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Abstract 
2,4-Dichiorophenoxyacetic acid (2,4-D) stimulated growth and heterocyst 

differentiation of Anabaena sp. in nitrogen free medium at low concentration 100 µg mL
-1

 

while its higher concentrations inhibited both processes and 500 µg mL
-1

 proved to be 

lethal. Dry mass and specific growth rate of algae declined with increasing concentration 

of 2,4-D in the range of 100-1500  µg mL
-1

. Glucose slightly increased the heterocyst 

frequency without any lag in their differentiation. Tryptophan promoted growth of the 

alga and formation of heterocysts (nearly three fold). Tryptophan (50 µg mL
-1

) complex 

medium with 1 mg 2, 4-D per ml did not produce mature heterocysts. The filaments were 

fragmented at the point of heterocyst development and detached heterocyst germinated in 

situ. Glucose and tryptophan protected the alga, its growth and heterocyst differentiation 

even at the lethal concentration of the herbicide. 

 

Introduction 
The contribution of nitrogen fixing blue-green algae in the nitrogen 

fixation economy of rice fields is well recognized where they are one of the 

dominant components of the microflora (Singh, 1961, El-Nawawy et al., 1968, 

Watanabe and Yamamoto, 1971, Daw and Than 1981, Watanabe and Liu 1992, 

and El-Kholy, 1997). The heterocysts of filamentous nitrogen fixing blue-green 

algae are thought to function as the site of nitrogen fixation (Fay et al., 1968; 

Stewart et al., 1969; Fay, 1973). Studies on the physiology of heterocysts 

suggested that they have an oxygen protective mechanism for algal nitrogenase 

under aerobic growth condition (Tel-Or and Stewart, 1977). The extensive use of 

the herbicides create microbial imbalance causing a great setback to the nitrogen 

status of soil (Tiwari et al., 1981; Pandey, 1985). The magnitude of the herbicide 

toxicity in plants is govorned by organic carbon, (Singh and Vaishampayan et al., 

1978), amino acids, Mumma, and Hamilton (1976) and extracellular polypeptides, 

(Fogg and Westlake, 1955). Glucose has been reported to reverse the toxicity of 

3-(3,4-dichlorophenyl)-1,ldimethylurea (DCMU) possibly by meeting the organic 

carbon requirement, (Singh and Vaishampayan, 1978), although the present 

observation under laboratory conditions may not be directly extended to the 
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natural condition in which multi-parametric complex factors are operating. We 

report here the results of studies on the possible mode of action of 2, 4-

dichiorophenoxyacetic acid (2, 4-D) on growth and heterocyst formation in 

nitrogen fixing blue-green alga Anabaena sp. and protection by glucose and 

tryptophan. 

 

Materials and Methods 
A laboratory experiment was conducted by using the filamentous N2-

