 

with iter iii.1 shoots already formed, in vormicul.it e. The 

rhizomes were treated with indo.l ebutyric acid to aid in 

root formation. Plants were irrigated with lloaglands 



nutrient solution, and root systems were fully formed 

within 3 weeks. Plants were grown in the greenhouse 3 days 

prior to being transferred to a Sherer Controlled Environ

ment Chamber Model Ccl 25-7''^ a lit' kept for 8 hr in the dark 

at 21.7 C and l6 hr in the light at 29.h C prior to test

ing. The rhizomes were removed by cutting at the time of 

testing. 

The photosynthetic rates were measured with an 

infra-red analyzer, BecKman Model 215A. The leaf chamber 

was an aii"-sealed chamber similar to the one designed by 

Wolf et al. (68). The air measured had a flow rate of 

2.2 L/min. The air used was outdoor air compressed in a 

storage tank. This air entered the leaf chamber at a 

constant, slightly positive pressure to effect the a.ir-

s e a 1 . 

The plants were illuminated under identical light 

sources for both the warm-up period and photosynthetic 

measurements. The lights were seven 500-w reflector lamps 

immex'sed in a running water bath (Figure l). Each plant 

was given a light intensity of approximately 91 *5 klux for" 

a minimum of 30 min before photosynthetic measurements 

were begun. 

There were seven treatments each having three 

-2 -3 -h replications, consisting of 10 , 10 , and 10 M for MSMA; 

- 3 _ /) _ <5 
and .10 , .10 , and 10 M for 6706 ; and a control . On each 

plant the leaf measured was the first leaf below the flag 



Figure 1. A johnsongrass leaf 
leaf chamber -- The 
lights immersed in 

inserted into the air-seal 
chamber is placed under the 
, running water bath. 
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leaf. Leaves were inserted in a horizontal position within 

the chamber and subjected to 129 lclux and '18 C. Photo

synthesis rates were allowed to equilibrate and then 

measurement rates were determined for 2.5 min. During the 

first measurement of each leaf, the leaf length was marked 

with ink to facilitate later measurements. 

The photosynthetic rate was determined then each 

plant was placed in a solution containing a certain con

centration of herbicide. The plant roots were subjected 

to the herbicide treatment until a later test showed a 50% 

reduction of' photosynthetic rate. At this point the roots 

were rinsed with water and placed in nutrient solution. 

The remaining measurements were then taken to determine if 

plants resumed normal photosynthetic rates. 

After the experiments, the leaf area was deter

mined. The average results are presented as a percentage 

of the beginning photosynthetic rate. The experiment was 

repeated twice. 



RESULTS AND DISCUSSION 

Pigment Inhibition Study 

The results and trends of both experiments were 

similar so only Experiment 1 is discussed. Chlorosis of 

— 5 —G 
sorgliuni seedlings treated with 10 "M 6706 and 10 M 6706 

appeared within a day of emergence. As growth progressed 

these plants appeared almost totally white except for the 

leaf tips and the first leaf of each plant (Figure 2). 

Plants from the other treatments appeared similar to the 

control in color and size except for the plants treated 

_ 3 with 10 M MSMA which had a delayed emergence, a stunted 

growth, and some brown discoloration of the leaves 

(F igure 3) • 

Total Chlorophyll 

Three of the treatments reduced total chlorophyll 

significantly (Table l). Compared to the control, the 

total chlorophyll was inhibited 86% by 10 "*M 6706 , hk°/o by 

10 6706,  and 12.5% by 10 ^M MSMA (Figure 'l) . The 

-3 reduced chlorophyll in the plants treated with 10 M MSMA 

might be partially attributable to their delayed emergence, 

as newly emerged shoots characteristically have less 

chlorophyll than mature growth. 
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Figure 2. Seven-day-old sorghum seedlings consisting of 
control and herbicide treatments of 10" , 10~7, 
10"" , and 10~5m of 6706 — The 10~"M and 10~5m 
treatments show the chlorotic effects of the 
6706 upon the sorghum leaves. 
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Figure 3. Seven-day-old sorghum seedlings consisting of 
control and herbicide treatments of 10~", 10~5, 
10-^, and 10~3M of MSMA -- The MSMA at 10"3M 
stunted sorghum seedlings. 



Table 1. Effects of different concentrations of MSMA and 6706 upon the level of 
plant pigments in sorghum seedlings. 

