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ABSTRACT 

The d e c t  of glyphsate on the growth of fresh water algae name- 

ly, - flns-aaune and - - was investigat- 

ed. The impact of this herbicide on the diversity of Nile water phyto- 

plankton was also assessed. The herbicide was applied at various 

concentrations and the impact of treatments was measured in terms 

Chl (a) content. Glyphostae at a concentration exceeding 1.0 mglL re- 

sulted in decrease in Chl (a) content. the tolerance of algae to glypho- 

sate war in the order: 8.- > >. CQQ&UWU > Nile water 

algae. Glyphosate exhibited a drastic dec t  on the diversily and natu- 

ral balance between phytoplankton jwpulation of Nile river water 

where diatomes represented the most tolerant group. 

INTODUCTION 

Glyphosate is used for its broad effectiveness as a 
nonselective , post - emergent herbicide recognised for use in 
the control of grasses , sedges and broad - leaved weeds 
(WSSA , 1983 ) . The extensive use of glyphosate and the 

subsequent exposure of aquatic communities may pose a 
serious thread to algal growth and population diversity . 
The significance of phytoplankton as primary producers as well as 



Effect of Glyphosat on Algal Grow lh...... 

their ability to alter the balance of aquatic ecosystem has u-manted greater concern 
for the toxic effects of this widely acccp~ed hcrbicidc (Sullivan et a1 1981. Holtby 
and Bailie 1989). 

Several studies reffend to the toxicological effects of gl>phosate on aquatic 
plants grown in laboratory culture but few studies involving natural in siru plant 
communities (Harunan and Illatin 1983). Giyphosate concenrntion at 89 and 890 
m a  suppresed photosynthetic rates of shon term lentic preiphyon (Goldsborangh 
and Brown, 19S8). 

The objectives of this study were to deternine the effects of glyphosste on the 
growth of two widely dismbuted species of freshn.ster algae and to ascemin the ef- 
fects of this herbicide on the djversity of Nile water phytoplankton assemblage. 

hlATERIAL AND hlETlIODS 

Culturcs 

A septic culturc of fw (blue-gxen alga) and UJL 

( p e n  alga) were obtained fmm Univcrsity of Texas at Austin Culrurz 
Collection and gown in an aqucous medium (American Public Health Association, 
APIlA 1985). Aliquots of cultures were transfcrrcd weekly to maintain algal 
growth in the log phase. 

Chemical 

A glyphosate (99.9% purity) were obtained from Chem. Service, Inc. (West 
Chester, Pennsylvania 19381), and dissolved in distilled water. The range of con- 
centrations was determind with preliminary range-finding bioassays. 

Aleal Bioassay 

Erlenmeyer I-L bioassay flasks were filled with 500rnl algal suspension media, 
and grown for a period of 10 days. A11 cultures were exposed to a continuous light 
source from fluorescent tubes with an intensity of - 1800 Lux for A. flos - aauae 
and - 2800 Lux for S. ca~ricornuturn. The flasks were covered with aluminum foil 
with small holes for gas exchange and were incubated at 24+2OC. Flasks were 
shaken daily to prevent cIumping of the cells. The cencennation levels were 0.1, 
0.5, 1.0, 1.6, 2.4, 3.2 and 3.7 in case of S. ca~ricornutum while in case of A. 
flos-aouag were 0.5, 1.0, 2.0, 2.5, 3.0, 4.0, 5.0 and 6.0 m a .  Algal growth as 
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chorophyll (a) concentration was measued spectrophotomet~ically at different 
growth stages. For chl (a) measurement, a known volume of algal samples was fd- 
tered through a 0.45 u membrane filter and extracted with hot methanol (Sartory 
and Grobbelaar 1984). The chl (a) cncentration and growth rate (u) of the algae 
grown in each concentration, as well as the controls, were determined according to 
( APHA 1985). Each test alga was maintained in mplicate. 