fixing cyanobacterium Anabaena sp to study the effect of the most common used 

herbicide 2,4-Dichiorophenoxyacetic acid (2, 4-D) supplemented to th 

cyanobacterium culture medium with different concentration (0, 100, 500, 1000 

and 1500 µg / mL) in the absence or presence of glucose and /or tryptophane (50 

µg / mL) on the growth and heterocyst frequency. The tested organism was 

previously isolated by Ghazal (1991) from rice fields and was routinely 

propagated to axenic population in free nitrogen medium of Allen and Arnon 

(1955) at pH 7.5 by employing standard microbial techniques. The cultures were 

grown under fluorescent tubes light (approximately 3000 Lux on the surface) for 

14 h a day at 28-32°C. Growth was estimated by following changes in absorbance 

of culture suspension at 660 nm in a spectrophotometer model 21 D (Bush and 

Lomb Co. USA). Specific growth rate k was calculated by the equation of Kratz 

and Myers (1955). Dry mass of 10- day old cultures was measured in 5-mL 

samples after oven drying at 80°C to a constant mass. Alga grown in an 

ammonium medium (1 mM NH4C1) was used for heterocyst differentiation study 

(no heterocysts were formed here). Heterocysts were counted microscopically and 

their frequencies (averages of 10 random samples) expressed as the percentage of 

the number of vegetative cells after 4 d of incubation in N-free medium with or 

without chemicals (Vaishampayan, 1982). The chemicals used were of highest 

laboratory grade purity: 2, 4-D as sodium salt (Central Agricultural Pesticides 

Lab, Giza, Egypt), DL-tryptophan (BDH Chemicals) and glucose (BDH, 

England). Exponentially growing population was fragmented by glass beeds 

(aprox. 25 cells per filament). Liquid cultures containing 4 x 10
5
 cells per mL of 

initial inoculum were grown in colorimetric flasks for direct colorimetric 

estimation of growth in triplicate. The observations are presented as X ± SD.  

 

Results and Discussion 
Effect on growth: 

Results obtained in basal medium with or without added 2, 4-D showed 

that 2, 4-D stimulated the algal growth up to 100 µg mL
-1

. A low inhibition was 

noted up to 500 µg mL
-1

 (Fig. 1). There was a consistent 2 to 4 d delay in the 

initiation of exponential growth in the presence of more than 100 µg mL
-1

 of the 

herbicide. Subsequent increase in herbicide concentrations inhibited algal growth 
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where 1500 µg mL
-1

 proved to be lethal as noticed by bleaching of the treated 

cultures within 4 days of incubation. The lethal concentration of 2,4-D was 

determined by transferring the treated cultures, grown for 10 days, after 

centrifuging and washing into fresh herbicide-free medium. Culture treated with 

1500 µg mL
-1

 could not revive in fresh medium even after incubation for 20 days.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1): Growth response (absorbance A660) of Anabaena sp. to different 

concentrations of 2, 4 – D (µg mL
-1

, numbers at the curves) 

 

A gradual decrease in the specific growth rate K was noticed at higher 

concentrations (Fig. 2). Dry mass of the herbicide-treated cultures also followed a 

similar trend as specific growth (Fig. 3). Stimulation in algal growth at lower 

doses (about 100 µg mL
-1

) may due to the alternation in algal membrane 

permeability leading to an increase in the availability of nutrients or due to its 

action as growth hormone. The chlorinated phenoxy-acetic acid (2, 4-D) may act 

in plants as an analog of auxin, 3-indole-acetic acid, a natural growth promoting 

substance (Seiler 1978 and Pandher et al., 1994). It may be concluded that 2, 4-D 

at higher concentration adversely affects growth and cell multiplication, while 

lower concentrations seem to be stimulatory and/or non-effective for algal growth. 

These findings are in agreement with the results obtained by (Singh et al., 1988; 

Srinivasan et al., 1993 and Ismail et al., 1995). The concentrations of glucose and 

tryptophan which yielded optimum algal growth partially reduced the herbicide 

toxicity in the alga (Fig.2). Herbicide-induced lag phase in growth was removed 
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by the presence of these compounds in the medium. Thus glucose and tryptophan 

modify the herbicide toxicity even in the presence of lethal herbicide 

concentrations (Fig. 2).  

 

                                                                              

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2): Effect of glucose and tryptophan on growth     inhibition (specific growth 

rate K x 10
3
) of Anabaena sp. By 2, 4 D (µg mL

-1
); control N; glucose (500 µg mL

-1
) 

and 50 µg mL
-1

, Trp) supplemented media. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3): Total dry mass (mg/ mL) after 10 dayes of incubation of 2, 4 – D (µg/ mL 

x 10
2
). 
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The observations suggest that the growth of the alga at higher 

concentrations of 2, 4-D is partially reversed by exogenous supplementation with 

glucose. The reversal could be attributed to glucose acting as an alternative source 

of reductant and/or carbon. The possibility that this substrate acts as a source of 

reducing power only would suggest assimilation of CO2 even in the presence of 2, 

4-D while the second alternative would mean a complete inhibition of 

photosystem II activity. The appearance of toxic symptoms in higher green plants 

treated with electron transport inhibitors can be prevented if the plants are 

supplied exogenously with oxidizable carbohydrates (Singh and Vaishampayan, 

1978; Moreland, 1980 and Pandey and Tiwari, 1993). Thus 2, 4-D seems to affect 

electron transport in algal photosynthesis which circumvents the oxidizable 

carbohydrate glucose. 