Plant pigments 

Total 
Treatments chlorophyll Chlorophyll a Chlorophyll Carotenoids 

(Molar) 

a*/ 

(mg p er gram of fresh weight)—'^ 

Control I.36 a*/ 1.06 a 0.30 a 0.22 a 
6?°6 
10"8 1.43 a 1.10 a 0.33 a 0.24 a 
10"7 1.36 a 1.06 a 0.30 a 0.23 a 
10-6 0.76 c 0.60 c 0.16 b 0.13 b 
io~5 0.19 d 0.11 d 0.08 c 0.04 c 

Concentration 
needed for a 
50% inhibition c c r 
of 6706 1.3 x : 10 M 1.5 x 10" M 1.7 X 10 1.2 x 10 M 
MSMA 
10 "6 1.34 a 1.04 a 0.30 a 0.22 a 
10-5 1.30 a 1.09 a 0.30 a 0.25 a 
10-^ 1.30 a 1.02 a 0.28 a 0.24 a 
io~3 1.19 b O.85 b 0.34 a 0.24 a 

—^Each value is an average of four replications. 

2/ 
— Values followed by the same letter within a column are not significantly 

different at the 5% level as determined by Duncan's Multiple Range Test. 

u: 
o 
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Figure 'l. Chlorophyll pigment level of 7-day-old sorghum 
seedlings treated with 180 ml of various molar 
concentrations of MSMA and 6706 solutions --
Points on a line followed by the same letter are 
not significantly different at the 5% level 
according to Duncan's Multiple Range Test. 
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MSMA did not reduce clilorophy.il by 50% at any of 

the concentrations used. It has been noted, however, by 

some workers in field studies that foliar applications of 

organic arsenicals caused some chlorosis to crabgrass (57) 

and johnsongrass. An effective inhibitor was 6706, pro

ducing a 50% reduction of total chlorophyll at a 1-3 x 

10 at a relatively high light intensity of 8.6 klux 

(Table l). Hilton et al. (29) found that species of 

barley, wheat, and mustard were all inhibited 50% by 
_ n 

concentrations of approximately 10 M 6706. The need for 

greater concentrations of 6706 to inhibit chlorophyll in 

sorghum may be attributed to species differences, experi

mental growth conditions, and/or the effects of the inert 

filler used in the herbicide formulation. The concentra

tion of 6706 to inhibit chlorophyll varies widely among 

different species. In applications to ten different 

species, rates needed to reduce chlorophyll varied from 

3 to 30 |XM ( 30) . 

Chlorophyll 

The same treatments that significantly inhibited 

total chlorophyll, significantly inhibited chlorophyll a_ 

(Table l). Compared to the control, chlorophyll was 

_ c _ f. 
reduced 89% by 10 ^M 6706 , 42% by 10 M 6706, and 12% by 

— 3 .10 M MSMA (Figure 5). An of fee. t:i ve inhibitor of 

chlorophy l l a^ was 6706 , requiring a I . 5 x .10 ^'m to cause 
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Figure 5» Chlorophyll pigment level of 7-day-old sorghum 
seedlings treated with 180 ml of various molar 
concentrations of MSMA and 6706 — Points on a 
line followed by the same letter are not 
significantly different at the 5% level accord
ing to Duncan's Multiple Range Test. 



a 50% inhibition (Table l). It has been reported that 

chlorophyll a_ is structurally necessary for thylakoid 

membrane formation (4l). Hyde (33) found that the reduc

tion of chlorophyll a_ in 6706-treated wheat was accom

panied by retarded thylakoid membrane development. 

Chlorophyll b_ 

Two treatments significantly reduced chlorophyll Id 

— 5 
(Table l). Compared to the control, 10 M 6706 caused a 

73% red uction and 10 6706 caused a 5^% reduction 

(Figui-e 6 ) .  A molar concentration of 1.7 x 10 ̂  6706 was 

needed to inhibit chlorophyll la by 50%• MSMA did not cause 

a 50% inhibition of chlorophyll lb at any concentration. 

Chlorophyll Id was inhibited less than chlorophyll ja 

— 5 at the highest 6706 concentration (10 M). The ratio of 

chlorophyll a_ to la dropped from 3*6 in the control to 1.5 

in the 10 6706-treated plants. Hyde (33) also found 

that 6706 inhibited chlorophyll e\ more than chlorophyll Id. 

Carotenoids 

Carotenoid synthesis and/or accumulation was 

significantly inhibited at 10 ̂  and 10 6706 (Table l). 