In order to study the effect of glyphosate on Nile water phytoplankton assem- 
blage, water samples were collected from the Nile river and concentrated via the 
Sedgwick - Rafter method to form the material used as inoculum for study. The 
concentrate represented green algae, blue - green algae and diatoms. The Algal As- 
say procedure Bottle test (APHA.1989) was used and performed under controlled 
conditions. Triplicate concentrations of 0.05, 0.1.0.15, 0.2.0.5, 1.0, 1.6 and 2.3 
mg/L of glyphosale as well as three control flasks with no herbicide were main- 
tained under the previously stated conditions for a period of 10 days. At maximum 
growth, phyroplankton were counted. The cells were identified according to a key 
of fresh water algae in Palmer (1980). The phytoplankton community composition 
parameters of the control and mated cultures were measured using Shannon's 
equation (1948) S 

H' =.. - C (niIN)log(ni/N) 
i 1 

where, S is number of tma simples and ni is the number of individuals of ith taxon 

Results 

The response with time of S. ca~ricornulun A. 00s - aquae and Bile w a t a  
lo ranges of glyphosate, measured in terms of Chl (a) concentration, is repre- 

sented in Figure (I). On the faith of the preliminary experiment the concentration of 
glyphosate less than 0.05 mg/L is excluded from subsequent studies. 

It seems reasonable to infer that glyphosate concentrations Jess than 0.1 had no 
effect on short term algal growth. After one day of exposure, a sharp decrease in 
Chl (a) content was recorded as a result of increase of glyphosate concentntions. 
In all mated cultures, algal cells staned to grow with high growth ntes after the 3rd 
day of experiment and recorded its highest values by the end of the run 

In case of A. flos - aquae 1.0 mg/L glyphosate caused 10% reduction in algal 
growth compared to control.. The stme reduction value was attained by applying 
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Table 1 - Changes in algal properties as a result of glyphosate trcamxnrs . 

Conc hlaximum Max 
mdL growth rate Chi (a) contcnt 

d&v u d L  



glyphosae at 0.5 and 0.1 m@ in case of 3. ganricornurum and Nile water phytb 
p i ~ o n  respectively (Table 1) 

In prcscncc of 5.0 mgJL g!yphosate. 90% reduction in Chl (a) content of A. 
nos-a(yx  culrurc was obsersed while in cesc of 2. -, glyphosne at 
3.7 m&caused 87% rcduc~ion in algal Chl(u) conlcnr Complctc inhibition in Nile 
wetcr algae was obscrvcd nt 2.4 m@ up to the end of expcrimcnt. Generally, the 
tolenncc: of algae to glyphosatc was in thc following order: 

A. > S . m  > Nile walcr algae. 

Table 2. EC50 values of Glyphosate measured at various time intervals 

Calculated EC50 (m&) after different days of incubation 

Algal species 

3 d  5 d 7 d 10 d 

3. ca~ricornutum 1.89 1.92 2.04 2.15 

A. flos - aauae - 2.3 2.75 2.9 2.9 

Nile water aleae 1.3 1.14 1.08 1.53 
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Fig. 2.  Chongrs m algal counts or  o result ot glyphorate treatment 

The expected concenuation of glyphosate that reduce algal growth by 50% 
(ECSO) compared to the untreated culture are presented in Table (2). A part of 
some minor fluctuation the value of EC50 increases as the contact time of gly~ho- 
sate with algae i nmmd.  

All glyphosate cocncenmrions reduced the total algd numbers. The reduction 
mged  between 10 & 98 '70 of control. In c m  of dia[oms the reduction m g e d  k- 
tween 7 & 92 % of control. High reduction in gnen algal counts took place espe- 
cially at high concentrations. In addition, a pronouncd decline in he blue-pen id- 
gal count was desctcd even disappeared completly at high glyphorate 
concenaations (Fig.?). 



Table 3 Phgtoplsnkronic Diversity of Culture Exposed to Glyphoatc at Maximum 
Growlh 

Glyphoute Conentnion (m@) 
Genus 

0.0 0.05 0.1 0.15 0 .  0.5 1.0 1.6 

lkwuuac 
Scenedesmus 
Eudorins 
Oocysds 
Ankistrodesmus 
Selenasuum 
Pedjasnum 
Mimcdnurn 
Clasterium 
Bonyococcus 

Jllue-- 
Microcysris 
Merismopedia 
Coelosphacrium 
Oscilla~oria 
Anabacna 
L)ivrtsiiu 
Dintoms 
Melosin 
Dinloma 
Fmgiluia 
Cyclotella 
Synedra 
Asterionella 
Cymbella 
SurireLla 
Nancula 
Diversi& 
Total Genera 

* Each value Represents organism Number x 103 and Indicates a Mean of three 
Replicates. 

