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1
RELATIVE DROUGHT RESISTANCE

OF SOME CROP PLANTS

By
M. M. Singh,

Botany Departient,
Mabharaja’s College, Jaipur. (India)

INTRODUCTION

The severe drought of 1895 and the disastrous harvest of
1921 in Russia caused a national calamity. Wheat yield was reduced
by about 7£,00,00,00 bu, in Canada during 1930-34. The
recurrence of this natural calamity in our country in past up-.set
the Governmental plans to make it self-sutficient to feed its
population. Breeding and selection of drought resistant variety,
inducing resistance to drought and study of the basis of drought
resistance are some of the major problems needing investigation
in this connection. The present coniribution on the relative
drought resistance of wheat Pb. 591, wheat Agra Local and barley
C. 251-the major crops of the tract-aims towards part fulfilment
of such needs.

HISTORICAL

Aamodt and Johnston (1936), Kenway c¢, q7, (1942) and Platt
and Darroch (1942) observed varietal differences in the drought re-
sistance of plants; however, Ashby and May (1941) considered that
the superior drought resistance of Algerian Oat to Fulghum was
due to its earlier physiological maturity., Whiteside (1941) found
little difference in the drought resistance of wheat varieties when
plants were grown from vernalized seeds (presumably to equalise
the length of the life cycle),

Seedling and pre-flowering stages have long been recognised
as critical stages (Singh ¢f. 7. 1935) while embryonic and tillering
stages as highly resistant to drought (Chinoy 1947). Milthorpe
(1950) could not find varietal differences in the drought resistance
of wheats at the early seedling stage,



It is thus apparent that drought resistance of plants ig
influenced by their early or late flowering behaviour and the stage
of development,

TECHNIQUE

The experiment was conducted at B. R, College, Agra, during
1954-55 (to confirm certain aspects of the earlier (1947-51) work
but slightly on an altered lay-out). Plants were raised in earthen
pots. Soil, obtained from an uncuitivated patch of farm land,
was mixerd with Municipal compost in the ratio of 2:1. The
initial soil moisture at sowing, which commenced on November 11
1954 was 15-5%, on fresh weight basis, 4-5 plants were allowed 1;(;
grow in each pot and 6 replications maintained,

Pots were grouped into four sets. One of these was watered
normally while the remaining ones were droughted at different
developmental stages. The complication due to varying degree of
earliness in flowering was largely eliminated by introducing soil
drought at similar stages of development ;z; tillering, shooting
and flowering.  When plants reached the desired stage water
supply was with-held from them, and they were allowed to wilt
permanently for 4-5 days. The attainment of permanent wilting
was judged by visually noting the rolling and turgor of leaves in
morningcommencing from the first drooping stage. Soil moisture was
determined at the beginning and at the end of each drought period.
Intensity of soil drought, which is given in table 1, was calculated
by dividing the period of drought by the mean soil moisture. Data
on growth, development and on yield were recorded and statisti.
cally analysed. Resistance index was calculated by dividing the
values under different drought treatments by those under full
watering. The higher indices were taken as a critierion of greater
drought resistance,

TABLE 1
Intensity of soil drought in pots (average of six replicates)
Tillering stage. Shooting stage. Flowering stage.
*C. L. -B. C. L. B. C. L. B.

352 363 3.59 4,08 398 4.00 328 320 3.17

* C=wheat Pb, 591, L=Wheat Agra Local; B=:barley C. 251,
The same is followed in tables 2 and 3.



RESULT

The result is summarised in tables 2 and 3. Mean relative
growth rate of height and dry weight, average number of tiller and
leaf, flowering processes and observations at harvest are presented
in table 2. From the statistical analysis the effect of crop and of
water supply has been brought out. The interaction (crop X
water supply ) is represented here as the resistance index (table 3),

TABLE 2.
Character. Crop differences Eifect of water supply o
C L B C.D. *N T S F C.D.

Mean relative growthrratc
Height 0.03760 0.03638 0.03503 0 00046 0.0375+4 0.03769 0.033S6 0.03693 0.00054

0.00061 0.00072
Dry
Woight 0.04148 0.04117 0.03979 0.00034 0.04141 0.04178 0 03903 0.04100 0.000-0
0.00045 0.00053
Average number of tiller and leaf

Tiller 6.27 8.58 9.28 0.11 S.41 7.52 8.21 —_ 0.11
014 0.14

Leaf. 32.21 41.21 4522 0.53 41.40 39.00 3837 _— 053
0.70 0.70

Average time ( days after sowing ) taken
by plants to attain flowering.

Sheath

opening 101.10  96.70  92.10 091 90.80 95.20 10090 —_ 091
122 : 1.22

Flower

ing 107.90 101.80 9600 0.77 97.21 10297 105.14 — 0.77
103 1.03

Observations at harvest

Totalt

florets. 65.00 69.30 57.00 146 64.80 65.00 61.50 s 146
1.95 1.95

Fertile

florets. 52.00 53.80 49.40 096 58.33 58.33 49 33 40.83 112
1.28 1.49

Graint

Number 49.88 47 12 46 31 0.58 54.08 54.17 45 25 37.58 0.66
0.77 0.88

100-Grain

Weighti 374 3.30 3.60 013 3.03 317 2,76 1.68 015
0.17 0.19

Grain

yield} 535 501 503 026 6.0 6 34 491 320 030
0.35 ‘0.40

‘Bhusa’

Yieldf 11,98 11.60 891 0 60 11.32 12,18 9.01 10.80 070

0.80 - 0.93
* N=normal water supply; T =drought at tillering; S=drought
at shooting; F=drcught at flowering; C. D.=critical difference

The same is followed in table 3.

t in the main-shoot ear; 1 gms. per plant.



TABLE 3.

Resistance index in plants

Crop. Water supply __ Crop. _ Water supply .
N. T. S. F. N. T S. F.
Height Dry Weight
C. 1.000 0.996 0.660 0922 C. 1,000 1047 0.679 0919
L. 1.000 1.002 0.660 0925 L, 1000 1045 0GSO 0915
B. 1.000 1005 0.769 0950 B. 1.000 1.050 0755 0.940
Tiller Leaf
C. 1.000 1.038 0.963 — C. 1 000 1,046 0.054 —_
L. 1.000 1.040 0961 — L. 1.000 1.042 0.954 —_
B. 1.000 1.040 0.975 —_ B:; 1,000 1.048 0970 —
Total florets Fertile florets
C. 1.000 1.008 0.947 - C. 1 000 1.008 0 824 0.664
L. 1.000 1.000 03950 — L. 1.000 1 000 0.829 0.667
B. 1.000 1.000 0 948 — B. 1,000 0991 0.889 0.778
Grain number 100—Grain weight
C. 1.000 1.000 0.821 0.664 C. 1,000 1.051 0.900 0,520
L. 1,000 1.005 0.819 0.667 L. 1.000 1.047 0.903 0.526
B. 1.000 1.000 0.873 0.7590 B. 1.000 1.045 0.935 0.623

Grain yield “Bhusa” yield

1.000 1,045 0.788 0500 C. 1.000 1.075 0776 0.948
1.000 1048 0 790 0.500 L. 1.000 1.075 0776 0.947
1.000 1,049 0.859 0.591 B. 1000 1.078 0.850 0,970

wE o

The data presented here show that the mean relative growth
rate of height and dry weight was significantly greater in the
wheats than in barley, and that between tlie wheat varieties the
same was greater in Pb. 591. Drought at the tillering stage
increased the growth rate while the same at the shooting and
flowering decreased it; the effect of the later two was significant.

Average number of tiller and leaf was greater in barley than
in the wheats, and greater in Agra Local than in Pb, 591, These
differences were highty significant, The depressive effect of
shooting drought was significant. The similar effect of drought at
the tillering stage was because of the averaging of the entire data
collected on the successive sampling dates including the final ones
ghowing enhancing effect,
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Barley flowereq

ignifi earlier than the wheats and
between the tyg significantly

) heats Agra Local did so earlier than Pb. 591.
Tlowering proceggeg were significantly delayed as a result of

wilting, more g0 44, the shooting stage apparently because of its late
occurence, i

' In genera], barley produced fewer florets and grains in the
main shoot-ear, 4y, gave Jower yield of grain and “Bhusa’ than
the wheats, Between the two wheat varieties Pb, 591 bad more
grains, and gave higher yield of grain and ““Bhusa” than Agra Local
although it had fewer number of florets, The test weight was of
the highest order in PY. 59| followed by barley and Agra Local.
Drought at the tillering stage had enhancing effect on all these
characters while the same at the shooting or flowering had

adverse. The degree of the effect and the levels of significance
can be clearly visualised in table 1.

Since the formation of tillers, leaves and total florets was
almost complete bafore flowering, the question of observing the
effect of drought at this stage did not arise,

DISCUSSION

The consistently higher resistance indices in barley as com-
pared to those in the wheats (table 3) indicated higher degree of
resistance to drought in this crop. A high positive correlation
between greater drought resistance and greater xeromorphism has
been reported earlier in this crop (Singh 1954, 1955). Data on water
requirement indicated greater tendency to economice the expen-
diture of water under drought conditions on the part of barley
(communicated to Rajputana University Studies 1957). Results of
cryoscopic and Calorimetric determinations have also shown higher
osmotic pressure and bound water in barley than in the wheats (to
be communicated else-where), It may be added that higher
osmotic pressure and bound water restrict the with-drawal of water
from cells under the stress of wilting, The two wheat varicties
had almost identical resistance indices (table 3) showing equal
degrce of drought resistance. This is further supported by the
absence of a positive correlation between greater drought resis-
tance on the one hand and greater osmotic pressure, bound water,
greater tendency to reduce water requirement and greater
xeromorphic features on the other as stated above for barley,



Plants at the tillering stage were manifest with higher
resistance to drought while the same at shooting or flowering with
lower as judged by the higher or lower indices at the corresponding
stage. Plants were the most susceptible to drought at the
shooting stage with regard to height, dry weight and yield of
“Bhusa” only (table 3), obviously because of the enormous
increase in height and eize of plants during the shooting period,
Drought at flowering proved more damaging to characters vis;
fertile florets, number and quality of grains and grain yield, which
were studied after the flowering stage. Injurious effects of wilting
are supposed to accrue to plants through the increase in cell
viscosity, loss in the assimilatory activity, retardation of translo.
cation, increase in hydrolysis over synthesis and suppression of
* cell formation and enlargment, The greater proportion of
meristematic to vacuolated cells at the tillering stage is probab!y
the cause for the greater resistance to wilting at this stage. It
may be added that meristematic cells have relatively more bound
water and less fres water, Drought alternating with irrigation
probably stimulates the meristematic cells to rapid cell division
and therefore, enhances development,

Since plants were droughted at their own developmental
stages to eliminate the complications due to early or late flowering
behaviour of crops, and the intensity of soil drought was almost
the same in each case (table 1), the observed differences between
wheat and barley are probably inherent. Since the weather
conditions could not be indentical even for the same stage of
development of the crops as the drougt periods never coincided,
it is apparent that more definite conclusions can be drawn only
if the life cycle of plants is equalised by photoperiodic and
vernalization treatments, and the experiments are conducted under
strictly controlled conditions of humidity and temperature.

SUMMARY

The relative drought resistance of three crops r/z; wheat
Pb. 591, wheat Agra Local and barley C, 251 was investigated at
B. R. College, Agra during 1954-55. Plants were grown in earthen
pots under normal water supply. Drought resistance was judged
by introducing soil drought at tillering, shooting and flowering
gtages, wilting the plants permanently for 4-5 days, and by study.
ing their growth, development and yield in relation to normally
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watered plants, Scparate scts of pots were kept for each drought
treatment. The complication due to early or late flowering beha-
viour of crops was largely eliminated by droughting the plants at
their own developmental stages. Resistance indices were calcula-
ted by dividing the values under drought conditions by those
under full watering.

Based on resistance indices, barley was observed to be more
drought resistant than the wheats. The wheat varietes appeared
to have almost equal degree of drought resistance. Drought at the
tillering stage enhanced the growth, development and yield of
plants while the same at the shooting and flowering adversely
affected them, the last affecting the grain particujarly,
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NATURE AND NURTURE

(Popular University Extension Lecture Delivered)
At
M. S. J. College, Bharatpur, 8th January 1957.

By
K. M. Gupta
Jaswant College, Jodhpur.

INTRODUCTION

India has achieved her independencs and the Indian Nation
is on the march. We are on the threshold cf nationsl reconstruc-
tion, the mighty river valley schemes have significintly added
towards our agricullural production as a result of the completion
of our first five year plan. What is the role of the botanist or the
agricullurist ? Whether it is the Nature or tha Nurture that ig
responsible for an incressed yield of crops in the field. The
purpose of my talk this alternoon is to show that Nature is more
important than Nurture; in other words it is the Heredity and not
the Environment. The correct answer, however, is that both are
necessary.

If you possess an ordinary cow, the quality and yield of
milk will also be poor and smali; but if you feed her well, keep
her in good surroundings, milk her at fixed hours thrice and take
good care of her, you can increase the yield but a limit will soon
be reached beyond which it will become difficult to further the
milk yield or improve the quality and yet if you want better and
more milk, you will have to change the cow for a bstter breed.
Same holds good for plants. By giving good manure, proper
water supply, suflicient light and air and protecting the crop from
inszcts, fungi, bacteiia and virus diseases, you can manage to
have the best results. A plant of Chirysanthemum can be made lo
prouduce a flower as big as a dinner plate or a shrub with
numerous small flowers or a cascade by spzcial care and prunning.
Similarly large and beautiful flowers are produced under glass-
house conditions. A wild rose with only five petals to-day exhibits



10

remarkable varieties of shades ard fragrance with multiplicity of
its corolla; but when left to Nature these glass house planis or the
rose will produce only ordinary individuals. In a country like
India with 5 underdeveloped system of agriculture, a crop depend-
ing upon rain water and poor natural soil shows a spectacular
result like the yield of rice; the average yield per acre in India is
about 800 lbs. but in a State like Travancore having more favour-
able climate, proper irrigalion and manuring facilities, the yield
increases upto 3000 lbs. per acre.

ACQUIRED CHARACTERS

This and such other observation of the effects of environments
on organisms makes man a wistful thinker and he imagines that
all his good qualities and achievements of his life time will be
transmitted to his children; but it is not so; it is a myth.. The
girls born particularly in aristocratic families in China arc given
wooden shoes; for small feet of women in China are considered a
beauty but no woman in China has produced a progeny of girls
with natural small feet, Same has been proved by experiments
on rats; thousands of generations have been bred after cutting off
the tails of each progeny; but never we have obtained rats without
tails in any succeeding generation, It is fortunate, therefore, that
if we cannot transmit good characters acquired in our life time to
our children, we cannot {ransmit bad traits either. We see that by
environmental manipulations, improvements can be brought about
but there is an upper limit to this improvement and there exits a
definite contingency of reversion to the original and natural state
of affairs in the gucceeding generations. What are then the
methods that will give results of permanent nature ? The chief
of these is the genetical improvement of the organism.

SELECTION

Since ancient times, the method of seleetion in the improve.
ment of our crops is well known, By sclecting best plants from
the field and continuing the process year after year, considerable
improvement can be brought about in the yield of the erop.  The
propagating organs like sceds, bulbs, tubers or any other parts of
the plant are sclected from the best specimens for this purpose,
It is possible, in view of our present knowledge of this phenomenon
of selection, to isolate pure lines giving high yiclds by self pollina.
tion and careful selection,
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To say that Beet root contains sugar was an idea ridiculed in
the olden times; but to-day the Beet root has been improved so
much by selection that it is a serious rival of the sugarcane. In
the native forests the Brazilean Para Rubber tree yields only 25 30
Ibs. of rubber; selected clones in Malaya yield 400 Ibs, and under
experimental conditions, it is possible to get as much as 2000 Ibs.
of rubber per acre.

HYBRIDIZATION

Another method for improving the nature of organisms is
Hybridizaticn. Marvelous results have been obtained in India and
elsewhere in the world as a result of careful breeding by crossing
of varieties of different plants; for example the quality of sugar.
cane has been improved in Java and India; not only the sugar
yield but the ability of hybrids to resistance to disease and unfa-
vourab'e conditions has been improved from crossings of the wild
cane known as ‘KANS’ (Saccharum spontanewm). Auother notable
example is the wheat which has been improved in various direc-
tions —higher yield and resistance to rust disease; in fact some
varieties have been produced in Rajasthan and are successfully
grown in the local climate. A cross between wheat and rye
promises good results in combining the many good qualities of
wheat and the resistance to cold of the rye, Similar results have
been obtained in the improvement of Maize, Linseed, Cotton,
Chillies ete. in India.

It will be approypriate here to mention a great name in Science
in this connection. It is that of Gregor Mendel, an Austrian monk
who carried out hybridization experiments on Sweet Pea as a
hobby and was the first to discover the most fundamental law in
genctics, ‘the law of Segregation.” It became possible to arrive at
this and other great generalizations because of his careful and
accurate statistical records of all hisexperiments. These discoveries
of Mendel, far ahead of the times in which he lived (1865), remained
obscure and unappreciated till 1900 when three othcr botanists
Tschermark, Correns and De Vries working independently redis-
covered them in Germany, Austria and Holland.

An American Scientist T. H. Morgan working on the fruit fly
Drosophila made very notable further contributions to the study
of genetics, discovered the greal Laws of Linkage and placed the
modern science of genetics on a solid foundation, His work won
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for him the Nobel Laureate, We cannot forget the debt we owe
to the great Russian plant breeder and geneticist N, I. Vavilov
who sent out great many expeditions to Central Asia for collecting
wild varieties of cultivated plants for his hybridization experi-
ments; as a result of his researches great improvements were
brought about in wheat and potato,

MUTATION

In rature changes are sometimes brought about suddenly
and by chance. Hugo De Vries, the famous Dutch botanist one
day observed in his botanical garden at Utrecht that among his
crop of prim roses and shirly poppies there were some plants look-
ing entirely different from the rest. Not only this but be found
later by continued observation on those new individuals that they
maintained their newness in succeeding generations. This gave
him a new idea of Evolution by means of Mutation rather than
through small continuous variations seen in the organisms. The
latter was thought to be the basic principle in the theory of
Evolution as advanced by Charles Darwin.

It is now known that these sudden and chance variations of
big type known as mutations are really due to constitutional
changes in the nucleus of the cell. If you examine a small bit of
plant or animal tissue under a microscope, you will see a darlk
circular body like the pin-head in the centre of each cell. This
is the nucleus and is the physical basis carrying all the traits of
the organism; in reality the nucleus has a very complicated struc-
ture, made up of numerous rod like bodies (chromosomes) on which
are seated as if still smaller bits of living matter carrying singly or
in groups the characteristic features of the organism such as
tallness or dwarfness; smoothness or wrinkledness; black or blue
colour of the eyves; maleness or femaleness etc.

These living bodies forming the most important parts of the
nucleus are usually very stable things and keep the organism in a
delicately balance state; but sometimes though rarely this balance
is upset in nature and mutations result. It has been seen that
generally these mutants arc harmful and end only in producing
ugly monstrocities; ‘but sometimes Nature does produce useful

mutants which are also known as “bud sports”. A flower like the
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Chrysanthennon has given rise to mary “bud sports” which are
seen as novelties in a garden. Among the economically important
plants is the Washington navel orange. An American tourist
brought a branch of.this seedless variety of orange from South
America where it was first discovered and propogated it by vegeta-
tive means in California, giving rise to the famous Orange Industry
in that country. Similar is the origin of Emperor seedless grapes
which arose as a bud sport from a seeded variety. The wild
cabbage of the coastal regions of Europe and Africa has given rise
to many varieties of Cauliflowers etc. in the manner of “bud sports”.

As remarked already that these “bud sports” or mutants are
sudden and chance products and one had to wait patiently for
these chances to appear in nature, for the simple reason that the
genes (units of the chromosomes carrying singly or in groups
characters of the organism) are very stable substances, However,
H. J. Muller another great figure in the field of science of genetics
and a Nobel Laureate, carried out experiments by exposing these
genes to X-rays, ultraviolet rays, temperature shocks etc, and
found that the rate of mutation in the genes can be altered. This
opened up a new field of research with great future possibilities.
For instance as a result of this study the blue mould (pesnecitizim
notatum), our source of the wonder drug Penecillin, has been made
to produce new mutants capable of giving higher yield of the
medicine. There is no doubt that effects of radiation in the field
of genetics open up new vistas of investigation and research,

CONCLUSION

Reverting back to the question Nature or Nurture, it can be
safely asserted that time care and money spent on an inferior plant
or animal will be better utilised if an organism of a superior
quality is taken in the beginning for it is bound to give better
dividends, The relative role of heredity and environment can be
summed up in the words of Goldscmidt, “Onehearsfrequently that
the organism is the produt of heredity and envoronment, I cannot
agree with it, Environment can affect the organism only within
limits set by its hereditory constitution, Beyond there is no reac-

tion or no organsim. Thus after all it is the heredity that makes
the organism.
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EXPLANATION OF FIGURES
Improved breeds of a cow and a bull,

Oats, N, P, 2 & improved hybrid N. P. 3 respec.
tively.

Maize, Malan White and improved hybrid GA xx 35,
Wheat, common variety and improved N, P, 719.

