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Effects of Herbicides on Bajra
( Pennisettm typhoides Burm.) Stapf.

hy
M. G. RAO, K. M. D. NAYAR and J. V. GOUD

Introduction: From time to time many workers have reported the
mulagenic effect of 2 wide range of herbicides, fungicides and pesticides when
used on crop plants (Liang ef al.,, 1967, Wuu and Grant, 1966, 1967, 1967b),
However, cfiective dosage of the chemical which can centrol the weeds, pests
or discases may not be sufficient enough to cause chrohosomal changes, but in
higher concentrations many of 1hese chemicals have been shown to induce
chromosomal changes, aberrations and point mutations. Wuu and Grant
(1967a, 1967b, 1967c) have investigated on the induction of chromosome
aberrations in barley and Vicia faba, A better understanding of the cyto,
genetic response of plants to herbicides and their relationships to herbicidal
performance would lead to the formulation of effective and safe chemical weed
control, In the present study, the effect of different herbicides on germination,
seedling growth, mitotic index, microsporogenesis and poilen fertility in bajra
has been reported.

Materials and Methods: Dry seeds of bajra var. Dy, were used in this
study. Seeds pre-soaked in distilled water for 12 hrs were treated with 25 ml
of acqueous solutions (1000 ppm) of five different herbicides or distilled water
for a duration of 12 1o 24 hours at room temperature (29°C). Five hundred
secds were used in each treatment. The percentage of active ingredients,
concentrations of the chemicals used, their pH etc., are give~ below :

Herbicide o4 of active ingredient Conceniration used pH

Atrazine 50 1000 ppm 9.0
Simazine 50 ¥i 8.5
2-4-D 80 35 6.0
Rogue 25 ' 6.0
Tok 46 ' 6.0

The seeds were washed thoroughly in water and sown in seed pans
(18”3 6") and seedlings were raised. 100 seeds were seperatad from each lot
-apd they were laid out for germipation tests in petri-plates under controlled
conditions. Fifieen seeds were spread out evenly in each periplate with a
calculated quantity (5 ml) of distilled water. The experiment wus reflicated
four times. About ten sceds were placed for germination in another set of
petriplates and the root tips were callected on the third day for mitotic studies.
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Rool-tips were fixed in acetic alcoho! (1:3) and stained with Jeucn-hagic
fuchsin and squashed in a drop of aceto-curmine 1o siudy the mitotic index,
A mipimum of 50 cells was scored 1o work out the mitotic index in cach .

treatment.

Seedlings raised in seed pams were transplanted on the 21st day in the
field in 10" long rows, 18" apart with a plant-to-plant distance of 6*. Five plants
were selected at random in each treatment to study the melotic behaviour and:
another sct of five plants to study the pollen fertility. Pollen prains were,
collected at 9.30 a.m. stained with J:1 acetocarmine-glycerine mixiure and
kept for 3 hours. Five shides were prepared for each plant and from cach slide -
five different fields were scored for [ertile and sterile pollen grains. '

Resulis:  Germination: Germination was recorded from 3rd day and
observed through seventh day when there w2 no increase Jn the germination
in cach treatment (Table 1), Tt was observed that there was reduction in
germination pereentage with increase in the duration of treatment with 2-4-D,
Tok, Atrazine and Simazine, None of the seeds treated with Rogue for 24 hrs
germinated, 2-4-D has drastic effect on germination reducing it 1o 2%, The

Tanie 1. Germiination, seedling growth, poflen sterifity and mitotic index
in different treatnents.

Mitotic index

. Pailen .
Treatment ?gﬁ%’; I;fﬁ ':E“E fﬁl;ﬂ;%l {E‘:IE} sttﬂiiy }i?:ilsﬂf Di:;d. hﬂiﬁtxm
stodied  cells: (55).

Control !

0 hr 53.0 2.68--0.78 2.73=x0.55 8.47 581 og 27.04

12 hr Lo 3.39=1.12 3.15+0.48 6.53 527 79 14.99

24 lir 8.0 319107 1457076 831 237 80 14.90
Atrazine 4

12 hr 20,0 240+1.35 2.70+0.50 4145 593 G6 11.13

24 hr 8.0 1.16=0.62 1.10-+0.71 33.06 636 46 7.23
Sfurazine

12 r 20.0 2937152 2.57=n00 55.01 529 53 10,02

24 br 150 0.5240.27 1.5940.53 6370 - - =
2-d-1),

12 br 150 0.20=0,22 0404031 -_ 523 10 1.91

24 br 20 - e — 555 40 T.21
Rogue

12 hr 130 1.36:10.71 23650487 o719 03 GG 13.07

20 hr 0.0 — -— T1.81 538 s1 15.34
Tok .

12 hy 15.0 2.03+208 20B+1.01 72.30 540 52 0.63

24 hr 7.0 1752026 2901044 4553 S04 69 13.70

=TTy
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’gprininazion percentzge in Tok and Atrazine (24 hrs) treated secds was 7 and
8% respectively, whereas in Simazine treated seeds it was 13%. Germination |
was reduced by more than 50% with an increase in treatment duration from
12 10 24 hours in Atrazine, 2-4-D, Rogue and Tok. However, fairly good
germination was observed in Simazine treated seeds even for a longer duration,

Seedling Growth: The seedlings were measured for their root and shoot
growth on the third day from the date of sowing (Table 1). The root growth
was better in control than the growth observed in the treated scedlings.
Treatments with Atrazine, Simazine and Tok gave, similar results chowing
reduction in root growth by increase in the treatment duration, However,
there was complete arrest of secdling growth in 2-4-D and Rogue treatments
for 24 hours, though they could allow the roots to grow to a mean length of
0.20 and 1.36 cm respectively in 12 hr duration treatment.