Figure (3) showed that total algal counts and Chl(a) content were positiveIy cor- 
related. The reduction in total algal count at maximum growth was relatively high 
compared to the reduction in Chl (a) content, this might be due to the changes in 
community structure of phytoplankton. 

319 
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Results of the diversity study illustrate the potential for profound impact of gly 
phosate on phytoplankton population dynamics. The results specifically show an 
inverse relationship between glyphosate concentration and species diversity 
(Table 3). 

Clear changes in the dismbution pattern of the three mjor  algal groups were de- 
tected at different glyphosate concentrations (Table 3). Diatoms represented the 
most tolerant group, MeIosir~ and Diatom were the most dominant genera. Scene- 
desrnuz and Eudorina were the most dominant genera of green algae. High glypho- 
sate concentrations caused dristic effect in the bluc-green algae. 

In this study, the sensitivity of dgnc to glyphosate is based on three parameters 
namely, algal counts, gowth rate, maximum CliI (a) content and EC50. This ap- 
proach allows to ascenin that variations in susccptibilty depends on the organism 
typc and the concentration of the compound. It also pcrmits to study the diversity 
between organisms in the aquatic system. 

It is evident from the present study that the effect of glyphosate is greatly l f fe r  
from one species to another indicating that it depends on the concentration of the 
herbicide and algal species. This inagreement with that reported by Abou-waly et a1 
(1991). 

At higher concentration of glyphoute, algal growth rate attained its highest 
value at the end of the run. This indicates that the herbicide tested had an algisti~tic 
effect and algal cells recovered their vitality by the end of 10 days. This is inagree- 
ment with the data recorded by El-Dib et a1 (1989 and 1990). 

I n m s e  of EC50 values with time. m y  be atmbuted to the adaptation of the 
organisms to glyphosate. EC50 recorded ils highest value in case of A. f b s  - a= 
compared to S. ~ r i c o r n u r u m ,  consequenrly, blue _men algae tend to be resistant 
to glyphosate ban green ones while E C ~ O  of Nile water phytoplankton was rela- 
tively low if compared with other tested ones. 

Algal communities consist of a wmplcx assemblage of organisms, diffaing in 
sensitivity to glyphosate. This cxplains the the difference in the EC50 values in 
mred  cultun of h'ilc water algae. 
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Van Rensen (1974) observed a 50% reduction in oxygen evalution by a culture 
of the green alga $enedcsrnus a after 60-90 rnin exposure to 7x10-4 hI 
(1 18 m a )  glyphosate. He concluded that glyphosate directly inhibits photosyn- 
thetic clcctron tnnsport in photosystem 11. Goldsbrough and Brown (1988) stated 
that glyphosatc at c o n c e n ~ d o n  89 and 890 m& suppressed photosynlhetic rates in 
lentic preiphyton. 

Diatoms were considered the most tolerant species in all treated concenrration 
followed by Chlorophytes. Sullivan et a1 (1981) concluded that in letic system 
sprayed with glyphosate, diatom community suucturd changes were hypothesized 
to have resulted from no-herbicidal environmental alterations. Austin et a1 (1991) 
noted that diatoms were numerically dominant in all treatments with glyphosatc 
whilst bivolume was again dominated by Chloroplytes. 

From h e  value of EC50 it seems that glyphosate at a concenustion less than 
l.Omg/L slightly affected algal growth or community. This value was relatively 
high if compared with the actual values that may reach aquatic environment. How- 
ever, low conccnntjlons of glyphosate sumuhtcd ulgal growlh nnd change algal di- 
versity. The addition of glyphosatc to algal community would thus appear to have 
litde effect on subsqucnt successional patterns. Sullivan et a1 (1961) noted that 
post numcnt application of glyphosatc increases diatom standing crop. Glyphosatc 
could potentially act as a phosphorus source (Goldsborough and Brown, 1988, wan 
1986, wan et a1 1989, Goldsborough and Beck, 1989 Kreutzweiser et a1 1989). 
Thus, glyphosate could stimulate undersirable eutrophication in watcr resources and 
not other environmental influences (SulEvent et all98 1). 

It can be concluded that glyphosate up to 0. I mgL promotes algal growth and 
changes the diversity and redunduncy of Nile water algae. 
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