Compared to the control, carotenoids were reduced 82% by 
_ c _ c 

10 M 6706 and 42% by 10 M 6706 (Figure 7)• A molar 

- 6  
concentration of 1.2 x 10 was needed to inhibit caro

tenoid pigments by 50%. 
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Figure 6. Chlorophyll I) pigment level of 7-day-old sorghum 
seedlings treated with 180 ml of various molar 
concentrations of MSMA and 6706 — Points on a 
line followed by the same letter are not 
significantly different at the 5% level accord
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Figure 7» Carotenoid pigment level of 7-day-old sorghum 
seedlings treated with l80 ml of various molar* 
concentrations of MSMA and 6706 -- Points 011 a 
line followed by the same letter are not 
significantly different at the 5% level accord
ing to Duncan's Multiple Range Test. 
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Bartcls arid Ilyde (7) found th.-»t a concentration of 

10 *M 6706 reduced carotenoid pigments in wheat seedlings 

by more than 99% and chlorophyll pigments by more than 97%• 

They reported that 6706 indirectly destroys the chlorophyll 

by .inhibiting the synthesis of carotenoid pigments which 

protect chlorophyll from photooxidation. The correlation 

between carotenoid and chlorophyll inhibition of sorghum 

seedlings in this experiment agrees with their findings. 
I 

MSMA caused 110 significant decrease in carotenoid 

pigments at any concentration, consequently chlorosis 

through photooxidation did not occur. 

Histological Study 

There were no significant differences in leaf 

thickness associated with any of the treatments. Deteri

oration of both bundle sheath and mesophyll chloroplasts 

— 6  —  ^  
was noted in plants treated with 10 M 6706 and 10 M 6706 

- 8 
(Figures 8 and 9)» The other 6706-treated plants, 10 M 

_ 7 and 10 M, appeared no different than the control. The 

abnormality of the chloroplasts was probably due to the 

photooxidation of chlorophyll a^ which is needed in 

chloroplast formation. 

Slides prepared from MSMA-treated plants revealed 

no difference in chloroplast content compared to the 

_ 3 control, except at the ]() M concentration. IWind.le sheath 

chloroplasts of plants subjected to this concentration were 



A cross section of the control sorghum leaf 
showing normal chloroplasts in the bundle 
sheath (bs) and mesophyll (m) cells. 
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Figure 9* A cross section of a sorghum leaf treated with 
a 10~5m of 6706 showing deterioration of 
chloroplasts in the mesophyll (m) and bundle 
sheath (bs) cells. 
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different in shape from the control. Even though pigment 

data showed a 12% decrease in chlorophyll level (Figure 9)  

- 3 • at the 10 M concentration, there was no difference in 

chloroplast density. The difference .i.11 shape of the 

_ 3 bundle sheath chloroplasts might be because 10 M MSMA 

delayed emergence and severely stunted gi'owth causing a 

delayed development. The delayed emergence resulted in 

leaves being harvested at an earlier stage of growth. 

_ 3 Since the leaves of the 10 M-treated plants were less than 

2.5 cm in length, leaf sections were taken .5 cm from the 

leaf tips instead of 2.5 cm as were all sections of other 

treatments. The stunted growth was probably because MSMA 

inhibits oxidative phosphorylation and thereby reduces 

r e s p i r a t i o n  c i n d  g r o w t h  ( 5 8 ) .  

Translocation Study 

Results of both experiments were very similar so 

only Experiment 2 is discussed. The plants with top growth 

removed at 6, 12, and '18 hr after being sprayed with MSMA 

produced 110 regrowth (Table 2). MSMA was effective in 

killing the rhizomes of these plants. All MSMA treatments 

reduced the number of stems (data not shown). The plants 

that were cut 2'l hr after being sprayed produced regrowth 

that was significantly shoi'tcr than the control. In field 

studios :i t was found that MSMA killed rhizomes, but 

repeated treatments were necessary for complete kill (2'l). 
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Table 2. The effects of MSMA and 6706 upon the length of 
foliage regrowth from rhizomes 21 days after 
previous foliage was trecited and removed at 
various times after spraying. 

Top growth cut after spraying (hr) 

Treatments 6 12 2k 48 

(kg/ha) (Plant height T cm! ) 

Control _JL/ 69 .9 a-/ 

6706 11 .2 59.8 ab 52.4 b 30.2 c 5k .1 b 

MSMA 8.9 0.0 d 0.0 d 25.0 c 0 .0 d 

—^Plant height was not measured at these hours for 
the control treatment. 

