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Effects of temperature, light, salinity and depths of sowing on the germination
of certain grass seeds (Lasiurus sindicus, Cenchrus ciliaris and C. setigerus)
have been investigated. Seeds of C. cilioris have the capacity to germinate
under a wide range of temperatures but germination falls at temperatures above
45° C. The other two grasses, however, show optimum germination around 32°
C. It was further observed that adverse effects of high temperature pre-treat-
ment are magnified with increasing duration of treatient and imbibed seetls are
more affected than the dry seeds. Seeds of L. sindicus seemed to be less resist-
ant to such pre-treatment, in comparison with the other two grasses. Under
continuous light germination was reduced in all the three grasses and this inhi-
bition was released when transferred to darkness. Tolerance to NaCl during
germinative stage, also, varied considerably in these grasses. Seeds of C.
setigerus showed maximum tolerance and least tolerance was observed in L.
sindicus 3 C. ciliaris holds an intermediate position in this respect. Optimum
depth of sowing for both large and small seeds of these grasses was found to be
at 1'3 cm from the surface.

Germination of seeds under natural conditions, in arid tracts, is sub-
jected to various adverse conditions and this has a serious impact on the subse-
quent stand of vegetation. Success of natural propagation, therefore, de-
pends largely upon the response of the seeds towards the interplay of diverse
external factors. Endogenous character of seeds, also, has a significant role
in this respect. Much is known (Toole ef al. 1956, Evenari 1949, 1957,
Crocker and Barton 1957 and Koller et al. 1962), however, regarding the
physiology of seed germination, but the wealth of information so far ob-
tained consists largely of isolated facts. Diversity of response characteristics
of seeds of different species adds further complexity to the problem. Neverthe-
less, attempts have been made to study the over-all regulation of germination
in a number of species (Koller 1957, Koller and Negbi 1959, Hammouda and
Shalaby 1957 and others) with rewarding results.
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The purpose of the present series of investigations has primarily been to
study the mechanism of germination of three important perennial pasture
grasses, Lasiurus sindicus, Cenchrus ciliaris and C. setigerus, with reference to
factors which may directly or indirectly affect the germination process. A
partial picture of the whole process was, however, obtained from earlier studies
(Lahiri and . Kharabanda 1961, 1963a, 1963b). It was observed that dimor-
phism of seeds, differences in pattern of water uptake and water requirement
for germination have considerable significance in the establishment of these
species. Moreover, endogenous germination inhibitors of spikelet glumes,
also, play a significant role in this relation. Studies on response characteristics
of these seeds in relation to habitat variables like temperature, light, etc., were
deemed necessary in the next stage of the work so that a more complete
picture of germination behaviour of these seeds may be obtained.

MATERIAL AND METHODS

The spikelets of Lasiurus sindicus Henr., Cenchrus ciliaris Linn. and
Cenchrus setigerus Vahl were obtained from ‘seed multiplication plots’ of
the Central Research Farm, Jodhpur, and Research Station, Pali, of Central
Arid Zone Research Institute, Jodhpur.

Seeds were separated from spikelets and germination tests were carried
out either in sandy soil contained in plastic boxes or on moist filter paper in
Petri dishes. In general, five replicates of one hundred seeds each were used
for germination tests. Conditions given for germinations, in most cases, were
32° £ 1° C and complete darkness. TFor studies on light, illumination was
provided through a glass window (kept light-tight while conducting experi-
ments in the dark) from a funnel-shaped reflector specially made to fit in the
window of the incubator. Illumination was provided from a 100-watt incandes-
cent bulb and one 10-watt fluorescent tube light fitted in the reflector. Seeds
were kept at a distance of approximately one foot from the light source.

Other conditions provided in different experiments are indicated in the
text.

