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I¥TRODUCTION,

The drought resistance of plants is a problem of great economic importance.
Amongst the plants of food grains (cereals and millets) some thrive in comparatively
dry climate and others in humid regions. There is therefore a limitation in the
selection of crop plants suitable for cultivation in any particular climate. It would
be useless to endeavour to select and breed only the drought resistant forms of
plants in a dry climate. On the other hand, it would be a distinct advance if plants
could be adapted to any climate.  This principle of adaptability of drought sensitive
plants to severe drought conditions is one of great importance and has been
extensively worked out by the Russian worker Kolkunov (2). He has also studied
the modifications induced in plants during adaptation to new environment.
Kolkunov’s investigations extended over a period of twenty years and constituted
detailed anatomical and physiological analyses of different kinds of crop plants.

The relation between hydration-dehydration hysteresis of the leaves of plants
and the degree of drought resistance has been explained in the previous paper (5).
The hysteresis studies have revealed a difference in the capillary structure of leaves
of various plants differing in their degree of drought resistance. A similar study
of the hysteresis effect was undertaken to find out if any changes in the capillary
structure are produced in leaves of Ragi plants, cultivated in soils of varying drought.

HEXPERIMENTAL.

Experimental Ragi Plants.
The Ragi Seed :

The Ragi seeds (K; type, a strain of Kar Ragi—a summer crop) employed
for growing the experimental plants were obtained from the Agricultural Department,
Government of Mysore. The seeds were big, robust and reddish-brown in colour.
The plants about 25 days old and of normal growth obtained from these seeds were
transferred into porcelain culture pots of known tare. Each pot could accommodate
about four plants, The red laterite soil of Hebbal Farm was used. About 1:3%
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of sheep manure was added to each pot and was spread on the surface of the soil
in the pots.

Water Holding Capacity of the red laterite soil :

The standard method (4) employed in the Agricultural Laboratories for the
estimation of the water holding capacity of the soil was adopted. About 500 grams
of x0il was taken in a metallic cylinder, having a perforated bottom. A filter paper
was placed over the bottom before the soil was introduced. The soil was next packed
by subjecting the cylinder to jerks. The cylinder was held vertically. A suitable
amount of water was poured over the soil. The quantity of water employed was
such that the excess water could be seen dripping from the bottom, after passing
through the soil. The cylinder was kept for 24 hours to drain off water from the
soil by gravity. A known weight of the pasty soil was then taken in a dish, dried
in an oven for two hLours at 120°C. and weighed. ¥rom the loss in weight, the
water content of the soil was calculated with reference to the weight of the dry
soil. The water holding capacity of the red laterite soil was found to be 269%,.

Soils of varying Lirought:

Four series of pots, 4, B, (! and I; were employed and the water contents of
the soil in the four series of pots were maintained at 65%,, 47%,, 40%; and 36-5%,
respectively of the total water holding capacity of the soil (26%). The actual
percentages of water in the soils were 16:9%,, 12-2%;, 10-4%, and 9-5%, respectively
(Table 1). In each series there were three pots.

Wilting Coefficient of the Soil:

The wilting coefficient of the soil (3) is the moisture content of a soil expressed
as a percentage of its dry weight at the time when the leaves of a plant growing
in the soil show the first signs of permanent wilting. The wilting coefficient of the
red laterite soil for the ragi plant was found to be 7-29%, water calculated on the
weight of the dry soil (or 27-59, of the total water holding capacity of the soil (269%).)
It is obvious that the severest soil drought which the ragi plant can possibly with-
stand, would be above 27-59%, water-—the wilting coefficient of the red laterite soil.

Subjecting the Ragi plants to varying soil drought :

After the 25 day old ragi plants were transplanted in the pots, 1009, moisture
was maintained in all the four series of pots for 20 days, in order to enable the plants
to establish themselves in the new environment. The water contents of all the
pots were next brought down to 65%, by suitable adjustment of water added to the
pots. All the pots were maintained at 659 water for 15 days. Later the water
content of pot 4 was maintained at 659, whereas those of B, C and D were stepped
down to 47%,, 40%, and 36-5%, respectively. In stepping down the water content,
B took 2 days, C, 3 days and D, 7 days. Before the plants were removed for
hysteresis studies, the plants in pots 4, B, C' and D were exposed to soil droughts
of 65%,, 47%,, 40% and 36-5%, water for approximately 40, 20, 20 and 15 days
respectively, The accuracy of adjustment of these droughts was +49%,.

Maintenance of a steady soil drought was effected by watering the pots twice
daily to replace the loss of water due to evaporation. The average loss from each
pot amounted to 8%, during the day and 3%, during the night. In order to maintain
the natural conditions prevailing in the open fields, the plants were exposed to
direct sunlight during the day. Care was taken to avoid exposure of the pots to
rain. The experiments were carried out during dry season, the plants being kept
under cover every night and whenever it rained during day. The daily losses of
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water due to evaporation from the soil and transpiration by the plants were deter-
mined directly by weighing the pots with the plants. Correction for the weight of
the growing plants was always made, by knowing the weight of a controlled plant of
approximately the same size. The plants grown in different soil droughts have been
photographed, Fig. 1. Commencing from the date of sowing the seeds, the age of
the plants at the time of taking the photograph was 80 days.