Linseed, N. P, 12 & improved hybrid N. P, R R. Y
and N, P,, R. R. 439.
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WATER REQUIREMENT OF SOME
CROP PLANTS IN RELATION TO
DROUGHT RESISTANCE

By
M. M. Singh,
Botany Depariment
Maharaja’s College, Jaipur (India)

INTRODUCTION

Ever since the classical researches of Hellriegel® attempts
have been made to find out whether differences occur in the
water requirement of plants, and whether on the basis of such
differences plants can be classified as resistant or non-resistant to
drought. Earlier opinion seems to ba focussed on finding out a
direct relationship between water requirement and drought resis-
tance. Schroder’ stated that drought resistant plants were charac-
terized by low water requirement. However, Briggs and Shants?,?
and Maxzimov and Alexandrov’ demonstrated that drought resistant
plsnts were characterized not necessarily by low but by high
waler requirement, and that between the two no direct propor-
tionalily existed.

In the present siydies water requirement of barley C 251,
wheat Agra local and wheat Pb.591—the extensively cultivated
winter crops, has been investigaled, and correlated with their
drought resistanca. Thigs series of expzriment forms an appendix
to the previous work of 1948-50.

TECHNIQUE
The experiment wag conducted at B. R. College, Agra in
the ‘rabi’ season of 1954 .535. The technique of experimentation
was similar to that of Singh ot 478 Plants were grown in gal-
vanized ircn containers, each of the size 11 x 11", They were
filled with 21 Ibs. of {he soil-mixture prepared from Municipal
compost and the soil obtained from an uncultivated patch of
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ler deficient. In the experiments op the rel

'ative droy
; ley ght
resistance? of the crops barley has been observed to pe more

drought resistant than the wheats. When these two findings
1 appears that the more drought resistant pl

Jlower unc

are

correlated it - ) _ ants spend
water Jiberally when it’s supply is plentiful bug economise jt's

expenditure when the suppl,y  limibed, However, Schroder®
gtated that lower water rcqmrcment was an indication of greater
drought resistance. He arrived at the zonclusion from hig work
on millets and cereals, The crops of these two groups are grown
in two different seasons, and unless they are grown in one scason
their water requirement and drought resistance should not justi-

fiably be compared,

Such a correlation between water requirement and drought
resistance is not evident between the two wheat varieties Viges
Agra Local and Pb.591. In the first place the two wheats have
shown almost the the same degree of drought tolerance?; secondly
Agra Local has higher water requirement than Pb.591 under both
the optimum and deficient water supply asis apparent from the
present investigations.

CONCLUSION

Under normal water supply the more drought resigtant plants
have higher water requirement; under restricted water supply they
are, however, more economical. Soil drought reduces the trans-
piration and water requirement of plants,
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GROWTH AND YIELD OF SORGHUM AS
AFFECTED BY TREATMENT WITH
IAA AND NoXA

By
S. K. Pillaj, F. B. S. and P. K. P. Kurup.
Department of Botany,
Birla College of Science, Pilani.

Introduction

The authors present in this article the results of some studies
on the effect of treating Sorghum plants with agueous solutions of
3-Indolylacetic acid (IAA) and p-Naphthoxyacetic acid (NoXA).
The application of the various auxins has been found to produce
varying results on the dilferent plants and investigations have to
be conducted to determine which auxin suils a crop plant best, at
which conczntration, applied at what all stages during the life
cycle and under differing conditions of growth. Very little work
has been done on the effect of such substances on the production
of grains and siray on the crops grown under the conditions
obtaining in Rajasthan, where both grains and straw are important
in its economy.

Material and Methods

Healthy seeds of Sorghum, variety H.473, were used for these
studies. They were divided into three lots, One lot was soaked
for 24 hours in aqueous solutions of 50 parts per million (ppm)
concentration of TAA and NoXA and then sown in pots and
treated with the auxing during the vegetative period by applying
them to the soil at 5 ¢cs per plant at weekly intervals. These are
referred to as the ‘pre-treatments’. The second lot was soaked in
distilled water for 24 hours, sown in pots and the plants treated
with the acids during the vegetative phase by application to the
goil as above. These are referred to as ‘post-treatments’. The
third set was also soaked in distilled water and the plants grown
a8 ‘control’ without any treatments being given,
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After soaking in distilled water or the auxin sulutions as the
case may be, the seeds were sown in earthernware potsofsize 8" x 8 *
which were filled with garden soil mixed with cowdung in the
proportion of 3:1, because the soil here is lacking in organic
matter, To each pot was added } oz of ammonium sulphate and
superphosphate. Potassic manure was not added because the soil
here is rich in this element and needs no supplementation. The
pots were placed in a glass house. After the first fortnight the
plants were thinned down in each pot to five and two pots with
ten plants were maintained under each treatment. Once a week
fresh applications of the acids at the same concentration of 50 ppm
were made to the soil at 5 ccs per plant as mentioned already, till
the plants flowered. During the growth of the plants manures
were applied once a month at 4 ozs. of cowdung and Z 0z each of
ammonium sulphate and superphosphate per pot so that nutri-
tional factors may not be limiting. The meteorological:conditions
obtaining during the growth period of the plants were:—

Max. Temp, varied from 88.6°F in Oct. 1954 to 71°F in Jan, 1955
and 89°F in March 1955.

Min. Temp. varied from 58.9°F in Oct. 1954 to 41.7°F in Dec.
1954 and 58°F in March 1955,

Rel. Humidity in the morning varied from 619 in Oct. 1954 to
839 in Jan. 1955 and 659 in March 1955.

Rainfall was 0.52” in all these months together.

Height and number of leaves and tillers were noted once a
fortnight till the plants flowered, more than half the population
having flowered being taken as the criterion for the same, After
maturity the weights of grains and straw were taken. The results
were analysed statistically using the analysis of variance method
with 4 degrees of freedom for between and 45 degrees of freedom
for within the treatments.

Observations

(i) Growth in height. The heights attained by the plants
are given in Table I and Fig. I, It can be seen that all
the treatments result in greater height than the control
during the first fortnight (not significant) except the post
treatment with TAA. In the third fortnight, on the
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ments less than in the control, onl

(ii)

(#if)

(ve)

The

other hand, the post treatment with IAA, which did not
produce any promotion of growth during the first two
fortnights, catches up and passes the control, though this
isnot maintained in the last fortnight of vegetative growth,
The greatest height at the end of the fourth fortnight is
attained by the pre-treatment with IAA. Treatments with
NoXA have not produced any significant increase or
decrease in height over control at any stage. So, IAA, as
can be seen, is a better promoter of growth of Sorghun.
The plants at the fruiting stage are shown in Plates 1 to 4.

Vegetative period. The effect of NoXA can be seen to
be to extend the vegetative phase by a fortnight over the
other treatments (Table I and ¥ig. I). IAA does not
change the vegetative period.

Leaves and {tillers. The treatments result in an increase
in leaf production generally. Tillering is not vsual in
Sorghum and the control and the post treatments do not
produce tillers; but presoaking treatments with both
TAA and NoXA have initiated tillers, Between them
NoXA initiates more tiller primordia (Table I). But
they did not grow up to maturity.

Grain and Straw. Only the plants treated with IAA
have produced more grains than the control, the NoXA
treatments producing less, ;though the values are not
significant at 5% level (Table II), Production of straw
is greater in all the treatments than in the control except-
ing the post treatment with IAA. Here also the values

are not significant at 5% level.

proportion of grains to straw is in most of the treat-
y in the post treatment with

IAA it being more, NoXA does not scem to produce any favour-
able response in the production of grains or straw, The analysis
of variance (Table III) for grain and straw shows that the treat-

ments are not significant,

responses in growth and yield than the 1

Between TAA and NoXA the former secms to produce better

atter, though the values

are not significant.



Plates 111 and 1V, Sorghum plants ‘pre” and “post® treated with NoXA,
along with the control.



Table [

Effect of pre and post treatments with TAA and NoXA on

the height, and leaf and t!ller number in sorghum.

‘‘Cont- TAA NoXA S. E, of C.D.at

vatio &
Observakions rol.” 'Pre’ 'Posv’' ‘'Pre’ 'Post  DMeans 5%level

I Fortnight.

¥
Height (ins) 9.24 10.54 S.18 9.46 9.70 0.534 0.927
Leaves (no) 3.40 4.00 1.00 3.60 3.70 0.116 0.322
Tillers (no) —_ = e —_ —
II Fortnight,
*
Height (ins) 19.33 22,43 19.27 15.20 16.32 0.990 2.748
Leaves (no) 6.00 G.10 5.00 6.00 5.50 0.21 0.582
Tiller (no) — — —_ — —
III Fortnight.
* *
Height (ins) 27.2 30.64 31.589 25.65 27.34 1.17 3.848
Leaves (no) 7.6 7.0 8.0 8.2 8.3 0.2328 0.661
Tiller (no) —_ — —_ 0.4 —
IV Fortnight.
Height (ins) 35.01 37.55 34.70 33.98 34.32 0.63 1.749
Leaves (no) 9.0 6.2 7.0 9.2 7.5 0.58 1.610
Tillers (no) - 0.1 — 0.5 —
V Fortnight,
.
Height (ins) .- —_ —_ 42,84 39.48
Leaves (no) — — — 7.0 7.0
Tiller (no) —_— = — — —

" and ** indicate values significant over the control at 5% and 1% level respectively.
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Table II

Effect of pre and post trcatments with JAA and NoXA on
the production of grains and straw.

Average of 10 plants,

. Con- IAA NoXA S.E.of C.D, at
Ghespmaiion trol pre Post Pre Post Means 59, level
Grains (gms) 9.02 9.65 9.03 7.85 6.93 0.454 1.340

Percentage of

grains over ccntrol. 107.0  100.1 87.0 76.8

Straw (gms) 9.41 11.0 9.09 9.86 9.99 0.320 0720

Percentage of

straw over control 116.9 96.6 104.8 106.15

Grain ‘Straw

proportion percent 95.9 ST.7 99.5 79.6 G9.4
Table III.

Analysis of variance on the grain and straw yields.

Source of Degrees of from table at
variance Freedom B8 M5 Observed 59 lovel
Grains
Between 4 130.348 32.587 2.41 2.58
Within 45 606.01 13.47
Straw
Between 4 47.331 11.832

1.968 2.58
Within 45 1047.23 23.271
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Discussion.

(a)

(b)

(c)

Technique. The techniques followed in the field of auxin
application to crops differ from worker to worker.
Stewart and Hamner (1942) and Allard et al (1946) have
given a continuous supply of the hormone to the soil,
Barton (1940;, Deshmukh and Kanitkar (1950), Naik
(1955), Bharadwaj and Rao (1955) and others have given
presoaking of seeds in the hormone solution only.
Mullison and Hummer (1949, gave vapour treatments to
the seeds. Asana and Mani (1951), Misra and Samantrai
(1955) have applied auxins as sprays of aqueous solutions
or as lanolin pastes or have injected them into leaves.
The authors (1956) have given presowing soaking of seeds
followed by the application auxins to the soil during the
vegetative phase in another experiment. Thus the
technigues followed by the different workers differ.
The techniqe followed here is the same as that followed
by the authors (1956) in their previous study, namely
presowing soaking followed by the application of the
auxins to the soil.

Vegetative growth. As has been pointed out, only the
pretreatment with IAA is producing any increased
growth in height, all other treatments being ineffective.
Between the two auxins tried here, IAA and in this, the
pretreatment, seems to be the most advantageous to
Sorghum for growth in height. Pratt (1938) and Bhara.
dwaj and Rao (1955) found that presoaking of wheat
seeds with TAA produced a depressing effect in the
initial stages. Our observations do not show any such
depressing effect. Asana and Mani (1951) did not find
any significant difference in growth by the application
of TAA on wheat. Misra and Samantrai (1955) noted no
significant increase in height of rice plants on treatment
with TAA. Our results show that pretreatment with
IAA followed by soil application promotes growth in
height in Sorghim.

Leaves and Tillers. Qur treatments have resulted in
producing more leaves than the control. In the case of
tillers, the presoaking treatments have resulted in the
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initiation of tillers in Sorghum which does not unsually
tiller, These tillers, unfortunatoly, did not grow up to
maturity. Leopold (1949) noted that injections of NoXA
reduced tillering. Misra and Samantrai (1955) and
Bharadwaj and Rao (1955) found that IAA did not
produce any eignificant increase in the number of tillers
in rice and wheat respectively, But, Sen and Verma
(1955) observed that presoaking broughtaboutan increase
in tiller production in wheat. Our observations arc more
in accord with those of the latter,

Ear emergence. It has been pointed out by Harland
(1953), Kraus (1954) and others that hormones can be
put to a numher of uses like inducing rooting of cuttings
and grafts, inhibition and stimulation of flowering,
preventing or inducing flower and fruit fall etc. Recently
Sen Gupta (1955) in his survey of this aspect of hormonal
activity in plants, has concluded, as has been done by
the other authors also that, excepting in the pine apple,
in no case has it been possible to initiate the repordne.
tive phase earlier. This is an aspect of great importance
in the Rajasthan State, where the growing season is
short and where therefore, early maturity will be of
benefit. Our observations have not given any favourable
results in this direction, Instead, the trcatments with
NoXA have delayed the initiation of the reproductive
phase by a fortnight, The authors (1956) found in a
similar experiment on wheat that NoXA declayed the
reproductive phase in that plant also.

Grain and Straw. These arc both important in the economy
of the Rajasthan State where there is dearth of both
fodder and food grains, The trcatments tried here have
given some encouraging results. DMost of the treatments
have resulted in producing more straw than the control,
the pretreatment with IAA producing the greatest
increase namely 16.9% (not significant). In the case of
grains, on the other hand, most of the treatments havo
not yielded favourable results, the only case where there
is an incrcase over the the control being, again, the
pretrestment with IAA, yielding 7, more than the
control (not significant) (Table 1I).
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The grain/straw proportions indicate that most of the treat-
nents favour greater straw production than grain. McRostie ¢t al
(1938) and Asana and coworkers (1955) have observed an increase
in grain yield with TAA, whereas no significant increase has becn
observed by Misra and Samantrai (1955) and Bharadwaj and Rao
(1955), which trend is followed by our results, Leopold and
Thimann (1949) have found that yield is directly correlated with
increase in straw. In this study such a correlation is not borne

out, The analysis of variance (Table III) indicates that the treat-
ments tried here are not significant,

Finally it is to be mentioned that thesc studies were made
between October and March which is not the growing season of
this crop.

Summary and conclusions,
The results of growing Sorghum under

(i) presoaking seeds in aqueous solutions of 50 ppm of TAA
and NoXA for 24 hours and further applying the auxins
to the soil at weckly intervals during the vegetative
phase of the plants, the ‘pretreatments’,

(#i) presoaking sceds in distilled water for 24 hours and
applying the auxins at weckly intervals to the soil dur-
ing the vegetative phase, the ‘post-treatment’ and

(ii7) presoaking sceds for 24 hours in distilled water only,
the ‘controls’

on growth, maturity and yield are recorded.

There was no pronounced increase in height produced by the
treatments, the only exception being ‘pretreatment’ with TAA.

Leaf production is generally greater and tillers are initiated
by the pretreatmente, which is not common in the normal plant,

Trecatments with NoXA have delayed car emergence by a
fortnight and are not favourable to increased growth.

Both auxins produce more straw, though the increase is not
significant, In the matter of grain production, IAA application

results in slightly favourable results while NoXA has a depressing
effect,



Between IAA and NoXA the former is more suited for
this crop.

The authors wish to express their gratitude to Dr. B. N,
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College of Science, Pilani for his interest and encouragement and
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EFFECT OF PHENYL ACETIC ACID ON

THE GROWTH, MATURITY

AND YIEID OF RAGI
(ELEUCINE CORACANA, Gaerln.)

DBy
S. K. Pillai, C. O. Varghese and A. K. Mukerjee
Dcpartiment of Botany
Birla College, Pilani, (Rajasthan)

INTRODUCTION,

Growth regulating substances are now associated with
various aspecis of growth and development of plants and as
Thimann (1954) says ""hormones act in or on every organ of the
plant arnd at every stage of development from the cradle to the
grave.” Efforts at using them to reduce the vegetative cycle and
to produce increased yield of crops have not met with consistent
results. Bharadwaj and Rao (1955) found ihe auxins to have no
effect on yield of grains and straw, while Asiana et al (1955)
observed them to pro luce greater yield, though this is not con-
sistent. But, as Sen Gupta (1955) says, most of the available
information is of little use. To find out whether some of these
substances have any effect on the vegetative cycle, growth and

yield of ragi, thesa preliminary investications were undertaken.

MATERIAL AND METHODS

Healthy sceds of ragi, variety K. 1, were soaked for 24 hours
in aqueous solutions of Phenyl Acctic Acid (PAA) of the concentra-
tions 0.2, 0.4, 0.6, 0.8, and 1.0 parts per million (ppm) at room tem-
perature, which was between 292C and 32 8°C. Controls were
soaked in tap water for an equal period. After this they were
sown in earthernware pots of size 8”x 8~ filled with soil prepared
by mixing 2 parts of garden soil (which is very much lacking in
organic matter), 1 part cach of river sand and cowdung and sheep

manure, To this were added } oz cach of ammonium sulphate
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and superphosphate (potassic manure was avoided as the soil here
is rich in this clement). After one month's gowth another dozo
of 1 1b. of cowdung was added to each pot so that nutritional
factors may not be limiting. After the first fortnight’s growth
the plants in eack pot were thinned down to 4 and four such
pots were maintained under each treatment. At flowering
stage a top dressing of 1 oz each of ammonium sulphate and
superphosphate was made,

Every fortnight fresh appliction of the acid was made to
the aerial parts of the piants in the form of sprays of the aqueous
solution by using the flit sprayer, approximately 5 c.c.s. being
sprayed on each plant, till the plants flowered, Height and
number of leaves and tillers were noted each fortnight and also
the length of the vegetative period.

At maturity the components of yield and weight of straw
were determined. The number of spikelets and percentage of
grain sct were determined for the main panicle only,

The data were analysed statistically using the analysis of

variance method with 5 degrees of freedom for between and 90 for
within treatments,

The meteorological conditions obtaining during the period of
the experiment were: —

Max. Temp. ranged from 94°F in Aug. to 75.3°F in Dec. 1955;
Min. Temp. from 78.5°F in Aug. to 44.2°T in Dee. 1955; Rel. Hum.
ranged from 849, in Aug. to 75”, in Nov, and 869, in Dec. 1955
in the mornings; and from 679, in Aug, to 369, in Nov. and 459,
in Dec, 1955 in the evenings. Rainfall was 4.74", 2.75", 5 36", nil
and 021" during the months of August to December 1955,

OBSERVATIONS

The treatments have in general a depressing effect in the
first fortnight, which is lessened with increase in the concentra-
tion of the acid. This inhibition is completely overcome in the
subsequent periods, when the treated plants attain significantly
greater heights over the control. The same is more or less the
case with the leaves. (Table I and Tig. I). The plants before
flowering are shown in Plate I.



Table 1

Effect of various concentrations of PAA on the height, number
of leaves and tillers, days of car emergence and dry matter.
Average of 16 plants.

i Con- Treatments S.E.of C.D.at
Qbzarvalions trol 702 0.4 0.6 08 10 Means. 1% level.
I Fortnight,
Height (ins) 1.5 089 1.0 1.01 107 1.15 0086 0,2468
Leaves no) 2 2 2 2 2 2
Tiller (no) — — —_— - — -

II Fortnight.

Height (ins) 9.5 535 560 578 630 7.8 o043 oga74
Leaves (no) 34 45 46 50 52 53 0487 9814
Tiller (no) = = = - —_ -

III Fortnight.
Helght (ins) 144 206 205 91,8 028 235 197 5121
Leaves (no) 9 94 102 11.2 13,4 140 0.85 3.427
Tiller (no) 0.2 02 018 017 0,14 0.11

IV Fortnight.
Height (ins) 218 248 250 286 2.5 208 13  5.242
Leaves (no) 11,5 122 130 148 162 180 08 3.226
Tiller (no) 02 02 018 017 014 011

Ear emergence
(days) 8607 81.0 79.4 79.2 752 73.8 1.827 7.367

Dry matter (gms) 5.49 5.63 593 598 6,15 6.31 018 0.5242

Percentage of dry
matter on control 100.0 102.5 108,0 109.1 112.0 114.9

* indicate values significant over control at 1% level.
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Plate I showing the treated Ragi plants just before flowering.

Plate 11 showing the treated Ragi plants at fruiting stage.
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Tillering and production of lateral branches (on aerial shoots
only) are both inhibited by PAA,

Kar cmergence is hastened by 507 to 12.27 days by the
various treatments. This earliness in maturity has not affected
the amount of dry matter, as this also increasses (Fig. II). The
plants at the fruiting stage are shown in Plate II.

Data on yield and its components are presented in Table II.
and the analysis of variance in Table III. It can be seen from
Tabe II that :—

(1) the number of panicles and the weight of 1,000 grains is
decreasing with increase in concentration of the acid,and

(2) the length of panicles, number of grains and spikelets
and percentage of grain set per main panicle and the
grain weight all show an increase over the control, which
is significant at 1°; level, the 1.0 ppm treatment yield-
ing 42,59 more grains (Fig. III),

From the analysis of variance it is clear that the treatments
are producing results which are significant at 1%, level.

