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From a study of moisture requirements of germination in three arid zone
grasses (viz. L. sindicus, C. cilioris and (. setigerus) it was observed that
seods of L. sindicus need relatively higher levels of moisture in comparison
with other two grasses. Best performance in relation to germination under
low moisture levels was found in C. setigerus. Seeds of (. ciliaris occupied
an intermediate position in this respect. Greater hygroscopic properties of
spikelet tissue of L. sindicus was found to balance the higher moisture re-
quirement for germination of enclosed seeds. The significance of the power
of quick water uptake and the low hydrature of seeds before germination
has been discussed in the light of characteristicseof Xeric germination.
Water uptake of endosperm and embryo are two distinet processes. Cou-
marine interferes with the uptake of water by the embryo and, thus, germi-
nation inhibition is brought about. Water uptake by endosperm is not
‘affected by coumarine and this uptake has been considered to be similar to
colloidal imbibition.

Among the many factors which run counter to the natural propagation
of plants in arid areas, erratic rainfall and quick depletion of soil moisture
are of supreme importance. As far as germinition is concerned, a certain
level of hydrature of seed must be attained (in the absence of any limiting
factor) beforg the physiological processes are triggered off. Soil moisture
contents, however, need not be high for germination to occur. In general
most rapid germination occurs when soil moisture levels are at or slightly
below field capacity. Considerable differences, however, exist among different
species., Emergence of young seedlings may occur in certain plants when
soil moisture level is at the permanent wilting percentage or even slightly
lower (Doneen and MacGillivray 1943). A particular drought resistant
variety of cotton absorbs about one-third as much water during germination
as seeds of a variety less resistant to dry environment (Stiles 1948). It is,
therefore, logical to deduce that a seed which has a capacity to germinate
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with lower status of hydrature stands a better chance to germinate in scanty
rainfall areas. Soriano (1962) has pointed out in this relation that xeric
germination depends not only on the minimum imbibition required, but also
on the imbibition pressure and the time factor.

The interest in coumarine, in this relation, is due partly to its apparently
universal occurrence in the plant tissue and partly to its germination inhibi-
tion properties. Moreover, evidences have been collected to show that the
spikelets of the grasses, reported here, contain certain germination inhibitors,
of which one may be coumarine. Germination inhibiting properties of this
compound are now more or less wel established (Schreiner, Reed and Skimov
1907 ; Velstra and Havinga 1943) and its selective phytocidal properties have
also been studied (Audus and Quastel 1947). Apart from studies on concen-
tration response, very little attention has so far been paid to water uptake
problem (Blaim 1960). Investigations on other plant tissues, however, have
indicated that coumarine decreases permeability to water (Moewus 1949 ;
Guttenberg and Beythien 1952 ; Guttenberg and Meinl 1954) whereas growth-
promoting substances increase the permeability (Pohl 1939).

In the present investigation moisture requirement for germination and
characteristics of water uptake in seeds of three perennial arid zone grasses
have been studied with SI.)ecial reference to the role of coumarine.

MATERIALS AND METHODS

The spikelets of Lasiurus sindicus Henr., Cenchrus citliaris Linn. and
Cenchrus setigerus Vahl were obtained from the ‘seed-raising plots” of the
Central Research Farm, Jodhpur, and Research Station at Pali of the Central
Arid Zone Research Institute, during 1960-61. Seeds were manually sepa-
rated from spikelets and only the larger seeds (Lahiri and Kharabanda 1961)
were collected for the present study. Germination tests were carried out
either in sandy soil in covered plastic containers or on moist filter papers
in Petri dishes (contained in an airtight box). Conditions given for germina-
tion were 32 4 1°C and continuous darkness. Moisture content in sand or
filter paper was kept constant by repeated weighing and addition of requisite
amount of water each time. Very little change in moisture content, how-
ever, was noted in 24 hours. During manipulations a green filter was used
with Kodak Safe Lamp which was found to have no effect on germination.
Five replicates of one hundred seeds each were used for germination tests.
Water uptake was determined by soaking weighed seed samples for the re-
quired time in 2 ml water or in 2 ml of 10-3 M solution of coumarine in water.
Temperature and light conditions were similar to that used for germination
studies. Separate seed lots were used for determinations at different hours.
Soaked seeds were removed from dishes and placed on dry filter papers to
remove excess moisture and reweighed. Five replicates of twenty seeds
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were used in each determination of water uptake experiments. Manipulation
with such minute seeds at a limited time was difficult and hence larger number
of seeds was not taken to avoid error in observation. The significance of
mean differences between any two treatments has been assessed by a #-test
wherever necessary.
RysuLTts

The relation between soil moisture and germination in the three grasses
under study has been illustrated in Fig. 1. In all these cases germination
was found to be completed within four days. In Fig. 1, only the final
germination percentages have heen indicated.
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Fie. 1. Germination in seeds of L. sindicus, (. ciliaris
and C, setigerus under different levels of soil moisture.