RrsoLTs

In the initial experiment attempt was made to determine the optimum
temperature conditions for germination (in darkness) of these grass seeds.
It has earlier been noted (Lahiri and Kharabanda 1961) that two types of
seeds (large and small) occur in these grasses. Only the ‘large’ seeds were
used for this study. The results of the final germination percentages at
different temperatures are illustrated in Fig. 1. It was observed that seeds of
these grasses germinate at temperature ranges between 20° and 53° C. In L.
sindicus and C. seligerus the optima lie around 32° C, but in C. ciliaris faicly high
germination (ca. 70 per cent) was noted over a wide range of temperatures.
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Unlike the other two grasses, seeds of C. ciliaris were found to show high
germination even at 48° C, but above this temperature there was an abrupt
fall in germination. Decline in germination was, however, clearly discernible
on either side of the optima in both L. sindicus and C. setigerus.
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Fia. 1. Effect of various temperatures on the germination of L. sindicus, C. ciliaris and C.
setigerus,

In order to find out the capacity of these seeds to withstand high tem-
perature conditions prior to germination, fully imbibed seeds (soaked in
distilled water for 6 hours at 32° & 1° Q) were kept at 45° C for 48 or 72 hours
and subsequently they were germinated at 32° C in the dark. The control
consisted of untreated seeds. The course of germination of these seeds at
different time periods are presented in Fig. 2a. In case of the seeds of
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L. sindicus, both the high-temperature treatments have brought about signi-
ficant reduction in germination in comparison with the untreated control. In
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case of C. ciliaris, however, significant reduction in germination was observed
in 72 hours’ treatment but not so in 48 hours’ treatment. In C. setigerus
both the treatments almost equally reduce the final germination percentages
in comparison with the control.

These observations were further substantiated from the next series of
experiments where soaked and unsoaked seeds were pre-treated at 40° C for
prolonged periods (3, 5 and 7 days) and subsequently germinated under
optimum conditions along with the control (untreated) seeds. Results of
final germination percentages are illustrated in Fig. 2. It shows that pro-
longed high-temperature conditions reduce the germinative capacity of soaked
and unsoaked seeds of L. sindicus to the minimum, in comparison with the
other two species under study. High germination percentages of soaked and
unsoaked seeds of C. ciliaris at short duration of treatment (i.e. 3 days) agree
with the findings of the previous experiment. Reduction in germination
percentages with increasing duration of treatment may, however, be observed
in both the cages. Again, in C. ciliaris reduction in germination by prolonged
treatment was well marked in soaked seeds. A relative difference of the tem-
perature effect on dry and imbibed seeds could also be observed in case of
C. setigerus. Similarly, fall in germinative capacity of seeds due to longer
periods of treatment was also discernible in this case. Significant reduction
in germination in comparison with the control was not observed, however, in
case of unsoaked seeds of C. setigerus treated for 3 days but the imbibed seeds
show considerable fall in germination. Significant reduction in germination
of imbibed seeds was also observed in the earlier experiment,

This reduction in germination due to temperature treatment seems to be
brought about by direct effects produced on the embryo. Dehydration of the
embryo, caused by such temperature treatment, however, may not be related
to reduction in germination. On the contrary, evidences indicate that pre-
drying treatments promote germination in certain species (Koller 1957).
When the large seeds of L. sindicus, C. ciliaris and C. setigerus were kept over
calcium chloride for 20 days to induce dehydration, no significant difference
with the untreated control could be observed (Table I). Observations in
this case have been based on three replicated samples of 100 seeds each.

In the next series of experiments the effect of light on germination of
‘large’ seeds of these species was studied. It was observed that, when the
seeds are kept exposed to continuous light, final germination percentages
decrease considerably in comparison with seeds germinated in the dark.
However, this germination inhibition, caused by the action of light, could be
reversed when the seeds were transferred to darkness (Fig. 3). The magnitude
of increase due to release of light inhibition was more in C. ciliaris and L.
sindicus in comparison with that of C. setigerus, but pronounced increase in
germination was observed in all the three grasses.