DISCUSSION

Techuique. A different technique is adopted here when com-
pared to those used by the various workers in the field. Stewart
and Hamner (1942) have given a continuous supply of the hormone
solution to the soil and this has been followed by Allard et al (1946).
A number of workers like Barton (1940), Naik (1955), Bharadwaj
and Rao (1935) have given presoaking of seeds in the hormone solu-
tion to study the effect on growth and maturity. McRostie et al
(1938) and Hopkins (1940) have used dusting of seeds with the
hormone with the same object. Mullison and Hummer (1949)
have given vapour treatments to the seeds. Misra and Samantrai
(1955}, Asana and Mani (1951) and others applied auxins as sprays
of aqueous solution or as lanolin paste or injected them into leaves.
Pillai and Kurup (1956) have given both presowlng soaking of
seeds and further application to soil. Thus, the techniques differ
with different workers, But, the field being comparatively virgin
and there being no confirmatory evidence as to which technique
yields Dbest results, a slightly different technique of combining
presoaking seeds in the auxin solution and further application as
sprays to the aerial parts at definite intervals during the vegeta-
tive period have been tried here,
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Table II

Components of yield of ragi plants treated with the various

concentrations of PAA. Average of 16 plants

. Con- Treatments S. X, of C. D. at

ObxervnLions trol ~ .2 0.4 06 08 1.0 Means 1% level
Panicles per

plant (no) 1.8 158 1.4 1.4 1.3%8 1,25 00791 0.3185
Length of pani-

cles (cms) 2¢4 293 308 3,16 3.49 8.55 0,118 0.4758
No. of grains - M .

in main panicle .031,7 990.4 1001.6 1052.3 1325 41360.9 7475 30141
Percentage of

grain set in

main Panicle ¥9.21 8295 82.97 8340 S604 §6.71
Spikelets in main

panicle (no) 1179.4 1221.1 1248.7 1297.8 1562 1 1569.5 71,5 288.3
Grain weight ‘

per plant (gms) 2.4 246 2.52 276 328 3.42 0.180 0.7258
Percentage of
grain weight on

control 100,0 102.5 105.0 115.0 1366 14235
Weight of

1,000 grains 257 2,57 255 252 252 2.49 0015 0.0605

* indicate values significant over control at 17, level

Table III
Analysis of variance on data on grain yield.
S f L)
ource of Degrees o 8.S. M.S. obger from tables
variance Freedom o o’
ved 6% 19
Between 5 15.5264 31052

Within 90 81.835 0.9092
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Vegetalive growilt. The growth in height during the first fort.
night shows the immediate effect of presoaking. Table I showg
that the general effect of this is one of depressing the growth i,
height. But it is seen that increase in concentration is producing
a gradual and consistent increase, though even with the highest
strength of the acid used, the height attained is not so mucp
as in the control. It may be that the application of the acid ig
blocking a process leading to auxin formation as postulated by
Thimann (1954), With increase in concentration of the acid, the
greater amount of the latter may be acting directly in producing
an increase in length, The initial depressing effect seems to be
offset completely by the later treatments, as the height of ¢
plants in the later periods shows a consistent rise with rise iy
concentration, which is continued till the end of vegetative period,
The treatments of the plants with PAA as sprays seem to enable
them to carry on their metabolic synthetic activities at a higher

and faster rate and thus come to the end of their vegetative phase
earlier,

Leaves and lateral branches. Presoaking treatments have not
affected leaf production in the early stages. But subsequent applica-
tion as spray Jduring the vegetative period has resulted in increas.
ing leaf production, this increase being proportional to the concen.
tration. Production of lateral branches is inversely proportional
to the concentration of the acid. Leopold and Thimann (1949
pointed out that the formation of vegetative buds was not promoted
by auxins, while in contrast, Asana et al (1955) have found incre-
ased production, The observations presented here go to support
those of the former authors. Bharadwajand Rao (1955) also found
that presoaking of seeds produced no difference in leaf number in
the early stage while in the later stage the plants have more
leaves. Their studies did not include the production of branches
and so the effect of auxins on this aspect of their plants is not

available,

Tiller produciion is inhibited by all the treatments, The
effect of auxin, as far as this aspect is concerned, is not favourble

(Table I).
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Ear emergence. Observations on the effect of auxins in induc-
ing earliness in flowering in various plants by various workers
differ. Galston (1947) found that TIBA favoured vegetative
development and was antagonistic to reproductive development.
Leopold and Thimann (1949) noted that this is really the effect of
auxin concentrations, the lower ones promoting flowering, Misra
and Samantrai (1955), Chakravarti and Krishna Pillai (1955) have
found evidence which concur with this. But Sen and Joshi (1954)
and Pillai and Kurup (1956) have found that auxin appliction
prolongs the vegetative cycle, In the trcatments reported here
it is found that they reduce the vegetative cycle progressively
with rise in concentration, 1.0 ppm treatment producing the
greatest earliness, The tendency to reproductive development
seems to depend upon the concentration of the auxin in the plant.
Since only subinicro-concentrations have been tried here, the
incrcase in concentration of the acid applied naturally increases
its concentration inside the plant which results in inducing

earliness in flowering,

Dry matter. The treatments result in an increase in dry
matter, the greatest increase of 14.9% being observed in 1.0 ppm
treatment. Beneficial effects have been observed instraw production
by McRostie et al (1938) and Hopkins (1940) by dusting the seeds
with hormones, As the technique followed here is differnt their
results cannot be compared with this. Bharadwaj and Rao (1955)
have reported that presoaking seeds produces an increase in dry
matter at low concentrations of the auxins,

Grain yield. Though the number of panicles is decreasing
with increase in concentration of the auxin (Table IT and Fig. III),
the grain yielq per plant is found to increase DProgressively with
rise in concentration the treatment with the highest concentration
producing 42.5% more grains, Asana ¢t al (i935) have found
promotive effect on spikelet differentiation. The observations
reported here show that increase in yield is directly correlated
with increase in straw as seen by Leopold and Thimann (1949) and
McRostie ef al (1938) and which was not observed by Bhradwaj
and Rao (1955), Though these plants exhibit greater straw weight,
height and yield, their life duration is considerably lesser than
that of the control, This shows that the plants are enabled to

accumulatec more essential constituents by the auxin to result in
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these increases, as mentioned already; in other words their 8ynthetic
metabolie activities are accelerated by the application of the auxin
The analysis of variance shows that the treatments are significant
at 19 level indicating that such treatments can result in definjge
increase in grain yield under similar conditions, because the length
of panicles and the number of spikelots and percentage of grain
geb are increased by the treatments. It is seen that the filling of
graing is lesser in the treated plants than in the control, as shown
by the weight of 1,000 grains, (Table II).

SUMMARY AND CONCLUSIONS

The effect of presoaking seeds of ragi and subsequent applica.
tion as sprays of aqueous solution on the aerial parts of Pheny]
Acetic Acid of concentrations of 0.2, 0.4, 0.6,0.8 and 1.0 ppm on the
growth, ear emergence and yield of grain and straw are recorded,

The various conceatrations of the acid influence the deveIOp-
ment of ragi plants to a considerable extent, The general effect
of all concentrations tried is to promote vegetative and reproductive
development, the higher concentrations being more marked in
their effect.

The favourable influence of the acid towards promoting
growth is manifested by better height, more leaves, greater dry
matter and early flower initiation of the treated plants.

Tillering and production of lateral branches are inhibited.

Reproductive growth is also influenced by the treatments as
is manifested by the higher grain yield, larger panicles and higher
percentage of grain set, But the filling of grains in the treated
plants is less than in the control.

From the result of the present investigation, though it caunot
be said conclusively, the general eficct of Phenyl Acetic Acid used
as spray of aqueous solution can be of bencfit to the agriculturist
in increasing grain and straw yield,
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A LIST OF POWDERY MILDEWS

FROM RAJASTHAN

By
H. C. Arya, M. Sc., Assoc.

1. A. R. I. (New Delhi)
Jaswant College, Jodhpur.

The topography of Rajasthan is dominated by the Aravali
mountain system which divides the state into two parts, western
and eastern. The characteristic feature of the climate is the
great extremes of temperature. The winter is severe, minimum
falling below the freezing point at many stations and the summer
is intensely hot. The western part of the state is the hottest
region, the temperature going as high aus 122°F. (Sri Ganganagar),
Pramanik (1952) has also given in detail the hydrology of Rajas-
than. According to him 90 percent of the total rainfall in
Rajasthan occurs during the monsoon period (June to September).
and only 5 percent takes place during the winter season (December
to February). The atmospheric relative humidity is minimum in
the hot weather months and maximum during the monsoon months
(July to September), Taking the year as a whole, winds from
the south, south west or the west are most frequent. During
winter, the wind is generally light, the direction being from the
north west north and north east,

As regards the vegetation of the area, the flora of the western
zone is of the Egyptian type, although many of these plants are
found throughout India. In the eastern zone, the flora has a
common origin with that of the Gangetic plain,

Diseases caused by the various powdery mildews on crops,
vegetables, ornamentals, fruit trees and vines are very common,
Although no specific study of the ecology of infection of the
mildews has so far been attempted, yet the various climatic factors
mentioned above in brief may have an important bearing on their
occurrence, It will not be out of place to mention that the
incidence of the powdery mildew predominantly takes place.in
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the drier part of the year when the temperature conditions do not
reach the maximum of the annual range but the difference between
the maximum and minimum is the highest.

The incidence of the powdery mildew in Rajasthan bas been
studied by the author since 1951 and following is the list of various
powdery mildews on different hosts collected so far,

I. Erysiphe communis Wall. ex Fr. on leaves ond stems.

i
2
3.

Coccinia indica W, & A. Jodhpur and Bharatpur,
Momcrdica dioica Roxb. (only oidial etage) Jodhpur.

Hibiscus esculenius L. (only oidial stage) Jodhpur and
Bharatpur,

II. Erysiphe graminis tritci El, Marchal. on

1.

Triticum gestivum L, Jodhpur and Bharatpur,

ITII. Erysiphe polygoni Dec. Ex. Merat,

1.

0o N O A~ w

Coriandrum sativum L, (only oidial stage) Jodhpur,
Bharatpur and Mt, Abu,

. Melilolus polycerata L. (only oidial stage) Jodhpur

and Mt. Abu,

. Melilotus parviflora Desf. (only oidisl stage) Bharatpur
. Pisum sativum L, (only oidial stage) Bharatpur.

. Phaseclus radiatus L. (only oidial stage) Bharatpur,

Vigna catjung L. (only oidial stage, Bharatpur.

Cuminum cyminum L. (only oidial stage) Bharatpur,

. Daucus carota L. (only oidial stage) Mt. Abu,

IV. Erysiphe sp.
1. Tephrosia purpurea Pers. (a new host.)

Fungus appears with usual symptoms of powdery
mealy growth on leaves, stems and pods, Ascigerous
stage apparent by the end of March every year.

Cleistothecia are typical with simple unbranched and
long appendages. Each cleistothecium contains four
to six asci,

. Ascospores : Their usual number is four per ascus

which measure 18-24 x 12-15 1. Conidial fructification
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is predominant and forms the entire source of secon.
dary infection. Conidia are hyaline and elliptic in
shape and produced in chains of 4 to 6. They measure
27-33x 12-15 p, '
V. Leveillula taurica (Lev), Arn.

1. Medicago sativa L. (only oidial stage) Jodbpur and

Bharatpur,

2. Capéicum annuien L var. acuminatim ( only oidial
stage ) Jodhpur, Bharatpur and Mt. Abu,

Cyamopsis teiragonoloba Taub (only .oidia] stage )
Jodhpur and Bharatpur.

w
.

4. Impatieus talsamina L. (only oidial stage) Jodhpur
and Bharatpur.

5. Allium sativum L. (only oidial stage) Jodhpur and
Bharatpur, - '

6. Foeniculum vulgare Gaentu, (only  oidial stage )
Jodhpur, Bharatpur and Mt. Abu.
7. Solanum melangena L. (orily oidial stagfi) Ms, Abu,

- 8. Lycopersictum esculentum Miller ( only oidial stage)
Jodhpur, Bharatpur and Mt, Abu,

9. Trigonella foenumgraecum 1. (only oidial stage )
Jodhpur, Bharatpur and Mt, Abu,

10. Phlox drumondii (only oidial stage ) Bharatpur and
M¢t, Abu,

VI, thllactinia subspiralis (Salmon) Blumer. o e
1. Dalber gia sissoo Roxb. Bharatpur and M¢t. Abu, -
-VIL. Phyllactinia sp, |
1. Lagenaria vulgaris Seringe (only oidial stage).
Bharatpur and Mt. Abu.
“VIIL, Sphaerotheca macularis (Wallr ex. Fries) Wri. B. Cooke.
' 1. Rose indica L, (only oidial stage). Mt. Abu,
IX. Oidium sp.
1. Ocimum sanctum 1, Jodhpur,

2. Cucurbita pepo De. Jodhpur,



3. Cosmos bipinnatus Cav. Bharatpur,

4. Cucumis trigonous Roxb, ( a new host ),
Jodbpur and Bharatpur.
Conidia in chains, measure 24-28 x 15-18 p, Mycelial
septation is variable in length; it measures 6-9 p. in
thickness.

5. Cucurbita mixima, Duehesue, (a new host), Bharatpur.
Conidia in chains of 4-6, they measure 24-33 x 15-18 g,
Mycelial thickness 6-9 p, '

[2)]

Sesamum indicum L _(a new host) Bharatpur.
Conidia measur 24.30x 12-18 p, Mycelial thickness
6-9p,

7. Phyllanthus sp. (a new host), Mt, Abu,
Conidia measure 12-18 x 9-12 p.; they are produced in
chains, Mycelium comparatively thinner, measuring
3.5:1,

~ 8. Calliopsis elegans Hort, (a new host), Mt, Abu,
Conidia are produced in short chains of 3 to 7; they
measure 25-30x 15-18 ¢, Mycelial thickness is 6.9 p,

9. Sonchus oleraceous L, (a new host), Mt, Abu, Dense
mealy growth of the fungus on the upper surface of
the leaves, In cases of heavy infections the entire
leaf is covered with the mycelial mat with abundant
conidial fructification; conidia in chains of 6 to 10,
They measure 24-30 x 13-15 x, Mycelial thickness 6-9 x,

10. Luffa acutangula Roxb, (a new host) Bharatpur,
Conidia measure 27-30 x 15-18p, Mycelial thickness6-9x,

11. Luffa acutangula var, amars. C, B, Clark, (a new host),
Bharatpur, Conidia in chains, measare 21-28 x 15-18 p.,
Mycelial thickness 4-6 p,
12. Vitis ving era L, Mb, Abu,
X. Oidiopsis sp, ' '
1. Linaria bipartia Willd, (a new host), Bharatpur,

Conidia measure 42-63 . 12-15 1 _Septation in mycelia
is variable ; the thickness of the mycelium is 4-6 g,



i

2. Brachycome acu::inatum Truff, (a new host), Bharatpur

and Mt Aby, Conidia measure 48-60x15-18 g,
Mycelial thickness is 4-6 ¢,

. Asphodelus tenuifolius Cav, (a new host), Bharatpur

and Mt. Abu, Conidia measure 48-60 x 12-18x, Mycelial
thickness 4-6 p,

. Cleome heptaphylla L. (a new host), Bharatpur,

Conidia measure 60.-90 x 12-15+, Mycelial thickness4-6 4,

. Celosia cristata L, (a new host), Jodhpur and

Bharatpur, Conidia measure 48-60x 12-15 », Mycelial
thickness 4.6 x,

Hibiscus cannabinus (a new host), Bharatpur,
Conidia measure 57-69 x 15-18 #, Mycelial thickness4-6 1,

. Acroclinium roseuss Hook, (a new host), Bharatpur

Conidia measure 45-60 < 12-181:, Mycelial thickness 4.6 1,

. Brassica juncea L, (a new host), Bharatpur, and M,

Abu, Conidia measure 30-39x12-16 x, Mycelial
thickness 6-8 1,

. Convolvulus arvensis L, (a new host), Bharatpur and

10.

11,

12.

13,

14

-

Mt, Abu, Conidia measure 33-45x 12.15 1, Mycelial
thickness 6-8 &,

Fumaria parvifiora L, (a new host), Bharatpur,
Conidia mesure 36-39 x 1215, Mycelial thickness 6-8 g,

Eschollzia ealifornica cham, (a new host), Bharatpur,
Conidia comparatively pointed and measure 51-66 x
15-18 1, Mpyecelial thickness 6.8 1z,

Peucedanum graveolens B, & H, ( a new host ), Bharat-
pur and Mt, Abu, Conidia measure 36-57 x 12-16 -,
Mycelial thickness 6-8 s,

Tropeolun majus L, (a new host), Jodhpur, Bharatpur
and Mt Abu, Conidia comparatively pointed and
measure 42-60 x 12-15 p,

Delphinium ajacis L, (a new host), Jodbpur, Bhlaratpur
and M¢, Abu, Conidia pointed and measure 48.60 x
15-18 1, Myecelial thickness 6-9 ;.
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15. Tagetes erecta L, (a new host), Jodhpur, Bharatpur
and Mt, Abu, Conidia pointed and measure 48-60x 15-
18 1, Mycelial thickness 6-9 &,

16. Chenopodinum ambrosioides L, (a new host), Mt Abu,
Conidia measure 57-68 x 13-18 1, Mycelial thickness
4.6 »,

17. Argemone m'e.n'cmm L, (a new host). Jodhpur and M¢,
Abu, Conidia measure 48-62 x 15-20 #, Mycelial thick-
ness 4.6 j,

18. Pimpinella anisum L, (a new host ) Bharatpur and
Mt. Abu, Conidia measure 33-38 x 11-I5 n, Mycelial
thickness 4.6 .,

19. Maiva parviflora L, (a new host), Bharatpur, Conidia
measure 51-62x 15-17 », Mycelial thickness 4.6 p,

20. Cassia leschuenanltiana De, (& new host), Mt, Abu,
Conidia measure 42-60x 12-18 #, Mycelial thickncss
4.6 p,

21. Verbena venosa Gill and H, (2 new host), Mt, Abu,

Conidia measure 42-60 x 12-18 #, Mjycelial thickness
4.6 n,

22, Vicia hirsuta Koch, (a new host), Mt, Abu, Conidia
measure 36-52 x 12-15 £, Mycelial thickness 4-6 x,

23. Hibiscus esculentus L, (a new host) Mt, Abu, Conidia
measure 51-63 x 13-15 »#, Myoelial thickness 4.6 u,

24, Helianthus annus L, (a new host), Mt, Abu, Conidia
measure 57-66 x 12-18 1, Myoelial thickness 4.6 p,
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AN ECOLOGICAL NOTE ON SEWAGE-.

FARM VEGETATION AT
JODHPUR.

By
B. V. Ratnam.
Jaswant College, Jodhpur. -
&
K. D. Ramdeo,
Govt. College, Dausa.

INTRODUCTION

' The soil complex often shows variations in a given ecological
_area. T_he_change in soil structure and its condilion may be
attributed to different factors such as (i) Topography (i7) Climate
and other physical aspects. Changes in the soil may be brought
about by the vegetation growing there as wsll but such changes are
of more complex nature and are not usually easy to understand
and analyse. The idea that soil conditions are changable gradually
and sometimes drastically is of considerable importance in plant
succession and vegetational changess are often attributed to this
factor in the study of serial stages in succession.

The role of soil in plant succession requires considerable
and, careful analysis extending over considerable time but soil
changes do occur in a given area showing marked changes in
vegelation. A careful analysis of such pieces of  vegetation in
relation to soil give a clue to the role of soil complex on
vegetational differences because the climatic and biotic factors
are fized for any given area.

The soils in relation to vegetation have been studied by
present authors for a number of different areas near about Jodhpur.
These studies have revealed that the soils in different localitiet are
mainly sandy and alkaline, rich in chlorides, poor in water con-
tent and humus. Leaving aside the rccky areas, sandy plains show
uniform features of vegetation and soil ccnditions.
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Situated towards S. E of Jodhpur city near the aerodrome
area is present a low depression (Fig- 1). The Sewage waters from
the cily are directed to flow to this area and a small Agricultural
farm is maintained there. Due 1o the continuous supply of Sewage
water throughout the year, the soils in this area are modified and
show certain characterstic changes from those of the soils in the
sandy plains.

In order to understand the soil conditions in this area in
relation to available natural vegetation, a brief study was planned
during 1953-54. The soils were analysed in respect of several
physical and chemical features during two seasons of the year
and in doing so, goil samples from different quadrats were studied;
side by side plant associations growing in the above quadrats
were noted. The resulls ara presented here in the form of tables,

SOILS AND THEIR CHARACTERS

T'he vegetation of the area was studied by frequency quadrats,
;I‘he 8oils of the quadrats were brought in air tight tins from three
ayers : )

I Surface L v
2, Sub-soil . ... 67 deep,
3. Sub.soil ... 1' deep,

The physical and chemical nature of soils were analysed
according to methods used by Wilde (1946) and Piper (1948) and
the data were tabulated,

EXPLANATION OF SYMBOLS

LS, - Loamy-sandy.
= Single grained.
e Loamy.

d. s dominant.

Co-dominant.

© P NP e o op
Q
e}
Q.

a. — abundant.

c. - Common.

- rare.

* _ very small proportion,
10. ttot _ Normal.

Very high proportion.

-
-

=
|
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Quadrat No. 1

Winter Season.

Rainy Season.

S:No- o DeepGSoi]. ! 0 Deeg Soil. !

PHYSICAL ANALYSIS.
1. Texture. L. S. L. S. Ls S. Lis 8 L. S L; S
2. Structure. S.G. S. G. S. G. S. G. S. G. S. G.
3. Humus. % 8.7959, 4.589% 2.465% 9.236% 4.089% 1.938%
4. Water content 1.3749 7.6859% 8.9319, 1.1449%; 2.446% 4.681%
5. Porosity. 48.68% 42.75% 89.12%  48.79  43.3% 890%
6. Aeration. 82.719, 8185% 27.44% 82.7%  3817% 273%

CHEMICAL ANALYSIS.
1. Carbonate. 1 T ¥ T * 0
2. Chloride. # T T * * t
3. Nitrate. T i b T 1 t
4. Exchangeable bases bl q q q 9
5. Water Sol. Salts. 4457 .210% 840% .6317% 70975 .9397%
6. Potassium. * * * * * *
7. Calcium. T t + T t t
8. Total Cations. 481,21 881.573 179,57 497.85  846.81 163.98
9. pH. Tto 7.5 7.5 7.5t08 Tto7.6 Tto7.5 Tto7.5
Quadrat No. 2

Rainy Season. . B Winter Season.