It is obvious from the results that seeds of both the Cenchrus sp. have
capacity to germinate at much lower levels of soil moisture than the seeds of
L. sindicus. At 10 per cent level, however, seeds of C. setigerus germinate
more than the seeds of C. ciliaris. No germination in seeds of L. sindicus
was observed at this moisture level. Germination in C. sefigerus and C.
ciliaris increases with increasing levels of moisture and optima were reached
at 15 per cent level. At this level, seeds of L. sindicus showed first germina-
tion and further ingrease in germination was noticed at 20 per cent soil mois-
ture. Decrease in germination, however, was noticed in C. ciliaris and C.
setigerus at 20 per cent level, which indicates that these seeds are not adopted
to germinate in higher levels of moisture. It may be mentioned that water-
holding capacity of this sample of sandy soil was found to be 21-59 per cent.

These observations on the differences in germination behaviour in rela-
tion to moisture levels were further substantiated from the next series of
experiments where seeds were germinated on filter paper containing different
amounts of moisture. The results are indicated in Table I.

The minimum moisture levels for germination of the seeds of L. sindicus,
C. ciliaris and C. setigerus have been found to he 120-0, 80-0 and 50-0 per cent
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TaBrLE I

Germination of seeds of L. sindicus, C. ciliaris and C. setigerus on filter paper containing

vartous levels of motsture.

Five replicates of 100 seeds; T indicutes S.E.

% germination

% moisture

in relation L. sindicus O, ciliaris C. setigerus

to dry wt. of e

filter paper after after after after after after

24 h 96 h 24 h 96 h 24 h 96 h

30 0-0 0-0 0-0 00 - 0-0 0-0
50 0-0 0-0 0-0 0-0 00 50-4 + 0-33
80 0-0 0-0 0-0 40-8 + 1.05 584 + 210 66-8 * 0-25
90 0-0 00 00 744 + 019 -_— 60-0 * 0:65
100 0-0 0-0 70-8 + 0-40 100:0 T 00 —
120 0-0 406 * 200 706 + 2:25 906 + 1-03 60-8 + 0-81 90-8 + 0-03
140 20:8 ¥ 1-02 504 + 0-83 60:0 £ 1-25 806 * 1-561 60-4 + 025 90-0 £ 0-95
160 256 = 2-00 506 +£ 025 50-6 £ 0-25 90-8 + 075 60-8 + 0-88 90-2 + 0-35
200 204 + 1-50 60-4 + 1-25 80-8 * 0-85 904 + 0-90 60-2 £ 1-02 100-0 ¥ 0:0
250 20-6 £ 0-88 656 * 1-11 — 100-0 + 2-01 — —

respectively. These observations indicate that certain critical differences
exist in the germination behaviour of these grasses with respect to avail-

ability of moisture.

Even under optimum conditions seeds of L. sindicus,

in general, show less germination in comparison to the other two grasses under
study (Lahiri and Kharabanda 1961).

It was further observed that patterns of water uptake in these seeds
were different even under conditions of unrestricted supply of moisture.
The results of moisture uptake over different time periods are illustrated in

Fig. 2,
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Fia. 2.

Water uptake by seeds of L. sindicus, C. ciliaris and C. setigerus at

different hours.
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During the first hour, uptake of water was almost same in all the three
cases. Jn the second hour, however, maximum uptake was noticed in C.
ciliaris seeds and minimum in the seeds of L. sindicus. Values obtained for
C. setigerus occupied an intermediate position. The t-tests indicate (Table IT)
significant differences in uptake.