2 / — Means followed by the same letter are not 
significantly different at the 5% level according to 
Duncan's Multiple Range Test. 
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The .limited number of rhizomes and concentration of MSMA 

used in this experiment probably accounts for the fact that 

one application killed the rhizomes in all but one treat

ment . 

The speed of translocation to the rhizomes is con

sistent with the findings of other workers who observed 

that organic arsenicals were translocated to the rhizomes 

within h (2h) to 8 (Go) hr. Previous studies of translo

cation of organic arsenicals in yellow nuts edge have shown 

that the number of sprouts from the tubers were signifi

cantly reduced (35), a phenomenon also observed in this 

study with johnsongrass rhizomes. 

Regrowth of johnsongrass plants cut at 12, 2'l, and 

^8 hr after being sprayed with 6706 was significantly less 

than the control (Table 2). The 2'l-hr treatment appeared 

to be most effective in inhibiting regrowth. The 6-hr 

treatment did not significantly reduce regrowth, probably 

because 6 hr was not sufficient time for adequate penetra

tion and translocation. 

The fact that 6706 reduced regrowth shows that 

translocation to the rhizomes did occur. It also indicates 

the difference in the mode of action of (>706 and MSMA. 

While MSMA directly killed rhizomes, 6706 did not. In some 

eases rhizomes of 6706-troatod plants did eventually die, 

but it was probably a result o (' starvation as evidenced by 
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the severe chlorosis of the leaves. MSMA was more effec

tive in inhibiting regrowth than 6706 . 

The effects of 6706 upon leaf chlorosis of regrowth 

is presented in Table Since the MSMA--treated plants cut 

at 6, 12, and '18 hr produced no regrowth, MSMA treatments 

were not included in the statistical analysis of ch].oros.is . 

Regrowth of the plants cut at 2k hr did not appear chloro-

tic . 

Chlorosis induced by 6706 was apparent among plants 

cut at £*11 time intervals, indicating that translocation to 

the rhizomes occurred in all treatments. 

Leaves on a single plant sometimes varied from 

completely white to completely green, with some leaves 

green and white. All leaves of some plants were completely 

green. These variations in leaf color were found among all 

treatments. The plants which were more green than white 

recovered from the chlorosis. That is, the white leaves 

died and the new leaves were all green. The plants having 

all or mostly white leaves generally developed necrosis. 

Because of location or number of buds per rhizome or size 

of rhizomes the buds probably received different amounts 

of 6706 accounting for the variation in leaf color. While 

one foliar application of 6706 at the rate of 11.2 kg/ha 

caused chlorosis , it did not usually kill jolmsongrass. 
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Table 3« The clilorosis of johnsongrass leaves caused by 
6706 upon 21-day-old foliage regrowth from 
rhizomes of previously treated foliage removed 
at various times after spraying. 

Top growth cut after spraying (lir) 

Treatments 6 12 2k 48 

Chlorosis scale 1 to 10 
(kg/ha) (l — green, 10--white) 

Control ——^ — — 1.0 b—^ 

6706 11.2 3.7 a 6 . 3  a 'i . 8 a 'l. 2 a 

-^Chlorosis was not tested at these hours for the 
control treatment. 

2 / 
— Means followed by the same letter arc not 

significantly different at the 5% level according to 
Duncan's Multiple Range Test. 
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Hill Reaction Study 

All rates of 6706 , except 5 x 10 , reduced the 

Hill reaction .significantly (Table 'i) . Hill reaction 

activity decreased as 6706 rates increased on an almost 

linear scale (Figure IO). A molar concentration of 5 x 

- 5 ' 10 was needed to inhibit the Ilill. reaction by 50% 

(Tab!e h). 

Hilton et al. (29) reported that a molar concen

tration of h.k x 10 ̂  was needed to induce a 50% inhibition 

of the Hill activity in isolated barley chloroplasts. This 

concentration is approximately ten times less than that 

needed to inhibit the Hill activity of the johnsongrass 

chloroplasts in this study. The fact that barley is a 

temperate grass (C^-cycle plant) while sorghum is a 

tropical grass (C^-cycle plant) might account for the 

difference in the potency requirements (l, 11, 17)- The 

age of the plants might be another factor. Hilton et al. 

