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ABSTRACT 

T he effect of Promet ryne, Amet ryne, Diuron , and Fluometuron on t he 
photosynth es is of the aquat ic spec ies Lemna p erpusi/la Torr. was 
invest igated using an oxygra ph with a Clark-type electrode. All four 
herbicides produced immediate st rong in h ibit ion of photosynt hes is when 
applied to intact plants . Diuron was the st rongest inh ibito r, causin g a 
50% reduct ion of photosynthetic rate at concentrations of 3.5 x 10 - 7 

M . Ametryne and Prometryne were less inhib itory. Fluometuron had 
the lowest effect on photosynthesis, producing 50% inhibi t ion at 1.6 x 
w-5 M. Experiments on long term effec t showed that all herbicides 
tested, except F luometuron, beca me severe ly inh ibitory to Lemna at 
concentrations exceeding 1 x 10 · 6 M. Concentrations of these herbi
cides in the environment exceeding 1 x 10- 6 M could constitute a risk 
to this and other similarly sensitive species. 

INTRODUCTION 

Applicat ion of herbic ides for weed control is one of the modern tools 
employed to faci litate use and improve productivity of land. Year after 
year increasing amounts of these chemicals are added to t he environment 
in an effort to control the growth of unwanted vegetation. Some widely 
used herbicides are fa irly persistent in the environ ment, with the pos
sibili ty of disturb ing the life activities of non-target species . Overdose 
or inadequate use of these chemicals could result in serious degradation 
of the environment and unwanted ecological s ide effects. 

In P uerto Rico , although use of herb icides is a standard weed control 
pract ice, lit t le research has been done to det erm ine t heir environ mental 
effec ts . Some of the most common herb icides used in t he Island belong to 
the subst ituted ureas and t he s-t r iaz ines . These two groups of com 
pounds are well known fo r the ir effects on photosynthesis. All the 
s-triaz ine herb icides are strong inhib itors of the Hill react ion and 
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photophosphorylation (7) . Substituted urea herbicides, such as Diuron 
and Fluometuron, a re potent inhib itors of the Hill react ion and other 
photosyn t hetic reac t ions (5,6). Although the mechanism of action of 
these compounds is well known and t heir effects on specific weed species 
have been stud ied extens ively, very litt le information is available on 
their effect on non -targe t species , especia lly those of t ropical habitats. 

T he present paper is part of work conducted with t he purpose of 
determ ining the effects of herb icides on non-target species. T h is paper 
reports t he effects of two s- triazines and two subst it uted ureas on t he 
photosynthesis of Lemna perpusilla T orr. 

MATERIALS AND METHODS 

T he floating aquatic p lant Lemna perpusilla Torr. was chosen as a 
representat ive non -target aquatic spec ies and used as experimental 
materia l t hroughout the present studies . Lemna was cultured under 
autotrophic condi tions as previously described (3). T he four herbicides 
tested were : 2-(ethyl am ino) -4-isopropylamino-6-m ethylth io-s-triazine 
(Ametryne) , 2,4-bis(isopropylamino)-6-(methylthio) -s-t r iazine (Prome
tryne) , 3,(3,4-dichlorophenyl)-1,1-dimethylurea (Diuron) and 1, 1-di
methyl-3-(a:,a:,a:,trif1uoro- m-toyl) urea (F luometuron) . 

Photosynthesis was assayed by measuring 0 2 evolu t ion or uptake with 
a Clark-type electrode.< T he apparatus cons isted of a 1.75-ml water-jack
eted assay ing vessel connec ted to the record ing uni t of a G ilson Oxygraph 
Model K -IC . A tem perature of 25 ° C was maintained by circulating 
wa ter through the water jacket from a constant temperatu re water bath. 
T he 0 2 level in the assay vessel was adjusted as required by bubbling 
gaseous N 2 t hrough t he assay medium in the vessel. 

Rate of 0 2 evolution or consumption was determ ined from the slopes of 
the recorded t rac ings . P hotosyn t hes is was expressed as m icromoles 0 2 

evolved per milligram of chlorophyll per hour after correct ing for dark 
reactions . C hlorophyll was determined by the method of Arnon (1). 