Tasre 1T

Water uptake in 2 h (uptake expressed s percentage
increase of initial weight of 20 seeds; § replicates of each)

Species % water uptake
A. Lasiurus sindicus 1491 + 2-1
B. Cenchrus ciliaris 36-89 £ 35
C. Cenchrus setigerus 25-90 + 3.2
B-A { — 12:21 p << 0001
C-A [ — 646 2 < 0-001
B-C ¢ — 523 p < 0-001

At this stage imbibition process has been completed in the seeds of C.
ciliaris and C. setigerus but not so in the seeds of L. sindicus. The quantity
of moisture required to bring about this equilibrium stage was less in the
seeds of C. seligerus in comparison to that of C. ciliaris.

The differences in moisture uptake in the seeds of C. ciliaris and C.
setigerus were also discernible at the sixth hour of soaking (Table IIT). Seedsof
L. sindicus attain equilibrium at this hour, that is four hours later, than the
other two grasses.

After attaining the peak of uptake all the three types of seeds main-
tained almost a steady state of hydrature till the embryo growth was ini-
tiated. The data obtained at sixth hour may be conveniently used to compare
the relative degrees of hydrature the seeds must attain before germination.
t-tests of the data (Table III) indicate that seeds of C. sefigerus undoubtedly
need less moisture than the seeds of L. sindicus or C. ciliaris. However,
uptake of water in seeds of L. sindicus and C. ciliaris seem to be almost
identical. Beyond the period of six hours up to 16 or'18 hours the courses
of the curves (Fig. 2) are more or less parallel—the line for C. setigerus oc-
cupying the lowest position. At later stages, however, differences in uptake
values do not remain significant. This, in all probability, is due to variations
in samples used in different determinations.

At 24 hours a sharp rise in the curve (Fig. 2) for L. sindicus could be
noticed, which indicates the onset of germination. Similar observations on
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Tasre IIT

Water uptake in 6 h (uptake expressed as percentage of
wniteal weight of 20 seeds; & replicates of each)

Species % water uptake
A.  Lasiurus sindicus 35-85 + 3-2
B. Cenchrus cilioris 360 14
C. Cenchrus setigerus 2524 £ 4.0
A-C { — 48 < 0:005
B-C t — 59 p < 0:001

other two grasses were not found to be necessary. It is obvious from the
results that a definite time lag between climax of uptake and active embryo
growth exists in all the three cases.

In order to study the effect of coumarine on the moisture uptake of
these grass seeds, observations were recorded after six hours of soaking, in
water or in coumarine, when the seeds were presumed to have reached the
state of equilibrium. It was felt that the effect of coumarine, if any, should
be manifested during this period when water uptake was going on at a fast
rate. The results are presented in Table IV.

TasLe IV

Effect of 10=3 M coumarine on water uptake of grass seeds (uptake in 6 h) as percentage
inerease of initial weight of 20 seeds; I replicates in each treatment)

¢, water uptake

Species Water Coumarine Wi-We t P
W, Wy
L. sindicus 38-73 30-40 8:33 3-08 < 0-05
C. ciliarés 26-85 19-14 7-71 3-07 < 0-05
C. setigerus 22:45 18-94 3:51 2:93 < 0-05

The results indicate that coumarine has some definite inhibiting effect
on moisture uptake. The differences are significant although not of high
orders,

In order to verify this selective rols of coumarine on the moisture uptake
by seeds, further experiments were carried out. The embryos from these
seeds were excised under the high power of a stereoscopic dissecting micro-
scope. Although the sizes of seeds were very small (in the range of ca. 2-0
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mm-4-0 mm) and the sizes of embryos very minute (in the range of ca. 1-5
mm-2-0 mm) in these grasses, it was possible to excise the embryos along
with the scutellum after certain standardization of the techmnique. The
moisture uptake of the excised endosperms were then studied in water as
well as in coumarine. Endosperms were soaked for six hours in both the
cases. The results are presented in Table V.

TABLE V

Water upilake of endosperm (without embryo) in woater and in 10-3 M cowmarine (it
in 6 I us percentage increase of initial weight of 20 endosperins; 5 replicnies of each)

% water uptake
U Difference t Remark
Species Water Coumarine  of means
w1 Wy
L. sindicns 24-55 29-95 460 1-09 Not zigniticant.
(Wy-W7)
C. ciliaris 16-25 19-28 3-03 0-49 do.
(Wo=Wy)
C. setigerus 11-68 13-05 1.37 1-10 do.
(Wo=W1)

It is clear from these data that coumarine has no effect on the moisture
imbibition of the endosperm. In certain cases slightly more absorption has
been noted in coumarine-treated endosperms, which was, however, statistically
not significant. It appears as if the inhibiting effect of coumarine on water
upteke is specifically directed towards potential growing cells.