4B



GERMINATION STUDIES ON ARID ZONE PLANTS—IIT 191

These grasses are often seeded in desert-range sites where salinity fre-
quently limits plant growth. It was further known that failure to achieve
satisfactory initial stands constitutes a major barrier to such re-vegetation
(Plummer ef al. 1955). In the arid tracts of Western Rajasthan water is fre-
quently brackish and this may also be a factor limiting the establishment of

TaBLE I

Germination of seeds preserved over calcium chloride for 20 days
at room temperature, Date: 20-6-61
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F1a. 3. Effect of light on germination. Dark bars indicate germination in darkness, bars with
oblique lines indicate final germination percentages under continuous light and bars
with dots indicate the germination percentages when the seeds under light treat-
ments were transforred to dark,
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these grasses. It was, therefore, felt that the response of these seeds to
different concentrations of sodium chloride should also be studied in order to
determine their relative capacity for establishment under saline conditions.
Results of these experiments are illustrated in Fig. 4. Both the large and
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F1a. 4. Effect of different concentrations of NaCl on the germination of large and small seeds
of L. sindicus, C, ciliaris and C, setigerus.

small seeds of L. sindicus seem to be highly sensitive to sodium chloride and,
even at 0-1 M, germination stops completely. Seeds of C. ciliaris seem to be
relatively more tolerant to NaCl. Significant decrease in germination could
be observed in large and small seeds at 0-2 M concentration and, at 0-3 M,
germination stops in both types of seeds. Large seeds of this species show
slight promotion in germination at 0-1 M concentration which is, however, not
significant. Results indicate that seeds of C. sefigerus are most tolerant to
Na(Cl amongst the three grasses under study, as far as germination is con-
cerned. A gradual decline in germination with increasing concentration of
NaCl was observed in large seeds and germination stopped at 05 M NaCl.
The course of the curve in Fig. 4 for the small seeds is almost parallel to that
obtained for large seeds and germination in this case stopped in 0-4 M NaCl.
It was known from earlier studies that small seeds show less germination
than large seeds. Moreover the present results indicate that magnitude of
germination inhibition due to the presence of NaCl is more in the small seeds.
This is clearly discernible, at least, in case of C. ciliaris and C. setigerus.
Effects of various depths of sowing on the germination of large and small
seeds of these species were also investigated. Seeds (both large and small)
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were sown in sandy soil at various depths from 0 to 5 cm of the surface. Mois-
ture was maintained at 100 per cent availability level and a Boyoucos meter was
used for this purpose which gave direct measurement of resistance as well as
available soil moisture. Gypsum blocks were kept embedded in the soil for
measuring moisture. The results of final germination percentages (Table II)
indicate that large and small seeds of all the three grasses consistently
show maximum germination by sowing at 1-3 cm depth. Surface sowing
as well as sowing at depths greater than 1-3 cm adversely affect the ger-
mination process. At deeper depths germination percentages declined pro-
gressively in both large and small seeds, although germination in small seeds
was always less than the large ones.

TaBLE IT

Percentage germination of the seeds of three grasses planted at different depths.
Date: 2-8.61

% Germination at indicated depths, cm from surface

Surface 1-3 2-5 3-8 50
1. L. sindicus
a Large seeds 0-0 84-3+2-3 577146 193130 10:310-8
b Small ,, 00 41-7+2.7 29-7+2-1 193112 70+11
2. C. ciliaris
a Large seeds 0-0 85-7£3-0 560 £ 4-6 39-3+2-4 26-71+3-2
b Small ,, 00 60-0+1-4 30-0t2-3 17-6+1-4 0-0
3. C. setigerus
a Large seeds 0-0 77-7+4-0 47-713-4 29-3+2:0 11-0 £2-1
b Small ,, 0-0 26-3 +3-3 22-313-2 97+15 6-7%+1-8
Discussiox

Studies on the influence of temperature on germination indicated that
seeds of C. ciliaris have the capacity to germinate under a wide range of
temperatures. In L. sindicus and C. setigerus decline in germination was
observed at temperatures higher or lower than the optimum (32° C). Tt is,
however, difficult to designate any exact temperature as the optimum for
germination, because this varies widely with other prevailing conditions. The
degree and extent of such variation was studied eurlier with respect to avail-
ability of moisture (Lahiri and Kharabanda 1963a). Nevertheless, the
present study furnishes the information regarding the relation between tem-
perature régime and germination while other factors remain constant.