S.No. oY T e T 0" 8" 1
Deep Soil. Deep Soil.

PHYSICAL ANALYSIS.
1. Texture —_ = — — - —
2. Structure. S.G, ~S.G. S.G. S.G. S. G. S G.
3. Humus %. 9.728% 6.345% 2.626 5.171 5.447 1.973
4. Water Content. 4.519, 7.1049, 9.2119%  1.876 3.255 6.905
5. Porosity. 44159, 89.979, 82.499, 4i.1% 39.719, 32.25%
6. Aeration. 31.05% 26.97%, 920.67% 81.2%  26.7% 20.58%

CHEMICAL ANALYSIS.

1. Carbonate. t i * t t t
2. Chloride. t $ 1 * T *
3. Nitrate. % t i 0 i *
4. Exchangeable Bases: q q q0 il T
5. Water Sol. Salts.  .840%, .775% .617°, .484%,  .8889% 71.596%
6. Potassium. + T T * * T
7. Calcium. * * * * * *
8. Total Cations. 525.57 884.45 158.88  529.6 865.7 171.2
9. pH. 7107.5 Tto7.5 Tt07.5 Tto7.5 Tto7.5 TtoT.5
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Quadrat No. 3

Rainy Season.

Winter Season.
—

S.No. A Deeg‘éoil. L e DeePGSoiL .
PHYSICAL ANALYSIS.
1. Texturs. L L L L L L
2. Structure S.G. S.G. S.G. S. G. S.G. S.G.
3. Hums%. 71219 5.353% 8.129% 7.914% 4.201% 2.337%
4. Water content 1.549, 7.104% 9.2119 .639%  2.495% 4.787%
5. Porosity 47.749, 40.639% 27.72% 47.7%  40.5% 24.5%
6. > Aeration 37.39, 29.33% 12.59,  87.3%  20.2% 12.52%
CHEMICAL ANALYSIS.
1. Carbonate 1 i ¥ T T T
2. Chloride T b b ¥ T *
3. Nitrate * T T 0 1 *
4. Exchangeable Bases{ q a b q 9
5. Water Sol. Salts.  .824%, .685% .218%  .689% .476% .178%
6. Potassium T * ® ¥ * *
7. Calcium ¥ * * ¥ 0 0
8. Total Cations 255.27 335.6 221.35 226.75 349.2 168.45
9.. pH Tto7.0 7.5 8. Tto7.5 7.5 8.
Quadrat No. 4
o _ Rainy S‘e‘ason. o _ Winter Season.
St 0 DeepGSoil. v o Daepsé;il, v
PHYSICAL ANALYSIS.
1. Texture. L L L L L L
2. Structure. $.G. SfG. 8. G SG S.G S.G
3. Humus. 9.798% 6.345%, 2.626% 9.504% 5.9129% 2.1829%
4. Water contepf. 1.98%  4.015% 7.065%  .842% 2,317% 8.859%
5. Porosity. 46.979, 41.589, 81.86%  46.09, 41.39%,  81.4%
6. Aeration. 36.95% S81.78%, 28.26%, 86.79, 81.69%  23.3%
' CHEMICAL ANALYSIS.
1. Carbonate. t * * * 0 ®
2. Chloride. * b b ¥ * b
3. Nitrate. bl bl k| | bl k|
4. Exchangeable Bases il il bl bl T
5. Water Sol. Salts. 1.653% .991%  .810%  1.499,  .381% .217%
6. Potassium. » * * * 0 0
7. Calcium. * - * * 0 0
8. Total Cations. 464.29 773.55 132.12 48496 732.53 213.81
9 pH, 7to7.5 Tto7.5 Tto7.5 7.5

7to7.5 Tto7.5

LA



51

A critical survey of above tables leads to the following general
facts with regard to physical as well as chemical nature of soils,

PHYSICAL NATURE

ThLe soils of the investigated area are Sandy loamy, appro-
aching to loamy condition and single grained in structure yet show
compactness, The humus content is fairly good and reaches upto
99 and is usually larger in surface layers. The water holding
capacity is rich ranging from 2% to 109, There is a general increase
in this value from surface to deeper layers, Porosity and aeration
increase with depth ranging between 309, to 40%, These values
approach those of sandy soils in plains,

During the winter seasen, there is an increase in humus
content and a little decrease in water content, Porosity and
aeration values do not show any change to a marked extent,
Similar is the case with texture and structure of the soil,

CHEMICAL NATURE

Chloride and nitrate contents are the characteristic factors
dominating in this area, While carbonates, potassium and calcium
contents are very poor, the percentage of water soluble salts reaches
upto 1,79 and there is a general decrease towards the deeper
layers, The surface soils possess larger amount of water soluble
salts; similar is the case with total cations of the soil. The pH in
goils in uniform and ranges between 7,51 to S,

As pointed out by Raychaudhary (1952) salts of soils in
desert are brought to surfacs layers during winter due to (;) low
rainfall and (;;) bigh evaporation, The flow of Sewage water also
gupplements the same fact, This ultimately results in an increased
perdentage of water soluble salts and total cations value, Therz is
a decrease in carbonate and potassium contents, The pH value
fairly remains constant,

PLANT ASSOCIATIONS AND THEIR FREQUENCY
RAINY SEASON.

Quadrat No. 1

Name of Species.

Frequency.
1.  Zizyphus rotuniifolia d.
2. Z,jujuba co. d.
3. Prosopis spicigcra ainid c.
4. Eleusine indica - a.
5. Coyperus. sp. wee

[XX) I,



Quadrat No. 2

Name of Species. Frequeney.
1. Digera ervensis a.
2. Chenopodium album ... ... co.d.
3. Amarantus virdis d.
4. A blittis con
5. Mollugo hirta
6. Evragrostis pilosa r.
7. Penniselum cilearis r.
8. Cucurbita pepo Cs
9. C. maxima r.
10,  Oscimivm canum r.

Quadrat No. 3

1. Achyranthes aspera ... co.d.
2. Atlanthus excelsa r.
3. Xanthium strumarium ... d.
4.  Penniseium cilearts G
Quadrat No. 4
1. Dtura alba - d.
2, Chloris virgata — wia c.
3. Solanum xanthocarpns.«- .. co.d.
WINTER SEASON.
Quadrat No. 1
1. Zizytihus rotundifolia ... d.
2. Z. jujuba 5 e ... co.d.
3. Prcsopis spicigera C.

Quadrat No. 2

-

1. Amarantus viridis —_— de
2. A. blittii d.
3. Chcnopodivm album ... eee co. d.
4. Digcra arvensts a,
5. BJlollugo hirta r.
6. Oscimum canuni r.
7. Cucurbita maxima r.
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Cuadrat No. 3

Name of species. Frequency.
1. Xanthiwm strumariue... d.

2. Achyranthes aspera ... co.d.
3. Ailanthus excelsa r.

4, Digera arvenis Cs

Quadrat No. 4

l. Dlura alba d.

2. Chloris virgaia o I.

3, Digera arversis co. d.

4. Solamm xanthocarpum.,.. a.
DISCUSSION

The soils are loamy sandy in texture and single grained in
structure, They are appreciably high in humus content and the
water content also increases in the decper layers of soils, In
respect of the humus content and water content these soils thus
stand in constrast to the soils in the sandy plains,

Chemically the soils show a netural to alkaline, pH value
(7.5 to 8) similar to sandy plains of Jodhpur, The more characte-
ristic feature in this area is the presence of abundant nitrates in
the soil, A survey of quadrat study of vegetation shows a number
of plant species from sandy plains such as Digera arvensis, Mullugo
hirta, Chenopodinm album, Eleusine indica, Eragrostis pilosia, Cyperus
species and Pénnisetium ciliaris grow, But same species
such as Datura alba, solanwm xanthocarpum and Xanthium
strumarium, Achyranthes aspara, Amarantus blitii form dominant
and co-dominant components of the vegetation in the investigated
quadrats, Thisindicates that the above species are characteristic
of such areas which possess high nitrate content of the soil, The
same fact is observed by the present authors and a number of

previous workers, ‘For example Solanum xanthocarpun and Datura
albag have been observed to grow in a number of out of the way

localities near about Jodhpur where there is an accumulation of
nitrogenous waste materials, As pointed out by Barucha and his
students the above speries secm to be Nitrofilous,
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SUMMARY

The present study of Sewage form includes an investigation
into the Floristic composition in relation to soil conditions, The
topography of the area has been described, The study of soils on
the basis of Physical and Chemical nature has been made, The
prevailing vegetation has been analysed by quadrat method, The
exact nature of soil has been finally discuesed,

Pramink, S. K.

Piper, C. S.

Raychaudhari, S. P.

Wilde.
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PROGRESS OF DESERT ECOLOGY

IN INDIA DURING 1950—56

By
Shanti Sarup
Professor of Botany,
Dungar College, Bikaner

( Translation of an article published in the

Botanical Journal of Academy of Sciences U. S. S. R.
Vol. XLI, 1956.)

Considerable interest has lately been shown in the study of
the vegetation of the Indian Desert, Scme of the work done has
been reviewed in a recent paper by Shantisarup and Bhandari 1955,

A list of plants of Jodhpur and its neighbourhood was
prepared after a study of many ycars and published by the author
in 1951, This was revised in 1954 Sankhala (1951) published a
list of plants of N, W, Rajputana, Dass and Shantisarup (1951)
studied the Biological Spectrum of the Flora of the Indian Desert,
A study in the Plant Ecology of the Northeastern Deseit areas of
Pilani and its neighbourhood was made by Mulay and Ratnam
(1950); while Ramchandran 1950 studied the Grasses of that area,
Vegetation of the hilly tracts of the Eastern Rajputana (Lohargal)
was surveyed by Ratnam (1951). Shantisarup 1952 a contibuted a
paper on the Plant Ecology of Jodhpur and its neighbourhood,
The occurance of Ephedra in the Indian Dzsert was reported by
Bhandari (1953).

In recent years eonsiderable interest has been aroused in the
Desert and its reclamation. The Government of India, Ministry of
Food and Agriculture established a DESERT AFFORESTATION
RESEARCH STATION AT JODHPUR, which has done consid-
erable afforestation work in the dcsert and is doing important
research in Silviculture of indigenous species and the introduction
of exotic desert plants,
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The desert Research station has also organised (a) the creation
of Oases of vegetation around various public institutions and
stations (b) creation of a belt approximately 400 miles long and
5 miles wide towards the Western border of the Indian Desert
(c) establishing shelter belts along selected roads and railway
lines, nurseries at many centres and afforestation of blocks of not
less than a thousand acres each in different types of soils,

The National Institute of Sciences, India organised a sympo-
sium on The Rajputana Desert (1952). Shantisarup 1952a in an
extensive paper dealt with the extent and development of the
Desert and the influence of climate, edaphic and biotic factors in
the distribution of vegetations of the area,

Puri (1952) reviewed the position of plant ecology of the
deserts of Rajasthan and Saurashtra, Agarkar (1952) and Biswas
(1952) also contributed papers on the plant Ecology of the
Rajputana Desert. Papers on other sciences are too numerous to
mention here.

Sbantisarup (1952) contributed another paper on the Ecology
of N, W, Rajasthan in the Desert Symposium which was held by
the Research Council of Israel, at Jerusalem,

A series of contributions on the subject followed from the
Botany Department, Jaswant College, Jodhpur. Shantisarup and
Vyas (1953, 54) studied the ecology of some selected areas of
Jodhpur Tehsil, The vegetation in relation to soil was studied by
Shantisarup and Krishan Dutt (1954), Ratnam and Joshi (1952)
studied the ecology and vegetation near about a temporary pond
at Pilani (E, Rajasthan ), Antoecology of desert species like
Tephrosia Purpurea Pers. and Gynandropsis pentapiiyalla D. C, were
studied by Suryapal Singh (1953 and Tandon (1954) under the
guidance of Shantisarup, Bakshi and Kapil (1953, 54) studied
the autecology of Mollugo Nudicawlis Lamk and Mollugo Cerviana
Ser, respectivoly,

Ratnam ang Kapoor (1953) studied the tuberization of roots
of common Indian Desert plants, Ratnam and Dau Lal (1954),
Bhargava (1954) and Prithvi Singh (1934) studicd some aspects of
the Physiology of the Desert Plants,
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Biswas and Rao (1953) contributed a paper on the ecology of
Rajputana Desert, Shantisarup (1954)studied the water economy
of plant life of semi-arid regions of Jodhpur, Hydrophytes of
Jodhpur and Halophytes of Indian Desert were studied by Shanti-
sarup (1954, ¢, 1954, d)) Puri and Shantisarup (1954) studied the
Vegetation Types of the Rajputana Desert, Bakshi (1954) published
a list of plants of Pilani and neighbourhood with some ecological
notes, Nair and Joshi (1954) contributed a paper on the ecological
features of sand dune areas of Pilani. The author i3 studying the
Desert Flora of Rajasthan under a UNESCO aided project,
Dr. F, R, Bharucha is making Phytosociological study of the
vegetation of the Desert with the help of a similar grant from
UNESCO,

The condition of Indian Desert and its problems have been
reported by Dr, Gurr in a recent publication of F. A 0. (1935),
Shantisarup (1954 d) summarised the problem of theimmobolisation
of the Indian Desert at the Symposium on Applied Ecology.

A number of young botanists are being trained under the
guidance of Dr, Puri and the author in Desert Icology and the
problem is being tackled in its multifarious aspects,

A recent UNESCO publication Arid Zone Research VI
contains an intersting article by Prof. F. R. Bharucha on Reviews
of Research in Plant Ecology of Afghanistan India & Pakisthan,
Paris 1955, Prof. Shanti Sarup published a list of Planis of Bikaner
1957 and Plants of Jaisalmer in 1958, B. M. Sharma has been
working on the weeds of the Semi-Desert area. M. C. Joshi has
worked on the Plant Ecology of the sandy areas of the Desert,.
(M. C. Joshi Plant Ecology of Bikaner of its adjacent arcas etec,
Jour Ind. Bot. Socity Vol. XXXV, No. 4 1956 P 495-511,)
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HYDROPHYTES OF JODHPUR

By
Shanti Sarup, M. A., M. Sc

Frofessor,

Dungar College, Bikaner,

Jodbpur is situated on the fringe of the great Indian desert.
The desert extends from the Aravallies (24° N) to Sind (32° N).
It is continued into the Rann of Kutch (70° E) and approaches
the fertile lands (76° E) lying a 150 miles away at th: foot of the
Himalayas, It isan extensive lowland. Rock is exposed at two
widely separated areas in the West of Barmer and the North East
of Pokaran, There are smaller plateaus such as the Kailana-
Jodhpur, Mandore plateaus extending to the North of the city of
Jodhpur for many miles and the plateau of Jaisalmer, Most of
the country is sterile and sandy, In the Western and the Northern
parts of the desert the rainfall does not exceed 3" to 4" and the
eoil is pcor, Rainfall gradually increases towards the south and
south east. In the central region the average is about 13",
In the south eastern parts of the Rajasthan near the foot of the
Aravallies the annual rainfall generally exceeds 25". Ninety
percent of the rainfall in the area occurs during the Monsoon
season that is from June to September, The rain water is
conserved in artificial tanks in the rocky valleys and in the plains
also, In the vicinity of the city of Jodhpur there are six such
water reservoirs, A general feature of the lowland is the formation
of depressions, During the rainy season water drains to these
basins, the larger ones forming pools at a few places, The catch.
ment area of these is increased and bunds of various dimensions
may be ereccted. Most of the villages are situated near such
places where there is a big depression and the water is drained
into the area from the neighbouring upland for many miles.
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Much interest has been aroused in the ecological studies of
the vegetation of the desert areas, These are being planned as
purely academic research and as an aid to immobilisation of the
sand, Studies on the Hydrophytes of Jodhpur would also be of
considerable interest from many points of view.

Considerable work has been done in the western countries on
the Systematics and distribution of the water ‘plants, One of the
earliest and monumental works which stimulated studies on water
plants was that of Arber (1920). TFassett (1940) and Muenscher’s
(1944) work on the systematics of the water plants of United

« States of America are other important contributions to the subject,
The work of Skene (1924) is valuable for the discussions on
insectivoroys plants, pollination, seed dispersal and seed germination
in aquatic plants,

The vegetation of the tropics and subtropical lakes has yet
to be studied. Studies of the Hydrophytes of India have not
received much attention. Mukerjee’s (1926) work on the vegeta-
tion of the Dal lake region of Kashmir dealt with the factors
operating and their effect on the growth and development of plant
associations in the region as well a detailed study of the principal
plant communities and the cconomic products of the Dal lake,
Pioneer work in plant Ecology of water plants was thus started by
Late Dr, S, K. Mukerjee but his sad demise in the prime of life
cut short a promise of school of plant ecologists, A work of more
comprehensive nature is that of Biswas and Calder (1937) on the
Water and Marsh Plants of India. The book had gone out of print
and has now been revised and is under print, Some contributions
on the different aspects of the fresh water hydrophytes of different
Places (Gunjikar 1947, Lakshmanan 1950, Misra 1946, Mirashi
1954) in India have appeared from time to time, Aquatic and
Marsh specics have been montioned by Hooker 1880) Cooke (1903)
Haines (1925) ang others, Navalker (1940, 1941) and Bharucha
(1940, 1941, 1949, 1948, 1949 and 1930 have published a series of
Papers on studies in g} Ecology of Mangroves, Earlicr Blatter
(1905) had discugsed the mangroves of Bombay Presidency and
their Biology, Similar studies might well be conducted for other
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parts of India, Of the few works on the flora of the Desert, only
Blatter and Halberg ( 1918 ) mention aquatic formations, They
visited the area in October and November 1917 and noted a
number of species in the different tanks as follows:—

Jodhpur, Kailana. Chara Sp. Potamegeton crisprs & Najas

australis.
Balsamand. Trapa bispinosa-
Phalodi. Vnlisueria spiralis.
Bap. Potamogetcnn  pectinatus, Najas graminee

Najas Welwitschii & Chara sp.

Jaisalmer. Gharisar lake \ Not of much interest
Bada Bag

.'r- Botanically.
Amarsagar  J
Seu & Badka. Nymphaea lotus & Limnanihemum parvi-
floruns, Chara sp.

They conclude that the submerged flora is rather poor and
very local, The occurrance of Najas australis and N. Welwitchii
within this region is very interesting, both plants being new
for India,

A survey of the hydrophtes of the water reservoirs of
Jodhpur and its neigbourhood has been made during the last few
years. Most of these reseivoirs supply drinking water to the town
and ordinarily do not dry out, The Umaid Sagar at Chopasani has
a sandy bottom and water dries up soon and some parts of the lake
are used for cultivation of winter crops, At other places semi
aquatic plants such as Lippia nodiflora, Ammannia baccifera and
A, multiflora, Bergia ammannioidss, Alternanthera sessilis and a
few Cyperaceso are found, Trapz bispinosa is cultivated at the
shallow end.

Climatic data for Jodhpur are given in Table 1.



64

Table No. 1.

Climatic data for Jodhpur,

(Average for some years)

Temperature in (C | Rainfall. (o, Humi-

Max. I Min. ' Mean. in inches nity.
January 76.1 49.6 €285 015 | 45
February 80.0 53.0 , 665 - 0.24 | 42
March 91.7 62.0 77.0 0.11 | 33
April 100.7 726 86.65 0.13 | 29
May 106.7 80.2 93.45 141 | 42
June 104.6 82.7 93.65 142 | 37
July 97.7 | 805  89.1 397 | 70
August 933 | 780 | 8565 448 | 76
September 449 } 755 | 852 2.40 | 69
October 96.9 675 | 82.2 0.32 | 43
November 83.7 88.5 ‘ 74.1 0.11 | 38
December 97.7 52.7 62.2 011 | 44

Annual 92.6 68.8 . 80.7 1421 | 47.41

‘Ecological studies on the hydrophytes of Jodhpur and its
neighbourhood are in progress, The relation of environmental
factors to aquatic plants are quite interesting, Welch (1935) has
discussed the nature of fresh water environments, the influence of
physical and chemical conditions on the biota, and the role of
vascular aquatic plants. Methods of determing the environmental
conditions of fresh water habitats are described by Welch (194Y),
Shirley (1945)studied the penetration of light into water and means
of its measurement, The methods of seed germination, environ-
mental requirments for breaking dormancy, and the relation of
progression, and secession of water levels to germination of seeds,
sprouting, survival and growth forms of wetland and acquatic
plants are some of the many aspects of the problem.

At present a list of the water plants found here is given below
as a result of the preliminary survey of the area, Water plants
are here considered as plants that “grow in water, in soil covered
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with water or in soil that is usually saturated”, Weaver and
Clements 1938, According to this definition hydrophytes would
include both wetland and aquatic species, An account of their
ecology, phenology and physiological anatomy would be given
later on, These plants occur in the artificial lakes, reservoirs and
pools and channels formed on account of the 12akage of water from
some of the tanks.

The following Aquatic associations are common:—

1. Eicchornia—Pctamogeton associaticn

Eichornia crassipes Solms Dominant
Pot.imogeton crispus Linn Cc-dominent
Lemiaa minor Linn Common

- Algae-species of Spirogyra, Ozdogonium etc.  Abundant

2. Hydrilla-Valisneria association

Hydrilla verticillata Casp Dominant
Valisueria spirallis Linn Co-dominant
Ceratophyllim demersum Linn Abundant’

3. Ceratophyllum Valisaeria association
Ceratophyllum demersum Linn Dominant
Valisiceria spirallis Linn Abundant .

Valisneria appears later. Pure association of these and ofher
plants are also common,

Water Plants Found at Jodhpur |

I. NYMPHAEACEAE 1. Nymphaea stellata Willd.

2, Nymphaea lotus Linn.