(29) used 7-day-old seedlings in their experiment while 

mature leaves were used in this work. Another considera

tion might be that a 97-9$% pure form of 6706 was used in 

their experiment with barley while an experimental formula

tion (80% wettable powder) was used in this work. 

The concentration of 6706 needed to inhibit the 

Hill reaction by 130% was 10 to 100 times greater than 

sinia/.ine, atra/,:i lie, diuron, and iiionnron. 
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Table h. The effects of different concentrations of MSMA 
and 6706 upon the Hill reaction of isolated 
johnsongrass chloroplasts. 

Treatment Reduction of DPIP dye 

(Molar) 

Control .97 a 

6706 

5 x 10" 6  .92 a 

1 X 10"5 .70 b 

5 x :LO-5 • ;19 c 

1 X 10-" .31 d 

5 x io~ k  .16 e 

1 X 10~3 .13 e 

Concentration needed 
for 50% inhibition 

Control 

MSMA 

1 x 10 -3 

2.5 x 10 

5 x 10~3 

-3 

Concentration needed 
for 50% inhibition 

5 x 10~5M 

. 80 a 

.78 a 

.19 b 

.01 c 

1.8 x 10-3M 

Values for a herbicide followed by the same letter 
are not significantly different at the 5% level, as deter
mined by Duncan's Multiple Range Test. 
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MSMA • • 

-6 -5 -k -3 -2 

Log inhibitor concentration (molar) 

Figure 10. MSMA and 6706 inhibition of DPIP reduction 
(Hill reaction) by isolated chloroplasts of 
johnsongrass -- Points on a line followed by 
the same letter are not significantly different 
at the y/o level according to Duncan 's Multiple 
Range Test. 
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MSMA was a poor inhibitor requiring a molar con-

centration of 1.8 x 10 M to cause a 50% inhibition of the 

Hill reaction (Table 4). The Hill activity of MSMA-treated 

chloroplasts deci'eased as concentrations of MSMA increased 

(Figure 10). 

In experiments using sodium arsenite on isolated 

spinach (Spinacia oleracea L.) chloroplasts, concentration 

— 2 of 10 M was needed to cause a 44% inhibition of the Hill 

reaction (5)« The 1.8 x 10 M concentration required for a 

50% inhibition, places MSMA on a level with other chemicals 

that are poor inhibitors of the Hill reaction such as 

cyanide, azide, iodoacetate, and phenylurethane (42). The 

effectiveness of MSMA as a herbicide is not due to its 

capacity to inhibit the Hill reaction . 

MSMA has none of the hydrogen bonding groups 

characteristic of effective Hill reaction inhibitors while 

6706 has the ring substituted chlorine atom and a carbonyl 

group which are hydrogen bonding groups. This might 

explain why 6706 is an effective Hill reaction inhibitor 

while MSMA is not. 

00^ Fixation Study 

_ 2 1*3 
The 10 and 10 M of MSMA reduced photosynthesis 

__ g 
(Tables 5 and 6). The 10 M rate completely inhibited 

photosynthesis of johnsongrass leaves 4 hr after roots were 

placed in the herbicide solution. A slight degree of 
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Table Average 
measured 
tions of 

photosynthetic rates 
at five times and at 
MSMA and 6706 (Exp. 

of johnsongrass when 
three concentra-
D.I/ 

Hours af t er treatment 

Tr e eitment J 5 0 k 8 2 k 48 

(Molar) (nig C°2/d m"/hr) 

Control 27-9 aA- ll2.h aA 3k .6 aA 32.3 aA 38.3 aA 

6706 

10 ~ 3 25 . k aA 25.2 abA 23. k aA 27•! aA 23.7 abA 

10~k '12.6 aA 3k. k aA 26 .9 aA 1G.1 abA 18.2 beA 

lO"5 28. 5 aA 2k.k abA 22.2 aA 17.6 abA 13.1 beA 

MSMA 

io"2  '10.5-3/ 

10~3 36.0 aA 8.8 bB 2.9 bBC 1.2 bC 1.9 c.BC 

!0-4 3k. 2 aA 29.7 aA 26.9 aA 21.6 aA 21.6 aA 

— Roots of johnsongrass plants were placed in 6706 
and MSMA solutions until photosynthetic measurements showed 
a 50% reduction from the zero hr rate. Plants were then 
transferred to nutrient solutions and photosynthetic 
measurements were made for each treatment at later time 
intervals. Each value is the mean of three replications. 

