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Abstract 

A study was made of the effects of Synpran N and Dacthal herbicides on the ion uptake, 
leakage and change of free amino acids of young rice plants in nutrient solution with the help of 
an isotope technique. The isotopicaliy labelled solution contained different concentrations of Synpran 
N or Dacthal herbicides. Synpran N is 34% dichloropropion-anilide. while Dacthal is the dimethyl 
ester of tetrachloroterephthalic acid. 

It was established by investigation of Synpran N that 10-s M and 10-6 M concentrations do 
not give rise to unfavourable effects on the K-ion uptake compared to the control. At 10"' M con-
centration a slight inhibitory effect can be observed, while at lO -3 M the ion uptake practically 
ceases. The situation is similar, to a certain extent, to the uptake of phosphate ion. In contrast 
with the Synpran N examinations the ion uptake is not inhibited markedly by Dacthal, even at a 
concentration of 10~* M. 

From the K-ion leakage experiment it can be established that the rate of efflux tends to inrease 
with the Synpran N concentration. The free amino acid content of the roots after a four hours' 
treatment with I0" J M and 5 x l 0 ~ J M Synpran N was very low due to damage to the cell-mem-
branes. 

General growthinhibition of the roots is caused by I0-1 M and 5 x 10_J M Synpran N con-
centrations, while Dacthal causes a striking disturbance even at lO'" M concentration. 

Introduction 

An investigation was made earlier to study the ion uptake of fungicidetreated 
rice seedlings. It was established that the fungicide Kitazin effectively inhibited 
the ion uptake and growth at higher fungicide concentrations, while at lower con-
centrations the effects exhibited were not injurious, but rather favourable ( Z S O L D O S , 
1 9 7 3 ) . 

There is no clear understanding why biologically active compounds, among 
them herbicides, modify the uptake of mineral elements ( A U D U S , 1 9 6 4 ; FREAR and 
S H I M A B U K U R O , 1 9 7 0 ) . Changes in cell-membrane permeability and the rate of cell 
respiration of treated plants probably also play an essential role in this process. 

It is clear that this question is very important from both theoretical and practical 
points of view, because of the toxic or enhancing effects of herbicides on mineral 
uptake. For this reason ion uptake experiments were carried out with rice plants 
with different herbicides in the expectation of clearing up some of the above problems. 

8' 
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Mate r i a l s and M e t h o d s 

Excised rice rools and iniacl rice plants Oryza sativa var. japónica were used throughout 
these experiments. Seeds were disinfected for one minute with 1 % HgCI. solution, rinsed in running 
tap water for 4—5 hours and allowed to germinate on filter paper in Petri dishes. Following germina-
tion, the material was transferred to stainless steel screens supported in 15-litre polyethylene con-
tainers or one-Iiire glass containers filled whh 5x 10*' M CaSO, solution. The entire container was 
covered by a sheet of nylon. 

The seedlings were grown in the dark at 25 С for 3 clays. After this, the nylon was removed 
and the seedlings were exposed to artificial lighl at 10 thousand Lux for 16 hours a day, still at 
25 C. The plant were used for ion uptake experiments when they were 7—8 days old, the roots 
then being about 6 cm long. 

Before (he starl of a short-time ion uptake experiment, the whole roots were excised just below 
the stainless steel screen, 3 g samples were transferred to 250 ml beakers and washed with distilled 
water. The samples were then placed in 500 ml aerated, isotopically labelled absorption solution 
containing different concentrations of Synpran N or Dacthal. The active ingredient of Synpran N 
is 34% dichloropropionanilide, while that of Daclhai is the dimethyl, ester of letrachloroterephthalic 
acid. In the following, the concentration values given refer to the pure active ingredient. 

The K-ion uptake studies were carried out in Ю - 3 M KC1 solution using Rbs" as tracer. The 
uptake of phosphate ion from 5X 10~*M KH2PO i solution was studied with the help of P3i. Uptake 
vs. time graphs were obtained at different concentrations of herbicides. 

The root samples were removed from the absorption solution at different intervals and rinsed 
three times in distilled water. The rools were then dried on filter paper for two hours at room tem-
perature, and put into aluminium dishes for determination of the activity of the samples. The results 
arc given in /<M g dry weight. The pH of the absorption solutions was adjusted to 6.3—6.4 by 
adding 0,1 N NaOH or HCI and after the absorption period it was again checked. 