3. Nelumbium speciosiem Willd.
1

I11. CAPPARIDACEAE . Cleome Chelidonii 1.inn.

1II. ROSACEAE 5. Potentilla desertorum, Bunge, -
IV. LEGUMINOQSAE 6. Sesbania aegyptiaca Pers.
(Papilionaceae)
V. ELATINACEAE - 7. Bergia anmmannioides Rokb. -
- 8. Bergia odorala Elgew.
VI. LYTHRACEAE 9. Ammannia baccifera Linn.
10. Ammannia pzntanira Roxb
11. Amunannia multiflora. Roxb,.
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VII

- VIIL

. ONAGRACEAE

UMBELLIFERAE

IX. COMPOSITAE

X.

XI.

X1I

GENTIANACEAE

CONVOLVULACEAE

. LENTIBULARACEAE

XI1II. ACANTHACEAE

XIV. VERBENACEAE

XV

. SCROPHULARI-
ACEAE

XVI. AMARANTACEAE

XVII. POLYGONACEAE

XVIII

XIX

XX

. Traga bispinosa Roxb.
. Jussisea suffriticosa Linn.

. Centella asiatica Urb.

. Xanthium strumarium Linn.
. Eciipta erecta Linn=(Eclipta

alha Hassak.)

7. Caesulia axil!aris Roxb.

. Canscora diffusa Br,

Limnanthemwm nymphaeoides
Linn.

. Limnanthemunms  parvifolium
Qrish.

. Limnanthenum cristatum
Griseb.

2. Ipomoea aquatica Forsk.
. Evolvulus alsinoides Linn.

. Utricularia stellaris Linn.

. Hygrophila suffroticosa

. Asteracantha longifolia Nees.
. Lippia nediflora Rich.

. Torenia bicolor, Dalz.

. Alternanthera sessillis Br.

=(Alternanthera triandra)Lam.

. Po'ygonnr glabrin Willd.
. Polygonum plebejum R. Br. var

indica Hook.

32. Polyonuns amphibium Linn.,
. CERATOPHYLLA- 33. Ceralopiyllum demersum Linn,
CEAE
Monocotyledoneae

. HYDROCHARI-
TACEAE

. COMMELINACEAE

XXI. PONTEDERIACEAE
XXII. TYPHACEAE

34. Hydrilla veriicillata Prosl.

35.

36

Valisneria spiralis Linn.

- Commeling nodiflora Solms.

37. Eiclichicrnia crassipes Solms.

38. Typha angustifolia Kurz.
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XXIll. LEMNACEAE 39. Lemna mincr Linn.
40. Wolffia arrhiza, Wimm.
XXIV. POTAMOGETON- 41. Potamogeton crispus Linn.

ACEAE 42, Potamogeton péctinatus Linn.
+3. Potamogeton natans Linn.

XXV. NAIADACEAE 4+, Najas minor Ellion.
45. Najas graminea Del.
46. Najas australis Bory.
47. Najas Welwitschii Rendle,
XXVI. CYPERACEAE 48. Cyperus pygmaeus, Retz.
49. Cyp:rus arisfatus Rottb.
50. Cyperus iria Linn.
51. Cyperus bulbosus Vahl.
52. Fimbristylis tenera Roem.
53. Scirpus quinguefarius Ham.
54. Scirpus Hallii Gray.
XXVII. GRAMINEAE 55. Sporobolus glaucifolius Hochst.
56. Eragro.tis pilosa Beauv,

Pteridophytes ‘
XXVIi{l. MARSILEACEAE 57. Marsilea quadrifolia.
58. Marsilea aegyptidca.
Algae
XXXIV. CHARACEAE 1. Chara seylanica.

2. Chara fragilis.
3. Cham braunii.
4. Nitella batrachosperma.

The Origin of the Water Flora of the Desert Area.

The land flora of the desert comprises a number of species
which are found in the various parts of India, in spite of its being
Egyptian in origin e, g. Gynandropsis pentaphylia. Abutilon indicum,

Tribulus terrestris, Tephrosia procumbens, Trichodesma indicum.
Lippia nodiflora, Aerua javanica and Achyranthes aspera.

Some other plants which are -of tropical African origin, are
found in the semi .arid regions and are also widely diffused all over
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India, such as species of Ipomiea and other Convolvulaceae and-
species of Corchiorus and Triumfetta. Some plants generally of
the Xerophytic type extend along Arabian and Russian coasts to
Sind ‘and then to the Punjab, Rajasthan and the drier parts of
the Gangetic plain, such as Capparis aphylia, Coccuius laeba, Alhagi
manrorum, Acacia arabica. Prosopis specigera. species of Zizyphus
and Calotropis, Citrullus colocynthis. Heliotropiwm wndulatin,
Salvia aegyptiaca, Lycium enropaeum and several Chenopodinaceae,

It may be believed, therefore, that the flora and possibly the
fauna of the desert area might have come from Sind, Baluchistan,
Arabia, Persia, Egzypt ete,

The flora of the Aravalli Z;)ne and the plains may have a
common origin with the flora of the gangetic plain,

The water plants of the region also are generally common in
the other neighbouring parts of the country and might have been
Introduced from the neighbouring regions. A few species noted
earlier as having not been reported from other places in India
might have been introduced from abroad by foreign visitors or
vists of princes and other persons to foreign lands or by other
collectors, Some of these tanks were repository of fish kept by :
Princes and plants were introduced in these tanks as an aid to fish
culture, The water plants supply shade, shelter, cover food and
support for insects, .
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THE HALOPHYTES OF THE
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Alkaline soils are characteristic of regions where ‘desert’
conditions prevail, The principal alkaline lakes of India are in
(Sind and) Rajputana, Sambhar lake 26° 55 : 75° II' now
situated in the Jaipur Division of Rajasthan is source of large
quantities of salt and is a potential source of sodium sulphate and
sodium carbonate, It has an area of 90 sq. miles when full during’
the monsoon, '

There are other smaller lakes : at Didwana, 27° 23’ : 74° 35
which covers an area of about 4 sq. miles and the salt basin of
Pachbhadra 25°50' : 70° 10’ in about 12 sq, miles, The Pachbhadra
salt basin consists of a long oval depression about 7 to 8 miles long
and 3 to 7 miles broad, It appears that at some remote period,
it must have been the bed of a river, It is about 60 miles South
West of Jodhpur and a few miles North of the right bank of the
river Luni. It situated in a scantily cultivated country,

Lunkaransar is a small lake situated at a distance of 1=51
miles N, E, of Bikaner city on the Bikaner Bhatinda Railway line,
The lake in elliptical in shape, Common salt is manufactured in’
open salt pans by concentration,

Besides these regular lakes there are other areas, also where
saline water of various specific gravity is available, Some of these
are Phalodi, Kanod, Bap, Pokaran, Deoria, Sachor, Rewana,
Chanod ete,

The waters of the Luni River arising from the west of the
Aravalli range are saline. It covers a big tract which is specially
rich in salt from Pachbhadra downwards to the south into the
Rann of Cuteh,



The Rann of Cutch. According to Wadia (1919) the Rann of
Cutch is a flat unbroken surface of salt silt baked by the sun and
blistered by saline incrustations, It is varied only by the mirage
of great tracts of dazzlling white salt or extensive but shallow
flashes of concentrated-brine. It is just possible that the river
Luni has helped to raise the Rann of Cutch by salt it has carried
during thousands of years,

The salinity of Rajasthan desert is wide-spread and extensive,
The soil, surface and under ground waters in many parts of the
region are more or less impregnated with saline substanee, The
well-water in many parts of the desert are brackish.

CAUSES OF SALINITY

" The origin of salinity has not yet been fully understood,
The “salt is ‘supposed by some to have been formed from the
felspathic rocks of the surrounding hill ranges by decomposition
and weathéring duc’ {o @tmospheric factors, Sarin (152), This is
washed down into the areas of depression by the rain and con-
centrated there, Theee form the saline lakes of the area due,
therefore, -to -leaching action as mentioned above, Holland and
Christie -(1909) -proposed a wind borne theory of the origin of salt
in Rajasthan Desert, Each year large quantities of fine salt are
brought by the-action of wind from the saline concentration of the
Rann of Cutch and deposited in the interior of Rajasthan and
leached into the depresions and lakes by south west monsoon winds.
The salt formed at different places varies in its chemical comosi.
tions from place to place and in all cases it is different from that
obtained fram the Sea, Therefore wind borne theory has come
under asevere criticism by Godbole (1952),

Auden (1952) raises some difficulties in supposing that the
present salt lakes have any connection with the Mesozoic and
Eocene Sea and considers that the Wind borne theory inspite of
defects probably does account for much of the regional salinity in
the ground water, as well, as lakes in western Rajasthan, Prof,
N, N, Godbole’s recent work on salt resources of Rajasthan shows
that saline material is largely-due to regional leaching and concentra-
tion in LAND BASINS. Various arguments have been given for
and againist these theories. There is need for a scientific investiga-
tion into the origin of salinity, It is an urgent problem connected
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with the formation, expansion and naturally arrest of the desert,
Salinity is also a natural source of great economic importance, The
problem is of national interest and should be investigated at an
early date,

OTHER CAUSES OF THE ARIDITY OF THE REGION

The prevalance of the desert conditions of the area are also
due to other reasons, The climate is of the north tropical desert
with extremes of hot and cold wea.her, The mean daily temp-
emtﬁre exceeds 92° I from May to July with the Maximum in May,
Afternoon readings reach upto 120° I' and coincide with the season
of drought, Higher temperature have been recorded. There ere
among the highest in the world. The mean minimum temperature
is generally below 30° F; lower temperatures have been recorded,
The soil temperatures which greatly influence the physiology of
the plant life are higher in summer and lower in winter than the
average air temperatures,

The rainfall is scanty  precarious and sporadic, In half of
the area particularly the west and north west part of the desert,
the rainfall is not more than a few inches and is very irregular.
There is gradual improvement towards the south and south east,
Humidity is low, The atea is isolated from the neighbouring areas
by crustal barriers, The subsoil water supply of the region is,
therefore, very poor. Strong and hot winds blow during summer.
These and other factors are very trying for the plants,

Salinity of the soil leads further to a physiological drought.
There is water in the soil near the lakes and the Luni river bed
but it is not available to the plants on account of the concentration
of the dissolved salts, This is distinct from the physical drought
when the soil is actually dry,

NATURE OF SALINITY

According to Sarin (1952) the salinity of the soil of different
places varies in its nature and chemical composition, The salts
generally found are Sodium chloride, Sydium carbonate, Sodium
bicarbonate and Calcium sulphate, Only at Pachbhadra Magnesium
sulphate is found, whereas magnesium salts are importaut constitu-
ents of Sea brine, The pareentage of Solium chloride to the rest
of the salts is generally higher than found in the sea brine as
shown in the table below: —



Table 1.
Composition of brine of different localities (precent)
Dry Basis -
Sambhar Didwansa Pachbhadra} Sea,
E;Tmn Carbonate 0.345
Calcium Sulphate 3.970 3.600
Sodium chloride 87.300 77.130 85.660 77.758
Sodium sulphate 8.650 ; 20.650
Sodium carbonate 3.870 0.500
Sodium bicarbonate 1.560
Magnesium sulphate 9.440 4.377
Potassium chloride 0.129 2.465
Magnesium chloride ; 1.930 10.878
Magnesium bromide 0.051 0.217
Total W 1€0.000 100.000 | 100.000 | 100.000

pH OF THE SOILS
The pH value of the soils shows that majority of the soils are

slightly alkaline and the lowest pH of the soils studied has been
found to be near 7.5. The pH of the soil in the Luni river area
during the rainy season varies from 8 to 8.5 though it reaches 9.0
at lower depths. The soil is more alkalinve during the winter
season when pH reaches 9.0 to 9.5 as the salts are brought to the
surface layers due to evaporation, During the rains there is less
salt due to the leachinyg effect of the water so some plants come up
on the fringes of the saline areas where the salt content is the
lowest. In the Sambhar lake and in the central areas of the other
lake the concentration of the dissolved salts is high and no
angiospermic flora has been observed due to the physiological
drought. Plant growth is adversely affected on saline soils as a
consequence of the increase in osmotic pressure and the accompa-
ying decrease in the physiological availability of water which
results from an accumulation of neutral salts in the salt solution.
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Growth is also restricted through the accumulation of toxic
quantities of varions-ions within the plant. Low productivity on
these soils is believed to result primarily from unfavourable
physical conditions induced by their high content of exchangeable
Sodium. Reviews of plant growth on saline and alkali soils have
been published by Mgisted (1945) and Hayward and Wadleigh
(1949). Blatter and Hallberg (1918-20) have mentioned a few
halophytic species of the Desert area; Chenopodium album Linn,
Atriplex crassifolia Mey, Suaeda fruticosa TForsk, Haloxylon

recurvunms Bunge, H. salicor.aicum Bunge,” H. multiflorum Bunge,
Salsola foétida Del., species of Portulaca. T

Recently Biswad and Rao (1953) have listed halophyotic
gpecies of the Rajputana Desert.

Blatter, McCann and Sabnis (1929) have mentioned the
following plants from the soils impregnated with salt, from the
Indus Delta : Suaeda fruticosa, S. nudiflora, S. monoica, Aeluropus
villusus. Agharkar (1952) has noted that Chenopodiaceac in general,
Anabasis Atripiex, Salsols and other plants are found in salt localities.

Shanti Sarup and L. N. Vyas (1953) studied the salt plants
occuring in Jodhpur Tehsil, Shanti Sarup and Kishan Dutt (1954)
studied the halophytes of Luni river bed in relation to soil structure

and composition and a detailed analysis of the saline soil plant
communities has been recorded.

Tamarix dioica Roxb and T. gallica var articulalia Wall are
the only species which grow on thesa banks of saline depressions
of Sambhar lake and Luni River bed. These present a dull,
bluish appearance. At the blossoming season the scaly, thin
branches are crowded with numerous pinkish flowers.
of the plants may be covered with saline efflorescence. Taiiqrix
also grows in association with Calotropis, Zizyphus, Acacia arabica,
Aerua, Salvadora, and other plants, In the saline tracts a little
away from the bank Suaeda fruticosa Forsk., species of Cyperus,
Pluchea lanceolata, Trianthema monogyra and speciesieharacteristic
of the sandy plains such as Aciua tomentosa, Leptadenia spartium,
Boerhavia diffusa, Farestia jacquemontia, Cleone Papillo:a are found.
Annual species predominate. In the plains some areas are char-

acterised by halophytic species such as Swaeda fruticusa Forsk,,

The twigs
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I-I:z_loxylon recurvin Bunge, H. salicornicum Bunge, H- multiflorum
" Bunge, Salsola foetida Del., Atriplex crassifolia Mey, and species of
Portulaca and Chenopoldiunt. '

No zonation has been noted at any of the localities.

The dry saline situations are devoid of vegetation except
that during the rains or after a shower of rain a few plants of the
gpecies mentioned above come up here and there.

These plants show special adaptations such as fleshy leaves
“and branches, thick epidermis, salt secreting glands fleshy guarded
stomata, waber bearing tissues etc.
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INTRODUCZTION

The Jedhpur Tehsil is almost the central area of the Jodhpur
Division situated betwaen latitlude 26° to 27°N and Longitude
72.5° to 73,5°E with an area of nearly 2870 sq. miles. Th= Tehsil
is surrounded towards the north-western and western rzgions by
Phalodi, Sergarh and Pachpadra Tehsils. Towards the east and
north-east Marts, Bilara and Nagnur form the bounding Tehsils.

Among the boundary areas Phalodi and Shergarh situated
towards North and North-wes! are characterized by vast areas with
sand dunes. Towards fhe Scuth East and East the Bilara and
Pali Tehsils are traversed by several tributeries of the river Luni
and are comparatively fertile.

Within the Jodhpur Tehsil itself the topography of the area
is considerably varied. Most of the area consists of sandy plains
while in the neighbourhood of Jodhpur and towards North-east
region there are saveral discontinuous mountaineous chains
This tectonic group of mountaineous chains are the upshoots of
the Arawali ranges and do not reach a height of more than 1200’



Towards the north are situated several undulaling plains
with sand dunes of different sizes and they merge with the sand
dune of Sergarh Phalodi areas. These plains of Jodhpur Tehsil
are situa'ed at the height of 700 to 800 {t. above the sea level but
this is subjected to variations at different places within the region
due to the uneven topography brought about by the sand dune in
the surrounding areas and the mountains. The torrential flow of
rain water cuis the soil in the plains and cther areas, within the
region and czuses considerable distortion in the even surface of
the area; as a result of this there are several ditches and ponds of

temporary nature.

There are no natural tanks in the area. In neighbourhood
of Jodhpur there are several water reservioirs or burds situated
within the hills, where the rain water collects. These forms the
main source of watar supply for irrigation and other purpcses.

The Luni river bed is situated within a very short area of the
Jodhpur Tehsil consisting of low plains with several elevations
and depressions due to the'sind and s2il deposited by the running
water but the depth of water in the river is considerably low
during the major part of the yesr. The waler is a little saline.

For studying the vegetation in different habitats the following
areas of the Jodhpur Tehsil have been selected. '

I. MOUNTAINEOUS AREAS.

1. Takhat Sagar Arca:

This area is situated towards the west and this is a typical
rocky area with a huge water reservior surrounded on all sides by
hills, The whole area is characterized by two characteristic
associations that of Prosopis and Eupliorbia. There i3 however an
abundance of species in the Tast and West. Coldenia Procumbens
was found to grow abundantly only near the water fringe of the

water reservior.

Nagadari :

This area is situated towards the north and is a raised moun-
taineous area near Mandore. At the top of the mountain is a water
resepvior from which water overflows in the form of a small strean,
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Here water flows almost throughout the year and the vegetation
here represents the influence of a microclimate in the areas which
is generally arid or semiarid and along this stream grow character-
istic hydrophytic or semi hydrophytic plant species which include
Hygrophylla, Cyperus, Ammaniabacifera, Sesbania etc. The most
dominate component of the vegetation in this region is Cryptostegia
grandiflora.

Massuria :

This area situated towards the west, is one of the localitics
at which rocks are quarricd and broken into convenient sizes for
construction purposes; as such this area is subjected to influence
of man and his rock boring implements. The effect of grazing
animals also is comparatively much in this area. At the base of
,Massuria hills are situated sandy plains.

II. MIXED MOUNTAIN AND PLAIN AREAS.

1. Balsamad :

This area is situated towards north of Jodhpur and there is
a huge reservior surrounded by hills on all sides.

2. Sursagar:

This area is situated towards the Nor h-West direction. The
rocky plateau in this area dows not support practically any veget-
ation due to biotic disturbances as in Massuria arca, The surround-

ing sandy plains are characterized by a few shurbs the frequency
of which is very rare.

3. Akheraj ji's Tank :

It is situated towards the west and illustrates the mixed
nature of rock and plain vegetation to a markable extent, The
road leading to the area supports on each side associations of
Leptadenia and Aerva, Tecomella and Gymuosporia. A few yards
ahead comes up the mixed association of Gymunosporia, Euphorbia,
Acacia and Ephedra. Turther ahead the sandy plains disappear

and the area is characterized by species Lupliorbia Grewia and
Acacias.
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4. Charndpole Gate area : _

It is situated on the North. In the north oi this area are
‘several small water reserviours. The Southern region joins with
the Akhey Raj Ji's Tunk area, already described. On the eastern
side stands the old fort while towards the west are rocky areas
which are cut out from ordinary plain areas. Poor vegetation to-
wards the east and west is due to the Biotic disturbances,

III PLAIN AREAS.

1. Bakhat Sagar--

It is situated towards the West just out side the Jodhpur city.
This was formerly a depressed area where rain water collected. It
is bounded by raised hillock of sandy loam towards the south and
east. The depressed area is now completely covered by the
municipal debris and a small low land stream of waste water
drains of this city runs through the centre of the area.

2. Sewage Farm area—

Situated towards south. This area is fed with waste water

rich in nitrogenous waste materials.

IV. SAND DUNE AREA.

Massuria and Aerodrome Sand dunes.

These areas are characterized by sandy soils with sand dunes
of different heights, The aerodrome area is situated towards the
south of city while Massuria is towards west on way to
Takhatsagar.

V. SALINE AREA.
Luni river be! area—

Luni is the most important river of Rajputana and it is 25 miles
away in the South-west of Jodhpur. The depth of the water in
this river is low during the major part of the yoar. Salinity of
water is not much. The river dries up and the sandy river bed

remains exposed for the most part cf the year.
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1I. Climate—

The climate in the investigated region is typical of the cther
semi arid regions of Rajputana. It is characterized by low annual
rainfall, the annual rainfall is usually below 157. Dost of the
rains occur during July to September. Another characteristic
feature of the climate of this area is the grext extremes of tem-
perature. There is considerable difference between the winter
and summer temperatures. The low precipitation and the high
temperature result in a dry climate which is characterized by a
low relative humidity. The relative humidity during the cold
season is 50-609%, in the morning while in the afternoon hours it
reaches to a value between 25 to 35°,. In hot months it reaches
to a value between 10 to 60";. The relative humidity markedly
increases during the monsoon seasons. Thus the low values of
relative humidity in the atmosphere are unfavourable since they
enhance transpiration in an area which is already at a dis-advan-
tage by low precipitation.