2/ 
— Means with a column followed by the same lower 

case lettei" or means within a line followed by the same 
upper case letter are not significantly different at the 
5% level of Duncan's Multiple Range Test. 

3 / , — This treatment was not included in the statistical 
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Tab.1 e 6 . Average 
measured 
tions of 

photosynthetic rates 
at five times and at 
MSMA and 6706 (Exp. 

of johnsongrass 
three concentra 
2).y 

when 

Hours after tr eatment 

Treatments 0 4 8 24 48 

(Molar) (nig C02/dm2/hr) 

Control 46 .1 aA- 18.6 abA 21.8 aA 28.9 bA 39.4 aA 

6706 

O
 

r-i 

40.5 aA l6.4 bB 11.7 aB 22.4 bB 18.3 bcB 

io"4 37-5 aA 12.4 bB 13.7 aB 26.2 bAB 30.9 abA 

10-5 36.6 aA 24.9 aA 18.1 aA 17-5 bcA 24.8 abc A 

MSMA 

10"2 59 .4—7 .. 
' 

O
 1 

46 .5 aA 2 . 8 bB 1.5 aB 5.6 c B 9.4 cB 

1 O
 

r-i 

37-7 aA 34.5 aA 26.3 aA 37.9 aA 35.0 abA 

— Roots of johnsongrass plants were placed in 6706 
and MSMA solutions until photosynthetic measurements showed 
a 50% reduction from the zero hr rate. Plants were then 
transferred to nutrient solutions and photosynthetic 
measurements were made for opch treatment at later time 
intervals. Each value is the mean of three replications. 

2/ 
— Means within a column followed by the same lower 

case letter or means within a line followed by the same 
upper case letter are not significantly different £»t the 
5% level of Duncan's Multiple Range Test. 

3 / — This treatment was not included in the 
statistical analysis. 
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respiration, however, was noted"at the h- and 8-hr measure

ments. This photosynthetic inhibition was probably due to 

the high concentration of MSMA. Leaves of plants receiving 

this treatment became dessicated and necrotic within 2'l hr. 

Because of the absence of pliotosynthesis this treatment was 

not included in the statistical analysis (Tables 5 and 6). 

This phenomenon is consistent with the findings of 

Sckerl and Frans (59) who observed that johnsongrass grown 

ik 
in nutrient solution containing C-MAA , translocated the 

herbicide throughout the plant within k hr. 

_ 3 The 10 M MSMA treatment significantly reduced 

-k 
photosynthesis compared to the control and the 10 M 

treatment (Table 5)» Photosynthesis of the 10 *^M MSMA 

treatment was significantly reduced at the 4-hr measurement 

and continued to decrease, reaching its lowest rate at the 

2'l-hr measurement (Figure ll). The 10 M treatment also 

limited C0o uptake after 4 hr though not significantly. 

Photosynthesis continued to decrease slightly reaching its 

lowest rate, although not significant, at 2ll hr. 

None of the plants treated with MSMA recovered from 

the photosynthotic inhibition. The plants did not inacti

vate the herbicide's effects upon pliotosynthesis. Plioto-

syntJietic rates of Experiment 2 (Table 6) (Figure 12) were 

similar to those of Experiment 1. 

Effects of 6706 upon CO,, uptake rates from both 

experiments will be discussed. In Experiment 1. 
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Figure 11. Inhibition of photosynthesis in johnsongrass 
after application of two x-ates of MSMA solution 
to the roots of johnsongrass plants (Exp. l) — 
Herbicide treatment solutions were replaced 
with nutrient solutions at times indicated by 
an arrow. Points on a line followed by the 
same letter arc not significantly different at 
the 5% level according to Duncan's Multiple 
Range Test. 
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Figure 12. Inhibition of photosynthesis in johnsongrass 
after .-Application of two rates of MSMA solution 
to the roots of johnsongrass plants (Exp. 2) — 
Herbicide treatment solutions were replaced 
with nutrient solution at times indicated by an 
arrow. Points on a line followed by the same 
letter are not significantly different at the 
5% level according to Duncan's Multiple Range 
Test . 



photosynthetic rates of 6706 treatments were not signifi-

Ccintly different from the control at the 0, 'l, 8, and 2'l-

hr measurements (Table 5)* At the 'l8-hr measurement the 

- 'l - 5 10 and the 10 M 67O0 treatments significantly decreased 

the photosynthetic rate compared to the control. There 

were 110 significant decreases in photosynthesis after the 

addition of 6706. 