E

Fie. 1

Photograph of Ragi plants, 4, B, (! and D, 80 days oid and grown in Soil Droughts of 659,
47%, 409%, and 36.6% water respectively.
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soil opas ¥ dehydra. | tion | relative
' (269,). tion. | pressure. | humidity.

" Ragi Plents.

Ragi 4 650 343 124

169 8+ 17-8 440 26

Ragi B 12-2 470 346 128 70 16-2 32 2-0
Ragi C 10-4 400 368 128 98 14-8 27 1-4
95 365 343 13 70 13-5 22 07

Ragi D

The Technigue : Hydration and Dehydration of Leaves.

The quartz fibre spring balance employed in the earlier investigations of this
series (5) was adopted. The procedure adopted in carrying out a series of hydration
and dehydration of the ledves, in succession has also been previously described.
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Disoussion.
Heights and Yields of Plants.

An examination of the photograph, Fig. 1, reveals a marked variation in the
growth of plants in the four pots. The plant in A showed a very luxuriant growth.
Its height was 40 inches as measured when the plant was about 4 months old.
The yield of grain per plant was 2:6 gms. Plant D had stunted growth. The
height was only 22 inches and the yield 0-7 gms. Plants B and C were intermediate
between these two, the heights being 32 and 27 inches and the yields 2-0 gms.
and 1-4 gms. respectively. The flowering periods of the four plants 4, B, C and D
were 80, 85, 90 and 100 days respectively.

Initial Dehydration of the Leaves.

The third blade from the top of the Ragi plant was used for studying dehydration
and subsequent hydrations and dehydrations. The study was commenced when
the age of the plant was 80 days, the plants 4, B, C, D being exposed to soil droughts
of 65%,, 47%,, 40%, and 36-5% water. All the four plants lost approximately the
same amount of water in the initial dehydration, in the sorption apparatus, i.e.
about 360 gms. per 100 grams of dry leaf, Table 1.

Subsequent Hydration and Dehydration of the Leaves.

Subsequent hydration and dehydration on the initially dehydrated ragi leaves
have shown the hysteresis effect in all the four plants. Fig. 2. Plants 4, B, C,
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Hydra.tion—Deh&dmtion Hysteresis of the blades of Ragi plants A (3rd Cycle), B (2nd Cycle),
C (2nd Cycle) and D (7th Cycle), 80 days old and grown in soil droughts of 659, 479,
409, and 36-59,
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and D took 124, 128, 128, 131 grams of water respectively per 100 grams of dry leaf
at saturation pressure and these values have remained the same in the subsequent
cycles of hydration and dehydration. At a relative humidity of 0-5 they retained
8:0, 7-0, 9-8 and 7-0 grams of water per 100 grams of dry leaf respectively. The
sma,]gest cavity necks in the leaves of the 4 plants have radii of 17-8, 16-2, 14-8 and
13-5A.

The differences in the amounts of water taken at saturation pressure and at a
relative humidity of 05 are not marked. The hydration-dehydration isotherms
and the hysteresis loops are nearly coincident. These indicate that the cavities
and the open pores in the blades of the four different plants are almost the same
in size. There is, however, a regular variation, though small, in the smallest cavity
neck radii. The radii in plants 4, B, ¢ and D are 17-8%, 16:24, 14-84, and
13-54. The smallest cavity necks in D) are smaller than those in 4; those of B
and C lying midway between these two. The difference in the smallest cavity neck
radii will account for the greater ease with which A has lost water in 1st dehydration.
Compare Figs. 3 and 4. Barring this small difference in the smallest cavity neck
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Dehydration of blades of Ragi plants 4 (-—), B (0—0), C (X — X ) and D (A —A), 80 days old
and grown in soil droughts of 659, 47%, 409%, and 36.59
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Dehydration of blades of Ragi plants 4 (-—'), B (0—0), C (X — x), and D (A —A), 120 days
old and grown in soil droughts of 65%, 47%, 409 and 36.59,

radii, exposure of the ragi plant to varying soil drought has not brought about any
very marked change in the capillary structure of the leaves. By exposing plants to
varying soil drought, considerable structural changes in the leaf tissue of the plant
was anticipated. It is just probable that the structural properties are inherent in,
and characteristic of seeds. It is likely that the seeds of plant D, exposed and
adapted to severe drought may give rise to a plant, the c?,pi]lary structure of whose
leaves may appreciably differ from that of the plant obtained from the parent seed.
Starting with the same parent seed and by extending this treatment of the exposure
of the plant to severe drought over a number of generations, the small differences in
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the capillary structure of the leaves may be expected to become more prominent.
Experiments on these lines are in progress.