Heterocyst differentiation: 

Ammonia-grown non-heterocystous filaments when incubated in N- 

medium for 4 days started to differentiate into heterocysts within 1 d and reached 

maximum frequency of 5.8% after 4 days. The growth-promoting concentration of 

the herbicide (100 µg mL
-1

) stimulated heterocyst differentiation and the 

frequency reached 6.3% while at higher concentration (1000 µg mL
-1

) the 

frequency was reduced to 2.0% (Table 1). Glucose considerably increased the 

heterocyst frequency (7.0%) without lag in the differentiation process and also 

showed commendable recovery in heterocyst frequency from 2.0 to 3.% at 1000 

µg mL
-1

 besides reversing herbicide inhibition of growth and heterocyst formation 

at lethal concentration (Table 1). Tryptophan resulted in a two-fold increase in 

heterocyst frequency (12.0%) against control. Cultures grown in 2, 4-D (1000 µg 

mL
-1

) - tryptophan. (50 µg mL
-1

) complex medium did not produce mature 

heterocysts. The vegetative filaments were fragmented at the point of heterocyst 

development and detached (pigmented) heterocysts showed germination in situ. 

 

Table (1): Effect of exogenous supplementation of glucose (500 µg mL
-1

) and 

tryptophan (50 µg mL
-1

) on the action of 2, 4-D- induced inhibition of heterocyst 

differentiation in Anabaena sp. (the average of 10 independent readings with their 

respective standard error (X ± SD). 

 

2, 4-D µg mL-1 Control Glucose Tryptophan 

0 5.8 ± 0.14 7.0 ± 0.10 12.0 ±0.20 

100 6.3 ± 0.20 
8.4 ± 0.24 

6.2 ± 0.11 
14.4 ± 0.26 

500 4.4 ± 0.43 3.4 ± 0.10 8.0 ± 0.14 

1000 2.0 ± 13.0 3.4 ± 0.10 -b 

1500 -a 3.1 ± 0.25 -b 



Skina T. A. Tantawy and El Sayeda A. Hassan 

Egyptian J. of Phycol. Vol. 6, 2005 

 

 

- 132 - 

Increase and/or decrease in N-growth of Anabaena with 2-4-D may be 

correlated with the frequency of formation of heterocysts, the specialized cells of 

nitrogen fixation under aerobic growth conditions. Thus, it is quite likely that 

growth and heterocyst differentiation was stimulated at lower concentration and 

diminished at higher concentration of 2, 4-D. Therefore, 2, 4-D can not be 

considered as an inhibitor of growth and heterocyst formation. Heterocysts serve 

as a good index for assuming that a chemical which inhibits heterocyst 

development under photoautotrophic condition may be an inhibitor of 

photosynthesis because as a photosynthetic inhibitor, it could cause changes in the 

normal-pattern of heterocyst development. The C: N ratio is known to control the 

pattern of heterocyst development in cyanobacteria (Fay, 1973). The fact that 

heterocyst development is sensitive to higher doses of 2, 4-D and readily reversed 

by exogenous supplementation with organic carbon, glucose, supported the view 

that toxicity may result directly from inhibition of photosynthetic carbon fixation 

as reported with DCMU, a known inhibitor of the light reaction and reductive 

assimilation of CO2 in photosynthetically growing cultures of cyanobacteria 

(Pelroy et al., 1972). 