In Ihe experiment on K-ion loss from tissues affected by treatment with different concentra-
tions of herbicide, 3 g rool samples were first left to stand 40 minutes at 23 С in 600 ml ¡0 я M KCI 
+ 5 x Ю - 1 M CaSO! solution containing Kb"* as tracer. They were then rinsed in 3x350 ml distilled 
water and put into 500 ml 5 x l 0 ~ J M CaSO, solution at 23" С containing herbicide in differeni 
concentrations. A root sample was laken from the various solutions every 10 minutes, washed as 
described above, and prepared for activity measurement. 

The difference between the activities at the beginning and end of the leakage experiment was 
considered to be equivalent to the efflux. In our opinion (he data obtained in this way also show 
the change in the permeability of the membranes. All experiments were repeated at least two or 
three times and the trends were indentical, showing the effects to be due to sample treatment and 
not sample difference. 

In the experiments on the effects of different Synpran and Dacthal concentrations on the growth 
and the change of (he free amino acid content of Ihe roots, the plants were put in Hoagland nutrient 
solution containing herbicide in different concentrations. After 4—5 days' treatment the free amino 
acid content of the roots was determined by ihe standard paper-chromatographic method. The 
amino acid content of fresh roots represents the fraction soluble in 70% ethyl alcohol. 

Results ami discussion 

1. I n v e s t i g a t i o n w i t h S y n p r a n N 

T h e K-ion up take by excised roots in the presence of different c o n c e n t r a t i o n s 
of S y n p r a n N is visible in the g raphs of Fig, 1. T h e g r a p h s clearly ind ica te t h a i 
lower (10 5 M and 10" f i M) Synpran N concen t ra t ions d o not give rise to u n f a v o u r -
able effects c o m p a r e d to the con t ro l . At higher concen t r a t i ons , e.g. 10~4 M , a slight 
inhib i tory effect can be observed, while at 10 3 M the ion u p t a k e pract ical ly ceases. 

As seen in Fig. 2. the s i tua t ion is similar to a certain extent with t h e u p t a k e 
of p h o s p h a t e i on ; the difference is tha t a slight inhib i tory effect is f o u n d a t a slow 
as I0" r ' M, while, in marked con t ras t , at 10~ s M the herbicide exhibits a stimulatory-
effect. 
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Fig. J. K-ion uptake from 10"' M KC1 so-
lution at different Synpran N concentrations. 
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Fig. 2. Phosphate ion uptake from 5X I0"*M 
KH.PO, solution at different Synpran N 

concentrations. 

With Synpran N too, a study was made of the effects of herbicidc treatment 
on the ion leakage. The results are illustrated by the data of Fig. 3. It can be seen 
that the rate of efflux lends to increase with the Synpran N concentration, a definite 
increase of rate being found for 5X 10~4 M Synpran N, and a much more marked 
one for i 0 " s M Synpran N. 

Fig. 3, K-ion leakage by roots on different Fig. 6, K-ion uptake from I0" s M KCI 
Synpran N treatments. solution at different Dacthal concentrations. 

Ai lower Synpran N concentrations the ion-leakage is not significantly dif-
ferent from that of the control. That is to say, in the presence of !0~4 M, or 10~fi M 
Synpran N, where the roots could absorb ions essentially in a unidirectional fashion, 
there is little if any measurable efflux. Thus, the membrane separating the cell interior 
from the external medium, the plasmalemma, is highly impermeable to diffusive 
permeation by inorganic ions. 

In a normal healthy tissue, the membrane acts as a barrier to free diffusion 
and exhange of ions ( E P S T E I N , 1 9 7 2 ) . However, when the membranes responsible 
for this retention are injured, as was found at high Synpran N concentrations, there 
is a rapid leakage of ions and even other compounds out of the tissue following 
their own diffusion gradients. From the above findings, the conclusion can be drawn 
thai the effects of biologically active compounds in high concentrations result in 
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an extensive disorganisation of the cell membranes and the rooi tissue becomes 
"leaky". 

In addition to the ion uptake experiments, a study was also made of the effect 
of Synpran N on the free amino acid conlcni of the roots. Fig. 4 a shows a chroma-
togram obtained from alcoholic extracts of roots treated with various concentrations 
of herbicide. 

Fig. 4. a. The effect of a four hours" treatment with Synpran N on the free amino acid content 
of roots. From left: control (at the beginning of the investigation), control, 10~s M, 
10*' M, 5X 10~* M and I0"3 M Synpran N. (I. leucine. 3, valine, 5. tyrosine, 6. alanine, 
7, glutamic acid. 8. glutamine-aspartie acid-glycine, 9. asparagine, 10. histidine, 
lysine). 

b. The effect of a four days' treatment with Dacthal on the free amino acid content of 
roots. From left: control, 10" : M. 1 0 " ' M . I0~s M. 10"' M and J0~a M Dacthal 
(I. leucine, 2. isoleucine, 3. valine. 4. j'-aminobutyric acid, 5. alanine. 6. glutamic acid, 
7. glutamine-aspartic acid - glycine. 8. asparagine, 9. histidine. 10. lysine). 