It was further observed that germination capacity of these seeds may
alter significantly if they are exposed to high-temperature conditions prior to
germination. Under natural conditions in arid regions, spikelets of these
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gragses are usually subjected to high-temperature conditions before germi-
nation starts with the onset of the rain. Again, temperature on the sur-
face of the soil, on which the spikelets lie, will be much higher than air
temperature in sun or in shade (Fig. 5). It may be presumed, however,
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F1e. 5. Variations in sun, shade and surface soil temperatures at different times of the day.
Observations were recorded on 14-5-62 in a dune area near Gadra Road.

that the presence of enveloping glumes may give certain protection to the
enclosed seeds. Nevertheless, there seems to be a critical period up to which
the embryo can withstand high-temperature conditions and germination
capacity of seeds fall with longer durations of treatment. In dry seeds which
are in an inactive stage the magnitude of this effect is relatively less than in
imbibed seeds. Effects of high-temperature treatment do not seem to be
reversed by bringing the seeds back to optimum temperature conditions.
Although very little information is available on high-temperature reactions of
seeds, evidences indicate that certain seeds require heat treatment before
germination. Rees (1962) reported that in oil palm heat treatment acts in
some way analogous to low-temperature stratification of temperate seeds and it
is effective even in a low state of hydrature of seeds. Seeds under the present
study, however, show detrimental effect due to high-temperature (40° or
45° C) treatments. Again, seeds of L. sindicus seem to be most adversely
affected in comparison with the other two grasses.

Unlike the high-temperature effect, light effects on these seeds appear to
be a reversible process. Pronounced inhibition of germination was observed
in the seeds of all the three species in light and this inhibition was released by
subsequent dark treatment. Such retardation of germination by exposure
to light has been reported to occur in the seeds of onion and many other
members of the lily family (Crocker 1936), Further studies are required to
find out whether this light inhibition is somehow related to red/infra-red
mechanism which is operative in many seeds or due to the accumulation of
some toxic products of respiration (Thornton 1935).

Certain information regarding the relative salt tolerance of these grasses
during the germinative stage has also been obtained from the present study.
Similar studies on salt tolerance have extensively been carried out earlier
(Dewey 1962, Ayers 1953, Dotzenko and Dean 1959, Wahhab 1961 and
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others) to determine the magnitude of variability in different species or in
different varieties of the same species.

The results of the present investigation indicate that seeds of C. ciliaris
have the maximum tolerance to sodium chloride amongst the grasses under
study and least tolerance was observed in the case of L. sindicus. C. setigerus
holds an intermediate position in this respect. However, decrease in germi-
nation with increasing concentration of sodium chloride was observed in both
C. ciliaris and C. setigerus. Again, similarity in the trends of response of large
and. small seeds of these grasses is noteworthy, although small seeds always
show less germination than large ones.

Germination inhibition due to the presence of sodium chloride is possibly
mediated through its osmo-regulating effect on water uptake. It has pre-
viously been observed that seeds of L. sindicus have a relatively greater moisture
requirement for germination in comparison with the other two grasses (Lahiri
and Kharabanda 1963a). Therefore, in the presence of sodium chloride more
drastic effects are expected to be produced in these seeds.

The cause of reduction in germination in these grass seeds at depths
greater than 1-3 cm is in all possibility due to lack of aeration. Decrease in
germination with increasing depths of sowing indicates that the stand of these
species may be significantly affected in areas where seeds are often buried by
wind-blown sands. These problems seem to be a great hindrance to the
natural propagation of desert plants (Hammouda and Shalaby 1957). The
cause of reduction in germination of surface sown seeds may be due to impaired
moisture imbibition and quick drying of surface soil.