T he immediate effect of t he herbicides was determinated by adding a 
solution of the herb icide direct ly into the assay vessel conta ining 50 
Lemna fronds and enough assay med ium to make a final volume of 1./.S 
ml. T he com pos ition of the medium was the same as that of the solution 
used to grow t he species . Following add it ion of the herbic ide, photosyn 
thes is was im media tely assayed by tu rn ing the lights on and off twice fo r 
periods of a pproximately 2 min. In order to compare the photosynthetic 
rate of con t rol Lemna with those rece iving different herbicide trea tment, 

• Trade names a re used in this publ ication solely for the purpose of providing specific 
informat ion. M ent ion of a trade name does not cons titute a gu'lran tee or warranty of 
equipment or materia ls by the Agricultura l Ex periment Station of the Univers ity of 
Puerto Rico or an endorsement over other equipment or materials not mentioned . 
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the photosyn thet ic rate of control Lemna was ca lcu la t ed a t 100%, an d 
those receiving herbicide treatmen ts were converted accordingly as 
shown in figure 1. 

Long term effects of t he herbicides were stud ied by add ing the 
appropria te concentrat ion of herb ic ide solut ion to Lemna cultures 
ma in ta in ed in fl asks conta in ing 100 ml of growth m ed ium . T he cul tures 
were transferred every 2 days to fresh mediu m con ta ining herbicide and 
kep t under continuous light (400 fc ) un til assayed the sixt h day aft er 
t rea t ment . P hotosyn thes is was m easu red by removing 50 fronds and 1.75 
ml of med ium from th e cu lture fl asks and assay ing as stated for 
im media te effects . 

T ABLE i.-Im m ediate effect of different concentrations of the herbic ides Fluo m eturon, 
Diuron , A m etryne, and Prometryne on the pho tosynthetic rate of Lemna perpusilla Torr . 

Concent rati on Fluomeluron Diu ron Ametryne Prometryne 

(~olar) A' l:l' A B A B A B 

0' 14. fi3 100 18 03 100 16.74 100 14. 39 100 

1 X IO - " 7 .75 54 0 0 0 () 0 0 

8 .5 X 10- 6 9.08 63 0 0 0 0 0 0 

5 .7 X 10 - 6 14.17 98 0 0 () 0 () 0 
2.85 X 10 - 6 17.93 123 0 0 0 0 5 .24 36 

2.50 X 10 - 6 14.59 100 0 0 () 0 6.11 43 

1 X 10 - 6 1 4.3~\ 99 6.32 35 7.73 46 10.47 73 

5 X LO 7 14 .44 99 8 .27 46 12.22 73 13.06 91 

l X 10 - ' 13. 19 91 11.93 66 15 .79 94 15.4 1 107 

'A = M ic romoles of O , evolved per m illi gra m of ch lorophyll per hou r. 
2 B = Percent of contro l ra te . 
3 Va lues for con t rol a re average of e ight observa t ions. 
'Va lu es for the different treat ments are t he a verage of four observat ions. 

RESULTS AND DISCUSSION 

The im med iate effect of d ifferent conce ntrat ions of the herbi cides on 
the photosyn thes is of L . perpusilla is shown in t a bl e 1. A concentrat ion of 
5. 7 x 10- 6 M of P rometryne and concentra t ions as low as 2.5 x 10- 6 M of 
Am et ryne and Diuron caused complet e inhibi t ion of p hotosyn thet ic 
act ivity of in tact Lemna pla n ts . T h is indica tes the re la t ively low 
concent ra t ions of these herbic ides t hat are capa ble of interact ing very 
rap id ly with the photosynthet ic mech an ism of the test plant. Ametryne 
and P ro met ryne a re known to produce rap id con tact injury when ap plied 
to sensitive spec ies (7). F luometuron was the least inhibit ory of the 
com pounds tested, and concent rations as high as 1 x 10_, M caused only 
partial inhibit ion of photosynthesis in t hese experiments. 

F igure 1 ill ustrates t he concen t rat ion of the di fferen t herb icides 
ca us ing 50% inhi bit ion of pho tosyn t hes is . If t he curves are used as an 
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indication of relative toxicity, then D iuron, causing 50% inhibition at 
3.5 x 10- 7 M, was the most toxic; and Fluometuron, causing 50% in
hibition at 1.6 x 10- 5 M, the least toxic of a ll four herbicides tested. 
Ametryne and P rometryne were also strong inhib itors of photosyn
thes is in this species, causing 50% inhibition at 8.4 x 10- 7 M and 
2.5 x 10- 6 M, respectively. If these results are compared with previ
ous findings (3) it is found that for each compound the concentra
tion causing sor;. inh ibition of growth is lower than t hat causing 50 1/o 
inhibit ion of photosynthesis . In addit ion . the order of tox icity is different 
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FIG. i. - Comparative effect of d iff erent herbicides on the photosyn thelic rate of 
Lemna perpusilla Torr. 

for both processes, Amet ryne being most inhibitory to growth and 
Diuron. to photosynthesis . For both processes. however. Diuron and 
Amet ryne are the st rongest inhib itors, a n indicat ion tha t inhibit ion o f.' 
growth is a ref1ect ion of t he more d irect da mage of t hese herb icides to 
photosynthes is. 