Like glucose, tryptophan protects Anabaena from 2, 4-D toxicity by 

increasing growth yield and heterocyst formation. This may indicate that 

tryptophan is either incorporated into proteins or that triggers protein synthesis 

which initiates complete development of heterocysts (Mitchison and Wilcox, 

1973). 2, 4-D negated this effect, supporting the idea that is involved in protein 

synthesis at higher doses, (Tiwari et al., 1982). Reduction in herbicide toxicity 

and inhibition of heterocyst development in 2,4-D - tryptophan complex medium 

might be due to formation of a 2,4-D- tryptophan complex (conjugate ) which acts 

as auxin and /or nitrogen as reported with other amino acids in higher plants 

(Andreae and Good, 1957) 

Mumma and Hamilton 1976; Pandey et al., 1984). Thus, the results 

suggest that heterocysts require a photo-synthetically fixed carbon supply and that 

glucose can effectively substitute for photosynthetically generated organic carbon 

for growth and heterocyst development as reported earlier with DCMU and 

propanil (3 ,4-dichloropropionanilide), (Vaishampayan et al., 1978; Pandey et al., 

1984). Therefore, the action of 2, 4-D may be correlated with the mode of action 

of DCMU and propanil in relation to growth and heterocyst differentiation in 

Anabaena sp. 
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فى وجود (Anabaena sp ) على نمو السيابكتريا   D 4 ,2تأثير مبيد ال

 الجلوكوز والتريبتوفان

 
 سكينة توفيق عبد الغنى * و السيدة على حسن** 

 مصر -الجيزة -جامعة القاهرة -قسم النبات  -*كلية العلوم
 -البحوث الزراعية مركز -معهد بحوث األراضى والمياة والبيئة -**قسم الميكروبيولوجيا الزراعية

 مصر -الجيزة

 

 

علدى نمدو  Dichlorophenoxy acetic acid 4 ,2 فى تجربة معملية تم دراسة أثر مبيدد الشادا    

وكذلك على تكون خاليدا الييتيروسيسدو وتكرار دا Anabaena sp  السيانوبكتريا متمثلة فى طشلب الـ 

ية المبيددد التددى تثددبا نمددو السدديانوبكتريا  وكددذلك أثددر تواجددد أل مددن الجلوكددوز والتريبتوفددان علددى سددم

 ويمكنتلخيص النتا ج فيما يلى:

 ميكروجرام/مل بالمقارنة مع معاملة المقارنة  100نمو الطشلب حتى  تركيز D 2,4 شجع الـ  -1

 ميكروجرام/مل  500عند تركيز  D 2,4كان  ناك تأثير معاكس منخفض للـ   -2

أيدام عندد وجدودى فدى بيلدة النمدو بتركيدز   4-2وبكتريا لمددة قل التأثير المثبا للمبيد على نمدو السديان -3

 ميكروجرام/مل 500

ميكروجرام/مل كان له تأثير مثبا حاد وصل الى أقصاى عند تواجدى فدى 500زيادة تركيز المبيد عن  -4

 ميكروجرام/مل  1500( بتركيز  Anabaena spبيلة نمو السيانوبكتريا )

وجرام/مل تكون خاليا الييتيروسيسو وتكرار دا بينمدا ادل وجدود فدى ميكر100شجع المبيد بتركيز  -5

 ميكروجرام/مل الى اخفاض اعداد ا وتكرار ا 1000بيلة النمو بتركيز  

 أدل اضافة الجلوكوز الى زيادة تكرار خاليا الييتيروسيسو  -6

سيسدو الدى ضدع  أدل اضافة التريبتوفان لبيلة نمو السيانوبكتريا الى زيادة تكدرار خاليدا الييتيرو  -7

 معاملة الكنترول 

ميكروجرام/مددددددل فددددددى وجددددددود المبيددددددد بالبيلددددددة بتركيددددددز 50أدل اضددددددافة التريبتوفددددددان بتركيددددددز  -8

 ميكروجرام/مل الى عدم تكون خاليا الييتيروسيسو      1000
 
 
 
 

 