_ The same trend in shoot growth was observed in Atrazine, Simazine,
2-4-D and Rogue treated scedlings as it was with root growth. In case of
seedlings treated with Tok, an increase of 0.82 cm in shoot growth over 12 hrs
was noticed in longer duration (24 hrs), as also seen in control (12 hrs),

Mitotic index : Mitotic index was worked out by calculating the per-
centage of dividing cells 1o the total number of cells studied (Table 1),
number of cells dividing
Total pumber of cells studied 100

Mitotic index =

Atrazine has reduced mitotic cell divisions with an increase in treat-
ment duration, No root development was noticed in Simazine treatment for
24 hhurs. The results of 2-4-D, Rogue and Tok are quite interesting,  These
three herbicides bave zffected the mitotic divisions to a great extent at 12 hr
‘treatment compared to the treatment for longer durations,

Meiotic studies: Five plams selected at random from each treatment
were analysed cytologically for chromosomal aberrations in the microsporo-
cytes during meiosis. The flower buds were fixed in acetic alcohol (1:3), the
anthers were squashed in a drop of acetocarmine and observations made on
temporary slides. A minimum of 50 cells were studied eritically in each
treatment. The data were recorded (Table 2) regarding the multivalent
associations at Metaphasse-1 and orher abnormalities during disjunction at
Anaphase-1.  All 1the cells scored in Rogue and Tok treatments were normal
as in control, showing 7 bivalents, during Metaphase-].  But in plants treated
with Atrazine and Simazine, multivalent configurations were observed to
varying frequencies. The range of quadrivalents was 0-1 in both the 1reat-
ments. The range of trivilents was observed to be 0-2 in Simazine (24 hr)
and that of univalents 0-4 in both the treatments.
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Pollen Sterility: In Atrazive and Simazine treatments, there was an
increase in pollen sterility with the increase in treatment durations (Table 1)
However, a reverse trend was observed in treatments with Rogue and Tok.
A pollen fertility to the extent of 2 819, and 28,199 was noticed in treatments
with Rogue from 12 hours to 24 hours duration respectively. 2-4-D was
lethal in its action on the final survival as no plant survived even from 12 hours
duration treatment,

Discussion: Radio-mimetic action of chemicals was discovered for the
first time by Auerbach and Rebson (1946), and Ochikers (1943), almost
simultaneously, Since then considerable interest is evinced to find out the
mutagenic action of various chemicals.

With the increased use of herbicides in agriculture, lot of atention is
diverted to study the effects of such chemicals on crop plants (Liang et af,
1967). Wuu and Grant (1967a and 1967b) have clearly shown that such
chemicals can cause chromosomal aberrations both in somatic tissue and
during meiosis. In the present study, the bajra seeds treated for 24 hours
with all the chemicals bad a much lower germination than seeds treated for
12 hours. As regards seedling growih, all the herbicides have reduced root
growth by about 505 or more in treatments for 24 hours compared to 12 hours
treatment, It is clear from the observations that Atrazine, Simazine and Tok
treatments are effective in reducing the rate of growth when treated for long
duration while in case of 2-4~D and Rogue treatments for long duration were
more drastic in effect,

The results obtained for mitotic index and pollen sterility showed the
same trend and they indicate that in case of Atrazine and Simagzine, the eflect
1s more with long duration of treatment. But in case of 2-4-D, Rogue and
Tok the mitotic index is more in the treatments for longer duration although
the pollen sterility has dropped down, Reduction in meristematic cell
divisions by the application cf herbicides is reported by Gibeault and Skogley
(1967), It is known that temperary retardation and complete arrest of growth
is due to the injurics to the mitotic apparatus when treated with chemical
mutagens. In the present study, about 8% of the meiotic cells in Atrazine
(12 hr) and 1wo and four percent in Simazine (12 hr and 24 hr trcatments
respectively) were aberrant in having chromosomal abnormalities like laggards,
fragments, bridges and stickiness in addition 1o slow rate of growth and
reduction in mitotic index.

The experiment has been repeated (wice and the results are consistent in
showing reduction in germination, seedling growth, mitotic index and pollen
fertility,



68 The Madras Agricultural Journal

Summary: Seeds of bajra, Var. Dys presoaked in distilled water -for
12 hours were treated with 1000 ppm acqueous solutions of Atrazine, Simazine,
2-4-D, Rogue and Tok for 12 and 24 hours separately with an additional
treatment of distilled water as control,

Germination, seedling growth, mitotic index, and pollen fertility were
highly affected in all the treatments (12 and 24 hrs duration), 2-4-D was very
lethal as no plant survived cven at 12 hrs.

By the results obtained in this experiment, it is very necessary 1o stress
the point that these chemicals bring about reduction in germination, retardation
in growth and pollen fertility. Hence preliminary studics regarding the action
of such chemicals on crop plants and their residual effect il any, are of para-
mount importance before advecating the use of such chemicals on the field
dircetly. Also the plant species on which each chiemical has 1o be used with
the effective safe dose have to be ascertained.
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