Long term effects of low concentrations of the herb icides are shown in 
t a ble 2. T he results follow t he same pattern obtained fo r the immediate 
effects, with Diuron and F luometuron having the grea test and lowest 
tox icity . respectively . At concentra tions exceeding 5 x 10 6 M, all 
herbicides except F luometuron were st rongly inhibitory. However, in 
these experiments a concentration of 1 "' 10 6 M of diuron , the strongest 
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photosynthetic inhibitor tested, d id not inhib it completely the photosyn
thetic activity of Lemna after 6 days of exposure. In previous experiments 
the growth of Lemna was not inhibited completely under similar 
conditions (3 ). It is clear from these experiments that even with the most 
toxic herbicides tested, concentrations exceeding 1 x 10- 6 M have to be 
employed in order to completely inhibit photosynthesis and growth in 
this species . 

It is interesting to note that sub-lethal herbicide concentrations, e.g. 
1 x 10-a M, of all four chemicals tested resulted in increased rates of 
photosynthes is . Increased growth rates at these concentrat ions were 
noted in an earlier work (3). Other studies have shown increases in 
enzyme activity and crop productivity after treatment with sub-lethal 
concentrations of s-triazines (2,4). 

TABL.E 2.-Lon!{ lerm effect of different concentrations of the herbicides Fluome!uron , 
Diuron, Ametrme, and Prometryne on the photosynthetic rate of Lemna perpusilla Torr .' 

Concentration Fluometuron Diu ron Ametrvnc Prometn·ne 
(Molar ) A' B' A B A B A fl 

----
o• 11.79 100 1:L25 100 ll.57 100 12.64 100 

5 >. 10 " 10.61 90 0 0 .25 2 3.66 29 
1 /( 10 6 14.98 127 .96 7 4.97 43 7.96 63 

5 X 10 7 12.81 109 6.16 47 8.42 73 10.87 86 
1 x w-7 16 .07 136 1:1.19 99 9.83 85 12.33 98 
1 x w-• 15.00 127 1-1.17 107 14.60 126 \3.90 110 

' T he long t erm effect was determined 6 clays after treat ment with the herbic ides. 
2 A = M icromoles of 0, evolved per milligram of chlorophyll per hour. 
3 B = Percent of control rate. 
• Values fo r control a re average of eight observations. 
'Values for treatments are average of four observations. 

T hese da ta and previous results show that concentrations of Prome
tryne, Ametryne, and Diuron exceeding 1 x 10- 6 M are severely toxic to 
Lemna, a representative aquat1c non-target species . Toxicity is, at least 
in part, t he result of a d irect inhibition of photosynthesis . Accumulation 
of these compounds at m icromola r concentrat ions in s ite:=; away from 
their poin t of application could result in detrimental effects to the life 
activities of susceptible non-target spec ies . 

RESUMEN 

Se investig6 el efecto de los herbiciclas P rometryne, Ametryne, Oiuron y Fluometuron a 
va ria s concen t rac iones sobre e l proceso fo tosi ntet ico d e Ia especie acua tica Lemna perpu
silla Torr .. como parte de un estuclio para cleterm inar e l efecto de estas substancias sobre 
especies que m edran fuera d e l area tratacla y que incli recta o acciclental mente tuesen 
a fec taclas par los herbic iclas. Los cuatro herbiciclas usaclos causaron u na fuerte inhibici6n 
fotosintetica in mecl iatam ente clespues de scr aplicaclos a plan tas intactas de Lemna. El 
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Diuron fue el mayor inh ibidor, causandu a concentraciunes de :1 .5 x 10 7 M, un 50% de re
ducci6n en Ia tasa de fotuslntcsis. El Fluomeluron tuvo el menor efecto sobre Ia fotosln
t esis, al causar un 50"'< de inhibici6n a 1.6 x 10 ' M. Los experimentos sobre los etectos a 
largo plazo demonst raron que todos los herb icidas usados, exceptua ndo el Fluometuron, 
causan una tox ic idad severa a concentraciones mayores de l x 10 6 M. Concentraciones 
en exceso de l x 10 • M de estos herhic idas en el ambien te podrfan constitu ir un riesgo 
tanto pa ra esta como pa ra otras especies suscept ib les. 
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