Findings of the present study indicate, to a certain extent, the diversified
effects on germination of certain habitat variables and the differences in
response in the seeds of the three different species of grasses. It may be
presumed, however, that interactions produced by the simultaneous action of
several variable factors, as encountered in nature, should be far more complex
and involved which remain yet to be studied.

ACKNOWLEDGEMENT

Our sincere thanks are due to Dr. P. C. Raheja, Director, Central Arid
Zone Research Institute, for his encouragement and advice extended during
the course of this study.

REFERENCES

Ayers, A. D, (1953). Germination and emergence of several varieties of barley in salinized soil
cultures. Agron. J., 45, 68-71,

Crocker, W. (1936). Effects of the Visible Spectrum upon the Germination of Seeds and Fruits.
In: Biological Effects of Radiation. II. Ed.B.M. Dugger, McGraw-Hill Book Co., Inc.,
791-827.

Crocker, W., and Barton, L, V, (1957). Physiology of Seeds. Chronica Botanica Co., Waltham,
Mass., U.S.A,



196 LAHIRI & KHARABANDA : ARID ZONE PLANTS

Dewey, D. R. (1962). Germination of crested wheat grass in salinized soil, Agron. J., 54,
353-355.

Dotzenko, A. D., and Dean, J, G, (1959). Germination in six alfalfa varieties at three levels of
osmotic pressure. Agron. J., 51, 308-309.

Evenari, M. (1949). Germination inhibitors. Bot. Rev., 15, 1563-194.,

(1957). The physiological action and biological importance of germination inhibitors.

In: The Biological Action of Growth Substances, Symp. Soc. exp. Biol., 11, 21-43.

Hammouda, M. A., and Shalaby, A. F. (1957). On the germination of some medicinal desert
plants. Bull, Inst, Désert Egypt.,7, 1-12,

Koller, D. (1957), Germination regulating mechanisms in some desert seeds. IV, Artiplex
dimorphostegia Xar, et Kir. Ecology, 38, 1-13.

Koller, D., Mayer, A, M., Poljakoff-Mayber, A., and Klein, S. (1962). Seed germination. Ann.
Rev, Plant Physiol., 13, 437-469,

Koller, D., and Negbi, M. (1959). The regulation in germination in Oryzopsis miliacea. Ecology,
40, 20-36.

Lahiri, A. N., and Kharabanda, B. C. (1961). Dimorphic seeds in some arid zone grasses and
the significance of growth differences in their seedlings. Sci. and Cult., 27, 448-450.

———— (1963a). Germination studies on arid zone plants. I. Germination in relation
to moisture uptake by grass seeds and the probable role of coumarine in this mechanism,
Proc. nat. Inst. Sci. India, 29, 287-296,

(1963b). Germination studies on arid zone plant. II. Germination inhibitors in the
spikelet glumes of Lasiurus sindicus, Cenchrus ciliaris and C. setigerus. Ann. Arid Zone,
1, 114-126.

Plummer, A, P., Hull, A, C., Sterwart, (., and Robertsen, J. H. (1955). Seeding range lands in
Utah, Nevada, Southern Idaho and Western Wyoming. USDA Handbook, 71.

Rees, A. R. (1962). High-temperature pretreatment and germination of Oil Palm, Elaeis guin-
eensis (Jacq.)., Ann, Bot. Lond,, 26, 569-581.

Thornton, N. C. (1935)., Factors influencing germination and development of dormancy in
cockle-bur seeds. Contr. Boyce Thompson Inst., 7, 477-496,

Toole, E. H., Hendricks, S. B., Borthwick, H. A., and Toole, V. K, (1956). Physiology of seed
germination. Ann. Rev. Plant Physiol., 7, 299-324.

Wahhab, A. (1961). Salt tolerance of various varieties of agricultural crops at the germination
stage. In: Salinity Problems in the Arid Zones, UNESCO, 185-192,