Plants treated with 10 M 6706 showed a decrease 

in photosynthesis cit each time interval but this decrease 

was not significant (Figure .13) • Plants treated with 

10 *M 6706 decreased, but not significantly, at each time 

interval up to 2k hr when the lowest point was reached. 

— 3 The 10 W 6706 treatment did not affect photosynthesis. 

In Experiment 2 there were no significant differ

ences in the CO^ uptake rates of the 6706 treatments 

_ 3 compared to the control except for the 10 M treatment at 

the 'i8-hr measurement (Table 6). The 10 6706 treatment 

was significantly different from the beginning rate for 

8, 2k, and k& hr after the addition of 6706. The 10 

6706 treatment caused a significant decrease in photo

synthesis comparftd to the beginning rate at the k and 8-

hr measurements. 

-5 Photosynthesis of 10 M treated plants decreased, 

but not significantly at each time interval up to the 2k-

hr moasuiomont (Figure l.'l). The lowest photosynthetic 

response was at 8 hr for \ 0 treated plants and at k hr, 
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Figure 13. Inhibition of photosynthesis in johiisongrass 
after application of throe rates of 6706 solu
tion to the roots of johusongrass plants 
(Exp. l) — Herbicide treatment solutions were 
replaced with nutrient solutions at times 
indicated by an arrow. Points 011 a line 
followed by the same letter are not signifi-
cantly different at the 5% Level according to 
Duncan's Multiple liange Test. 
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Figure l4. Inhibition of photosynthesis in johnsongrass 
after application of three rates of 6706 solu
tion to the roots of johnsongrass plants 
(Exp..2) -- Herbicide treatment solutions 
were replaced with nutrient solutions at times 
indicated by an arrow. Points on a line 
followed by the same letter are not signifi
cantly different at the 5% level according to 
Duncan's Multiple Range Test. 
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-'i , for 10 M treated plants with an upward trend at the 2'i 

and 'j8-hr moasureinents . 

Several factors could have contributed to the in

consistent photosynthetic responses. Variations in some 

instances may have been due to the differences in the size 

of root systems among the plants. In addition, while pre

paring the plants for treatment, the rhizome pieces were 

removed by a razor blade. In a few instances some of the 

roots were accidentally removed. This could have decreased 

transpiration limiting the amount of chemical absorbed. 

CroAvdy and Rudd-Jones (1.6) studied the uptake of three 

antibiotics and the transpiration rate of beans. They 

found a correlation between transpiration rate and root 

uptake of the antibiotics. Some of the variability among 

treatments might have been explained, if transpiration 

measurements had been taken. Van Oorschot (65), in similar 

work found evidence indicating that herbicides' effects 

upon photosynthesis may have been determined mainly by the 

transpiration rate. 

Solute uptake of the herbicide molecules might have 

been facilitated by aerating the nutrient solution con

taining the herbicide, thereby making more oxygen available 

for respiration. Epstein and Ilagen (22) found that the 

uptake of sodium ions by barley roots was strongly sup

pressed by a nitrogen atmosphere, indicating a respiratory 

involveineii t in root uptake. Other workers have concluded 
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that the root uptake of auxins was dependent upon respira

tion since uptake was inhibited by metabolic poisons (37)-

It was noted, although complete data were not 

obtained, that photosynthesis of 6706-treated plants con

tinued to decline under full light intensity (129 k.lux) 

after the measurements which were used in the statistical 

analysis had been made. On the other hand, photosynthesis 

of the control plants increased after the measurements for 

statistical analysis had been made. The measurements which 

were used in the analyses were taken 2.5 niin after the 

photosynthetic rates equilibrated. If the measurements 

had been made 10 to 15 mill after the plateau was reached, 

data may have reflected greater inhibition of photosyn

thesis by 6706. Such data could .indicate that a longer 

exposure to high light intensities was necessary for 6706 

to achieve its full inhibitory effect 011 some photosynthetic 

component. 

Experiment 2 indicated that 6706 was not inhibitory 

— 3 — '1 to C0Q uptake except at high rates (10 M and 10 M), and 

that the 10 M rate might have been inactivated by the 

pi ant. 

The Hill reaction and C0o fixation studies seem to 

indicate a direct effect of 6706 on photosynthesis. I11 

addition it appears that the chlorosis of new growth is a 

major factor in 6706 toxicity. In contrast the MSMA did 

not appear to inhibit photosynthesis or pigment formation. 
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MSMA appears to work by other mechanisms (5&) which in

directly inhibit the photosynthetic processes. 