The above features are further aggravated by high wind
velocity with dust and thunder storms during the different parts
of the year resulting in the erosion of soil which greatly affect the
berbaceous vegetation growing in the arca.

Records of dew formation are lacking from Rujasthan, But
eccording to Ramdas (1952) since the nights for a large number of
daysin the year are clear and atmospheric air is fairly humid there
may be possibilities of dew formations.

Table No. 1
TEMPERATURES.

Mean Temp. tor vue

Months, Temp. last 10 years.
Muax. I Min. Max. [ Mia.

June ’52. 169 71 104.6 827
July  ’'32. 103 62 9/.7 80.5
Aug. 32, 938 73 » 93.3 78.0
Sept. '52. 104 72 94.9 . 155
Oct.  '5.. ' 105 57 96.9 67 5
Nov. '52, 96 53 89.7 58.5
Dec. '52. 86.1 45.3 79.7 52.7
Jan.,  ’53. 85.5 39 76.1 49.6
Feb. '53. 91.5 46 80.0 53.0
March '53. 93.5 42 91.1 62.9
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Table No. 2

Rainfall.

Montha. Rainfall ‘“e“'l‘ﬁli"li';‘;‘:'“"a‘_"i“g
May, '52 0.0" 0.+1"
June, 52 .8 1.42"
Toly, °52 11.25" 3.57"
Aug., ’52 5.17 4.18"
Se.t, '52 0.0 247"
Oct., '52 0.0" i3
Nov., 52 | 0.0" A1
Dec., 32 c.0" J1"
Jane 52 0.0" 15"
Feb.,, ’53 0.0" 24"
March ’53 0,0" 117

Total for year 17.15" 14 21"

Table No. 3

Mean Relative.humidity
Momihs: lelabive byainity duriug lae 1) yonrs,
" Max. | Min. Max. Min.
, I

June 52 85% 13% 63% L 34%

July  ’52 96% i 31% 785 L 46%

Aug. 52 98% 35% 5% 50%

Sept. 52 78% 21% 76% 40%

Oct. '52 49% % 54% 16%

Nov. ’52 59% 11% 15% 18%

Dec. 52 62% | 12% 539, 22%
|

Jan.  ’533 96% | 11% 50% 22%

Feb. '53 85% l 15% 50% 21%
1

March '53 73% 1 12% 5% . 17%
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III. GEOLOGY AND SOILS.

Geology and history of Rajputana presents interesting
featurer, According to Krishnan (1952) it is reasonable to state that
Rajputana was not arid in the Pleistocene aud Subeocene periodz.
Aridity seems to have developed since the last 2000 years. Part
of Western Rajputana was undcubtedly occupied by a sea
during the Juarrasic, Cretaceous and Iocene. Tlis area was up-
lifted into dry lund most probably during the upper Teritary. The
occurance of Gypsum and other salts in Jodhpur and Bikaner hill
ranges is an indication of this fact.

Hora (1952) has shown the occurence of six species of fish in
the Aravalis and they are typical fauna of peninsular India.
According to him the Aravali range underwent great change during
the last Himalyan movement and a majer part of it was sub.
merged below the sand. Archeological evidence shows that
Rajasthan had been inhabited during the prehistorical period and
also the Western and Northern parts were not so arid as now since
the habitation belts were much wider during the previous
Archeological periods.

In considering the origin of salt in Lakes and gound water
of Western Rajputana from the geological and chemical point of
view Auden (1952) points out that the Rajasthan salt lakes cannot
he said to have any connection with the Mesozoic and Eocene scas.
The lack of calcium and magnesium salts in Rajasthan salt lakes
can be explained if Rujasthan had been formerly connected with
sea. Gypsum, no doubt, occurs in Rajasthan and according to
Auden this is pessibly derived from tho underlying primary
Vindhyan Gypsum. The wind transport theory of salt by Holland
and Christie, thus appear to be an important fact in affecting the
annual increase of salt fn Rajasthan but Godbole ( 1952 ) argues
that the chemical composition of salt lakes in Rajasthan should
not differ if they are fed by perrenial wind transport on the basis
of the data he could collect. Godbole rules out the wihd borne
theory of salt and favours the connection to sea during the
prehistoric times.

In a geophysical exploration in the arid tract of Rajasthan,
Rao and Negi point out that the underground water is brakish over
@ wide arca submerged in Bikaner division while in Jodhpur some
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patches of drinkable water could be recognised. The mineral
resources as pointed out by Sethireveal that Rajputana has for-
mations dating back to Eocene. The geological succession in
Western Rajputana according to Ghosh (1952) proceed from the
Archean to recent and subrecent through Purana, Upper Carboni-
ferous, Mesozoic, Eocenc and Post Locene,

THE CHIEF NATURAL SOILS ARE:

. Mattyali : —is clayey loam of 3 kinds namely (a) Nati
(b) P:ili and (c) Kali and covers about 18% of cultivated area, It
does not need frequent manuring but is stiff. It produces wheat,
Gram and cotton.

2. Bhari :—Most prevailing occupying over 58% of the culti.
vated area and requires but moderate rains. It has lesser clay and
is easily amenable to plough,

3. Retli:_Ts fine grained and sindy without clay and forms
about 199 of the cultivated area. This when found in a depression

it is called “dehri” and when on hillocks or mounds it is called
“dhora".

4. Magra:_TIs hard soil containing consid:rable quantity of
stone and pebbles. It is found generally near the slopes of the
hills and occupies about 4% of the cultivated area.

A close survey of the physical and chemical nature of the
soil in the different investigated areas revaals the following facts :

1. In most of tiie areas the soil is sandy and loose with very
little humus content.

2. The soils are fairly rich in carbonates and chlorides.
3. The water content of the soil is usually low and the

amount of water contents graduaally increases from the surface to
the deeper layers,

4. Nitrates are usually deficient in the soils; only in certain
areas where there is latge amount of putrefying material appre-
ciable amounts of nitrates have been recorded,



5. Most of the soils are rich in exchangeable bases such as
magnesium, calcium and potassium,

6. The pH. valuc of the soil in most of the areas is on the
alkaline side which also proves that snils are rich in exchangeable
buses,

Lrd

7. As a result of dessication it has been generally observed
that the water content, and the nitrate contents of the soil
decreases. The base exchange eapacity and pH, are almost
unaffected, The alkalinity of soil increases,

8. The humus contents in the soil has been found to very
from season to season, which is largest during the winter months.
In the following hot dry season very little humus has been
observed in the soils and this may be due to the fact that blowing

winds might carry away the accumulated humus of the previous
seagon,

The above facts reveal that the main disturbing factors in
the soil are the sandy nature, and the low water content, The
soils are not deficient in the necessary minerals for plant growth,

BIOTIC FACTORS.

- The Biotic factors, as they are usually called, primarily
include man and other animals, The influence of man upon the
vegetation of Rajasthan, in general, has been very adverse, The
geological events resulted in warmer and drier climate in the area
and the people inhabiting this area had taken to Nomadic life by
about 1000 B. C, Vast areas of forest were used for fire wood
and other dowmestic purposes as a result of which the vegetation
bad decreased and roached the present status, Herds of grazing
animals kept by nomadic trives used up the vegetation where
ever it existed, These features which were prevalent in the past
8till continue in many parts of the area, Man is used to felling
of the trees and lopping the tops of the branches for his domestic
Purposes; even the ground veygctation is scraped by him for fuel
Purposes. Sometimes cven big trees are uprooted and smaller
plants are trempled without any sense of their importance and the
effect of man is thus very adverse in allowing the vegetation to
develop into climax.
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In addition to the interferance by man grazing animals like
sheep, ‘goats, cattle, camels, deer, rabbits and other cause cousi-
derable havoc to the vegetation. The rabbits, squirrels, rats, and
peacocks are very fond of tender plants and pick up the plants
even in the seedling stage and use them up as their diet. Thus
even in the sprouting plhase vegetation is considerably affected.

There are numberous insecis found in Rajasthan but amongst
them the desert locust is the only pest which effectively enbances
the spread of the desert. This pest destroys the annuals and
perennials both in the hopper and adnlt stages. The locust devours
the leaf and even the bark of the host plants leaving only the
woody portion behind. This ultimately results in the death of the
adult plant.

Rats dig ho'es in the soil for their habitation and malke the
soil loose thus affecting the water retaining capacity of the soil,

Ants and white ants which live beneath the soil and by
boring through the soil crevices they render it very loose. These
and the birds tenaeiously feed vpon the seeds of the plant species
left in the soil and reduce the number of germinating seeds in the
next favourable season,

In addition to the animil pests there are number of plants
pests which effect the vegetation during different parts of the
year, A number of fungus pests have been observed both on
cultivated and wild species during the course of this investigation.

V. FLORISTIC COMPOSITION

The present Ecological survey revea's several interesting
features,

A characteristic feature of the rock vegetation are the associa-
tions of Euphorbia which grow even on barren rocks. They appear as
sentinels of vegetation en rocks in the neighbourhood of Jodhpur.
The distribution of these Eupliorbia associations does not present
any zonational aspect to the rock vegetatlon since they are present
at all levels even on mixed sand and rock areas,
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Some of the other common plants belonging to this group

include Gy iosporia emarginata, Zizyphus rugosa,

Anogeissue
pendula, several species of Acacia and Cordia.

The above trees and shrubs are supiemented by large number
of annual and biennial species during the rainy season, These
include species of Tepli-osia, Abulilon, Sida,3 Perisirophe, Barleria,
Corchorits, Trianthem 1, Heliols optuni, Tribullus, Pupalia, Ccinnelina,

and a number of grasses most of which include species of Cenchirus,
Androjogon, Eragrostis, Aristida and Chloris.

This different status in vegetaticn ot hills is mainly because
of the collection and retention of rainwater in several large or

small basins during the rainy season, Even the vegetation of
the hilly areas show adaptation for the arid and semiurid condi-
tions whiclk must be due to the fact that many of the plant species

represented on the hills are those which have migrated from the
plain areas,

The plains show a vegetation much different to rocks,
Different types of plain areas recognised in the investigated areas

are cultivated fields, areas with a admixture of soil and gravel,
few regions fed by waste water ete.

The perennial species within these areas include mainly
Capparis aphylla, Prosopis spicigera, Salvadora, Calotropis hrocera,
several species of Acacia, Leptadenia Spartium and nimbers of
cultivated plants like Ficus and Melia ete,

The rainy season vegetation in the plains in characterised by
the development of number of annuals like Gynandropsis,
Tephresia, Mollugo, Trianthzma, Solanwm, Argemone, Boerl:aavia
Cleome, Leucas, Sida, Polygonum, Potentilla, Fa-sctia, and variety
of grasses,

In plains ephemeral vegetation gererally does not continue
beyond the months of October and Novembsar except in a few
isolated patches where pockets of collected water are present,

The plant species in consolidating the soil against the wind
erosion are different in different areas due {o different nature of
the sand-dunes. Some of the sandunes have been seen to be very
much disturbed by the action of wind., Such localities support
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plants like Leptadenia, Crololaria, Aerua, and Calatropis along with
the species of /ndigofera and some grasses. In some places pure
associations of Caloprcpsis have been noted.

In well developed sandunes Calligonum polygonoides was seen
to be dominant along with Aeruva, Ephedra foliata, Mimosa hamata,

“ Zizyphus rolundifolia ete.

The vegetation of Saline Luni River bed area is not :conspi-
cuously different from that of plains as salinity is not so high. The
river bed usually dries up and ths sandy bed remains exposed for
most part of the year, There is no other species except Tamarix,
for miles and miles along the river bed. This is also associated by

Suaeda, Cypzrus, Pluchea lanceolata and Fimbristy!is, Some of the
species growing on the bank characterstic of sandy plains are
Aerua, Lepla.denia, Boerhaavia, [ndigofera and Mimosa.

The sandy banks lead to the gravel plains. The vegetation
in this area is chracterized by Aristolochia, Mollugo Anticharis;

Boerlhaavia ete.

PLANT ASSOCIATIONS

Several ecological plant associations recognized growing in
the different situations such as the hills, (ii) hill and plains
(iii) Loamy plains (iv) Sandy plains (v) Sand dunes (vi) Luni
river bed (vii) mountain streams (viii) Aquatic associations etc. aro

as follows;—

(A) PLANT ASSOCIATIONS ON HILLS.

1. Euphorbia royleana Linn d pure association.

2. Euphorbia-zizyphus association.

Euphorb’a rovieara Limm d Zizyplins rugosa Lamak co. d

S.ricostoma brevistigma Asparagus racemesus Willd »

Stocks.

Achyranthes aspera Lion @ Crewia asfatica Linn c

Capparis aphyllz Roth. c Cieome viscosa Linn

a Crypiosiegia grandiflora

[

Cynondon dactyion Pers.
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3. Opuntia-Euphorbia association.

Opuntia dillenii Har. d Euthortia royleana Linn d
Grewia populifolia Linn co.d Cenchirus biflorus Sweet a
Achyranthes asperalLinn c Evoivulusalsinoides Schweinfa

4. Grewia-Asparagus associjation.

Grewia populifclia Linn d Aspdragfls racemost:s \Villd a
Abutilon indicun Sweet co.d 7‘e1>hr.osi'r purpurea Pers co.d
Anogeissus pendula Linn c Euj:horbia royleana Lion  a
Baileria cristata Linn a Tecomiclla undulata Seem c
Achyranthes asp.ra Linn a Eupliorbia hirta Linn a
Phyllanthus madaraspa- Justicia procumbens Houst. r
tensis Linn c

Tridax procumbens Linn  a Vernosiia abyssinica Schreb ¢
Sporobilus orientalis R.Br. o Chloris virgata Swarlz

Eragro.tis cilliaris Host a Eleusine indica Gaertn a

(B) PLANT ASSOCIATIONS ON MIXED HILL AND PLAIN.
1. Euphorbia-Prosopis association,

Euphorbia royleana Linn  d Prosopis juliflora Dc. co.d

Catparis aphyllz Roth  co.d Cocculus villosus D. C. c
Sida cordiflia Linn c Abutilon indicum C, Don. c
Abutilon asiatictn Don. c Corchorus antickorus
. Raeveschel c
Corchorus acutangulusLinn ¢ Tephrosia purpurea Pers. a
T rianthema monogyna Linn a Peutatiopis cynanchoides
‘Rbr. @
Heliot ropirm zeylanicim Pupalia lappacea Juss a
Lam ¢
Achyranthes aspera Linn  a Aerva tomentosa Forsk c

Andropogon annulatusForsk g
2. Buphorbia-Capparis Association.

Euplorlia roylecana Linn  d Gaptaris aphyla Roth co. d

Gymmnosporia montana Ephedra foliata Boiss a
Benth co. d

Boarhaavia diffusa Linn

Q

Boerhavia repanda Linn a

o

Achyranthes aspera Linn Abutilon tndicumn Sweet c
Polygala erioptera D.C. a Abutilon fruticosum

Gull & Derr,
Sida spinosa Linn c Corchorus tridens Linn ¢

|
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Indigofera tinctoria
Forsk
Tridax procumbens Linn

Cenchrus biflorus Roxb.
Digitaria longiflora Heist

a
a

Cccculus eebatha D. c.

Evolvulus alisinoides
Schweinf.

Andropogon faveolatns
Pal.

Chloris bartata Thin

(C) PLANT ASSOCIATIONS ON PLAINS.

Gymnosperia montana

Benth d
Acacia rupestris
Stocks co. d
Boerhavia grandifiora
Rich c
Leptadenia spartium
Wight c

Leucas aspera Spr.

Teplirosia purpurea Pers.

Tribulus terrestris Linn

Cencitrus biflorus Roth

Solanum Xanthocarpuns
Dun

Solanun indicum Tourn

Gapparis aphylla Roth d
G,mnosporia montana

Benth co.d

Zizgyphus rugosa a

Bocerhavia diffusa Linn a
G ynandropsis pentaphylla

. D.cc a

¢

d

a

a

d
r

l. Gymnosporia-Capparis Association.

Captaris aphylla Roth
Ephedra foliata Boiss
Crolualaria Burhia Dill

Aristida paradisea Retz.

. Capparis-Leptadenia assaciation.

Leptudenia spar!ium
Wight

Aerva tomentosa Frosk

Crotalaria burhia Dill
Tephrosia purpurea Pers
Digera arveusis Forsk-

Scetaria glauca Beauv,

. Tephrosia-Gvnandrofsis Association.
Gynandiopsis pentaphylia

D. c.
Euphorbia microphylla

Linn

Chloris barbata

I'rin & Swartz

. Solanum-Argemone Association.

Argemone mexicana
Linn

Gynandrogsis Pentfaphylla

D.c.

cC.

co

co. d

€o. d



(D) PLANT ASSOCIATIONS ON SAND DUNES.
1 Caparis-Calligonum association.

Capparis aphylla R .th d Cabigo:ium polygonoides

Lrn co d

L-ttalcnia spartium Valotiopis procera R. Br, ¢
‘Wight a

Chloris barbata Silda cordtfolia Linn a
Trinik & Swartz a

2. Crotalaria- Aerva Association.

Crotalaria burhia 1Mill d Aerva tosnentosa Fresk  co. d

Polygali abyssinica Cenchrus biflorus Roxb. =
R. Br. a

Mollugo hirta Thumb c Tephrosia purpurea Pers. a

Trianthema nonogyna
Linn c

3. Calstropis-Leptidemia Associatinn.

Calstropis procera Rbe. d L-optadenia sparlium
Witht  eo d

Crotalaria burhiz Dill a Aerva tomantosa TFForsk c
Sida cordifolia Linn c Achyranthes aspera Linn c
Cyunodon dactylon Pers. a
4. Gymnosporia-Ephedra Association.
Gymnosporia montana Ephedra foliata Boiss c
Benth 4
Calotropis procera R. Br. a Mollugo nuidicaulis Lam. a
Mollugo cerviana Seringe a Spermacocce calyptera
Dcne c
Cocciria indica Conunelina bengalensis
Wind& A ¢ Hask c
T ibulus terrestris Linn a Achyrantlies aspera Linn a
Ahutil o indicum Sweet c Elsusine aeyp ica Dosf g
Cenchirus biflorus Roxb a Andropogot faveolatis
Rel R

Eragrostis unioldides

Nees a
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(E) PLANT ASSOCIATIONS ON MOIST ROCK STREAM.

1. Cryptcstegia- Scsbania Association.

Cryplostegia granldiflora
Br.

Convolvulus arvensis l.inn
Boerhavia diffusa Linn

Heliotropium ovalifolinm
Forsk.

Tr-authema monogyna
Linn

Chiloris barbata Sw.

d
c
c

(o}

. ; N
Sesbania acgypliaca Pers

Morinda indica Linn
Cyperus compressis Linn
Achyranthes aspcra Linn

Comm:lina beng alensis
Hassr

Elcusine aegyp!ica Desf

2. II Hygrophvlla Sesbania Association.

Hygrophylla longifolix
R. Br.
Amarasitus spinosus Linn
Eclipta erecia Linn
Ma:llugo trizenelloides
Linn

Cynolon ductylon Pers.

ISR

Seshania aegyptiaca Pers,

Boerhavia diffusa Linn
Polygontn tlebejum Linn
Argemone mexicana Linn

Chiloris barbata Trin
& Swartz

(F) PLANT ASSOCIATION ON SALINE RIVER BED.

1. Tamarix Association.
Tumarix dioict Roxb.
DPluchea lanceolat

C. Bci.
Suaeda fruticosa FForsk

2. Tamarix-Pluckea Assnciation.

a

a

Tamarix dioca Roxb. co.d

Farsetiu jacquemontii
Hook

a

Tamarix gallica Vahl co.

Farsetia jucquemonti Hook
Kylinga triceps Rottb

Pluchea lanuccolata

C.B.C"
Cleome papillosa Stand

(G) PLANT ASSOCIATION ON LOAMY DRIED UP SOILS,

1. Polygonum Potentilla A:s>ciation. . -

Polygommn ¢l:beium Lian

Marsilea quadrifolia
Linn

Eclipta erecta Linn

Clcome visoosa Linn

Gynandropsis pentaphylla
De.

d

[}

C

Potentilla des:rtorum

Lion co.

Heliotropium undulala
Vahl

Amaranius viridis Linn
Bocrlrav a diffusa Linn

o 8\

d

o

a o



Prosopis Sp. cigera plant badly mutilated.



icigera

Prosopis Sp



A big ‘tree’ of Cappiris aphylla at Bhikam Khor,



Jodhpur.

in

Euphorbia Neriifolia I.inn on rocks
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2. Coldenia Heliotropium Asscciation.

. . . . . . L4 .
Coldenia procumtens Linn  d Heliotropium indicum Linn a

Tephrosia purpurea Pers a Beerhavia diffusa Linn c

Alysicarpus vaginalis Neck c Lippia nodiflora Rich a
Tribulus terrastris+linn c Heliotropium undulatum

Vahl @

" Eclipta erecta Linn c Eleusine wuegyptiaa Geertn  a

Portulaca grandiflora Lirn ¢

(H) AQUATICTASSOCIATION.

. Eichornia-Potamogeton Association.

Eichornia Kunth d Potamogelon crispus

Linn co. d
Lemna polyrrhiza Linn c Microcystis Spe. a
Spirogyra Sps. a Ocdogoninm Spe, a

Wolffia arrhiiza Winm r
2. Hydrilla-Vallisneria Association

Hydrilla verticillata
Casp. d
Vallisneria spiralis
Linn co.d
Charz Sps. a Nitella Sps. d

Ceratopliyllum demersium a

VI. ECOILOGICAL STATUS

Tt is interesting to trace the succession of plant communities
in the aforesaid localities of different Ecological set up. For the
sake of understanding successional relation-ship between the
different plant communities growing in the area, we can conve-
niently divide the area into the following Ecological areas:—

I. Moist rock streams.

2. Mixed hill and plain areas.
3. Hard loamy plains.

4. Sandy plains,

5. Sand dunes.

6. Saline river bed.
7. Submerged and free floating aquatic associations.

8. Loamy dried up banks of water reserviors,
9. Dry Hills.
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The chart represents the successional and climax relation-
ships of the vegetation of the different ecological arcas recognized
in the course of this investigation.