Ii can clearly be seen thai at 10_ s M and 5 x l 0 ~ l M Synpran N concentrations 
there is a very marked decrease of the free amino acid content, presumably due to 
damage increasing the ceil membrane permeability, resulting in leakage of the free 
amino acids from cells. 

It is remarkable that at 10~J M Synpran N concentration some of the free 
amino acids are higher than in the control, probably due lo herbicide treatment result-
ing in an unfavourable effect on the nitrogen metabolism leading to a lower forma-
tion of protein. 

The ion uptake experiments were supplemented wilh growth experiment, the 
results of which are shown in Fig. 5. It can be seen that a general growth inhibi-
tion is caused only by the 10~3 M and 5 X 1 0 ' J M Synpran N treatments. It must 
be emphasized that the length of the roots at 10"3 M and 5 X 1 0 " 1 M Synpran N 
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Fig. 5. The effects of a four days' treatment with Synpran N on the growth of rice plants. From 
left: control, 10"* M, 10~s M, 10"1 M, i x l O " J M a n d 10"3 M Synpran N 

were the same at the beginning of the experiments as at the end of them, i.e. no 
change took place during the 4—5 days. 

The formation of new roots is prevented at 10~3 M and 5X I0"'1 M Synpran N 
concentrations, thereby demonstrating the influence on the morphogenesis. S T R U B B E 
and F E L L E N B E R G , (1972) have reported the inhibition effects of some herbicides 
on root formation. It is noteworthy that although 10~3 and 5 X t O _ 4 M Synpran 
js indisputably toxic, a herbicide treatment of 4—5 days does not destroy rice plants. 

2, I n v e s t i g a t i o n wi th D a c t h a l 
Dacthal, a pre-emergent herbicide, kills many weeds and annual grasses in rice 

fields. This herbicide is not used extensively, but experiments have recently been 
made with it on rice since it appears to be effective againts Echinochloa crus galli. 
Jt is a root herbicide, and thus seemed very suitable for our ion uptake studies. 

Fig. 6 shows K-ion uptake in the presence of various concentrations of Dacthal. 
It is immediately obvious that in contrast with the Synpran examinations the ion 
uptake is not inhibited markedly, even at a Dacthal concentration of 10~3 M. This 
is all the more surprising, for at the same time there is a striking disturbance of the 
root growth at very low (10_, i M) concentration (Fig. 7), 

In our opinion the effect of Dacthal on root elongation can be explained in 
two ways. First, on Dacthal treatment an endogenous production of ethylene can 
occur and inhibits auxin transport and root elongation. Secondly, Dacthal treatment 
itself may inhibit auxin transport. Naturally, the role of Dacthal in the inhibition 
of root growth is subject to further investigation. It is known, however, that the 
endogenous production of ethylene causes root elongation disturbances ( C H A D W I C K 
a n d B U R G , 1 9 7 0 ; P R A T T a n d G O E S C H L . 1 9 6 9 ) . 

From the above-mentioned facts it appears that Dacthal, though having a 
solubility in water of less than 0.5 ppm, still causes a remarkable physiological 
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Fig. 7. The effect of a four days' treatment with Dacthal on the growth of rice plants. From left: 
control, 1 0 - M, 1 0 " M. 10"s M. 10" 'M and 10- ' M Dacthal. 

d i s t u r b a n c e . A t the s ame l ime it is n o t e w o r t h y t h a t D a c t h a l , in c o n t r a s t with Syn-
p r a n N , does no t cause any m e m b r a n e d a m a g e , as p r o v e d by the f r ee a m i n o ac id 
inves t iga t ions t o o (Fig. 4b . ) 

T h e f ree a m i n o acid e x a m i n a t i o n s d e m o n s t r a t e d that s o m e of t h e m inc r ea sed , 
especial ly a t I 0 ~ 3 M D a c t h a l c o n c e n t r a t i o n . In o u r o p i n i o n this resul t can be ex-
p la ined in tha t Dac tha l does no t d i s t u r b (he u p t a k e of n i t rogen pa r t i cu l a r ly . O n l y 
n i t rogen t r an spo r t a n d the synthesis of some n i t rogen c o m p o u n d s may suf fe r d a m a g e , 
r e su l t ing in a n increase of f ree a m i n o ac ids in the roo t s . 
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