SUMMARY 

Johnsongrass and sorghum seedlings were treated 

with MSMA, an organic arsenical, and 6706, a pyridazinone, 

in five studies in the greenhouse and laboratories at The 

University of Arizona, Tucson, Arizona. Experiments were 

done in duplicate. 

The effects of these herbicides 011 leaf pigments, 

leaf anatomy, Hill reaction, photosynthetic rates, and 

ability of johnsongrass to inactivate the herbicides were 

studied as well as translocation of the herbicides from 

the foliage to the rhizomes. 

In the pigment inhibition study herbicide rates 

were 10_3, 10~\ 10~5, and 10"^1 of MSMA; and 10~5, 10~6, 

7 8 10 , and 10 M of 6706. Sorghum seed was planted in 

veriniculite and irrigated with herbicide solutions. The 

seedlings were harvested and pigments extracted and 

measured with a spectrophotometer. Optical densities were 

obtained for mathematical calculation of total chlorophyll, 

chlorophyll ja, chlorophyll b_, and carotenoid pigments per 

gram of fresh weight. Molar concentrations causing a 50% 

inhibition of the pigments compared to the control were 

determined. MSMA did not cause a 50% inhibition of any of 

the pigments at any concentration. Solutions of 6706 

inhibited pigments by 50% at the following inolar 

60 



coiic entrations : 1*3 x 10 f°r total chlorophyll; 1.5 x 

10 ̂  for chlorophyll a^; 1.7 x 10 ̂  Tor chlor'ophyll Ij; and 

1.2 x 10 ̂  Tor carotenoids. 

The effects of herbicides on leaf anatomy were 

studied using the same rates as were used in the pigment 

inhibition study. Neither herbicide affected leaf thick

ness. There was a deterioration of mesophyll and bundle 

—  5  — 6  
sheath cliloroplasts at the 10 and 10 M 6706 treatments. 

The bundle sheath chloroplasts of the 10 MSMA-treated 

plants appeared slightly different in shape them those of 

the control. This may have been due to the earlier stage 

of growth causing a delayed emergence of plants receiving 

this treatment. 

Foliage of greenhouse-grown clones of johnsongrass 

was sprayed with 8.9 kg/ha of MSMA and 11.2 kg/ha of 6706, 

respectively. Translocation was determined by cutting the 

foliage at four time intervals for each chemical and 

measuring leaf length and chlorosis of regrowth. MSMA 

killed the rhizomes eliminating regrowth of p.l ants cut 6, 

12, and '18 lir after spraying. The leaf length of regrowth 

of plants cut 2'l hr after spraying was significantly 

reduced, but there were no signs of chlorosis. Length of 

regrowth was significantly reduced by 6706 of plants cut 

at 12, 2'l , and '18 hr. Chlorosis of plants cut at all four 

time intervals was evident. Plants having all or nearly 
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all white foliage became necrotic while plants having 

substantially green foliage recovered. 

Isolated johnsongrass chloroplasts were treated 

with various concentrations of MSMA and 6706 to determine 

the molar concentration necessary to inhibit the Hill 

reaction by 50%. It was found that 1.8 x 10 ^M MSMA and 

— 5 
5 x 10 M 6706 were required for a 30% inhibition of the 

Hill reaction. 

Photosynthoti c rates of mature johnsongrass plcints 

were measured with an infra-red gas analyzer before roots 

were exposed to solutions containing various concentrations 

of 6706 and MSMA, and k, 8, 2'l , and ')8 hr after exposure 

- 3 -h 
to the herbicide solutions. The 10 and 10 M MSMA treat

ments inhibited C0r> uptake after h hr of root exposure, 

and subsequent measurements showed no recovery. u'3-

-4 
take was not significantly decreased by the 10 M treat

ment . 

Photosynthetic measurements indicated no signifi

cant decrease associated with any concentration of 6706 in 

Experiment 1. There were downward trends, but not signifi-

_ 5 _/j 
cantly, in C0o uptake associated with the 10 ' and 10 M 

6706 treatments. In Experiment 2 there were significant 

decreases in. pliotosynthotic rates associated with the 10 ̂  

and 10 *M 6706 treatments at 'i and 8 hr, respectively, 

after exposure, with a significant increase at the 2't- and 

'18-hr measurements of 10 *M 6706. 
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