The plant associations that grow in sandy plain arcas may be
taken to represent the starting point in the devclopment of the
vegetation. Starting from this there is a continuous stream of
climax development culminating in the plant associations that
grow in moist rocky streams areas and their neighbourhood,
passing through the associations on hard loamy plains and mixed
hill and plain areas, The vegetation in the sandy plains is sub.
jected to two distinet disclimaxes-one of them resulting due to
the shifting of sand by wind. This type of disclimax results in the
scanty vegetation that is often seen in sund dune areas. The other
type of disclimax is of a physiological nature brought about by the
saline flowing waters of the river Luni and this type of disclimax is
represented in the vegetation that we get along the saline river bed
of Luni. There is another disclimax in operation in this area
resulting in the vegetation characteristically met within the dry
hills, this type of disclimax seems to have developed from the
vegetation on the mixed hills and plains due to the combined
effect of several climatic factors such as wind and drianage of the

soil by rain waters,

The aquatic vegetation is mainly represented by the
submerged and free floting plant associations that we get in the
artificial water rescrvoirs in the hill valleys. This picce of vegata-
tion develops into the climax type met within the dry hills passing

through vegetational areas represented by the dricd up loamy
banks of the water reserviors.

The pioneer sps. in consolidating the soil in the sandy plains
are represented by a variety of perennial shrubs and a number of
annuals, The characteristic shrub sps. are Cuapparis aphylla,
Cualotropis Procera, Acacia leucohylin, Prosopis spicigera and the
introduced Prosopis Juliflora. The rainy scason annuals include
Tephrosia a number of grasses and a variety of other sps. As the
soil of the sandy plains become a little loamy due to the accumu-
lation of humus and retantion of more water, more species are
supported in the loamy plains and the most important characteristic
additions over the previous area include plant associations like
those of Ayistolochia, Echinops, Capparis, Salvadora, Euplorbia and
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others. Further increase in species and plant associations is
represented in the mixed hill and plain areas which support
associations of Eupliorbia-Prosopis, Euplivrbia Capparis, G ymunosporia
Capparis eta, The culmination in the climax represented for this
region is met with in the moist rock stream areas where we can
see the growth of an almost tropical forest.

The diselimax that results on the hill areas is represented by
discontinuous associations of Eupliorbia and Euphorbia alone for
several miles, Just as Cupparis and Prosopis seem to be pioneer
8pecies in the sandy plains, the Euphorbias appear to be pioneer

on rocks.

The disclimax resulting in the sand dune vegetation ig
represented by plant associations of Capparis-Calligonam. Gay-
nosporia-Epledra, Calotropis-Leplanden’a ete. The presence of
Capparis and Leptadenia in several sand dune areas clearly indicates
that it must have been derived as a disclimax from the plant

associations growing in the sandy plains,

An ecological survey of the vegetation in the present
ill"estigated area reveals that it is to a large extent controlled by
the various ecological factors; the effect of the climatis and tle
biotic factors is more conspicuous than that of the edaphic, By
the recent gymposium on the Rajputana desert several authorg
have pointed on the uniformity of climate, existing in the region
Tor st seversl years. Theincluence of the biotic factor is changing
the nature of the soil as well as climate. The above facts are of
eXtremes signiﬁCﬂncc in evaluating the statns of the present
Vegetation and the methods swhich can be adopted to improve the
deteriorat.ing conditions of Indian desert.

Tri s prc-sellb investigation the vegetation has been analysed
A differept habitat situations and a critical survey of the fae(g
Noted ghows that there is a tendency for development of tropical

foregy type of veoetation in different areas where the water supply
. (=]

* abundance.
mtlﬁcial troughs or basins even in the plains clearly reveals that

Water jq an important factor in deciding the richness as well as the

The presence of more plant species in natura] op

Vartiety of the plant species.  The existance of little microclimay
Mafew pogions of the investigated area strongly supports the

above Conclusions.
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The occurence of water table at a depth of more than 100
feet in many parts of Rajasthan along with the high mineralisation
of water is a great drawback for the development of proper
vegetation in the area.

There areseveral small plants associations that grow in the area
of rainy season which are composed of a large number of foreign
species. The above fact revealsthat:the soil can support quite a good
number of introduced species provided water is made available.

Most of the rainy season annuals complete- their life by the
time the winter season sets in when a low water content prevails
in the soil. At the foots of the hills and certain artificial ditches
and troughs the rainy season annuals continue to grow even during
the winter season. This fact again shows that the water is an
important factor in successful colonization and establishment of
plant species.

Most of the plant species that grow in the area are annuals
and the lack of considerable number of perenial species is a great
draw back in the existing vegetation, The perennial habit can
be induced provided the water table in the soil is not affected
much. This fact again reveals that water is a potent factor-

Considering the above aspects it is but logical to conclude
that the vegetation of the present area has the potentialities of
development into a climax of thorn forest but the main important
drawback which retards the development of vegetation is the low
water table of the soil.

SUCCESSION OF PLANT COMMUNITIES.
Moist rock stream

(Climax)
Mixed Hill and Plain———Dry hills

(Climax (Disclimax
Hard loamy plains Loamy dried up band
(Climax (Climax) [
(Disclimax) Aquatic
Sandy plains ———Saline river bed
| (Diselimax)

Sand dunes,



Blatter and Hallberg

Meclean and cock

Piper C. S.

Shanti Swaroop
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PLANT ECOLOGY OF THE INDIAN

DESERT, IN RETROSPECT
AND PROSPECT.

By
Shantisarup M, A., M. Sc,,
Prof. of Botany
Dungar College, Bikaner.

&

M. M. Bhandari. M. Sc.,
Lecturer in Bo'any,

Jaswant College, Jodhpur.

The planning Commission in its First Five Year Plan devoted
a paragraph on the extension of the desert and its encroachment
upon the fertile lands. Since then considerable interest has been
aroused in the Desert and its reclamation. A review of the plant
ecological work done, would be of intcrest and value from different
points of view, Such studies would help in providing a protective
vegetable cover for the loose sand.

The collection and study of the plants of Rajputana can be
traced from the year 1852, when Mr. and Mrs, Allen, G. L)
published a book “The views and flowers f. om Gujrat and Rajpotana,”
which contained nearly thirteen coloured plates. But Allen’s work
is only a botanical curiosity since the descriptions of most of the
plants are not on scientific lines. Moreover the plants included are
generally trees from the hilly areas of Rajasthan and Gujrat. Very
little information, if any, is given relating to the Desert plants.

Jacquemont, travelled through Delhi, Ajmer and Neemach ete.
and his observations were recorded in the ‘Journals of Jacquemont’
published posthumously by the French Government. They have
hardly any refercnce to the plants of Rajputana.

William Griffith, a Surgeon in the Honourable East India-
Company’s Madras establishment, had an extensive knowledge and
varied interest in different branches of Indian Botany. He tra.
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versed the upper parts of Sind on his way to Afganistan, and
. . €

recorded in his private journals and literary notes The commion

Deszrt plants of Sind and Rajputana’’, which he came across, Vast

accumnlations of his notes and manuscripts were posthumously

published in nine volumes under the editorship of Dr. Mec Cielland
during the middle of the 19th Century.

According to Hooker and Thomson (1855) Major Vicary
published a list of some of the desert plants mostly from the
province of Sind in the Journal of the Asiatic Society. The year
and the'place of publication has not been mentioned. '

We are indebted to Dr. Stocks, for a knowledge of some of
the characteristic desert plants although all of them are from the
province of Sind,

Hooker and Thomson (1855) in their famnus [lulroluctcry
Essay in Flora Indica, observe that about nine tenth of the vegeta-
tion of Sind and Rajputana Desert are indigenous to Africa, out of
which at least one-half is Igyptian, With these, there are
considerable European species also. Very few are Eastern in origin,
The flora of the.desert of Ja'salmer resembels that of South Punjab,
which also is a part of the Iadian Desert, According to him the
vegetation of the plains of Marwar, which are continuous with the

great sandy dcsert stretching in the west to the Indus, is not
kknown in details.

George King, M B, wh» wais an Assistnnt Surgeon attached
to the Marwar Agency and later went to the Saharanpur Botanical
Gardens,v collected some data on the ‘Famine plants of Marwiy’ and
published them in the year 1869 in the Proceedings of Asiatic Society
of Bengal. He gave local names of these plants but the botanical
names of most of them have now been found to be incorrect.
Sir George King, F. R. S, later the Director of Royal Botanic
Gardens, Calcutta published in 1879, an excellent paper in the
Indian Forester, “The sketch of the flara of Rajputana’. It remained

for many years tho only true scientific record of the plants of
Rajputana including the Desert areas.

The most useful reference about the plants of Indian
Desert can be traced in an “Introductory nofe to Jodhpur and
Jaisalmer, itrees and plants”  This is an anonymous list, neither
the name of the author, nor the publisher, nor any date, whatsoever
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Blatter and Hallberg (1917-1921) ascribe this note to

is given. a X
A list of trees and

Miss Macadam She published another list
plants of Mount Abn'’, which was pnblished at Jodhpur. The

general arrangement of the pamphlet and the treatment of the
subject in these two publications are similar. Miss Macdam has
given vernacular and Botanical names, together with their utility
and short descriptive notes of trees and plants found during the
month of November to February in the neighbourhood of Jodhpur
and Balotra and a march from the later place to Jaisalmer where

she halted for ten days in the month of December. About 140

species have been ennumerated in this list. Adams (1895) gives

“A lis of the plants of Jodhpur, J.isalmer and Mowut Abu”, by Miss
Macadam which is probably synthesized from the above two
lists of the same author. In his wonderful medicotopographical

and general account of Jodhpur, Jaisalmer and Siiohi States,
The Western Rajputana State Ag:ncy Adams (1895) gave a chapter
(404-422) on ‘the forests and flora’ of the areas, listing 48 species
of trees and plants and 5 common grasses of descrt areas. It is
mostly based on Miss Macadam’s list and confirmed by his own

observations.

Sir J. D. Hooker (1907) wrote a chapter on Botany for the
Imperial Gazetteer of India Vo. 1. The notes about the plants of
Rajputana have been added after King (1874).

The most remarkable work on the plants of tho Indian Desert
was published in the years (1917-21, by Fr, Blatter S, J., and his
worthy associate Prof.:F. Hallberg. Reverend father Ethelbert
Blatter was Swiss by birth who came in India in the year 1903 as
Prof. of Biology in the St Xavier's College, Bombay. Immediately
on his return from the continent in 1915 he wag attracted by the
vegetation of the Indian Desert, because, in his own words “The
vast desert of N. Africa, Arabia, Central Asia and even of the new
world bhave attracted ths attention of many Botanists but the
Indian Desert has been sadly neglected’””. He therefore, in October
and November 1917 accompanied by Prof. F, Hallberg and two of
his students Messers T. S. Sabnis and D. B. Bulsara came to
Jodhpure and the party visited Jodhpur, Bhikamkor, Phalodi,
Jaisalmer, Bap, Vinjorai, Barmer and Balotra etc. which are the
earily accesssible parts of the Indian Desert in west. The botanical,
geological and meteorological results of this important tour were
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published iu the Journals of Bombay Natural Hisfory Society,
of which Father Blatter was Editor for a number of years,
This ‘Flora of the Indian Desert’ was published in two parts, the
Part I of which contained the list of plants including some new
species and ecological and meeorological notes were given in part IT.

They have listed 507 species, belonging to 69 families and
272 genera out of which 440 are indigenous. Although the nature
of Flora is mixed but Western elements are preponderant in
the region.

Blatter and Hallberg followed Schimper in describing the
typ:s of vegetation and cali it as formations on the basis of edaphic
factors. Five main types of formations were recognised by them
Aquatic, Sand, Gravel, Rocky and Ruderal. These formations
were further divided into smuller units of associations (Warming)
and families ( Clements ).

Though this was an epoch making work in the history of
Indian Desert plants and has remained so for a number of years
and shall still remain the basic woik on the vegetation of this area
for some more years to come, it is only a list of plants occuring in
different habitats and localities. The absence of descriptions ete.
render it unsuitable for identifying plantsin a satisfactory manner.
And, this, it is all the more regeretted, as Fr. Blatter was, we
believe, a systematist of a great promise, quite able to have deter-
mined the plants of the regions which he explored. Moreover, tho
Indian Desert covers much more area than the places they visited.
They did not visit the N. E. and the interior of the western desert.

Sabnis (1919-21; who accompanied Blatter and Hallberg
studied physiological anatomy of the plants of the Indian Desert:
He selected representative plints from different parts of the desort
and exan ined 50 families, 125 genera and 163 species, and the
endeavours of his results were published in the Journal of Indian
Botanical Socicty.

Agarkar (1920) studied the means of dispersal and the present
day distribution of xerophytes and sub-xerophytes of the N. W.
India and traced their origin. A note on the ecology of the plants
of the Indian Desert (Sind) was published by Sabnis in 1929,
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‘ Champion (1936) recognised the following types of vegetation
in Rajputana :

5b, C1 Northern Desert thorn forest.

5b, C2 Northern Acacia scurb forest in regions with
rainfall between 207-40",

5b, C3 Northern Euphorbia scrub.
D. Tr. E/10 Inland dune scurb.

Calder (1937) an Ex Director of the Botanical Survey of
India and Superintendent of the Royal Botanic Gardens, Sibpur, in
‘A outline of the vzget.ation of India’ recognised the desert area
under the <“Indus plain region’’ one the of seven regions of vegeta.
tion types of India which he distinghuished. According to him the
whole area attracts “physiological botanist and ecologist rather

than as systemadtist,

Y. Ramchandra Rao (1941) while studying the habits and
ecology of the Desert Locust p blished a list of some of the more
common plants of the desert area of Sind, Baluchistan, Kathiawar
and S. W. Punjab. The local names of the plants, as they are
known in different linguistic areas, have also been given.

Bhadawar, Dey and Griffith, (1948) recommended 250 species
suitable for afforesting arid and semi-arid areas, particularly of

the Indian Desert. This list includes both indizineous and exotic

species,

With the advent of the independence of our country, a new
chapter was opened in the study of the vegetation of the Indian

It marked the period of renissance in the history of the

Desert.
It is significant that to

study of vegetation of the Indian Dasert.
begin with almost all the papers came from within the boundary
of Rajasthan. The start was made from the Botany Department
of Jaswant College, Jodhpur, and some papers on the ccology of
the desert vegetation were also contributed by the staff of the

Botany Department of Birla College, Pilani.

Shanti Sarup (1951) to start with published a preliminary list
of the plants of Jodhpur and its neighbqurhood which was
published in the Rajputana University Studies. This has since
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been revised and printed again (1954 a). Ancther list of plants of
N. W. Rajputana was published by Sankhla (1951) ia the same
journal which ennumerated nearly 500 species of flowering plants
with their life forms. The ecological studies of the vegetation of
the Indian Desert was renovated by the publication of the
“Biological spectrum of the Flora of the Indian Desert” by Dass and
Shanti Sarup (1951 . A comparison was made with the climates
of the other deserts and the vegetation was eharacterized as
Chaemophytes and Therophytes.

Mulay and Ratnam (1930) contributed a paper on the ecology
of the vegetation of N. IE. Deszrt areas (Pilani) and classified the
vegetation as Capparis-Frosopis formations. Ramchandaran (1950)
studied the grasses of area round about Pilani and pointed out that
there are typical Psamophilous grasses growing in the area. Only
the abstracta of this appeared in the Proceedings of the Indian
Science Corngress.

Ratnam (1951) surveyed the vegetation in the hilly tracts of
Tastern Rajputana (Lohargal) and arrived at the conclusion that
the factors governing the growth and developement of vegetation
are different in the two regions and consequently the vegetation
of the hills differ from that of the plains cf Rajasthan.

Shantisarup (1952 ¢), contributed a paper to the 39th Indian
Science Congresson ‘The Vegetationof Jodhpur and its neighbourhood’,
which mainly deals with different ecological formations.

Then came the most important event in the progress of study
of the vegetations of the Indian Desert, which renewed the interest
and enthusiasm of those inferested in the study of Indian Desert
vegetation—a symposium on the Rajputana Desert. The Govern-
ment of the country (and of various provinces) and its scientists
realised that the conditions of Rajputana Desert are deteriorating.
Fear was expressed that the desert is spreading at an alarming
rate; the Government of the provinces planned to arrest the spread
of Desert and reclaim a part of it. Above all the council of
National Institute of Sciences of India decided to arrange a Scientific
discussion of all aspects of India Desert Sciences.Geology Chimato.
logy, Soils, Water, Archeology, Biology ete. A steering committee
was appointed by the council to arrapge a symposium on 7th and
8th March, 1952 in the Institute’s new Building at New Delhi,
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A generous response was a matter of deep satisfaction and the
preceedings of the symposium were published in its gull. No. 1,
Nat. Inst. Sci. India, September, 1952.

It is out of scope for an article like the present to review all
the papers presented to thiss ymposium but we shall give short
reviews of only those papers which are directly concerned with
the study of the vegetation of the Rajputana Desert,

Though the papeis dealing with the vegetation of the area,
are only a few, they are so varied that their importance becomes
evident in the study of the vegetation of the area. Shantisarup
(1952 a) in an extensive paper dealt with the extent and develop-
ment of the desert and the influence of climatic, edaphic and
biotic factors in the “Distribution of the vegetation of the area’’,

Three ecological zones are recognised :—

1. To the south and south east of the Region near the Arawalli
hills but not strictly in the desert. Here some natural
vegetation is found,

2. Semi-arid region about 100 miles parallel to the first
region where plants of the most xerophytic type are fonnd.

3. The arid region to the extreme north and west of the
region. Here the vegetatioun is very poor,

Dr. G, S. Puri, (1952) in an excellent paper reviewed the
position of plant Ecology of the deserts of Rajasthan and
Saurashtra. He suggested some important and essential measur ¢
to be adopted in attempts to afforest the area.

Prof. S. P. Agarkar, Director, Maharashtra Association, for
the cuitivation of Science, contributed a paper on the plang
Ecology of the Rajputana Desert. Dr.K. Biswas, Superintendent,
Indian Botanic Gardens, Howrah, in a short paper on the ‘Desert
vegetalion” regards only a few places as truc desert. He after
discussing the general aspects and problems of the Indian Desert
concludes by pointing out the vast opportunities for studying the
various problems associated with the plant life in the desert areas.
Dr. Hora, (1952) president, Nat. Inst. Sci. of India, while reviewing
these papers presented at the spmposium observed that the Flora
of the region is not so poor and that with suitable experimentation,
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ifs"may be possible to find indigenous species, which may thrive-:
We]l in the arld and semi-arid regions to form a protective vegetable-

cover.

Another symposium was held at Jerusalem by the Research'
Counml of Israel, in co-operation with the specialised agency of
U N. E. S. C. 0. on Arid Zone, in May 1952. Shantisarup (1952 b)

contrlbuted a - paper to thls symposmm on ‘the Ecology of N. W.r

Ra]usthan

" A series-of contributioas to the plant ecology then followed
fiom the Botany Department. of Jaswant College, Jodhpur.,
Shantisarup and L. N. Vyas (1933 & 1954) undertook an ecological,
survey of representative areas and habitats taking intp copsidera.,
tlon the edaphlc climatic and biotic factors, Various plant
communities were studied and their relationship pointed out. The
animale exercise a very adveérse cffect on the vegetation, destroy-!
ing it ruthlessly. Shantisarup and Kishan Dutt (1954) studied the
g;egetation of Jochpur in relation to the soil and analysed the
various edaphic factors and their role in determining the nature’

of vegetation.

! Puri and Shantisarup (1954) have recently contributed a.
papel on th' Veget'ttlon Types of the Rajasthan Desert. e

ot

The reaction. of the individual species to its habitat and,
environment play an important part and more so, in the dry and
barren z‘l-rea's, where the -vegetation is.sparce.. With this peint in
view, Shantisarup and S. P. Singh (1953) studied the autecology of
Tephrosia purpurea-Pers.—a very common perrenial plant of the
Indian Desert found in a!l odd habitats. Tt has been concluded
to utilize this species in formulating schemes for afforestation.
Gynandropsis pentaphylla DC. was another.such plant, the autecology.
of which was studied by Shantisarnp and Tandon. (1954).
Autecology of Anisochilus ericcphalus Benth., Mullogo rudicaulis
Lamk.'and Mullugo cerviana Serr. have also been studied by Bakhsi
(1952) and Baksln and Kapil (1953 and (1954) respectively.

BlSW&S and Rao(1953) dealt w1th the Rajputana Desert against
the background of the deserts of the world and divided it into
three Zones : Desgert 57-10", Arid 10"-20", Semi arid 20”-30", on the

bais of edaphic factors. The vegetation has been divided into
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sand community, gravel community, the rock community and

-ephemeral community. A list enumerating the plants of the .
region which are available in the literature and also in the Calcutta
Herbarium has heen added, A

Shantisarup [1954b) observed that undulations play an
important part in the water economy and hence the plant life of.
the semi-arid regions of the Indian Desert, A very general feature
of the plains and hills, here is the formation of depressions of
various dimensions. Subsoil moisture of these depressions is
always more than that of the neighbouring tracts, This helps
more plants to grow, Artificial buuds etec. could help utilize this
feature for afforestation of the region with Prosopis juliflorg and

other species,

Recently Bakshi (1954, has published a detailed account of
the plants of Pilani and its adjacent areas.