Discussion

Seed water uptake has been distinguished into two stages by Atkins
(1909). The first stage was thought to be connected with swelling of colloids
and the second stage with germination and due to osmosis. Blaim (1960)
doubted this conjecture and proposed that uptake of water by embryo should
be considered as a physiological process and it is distinct from that of endo-
sperm which is exclusively connected with imbibition of colloids. Although
different mechanisms of water uptake may exist in endosperm and embryo
yet it appears that embryo growth is dependent to a great extent on the
endosperm food and growth factors (Sircar and Lahiri 1956). It has also
been observed that endosperm protein is hydrolysed and other amino acids
appear and are translocated to the embryo at germination (Sircar and Ghosh
Dastidar 1962). Presumably, the endosperm must attain certain degree of
hydrature to trigger off the hydrolyses processes which are essential for the
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availability of food factor for the growing embryo. Again, cells of the embryo
must attain a definite degree of moisture level to initiate the vital processes
related to growth. This degree of hydrature will, of course, vary in different
types of seeds.

Capacity of a seed to germinate ir minimum moisture level determines
to a great extent its natural propagation in dry tracts. All the three species
included in the present study are grasses native to arid and semi-arid regions.
Nevertheless, certain.relative differences in their moisture requirements for
germination have been observed. Seeds of . setigerus undoubtedly need
the lowest level of moisture for germination and highest requirement was
found in seeds of L. sindicus. C. ciliaris occupies an intermediate position
in this respect. Power to germinate in low moisture levels does not neces-
sarily mean that optimum germination will be achieved. In all the three
grasses certain definite optima as regards moisture level were discernible.

A close parallelism between pattern of water uptake and power of germii-
nation under low moisture levels was observed. Seeds of C. setigerus were
found to attain the equilibrium stage of water uptake within two hours and
the amount of water absorbed was also significantly less than the other two
grasses. Seeds of C. ciligris also reached equilibrium at about the same
time but the amount of absorbed water was higher than C. sefigerus. Seeds
of L. sindicus reached the same stage in six hours. If quick power of imbi-
bition is considered to be a characteristic of xeric germination (Soriano 1962),
L. sindicus is undoubtedly inferior to other two grasses in this respect.

Again, a distinct time lag between the peak of uptake and germination
has been observed and during this period seeds do not show any loss or
gain in weight. It may be possible that this time is needed for food factors
to travel from endosperm to growing .sites of embryo to initiate vital pro-
cesses related to growth.

Under natural conditions, seeds of these grasses remain enclosed in spike-
lets when they get detached from plant. Naturally, hygroscopic properties
of spikelet tissue may play a significant role in the moisture imbibition of
the enclosed seeds. It was observed that spikelets of L. sindicus, C. ciliaris
and C. setigerus absorb water, 100-25, 78-92 and 62:77 per cent of initial
weight respectively, within a period of two hours. Higher hygroscopic
properties of the spikelet tissue of L. sindicus is well adopted for greater
requirement of moisture by its seeds. In other two grasses hygroscopic proper-
ties of spikelets are less which is well suited for their low moisture require-
ments for germination.

Studies on the effect of coumarine on water uptake have indicated the
possible mode of action of inhibitors on germination. It was observed that
coumarine has a definite inhibiting effect on water uptake of these seeds.
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It was further observed that effect of coumarine is specific and it only regu-
lates the water uptake of embryo and not of the endosperm. The effects
were more or less similar in seeds of all the three grasses. The differences
in water uptake by seeds in water and coumarine although statistically signi-
ficant were not found to be of high order which may be due to the selective
action of the compound on embryo alone. These results strongly support
the opinion of certain workers who consider imbibition of embryo as a physio-
logical process and different from colloid imbibition of endosperm. Inhi-
bitive effect of coumarine has apparently been brought about by its influence
on the permeability of the protoplasm of the embryo cells. It is known to
be one of the means by which most growth regulators react on plant tissues.
Any attempt, however, to picture a common mode of action for all germina-
tion inhibitors may sound too speculative at this stage.
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