The cell walls are endowed with sufficient amount of rigidity as indicated by
the persistence of the hysteresis effect. The process of successive hydration and
dehydration was extended only over a limited number of cycles, and was not
continued up to the stage of the disappearance of the hysteresis effect, as experi-
ments with the leaves of variety of plants over a large number of cycles of hydration
and dehydration have already indicated (5) that the hysteresis loops ultimately
disappear owing to the loss of the rigidity of the cell walls.

The steepness of the latter part of the hydration isotherm is very prominent.
Capillary condensation is particularly high in the pressure range of 2-8 cms. to 3-1 cms.
The average cavity radius is about 4504 and the average cavity neck radius is
about 100X,

Age of the plant and the amount of water lost in the initial dehydration of leaves.

The question arises: Is there any relation between the age of the plant and
the amount of water lost in the first dehydration? This aspect has been studied
and the results are indicated in Figs, 3 and 4. The results in Fig. 3, refer to plants 80
days old and those in Fig. 4, to plants 120 days old. Small differences in rates of
dehydration were noticed but the total amounts of water lost were nearly the same.
These small differences in the rates are attributed tq the small differences in the
radii of the smallest cavity necks. The smallest cavity necks in 4 are wider than
those in D. Consequently A loses water more readily than D. The amount of

. water lost seems to differ with the age of the plant. Leaves of plants 4, B, C and
D, 80 days old lost 342, 346, 368 and 343 grams respectively per 100 grams of the
dehydrated material, while at the age of 120 days, they lost 240, 260, 260 and 255
grams respectively. In both cases the water taken up at saturation pressure in the
first hydration is nearly the same. 80 day old plants took up 1289, of water and
120 day old plants took up 125%,.

Varietal differences and hydration-dehydration hysteresis.

Another noteworthy feature is the possible relation between the varietal
differences in the ragi plants and hydration-dehydration isotherms and the hysteresis
effect. The hysteresis loop Y, for ragi plant is taken from the first paper (5), for
comparison with the loop X, of the present paper, Fig. 5. Hysteresis loop Y is
of a plant grown from seed quite different from the seed used in the present work.
The former seed was thin, small and dark red in colour, whereas the latter was bigger,
more robust and reddish brown in colour. The two plants also showed considerable
difference in appearance and growth. The former was tall, its blades were thin and
narrow, whereas those of the latter were thicker and wider. The water holding
capacity at saturation pressure of the latter is very much greater-than that of the
former. The latter took 1289, and the former only 58%,. The hydration and
dehydration curves of the two are almost coincident, excepting the steep portion of
the latter part of the curves where the hydration and dehydration curves of X
stretch far above those of ¥. The percentage of water held at 0-5 relative humidity,
and the smallest neck radii are the same in both. In the pressure range in which
capillary condensation predominates we notice a marked difference between the
two varieties. The difference is in the nuniber of cavities and open pores of the
same dimensions. The identity of the two hysteresis loops in the earlier part of the
isotherm and the difference in the latter stages, with plants belonging to the same
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species are noteworthy features, and can be attributed to varietal differences in the
millet. Further studies on this aspect of the problem are being carried out.

CoNCLUSION,

The intvestigations presented in this paper were initiated with a view to study
possible changes in the capillary structure of leaf tissue, when plants are subjected
to soil drought. Results obtained so far indicate that the behaviour of a leaf in the
sorption study apparatus can be correlated with the age of the plant. Varietal
differences have also been noticed. Further experiments are in progress. The
preliminary experiments presented in this paper afford a new line of study of the
various aspects of drought resistance.

SumMMmARY.

Leaves ‘of Ragi plants cultivated in soils of varying drought, 659, 479%, 409, and 36-5%,
moisture were subjected to a series of hydration-dehydration cycles at 30°C., in the apparatus
in which a quartz fibre spring is used to study sorption.

In all the four cases the hysteresis loops were obtained. The hydration and dehydration
isotherms and the hysteresis loops were nearly coincident. These indicate that the cavities
and the open pores in leaves of the four plants are nearly the same in size,
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There is, however, a difference in the positions of the tail end of the hysteresis loops. These
indicate a variation in the smallest cavity neck radius. The smallest cavity necks in plant 4
grown in soil of 659, water are wider than those in D grown in soil drought of 36-59,, water.

Despite drought conditions, plants grown in different soil droughts have not shown any
marked difference in the capillary structure of the leaf. The small differences noticed may be
expected to be enhanced by extending the treatment of exposure of the plant to drought over
a number of generations starting from the same parent seed.

The possible relation between the age of the plant and its water content as determined by
the dehydration of the leaf is indicated.

Varietal difference and its relation to the difference in the hydration-dehydration isotherms
and the hysteresis effect has been presented.

The authors are grateful to the Director of Agriculture and Mr. H. Shiva Rao,
Agricultural Chemist, Government of Mysore, for kindly providing all the facilities
for growing the experimental plants in the farm of the Agricultural Department.
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