The systematic study of plants and their ecology is very
important to understand the structure and the composition of the
vegetation, but the physiology, physio-ecology and anatomy of
these plants equally play an important role in formulating impor-
tant schemes of afforestation and reclamation of the dessert, A
start in this direction was made by Dr, Sabnis (1919—-21) who
accompanied Blatter and Halfberg and worked cut the physiologi-
cal anatomy of characterstic desert plants of India,

This is probably ths only record of study of the physiological
anatomy of the Desert plants, Ratnam renovated it. Tuberiza-
tion of roots is an important phenomenon, commonly met —with
in the plants of the arid and semi—arid areas. Ratnam and
Kapoor (1953) corelated the morpbological featuresin the tubersi-
zation of roots of some common Indian Desert plants with that of
environmental factors. Ratnam and Bhargava (1954)studied the
effect of photoperiod, and Ca, K and Mg on the physiology of some
local plants, The study of transpiration of desert plants being an
important phenomenon Ratpam and Daulal (1953) studied the
transpiration of some common Indian Desert plants, The distribu-
tion, morphology and anatomy of nine species of local plants have
been corelated with the rate of their transpiration. These results
reveal that in the afforestation schemes common local plants like
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Crotataria burhia, I3irleria acanthoides, Leptadenia spartinn,
A«rua pseudotomentosa ete, are of great significance. Ratnam and
Prithvi Singh (1954) studied the absorption of water by roots and
their relation to the stomatal apertures in some of 1he Indian
Desert plants, The physioecological status of these plants have
been studied and it has been concluded that these plants require

scanty water and can very well act as sand binders,

The vegetation of the Indian Desert has been divided by
almost all the workers, on the basis of edaphic factors into five
formations —Sand, Gravel, Rocky, Aquatic and Ruderal. In order
to review the vegetation types of the Indian Desert plants, short

review of these various types is necessary,

DUNE VEGETATION

The sand dunes of the Indian Desert constitute a well defined
ecological and vegetational entity. Blanford (1376) who visited
some parts of the Indian Desert studied its physical geography
with special reference to the formation of sand hills. According
to bhim three types—the longitudinal dunes, the Barchans and the
transveroe dunes,—occur in the Indian Desert. According to
Oldbhm .(1893, all these are due to the characterstic action of wind,
but longitudinal dunos occur where wind is stronger, Raychaudhuri
and Sen (195'3) are however of the opinion that where the wind is
stronger dun:s of transverse type occur. La Touche (1902) obser-
:;ed Ulfft }I)'ig trees occur on the leeward side of the transverse

unes: indicative abilizati ider: i

: dunes are
generally established in the North-east due to the encroachment of
the vegetation. According to Blatter and Haliberg (Loc, cit,) some
times these dunes are formed with extreme rapidity in few hours,
but when they arc in hollows between two hills they are ctationary.
Formation of wind ripples is another important feature of the wind
on sand, the later due to constant forward motion make the ger-
mination of sceds more or less impossible according to these
authors. They studicd the characterstic associations 2nd conasso-
ciations of the dune plants and pointed out that Calligonum poly-

gonoides, Aerua tomentosa and A- pscudoloneniost, Indig fera argen
tea- Lept denia spartium. Crotalaria burhia Citinllus colocyntlis,
Farsctia sps., Calotropise procera and many grasses particularly
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species of Parnicum, Eleusine, Cenchrus catharticus and stoloniferous

Cyperaceae play an important part in the fixation of these dunes
and in the process of sand binding.

GRAVEL VEGETATION

The gravel is a coarszr type of sand and the vegctation
peculiar to it is kncwn as the Gravel formation, It covers a very
Inrge arca of the Indian Desert; this is because Indian Desert is
not a true desert. The wind picks up and transports the grains of
the gravely soil, depositing (hem finally on dunes, but cannot
move larger particles to any large extent ( Blatter and Hallberg).
Although the colonization of the region becomes evident in as
much as the gravel vegetation is effected to a lesser extent by the
prevailing winds and the seed germination is generally easier in
this habit and once the vegetation is established, it checks to a
considerable extent the loss due ta soil erosion and runoff, The
typical gravel plants are Fagoia cretica, Bozrhaavia diffusa, Cleome
papillosa, Eliusine sp, Aristida sp, Tribulus terrestris, Corchorus
and [nudigofera sps. Most trees and shrubs of the region belong to
gravel formation, e, g. Gymnosperia montana, Capparis, aphylla,
Zizyphus s8ps, Prosopis spicigzra, Acacia arabica, Acacia senegal,
Salvadora oleoidis and S. pursica etc. An interesting ecological
change has been recorded by Blatter and Hallbarg of Callig-num
polygoroides a typical dune plants ‘which coriously enough in such
habitats’ has been reported to become a large climber, Bhandari
(1954) is however, of the opinion that the plant Ephedra foliata
Boiss, a climber, has been mistaken as Culiigonum polygonoides.
The typical gravel plants may either have stify, more or less woody
branches and lie flat on the ground or have bushy habits. Impor
tant associations of gravel plants have been studied by all the
above mantioned authors.

ROCKY VEGETATION

The main rocks of Aravallies are Aecchacan gacisses, micaceous
and hornblends schists, marble and quartzites. The soils here are
shallow aund unstable bearing a dry type of forest, (Puri 1952).
Blatter et al. (loc. cit.) visited only three rocky areas (i) Kailana
and Mandore unear Jodhpur, (ii) Jaisalmer and (iii) Barmer.
These three areas show distinet differences as regards the floristic
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composition of their association. Though most of the specics
occur in only onec or two arcas and many are common to all the
three yet showing striking variations in their frequency. The
commonest plants of such formations are: [uphorbia neriifoiia,
Grewia populifoiia, Barleriz acantloides, Asparagits racemosus,
Barleriz priowitia, Farsztis m ccranthe @ few JM.alvaceae, Lepidagathis
trinervis, Tephrosia purpurca, Orysia decumbens, Salsola foelida
and many grasses, The xerophytic fern Actiropieris dichotoma
is also common in crevices and shady places higher up on these
hills and the evidence of cryptogamic life is also not uncommon
after heavy rains particularly 2-3 sps, of ¢/, & moss, many
Lichens and some Blue green Algae.

AQUATIC AND SEMI[ AQUATIC VEGETATIUN

Water is very scarce in the Desert arcas and therefore where
ever possible artificial water reservoirs have been constructed
preferably with rocky basins. Blatter and Hallberg ( loc. cit. )
have enumerated some aquatic and semi aquatic species occuring
in these reservoirs ponds, pools and puddles, According to them
the submerged flora is rather peor and very local, O the other
hand the semi—aquatic flora is well developed. The absence of
Hydrocharitaceat, Rotala and aquatic grasses is conspiuous but the
occurrence of two species of Naras, N awvstralis and N, wolwitschii
both of which are new to India is very interesting.

Biswas and Rao (1933) listed 27 species of aquatic and semi-
aquatic plants in the desert lakes and punds, which have been
reported in the previous literature. In these papers there is
a mention of only one species of Chara forming aquatic algal
vegetation. Bhandari (1932) in a preliminary report on the algal
flora of the water ressrvoirs, other semi-aquatic and subaerial
habitats, has reported 109 species of algae occuring in Jodhpur
and its environs and out of those there are 6 sp. of (Cugra.
Shantisarup (1954; has studied the aquatic and semiaguatic
vegetation from the water reservoirs of Rajasthan and has reported
57 species belonging to 17 families and 40 genera besides specics of
Chara and Jgrsilea. Some aquatic associations found in the area
are mentioned, The distributitn of the water plants of Jodhpur
throw gome light on the origin of the flora of the desert arca.
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SALT PROBLEM AND HALCPHYTES

Salts of various types occure in the soils, surface and under-

ground water of Rajasthan Descrt, Major Hacket (1881) was the
first to examine it in details. Holland and Christie (1901) proposed

a wind brone theory for the origin of salt in Rajputana Desert.
This theory has come under severe criticism by Godbole (1951).
Auden (1949-1952) raises some diffizultics in supposing that the
present salt lakes have any connection with Mesnz)ic and Eocene
seas. He has listed number of points which are not understandable
on Gudbole’s hypothesis. Various arguments have bzen given for
and against these theories.

This salt problem has been little studied in relation to vegeta-

tion. Aquatic vegetation particularly the algae has been studied
from time to time and important conclusions derived regarding the
origin of saiinity of Rajasthan from these studies.

Blatter and Hallberg (loc. cit) have mentioned a few halo.
phytic species. Recently Biswas and Rao (loc, cit) have listed

halophytic species of Rajputana Desert, Shantisarup and Kishan

Dutt (1954) studied the halophyte of Luni river bed in relation to
soil structure and composition and a drtailed analysis of the soil-
plant-communities have been recorded, Shantisarup and Vyas
studied the salt plants occuring in Jodhpur Tehsil. According to
Shantisarup (1954) Tamarix dioica, and Tamarix gillica, gregarious
trces are common on the banks of the saline depressions. The
other common plints are : Halaxylon sali:ornicun, Bge. Salsola
Sfoetida Del, Suacda. fruticosa Forsk, Atriplex crassifolia Ctalay.
Pluchealanceolata. etc. These areas represent another ecological unit
with scanty yet distinctive type of vegetation. He has now under
taken a systematic study of the halophytes of Pachpadra, and

other saline areas of the desert.

The salinty of Rajputana desert is widespt ad and extensive.
The causes of its origin still remain to bo explained. They are
responsible for the formation and expansion of the desert.

SOILS AND VEGETATION

The systematic study of the soils of Rajasthan Desert is
scanty Wadia, KKrishnan and Mukerjee (1935) designate the Desert
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soils to be mainly composed of wind blown and locally disintegra-
ted sandy soils of alkaline and salty nature. In a map accompaning
their paper, they record saline sand, slit and muds, saline and
alkaline soils and blown sand in the desert. In the first soil map
prepared in 1943 much of the soils of Indian Desert have been
classed as coarse alluvium. Raychaudhuri and Mukerjee (1947, in
arecent map have named them as Desert Soils. The desert sands
of Mirwar were examinsd by Proof, G. R. McCarthy (1933) of
North Corolina, who compred these soils with the soils of the
descrt regions of different parts of U. S. A, and Algeria. According
to his finding they are of eolian type-a type which could have
easily rolled along the ground rather than blown through the
agency of wind. These sands contain variable quantity of lime,

According to Raisinghani and Pithawalla (1943, the alluvial
soils of valleys are definitely richer than that of the hill surface
and the silt content of the former is also greater. Pithawalla
(1937, *42, 41, <32) observed that these desert sands have been
derived from (a) Subaerial denudation of rocks (b) Aeolian sources
(c) Ancient coastg of estuaries, (also mentioned by Oldbham, 1893).

Mostly they have been derived from rocks and transported
by mighty rivers jn tje past ages, \Pithawalla 1935), Ghosh (1952)
advo.cated the study of Desert sands since it has an important
bearing on the question of its movement and prevelance.
Ragyehatidhari gq Sen(1952)studied the burried soils of Rajputana.
T.hamne (1952) contributed a paper on the soils of Rajputana and
Sind d.esert-s to the Rajputana Desert Symposium. He divided
fhog 8011_3 oF Rijputana in two regions; those to the Northwest of
i wholly sandy, illwatered and unproductive but are

re fertile i :
K ile in the Easternsides-where they change from sandy to

clayey in charagtan - : i

" forkile. 1o Acter. The second region lying S E.of Aravalies
. antj ~ 1

Rajputana in kar (1952) observes that the soils of Western

d) articy)ap 5 2 : 4

and phosphorig 'Lc.(;‘”dl are deficient in organic matter, nitrogen

d aCl A

sroper Methods but aJ) these deficiencies oan be made good by
: i Tt v 2 A .

chaudbari (1952: fu ultivation, rotation and manuring. Ray,

lassified 1/8 of (he t\:::tlhcr n.l‘i;lC]C ‘Descrt soils a/.u1 Desert farming’
; i alcultivatable land occupied by Desert soils

as light loams anc heavy loams.  There is a great depth of loosc
o/ 3 unt of clay is less in surface but may reach

about 40% in the lower | This ia probably due to erosion

gediment and the amy,

ayers,
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‘and runoff. On the basis of the fnal report of all India soils
survey schemes (1948 he has grouped the Bikaner soils under grey
soils. which develop salinity and alkalinity due to low rainfall and

high evaporation.

These soils have poor water holding capacity a fact which
has a profound effect upon the vegetation and the development
of the plants. Little work if any has so far bzen done as regards
the nature of soils in relation to its vegetation. Blatter and
Hallberg (loct: cit ) on the basis of edaphic factors classified the
vegetation of the desert under various formations Soils types is
one of the important factors influencing and detormining the
vegetation of the desert area (Shantisarup 1952). The subsoil
water supply is very poor because in the major part of the desert
it is derived from the precipitation which is low, The only source
is the subsoil water. The subsoil water of basins being high they
show better growth and frequency of vegetation, The presence
of sult in the soil is another important factor which determines its
vegetation., Puri (1952) also divided the vegetation on the basis of
the nature of soils as has Dbeen done by DBlatter and Hallberg.
Ratnam and Kapoor (1953) studied the physical and chemical
aspects of local =oils in Jodhpur and corelated them with the
morphological features and tuberisation of the roots of some of the
Indian Desert plants. Shantisarup and Singh (1953, & Shantisarup
and Tandon (1954) studied thq soils of diflerent regions round
about Jodhpur in connection with their studies on the autecology

of two local plants. Shantisarup and Dutt (1954) studied

the soils in relation to the vegetation of some parts af the India
Desert.

CLIMATES

Ciimate of un area plays an important part in the formation
and maintenance of arid and semi.arid conditions. Metrological
data particularly with reference to rainfall and temperature of the
area have been recorded since the last quarter of the last century.
(Adamé, 1899; Imperial Gazzeter 1907; Blanford 1899, Blatter
and Hallberg also gave certain meterological data of the parts of
Jodhpur and Jaisalmer. But it is in the recent years that the
climates of Rajasthan have been studied in  details; though much
remains to be done even now, Banerji 1932) studied the weather
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factors in the creation and maintenance of the Rajputana Desert-
a desert which occupies a worst position in the Hot Deserts of the
world. He studied the climatic variations, rainfull and its
distribution in space, aridity factor with precipitation ratio;
isolation, thermals, solar energy and the probable factors affecting
the rainfall, Pramanik and Hariharan (1932) studied the main
climatic features of Rajasthan by examining the meterological data
of the observatory stationsis Rajasthan. Rainfall, temperature,
humidity, wind, thunder storms, dust storms, hail and fog etec. of
the area have been studied and noteworthy features have been
brought out. In another paper Pramanik, Hariharan and Ghose
(1952; studied the meterological conditions in the extension of the
Rajasthan Desert. In a separate paper Raumanathan (1932) studied
the atmospheric conditions over the Rajputana Desart, Pramanik
(1952) studied the Hy/rology of Rajasthan Desert including Rainfall
humidity and evaporation, the last of which being many times the
rainfall, has also been estimated, ISvaporation has been studied
at different places in the region by Fergnsson (1944), Raman and
Satalkopan (1948) cte. Ramdas (1952) in an article on Dezsert.
Hydrology studied the condensation and evaporation phenomenon
in the Rajasthan Desert. The hydrology of the Rajasthan has
also been studied by Dhir and Krishnamurty (1952). According to
Stampe (1940) theregion is cut off from the north by crustal
upwarps. Subsoil water is therefore not reccived from the plains
of the adjacent areas, Taylor (1952) studied the occurence of
ground water in rocks of western Rajputana,

ARECHECOLOGY

The arecheology of the Rajasthan Desert has always had an
important bearing on the geology and geography of the Indian
Desert. Important contribution have been made to this aspect,
by many arecheologists—DBlanford (1876-77 ; Oldham (1874-1893 ;
Setin (1942: Vats (1952 : Krishnamurthy (1952); Mitra (1952
Sankhlia (1952) etc.

Afforestation and immobilization of the Indian Desert

The recent survey of the India Desert shows soil erosion in
the area is wide spread, It has been realised that afforesta of
these tracts is an important problem demanding immediate
ettention, Bhadwar, Dey and Griffith (1948) have advocated the
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introduction of some indigenous and exotic species for thispurpose.
Recently, however, the problem has been stressed more than once,
Banerjee {1952); Chaturvedi (1952); Gambhir Singh ( 1952a & b);
Puri (1952 ; Ganguli 1952): Khosla (1952); and Shantisarup (1954},

PRACTICAL STEPS TOWARDS IMMOBILIZATION
OF THE DESERT

The Ministry of Food and Agriculture established a Desert
Afforestation Research Station, under the acgis of F.R. 1.
Dehradun at Jodhpur to study, iuter alia:—

1. The silviculture of indigenous species with particular
reference to their succession in the saline drifts, sandy soils and
mountanous tracts; the influence of biotic factors on their develop-
ment and methods of propogation and establishment.

2. The possibilities of introducing exotic desert species from
other countries and from other parts of India, such as indigenous

Kozhia indica, Prosopis juliflora, (an Arizona, U.S.A. emmigrant)

Agave americana; Acacia greget (from America) Mesemsryanthemum
edule (from Newzealand), Russian olive from Afghanistan and

others,

3. Thoe edaphic factors especially the problem of saltin

the soil.

4. Hydrological conditions, rainfall and wind velocities and

the nature of aeolian deposits.

I. The station maintains a large store for distribution, free
of cost, of seeds of various desert species that are comparatively

immune from browsing.

II. The station has also organied—
(a, The creation of oases of vegetation around various

public institutions and stations.

(b) Creation of a belt approximately 400 miles long and
5 miles wide, parallel to the Pakistan boundry and
located about 5 miles, inwards the western boarder of
Rajasthan. Jodhpur, Jaisalmer strip is the first phase
of 400 miles long, five mile wide shelter helt that will
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llltimately fringe the entire Bakhasar- Gangapur arch,
Streching from the Runn of Cutch to PEPSU.

(e) Establishing shelter belts slong selected roads (Pali-road,
JaiP"I‘—Alwnr, Churu and at other roads) and railway
lines’ (Jodhpur-Pali, 15 miles north of Bikaner, Jaipur,
Sikar, Fatehpnr and other places) running transversely
to the direction of winds.

(@) A nursey at Jodhpur and eight other centres-Gadra
Road, Barmer, Pokaran, Pali, Beriganga, Jhunjhunu,
Sardarsahar, and Chirawa and an arboretum at Beriganga.

(¢) Afforestation of some blocks of not less than a thousand
acres each on different types of soil and rocky area-
Jbunjhunu, Kailana, Pali, a semi-arid piece at Shekawati
and a shifting sand site at the Rural University at

Sardarsahar,

(f) Wide publicity indicating,
P y
(i) Harmful effects of cultivation on dunes.

(ii) Advantage of creating wind-breaks;around each field.
(iii) correct Agricultural practices.

(iv) Improved methods of lopping.

The state forest department is increasing its forest area and
other agencies and Government departments are helping in the
work in all allied spheres.

The UNESCO has sanctioned, under its Arid Zone Research
programme (1) a scheme by Professor Shantisarup for the study of
the Flora of the Rajasthan Desert and the preparation of a
herbarium thereof (2) a scheme by Dr. F. R. Barucha fora
Phyto-siological study of the vegetation of the Rajasthan Desert,

Some positively good work on these lines is being done.

A project financed by UNESCO is already under headway
under the supervision of Dr. Daya Krishana, Professor of Zoology
Jaswant College, Jolhpur to study the role of Vertebrate Animals
in the creation and maintenance of the desert conditions.
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SOME PROBLEMS IN THE IMMOBILISATION OF
INDIAN DESERT

The main problem the selection of species to be used for the
control of the loose sand is two fo!d—{1) the sclection of species
for perennial cover and the selection of species for cover during
the rainfall of the local perennial species, Prosopis spicigera Linn.
and Calligonum polygonoides Linn., might be used to some extent,
Prosopts glandulosa which is less woody and grows more rapidly,
however is more suited than the native species. It coppices well
and regenerates naturally, Its water requirements are also not so
great as that of the other speciestried in others deserts:of the world.
It is also suitable for covering the rocky areas and some parts
have been successfully afforested with it. Calligonm polygonoides
Linn. is also a useful plant for being introduced in the interior of
the desert as a dune cover.

During the rains the commonest plant is Tephrosia purpupea
Pers. It covers the soil. The root and dry branches remain -in
the soil even after the rains and may continue as such till late in
the season. It is probably a recent introduction and is spreading
quickly, Its cultivation along with those of other species should
be extended into the interior of the desert. It is also useful
for covering the sand dunes. At such places Sgcchiarum spontaneum
Linn. has proved very useful.

These species are to some extent able to control water erosion.

Some of the other lines of work in this direction with prob.

lems of their own, are :(—

1. The improvement of grazing lands by rotation, enclosure
and the introduction of legumes,

2. There is constant breeze in the desert for major part of
the year which could be used :

(1) for wind mills for drawing water and as a source of
engergy for other purposes.

(b) As an aid for artificial rain making during the
period it is charged with water and which is to be
countracted

(i) by road side planting and

(ii) planting along railway tracts.
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(c) Wind breaks, shelter belts. etc. to minimise wind
erosion and dessication and march of the desert.

3. The problem of salt in the soil and its removal by planting.

4. The control of destruction of vegetation and deterioration
of the area.

5. Co-ordination of studies and afforestation work done by
the various agencies and the public secter and formation
of an Over-all-organization. Some of these problems in
the immobilization of the Indian Desert have been
outline by Shantisarup (1954).
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